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The substances_with‘which this work is concerned
form a group which is exceedingly ill-defined and one
for which considerable difficulty has beeﬁ'experience@
in finding a suitable name. Originally referred tor
as Phosphatides because of the relation in ceri-in of
the more important ones of the elements phosphorus and
nitrogen they are now frequently referred to as lipoids
or in the terms advocated by Leathes, This writer
suggests that compounds of fatty acids containing nitro-
gen and phosphorus should be caelled 'Phospholipines',
compounds of fatty acids containing nitrogen but no
phosphorus 'lipines' and similar compounds containing
carbohydrate radicals as well as nitrogen ‘'galactoli-
pines?, The term "lipoid",originally suggested by
Overton for substances resembling in thelr solubilities
the fats,has of late been somewhat extensively employed
and while the use of such a term cannot be justified on
a purely chemical basis a comprehensive name of the
kind is useful since, as is fregquently the case, even
the approximate chemical constitution of many of the
substances concerned is unknown.

Bang includes the following groups under the head-
ing 'Lipoids’ |
(1) The fats, nitrogen and phosphorus free lipoids of

the aliphatic order, contalning carbon, hydrogen
and oxygen.
(2) The cholesterins, nitrogen and phosphorus free
| lipoids of the aromatic order coﬂtaining carboh,
hydrogen and oxygen.
(3) The phosphatides, lipoids containing nitrogen,phoséhon
-ug, carbon, hydrogen and oxygen.
(4) The cerebrosides,‘lipoids containing nitrogen,
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carbon,hydrogen and oxygen,but no phoéphorus.
This classification, although serving to bring out thé
chemical relationships of the vérious grouﬁs is unsatis-
factory in that it includes the fats since it is from e
resemblance to the solubilities of this group that the
otheré have been called lipoids. On the other hand,
the inclusion of the cholesterins is questioned by
Abderhalden,

In spite of a considerable amount of work on the
chemistry of these bodies, our knowledge of their struc-
ture and exact relationships is exceedingly scanty. The
close similarity of their properties, especially as re=-
garde solubility in certein reagents and the ease with
which they undergo chemical alteration as well as their
Qoﬁplex chemical constitution render them exceedingly
difficult to separate in a pure state.

Because of these difficulties much of the work on
the chemistry of lipoids is exceedingly unsatisfactor&.
In many cases crude ether or alcoholic extracts alonel
have been tested and conclusions have been drawn regard=-
ing the action of individual lipoids {usually lecithin;/
and cholesterin) which have not been justified. The/ﬁ
most interesting group of the lipoids and the least
known is the phosPhatid§ and as this work is more par-
ticularly concerned with some members of this group it
will be convenient to consider in the first place the
general characters of these bodies,

| Phosphatides (phospholipines).
With the exception of lecithin, which has been known
since 1846, the phosphatides are of comparatively recent
discovery. They form a group of substances which have
been shown to be of considerable importance in the chem-
istry of the cell.@lthough widely distributed in the |
tissues of enimals and.plants and in certain oréans
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present in fairly large amounts comparatively little
reliable information is to hand as to their real chemical
composition, It is 8till doubtful whether any of the
phosphatides which have been described are pure substances
end a review of the literature suggests that the same
substances or mixtures of substances have been described
by different workers under different names. Distinguishe-
ing chemical tests for the various substances are practi-
cally unknown and separation and identification depend
almost solely on the reactions to certain fat solvents
and on the determination of the presence, and relative
amounts,of nitrogen end phosphorus, and on the character
of the fatty acids which are split off on saponification.

It is at present unknown whether the phospholipines
#geur as such in the animal cell, They are regarded
by seme ss being present in combination with protein
from which union they are split off in process of pre=-
paration with more or less difficulty depending on the
nature of the lipoid concerned; others regard them as
primary constituents of protoplasm. Information re-
garding their distribution in the animal body is deficient,
The majority of workers have confined themselves either b
to the examination of special organs or of individual
phospholipines, lecithin being chosen in most cases
since 1t is the most abundant and widely distributed.
Unfortunately it has been the practice of a number of
writers to regard the total phosphorus content of tissue
extracts as giving the amount of lecithin present. The
results of such experiments must in the light of present
knowledge be regarded as almost useless., It has been
shown for example that not only do different organs
contain different lipoids but that several phosphatides
mey occur in the same organ. Since the phosphatides

have been shown to differ as regards the proportion
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4,
of phosphorus present in the molecule no figures calcu-
lated on the basis of total phosphorus content of an
ether or alcoholic extrect of tissue can be accepted as
giving any indication of the amount of lipoid present in
such tissue. Within recent years, however, as the result
of more exact methods, our knowledge on the subject of
phosphatides has been distinctly extended. The work of
Erilandsen has in particular been of service. This author
has shown that most of the recognised methods for ex-
traction of lipoids do not give an adequate conception
of the nature of the phosphatides present as a number of
these are missed in the process of separation; Erland-
sen's work will be more fully described later in connec-

tioen with lecithin.

General gters of Phosphatides.

Speaking generally the phosphatides are non-crystall-
isable; in the dried state they form wax-like masses
which are very hygroscopic and easily altered on standing
in ajr. Comparatively low temperatures cause them to
melt with the formation of greasy, viscous fluids. The
majority of preparations are yellow in colour from the
presence of contaminating pigment. They are for the .-
most part insoluble in water but readily soluble in the
ordinary fat solvents (ether, alcohol, chloroform, benzol,
etc) from the majority of which solutions they can be
precipitated by the addition of excess of acetone, a
property of great value in preparing them.

A prominent character which explains a number of
otherwise anomalous occurrences in the process of prepara-
tion of phosphatides, is that they markedly influence the
solubility of each other. With salts of the heavy

metals (Cd Cl,_,, Pt 014) additive-like compounds are

25
formed; these have been used by a number of workers

for the isolation and purification of phosphatides but,
as/




5.
as Erlandsen has shown, the precipitation of the
lipoid is neither quantitative nor complete and the
method therefore cannot be regarded as satisfactory.
Dilute acide and alkalis readlly effect saponification;
partial saponification has also been shown to occur by
the action of cadmium and platinum chlorideé {Erlandsen).

Structure.

Chemical

Chemically considered, the phospholipines are compounds
of phosphoric acid, glycerin (or other alcohol),one or
more fatty acid radicals and one or more nitrogen con-
taining bvases. The cleavage products of lecithin, for
example, are glycerophosphoric acid, fatty acids and
cholin (hydroxyethyl trimethyl ammoniun hydroxide) but
considerable doubt exists as to whether these are the
only substances formed (MacLean). The fatty acids may
belong either to the saturated or to the unsaturated
series., Lecithin and cuorin,for example,contain un-
saturated acids (Erlandsen) though lecithin is still

frequently represented as a fully saturated compound.

Pregaratigg.

In the preparation of phosphatides animal tissues are

dried and the material extracted by certain fat solvents

1

especially ether and alcohol, The extract is evaporated,

the'residue taken up in ether and the phosphatides pre-
cipitated by the addition of certain agents which leave
neutral fats, fatty acids and cholesterin in solution.
In order to effect purifievation the precipitate may be
again dissolved in ether and again precipitated.
Individual phosphatides are then obtained from the pre-
cipitate, generally by the use of cold or boiling

alcohol and the purity of the ultimate product is tested

by its reaction to certain solvents and, in particular,

by the determination of the nitrogen to phosphorus ratis.

In actual practice the separation is usually found to

ve/
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6.
be incomplete and, as has been remarked, it is probable
that pure preparations are not obtained by any of the
methods at present in use. Further it is probable that
the tests used do not sufficiently identify individual
phosphatides with the result that confusion exists
regarding the nature of substances prepared by different
methods.

Jiological importance.

The study of phosphatides has of late years received
a distinct impulse from the discovery of their importance
in a number of physiological and biological processes.
As & result of experiments on vital staining Overton has
suggested that cells possess an external limiting membrane
“which 1s composed of a mixture of phosphatide (lecithin)
“#nd nolesterin. According to this theory only those
' ‘dyés which are soluble in a mixture of lecithin and
cholesterin can penetrate the cell-wall and produce
staining of the cell protoplasm. The experimental
evidence in favour of this view has been questioned by a
number of writers (Ruhland, Hober and others) who have
been unable to find the same close relationship between
vital staining and lipoid solubility. The most obvious
objection to a theory of this kind is that many substanceé}
which are easily absorbed by the cell, such as proteid |
and carbohydrgfe, are not soluble 4n lipoids. This |
difficulty has been explained by reference to the altera- |
tions in the solubilities of these substances which
result from the presence of phosphatides (proteid and
sugars for example become ether-soluble in the presence
of phosphatide). Purther, it has been found (Overton
and Meyer) that the poisonous effects of narcotics
stand in direot relationship to their lipoid solubility
and it has been suggested that antiseptics and antipy-
retics may also act on the cell by virtue of the same

property.




In the field of haemolysis also the lipoid theory has
been applied to explain the action of a member of haemoly-
tic asgents of widely different constitution. Thus the
organic agents which effect haemolysis (fatty acids, soaps,
ether, alcohol etc.,) are either soluble in or dissolve,
lipoide and the escape of haemoglobin is regarded as due to
the alterations in the lipoid membrane which result from
combination of the lipoid with the haemolytic agent.
Similarly,the effect of saponin on corpuscles is related
to the disturbance which results from absorption of the
séponin by the lipoid (cholesterin) of the corpuscles
(Ransem). The well known haemolytic action of cobra
venom on the corpuseles of certain species of animals
(guinea pig, dog, rabbit, man) is also concerned with
1ipotds as it has been shown (Kyes) to be due to the for-
mation of a new substance, cobra lecithid, which is active-
ly haemolytic to the corpuscles of even unsusceptible
species (ox, sheep, goat,) The marked inhibitory action
of cholesterin on most haemolytic processes (saponin,
tetanolysin, solanin, cobra venom haemolysis) has been
explained by supposing that the cholesterin serves to
saturate the affinlty of the haemolytic substance for
lipoid, It has been shown by Kurt Meyer, Rywosch, and --
Port that red corpuscles which are rich in cholesterin
(sheep, ox) are more resistant towardgfiaemolytic action
of saponin than are those of corpuscles poor in choles-
terin {guinea pig, rabddit, dog).

The discovery in 1907 by Wassermann, Neisser and
Brick of the Wassermann syphilis test and the relation of’
lipoids to the reaction has stimulated research on lipoids
in quite a new direction. It was demonstrated by these
workers that tissue extract in combination with the sera
of syphilitic individuals are capable of absorbing or
deviating/ | |
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deviating 'complement' while the sera of normal individ-

uals testec¢ under precisely similar conditions do not cdo
80. Although no adequate explanation of this resaction
has s0 far been put forward it is certain that lipoids
especially lecithin and cholesterin, play an important
part in the test (Browning, Cruickshank and Mc'Kenzie).
In investigating the phenomena underlying this reaction
the part which lipoids play in immunity reactions in
general has been examined. This will Ybe discussed more
fully leter but it may be said here that the action of
complement and of immune body have both been attributed
to the action of lipoids. (Bang, Liebermann, and Feny- -
vessy).

Until comparatively recently it was generally accept-
ed that_the only bodies which are capable of acting as
antigens (that is preducing specific anti-substances when
injected into animals) belong to the proteids. The
immunity reactions which have been described es occuring
after the injection of nastin (Much) (a fat extracted
from leprosy bacilli) and the experiments of Bang and
Foreemem,Gottlieb and Lefmann who describe the presence
of antigenic substances in ether extracts of red blood
corpuscles have raised the question as to whether phospha-
tides and other lipolds can act as Antigens. On the one
hand we have experiments to show that specific complement-
Tixatiom reactions can be obtained with the sera of
animﬁlu injected with (1) lipoids from certain animal
parasites tuberole bacilli, echinococcus cyets, round
worms, {Kurt Meyer) (2) lecithin (Bergel) (3) ether
extracts of red blood corpuscles (Gottlieb and Lefmann,
Bang and Forssmen) and on the other hand the experiments
of Thiele and Embleton, Ritchie and Miller, which demon-
strate fairly conclusively that lipoids (with the possible
exception of lipoids from certein worms) fail to act as
antigens. Attention has‘also been given to the
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alterations which occur in the fat-splitiing power of the
sera of animals after injection wiih lipoids. Bergel
gtates that the sera of animsls inmunised to foreign red
blood cells are about twice as active in splitting foreign
fats as the sera of untreated animals. This increased
lipolytic activity is however not specific: it is apparent-
"ly directed against a variety of foreign fats. These
results are partially confirmed by Jobling and Bull and
the question has been raised (Neuberg and Reicher) as to
whether haemolysis is not a kind of lipolysis, or whether
the two functions may not be intimately related. The
experiments of Jobling and Bull on the fat-splitting power
of immune sera, would appear to indicate that the red
blood corpuscles of different species possess lipoids
peculiar to the species and that these may act as specific
antigens.

In a number of pathological econditions an increase
in the lipoid content of the bleod has been described.
Thus Burger and Beumer describe a high lecithin and chol-
esterin content in diabetic lipaemia and in cholaemia,
raised values in eclampsia and low values in pernicious
aneamia, chlorosis, cancer, and atrophy of the pancreas.
In pregnancy and eclampsia the lipoid increase runs par-
allel with an increase in the power to produce haemolysis
along with cobra venom (Roemer). An increased lecithin
content of the serum has been described as occurring in
syphilis (Peritz) but this is denied by Noguchi.

In a large proportion of cases of chronic nephritis
(Widal, Weill and Laudet) there is increased lipaemia and
cholesterinaemia and the cholesterinaemia cases all have '
relatively large amounts of albumin in the urine. The
fatty infiltration in the retina in cases of albuminurie
retinitis is also due to the cholesterinaemia. In this

connection it is interesting to note that experimentally

1t/



10,
it has been shown by Hueck that the cholesterin content of
the blood (as tested by its inhibitory vower on saponin
haemolysis) is in direct relation to the cholesterin content
of the suprarenals, Also cats fed with cholesterin showed
increased cholesterin in the suprarenal. |

Hess and Fritsch mention the occurrence in the urine
of lipsemic diabetics of a lecithin-like phosphorus-con-
taining lipoid which is not present in the urine of normal
or non-livaemic diabetic cases.

Regarding the alterations which occur in the phospha-
tide content of different organs in pathological conditioné
practically no information is to hand. Pighini and Carbone
in a comparisan of the brain of general paralytics with
the normel brain, found an increase in cholesterin, az dim- .
inution in Kephalin and the presence of an unknown lipoid.

6? considerable imvortance is the suggestion made bj
Tallquist that the ancemia in cases of infection with
bothriocephalus latus is due to the absorption of haemoly-
tic lipoids from the bodies o6f the dead worms. The pro-
duction of fetal anaemia by feeding dogs with dead worms
apparently confirms this. (Schaumann & Tallquist). A
haemolytic lipoid identical with oleic acid is stated by
Faust and Tallquist to be the causative agent.

Since the phosphatides contain phosphorus in organic
combination numerous dietetic exveriments have been made
with the object of determining whether phosphorus in this
form is of greater food value than phosphorus in inorganic
combination. The results suggest that organically com-
bined phosphorué in the food is probably broken down into
simple phosphates before peing utilised to form more com;.
plex GOmpounds_and that the food value of organio vhos-
vhorus is in consequence no greéter than phosphorus in

simple 1norganic combination.
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Classification of Phosphiztides.

Two classificetions of phosphmtides have been suggested ,
one by Frenkel depending on the nature of the fatty acids,
whether satursated or unsaturated, the other by Thnudichum
on the relstive arounts of nitrogen and phosphorus pres-
ent. As Thudichum's classificatinn is dependent on the
deternination 6f the amounts of more or less steble
elements whereas the fatty acids in the case of phospha-
tides may slter rapidly in the course of preparation the
classification of Frankel has not been generally =adopted.
Since the methods are in a measure complementary it is pro-
bable that a combination of the two will in the future
give the best results. According to Thudichum the follow-
ing classes occur:-
1. ¥onamino - monophosphatides XN:P = 1:i lecithin,kephéiin
II. Monamino - diphosphatides N:P = 1:2 Cuorin.

III. Dianino - monophosphatides N:P = 2:1 sphyngomyelin,
amidomyelin.

IV. Diamino - diphosphatides R:Pwm2:2
V. Trismino - monophosphatides N:P = 3:1
VI. Trismino - diphosphetides  N:P = 3:2
Other phosphatides with even greater ratios have been
'deacribed, one from bile with N:P = 4:1 (Thudichum)
and one from egg yolk with N:P = 8:1 (Frénkel).
Compounds such as these must be looked upon with sus-
picion; in all probability they are impure products
containing large amounts of nitrogen-rich phOSphofus-
free substances (cerebrosides).
As an explanstion of the divergent results which have
been obtained with the preparations of different workers
I would suggest from the results of my own experiments
that sufficient importance has not been paid to the faé%pﬁt
since the amount of nitrogen and of the phosphorus pres-

ent in the molecule of most phosphatides is very small

in/
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in proportion to the molecular weight (1.8 per cent

in the case of lecithin) it is not unlikely that with

the small quantities of substances generally used for the
estimation of nitrogen and of phosphorus (0.1-0.2 grms.
for exarple) considerable errors may occur, Further,
the practice of & number of writers of accepting as pure
only those substsasnces which give an ¥N:;P ratio which
approximates a round figure, is not wholly free from
objection.

Monamino-monophosphatides.

Lecithin.
In 1846 Gobley isclated from egg=-yolk amd other

tissues a body to which he gave the neme 'lecithin' and
which gave as cleavage products, glycerod-phosphoric acid,
fatty acid and nitrogen. It is remarkable that the only
material advance in our knowledge of lecithin since
Gobley's time has been the discovery of the nature of the
nitrogen containing product#, viz. cholin, the presence
of which in—leeithrin was demonstrated by Hoppe-Seyler and
his pupils. Lecithin is tentatively regarded as a com=-
pound of glycero-phosphoric acid with cholin on the one
hend and two radicals of fatty aclid on the other and may

be represented by the formule

CH'LO' K
//-' - *~
¢, Hy=P 0~ H
C”J\
CHz—,
/ AN
CHa OH

where R and R, represent radicals of fatty acids. The
latter which have not yet been identified are most pro-
bably some higher members of the unsaturated series
(oleic, linoleie, linolenic) (Erlandsen) but it is still
GOmmon‘to find lecithin described as a saturated sub-
stance containing two radicals of stearic or palmitic

acid/
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acid. According to Diakonow three lecithins occur,
distearyl, dipalmityl and dioleyl, while according to
Thudichun oleic zcid combinations are most cormon,oleo-
stearyl, oleo-palmityl, =and oleo-margaro lecithinsbeing
found. Henriques and Hesumsen, Cousin and Erlandsen
believe that the still) more unsaturate§ linoleic and
even linolenic acids occur. These é&ifferent results are
at first sight difficult to reconcile but it is probable
that the impurity of the products examined and the changes
which rapidly occur in unsaturated phosphatides after
isolation may in part explain the wide variation. Er-
landsen, for example, has shown that in the case of lecithin
and cuorin the iodine value (which is an expression of
the degree of unsaturation of theAfatty acids present)
falls rapidly as the preparation is kept. It is not
even at present known whether the lecithin out of differ-
ent tissues is the same. BErlandsen and MacLean in the
‘case of heart lecithin could only identify 42. per cent.
of the total nitrogen as present in the form of cholin,
while Baskoff found 58 per cent in liver lecithin, and
MacLean 66 per cent in the lecithin out of egg yolk,
It is possible that the experiments of Von Furth who has
shown that cholin immediately after separation is very
rapldly altered, may have a bearing on this subject. The
iodine values have also been found to differ for lecithins
from different organs. The iodine value of heart leci-
thin is given as 100.5 (Erlandsen) of liver lecithin as
63 (Baskoff) and of egg yolk as 48,7 (Stern and Thierfelder)]
Further,Rollett suggests that in the lecithin molecule
substances other than fatty aclds are present which can
avsorb iodine. According to Macl.ean cholin is not the
only nitrogen=containing substance present in the cleavage
products of lecithin.

In the 1ight of our present knowledge "lecithin®

may,/
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may be defined as a monamino-monophosphatide which

can be obtained by extraction of tissues with ether or

alcohol and is readily soluble in all fat solvents with
the exception of acetone. On saponification glycero-

phosphoric acid, cholin and fatty scids, sare obtained.

Lecithin has been found in heart and striped
muscle (Brlandsen), egg yolk (Stern and Thierfelder) and
liver (Baskoff). According to Thudichum it is present
in the brain but this 1s denied by Frankel. The latter
writer has examined several organs (among them the
kidney) for lecithin but without success. lMacLean has
described its occurrence in ether and alcohol extracts
of the kidney of the horse.

Attempts to synthesise lecithin have so far failed
but the want of success would appear to be attributable
rather to the uncertainty regarding the constitution of
lecithin itself than to the methods employed. The
most recent attempt is that of Grin and Kade. These
authors beginning with ethylene glycol have produced
by the action of phosphorus pentoxide a distearin
glycolester of orthophosphoric acid and by the action
on this substance of thionyl chloride and trimethylamine
have the trimethyl ammonium salt of distearin-
glycol chlorhydrin ester of orthophosphoric acid,a
substance which bears a close resemblance to distearyl
lecithin as the latter is at present conceived.

Preparation.
Lecithin 1s prepared by a varietly of procedures -
(1) BErlandsen extracts dried tissues repeatedly with ether
ever a long period (months), evaporates the extracts
to dryness in vacuo or under carbondioxide gas and
dissolves the accumulated material in ether, The
ethereal solution is then precipitated with acetone,
the ether-acetohe fluld removed and the precipitate

shaken with cold absolute alcohol. The alcoholic

solution/




solution contains the lecithin.

In Erlandsen's experimenis with the phosphatides
of ox heart the tissues after thorough extraction with
ether were extracted with a2lcohol. Although this late
alcoholic extract contzined a much greater amount of
phosphatides than the ether extract, Erlandsen was
unable to obtain efficient separation of these and
could not identify a monamino-monophosphatide with the
properties of lecithin. Erlandsen's lecithin there-
fore is obtained only from ether extracts.

(2) Frankel's method consists in treating tissues repeatedly
with acetone and then extracting with petroleum ether.
Leecithin is obtained from the extracted meterial by
means of cold alcohol and further purified by Thudichums
method.

(3) Thudichum precipitates alcoholic extracts of tissue
with cadmium chloride. The precipitate is treated
with benzol which diseplves out the lecithin - cadmium -
chleride compound.

(4) In the method of Hoppe Zeyler and Diakonow the dried
material is first treated witihh ether to remove fat and
then extracted with alcohol which removes lecithin.

Others recommend treatment with boiling alcohol
and subsequent exposure of the extract to 15°C. when
precipitation of lecithin results.

Notwithstanding the differences in procedure it
is obvious from a comparison of the chemical formulae
given below of lecithinsprepared by the different methods
that products have been obtained which show a fairly
close resemblance -

Lecithin from egg yolk (Diakonow) C4q HgoNPOq
Lecithin from brain (Thudichum) Cuz Hgy NPOg
Lecithin from heart muscle (Erlandsen) Cqz Hgg NPOg

Lecithin from egg yolk‘(Stern & Thierfelder)C H NPO

42 78 9
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Properties.
In the dry state lecithin 1is & yellow or yellowish

brown somewhat sticky mass which on standing in the air
becomes darker in colour and more fluid in consistency.

It has a distinct odour which becomes much more marked

on warming, Txposed to the action of water lecithin
slowly swells to form rmucus-like material which on shake
ing forms an emulsion. In ether, alcohol, chlorofornm,
benzol, petroleum ether and most other fat solvents
lecithin 1is easily soluble. In acetone it is insoluble,
By the action of weak alkalies or acids saponification
occurs with the separation of fatty acids, cholin and
glycero-phosphoric acid. In contact with strong
sulphuric acid and sugar lecithin gives Pettenkoffer's
reéetion on account of the unsaturated acids which it
contains. Owing to the unsymmetrical construction

of the glycero=-phosphoric scid which 1s present in the
molecule lecithin is opticelly sesctiwg (Willstater and |
Tudecke). In contact with sugar, alkaloids and pro=-
teins it forms interesting combinations which, though
difficult to bPreak up, are probably not chemical compounds
but mixtures. On standing lecithin readily undergoes
oxidation with consequent fall in the iodine value. In
combination with cadmium chloride it forms a semi-
crystalline product which has been extensively examined
by = number of workers since it forms & very suitable
substance for the estimation of nitrogen and phosphorus.
It has however been shown by Erlandsen that partial
splitting off of fetty acids occurs in the formation of
the compound and by MacLean that the figure representing
the amount of cholin in the cadmium chloride compound is
much greater than that obtained with lecithin itself.
The cadmium chloride compound dissolves in benzol and

ether/
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ether but is easily rendered insoluble in ether. Com=-
pounds of lecithin with platinum chloride, mercuric
chloride, sodiwa chloride and other salts are also des=-
cribed (Bing). Haemolytic compounds of lecithin with
bee poison (Morgenroth & Carpi),pancreas juice (Friedemann |
& Wohlgemuth),ricin (Pascucci) similar to Kyes' cobra
lecithid have been described.

Kephalin.
Kephalin was first discovered by Thudichum in the brain
and has since been found in egg yolk (Sterﬂidahierfelder)
and ¥aclean). According to Erlandsen it does not occur
in either heart or voluntary muscle. Kephalin is a
monamino-monophosphatide which is distinguished from
lecithin by its insolubility in cold alcohol. It con-
tains cholin or other base, glycerophosphoric acid and
two fatty acid radicals one of which is supposed to be
stearic and the other linoleic acid. Like lecithin it
readily undergoes oxidation. The constitution is given
by Blng as |

CHQ (g 3s,0

OH |
7 ¢ HO Ci Hy O
N —Chs o.u ' 1g H3s
CL“;,— P —C H. O
J No

It will be noted that the base in this formula is not
cholin but hydroxyethyl monomethyl ammonium hydroxide.
According to Koch, Frankel and Neubauer, the base in
Kephalin is poorer than cholin in methyl groups.
Kephalin is prepared by the same procedures as lecithin
but remains behind in the acetone precipitate after
treatment of the latter with cold alcohol for removal
of lecithin, According to MacLean, kephalin can be
separated/




separated from other alcohol insoluble material by
treatment with alcohol at 60° centigrade.

Properties. Kephalin is a resinous, easily pulverisable,

hygroscopic substance of light yellow colour. It is
soluble in ether, chloroform, benzol, petroleum ether,
and carbordisulphide. Tike lecithin and cuorin it is
soluble in hot acetic ether and insoluble on cooling
the solution. Itiis insoluble in alcohol and in acetone.
(Thudichum's preparation was almost insoluble in cold but
easily soluble in hot alcohol, while that of Koch and
Wood was completely insoluble in alcohol). According
to Koeh a small amount of hydrochloric acid renders
i1t soluble in alcohol. 1In water it behaves like lecithin.
The cadmium chloride compound is distinguished from ”
"that of lecithin by being soluble in ether. Like
legithin it is easily hydrolised by weak acids and bases.
On hydrolysis, according to Thudichum, there is‘found in
place of glycero-phosphoric acid & complex kephalo- '
phosphoric acid (kephalin acid) which is composed of
unsaturated fatty aclds and glycero-phosphoric acid.
- .
A number of other monamino-monophosphatides have been
described - paramyelin, myelin (Thudichum), vesalthin d
(Peri), and an acetone soluble preparation obtained by
Erlandsen out of heart muscle. As the properties of
these are not definitely ascertained they will not be

discussed further.

!gggﬁ&@g~di hosphetides.

Cuorin (Erlandsen) occurs along with lecithin in the

ether extract of heart muscle and forme the bulk of the
vhosphatide. It is easlly separated from lecithin

by its insolubility in celd or het alecohol, and since,
saccording to Erlandsen, no kephalin is present in heart
muscle no difficulty arises in obtaining it as a pure
product. Cuorin has been found in the heart, in

voluntary/
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voluntary muscle (Brlandsen) and recently in horse
kidneys (MacLean) but 1its presence in other organs has
not yet been determined.

The formula has been given as Cnyy Hyog NPy 0oy
so that the molecule is much bigger than that of lecithin.
The ¢leavage products are also different from those of
lecithin consisting of glycero-phospheric acid, three
fatty acids and a base (not cholin). The fatty acids
belong to the linoleic, linolenic groups, the iodine
values being 130.1 but these have not yet been definitely
identified. Like lecithin cuorin is easily altered on
standing, especially on exposure to the air,and the oxida-
tien is accompanied by a distinct change in its properties
as it loses its solubility in ether and vecomes soluble
in water,

Freshly prepared cuorin is a yellow brown trans-
parent hygroscopie substance but on standing it becomes
a hard,resinous mass which 1s easily powdered. Cuorin
dissolves readily in ether, chloroform, benzol, petroleum
ether and in hot acetic ether; from the latter it separ-
etes out on cooling. In contact with water it gradually
awells and forms a permenent dense emulsion.

According to Bang cuorin does not react with cobra
venom.

Llyer Phosphatide.

This was prepared by Baskoff from the liver by Erlandsen's
method and is in most respects similar to cuorin. 'Mae-
Lean also describes the occurrence of a monamino%%hospha-‘
tide. This was present along with kephelin in the ether
extraet of egg yolk and wes purified by treatment with -~ |
slcohol ot 65° 0. which removed the kephalin, No account |
of the properties of the substance is given; the N:P

ratio is the only information availeble.

Dismino~-monophosphatides.

Into/




)
o

aud
Into this group fell Thudichum's amidomyelinA sphingo-

ryelin, a2 phosphatide described by Erlandsen &s occurr-
ing in ether extract of heart and of voluntary muscle,
and a phosphstide prepzred by Stern and Thierfelder
from the ether extrsct of egg yolk. As the method
edopted by Thudichum for the prepesration of amido-

and sphingo-myelin is open to a considerable amount of
eriticism these preperations will not be dealt with

in éetail. Both are obtained by extracting dried
brain (previously treated with alcohol) with absolute
8lcohol &nd precipitating the extracts with cadmium
ehloride. Both substances are difficult to dissolve
ia esld alcehol,

Of more interest is the diamino=-phosphatide of
Erlandsen. This waes obtained from the secondary
alcohol extract and wes only examined in the form of .
the cadmium chloride compound. Ih general properties
this phosphatide resembled lecithin so closely that
separation was only possible by teking advantage of the
fact that the diamino-phosphatide was not removed by
the primary ether extractiog:j
(igfzigrcase of heart muscle the great dbulk of

phosphatide present in the secondery alcohol extract
wae composed of this msesterisl. In its cleavage pro- -
duets also this phosphatide closely resembled lecithin
in that glycero-phosphoric acid, fatty acids and a

base whose platinum chloride compound contained the
same per centage of platinum as that of cholin were
formed. Nevertheless the ratio of nitrogen to phos-:
phorus gave a diesmino-menophosphatide. As an explana-
tion of the absence of this phosphatide from the primary
ether extract it was suggested that the phosphatide

in the original tissue was present in firm combination
(probably with proteid) which was not broken down by the

action of the ether, Recently Maclean hes shown in

an/
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an examination of horse kidneys by Erlandsen's method
that the great bulk of phosphatide in the secondary
glcohol extract consists of lecithin, which, however,
is difficult to obtein in a pure state prinelpally
owing to the presence of conteminating diamino-mono-
phosphatice. From my own observationsand MacLean's
results I would suggest that Erlandsen's findings with
regard to the phosphatide in the secondary slcohol
extract, are not correct. The phosphatide in Erland=-
sen's alcohol extract probably consisted of impure
lecithin but as the ratio of nitrogen to phosphorus
wasg almost 2:1 the materisl wes accepted as diamino-
monophosphatide and not further purified.

The diemino~phosphetide of Stern and Thierfelder
wes found in the ether extracts of dried egg yolk and
occurred slong with lecithin and kephslin in the acetone
precipitetes. On treatment of the precipitate with
ether » small insoluble fraction was found; this was
removed by centrifugalising and purified by washing
with ether, in which fluid it was only very slightly
soluble. Successive scetone precipitates yielded
decreasing amounts of the same substance. In its
general characters this material was guite different

from lecithin or kephalin, being white, semi-crystalline,

nen-hygroscoplec, hardly soluble in ether, soluble in
chloroform, insoluble in cold but soluble in hot alcohol;
separating out asgain on cooling. On being heeted to |
170°C. it melted to a brown oil. From its solution it
was precipitated by cadmium chloride and by lead acetate.
The iodine value was 34, Out of 100 eggs (887 grms.) ‘
only 0.78 grm. of this substance was obtained.

The diamino-phosphatide which lMaclean has found |
in horse kidneys end which is present in both the ether }
and the alcoholic extracts (in the latter difficult to |

separate/



separate from the lecithin fraction) is probably
the same as that of Stern and Thierfelder.

Iriamino-monophosphatides.

A phosphatide of this kind is described by Frankel

and Bolaffio as occurring in egg yolk. It is probably
Stern and Thierfelder's diamino-phosphatide in an impure
state.

Of more interest is the substance called Carnaubon
‘described by Dunham and Jacobson. This was prepared
from ox kidneys and differed from Frankel and Noguiera's
phosphatide by being soluble in ether. This substance
was a triamino-monophosphatide which contained cholin,
three fatty acids and a glycerin-free phosphoric acid.
The fatty acids consisted of stearic, palmitic and
Carnavbic. Galactose was also present, the preparation
in this respect resembling certain plant phosphatides.
On the other heand, the presence of this sugar suggests
contamination by cerebroside.

Triamino-diphosphatides.

Two preparations of this class have been described,
one out of the kidney by Frankel and Noguiera and the
other from the brain by Frankel. The purity of both

products is extremely suspicious.




The Cerebrosides (Galactolipines).

These are compounds of galactose, fatty acids, and
certain nitrogen-~containing bases. Phosphorus is
absent. In animal tissues the separation of these
substances from the phosphatides is fairly sharply
defined but in plant tissues the compounds of phosphatide .
and galactose already mentioned serve as an intermediate
connecting group with the phosphatides on the one hand
and the cerebrosides on the other. Cerebrosides were
first prepared by Thudichum and were at first thought

to be limited to brain tissue, but have since been found
in spleen, pus cells, spermatozoa and in red blcod cor=-
puscles. The individual preparations are very similar
in properties and it is not impossible that some of them
may really be the same substance. |

Phrenosin 040 Hao NOB'

This was found by Thudichum in the white substance of
the brain. The formula is given as Cy, Hgg NOg.

It is & white crystalline substance insoluble in cold
alcohol, scluble in hot alcohol (separating out again
on cooling.) With or without the addition of sugér
sulphuric acid produces Pettenkoffer'a reaction. On
hydrolysis galactose, neuro-stearic acid (an acid
isomeric with stearic acid) and a base sphingosin which
is supposed to be an amino-fatty acid, are found.

Cerebron C46 HQO Nog.

Cerebron was prepared by Thierfelder and Wdrner out of
 Protogan, In its general properties this substance is
very like phrenosin. On hydrolysis a fatty acid,
galactose, spipgosin and cerebronis acid (Cy5 Hgy 0z)
are found. |

Kerasin C,. Hyg NOG)‘

This substance was also prepared by Thudichum from the

brain/
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brain . It was only separable from phrenosin
by its slower precipitetion from solution in alcohol.

Cerebrin and Homocerebrin,

These were prepared from protagen by Parcus,Kossel,

and Freytag and are probably identical with phrenosin

and kerasin respectively.
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The Cholesterins.

This group includes a number of more or less stable
substances which, except for their solubility in fat
solvents, bear no relation to the substances already
described. A number of them occur naturally, of which
€holesterin is the best known, but a large number have
been produced recently by chemical methods. It is not
proposed to deal here in detail with these bodies but

the general characters of the group may be mentioned.

They are for the most part substances which, in their
chemical constitution, are relatecd to the polyterpenes
especially as regards the proportion of carbon to hydrogen
in the molecule, but differ from these in containing
alcoholic h&droxl groups. They are alsc unsaturated

and of high molecular weight. With certain reagents
(strong sulphuric acid, acetic anhydride, etc. ) colour
reactions are given which are characteristic for individua;
members of the group. In ether, benzene and chloroform
they are readily soluble, in alcohol, acetone and petroleuﬂ
ether only with difficulty. From solution in ether and |
alcohol crystalline forus are produced. The more impor-
tant members of the group are cholesterin, widely and
abundantly distributed in the animal bddy, coprosterin
occurring in human faeces and probably a decomposition
product of cholesterin and the phytosterins which are
found ih plants.

The majority possess, at least in some degree, the
property of inhibiting the action of most haemolytic
substances but the function which they serve in the
animal body is quitevunknown.

The chemical and bio-chemical characters of
cholesterin and its derivatives will be fully described

latere.
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During the last four years I have investigated the
chemical and bio=-chemical characters of lecithin and
cholesterin and certain other 1ipoids. The work was

in the first place suggested by the discovery of the
important part which 'lipoids' in the form of alcoholic
extracts, played in certain biological tests, the Wasser-
man syphilis reaction in particular. It had been de-
monstrated by & number of observers that the sera of
syphilitics in combinstion with emulsions of alcoholic
tissue extracts absorbed or deviated complement whereas
the sera of normsl individuels did not do so. The
nature of the bodies in the alcoholic extracts which
participated in the reaction had been investigated by
gseveral workers and a nurber of chemical agents of
lipoid nature had been tested for their power to act as
antigens. The lipoids examined included lecithin
(Porges and Meier, Landsteiner, Miller and Pétzl),
cholesterin (Fleischmann), protagon and certain salts i
of the fatty acids. About this time I was engaged in ;
examining the alterations which occur in orgens under- |

going autdlysis and,as an increase in the lipoid con-

tent of tlssues in this condition had been described,

it seemed of interest to compare the antigenic propertiesj
of an extract of an organ undergoing autolysis with the |
extract of the same orgen in the fresh state. An alco-
holice extract of a guinea pig's liver which had under-
gone aseptic autolysis for several days was made, and

was tested along with the extract of a fresh guilnea pig's
liver. It was found that the amount of complement
deviated in the presence of syphilitic serum by an emul-
sion of the extract from the autolised tissue was much
greater than that absorbed by a similar amount of emul-
sion prepared from the extract of the normal oréan tested

under/



under similar conditions. The extrszct from the auto-
lised organ had apparently a greater cntigenic value

than the extract from the normal tissue. It was soon
discovered, nowever, that the extract of autolised

tissue was by 1tself much more haemolytic for ox's red
blood corpuscles than the extract of fresh tissue and
that it wes, in consequence, unsuitable as a test reagent
for syphilitic sera. It was further noted that this |
haemolytic action wes inhibited to very different degreesf
by different syphilitic sera. An attempt was made to |
get an extract free from this objectionable feature.
After a number of unsuccessful methods had been tried it
was found that by evaporating the extracts to dryness,
dissolving the residue in ether and adding acetone in
excess a precipitate was obtained which had comparatively
slight haemolytic action. The haemolytic substances E
being soluble in acetone were retained by the acetone-
ether fluid. The precipitated material was found to

be only partially soluble in cold alcohol. The alcohol
soluble or 'lecithin' fraction was found to possess the

property of devisting complement in the presence of

syphilitic serum though the amount of complement absorﬁed
was much less than that deviated by the corresponding
amount of crude extract similarly tesfed. Further, it
was found that the antigenic value of the lecithin
fraction of the acetone precipitate in the case of an
extract of autolised tissue was not greater than that of
the corresponding fraction prepared from an extract of .
fresh tissue. The acetone-soluble fractions from bothé
fresh and autolised tissue extracts in addition to béing
markedly haemolytic were salso very aﬂticomplementary -
that is to say s these fractions alone, without the
addition/
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addition of syphilitic serum were capabXe of absorbing
considerable amounts of complement. The phenomena
seemed sufficiently interesting to warrant further
examination and it was therefore decided to prepare a
large quantity of extract and to purify and test the
lecithin fractions more thoroughly. As BErlandsen had
shown by chemical methods that ethyl scetate was a valu-
able agent for the purification of lecithin and other
phosphatides, this substance was also employed as &
preliminary to the treatment with acetone.

Fresh ox liver was minced and added to 95 per cent
ethylealcohol- in the proportion of 1 part of liver to
4 of slcohol. ZExtraction wes allowed to proceed for
fourteen days at room temperature, the mixture being
stirred up daily. The fluid was then pressed out of
the insoluble residue by hand, and filtered through
paper. In the course of several days a small amount
of sediment separated out from the clear, yellow-tinted
fluid: this wes rejected. The solution now constituted
the crude extract, which, on evaporation at 60°C. to
constant weight was found to contain 1,9 per cent. of
solid matter. Five Lundred c.c, of crude extract were
evaporated at 60°C. till a brown viscid mass resulted.
The residue was rapidly dissolved in 170 c.c. of ethyl-
ocetate at 60° C. and filtered at this temperature
through paper, leaving & residue which was quite insol-
uble in hot ethyleacetate and which was not further
investigated. The hot ethyl-acetate solution was put in
the ice chest and left over night. A bulky precipitate -
separated out. The clear fluid was decanted and kept
in the ice chest for several days, but no further sediment
appeared. Two components were thus obtained one of
which was soluble only in hot ethyl~acetate, the other

also in cold ethyl-acetaie.

(a)/
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(&) The portion insoluble in ethyl-rcetate in the

cold was highly soluble in water-free ether at room
temperature. To the clear ethereal solution 5 volumes
of acetone were added, which caused a yellowish-white
precipitate to separate out immediately (crude lecithin),
No further precipitation occurred from the acetone-ether
mixture after several days in the ice chest, nor did the
addition of acetone to the mixture cause precipitation,
On evaporating it, however, and dissolving again in
ether, the addition of scetone caused a further precipi-
tate, thus showing that all the acetone~insoluble con-
stituents were not removed by the first treatment with
acetone. The crude lecithin was redissolved in ether
and reprecipitated with acetone; these nrocesses were
repeated twice further. The final precipitate was
dissolved in absolute ethyl-alcohol at room temperature,
a 1.7 per cent., solution belng prepared. A smell
amount of the acetone-insoluble subst=ance was insoluble
in coeld alcohol., About 2 grms. "pure lecithin” were
thus obtained from 500 c.c. of crude extract, a fifth
of the total solid metter. This represented somewhat |
less than the total amount of lecithin present, The
alcoholic solution of purified lecithin had a faint
yellow tint, It gave an abundant precipitate with
alcoholic Cd012 solution. A Tairly permenent emulsion
was got by adding 1 part of the alcoholic solution to

7 parts of 0.85 per cent NaCl solution; the reaction
was meutral to litmus paper.

(k) The portion soluble in ethyl-scetate in the cold

was freed from the solvent by distilletion under dimin-
ished pressure at 50°C. The dried product weighed 0.4
grms., It dissolved readily in absolute alcohol, =2 2
per cent solutioh being ﬁrepared which had a deep yeliow
tint. With alcoholilc Cd Cl, solution no precipitate

occurred/
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occurred. One part of the 2 per cent alccholic solution
with 7 parts of 0.85 per cent, WeCl solution produced

a very turbid emulsion from which fleccull repidly
separated out; the reasction was slightly acid to litmus
paper, Further experiments showed that the portion
soluble in ethyl-acetate in the cold was almost entirely
soluble in water-free ether, and that the addition of

acetone caused practically no precipitate from the

-:ethereal solution even after several days in the ice

chest. This product was therefore appsrently free
from lecithin.

The fractions were examined for =
(1) Heemolytic action,.
(2) Bffect on complement.,
(3) Power of causing the combination of = large emount

of complement in the presence of syphilitic serum.

(4) Action along with cobra venom.

The method of procedure in the tests involving
the use of complement was as follows:=-

Three series of tubes were prepared =

(A) contained 0.6 c.c., of "lipoid" emulsion (organ
extract, etc.) along with 0.05 c.c. of syphilitic or
normal serwun, which had been heated previously for
half to three-quarters of an hour at 57°C.
EB? contained 0.6 c.c., emulsion alone.
C) contuined 0.05 c.c. serum in C.8 c.c. salt

solution. were

Increesing amounts of complement’added to the
tubes, and at the same time the dose of complement
(fresh guinea-pig's serum at least twenty-four hours
after withdrawal of the blood) was estimated by
placing sultable amounts in 0.6 c.c. salt solution.
All the tubes were incubated for one and a half hours
at 37°C., then to each 1 c.c. of 5 per cent. washed
ox=blood suspension, sensitised previously by the
addition of five minimum haenolytic doses of immune
serum frowm the rabbit, was added. After further
incubation for an hour and a quarter the tubes were
gset at room temperature; on the following day the
final reading was taken. An emulsion of the crude
extract was generally used for comparison. This was
prepared by diluting the extract with salt solution
in the proportion of 1 to 5. The emulsions of
lipoid were in all cases made of maximum turbidity
by floating the alcoholic solution on to the surface
of the salt solution in a test tube and slowly rotasing
the tube. ‘ : :

Lecithin/
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T.ecitnln Component.

Lytic Properties.- The pure lecithin wes only sligutly

lytic for ox's red blood corpuscles; 2 c.c. of a1

in 5 dilution of the 1.7 per cent. alcoholic solution
of lecithin caused not guite complete lysis of 1 c.c.
of 5 per cent suspension of washed ox blood after three

hours at 37°C. (Some specimens of ox blood were more

sensitive to the lytic zction than others.)

Action on complement.- A 1.7 per cent. solution in alcohol
was adopted as most satisfactory; 0.6 c.c. of the emul-
sion made by diluting 1 part of the alcohollc solution {
with 7 parts of seline usually csused scarcely any lysis
of 1 c.c. of the test corpuscles in twenty-four hours.
This guantity of emulsion had only =2 very slight inhibi-
tory effect on complement by itself, lysis usually being
complete with two to three doses. In general this
amount of lecithin emulsion hed less inhibitory action
on complement than had the standard amount of crude
extract emulsion, The inhibitory effect of the lecithin
emulsion also was more uniform with different speciméns
of complement than that of the crude extract. This is
well seen in Table I.

Wessermann reaction.- Along with syphilitic serum the lecithin
emulsion in the amount mentioned above caused increased
absorption of complement; bdut this was much less marked
than in the case of a crude extract (vide T2ble II,)
even although the amount of leclithin in the latter repre-
sented only a fraction of that present in the standard
amount of pure lecithin emulsion. With sera which
gave only a slight positive reaction With‘crude extract
there was practically no increase in complement absolrpe-
tion with the pure lecithin. It was obvious, therefore,
that lecithin was not the sole component to which the
crude extract owed its activity. At the same time the

comparatively/




comparatively slight lytic effect of the crude extract
emulsion by itself excluded the presence of olelc acild
salts to any great extent, unless there was also some
other body which acted powerfully in preventing thelr
haemolytic action.

Cobra-venom activation. Complete lysis of 1 c.c. 0x blood

suspension was caused by 0.0017 c.c. of a 1 per cent
emulsion of lecithin in the presence of 0.1 c.c. of
1:100Q cobra venom, The ratio of the lytic dose with
venom to that without venom was 1:400.

;23 Conponent Soluble in Cold Btayl-Acetate.

Lytic Properties.- This component was distinctly more lytic
for ox corpuscles than was the pure lecithin,- 0.025
c.co 0f a 1 per cent solution causing just complete
lysis of 1 c.c. of ox blood suspension; but the lytic
action was weak as compared with oleic or linoleic acid
(yide Table 4).

Action on complement.- The emulsion had a very powerful
anti=complement effect which was neutralised to a great
extent by lecithin, when the alcoholic solutions were
mixed and the emulsion was then made; on the other
hahd, when the emulsions were made separately and were
then mixed the anti=-complement effect remained practi-
cally unaltered. These results are shown in Table III.

In series A, 0.9 c.c. of the 1.7 per cent. alco=-
holie lecithin solution were mixed with 0.1 c.c. of 2
per ¢ent. alcoholic solution of the ethyl-acetate soluble
portion and 0,1 c.c, of absolute alcohol, and the mix-
ture was emulsionised in the usual way. In series
B, the same quantity of alcoholic lecithin solution
was emulsified in 3.5 c.c. salt solution, and the ethyl=-
acetate soluble component along with the absolute
alcohol were emulsified in another 3.5 c.c. of salt
solution; the two emulsions were then mixed. In
both cases the mixtures were neutral to litmus paper
and were of approximately equal turbidity. To 0.6
c.c. 0of emulsions increasing amounts of guinea-pig's
complement were added, and after one and a half hour's
incubation at 37°C.1 c.c. of the test suspension of
sensitised ox corpuscles was added and the mixture was
agaln incubated as usual, The result was that in
series AQ025 c.c. of complement caused complete lysis
whereas in series B more than 0.1 c.c. of complement
required/
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required to be =a2dded vefore complete lysis occurred.

Similar phenomena in other collold reactions
would suggest as an explanation that, where the alco-
holic solutions are mixed before the emulsion is made,
lecithin comes into more intimate contact with the
other components, and thus protects the complement from
the latter, whereas when the substances are mixed in the
form of emulsions they persist for a considerable period
in the form of isolated globules, so thet absorption pro=-
cesses must be delayed.

Wassermaenp effect.~ The presence of syphilitic or normal
serum inhibited slightly the antli-complement effect in
the smounts employed, and no Wassermann reaction occurred,
Table IV shows that the test amounts of a2 syphllitic
serum and s normal serum had practically no influence
on the complement inhibition.

When the lecithin and the ethyl scetate compon=-
ents were mixed in aleoholic solution and then emulsi-
fied it was found that the Wassermann reaction was in-
creased as compared with that given with lecithin alone
in the presence of syphilitic serum (yide Table V).

An effect equal to that of the crude extract was not
obtained, however.

Cobra-yenom activation.- The emulsion of this component

activated cobra-venom haemolysin; bdbut only to a slight
degree, as the ratio of the lytic dose with venom to
the lytic dose by itself was only 1:6. Teble VI shows
the result of estimetions of the cobra venom activating
dose and the lytic dose of the pure lecithin and of the
ethyle-acetate soluble component as well as the lytiec
doses of oleie acid and linoleic acid. The tests were
all made at the same time and with the same specimen

of ox blood, and serve as a representative example of
repeated observations, To ensure uniformity, the

emounts/
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emounts of alcohol in the different series were kept
as far =as possible equal; thus with the exception of
the estimation of the lytic power of lecithin, stock
dilutions were made up just before use containing 25

per cent. of alcohol. The amount of alcohol present
in the doses employed was therefore by itself precti-
celly negligible, For the estimation of the 1ytic
dose of lecithin by itself a solution containing 20
per cent. alcohol was employed. The amounts of the
various solutions were added to 1 c.c. of 5 per cent.
washed ox blood suspension, and after incubation at
379 for two and a half hours with repeated shaking the
results were read. Table VII shows the respective
doses in grammes of the various substances., Smaller
amounts of the ethyl-acetate soluble component distinctly
inhibited lecithin activation. This held practically
equally whether the alcoholic solutions of lecithin
and of the component soluble in ethyl-acetate were
mixed and then emulsionised or were emulslonised
separetely and the emulsions then mixed.

As the ethyl acetete component wes & complex
mixture of bodies (fatty acids, neutral fats, cholester-
in etc. ) it was not clear whether the effect of this
fraction was due to an individual substance or to the
interaction of & number of bodies. At this stage in
my experiments it was discovered that the action of
the component soluble in cold ethyl acetate could be
regarded as due in some respects to the presence of
cholesterin. It was found by Dr Browning that the
addition of cholesterin to the elcoholic lecithin
sglution greatly incressed the antigenic effect of the
lecithin in the presence of syphilitic serum while at
the same time the anticomplementary effect was not

appreciably/
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appreciably altered, The lecithin-cholesterin
mixture was in fact comparable to the crude extract
in regard to its action in the Wassermann test.

The results of the examination of a weak and of a
powerful syphilitic serum with emulsions of lecithin,
1ecithin~cholesterin, and crude extract are given in
4adles 8 and 9. As this dAiscovery was thought to
e of some importance with regard to the production
of a reagent which could be standardised for use in
“the VWassermann reaction the attention of Dr. Browning
and myself was given for some time to the examination
of a nusmber of syphilitic and normal sera. The
results of this examination were published in a

Joint paper along with Dr. Mackenzie, who supplied a
number of the syphilitic sera. The lecithine-chole
esterin method, ss it has been called, has since
been used by s mumber of workers (Gilmour, Muirhead,
Watson) and has been found to be of considerable
sorvice especially in the diagnosis of weak or doubt-
ful syphilitiec sera.

In the sourse of this work, however, it was
found that different specimens of lecithins from the
same organs gave on occasion slightly different
rssults and as it was thought that information re-
garding the nature of lecithin might be obtained
from more extended observations it was decided to
prepare lecithins from a number of different sources
and to examine these for their action in the various
biological tests., In the preliminary part of this
investigation I was sssocisted with Drs Browning and
Gilmour, Work whioch I have myself done in this

connection is as follows:-
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Action of Lecithins from Different Sources.

In order thet comparisons of the different lecithins
could be made it was necessary that e uniform method

of preperation should be employed throughout. As a
result of the experience gsined during the course of the
experiments slreacdy described the method of preparing
lecithin was slightly altered as follows:

The crude extrsct obtained by macerating the
minced tissues with alcohol (1 part of tissue to 4 parts
of 95 per cent. slcohol) for 7 or 1C days at room
temperature, was evsporated on the water bath at 60°C,
this operation lasting about 5 hours. The residue was
then rubbed up with quartz sand (previously washed with
water and dried) and extrescted with ethyl acetate at
60°C for 10 or 15 minutes. The solution in ethyl
acetate was placed in the ice chest and the precipitate
which formed was removed and redissolved in ethyl ace-
tate, Thie was agein sllowed to precipitate in the ice-
chest. These processes were repeated till the superna=-
tant fluid was colourless (ususlly three times was suffi-
cient)s The ultimate precipitate was dissolved in
water-free ether and the solution precipitated with
excess of acetone, the treatment with ether and acetone
being repeated three times. Finally the acetone pre-
cipitate was pressed in a mortar in order to get rid
of fluid, rapidly rubbed up with quartz sand and the
mess treated with absolute alcohol at room temperature.
The portion soluble in alcohol constituted the lecithin.
The strength of the solution was deterniined by evaporat=
in§ e measured quantity and welghing the residue. A
0.75 per cent solution wes usually prepsred.

All the lecithins were tested for 1) effect as
antigen in the Wassermann syphilis resction, 2) haemoly-
tic action along with cobra venom, 3) degree of satura-
tion as tested by the iodine=-value.

The lecithin was employed in the form of an emul-
sion with salt solution (1 part of alcoholic lecithin
to 7 parts of 0.85 per cent., NaCl-solution) this being
made as turbid as possible by floating the slcoholic
solution on to the surface of the selt solution in a test
tube and mixing by slow rotation of the tube. The
importance of the turbidity of lipoidal emulsions in
determining the amount of complement absorbed had been
shown by Sachs &nd Rondohi for the crude extract, ana

by/
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by Browning and Cruickshenk in the case of lecithin-
cholesterin mixtures. A rapidly made emulsion deviates
less complement tlhian & slowly made, more turbid one,

In all the experiments, therefore, with a view to com-
paring the action of different lecithins, only the most
turbid emulsions of each were employed.

Preliminary experiments were carried out to test
the effect of varying the smounts of lecithin and of
elcohol in the emulsions, As regards verying the
quantity of lecithin, the alcohol being kept constant,
it was found that only a very smeall amount of lecithin
was necessary to produce a positive Wassermann reaction
in the presence of syphilitic serum., In general,
increased amounts of lecithin produced increased absorp-
tion of complement with positive sers (v. teble 10).
Oécasionally, a slight zone effect was found (v. table
XI), thet is, an increese in the amount of lecithin
beyond & certain optimum gquantity, caused the absorption
of less complement; but the zone effect was prasctically
negligible. The addition of a fixed smount of choles=-
terin to the lecithin solutions of varying strength,
while causing increased absorption of complement in
the presence of syphilitic serum did not cause any
notable differences in the various series (v. table XII).
The effect of varying the smount of alcohol is shown in
teble XIII. Increase of alcohol (short of an emount
sufficient to destroy complement) caused increased
deviation of complement in the presence of syphilitic
serunm, while not increasing the inhibitory effect of
the emulsion itself on complement.

The results showed that where the amounts of
syphilitic serum and of alcohol were kept constant very
considerable variation in the amount of & given prepara-

tion of lecithin, within certain limits, produced only

a/
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a comperatively small difference in the amount of
complement absorbed. The strength of the lecithin
solution usually employed to bring out differences

in individual preparations was 0.75 per cent. To
obtain an idea of the average efficlency of the various
lecithins it was necessary to test them as far as
possible at the same time and with the same complement
and serum. By using also a standard ox-liver lecithin
throughout the experiments, it was possible to compare
the results obtained on different occasions. All the
lecithins were tested with more than one syphilitic
serum. This was important in view of the fact that
the retio of the antigenic value of two given lipoid
emulsions mey vary to some extent with different sera,
The inhibitory effects of the lecithin emulsions by
themselves on complement and the lytic effects for ox's
red blood corpuscles were also estimated.

Lecithins from the following sources were pre-
pered, ox's heart, liver and kidney, sheep's liver and
egg yolk. A number of commercial preparations of
lecithin (lierck, Kahlbaum, Riedel Nos. I amd II, Poulenc
Fréres) were also tested. (In every case a clear
alcoholic solution was prepared in the first instance,

any insoluble material being removed by centrifugslising)
Bio-chemical Actions.

Wessermann _Syphilis Reaction.

The results of & large number of experiments
showed that considerable differences existed in the
smounts of complement sbsorbed by the various lecithins
in the presence of syphilitic serum. In general, the
greatest amounts of complement were absorbed by the

heart lecithins, the least by the yolk lecithins,

while the liver lecithins were intermediate. Ox=liver

lecithin/
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lecithin was slightly superior to that from the liver
of the sheep (v. table XIVj; buﬁ‘Specimens of lecithin
prepared from different ox-livers showed some vafiation
in this respect.

| It was noted that the emulsions of the heart
lecithins were constently more turbid and the yolk
lecithins less turbid than the emulsions of liver lecithin
so that there was apparently a direct correspondence
between the density of the emulsion and its deviating
property in the presence of syphilitic serum. The in;
hibitory effect of the lecithins by themselves on come-
plement was in all cases very slight. All the ermulsions
reacted neutral to litmus. The commercisl ovo-lecithins
had a2 comperatively week action as syphilitic antigen.
| The addition of cholesterin to the lecithin solu-
tions produced in every case an increase in the amount of
complenment absorbed in the presence of syphilitic serum,
as compared with the amount absorbed by the corresponding ,
lecithins themselves (vide tables XV. XVI). The ebsol=-
ute increese was greatest in the case of'the heart and
leest with yolk lecithins. Ox=liver lecithin was genef-
ally inferior to ox-heart lecithin in this respect.
The inhibitory effects of the various lecithin~-cholesterin
emulsions by themselves on complement were practically
identical with those of the lecithins.

An attempt was made to effect further purification
of some of the lecithin preparations by keeping the
ethereal solutions at a low temperature by means of ice
and salt. An ether-insoluble body separated out. The
portion remaining in solution wes precipitated with ;
acetone, redissolved in ether, and again cooled. This
process was repeated a number of times over s period of
days, & considerable amount of ether insoluble matter
being thus removed, untii at last practically no further
precipitate/
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precipitate separated out on cooling. The acetone
precipitate was finally dissolved in alcohol. The
lecithin so obtained was compared with the original
prepsration. Practicelly no difference was found.

The asction as syphilitic antigen of preparations
of lecithin from different specimens of the same tissue
was thus fairly constant. The difference between the
lecithins from two different tissues, e.g. heart and
egg=yolk, could not be explained as due to the presence
of eny gross and easlly separable impurity such as chol-
esterin. This was obvious from the fact that the
addition of even a large amount of cholesterin to egg-
yolk lecithlin did not produce as grest deviation of com=
plement in the presence of syphilitié serum as did |
"pure” ox-heart lecithin, which could only contain at

the most & mere trece of cholesterin as impurity.

Haemolysis with Cobra Venom.

The most actively haemolytic lecithins were the
preparations from egg=-yolk, those from ox's heart were
the least actife (v. table XVII) . The other lecithins
occupied an intermediste position. In these compara- :
tive experiments the turbid emulsions were employed.

In the case of ox=liver lecithin I found that with the
rapidly pade, clear emulsions haemolysis occurred at
first more rapidly than with the corresponding turbid
emulsions, but that the end results (24 hours) were
practicelly identical in both cases, In each experi-
ment the haemolytic action of the emulsions by them-
selves for ox's corpuscles was also tested; in the
amounts used they were always non-haemolytic. Slight
differences were observed in the amounts necessary

to produce complete lysis of the test éorpuscles in the
absence of venomnm, the heért lecithins bveing usually

least/
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least lytic and the yolk lecithins most lytic (v. table

XVIII).

Iodine Values.,

The method used for these estimations was that
of v. Hubl, This depends on the fact that when the
aleoholic solution of =2 fat which contains unsaturated
acids is allowed to stand in contact with an alcoholic
solution of iodine to which mercuric chloride has been
added, a certain amount of iodine is sabsorbved, By
titrating the mixture subsequently with sodium thiosul=- .
phate or other suitable reagent the amount of free
iodine is determined and from this the amount of iodine
which has been absorbed can be calculated. The weight,
expressed in gremmes, of iodine absorbed by 100 grammes
of fat is the "iodine-value'. .

Considerable variation was found in the amount of
iodine absorbed by the different lecithins,  Table 1X
shows an actual experiment; all the preparations |
noted were, of course, tested simultaneously and 24
hours was allowed for the absorption of iodine by the
lecithin solutions, It will be seen that not only
were there distinct differences between the iecithins
from different tissues, but also between lecithins
ebtained from different specimens of the same organ.
Thus ox-liver lecithin No. 1 was apperently highly
unsaturated while ox-liver leclthin Wo. 2 was only
8lightly unsaturated. In comparing the iodine values
of the lecithins with their effects in the Wassermann
reaction it will be observed that no correspondence has
been found to exist between these functions, For
example, ox-liver lecithin No. 1 resembles the lecithin
from a fatty human liver in bYeing highly unsaturated,
but the smounts of complement deviated in the Wassermann

reaction by these two lecithins differ very markedly,
the/
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the human liver lecithin having a2 much higher "ant igenic
valﬂe (teble XX) . Ox-liver lecithin No. 2 and yolk
lecithin Xo. 1 have approximately the same iddine wvalue,
but the liver lecithin was greatly superior to the yolk
lecithin in deviating power. Again, the more unsatura=-
ted ox~liver lecitnin (No. 1) was a less efficient
syphilitic "antigen” than specimen No. 2; but the
difference between the two preparations in this respect
was much less than the variation in their lodine-values,
i have not found any alteration to occur in the iodine=- |
value of lecithins, prepared as described above, which
had been allowed to stand in alcoholic solution for
some monins,

These results differ from those of Noguchi
and Bronfenbrenner who, in examining the acetone-insolu-
ble portions of alcoholic extracts from pathological
human organs found that a high iodine-value corrésponded
with o high antigenoc-value in the case of the lipoids

from liver and heart.
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Table I.

Haemolytic Dose of
Guinea-pig's Com=-
plement for 1l c.c.

Guinea-pig's Complement 4 Emulsion, 0.6 c.c.

Lecitnin

Crude BExtract

of 5 per cent. 0x of Ox Liver.
Blood Suspension 4 J -
15 Doses of Immune Body|. Incomplete Complete |{Incomplete | Complete
Lysis Lysis Lysis Lysis
‘ 1 000075 0.-0- 00025 C.C y000350000 0-035 C,C{ * e
2 0.005 c.c. oo 0.01 c.c.| 0.04 c.c.| Q.045 c.cC.
3 0.005 c.c. ... 10.015 c.cl 0.03 c.c.| 0.04 c.c.
4 0.005 c.c. .e. |0.01 c.c.| 0.015 c.c} 0.02 c.c.
i 5. 0-005 CeCo eee 0601 CeCo ves ,OcOl CoeCe
16 0.005 c.cCo 0.01 ¢.c.| .015 c.cle 0.02 c.c.| 0,035 c.c.
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Table 2.
jyphilitic Serum (% hour at
$¥®%c.) 0.05 c.c. 4 Emulsion| Amounts of Guinea-pig's Complement
h cvﬁ- el-c
! ’ 0.075 c.c. | 0.1 cece | 0.15 coc.| 0.2 c.c.
Jeeithin . . . . . . . . |Just com- | Complete | Complete Complete
plete lysig 1lysis lysis lysis
Prude extract . . . . . . 0 Faint Distinct Complete
trace of lysis lysis
lysis
CONTROLS.

Y

Lecithin emulsion,

P

Loy

Lose of complement g 0.005 c.c.

Ce6 cCeced 0.01 c.c. complementmsjust
Crude extract emulsion 0.6 c.c.d 0.01 c.c. complementm=just

% syphilitic serum, 0.05 c.c. # 0.6 c.c. NaCl solution 4 0.01
complement s complete lysis.

complete
lysis.
complete
lysis.

CeCoe
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4
JYecithin $
' Ytkyl-Acetate Amounts of Guinea-pig's Complement.
joluble Com=-
_jonent.
" 0.02 c.c.}0.C25¢c.c.| 0.035¢c.c.| 0.05¢c.c. |0.Q75¢.c.{0.1c.c. [0.15
: CeCo
:a) Alcoholic |Very Complete | Complete | Complete {Complete | Complete Com-
mixture emultmarked lysis lysis lysis lysis lysis [plete
*#eionised lysis lysie
§b) Bmulsions 0 0 0 Faint Distinct |Marked [Com-
Tmade separ- trace of| 1lysis lysis |plete
jately, then lysis lysis
mixed

sl

Dose of complement g 0€.0075 c.c.
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Table 4.

er cent. Alcoholic Solu-
gion of the Ethyl-Acetate
Ppivble Component, 0.05 c.c.
¥ Absolute Alcohol, 0.45 c.c.
ulsionised in 7 c.c. Salt
lution: 0.6 c.c. of the

Amounts of Guinea-pig's Complement.

0.08 CeCe] 0el2 CeCe] Oel7? CeCe |0.25 CeocCe

ulsion.
1B
;»O . e . . . . Trace of | Marked Very marked|Just complete
e lysis lysis Lysis lysis

Very marked

nermal serum (657%°for % Faint Trace of Marked
lysis

5 dour). 0.05 c.c. trece of | lysis lysis
T lysis

Very marked| Just complete

}ﬁtyﬁhilitie serum (587° Trece of | Marked
lysis

for 4 nour). 0.05 c.c. lyseis lysis lysis

ﬁ
b3
&
¥
&
&
A
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Table 5.

i8
nyphilitic Serum (57°C. for
140 minutes), 0.05 c.c. $ Amounts of Guinea-pig's Complement
20,6 CeCe Emulsiono
al
¥
HIL} 0.05 c.c. 0.075 c.c. 0.1 c.c. 0.15 c.ce
“{eeithin, 1.7 per cent, Faint Marked Just come Complete
10s4 coce 4 absolute elcohol| trace of lysis plete lysis
6 ceCe in 7 c.c. s2lt lysdis lysis
‘'solution
11
odjecithin, 1.7 per cent. 0 0 Trece of Almost com~-
0.4 c.c. 4 2 per cent lysis plete lysis
jethyleacetate soluble com=
‘qyponent, 0.165 c.c. 4
-oYfabsolute elcohol, 0.435
CeCo 11’) 7 CeCe Salt 3°1u‘
{tion
CORTROLS.

Dose of complement g 0.0065 e.c.

,s;erqm, 0.05 c.ce & NaCl solution, 0.6 c.c. § 0.01 c.c. complement =

Emulsions alone, 0.6 c.c. $ 0.02 c.c. complement = complete lysis.

complete
lysis.
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Concentration

in Solution in| of

Dose activeting 0.1 c.c|
of 0.1 per cent. Cobra
Venom Solution

1 c.c.
5 per cent. Ox Blood

Dose lytic by
iteelf for 1 c.c.

Substance. | 25 per cent. of b per cent. Ox
Alcohol . Blood
(0.34 per cent.
cithin . . . 0.085 per cent 0.017 c.c. solution in 20
per cent alcohol]
ﬁ 2 C.C.
i?thyl--acetate
Mgoluble com=
5tponent C.1 " 0004 CeCo 0.25 c.c.
1Id
’1eic &c1d . 0005 " ) 0007 CeCo
’1*1noleic scid 0.05 0.07 c.c.
'Y
il
i i
m‘r Table 7.
o ,
10l " Absolute Amounts.
Substance
Activating Dose for Lytic Dose for Ratio
001 C.Cs OF 001 Per 1 CeCo °f b pel‘
cent. Cobra Venom ¢ cent. O0x Blood
l c.c. of 5 per cent.
0x Blood.
ecithin 0.000017 grns. 0.0068 grms. 1:400
twl-acetate 0.00004 b 0.00025 * 1:6
poluble com-
-onent
Rledc acid sen OOQOOQSS o ceo
LiHOIeie acid s0 e 0-009@35 " cee
' Ct‘tf? o, 5 . e aad 1% P Q?@J RGN
 Oa & < vory Ial ok Ut ; %&gé?’f%‘; w RAEGE]
b Brprlo & Dol Bete & G0 0.n. BECL. Bolutien
s prioment w ocoppliets lysis.

uxsg;

e of

Ms&‘fﬁ 9«‘&

2003 tase
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Table 8.

hilitic Serum
owerful, % hour

Amounts of Guinea-pig's Complement.

57°9C.) .05 c.c.

0.6 ceCo '
| Emulsion. 0.075 c.cd 0.1 c.c. |0.135c.c.|0.18c.c. [0.22¢.c. |0.26 c.c.
1’ ) Lecithin Trace of | CompleteComplete | Complete|Complete|Complete
lysis lysis lysis lysis Lyeis lysis
) Lecithin-chole-| 0 0 0 0 Faint |Distinct
, sterin satura- trace of| lysis
:ﬂ ted lysis
M) Crude extrsct 0 Faint Faint Faint Trace of
1 trace of| trace of | trace of lysis ese
! lysis lysis lysis
ok
o
CONTROLS.
t Emulsions alone - (a) and sbg 4+ 0,015 c.c. complement = complete lysis.
| c) 4 0.04 c.c. complement = just complete lysis
t Syphilitic serum, 0.05 ce.ces & 0.6 c.c. NaCl solution & 0.0l c.c. comple=
W nent = complete lysis.
|
1 Dose of complement m 0,005 c.c.
l Table 9.
B
3

hilitic Serum

{

r gok %+ hour at Amounts of Guinea-pig's Complement.
C.i 0.05 c.c.
g Emulsion 0.6 c.c. [0.015 c.c.| 0.025 c.c.|0.04 c.c.| 6.065 c.c.| 0.1 c.c.
We) Leeitnin Very Complete | Complete | Complete Complete
marked lysis lysis lysis lysis
t lyseis
b) Lecithin-chole- 0 ¢ Faint Trace of Complete
. sterin saturated trace of lysis lysis
lysis
fe) Crude extrect ) 0 Faint Trace of
trace of lysis coe
lysis
CONTROLS.

0.6 c.c, emulsions (a) and
0.6 coce emulsion (c) & 0.0
Syphilitic serum, 0.05 c.Ce $ 0.6 c.c. NaCl. solution 4 0.01 cece com-

gb) ‘ €.01 c.0. cmlement =

complete lysis.

c.Cc. complement z almost complete lysis.

plement = complete lysis,.

Dose of complement = 0.005 c.c.
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Table 10.

e

.gyphilitic Serum 0.05

Amounts of Guinea-pig's Complement.

sp,ce P Turbid Emulsion of
!Ibxeliver Lecithin 0.6 c.c. 0.09 ceCol 0012 CoCe[ 015 CeCe[0.18 cocq 0.24
Yl CeCoe
L ‘
Lecithin Q.6. per Very Marked Very Complete (Complete
cent faint Merked
I}Weak ' trace
positive(L.ecithin 0.2 per Trace Very Complete | Complete [Complet(
Serum cent Marked
1} Lecithin 0.06 Distinct | Almost Complete | Complete |Complete
) per cent complete
’;
| Lecithin 0.6 0 0 0 Faint Almost
per cent trace Completd
Lecithin Q0.2 0 Very Distinet | Marked Comple®
ositive( per cent Faint
Trace
Lecithin 0.06 Trace Very Complete | Complete |Complete
per cent Marked

CONTROLS: All emulsions @,6 c.c. & Compl. 0.04 c.c.

Sera 0.05 c.c. & 8alt Solution 0.6 c.c. 4 Complement
QO”’ CeCs W mx’“ w.‘ao

Dose of Coamplement &% 0.01 c.c.

-

= Just complete
Lysis.
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Table 11.
T
N
v'rtf
1Syphilitic Serum Amounts of Guinea-pig's Complement.
105 c.Ce 4 Emulsion R
| 0.6 c.cCo.
1# 0.08 cocd 0.12 cecfe 0,17 CeCe 0624 c.cle 0.36 cocC
tur
Wih.1iver Lecithin 0.75 o 0 Very Almost Complete
er cent faint complete
‘ Trace
x=liver Lecithin 0.25
__iper cent 0 0 0 Marked Almost
58 Complete
L
Mg iver lecithin 0.083 0 0 0 Very Complete
per cent Marked
-4x=1liver lecithin 0.027 Faint Trace | Almost Complete| Complete
iper cent trace Complete
3 3 CONTROLS: ZEmulsions aiona 0.6 c.c. +.Complement 0.03 c.ce.
b sz Complete.
b .
' v Serum 0.05 e.c. 4 Salt Solution 0.6 c.c. ¥ Complement
| : 0.04 c.c. = Complete,

Dose of Complenment =» 0.015 c.c.

B el
Al
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Table 12.

hilitic
. 0 056 c.c. $

H
Amounts of Guinea-pig's Complement.

1sion 0.6 c.c.
‘aq 0.08 co.cef 012 cece 0.18 c.c. 0024 CeCe|0e32 cecd 0.4 c.cCq
J
jwliver lecithin | Distinct Just Complete | Complete | Complete |Complete
.75 per cent Complete
ti.1iver lecithin 0
0 Very Trace Very Complete
Tt% per cent 4 Faint Marked
polesterin 1.3 Trace
rper cent
"-liver lecithin | Trace Almost Complete | Complete | Complete |Complete
§+2 per cent Complete
rt =1iver lecithin o] 0 0 Very Very Complete
3.2 per cent & Faint Marked
bl olesterin 1.3 Trace
per cent
~feliver lecithin | Trace Very Complete |Complete | Complete |[Complete
$.075 per cent Merked ,
keliver lecithin 0 0 0 Very Very Complete
0.075 per cent Faint Marked
Cholesterin Trace
1.3 per cent
Emulsions alone Q.8 c.c. ¢ Complement 0.035 c.c.

} CONTROLS:

= Complete.

Berum 0.05 c.c. » Salt Bolution 0.6 c.c. & Complement
©.085 cece » Complete.

Doess of M1mnt w 0.015 c.c.
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Table 13.

c.Co 8bsolute alcohol.

]
f
‘W Co 245 coc. 0f stock emulsion ¢
1

2.37 per cent. solution of ox-heart lecithin in alcohol;
emulsionised with 7 parts of saline, so as to produce the maximum
turbidity = stock emulsion.

Ae 245 co.c. of stock emulsion 4-5'5 c.c. of NaClesolution

1 part

B. 2.5 c.c. 0f stock emulsion 4 5.2625 c.c. of NaCl=solution 4 0.2375

4.8125 cec. of NaCl-solution 4 C.6875
c.c. absolute alcohol,

"

{

leyphilitic
gre. 0.05 ceco Amounts of Guinea-pig's Complement..
Emulsion 0.6
HCe
0.06 CeCe| Qe09 CeCel 013 ce.ce °Q17 CeCe{0eR2 CeCe|0e3 CeCo
ulsion A First Trace Distinct Very Complete | Complete
trace Marked
uleion B 0 Very Faint Trace Very Complete
Feint Trace Marked
Trace
ulsion C 0 0 Very Faint Trace Very
Faint Trace Marked
Trace

CONTROLS:

Emulsions 0.8 c.c. ¢ Complement 0.02 c.c. = Complete

Serum 0.05 c.c. § 5alt Belutiem 0.6 c.c. 4 Complement
0.02 c.¢. g Complete

Dose of Complement 8 (.01 c.c.
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Table 14.

4 syphilitic Serum
1,05 c.Ce 4 Emulsion

Amounts of Guinea-pig's Complement.

f: 0e6 CoCe
! .
‘ 0004 CeCoe 0007 CoeCol Oel CeCe|l 0412 cece] 0.2 CocCo
g
fxeliver lecithin 0 0 Faint Trace Almost
Trace Complete
stx-kidney lecithin 0 0 Faint | Faint | Faint
! Trace Trace Trace
xsheart lecithin 0 0 0 0 Faint
. Trace
heep-liver lecithin 0 0 Faint Just Complete
) trace | Complete
$eg-yolk leclthin o] Very Very |Complete |Complete
5o Paint Marked
Trace

CONTROLS:

Dose of Complement g 0.065 c.c.

All emulsions alone 0.6 c.c. ¢ Complement 0.035 c.c.

= complete.
Serum 0.05 c.c. 4 Salt Solution 0.6 c.c. 4 Complement
0.015 c.ce = Complete,

T

e 5 A |
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Tuble

15.

—

philitic Serum
i?ﬁ c.co. 4 Turbid
iy

Amounts of Guinea-pig's Complement.

ulsion 0.6 c.c.
g 0.02 coeCe| 0e04 coCe] 007 ceCe| 0.1l CeCe {014 coc.

xeliver lecithin 0 Very Trace |[Marked |[Complete

Faint
Trace
dx-heart lecithin 0 0 0 0 Very
Faint

! Trece
I-'F

E 0-04 CeC.| 0.08 c.c. 0.13 CeCel 0el8cece|0.26 ceCu 0034 CeC
!
Pxeliver lecithin ¢] 0 Very Marked |Complete

4 Cholesterin Faint

1 per cent Trace
§x-beart lecithin 0 0 0 Very Marked Complete
& Cholesterin Faint
1 1 per cent Trace
frude Extract 0 Trace |Marked Just
1 (0x=liver) Complete

CONTROLS: 4ll emulsions slone 0.6 c.c. & Complement 0.025 c.ce m

Complete,

Duc of Wament s 0.008 c.c.

Serum alone 0.05 c.c. 4 Balt Solution 0.6 c.c. ¢ Complement
0.028 c.c. ' (?&plete. v
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Table 18.

Emulsions in every case of maximum turbidity.

philitic Serum 0.05 c.c.
furbid Emulsion 0.6 ce.ce.

<heart lecithin
Jx-heart lecithin 4 Cholesterin
1 per cent

dx=liver lecithin

(o
'fyeliver lecithin 4 Cholesterin
1 per cent

>' gg=yolk lecithin

!

Jgg=yolk lecithin 4 Cholesterin
ilwrcmﬁ

[‘.

Amounts of Guinea-pig's Complement

0.1 c.ce

Faint
trace

Very
Marked

0.14 CeCo

Trace

Complete

Distinct

002 CeCo
Paint
trace

0
Alnmost
Complete

Paint
Trace

Complete

Complete

0.32 c.c.

Complete

Trace

Complete

Complete

F

Complet

Dose of Complement gg 0.005 c.c.

| CONTROLS: All emulsions 0.6 CeCe $ 0.03 c.cC. Complement = Complete.

Serum elone 0,05 ce.ce § Salt Solution 0.6 c.c. ¢ 0.015 c.c.
Compjement o
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3
£

ble 17.

l c.c. 5 per cent Ox-blcod Suspension 4 Cobra Venom
1: 10,000 4 Emulsicn.

0.005 | 0.01 c.cof 0.015 CoeC.]0.02 CocCe| 0.0285 cucea}0.03 c.cCo.
CeCas

5!

x=heart 0 0 Faint Trace |Distinct Complete
Trace
d
{fx-liver Faint | Distinct | Marked Complete | Complete Complete
Trace

0 Distinect | Marked Complete | Complete | Complete

o
W
%

— v el Gl L
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Table 18,

3
I Turbid ¥mulsions of
Q?ﬁ per ﬁeﬂto TLeegdthin
f pert + NaCl-solution

0025 CeCe D per Cento

Amulsion.

O0x-blood Suspension f“

-

7 parts
0.0, CeCo 0075 CeCo 1.0 c,0.
Ox-heart 0 G Faint Trzce
~Ox-liver 0 Faint Trace Very larked
Egg~yolk Trace Distinet Complete
% ¥ ¢ 5 :::}Ti A " R —:, N Ty ]
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I
Table 19. ﬂ
|
ﬁ\
. |
0.05 g Lecithin 4 10,0 c.c. v, ¥ibl g@olution (mixture
zllowed to stand for 24 hours),
|
Amount of Eagsgos Amount of Nagsgg‘ ‘
_ solution eguivalent solution equivalent |
i to unsbsorbed Iodine| to zbLisorbed Iodine.
whldver No. 1 5.45 c.c. 17.15 c.c. |
F " No. 2 18,2 n 4.4
aitty human liver S " 18.9 # ‘
g<yolk No. 1 18.1 * 4,6 "
" Ho. 2 19,0 n 3.6 "
. " (YNo. 2 redissolved) 19.45 ¢ G.,1B ¥
E-heart 16.5 " el " N

By N\ s d o ‘g i — 7 8
200 ceco standard hzﬁﬁovsqlution = 1645 c.u. La2¢293ﬁgb

solution

CONTROLS: 10.0 c.ce Ve Hiibl solution = 22.6 c.c. Ne,8,0,50lution,
/R
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Table 2C.

1 furbid Emulsions
16 c.c. ¥ Syphilitic
frum (56° C 4 hour)

Amounts of Guinea-pig's ’ Complement.

0002 CeCo
Complement g Complete.

Dose of Complement » 0.004 c.c.

0.06 c.c. ’
) 0.02 c.ce}]0.03 c.c. 0«05 coce] 0408 Coce|0.12 c.cCo
Fliver lecithin No. Distinect | Marked Very Just Complete
1 Varked Complete
‘ " " No. Trace Distinct| Marked Very Complete
| Marked
Aetty human liver 0 0 0 0 Trace
{lecithin
«yolk lecithin No. Complete | Complete | Complete Complete| Complete
" " " No. Just Complete | Complete Complete| Complete
Complete
o0 " " (No. Distinect | Marked Almost Just Complete
irediseolved) Complete | Complete
CONTROLS: Emulsions alone 0.6 c.c. & 0.02 c.c. Complement = Complete.

Syphilitic Serum 0.05 c.c., 4 Salt solution 0.6 c.c. +
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As the results of these experiments pointed to the
fact that lecithin as prepared by a uniform method
from different tissues possessed very different proper-
ties and as these differences might be due either to
impurity in the lecithin as obtzined by the method
employed or to actual differences in the constitution
of the products I decided to extend the range of observa-;
tion and at the same time give attention to the characteri
of the other substances which were present along with .
leeithin in the acetic ether and acetone precipitatés;‘
For the latter'purpose it was found necessary to dis-
pense with the use of send for, although this agent.
facllitated extraction of materisl soluble in hot
acetic ether and in aleohol, it obscured the nature of
. th® substanees which were not soluble in these reagents.
The preesdure was, therefore, as follows:-

The evaperated extract was trested with small amounts
of het seetic ether until no further solution was
obteinsd., The accumulated acetic ether extract was
.epoled 4n the ice chest and the precipitate which
resvited Femoved by centrifugelising. The precipi-
‘tate wms Srested with het scetic ether. A fraction
genserelly remained inscluble; this was removed by
filtratden snd kept for further exeminetion. The
hot sestie #ther solution was cooled and the precipi-
tate sgain @rented with het scetic ether, any insol-
ﬂhhﬂnﬂl&l&&ﬁi being removed and kept. This treat-

. ment was ted until the cold acetic ether solu-
tieon was (%# eolourless and the precipitated
matt@ia& wes completely soluble in hot acetic ether.

sgipitete from this finel solution was treated
s, As 8 rule solution was not complete,

a iﬁtiﬁb&p amount of white granular materisl being

inselwdle, Thie was removed by centrifugslising
and the sthar-soluble fraction precipitated by the

additiss eof several velumes of acetone. This pre-
cipitats was allowed to settle and the supernatant
fiuié was decented. In most cases the precipitate

sms Lound %8 be only partially soluble. The treat-
mont with eSher and scetone was repeated until the
wheis of M precipitate was soluble in ether when

’&% was ageia treated with acetone. Finally the

precipiiate was rapidly washed with 2 small amount

of sbssiute alcohel (to remove traces of acetone)

aad allowed to stend in cemtact with absolute alcohol
for some hours. The materisl soluble in cold alcohol
wee removed by centrifugalising. This constituted
the lecithin solution. The greater portion of the

recipitate was found to be insoluble in cold alcohol.
ghia fraction will be dealt with later.

In view also of Erlandsen's findings with ox heart

lecithin/
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lecithin it became of importance to test the products
obtained by extraction of tissues with ether, - For such
extraction the tissue must be dried and powdered as ether
does not mix with water.

The drying of tissues for fat extrection has always been

a matter of great difficulty. The methods which heve
been employed fall under these heads:-

1) Drying by means of warm air.
2 " " u " Alcohol.
3 » " " ¥ Anhydromns sslts, e.g. sodium

sulphate, calcium sulphate.

(1) Thie methed, which is at once the most easy and the
mest rapid permits degenerative and putrefactive changes
t# eccur unless the temperature to which the tissues are
exposed is fairly high when it is most likely that the
unseturated acids undergo oxidation. In Erlandsen's
experiments the heart musecle after being freed from fat
and fibrous tissues was finely minced and exposed in
frent of an electrie fan driving a current of slightly
warmed air. The time taken for drying was said to be
about 12 heours., It is difficult to see how complete
drying of the material was effected by such means.

{2} The tissue is finely minced end treated with a large
volugpe of alcohel. This 18 removed after some hours
amd fresh sleohol added. Four er five such extractions
mey be necessary before the bulk of the water is removed.
As 8 large amsunt of phospholipine is removed by this
method it is necessary to cellect the alcoholic extracts,
evgporete teo dryness,; and add the residue to the
material obtained later by extrection with ether. The
phesphol ipine ultimately obtained is thus extracted from
& mixture ef alcohol and ether extracts.
(3) Drying by mesns of anhydrons salts is in my exper-
isnce exceedingly unsatisfactery and inconvenient. When
large smounts of tissue are being dealt with the mass of
materiel is most unwieldy. Complete dehydration gener-
elly does not result or it is difficult to secure proper
penetratien of tke tissue by the salt.
In censideration of these difficulties I decided to
try the effect of preliminary treatment of the tissue with
formalin. Thin slices of fresh ox liver were placed in
10 per cent formalim, lsyers of eetton wool being used to
separate the slives from eseh other in order to secure rapid
end therough fixation. After 48 hours the tissue was washed
in water, dried between towels and minced. A moist, coarselj
granular materisl wae obtained which dried very rapidly on
exposure in an oven to a temperature of 500-600C. A re-
duction in weight equivalent to 80 per cent of the original
tissue waes obtained in a few hours. The final drying was
facilitated by again passing the tissue through & Universal

mincer, a very fine dust-like powder being thus obtained.
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Before proceeding to extract lecithin by means of ether

from such dried tissue it was necessary in the first place
to determine whether the formalin fixation and drying head
altered the characters of the lecithin as obtained by extrac-
tion with alcohol. Fresh liver tissue and a sample of the
gsame material after fixation in formalin and drying to con=-
stant weight were extracted with absolute alcohol for several
days, The extracts were filtered off, evaporated to dryness,
and leeithin prepared as described above. In process of pre-
paratiom of the lecithine certein differences in the characters
of the various extracte were noted. Thus the alcohol extract
of dried tissue was much more readily evaporated than that
from the fresh tissue (owing to the absence of water) and the
residue obtained dissolved readily and almost completély in
hot aceetic ether whereas that from the fresh tissue extract
was largely composed of insoluble %norganic salts and protein
material from which residue the fa%ékand phospholipines were
diffieult to remove by means of acetic ether.

vThe results obtained in the Wessermann reaction and in
the test along with cobra venom showed (v. table 21 ) that
there was practically no difference between the two lecithins.
A numbepy of other experiments of a similar nature were carried
out with the same result.

A large amount of dried liver tissue was then prepared.
This was divided up into several portions of equal weight.
These were extracted for séveral days with equal amounts of

2) Methylated Spirit.
3) 75 per cent alecohol.

‘ 50 » [ ] ”
5; Bther.

12 Absolute Alcohol.

The extracts were then removed and fresh reagents added.
This was repeated after an interval ef two days. The accumu-
lated extracts from each portien.were then e#aporafed down‘and
lecithin prepared. The characters of the products obtained

from each extract are given in the following table:-




D
[FEY

| Absolute Spirit 75 per cent 50 per cent Ether
j Alcohol alcohol alcohol
—
colour of Dark Dark Amber Pale Straw Yellowilsh
Extract Amber amber brown
iResult of Complete=-| Almost Considerable |Practically Almost
itreatment ly sol- complete=| residue in- insoluble re« completely
with hot ace- uble ly sol- soluble(this |sidue insol- soluble
tic ether uble residue in- uble in alco-
| soluble in hol but sol-
! alcohol sol- |uble in water
f uble in water
i Acetic Abundant,| Abundant,| Abundant, iere trace Small,
{ ether pre- Yellow Yellow Yellow, white and
'cipitate flocecu- | viscid viseld granular
lent
| Treatment Mere Mere Abundant - Very con-
| with 1st trace trace, granular re- gsiderable
i Ether insol- ingol-~ sidue insole- residue
J uble uble uble; this insoluble.
? residue sol-
| uble in water
; Partial,
' Solubility Com- white, Partial,white, --- Partial,
~of 1st Ace- plete granular | granular consider=-
, tone preci- residue residue able re-
! pitate in sidue in-
. ether soluble
Solubllity Partial, | Partial, | Partial, con- - Partial,
i of 2nd Ace~ | small in-| consider- siderable ine distinct
- tone preci- soluble | able in- | scluble re- insolu-
~ pitate residue soluble sidue ble re-
: residue sidue
- Solubility Complete | Complete | Complete ——- Complete
of 3rd Ace-
| tone precie
| pitate
Colour of Yellow Dark Park ——- Clear,
Lecithin Yellow Yellow colour~
less
r—~_

It will be seen that the products from the extracts

containing water have somewhat different characters from

the extract with absolute alcohel.

The differences are,

however, only due to the differences in amounts of certain

'impurities'.

It will be noted that the yield of acetone

preeipitate from the 50 per cent s&loohol exiract was so.

small thet it was not proceeded with further.

of/

In the case
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of the ether extract the lecithin in addition to being
quite colourless was exceedingly small in amount in
splte of the fact that the original extract was very
highly coloured and contained a comparatively large
amount of extracted material. This experiment has
been repeated a number of times with liver and other
tissues, the result being practically the same, In
every case the yield of lecithin from the ether extracts
was very small as compared with that from the alcohol
and spirit extracts.

It was found in general that a greater amount of
lesithin was gbtained from the spirit extracts and from
alcoholic extracts containing about 15 per cent of water
than from the absolute alcohol extracts but some variat-
ion was found according to the nature of the tissue
under examination but in some cases the difference was
not marked. The following experiment will serve as a
typical example of these examinations. An amount of
dried finely powdered ox heart weighing 350 grms. was
divided into 7 portions of 50 grms. each and to these
respectively were added 400 c.c's of

(1) Abeslute Alcohol

{2) 86 per cent alsohol

{3) 66 per cent

{4) Mineralised 3virit

{8} Industrial »

{8) Bther

{7} Botiing abselute aloolol (This mixture kept
beiling for 12 hours under a reflux condenser).

!st!ictian was allowsd to proeceed for 5 days., The
Extracts were then filtered, the amount of each extract
was measuréd and the strength of the solution estimated
by evaporating a known volume.

Extrgcts/
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Extracts in order of Depth of Amounts Percentage Total

Colour, obtained of solid solids.

material
(1) Boiling alcohol 240 c.c's 1.48 3.55 grms.
(2) Minerelised Spirit 2565 c.c's 0.86 2.23 grms.
(3) Industrial Spirit 250 c.c's 0.85 2.04 grms.
(4) 80 per cent alcohol 250 c.c's - 0.86 1.97 grms.
(5) Absolute alcohol 250 c.c's 1l.11 2.66 grus.
(6) 60 per cent alcohol 235 c.c's 0.68 1.6 grms.
(7) Bther 225 c.c's 1.66 3.73 grms.
Amounts Colour of
of Lecithin| Lecithin,
obtalned
(1) Absolute alecohol 0.33 grms. | Pale aumber
(2) 80 per cent alcohol 0.35 Amber
(3) 60 per cent * Negligible -
(4) Boiling " 0.37 grms. Amber
(5) Industrial Spirit 0.57 Amber
(6) Xinerel Spirit 0.68 * Amber
(7) Ether 0.04 * Colour-
less.,

Cf the above preparations the only one which corresponds to

Erlandsen's lecithin is that from the extract with ether.

It is

interesting thet a substance which is much more soluble in ether

then in alcohol should be removed in only comparetively small

amounts by extraction with ether,

Further, tissues thoroughly

extracted with ether yield considerable amounts of lecithin on

further extraction with alcohol.

In the Wassermann reaction very marked differences have been

elicited between 'ether extracted! and 'alcohol extracted'! lecithins.

Thus the ether extracted lecithins had generally a distinct anti-

complementary effect which was so much increased by the addition of

cholesterin that these lecithins were quite unsuitable reagents

for the diagnosis of syphilitic sera (v. table 22 a&b).In addition

o/
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a pogitive Wassermann reaction was usually given with
sera, which, tested ot the some time with 'alcohol
extracted' lecithins, were quite negative.

As hnemolysins along with cobra venom the ether
lecithins were very inefficient, differing markedly in
this fespect from the preparations ohtained from alcohol
extracts (v. table 22¢,23a,24). This result is of great
interest as considerable controversy has taken place
regarding the nature of the product which acts along with
cobra venom in the production of haemolysis. The
haemolytic effect of 'ether extracted' lecithins for
unsensitised corpuscles was practically the same as that
of 'alcohol extracted' lecithins (v. table 23b).

A number of human tissues in a condition of fatty
degeneration (human liver and kidney from a case of peri-
tonitis, liver and kidney from a case of pernicious
anaemia) have also been examined. The amounts of
lecithin obtained by means of alcohol were much smaller
than those from normal human tissues hut in the various
biological tests no differences were found. In the case
of ether extiractes, however, the lecithin solutions were
much less anticomplementary than the ether extracts of
normal tissues and were more efficient along with cobra
venom;, the iodine values were also higher than the values
of the corresponding 'ether extracted' lecithins of
nornal tissues (v. table 24,26,26).

It is probable that thefufther examination of
tissues in various pathological conditions will yield
interesting results. Cwing to the unsatisfactory state
of our present knowledge regarding lecithin itself I
have not further pursued this line of investigation as
it seemed of more importance to confine attention to the

problems connected with the chemistry of lecithin from
normal tissues.

The lecithins extracted from dried tissue by methy-

lated spirit, mineralised spirit, 10 per cent, 15 per

cent/



cent and 20 per cent alcohol have not differed
materislly from thet obteined with absolute alcohol.
A comparison of the action of some of these in the
Vassermann reaction andzghe test with cobra venom

is given in tables 21te24.In a few cases the lecithins
from wetery 2lcohol mixtures have been slightly more
heemolytic by themselves for ox's corpuscles than
the corresponding lecithin extracted by means of
absolute alecohol. As the preparation of pure leci-
$hin invelves the use of large amounts of costly
reagente (acetic ether, ether, acetone) in addition
%o the large volumes of absolute alcohol generally
used for the extrsction, I have given particular
ettention t¢ the lecithins extracted by means of
methylated spirit since the use of this reagent for
purposes of extraction in place of alcohol would
very econsiderably diminish the cost of production.

% have cguvimced myself that absolute alcohol can
‘Por all practical purposes be replaced by methylated
spirit, either industrial or minerslised. In the
experiments which follow it will be understood,
unless where it is stated to be otherwise, that the
-oxteeetilg egont used is industrial methylated spirit.
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Amounts of Lecithin in Different Tissues.

Attention has already been drawn to the imperfect
nature of our knowledge regarding the distribution
of lecithin in different organs. I have therefore made
an examination of a variety of tissues for the presence
of lecithin and have compared the action of these in the
various biological tests. An attempt has also been
made 1o measure the amount of lecithin present. For the
latter purpose it was found necessary to make repeated
extractions over fairly long perlods as a fraction only
of the extraetable lecithin was removed by one or two
treatments with spirit. In the majority of cases ordin-
ary minced {or 'wet') tissue has been used and the amount
of lecithin in each extraet has been measured. In a
number of cases from eight to ten extractions have bveen
necessary in order to remove the l¢ast traces.

The fellewing tissues have been examined, the

extraction of each proceeding simulteneously, ox's heart,

- liver, kidney, pancreas, thyroid, thymus, submaxillary

glaund, spleen, testicles, lungs and red blood corpuscles,
sheep's liver, pancreas, blood corpuscles and serum, human‘
brain, kidney, liver and heart. Certain of these tissues
have alse been dried after fixatien in formalin and com-
parisons made of the properties of the lecithins extracted
by ether and spirit respectively.

Considerable differences were found in the Lecithin
onbens of the different tissues, as shown by the follow-

i’; table Amount of Lecithin
: per 100 grms.of ‘wet' tissue.

0x Heart 0.36 grms.

. ” 0.35 grus.
Sheep's Liver 1.6 "
0x Kidney 0.48 "
Spleen 0.14 v
Lungs . 0.40 n
Testicles 0.62 "
Thyroid 0.3 "
Pencresas 0.68
Submaxillary 0.3 »
Human Brain 0.5 "
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The details of this experiment were:-

0x Heart 1015 grms (wet tissue)

Extract No. 1l. 1.07 grms
2. 1.02 "
" " 3. 1.06 "
" " 4, 0.28 "
" " 5. 0.19 "
" " 6. 0.095 ¢
Total 32715 grms.

Human Brain (dried) 214 grms,

Extract No. 1.
fl ] 2.

] (1] 3.
] " 4.
L] " 5.
1] " 6.

Total

2.38 grms,
0.1l "
0.53 "
0.137 *
0.364 "
0.013 *

3,514 grms.

Bxtract No. l«
» . 2. 2.14 *
" * 4, 0.732 *
" " 5. 0O.188 "
" " 6. 0.163 *
" "= 7. 0.065 *
Total 4,783 grms.

Bgajp Fresh 1230 grms.

Bxtraect No. 1.
Se
5.

. . 2.

" [ ]

“ [ ] 4.

” [ ]
Total

Extract No. 1. 3.600 18 .+

" No. 2. 1.890 »

" No. 3. 1.240 »

" No. 4. 0.408 »

" No. 5. 00199 "

" No. eg OOm "

" No. ?& O,M b

" No. 8. oz m hd
Total 2,400 evms.

*> 4 Eéggag,iwet) 460 grus.

Extract No. 1.

] L] 2,
| L] 5.
» 8 4.
L " 5.

Total

Extract No. 1. 3.44

grms.,
No. 3«9 904 "
" No. 3. 0.1 w
" No. 4; °a°14 L
" Yo. 5. 0.067 :

" NO. 6. 0001

Totel 4,031 grms.

t " 3,

" * 4,

" A - P
Total

1.1864 grms.
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Lungs 900 zrms (wet tissue) Testicles 755 grms. (wet tissue)
Extract No. 1. 0.62 grus. Extract No. 1. 0.25 grms.
" " 2. 1057 " t [}] 2. 1.0 "
" " 3' loo " l ;] 5. 2.57 "
" " 4- 0054 " " LU 4. 0087 1
" o5, 0.134 R
1 4.6 "
Totel  3.664 grms. Tota 4.69

Thyroid 315 grms. (wet tissue) Subméxillary, 95 grms.

Extreact
it

No. 1. 0.17 grms. Extract No. 1. -  grms.
" Le 0.59 " " n . 0.25 "
" Se 0.19 " " " De 0.035 ¢

"4 0.006 " " "o 4. 0.01 "

: n " 5 .
Totel  Q.856 *

Total 0.205 grms.

It will be seen that of these tissues the organ
which contained most lecithin was the liver. This has
rbeen generally found. The only tissue which contains
mnore lecithin than liver is egg yolk. The pancresas .
and testicles of the ox have a comparatively high 1ecithiﬂ

cotent. Lecithin in considerable amount was also found |

in brein tissue. I have examined & number of brains and !
. i
i

have in each instance found leeithin to be present,

This sgrees with the observations of Thudichum but is f
opposed to those of PFrankel. I have also found 1ecithin;
in ether extracts of dried brain. From one human brain
weighing 1230 grammes, 6.3 grms. of lecithin were
obtained by extraction with spirit, In the case of a
breain which hed 5een kept in formalin for about 15 years
and whiéh after drying weighed 214 grms. the amount of
leﬁithin removed by extraction with spirit was over
5.5 grms., This lecithin possessed unusual properties
which will be referred to later.

Owing to the importance which has of late years

been given to the presence of lipoid meteriel in the

blood/
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blood I heve made severszl examinations of red blood

corpuscles end ¢f serum. In one experiment 330 c.c's.
of the red blood corpuscles of ithe shesp, freed from
serun by centirifugelising, were treated with 500 c.c's. |
of spirit for 3 days. The extract was yellow in colour }
end had @ trace of smoky zppearance but no bands were
present on examinaticn with the spectiroscope. The
residue obtained on evoporation wes small and a fraction
only was soluble in hot zcetic ether. The precipitate
whichh resulted on coolings the hot solution was not come |
pletely soluble in a fresh portion of hot acetic ether.
The insoluble fraction was rewoved an¢ the precipitete i

obtained on cooling the soluble fraction was treated

with ether., It was founé that complete solution did
not result, there veing 2 greyish-white insoluble
residue, The solution was treated with acetone. A
emall amount of flocculent precipitate formed which
was almost insoluble in cold ether. Solution was
effected by gentle warming and acetone again added.

From the precipitate thus obtained 0.32 grms, of lecithin

t

was obtained. Several further extractions of the orig=
inal tissue yielded only 0.C8 grms. more of lecithin -
thet is to say, the total awount of lecithin in 330 c.cls|
of red blood corpuscles was C.4 grms. As 1 cece oOf
corpuscles weighs about 1 gramme this corresponds to

0.12 grm. of lecithin per 1CC grms. of corpuscles, ;Zié
amount wedwm less than that from any of the above tissues;
In another experiment 660 grms. of corpuscles free of

gserun were treated with 10 per cent formslin, faenoly -

sis occurred and the mixture set to & firm jelly.

e

This was minced and thoroughly dried, a somewhat coarse,
black powder weighing 160 grms. being obtained. The
powdered material was divided into two equal portions

of which the one was treated with 500 c.c's of spirit,

the/
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the other with 500 c.c's of ether, From the spirit
extract only 0.05 grms. of lecithin was separated,
from the ether extract only a trace of acetone precipi-
tate was obtained which was not proceeded with further.
The smount of lecithin from the 'wet' corpuscles was
thus about 8 times that obtained from the corresponding
amount of corpuscles dried. Similer differences in
the amounts of lecithin from 'wet' and dried’tissues
have occurred with brein and kidney. TheseA réuzgpar-
ently due to want of penetration of théfi?ésue by the
spirit. In the case of wet tissue the amount of
water which is present probably secured much more
efficient penetration and extraction. It was noted
that the dried material from the blood corpuscles and
‘the brain was very hard and difficult to reduce to fine
powder. For the thorough extraction of dry tissue it
i# most important that the material should be very
fTinely divided. The amount of lecithin extracted from
dried serum was a2l1lso very small. Four hundred and
fifty grammes of sheep's serum were dried to constant
weight, & brownish powder weighing 40 grms. resulting.
This was treated with 200 c.c's of spirit for two days
when the extraet was so well coloured that it was with-
drawn and fresh spirit added. The extract contained
1.6 grms. of solid matter but no lecithin was found to
be present. The amount of colouring matter in the
serum was ecensjidersble; repeated extractions of the
dried serum with spirit did not cause appreciesble
diminution in the depth of colour of the various
extracts. The pigment was soluble in the cold scetic
ether fraction.

The amountsof lecithin obtained from each extract
of o series of extractions of the same sample of tissue

varies. If the tissue is dry the 1st extract generally

contains/
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contains the bulk of the lecithin. With wet tissue }

the 1st extract frequently contains no material insol- |
uble in cold acetic ether; in other cases smsll amountsg
of lecithin are obtained. The amount of lecithin re- |
méved is apparently dependent on the relative amounts
of spirit and water present. If a small volume of |
spirit is added to & large amount of 'wet' tissue no j
lecithin will be obtained and a second extract will '
probebly contain only a small amount. It is possible i
in this way by using small volumes of extract to re- ’
peve & falr smount of water without extracting much
fatty material, As already noted this procedure has %
been used for the drying of tissues, preliminary to ‘
extracting with ether. Vhere relatively large amounts
{46 times the amount ¥y volume of the tissue) are

added from the first, the bulk of the lecithin will be
feund in the first two extrects. This is shown in

the above $sables in the case of the liver of the sheep
where 3.688 eﬁhs. of the total 7.4 grms. were found

in the first extraet and 1.89 grms. in the second.

¥ith the e¢x heart (1015 grms.) on the other hand, the
first three extracts each contained about the same

ameuﬁt of lécithin whereas with the ox heart weighing
ttﬁovgrna. the first extract contalned very little

swing t# the bulk of fluid being relatively small. In
the seses of she fresh human brain which was treated

with ssall amounts of spirit the first three extractions
pemsved omly 1 grm. of leeithin whereas the fourth
ittraet comteined 5.1 grme.

!ﬁnﬁ#ﬁui extractions were necessary in order to
renove the last traces of lecithin, In Brlandsen's
experimente several menths were occupied in obtaining
the last traces of lecithin by ﬁeans of ether from ox

heart. Prolonged shaking would probably shorten

this/
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this period. In my experience only the first two

or three ether extracts contain an appreciable amount
of phospholipine. This is generally the case with
‘dried tissues. It is advisable to remove the earlier
extracts at short intervals (from three to four days)
and to give longer periods for the later extracts.

In the experiment detailed above the more bulky tissues
were extracted over a period of nearly three months.

A8 2 result of repeated extraction with alcohol the
tissues lose markedly in weight. Thus 460 grms. of
liver after eight extractions weighed 79 grms.a«d 1015
grus. of ox heart became 150 grms. after 6 extractions.
In'estimattng the amount of lecithin in any 1;?2::€;ssue
1€ is net advisable to accumulate a number of extracts
before preézeding to the further preparation of lecithin.
Thi manipulation of large quantities of acetic ether
and acetone pﬁeci@itates is comparatively easy but it
is exceedingly difficult to extract lecithin from a
bulky acetone precipitate unless the method of triturat-
ing with sand or other inert material be adopted. On
the addition of alcohol the particles of precipitate
tend te¢ cehere and shaking produces rounded masses
which adhere t¢ the glass and to each other. From
these masses lecithin is not removed even after pro=-
lenged centaet with ceid alcohol. Gentle warming is
fysquently of service especially where the particles
are not firmly glued to each ether. When sand is

ﬁc&d fho final precipitation of acetone must be per-
feorned in e mertar or in a flat dish so that access may
be hed teo the precipitate. If an acetone precipitate
is bolled with alechel, solution of a much larger
amount of preclpitate occurs. On cooling the hot
alcoholic solution a considerable amount of material
‘separates out. (Fuis fraction will be dealt with later,

also the residue insoluble in boiling alcohol).
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Action of the Lecithins from the same
and from different Tissues.

Anticomplementary Effects. The lecithins have all been

tested in the form of slowly made emulsions. In the
majority of cases the effect of the addition of 1 per

- gent cholesterin has also been investigated. Consider=-
able differences have been found. Thus in table 28
the lecithins obtained from the first and second extracts
of ox heart give just complete lysis with 0.025 c.c. of
somplement, but the preparations from the third and
fourth extract of the éame tissue only gsve complete
iydis with 0.075 c.c. complement. In the presence of
chelesterin the lecithins from the first, second, and
feurth extraets show complete 1ysis with 0,1 c.c.
eamplement while the lecithin from the third extract is
very enticomplementary there being only a trace of
lyeis with 0.1 c.c. of complement. Again, the lecithin
from sheep's red corpuscles shows by itself little anti-
cauglemsn%ary effect wherqaa in the presence of choles=-
terin only a trace of lysis ocecurs with 0.1l c.c. of
complement; a similar result was got with the lecithin
out of dried corpuscles. The lecithin from dried
brein, on the.ather hend, is not eltered as regards
¢his actien by the additien of cholesterin. The
leeithin which was obtained from the acetone precipitate
of the seeond extract by beiling this precipitate
with 2lechel and cooling the solution is also seen to
be very anticemplementary in the presence of cholesterin,
dtffering in this respect from the lecithin obtained
by‘the usual method. In table 29 further results
of this sort are shown. Attention is particularly
drawn to the fact that, although the antlcomplementary
effects of the lecithins from thé third and fourth

extract/
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extract of ox heart are the same, the presence of
cholesterin brings out very considerable differences
while in the case of the lecithin from the sixth
extract the addition of cholesterin produces a very
anticomplementary mixture. Further, the lecithin
from the first extract of ox spleen both alone and in
the presence of cholesterin does not deviate much
semplement but the corresponding lecithin from the
spcond extract shows very marked anticomplementary pro-
porties en the addition of cholesterin. These results
heve been repeatedly obtained. Considerable variation
hgwever may eccur with individual specimens of com-
plement and it is not possible to compare the results
of two experiments at different times using different
ogplemenis, For example the action of the lecithin
from the fourth extract of 460 grms. of ox liver is
shown iﬁﬁ:%e tebles just referred to. With the one
oymplement this leelthin, with cholesterin added, is
very anticompliementary whereas with the other comple-
ment no such effeet is shown. In order therefore

to brimg owut differences between a number of specimens
of leoithin &t is necessary to test them all at the
same time with the same specimen of complement. I
have tﬁo&a&tce endeavoured to test as many prepara-
tiene as pessible at the same time. It is obvious
from thess sgperiments that any specimen of lecithin
dnouven at random is not necesaarily a suitable reagent
for use in the disgnosis of syphilitic serum. Only
those preparations can be used which have been tested
with a sumber of different complements and found to
have uniformly very little anticomplementary effect
especially after the addition of cholesterin. It

is s somewhat striking fact that the lecithins pre-

pared from successive extracts of the same specimen

of/
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of tissue do not give the same results. In this
connection it is perhaps important to remember that the
results given are these obtained with lecithins from
"wet" tissue and that the different degrees of dehydra-
tion of the tissue resulting from repeated extraction
with spirit may affect the nature of the products
removed by each extract.
Reactions with Cobra Venonm.

As regards the lecithin from ox heart, ox liver and
egg yolk the results of the previous examination have
in the main been substantiated, that is to say, leci-
thins from ox heart were slightly less active with
venon than were ox liver lecithins while the lecithins
from egg yolk were still more active. In table 30
‘& comparison of the results obtained with the lecithins
‘f?am the first and second extracts of ox heart and ox
liver respécfively are given. Both the liver leci-
thins were a 1ittle more active than the corresponding
heart extracts. In the same table the action of a
lecithin from a sample of the same liver after drying
rzs alaso shown. It is distinctly less active than

the corresponding lecithins from "wet" liver although
by itself it is more lytiec. This result has been
.@btained not infrequently. Along with cobra wvenom
tha lecithins obtained from ox liver would appear to
be much more constant in action than those from ox
heert. This is shown in teble 30 where the
éction-of the lecithins from the first three extracts
ef o speecimen of ox liver is given. In each case
haemolysis is complete in the corresponding tubes.

In table 31 the result with lecithins ffom‘corres-
ponding extracts of ox heart is given. The lecithins
from the first extract is very much less active than

the others. T™his difference in the actions of these

lecithins/
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lecithins (prepared from the ssme sample of ox heart) has .
been shown to persist over a period of some months. E
Further, there is some evidence that the lecithins from
later extracts are more active that those from earlier
extrecte and that the later heart lecithins may ever be
more lytic along with venom than an active liver lecithin.
A very interesting result is that shown with the lecithins
obtained from the red corpuscles of the sheep,(v.tables
31 & 32). These were always found to be very inactive
aloag‘with venom. The same result was obtained from
leeithin from ox's corpuscles,(v table 33). These
rebults do not support the theory that haemolysis of
corpuscles in the presence of venom is due to the
combination of the venom with the lécithin of the
cogpuscles. The fact that lecithin is not the only 1lipoid
whi¢h is capable of forming a haemolysin along with venon,

as § have been able to show,is important in this

coennection, While in the great majority of cases the
ratio of the haemolytic activity in the presence of venom |
té the hsemolytic power in the absence of venom was from
about 150:1 to £200:1, yet in a considerable number of
cases the ratio was much smaller. This was for the

most part due to the lecithin being more actively

lytic than was usuel in the sbsence of venom. In

table 34, for example, the ratio in the case of the
leaithin obtained by boiling the acetone precipitate

with aleshol end ceoling the selution is only about _
50:1 whameas with most of the other lecithins the ratio

is about 200;1. In some eases ratios of 300;1

and 400:1 have been obtained. The lecithin already
referred %o which wae extracted from a dried human

brain which had been kept in formalin for some years

wae'so actively lytic in the abeence of venom that

the addition of venem only inereased the haemolytic

power/
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(vhle 7))
power by about three timeat This also occurred with
the lecithins obtained from succeeding extracts. A
somewhat similar result occurred with a specimen of
lecithin from dried blood corpuscles. The results

with these lecithins are shown in table 35 .

Lytic Bffects.

Except for the lecithin just mentioned none of the
preparations have shown by themselves marked haemolytic
action. Variation does occur within certain limits.
For example in table 31, the lecithin from the first
extract of ox heart shows very marked lysis with 0.5 c.c.
of emulsion while the third extract shows no lysis in
the corresponding tube. Again, the liver lecithin
(460 grms. fourth extract) is more lytic than usual
since haemolysis is almost complete witn 0.5 c.c. -
Such a lecithin would not be suitable for use in the
diagnosis of syphilitic sera.

Iodine ¥elues.
These have been tested for the most part by a modified
von Hubl methed in which sodium thiosulphate was re-
placed by antipyrine. In the coearse of the inquiry
into the iodine values of heart,liver and egg yolk by
meane of the erdinery von Hubl test difficulties were
encountered which by this method seemed insurmountable.

In the first place the use of chloroform as a solvent

for the lecithins necessitated the evaporation of the
alecoholic solutions of lecithins to dryness, a pro-

cedure which I thought should be avoided as far as {
poseible as the iodine value was probably altered in ;
the process. Difficulties also occurred with certain :
lecithins from ﬁhe formation of precipitates or dense %
emulsions during the process of titration. In addi- i
tion, the titre of the thiosulphate solution varied f

considerably from time to time and constant controls

with/ ?
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with potassium bichromate were necessary. Under the
circumstanqes I decided to try the method of Borde.

This depénds on the fact that free iodine in the pres-
ence of mercuric chloride solution can be accurately
titrated by means of antipyrine solutions. The advan-
tage of this method lies in the fact that the determina-
tiem can be carried out in alcoholic solutions. The
fermation of layers as occurs with sodium thiosulphate
fs thus aveided.

The proc¢edure was as follows:-

A 5 per cent solution of Jodine in 95 per cent
aleohel was carefully prepared, also a 6 per cent
sslution of merecuriec chloride in 80 per cent alcohol.
30 e.¢s of each of these were carefully measured out
apd mixed in & clean glass bottle. To this mixture
0.1 grmg of the lecithin was added. The mixture was
shaken and allewed to stand in the dark for about 18
hours when a selution of antipyrine (18.8 grms. in
3900 e.c.s of 50 per cent alcohol) was added from &
burette till the mixture was just colourless. A
comtrel test without the mddition of lecithin was
expmined in the same way, The differen¢e between the
ampunts of emtipyrine added in each case gave the
amount of antipyrine equivalent to the amount of iodine
which had been sbsorbed by 0.1 grms. of lecithin.

A number of eareful tests were made to determine the
emount of iodine equivalent to the antipyrine solution:
cepmparisens were also made of the results obtained
with & number of lecithins using the antipyrine and
sydinary ven Hilbl metheds. It will be seen in
table 38 that the results were practically the same.
It was found that the titre of the antipyrine solution |
|

did not vary to any appreciable extent and that the

|

o |
five per cent iodine solution altered only very slightly
on/ o

1



on standing. As a control experiment was made in

every case this alteration was of little importance.

By the use of antipyrine the process of titration wes
much simplified and it was possible to test the lecithins
in the form of their solutions in alcohol without the
production of precipitates or densely turbid mixtures
which in the case of titration with sodium thiosulphzte
interfered with the exesct determination of the end

point.

Inspection of tebles 37 - 41 will show that
the iodine values of the different lecithins have
differed very markedly. In no case, however, hes a
setursted product been found. In a number of instances
very high lodine values were obtained; this is shown
in teble 38 (ox heart sixth extrect). In other
csses the values were low (ox pancreas and ox spleen).
In & large number of the earlier estimations of iodine
values no speciel sttention was paid to the age of
the lecithins under examination. It was, however,
found that considerable differences existed even in
the iodine values of lecithins extracted from the same
semple of tissue. This result was somewhat unexpected.
In order to make the results more conrparable each
lecithin was tested within a few hours of isolation
from the precipitste with azcetone. The iodine values
of sbout 20 different lecithine were tested in this
wgggﬂﬂngi values still differed. In the case of
lecithins frem the same tissue it was found that in
general the iedine velue increased with the number of
the extrect, that is to say, the iodine values from the
earlier extracts were lower than those of the lecithins
obtained from the later extracts.' This is shown in
tables 37 & 38 . In order to test this point

more fully a special experiment was arranged. "Wet®

liver/
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liver tissue was treated with a known volume of spirit
for a period of two days. The fluid was then renoved,
fresh spirit added and this mixture also allowed to
stand for two days. Other two extracts were made in
similar fashion. The earlier extracts were kept in
the dark until the last extract had been obtained when
they were all separately eveporated, a sample of each
being reteined for exsmination. Lecithin was prepared
from each extract, close attention being paid throughout
to the uniformity of the method. The initial extracts
end the leecithins were tested for (1) iodine values,
(2) action aleong with venom and (3) degree of turbidity

when mixed with salt solution. The results are given

below.
Selutions
0.75 per
cent: 0.5 c.c. Ox Blood Suspen- 0.5 c.c. O0x Blood
emulsions sion ¥ Cobre Venom & Suspension 4 Euulsion.
mede 1 part Emulsion. '
in 8 parts :
of 0.85 per
cent NeCl

SOIutiono 00005 00‘91 00:015 60325 0'05 0.025 0.075 O.lc.c} 0.2 cecCe
CaCe |[CeCoe CeCo CeCoe CeCoe CeCo» CeCo

Lecithin 0 Tracdg Com-| Com= | Com= |Dis- |Com~ | Com=- Complete
from old plete(plete | plete| tinct|plete]|plete

dried

brain _

Lecithin 0 0 Dise|Very | Com=- | O Dis~ |Narked | Complete
from dried tinat|Merk- | plete tinect o
Blood Cor- -ed

‘puscles

The iodine values of the extracts and of the lecithins

were as follows: -~

;ggggg Values.
1st Extract 20
2nd do. 80
3rd do. 96
4th do. 137
1st Lecithin 122
2nd do. 118
ard do. 139
4th do. 175
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The successive extracts were, therefore, increasingly
unsaturated. The lecithins showed the same phenomenon
except that the iodine values of the 1lecithins from
the first and second extracts were for practical pur-
poses the same. As haemolysins along with cobra venom
the earlier extracts were more active than the later
ones while the lecithins were practically equal in

activity (v. table)

0.5 c.c.|0x Blood Corpuscles 4 Cobra Venom Corpuscles
Emﬁlsion Emﬁ;sion
- Extract| 0.3 c.ce| 0.6 coc.| 0.9 coc. | 1.5 c.c. 2.0 c.c.
Fo. 1 0 Marked | Almost | Complete 0
Complete
2 0 Xarked Just Complete 0
Complete
"o 3. 0 o] 0 o 0
" 4, 0 0] 0 0 0

In the form of slowly made emulsions the extracts
showed inereasing turbidity with the rise in iodine
value, When these emulsions were allowed to stand
over night other differences were found. These are

shown in the table.=~

Turbidity of Emulsion.| After stending over night '

Extract No.

Extrect No.

Extract No,

Extrect No.

1,

2e
de

4

Trace Clear fluid, separation of
- flocculi
Distinct Do. Do.
Merked Turbid fluid, very slight

separation of flocculi

Very lMarked Turbid fluid, no separation

As it was possible that the increased iodine value of
the lecithins from the late extracts was only apparent
and in reality due to & fall in the value of the

lecithins from the early extracts during the interval

of/
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of waiting this point wés investigated. The originel
tissue was again treated with spirit and the fluid
removed after an ihterval of two days and allowed to
stend in the dark for two weeks, The iodine values
of the extract and of the lecithin were still high,
The results with other lecithins obtained by successive
extraction of the same tissue were slso against this
view. The iodine velues of the lecithins from the
early extracts tested immediestely after prepsasration
were almost slways lower then those from later extracts.
A possible explanation may be that the smount of
water in the tissue under extraction affects the
nature of the'products removed by the alcohol, It
is not unlikely that the more unsaturated acids, which
éo not mix with water, are not removed until the tissue
ig 2lmost dehydrated and that the presence of these
in the extracts causes the increased, snd greater
permanency of, turbidity which results on mixing the
extraets with salt solution. The differences in the
iodine velues of the extrects mey of course be due to
differences in the amounts and not to differences iﬁ#iv
cheracter of the fatty materisl extracted. This,l |
however, does not apply to the lecithins if these a;e
pure substances. The results of an experiment in
which dried ox heart tissue was extracted with various

agents, may be mentioned in this connection.

50 grms. of Dried Ox Heart Iodine value of
extracted with extract.

1) Absolute alcohol 54

2) Boiling " 54

3) 80 per cent " 54

4) 60 per cent " 33

5) Spirit 48
ecithins fr a extracts Jodine values
1) Abselute alcohol 133

2; Boiling " 152

3) 80 per cent" ' 162

4 - es um L2 X J

5§ Spirit 126




While the spirit and 60 per cent alcohol extracts
have lower iodine values than the other extracts the
80 per cent is the same as those free from water and
the lecithin from the 80 per cent alcohol extract is
higher than any of the others. These results do not
give much support to the view that the amount of water
in the extract is the principal factor in determining
the nature of the unsaturated products removed but the
conditions of the two experiments are not strictly
comparable.

Attention must be drawn to the relatively very
high iodine values which were obteined with the iecithins
in the above experiment with wet tissue and in a number
of other cases. In much of the earlier work it was
not considered necessary to exemine the iodine values
of the lecithine on the day of preperation. In order
to make better comparisons it was the practice to pre-
pare as large e number of preparations as possible
about the one time in order that these should be tested
all together. In view of my later findings such an
arrangement did not give a proper conception of the real
iodine values, The latter must be tested as soon as is
possible after the preparation of the lecithin since a
fall in the value would appear to occur very rapidly
in many cases. This is shown below where the iodine
values of the leeithins on the day of preparation, five

days later and four weeks later are given.

fedine Yalue on the| Iodine value Iodine value
dey ef preparation.| five days later| four weeks
later.
——
Liver lecithin Ne. 1. 122 86 78
" " " 2. 118 83 83
" " " 3. 139 112 79
" " n 4, 175 1562 83
\_
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These results along with observztions made in
the course of other iodine value estimations would
suggest that where the iodine value is high, immediately
after prepesration,a fall very rapidly occurs to a value
~which remains constant for a considerable period (seversl
months). In the case of lecithins tested some time
after preparation the iodine vslue most frequently
found lies, 6 in the case of liver lécithins,between 70
and 80, in the case of yolk lecithins, between 50 and 65
(v. tables 40s and 40b).

It is interesting to compare the iodine values
wvhich I have obtained with those of the lecithins of
other workers. Erlandsen's heart muscle lecithin had
a value of 100.%, Baskoff's liver lecithin 63 and
Thierfelder &and Stern's egg lecithin 48.7. It is pro-
bable that these iodine values do no more than express
the degree of unsaturation of the lecithin at the time
of testing and after the products had been dried. It
must be remembered too that in my experiments the
lecithine have been prepared from extracts which have
been evaporated down in open vessels at moderate tempera-
tures, a procedure which is not regarded by Leathes as
likely to yield lecithins with high iodine values.

The iodine values of cemmercial lecithins were
feuﬁd to be very low (table 40 g). Commercially pre-
pared lecithins would eppear to be very far from pure.
Frem the prepsrations which I have examined it seems to
be the prasiied in seme cases te regard the whole acetone
precipitate from extrasts of egg yolk as lecithin.
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Degree of Turbidity along with salt solution.

The leclithins have also differed ss regards
the degree of turbidity which was produced on emulsifying
them with ssalt solution and also as regards the physical
state of the emulsions which resulted from the intro-
duction of cholesterin into the lecithin solutions
and slow mixture with salt solution.

Care was taken to make the emulsions as uniform
as possible. In the caese of the lecithin-cholesterin
solutions used the amount of cholesterin added to the
lecithin was 1 per cent in all cases.

Comparisons of the results with a series of
lecithins are given in tables 42 - 43 .

It will be seen that the turbidities produced
by the lecithins from the same sanple and from différent
semples of tissue differ very markedly and that the
smount of separstion of cholesterin from the lecithin-
cholesterin emulsions bears no relationship either -
to the turbjdity of the lecithin emulsions or to thf,t

e e R

iodine values ¢f the lecithins.
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As a result of the differences in different pre-
parations of lecithin which the foregoing experiments
had elicited, 1t seemed of interest to attempt to alter
the characters of a lecithin; a few experiments in this
conhection have recently been made.

Effect of Heating Alcoholic solutions of Lecithin.

| An alcoholic solution of lecithin (from dried liver of
the sheep) was placed in a flask fitted with a reflux
condenser and kept at or near the boiling point for
24 hours. The only visible change was a marked deepening
of the colour. The iodine values of a sample of the
sam# lecithin unheated and of the heated lecithin -um-
tesbed were: -

lodine value (unheated sample) 40.
u " heated sample) 50.

This result was somewhat unexpected as a fall in value
was thought to be the most probeble result of such
treatment. A rise in the iodine value is difficult
to explain unless it is supposed that slight hydrolygis ‘
of the lecithin occurred.

In engether experiment an ox liver lecithin solution,
9.48 per cent was heated on a warm plate for some hours
and slowly evaperated to dryness. It was found to bg ,
still soluble in alecohol. The alcoholic solution which
wes very much deeper in colour than the original soluﬁion
was precipitated by the addition of acetone., The super-
natant fiuwid wes evaporated to drymese, the residue
teken up in ether and acetone added. A further precipi-
sate oeccurred. This was redissolved in ether and pre-
eipitated again by acetone. Two precipitates were thus
obteined: =~
(1) Precipitete by addition of acetone to solution in

alcohol. | |
(2) Precipitate by addition of acetone to the ether

~ solution/ '
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solution of the fraction not precipitated by addition
of acetone to solution in alcohol.

1. This first precipitate was found to be not completely
soluble in ether, a small amount of white material
being insoluble. The latter was removed and the
highly coloured ether solution precipitated by the
addition of alcohol. A trace of precipitate was
obtained; this was removed and the alcohol ether
mixture evaporated down, the residue was taken up in
ether and precipitated by the addition of acetone.
The precipltate was shaken with cold alcohol; even
en standing for z prolonged period complete solution
did not result. The alcohol soluble part was removed
{Product A).

2, This precipitate was treated with cold alcohol and
found to dissolve readily and completely (Product B).
The iodine value of product A was 88, of product B
112. Thus from a lecithin originally completely
soluble in ether and alcohol several products were
gbvtained with epparently different properties. It
was found, hewever, that a sample of the same lecithin
not heated gave somewhat similar products. The iodine
velues of the two alcohol soluble products correspond-
ing to these tested above were 88 and 103 respectively.i
The only alteration therefore which the heating had
produced was a rise in the iodine value of one of the
components.

| The experiment is, however, very suggestive and
further experiments along the same lines are indicated.

It appears prebeble that the precipitation of alcoholic

solutions with acetone may afford a means of further

purifying lecithin.
Effect of oxidising and Reducing Agents.

Only one experiment of this kind has so far been tried.

Three/
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Three equal volumes of the same specimen of lecithin
solution were taken. To one zinc dust was added, to
another platinum black while the third was kept as a
control to the other two. The three lecithins were
allowed to stand in the light for about a week, being
well shaken at intervals. No alteration was visible.
The lecithins were then removed, retitrated, and the

iodine velues tested.

Control Leclthin 66
Zinc Dust ¢ 76
Platinum Black ¥ 66

No other differences in the preparations were found.

Bffech of Water on Lecithin.

The third acetone precipitate from an ox liver

cx&?actod with epirit was divided up into a numder ofl

3ﬂttiens in a series of flasks. To these were added
rtapeetively -

1) Absolute alcohol
{2) 80 per cent "
{3) 66 * "

4 50 ”n " "

5) Water.

" RBach flasek wes heated to boiling point, when complete
selution oceurred in the case of mixtures 1 to 3 and
snulsions in the ease of 4 and 5. The flasks were
allowed to coel. Precipitates resulted in the flasks
containing absolute 80 per cent and 65 per cent |

aleohol; in the other two flasks, although slight

precipitation took place, permanent emulsions were formed.

The supernatant fluids were removed and tested after

careful titration. The results were as follows:-

Iodine Values.

(1) Supernatant Fluid 71
2 " " . 53
3 " " 50
4) Emulsion 81

5) " 24




Supernatant or other Cs5 cecue Ox Blood Corpuscles + Venom
Fluid 1 part to 7

parts of salt solu-

tion’ 0'005 001 C'C. 0015 Cacu 0025 C.C. 0104030- 09078 :“1

CaCo

(1) ¥luid from absol-| O Almost | Complete

ute alcohol Complete
(2) Fluid fro. 80 per| O Almost | Complete
cent alcohol Complete
(3) Fluicd from 85 per| O 0 0 0 Traece (Trace

cent 21lcohol

(4) Emulsion with 50 0 Almost Complete

per cent alcohol Complete
(5) Brulsion with 0 0 o] Trace Almost [Coni-
water

Completdgnlete
Y rS

The material which had fallen out of the hot
solutions from flasks 2 and 3 was washed well with cold
alcohol; boiling alcohol was then added ané complete
solution occurred. The hot fluids were cooled.
Precipitates settled out in each case. The fractions

remeining in solution in the cold alcohol were tested.

Jodine values.

Fraction soluble in cold alcohol from precipitate

with 80 per cent alcohol 68
" " " "alcohol from precipitate
with 65 per cent 94

These fractions were further tested along with
cobra venom and for their haemolytic effects and found
to zive the same results as a control specimen of
lecithin. It seemed probable therefore that tihe pre-
cipitates from the 80 per cent and 65 per cent alcohol
mixtures contained considerable amounts of lecithin.
The low iodine value of the supernatant fluid from the
flask conteining 65 per cent alcohol along with the
inefficiency to act with venom suggests that in this
case very little lecithin had remained in the watery
alcohol. It is somewhat more difficult to explain
the results with the 80 per cent alcohol. The super-

netant/
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-natant fluid apparently contains lecithin with a
lower iodine value (53) than the lecithin in the
fraction obtained from the secondary treatment of the
precipitate with absolute alcohol, The high iodine
value of the fluid obtained from the precipitate with
65 per cent alcohol (94) as compared with the value of
the primary supernatént fluid with absoclute alcohol (71)
is also striking. These experiments have been repeated
with other specimens of acetone precipitate and somewhat
similar results have been obtaineqéﬁfiﬁ&J 408 & 41).
Treatment of the acetone precipitate with water
along somewhat similar lines has recently been suggested
by MacLean as & method of obtaining pure lecithin.
This worker recommends that the acetone precipitate
should be rubbed with successive small amounts of water
eontaining a little salt. A water soluble substance
is in this way removed from the acetone precipitate
whish otherwiss remains in the lecithin fraction and
prevents & Ngf ratic of 1:1 being obtained.
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Lipoids other than lecithin which occur in
the Acetone Precipitates.

It has been zlready noted that lecithin is only one
constituent of the acetone precipitate, viz., the constit-
uent soluble in cold alcohol ,and that by treatment of thes
precipitate with boiling alcohol another substance soluble
in boiling alcohol, insoluble on cooling, could be shown
to be present. A further examination of the sascetone
precipitates from a number of organs has been made. It
hes been found that three fractions are always present.-

(1) A fraction soluble in cold alcohol (lecithin)

(2) A fraction soluble in boiling alcohol, insoluble
on ceeling: this fraction is also soluble in water.

(3) A fraction insoluble in cold or boiling alcohol,
soluble in water.

These fractions have been found in the acetone pre=-
elpitates from all the tissues which have been extracted
with alcohol and are also present in the precipitates
from ether extractis.

Fractiop ipitially soluble in bolling alcohol.

On ceooling the hot alcoholic solution this fraotion
separsted out as & yellowishewhite flocculent precipitate
which sdhered in part to the walls of the vessel. In
order to effect the removal of "lecithin,"” the procedure
of repeated solutdon in het alcohol and precipitation by
cooling was resorted to. But on carrying out this
method e difficulty wes encountered in obtaining the
purified preduct owing to the beheviour of the precipi-
tate. Thus it was found that & eertain proportion of
the precipitate which formed on cooling adhered firmly
to the glass, and the amount of precipitate adhering
in thie fashion increased whem the solution was allowed
to stend for a considerable time. This portion of the

precipitate adhering to the glass was no longer com-

pletely/
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-pletely soluble in boiling alcohol; though the
flocculent moiety dissolved readily. On each occasion
on which the material was allowed to separate out on
cooling from solution in hot alcohol & certain quantity
of precipitate hecame resistant to solution, and further
treatment with hot alcohol caused it to become viscous
and to assume a darker brown colour. In this way,

by repeating the treatment with hot alcohol sufficiently
often, the whole of the material could be rendered
insoluble in boiling alcohol. Both the original material
(product A) and that which had become insoluble in boil-
ing alcohol {product B) dissolved in ethey from which
solutions they were incompletely precipitated by acetone,
as an emulsion was formed from which separation very
slowly occurred. In water both substances readily
formned moderately turbid "solutions,"” The iodine wvalue
of the material soluble in boiling a2lcohol was always
higher than that of the material which had been rendered

insoluble in hot alcohol.

Fractio the &g tone precipitate which remeins undissolved
after ff:atmenf'wffﬁ boiling alcohol.

This meterial, which was of a dark colour, dis-
solved in water to form a clear yellow or slightly
turbid solution. On evaporation of the watery solution
to dryness two bodies were obtained, the one soluble,
the other insoluble, in ether, The ether-soluble
portion (product C), which constituted the greater part,
was readily precipitated out of ethereal solution by the
addition of acetone or cold alcohol, and the precipitate,
like the originel meterial, dissolved in water to form
a clear yellow or slightly turbid solution, which gave
a precipitate with slcohol and with watery cadmium

chloride. Unlike "lecithin,® it was not readily

removed/
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removed from watery solutioﬁ by shaking with ether.

The ether-insoluble portion (product D) was also soluble
in water, forming a trensparent yellow soiution which
did not give a precipitste on the addition of aicohol,
but was precipitated by alcoholic or watery cadmium
chloride. Owing to the small amounts available for
examination, it was not possible to make a satisfactory
estimation of the fodine values or of the X:P ratios.
FPassphorus was shown to be present in both fractions.
The amounts of the various bodies present in the ascetone
precipitates of different extracts have differed for
differsnt ergans and for different specimens of the same
ergan, but in no case have more than very sméll amounts
been obtained even from large quantities of tissues.
{1700 gmms. of fresh ox liver yielded only & small

_ fowmction of a gramme of eaeh of products A, B and C,

end only traces of preduet D.)

All the substences described above yielded haemoly-
sias slong with cobra venom. VWatery solutions were
smployed, and the ratio of the haemolytic power for .
sx's red bleed corpusseles with venom to that without
vagom wes detssmined. With the exception of product
A, the addition of cobra venom increased the haemolytic
astdvity of all these bodies from seventy to two hundred
times {vide Tables 26, 30, 32, 33, 34, 44, 45.). 1In the
cass of the submtance soluble in boiling alcohol (product
A} marhed haemolysis of the ecsrpuscles occasionally
ocourred without venom, but even in these cases the
activity was impreased from ten to twenty times by the
addition ef veponm.

In the ¢npe of all the substances mentioned it was
found to be of impertence to test the haemolytic
activity as soen as possible after preparation.

When the lecithins obtained from red blood cor-

puscles were under discussion it was pointed out that
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these were strikingly inefficient =zlong with cobra

venom. It i1s interesting to note that a component

active for venom was present in theAacetone precipitate.

The fraction of the precipitete which was insoluble

in boiling alcohol when dissolved in water gave an

active haemolysim in the presence of venom (v. table 32 )
The relation of the above frections to known

lipoids has not yet been determined. The product

soluble in boiling alcohol, insoluble on cooling, sgrees

in most respects with the characters of certain kephalins
According to Erlandsen, however, kephalin is not present
in ox heart. In my experiments this substance (Product
A) was found in ox heart as in other tissues. The
nature of product B is stlll more obscure. In a number
of the tables in which the action of product A is ;
described reference is made to it as 'the Kephalin-like |
meterial.! The fraction of the acetone precipitate
which is inseluble in boiling alcohol bearéﬁa certain
resemblance to courin but is distinguished from it by

the fact that it generally yields an active haemolysin

46
Eflandsents method, is quite inactive in my experience.

aleng with eobra venom whereas courin, prepared by
Cr il

In additien freshly prepared courin is not readily
soluble in water: the residue insoluble in boiling ;
aleohol, on the other hand, dissolves readily. In a
number of the tables which are appended it is referred \

to as'the euorin<like product'

A considersble number of other products have been
isolated in course of the work. It has been already
noted that the firet acetone precipitate as a rule does
not dissolve eompletély in ether. The insoluble frac-
tion consiste of white, granular material which is
obtained by cemtrifugalising the mixture. This material

is insoluble in cold or warm ether, soluble in boiling

alcohol/
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alcohol, insoluble on cooling. After repeated
solution in hot alcohol and subsequent cooling a
white, crystalline material is obtained which can be
dried without the characters altering. In the dried
state it is a pure white powder which has a somewhat
greasy feeling to the finger zndé melts readily (in the
case of egg yolk the material melted sharply =% 45° C.)
This substance was quite inactive along with cobra
venow; when dissolved in alcoholic lecithin the
mixture gave the same reactions as a mixture of lecithin
and cholesterin both as haemolysin with venom and as
antigen in the Wassermann test (v. table 47 ). The

melting point does, correspond with eny of the known

A
cholesterin products, and the materisl does not give
any of the colour resctions of cholesterin or its
derivatives. This product slthough insoluble in ether
is difficult to separate completely from the ether~
gslutions of the acetone precipitates. For its
removal it is important that the solution of the ace-
tene precipitate in ether should be centrifuged very
thoroughly &8s soon as possible as traces of the materisal
are obteined from spparently clear EE:=3ags} ether
* solutions. Further, elthough successive acetone
precipitates are treated in this way a trece of the
meterisl mey be found later to separate out from the
alcoholic lecithin solution.

In its reactions to fat solvents it bears s
close resemblance to theaaiamino fraction’ obteined
from egg yeolk by Stern and Thierfelder and to the
somewhat similar diamino-monophosphatide described
by MacLean as occurring in extracts of horse kidneys.
I heve, however, failed to demonstrate the presence
of phosphorus in the material after it was purified

by repested solution in hot alcohol and precipitation

on/
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on cooling. Nitrogen has been found present in
smell amount (about & per cent). It is possible
that the substance belongs to the class of cerebrosides.
This white meterial, aslthough present in very small
amount in all the extracts, is much more abundant in
lung, kidney, spleen and brain extracts than in other
tissue extracts. In ether extrascts it forms a con- ‘
siderable fraction of the early precipitates with
acetone especislly if the tissue has been first
extracted with spirit. Tissues in a condition of‘
fatty degeneration would appear to yield greater
amounts than normal tissues. The amount obtained
from an ether extract of 287 grms. of dried ox heart |
wes Q.25 grms,
‘ In the case of certain extracts (brain, egg ‘
¥olk, liver) it was found that the acetic ether ‘
precipitate contained considerable amounts of yellowish
white material insoluble in ether. This material was
for some time regarded as the same as the white product
Jjust described. Further examination, however, showed
that after this material had been thoroughly washed
with ether it could be split by the use of alcohol ‘
into three fractions.- :
(1) Seluble in cold alcohol.
(2) Insoluble in cold alcohol, soluble in boiling
alcohol, insoluble on cooling.

(3) Insoluble in cold or boiling alcohol.

Fraction (1). 1In all respects this fraction

resembled leeithin. The solution was yellow in colour,‘

gave turbidity with water, a precipitate with cadmium

ride, formed an active haemolysin with cobra venom
chioride, (v fiblas 21-26

and acted like lecithin in the Wassermann reactiong

Phosphorus and nitrogen were both present.

Fraction (2). This possessed all the characters

of the "white product" with which it was probably ‘

identical/
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identical.
Fraction (3). This was small in amount and
appéared to consist largely of protein material.
liacLean has also described the presence, in
extracts of horse kidneys, of ether inscluble material
which could be divided into three fractions reacting
to alcohol in similar fashion.

I have recently found that the ether insoluble
material from acetic ether precipitates of brain may
dissolve almost completely if left in contact with ether
at room temperature for some weeks. The solution so
obtained ylelded a precipitate with acetone which, on
further treatment with ether, gave a soluble and an
insoluble fraction. The insoluble fraction consisted
of *"white product'. The ether soluble portion
treated with & further amount of acetone yielded a
precipitate which had the properties of the ordinary
acetone precipitate.

During the examination of the lipoids obtained
from an ether extract of ox heart by a method somewhat
'different from that generally employed, traces of other
lipoids were found which gave haemolysins along with
vengvr}lful T41?e) ‘amounts obtained were too small to permit
of critical examination of their properties.

Separate tables showing the action of a number
of these different lipoids have not been prepared as
it was not considered a&visable to disassociate them
from the other preparatiohs tested on the same day.
They will, therefore, be found throughout the tables.
Table 49 shews the result obtained in the Wassermann
test with the kephalin-like products from an ox liver
and a fatty human liver respectively. It will be

seen that whereas the product from the ox liver gives

o/
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a negative reaction in the presence of the normal

serum the similar product from the fatty liver gives

& positive reaction. In the presence of syphilitic
serum both products give a positive reaction. Examina-
tion of the anticomplenientary effects of the emulsions
by themselves shows, however, that these results are due
in great part to the fact that both substances lack the
power to remove the normal anticomplementary effect of
cholesterin. It will aiso be noted that the anti=-
complementary effect of the cholesterin in the presence
of the ox liver kephalin is greatly reduced by the
presence of the normal serum, This effect of serum

has been frequently observed.
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Optical Activity of Lecithin.

The fact that lecithin is optically active is
fairly well known but the exact amount of rotation does
not appear to have been measured,

Owing to the marked absorption of light due to
the colour of most lecithin solutions and the necessity
to use a strong solution in order to obtain a measurable
reotation, it is somewhat difficult to obtain a good
reading with the ordinary sodium flame. I have obtained
the following result with a lecithin out of egg yolk.

A 3.52 per cent solution in alcohol was used with a tube

of 200 m.m. The reading was 2.5.

2.5 x 100
Al = : - 35.5°
_ 2.0 x 3.52

In the above experiment the absorption of light

geemed to be out of proportion to the depth of colour
and suggested that the solution of lecithin in alcohoi
was of the nature of a colloidal solution. Provided
that lecithins could be obtained free from pigment the

measurement of the optical aétivity might be used as &

test for the purity of the praparatiohs.
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The colouring matter of Lecithin.

It has been already noted that the great majority of
preparations of lecithin are contaminated by the presence
of yellow pigment. I have been unable to find in the
literature any reference to the nature of this colouring-
matter, A number of facts regarding its occurrence and
preperties have been accumulated during this work. In
the first place it is almost constantly present in

leeithin from alcoholic extracts and is more abundant in

the lecithin from watery alcohol extracts. Lecithins
from ether extracts are practically colourless although
the ether extrast itself is very highly coloured. It
is thepefore probable that the pigment is more soluble
in alcehel, especially watery alcohol, than in ether.
Repeated treatment with acetic ether does not completely
renove it from the precipitate although as a rule, the
firet two or thres cold asetic ether soluble fractions
are well celeured. It is s¢luble in ether, insoluble
in acetone., Alcoholic solutions examined by means
of the spestrescope show no bands; but a marked
absorptien of the violet end of the spectrum occurs.
An plcoholic lecithin sslution heated for some hours
becomes nmuch dapker in oceolour; if the heating be pro-
lenged a very dark brown solution results.

Thess preperties are semewhat similar to those
e¢f urochreme. This pigment which is the colouring
matter of nermal urine and of serum has the following
characters (Garrod). It is easily soluble in water and
reetified spirits, less soluble in absolute alcohol and
ether, sparingly soluble in acetic ether, amyl alcohol,
acetone, almost insoluble in chloroform and benzol.
Watery solutions show no characteristic spectrum only
diffuse absorption of the violet end of the spectrum.

The golden yellow watery solution becomes dark brown on

heating/
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heating 6r on standing.

Probably more pigments than one are present in
the original extracts. The cold acetic-ether-soluble
component is, for example, always well coloured. In /
the case of ether extracts all the colour;ng unatter ‘
goes over into this fraction. If treatment with acetic ’
ether is omitted and the ether solution precipitated
direetly with acetone the colouring matter remains in /
the acetone-ether fluid.
Repeated extraction of the same sample of tissue ‘
with alcohol dees not produce much diminution in the ’
fntensity of the coleur of the extracts., ©Each extract
has a2 goléden yellow appearsnce . In the case of ether /
extrects the ogeolour rapidly diminishes until a colourless
exiract is edbtained. Tissue thoroughly extracted with \
ether gives a yellow extract on further treatment with
alechol. Alesholie extracts of dried serum contained a
csmparatively large amount of pigment; ether extracts

of the sams were quite celourless., All the tissues
examined yielded coloured alechol extracts. It is.
possible that the pigment is derived from the amount of
Plood present. Ox bleed corpuscles, however, freed
fran serum Wy repsated weshing with salt solution also
gove & salamred extrect. Further observations on

theoe natieds are in progress. |
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Exemination of Lecitains for ¥ : P ratio.

A number of preparations of lecithin have been
tested by Kjeldahl's method for the amount of nitrogen
and by Neumann's method for phosphorus. The results
were extremely disappointing. The Kjeldahl examinations
were carried through with great care but constant results
could not be obtained. A number of samples of the same
lecithin tested at the same time by the same method did
not give the same result. Control tests with alanine

and urea performed at the same time showed that the

technique (at least for these substances) was not faulty.
Various catalytic agents copper sulphate, copper sulphate
with potassium sulphate, red oxide of wercury and metallic
mercury have all been tried but the results have not been
encgouraging. I do not, therefore, propose to submit

any of my results in this connection.

An exanminetion of the results of other workers
in this field does not suggest that the examination of
the ratio of the nitrogen to phosphorus yields much
information regarding the nature of the substances con=-
cerned. The same view has been expressed by Leathes.
In many gases the purity of particular lipoids has been
judged selely by the ratio of nitrogen to phosphorus
and in many such cases the ratio has only approximated
1;1 (or 2:1, as the case may have been). Substances
which heve been accepted as pure because the N : P ratio
epproximated whole numbers have later been shown to be
impure. For example, in liacLean's experiments with
extracts pf horse kidneys, a substance with a ratio
N:P = 3:1 and, in conseguence, accepted as pure was
investigated later and found to be an impure mononamino-
mono-phosphatide. A ratio accurately 1l:1 could not,
however, be obtained. In Erlandsen's experiments with

ox heart the bulk of the lipoid in the alcoholic extract




was regarded as being a diamino-monophosphatide as

the N:P ratio approximated 2:1. In the case of horse
kidneys MacLean, using Erlandsen's methods, found that
the bulk of the phosphatide in the alcoholic extracts
consisted of lecithin. This could only be obtained
tolerably pure by repeated solution in ether and pre-

cipitation with acetone and by rapidly centrifugalising

the ether solutions each time in order to remove material‘

which was insoluble in ether but which dissolved readily
in an etheral solution of lecithin. From these results
and my own experiments with ox heart I think it is pro-
bable that the diamino-monophosphatide of Hrlandsen's
alcoholic extracts was in reality impure lecithin.

In my opinion figures of much greater interest
and importance would result from a2 comparison of the
absolute amounts of nitrogen and of phosphorus present
in a series of 'pure' lecithins prepared by a uniform
method from the same and from different tissues.

Where the ratio only of nitrogen to phosphorus
for any particular substance 1s estimated it is possible
to obtain a'satisfactory ratio from figures which do not

express the real proportion of nitrogen and phosphorus.

I have already criticised the technique of nitrogen

estimation (as applied to these substances) especially
as regards the small amount of substance which is gener-
ally used. In my experience it is often a matter of
considerable difficulty to obtain clearing of the fluid
under combustion with sulphuric acid and in some cases
iﬁ has been found necessary to continue heating over-
night, a procedure which is regarded by competent

critics as likely to prejudice the results.

In eddition, most 'pure’ lgcithins contain colour-

ing matter which is probably urochrome or an allied

substancq/



107.

substance. As the amount of nitrogen present in ’
urochrome is about 10 per cent some degree of error

in the nitrogen estimation must result from the presence

of even a small amount of such substance.

A very large number of lecithins aﬂd other pro-
ducts have now been accunulated and it is intended to ‘
pursue this side of the subject more thoroughly. Until
it has been found that constant values are obtainable ’
with individual preparations I do not regard it as pro-
|

fitable to compare the various preparations which have

been isolated.

Some discussion regarding the relation of these '
results as a whole to the work of others may perhaps be
in place here. In the first place no zttempt has
been made by any other workers to determine differences.
in lecithins by means of biological tests. The purity
of a particular lecithin has always been estimated by
the solubility reactions and, in some cases also, by
the N:P ratio. In my experiments the method of pre-
paration which has been used is superior in most re=-
spects to the methods generally employed. The repeated
treatment with ecetic ether and zcetone undoubtedly
removes all the impurities (neutral fats, fatty acids,
cholesterin) which can be removed by such methods of

treatment. I heve tested the efficiency of the method

in the following way. Various mixtures of lecithin
with cholesterin and fatty ccids were made, These
were evaporated to dryness and the residues treated
with acetic ether and acetone as in the preparation of
lecithin from the tissue extracts. It was found that
the lecithin finally obtained was in all respects the

seme as the lecithin which had been used at the begin-

nirng,’
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-ning of the expcriment. As a result of the expe i-
ence gained in the work I zm of opinion thet the biolo-
glcal tests form z valuable addition to the list of
measures used for ascertaining the purity of lecithin.
By means of the biological reactions differences can
be brought out which by the ordinary chemical tests
cannot be elicited. Further, any additions to the
dist of tests for lecithin wre of the greater importance
since it must be obvious to any worker in the subject
that the criteria by which the purity of lecituin is
Jjudged are quite insufficient. This is a matter to
which much attention does not seem to have been paid.
At the present time it is, I believe, even doubtful

if & single substence with the properties generally ' .
ascribed to lecithin exists. However, owing to the
fact that lecithin contains two fatty scid groups and
that the number of possible combinstions of these is
"very large it is possible that a nuwber of different
lecithins exists. Cn the other hend it is even more
likely that the differences in different preparations
ere due to the presence of other substances which at
present eannot be separated from lecithin. It is
difficult to say whatf%}operties of a pure lecithin
mey be. I have frequently ettempted further purificae-
tion of lecithin. Some of my experiments have been
z2lready mentioned in the paragraphs dealing with the
chemical alteration of lecithin as I have considered.

it sdvisable, in the present state of our knowledge, to

regard certaﬁn of the products obtained as "altered" i

rather than as "purified" lecithins. : :
Certain other experiments may be shortly mentioned,

If alcoholic solutions of "pure" lecithin are well

cooled in mixtures of ice and salt a fairly abundant

yellowish white precipitste is formed. This precipi-

tate/
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~tate is very difficult to remove as it redissolves
very rapidly on the removal of the lecithin from the
ice mixture. By alternate cooling and rapid centri-
fuging it is possible to remove the majority of the
material, The results of such an experiment are

given in tebles S <uh/. It will te seen that the
cold alcohol soluble or %lecithin® frzction has a
higher iodine value than the origincl substence while
the materisl insoluble in the cold (which was repeatedly
washed with ice cold alcohol) has a very low iodine
value. It was found that the insoluble fraction
dissolved very readily in alcohol &t room termperature
and thet the solution gave ¢n active haemolysin elong
with cobra venom. An attempt has also been mesde quite
recently to analyse lecithin by an examination of the
products obtained when lecithin is treated with cobra
venom using the method of Kyes for the preparation of .
cobra-lecithid. This substence is described as con-
teining only one fatty acid radicle and it appeared
possible that some information regarding the nature of
the other group might result from en examination of the
bye-producta. An investigation of this nature had
already been mede by Ludecke but the lecithins used were
commercial preparations which are by no means pure.
Several cobra lecithids have already 5een made by Dr.
Browning from ox heart, ox liver and egg yolk lecithins,
which I have prepared. These lecithins I have tested
for their iodine values (v. table 37 . ). They

were found to be preactically saturated. The bye-pro-
ducts from these cobra lecithids I am at present testing

but no results can be glven. The fact that these

specimens of "pure" lecithin have yielded "cobra lecithiaJ

which were sctively haemolytic contradicts the statement

of Beng that cobra~ilecithid is only formed from impure

conmercial/
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comrercial lecithins. It is perhaps important iﬁffi%f;;
this connection to revember that~'ether‘extracted"*
lecithins in my experiments were greatly generally very
inactive along with cobras venom and it is possible that
the pure lecithin used by Bang may heve been in the first]
place extracted with ether. Noguchi hes zlso found i
that ether extrects of corpuscles insusceptible to the |
haenolytic action of cobra venom do not serve to acti-
vate cobra venom heenolysis. It hes been asserted by
Bang and Yoguchi thet the activating effect of lecithin
orn cokra venom hsemolysis is due to fatty ascics.

The lecithins used in my experiments, in addition fo
heving been prepared by a method 1likely to give a
lecithin free from fatty acidgs, wegéfg very few excep-
tions non-lytic for unsensitised corpuscles. If an
appreciable amount of free fatty acid had been present
the preparations would have been sctively haemolytic.
Further, loore has shown that in the case of fatty
ecids the haemolytic action is in direct proportion

to the degree of unsaturation. It hes been a2lready
observed that in the case of lecithins no such relation
has been found. The fact that lecithin is not the
only substance which forms & haemolysin along with
venon would suggest that the activating effect is
dependent on the presence in these substances of certain
common groups and that the substances as a whole do not

perticipste in the reaction. This view receives some

support from the fact observed in the preparation of

cobra-lecithid that only a very small amount of lecithid
substance results from the use of a very large amount

of lecithin. Further information may result from
attempts to prenare 'lecithids! by the action of venom
on some of the substances, othér then lecithin, which

give haemolytic combinations with cobra venom,
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- Table 21.
J—
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(L hour at 57°¢c) 0.025
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Lecithin (hunman T'arked | Com=- i Just Com=
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with watery =lcohol |Com= Just Com=
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Chiolesterin Coi = |plete
plele

QLecithin extracted Just Com~ Cormplete
with spirit (Ifver [Com- |plete
from csse of perni- |plete
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I 0 Trace |Just |[Com=- Just Com-
Cholesterin Com= [plete | Complete | plete
' plete '

, Leeithin from ox Very Just Com= Very Com=-
heart with ether Merke- | Com- (plete Yarked plete
cuorin removed -ed plete
first
Cr e e e e .« o P - 0 0 Trace |Come 0 0]

Crholesterin plete
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e Cholesterin tinct |plete Com- plete

t ' plete
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S TS Com= Just Com=
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.‘I@cithin Enulsions 4 Lecithin-Cholesterin Friulsions
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; 0.005| 0.012 |0.025 |0.045 (0.085 [0.0 25|0.045 |0.085(0.13 (0.2 (0.4
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1 ¢ Complete Very [Com~- :
markn plete

. -ed ;.

4 0 DPistinct| Cor= Conm~ -

. plete lete

“ 0 Yerked | Come rece |Marke [Com- s

4 plete -ed |plete

Y o Dis- | Almost Com=-| O 0 o o 0 -0

5 . tinct | Complt.pletsq

+ 0 Larked Come Dig= Very |Cormi=

plete tinct |Mark- [plete 1
-ed

6. 0 ‘Faint Come 0 0] 0 0] Dis- | Mark- |
: trace plete” tinct| ed
\-‘




Table 22a

112.
Amounts of Guinea pig's Complement T .
Serum (¥ hour at 57°C) - __Fmulsions alone
0.0256 m.m.o+owszwwpos 0.015 c.c.| 0.025¢.c|. 0.04 c.c.| 0.06 c.cy 0.09 c.c.| 0.13 c.c. Amounts of Complement
Syphfl.Lecithin extracted |Akmost Complete @mww c.e mmewmmm. 0.936 ¢.o
ili- by absolute alcohol |\{Complete Marked
tic
e e e e . oF 0 0 0 Trace Very Distinct Just Complete
ger- Cholesterin VMarked Complete
um .
2. Leeithin extracted Almost Complete Just Complete
by spirit ! oosbwoao Complete
. 0 0o 0 Distinct | Almost - Almost Complete
owopmmﬂmwwb Complete Complete
3. Lecithin extracted by/Just Complete Complete
.75 per cent Alcohol osvwaem
e e e e e e ¥ 0 0 0 Trace Almost Distinct | Cemplete
Cholesterin Compliete
4. Lecithin extracted b ol%wmao ¥arked Yevy Just
Ether Earked Complete
e e e e - 0 0 0 © 0 0 Faiat Trace
obowmmﬁmawz trace
[ 1.lecithin extracted ery Almost |Complete
by absolute alcohol arked Complete
e e e e &+ - Distinct|Almost Complete
Cholesterin Complete
2.1lecithin extracted by [Very Almost Complete
spirit larked Complete
S L Distinct |Very Complete
m Cholesterin Marked
Nor< 3.Lecithin extracted by (Very Almost Complete
mal 75 per cent Alcohol [Narked Conmplete
. - 0 Distinct Complete
Cholesterin
ﬁmw+ 4.Lecithin extracted istinct Very Complete
. by Ether Marked
r c e e 413 - ) o Very Almost Complete t
Complete

.Uoﬂ,ﬂ OW ng\ﬁlllﬂn-.ﬂ N




Table 22b. 113.
mwww»ppduo Serum (4 hour at 55°C) Amounts of Guinea pig's Complement Emulsions alone
0.025 c.c. 4 Emulelon, 0.3 c.c. 0.01lc.c.! 0.022¢c.c.| 0.04c.c.|0.06c.c.|0.09¢c.c. [0.13c.c. [0.0lc.c.|0.022¢.c.| 0.04 c.c.
l.Lecithin (human liver) extracted)] © 0 Distinct|{Almost |[Complete (Complete [Distinct| Just Complete
with ether Complete Complete
D X - 0] 0 0 0 Distinct 0 Faint Trace
Cholesterin/ trace
2.Lecithin (same tissue) extracted)Very Very Very Almost Complete noswwoéL Very Just
with spirit faint Faint Faint Complete Marked | Complete | Complete
trace Trace Trace
e - 0 0] 0 Just 0 Almost
Cholesterin Complete; Complete 0 Complete
3.'Lecithin' from precipitate ob-
tained by treating acetone pre
cipitate with water (egg yolk) 0 Distinct | Almost Complete [Complete |[Complete | Marked | Almest Complete
Complete Complete
T & .
Cholesterin - o} 0 Trace Almost Complete | Trace Very Complete
Complete marked
4.Lecithin (egg yolk) extracted Trace Marked Complete Complete |Complete [Complete | Marked | Almost Complete
with spirit . Complete
T N 0 0 Distinot [Complete Complete [Distinct| Very Complete
Cholesterin marked
5.Lther insoluble fraction 1lst R
Acetone precipitate (mixture Trace Distinct Juat Complete |Complete [Complete |Complete| Complete | Complete
of tissues) alcohol soluble Complete
portion
e . e 0 Very Trace Almost |Complete 1ﬁ&ﬁmn Just Complete
Cholesteri faint Complete Complete
Trace
6.Kephalin-like material from istinct| Marked Complete |Complete [Complete [Complete [Complete| Complete | Complete v
mixed tissues
O N S 0 o Distinct |{Complete [Complete 0 Just Complete
Cholesteri Complete
7.'Lecithin' from precipitate ob-
teined by boiling acetone pre- istinct| Very Just Complete |[Complete [Complete Marked Almost Complete
cipitate with 80 per cent Marked Complete Complete
. mwon.-w.wu..mk.a.owowﬁ.um.mn.vfwdu.omp 4+l - o Very Just Complete [Complete [Trace Very .wﬁndu. t
Cholesterin Marked Complete Marked Complete
. e Tt ey P O S——— WV T PO W —

-3

5 -

t o e——— -

[PV U



AOONP.UQV . .H”.Uu.m 22b contd. 114,
Syphilitic Serum (4 hour at 55°C) Amounts of Guinea pig's Complement Pmulsions alone.
0.025 ¢c.c. 4+ Emulsion, 0.3 c.c.
0.0lc.c.|0.022¢c.c.[0.04c.c. |0.06c.c. |0.09c.c.|0.13c.c.|0.01c.c.|0.022¢c.c. {0.04c.c.
8.'Lecithin' by similar pro- Marked |Almost Complete |Complete [Complete| Complete| Very Almost Complete
cedure by using 50 per cent Complete Marked Complete
alcohol
S & - 0 Very Complete |[Complete| Complete| Marked Almost Complete
Cholesterin Marked Complete
9.Lecithin from mixture of
tissues (treatment of acetone Trace Very Almost Complete|Complete| Complete| Marked [Almost Complete
precipitate with wateryalcohol Marked Complete Complete
e e e e e e e e e e e e e - 0 0. Distin¢t|Complete| Complete| Distinct| Just Complete
Cholesterin Complete
10.Lecithin from mixture of Distinct| Marked Just Complete|Complete| Complete| Distinct| Almost Complete
tissues Complete Complete
e - Faint Faint Trace Complete| Complete| Marked Complete |Complete
Cholesterin trace Trace
11.Kephalin-like substance from | Faint Distinct | Complete |Complete| Complete| Completel O 0 Distinct
egg yolk Trace
Y - 0 Trace Distinct| Just Complete O© 0 0
Cholesterin Complete
12.Control lecithin 0 ¢} Faint Distinct Distinct| Very Almost
trace Marked Complete
" " 4 Cholesterin - o] 0] 0 Y] Distinct| Trace Distinct (Just
, complete

Serum alone 0.0256
Cemplement dose o

c.c. 4 Complement 0.015 c.c. = Just Complete.
o.cwua.a.
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Table 22c¢

mulsions same as in previous experiment.

frurbia
Pmopleions
Jf 0.4 per

1 c.c. b per cent Ox-blood Suspension + Cobra

frent 1 part Venom 1: 10,000 4 ¥mulsion.
.+ NaCl solu-
fiion 7 paris
0.0l c.c.|0.02 c.c.| 0.035 c.c.|0.06 c.c.|0.09 c.c.|0.15 c.c.
1. 8] 0 Distinct Distinct Just Complete
Trace Complete
2. ¢ Trace Distinct Very Complete | Complete
¥arked
3. o Very Almost Complete |Complete | Complete
Marked Complete
4. ¢ Distinct Just Complete {Complete | Complete
Complete
5. ¢ ¢ Trace Distinct Just Complete
Trace Complete
6. O 0 0 Trace Distinct Almost
Complete -
7. 0 Trace Distinect | Marked Just Complete
Complete
8. Faint Trace Distinet | Marked |Complete |Complete
Trace
9. 0] 0] o o 0 Very
faint
trace
10, 0 0 0 0 o Distinct
] trace
11. 0 Very Trace Distinct |Just Complete
Faint Complete
Trace
Very Faint Very Complete [Complete |Complete
Faint Trace Marked
Trace
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Table 225

et

.“Alecoholic Solutions _
! 0,75 per cent 1 part 1.0 c.c. Ox Blood Suspension 4 Cobra Venom
" 4 0,85 per cent WaCl 1:10,000 + Emulsion,

7 parts,

0.005 CoCe] 001 CuCe|0.015 Coce| 0.03 cuc) 0.09 0.08
CeCo CoaCo

1. Lecithin (sbvso- Very Compnlete| Com+4 Com=

lute alcohol) 0 o faint pletgplete
trace

2, Lecithin (spirit) 0 0 Trace Almost Com« Cori=

Complete|pletdgplete

3. " (75 per 0 .0  |Faint Complete| Com+4 Com-

cent alcohol) i " | Trace pletdplete

4, " (ether) 0] 0] 0 0 0 0

Tabvle 23b

1.0 c.c. Ox Blood Suspension 4 Emulsion.

O« CeCe{0.2 coeCef1eQ c.co 2.0 c.ce
I, Lecithin (absolute 0 o) Merked Almost Complete
alcohol)
iz. (Spirit) 0 0 " " "
i3r. v 75 per cent 0 Trace | Very lerked| Just Complete
alcohol
w. o (Ether) 0 0 Xarked Almost complete
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Teble 24,
ilecithin 0.75 per cent 0.5 c.c. 5 per cent Ox Blood Purbidity
41 part 4 parts 0.85 Suspension & Cobra Venom 4 of
dper cent NaCl. Emulsion Emulsions
¢.005/0.01 {0.026 c.c.|0.Bc.c. 0.0Q75
¢.c. |c.c. c.C.
;]”OX Liver treated 0 Faint|Marked Complete|Complete| Very Faint
) with Spirit Trace Trace
2, ¥ " treated 0 0 Trace Complete " Practically
n with 75 Clear
! per cent
Al cohol
: 3. " " treated 0 0 Trace Almost " Faint Trace
with Complete
L Absolute
' Alcohol
44. " " treated 0 0 0 0 0 |Distinct
with
Bther
5. Fatty Liver treated| O 0 |Complete Complete| Complete|Trace
with
Bther
1 6. ™ . treated| O Q0 |Complete | Complete " Very faint
with Trace
Al cohol ,
:,; .
. - ’:S&mn - it e s e - ""'Mn"';;'ﬂ
¥ W A




Lecithins 0.12 per cent in
alcohol 1 part 4 7 parts

0.85 per cent NaCl:

slowly

mede emulsions

1.

~n
& e

3.

Liver (human)
spirit extract

Liver (human)
(Spirit <+ 150 c.c. mwov

Liver (human)
(spirit 4-300 c.c. mmov

Kidney (human)
Alcohol extract

Fatty Liver (human)
Ether extract

Fatty Kidney (human)
Alcohol extract

Ox Heart, spirit extract

Control Lecithin

Kephalin-like material
from acetone precipi-
tate (liver with
spirit)

10.Kephalin-like material

from acetone precipie
tate (Fatty Liver
with mﬁwmuw

Table 25. 118.
1.0 c.c. Ox Blood Corpuscles + cobra }.0 c.c. Ox Corpuscles
Venom 4 Emulsion. + ZEmulsion.
0.025] 0.05¢.c.p.l c.c. O0.2¢c.c, P.326c.cl0.4 |0O.6c.cd 1.0c.c.] 0.4 c.c|. 0.6 o“o. 1.0 c.c.
c.c. : c.c
0 0 Complete 0 Faint Trace Marked
Faint " 0 Very Faint Trace
0 trace Trace
0 Distinct " ) 0 Trace Marked
i
0 0 0 0 0 0 Trace NEQHWmn 0 0 0
0 0 0 Camplete o] o] 0
0 0] 0] Faint Complete o 0 0
trace
0 0 Trace | Complete o .0 fVery ft. trace
0 Completd © [ptetinct Marked
0 0 Faint | Complete 4] 0 Distinct
Trace
0 0 0 0 0o 0 0 0 ¢} (¢} 0




Table 26.

- 119.

Syphilitic Serum

(4 hour at 57°C) 0.025 c.c. Ambunts of Guinea pig's Complement Pmulsions alone.
] -
4+
Emulsion 0.3 c.c. D.01 c.c.| 0.02 c.c.|0.04 c.c.{|0.06 c.c.f 0.085 c.c.|0.12 c.c. Guinea pig's Complement
_ 0.01 c.c. 0.02 c.c.| 0.04 c.c.
1. Lecithin from Fatty Liver Very Very Just Complete Complete Almost Complete | Complete
(alcohol) 0 faint Marked Complete Complete
trace .
c 8 e e e e e s a e +_ - 0 Faint Trace Very Almost Almost Complete | Complete
Cholesterin trace Marked Complete Complete
2. Lecithin from Fatty Liver | Very Distinct | Just Complete | Complete | Complete Juet Complete | Complete
(spirit) [ faint Complete Complete
trace
O &
Cholesterin} - o Very Distinct | Marked Very Marked Very Complete
faint Marked Marked
trace
3., Lecithin from Fatty Liver 0 Very Ft. | Distinct | Almost Complete Complete Complete | Complete | Complete
(ether) Trace Complete
O - 0 Faint Trace Distinct Complete Trace Distinct | Complete
Cholesterin Trace
4. Lecithin Fatty Kidney Trace Marked Just Complete | Complete Complete Just Complete | Complete
(aloohol) Complete Complete
T X - 0 Trace Marked Just Complete || Almost Complete | Complete
Cholesterin Complete Complete
5. Ether Insocluble alcohol 0 Distinct | Almost Complete | Complete Complete Jus Complete | Complete
soluble fraction from Complete Complete
acetic ether precipitate
(fatty liver) _
e e e e e e e e e e %. - 0 Faint Trace Just Complete Just Complete | Complete
Cholesterin Trace Complete Complete
6. Tther Insoluble alcohol .
soluble fraction from Trace: Marked Just Complete | Complete Complete Just Complete | Complete
acetic ether precipitate Complete Complete .
(alcohol after ether)
T - o] Very Trace Just Conplete Very Complete | Complete
Cholesterin faint Complete Marked
trace

(contd)’



Table 26 contd.

120.

(Contd).
Syphilitic Serum Amounts of Guinea pig's Complement Fmulsions alone.
Aw hour at 57°C) 0.025 c.c. e _ :
4+ Emulsion 0.3 c.c. 0.01 c¢c.c, 0.02 ¢c.c.{0.04 c.c.|0.06 c.c.|0.085 c.c.{0.12 c.c. Guinea pig's Complement
0.01 c.c.} 0,02 c.c.| 0.04 c.c.
7. Bther Insoluble alcohol o 0o Trace Very Complete Complete Just Complete | Complete
soluble fraction from Marked Complete
Acetone precipitate
(Fatty liver spirit)
e 0 Faint Distinct Just Complete Complete | Complete | Complete
Cholesterin trace Complete :
8. Control Lecithin 0 Very Distinct Just Complete Complete Almost Complete | Complete
faint Complete Complete ,
Trace
" ¥ & Cholege| = 0 0 Trace Very Complete Just
terin v Marked Complete | Complete | Complete




Table 28. 121.

Lecithin solutions 0.5 per cent: Amounts of Guinea pig's complement.
1 part 4 7 parts 0.85 per cent Na Cl:
emulsion of maximum turbidity 0.3 c.c. 0.015 c.c. | 0.025 c.c. 0.04 c.c. 0.076 c.c. 0.1 c.c.
1. Ox mmmaﬂ Awuuo gms), lst Extract Very Marked |Just Completel Complete Complete Complete
" 4 Cholesterin|Faint Trace |Faint Trace Distinct Marked Just Complete
1. " n 2nd Extract Very Marked |Just Completel Complete Complete Complete
" " " + Cholesterin|Faint Trace Trace Distinct Marked Just Complete
III. *» " " 3rd Extract Marked Very lMarked Almost Just Complete Complete
Complete
" " " 4+ Cholesterin|Faint Trace |[Faint Trace |Faint Trace Faint Trace Faint Trace
Iv. ¢ " " 4th Extract Marked Very Marked [Almost Cpl. | Just Complete Complete
" " " 4 CholesterinTrace Trace Distinc Almost complete Just Complete
V. " " " 2nd Extract, by Very Faint |Faint Traocoe ([Distinct Very Marked Just Complete
boiling Trace
" " " by boiling
4+ Cholesterin 0 0 0 o Faint Trace
VI. Ox Hp<mu A#mo gms) 4th BExtract Faint Trace Trace Distinct Marked Complete
" 4 Cholesterin 0 0 0 o Trace
VII.Fresh Brain 2nd Extract Marked Very Marked [Distinct Complete Complete
" " 4 Cholesterin 0 0 0 0 0
VIII.Sheep's red corpuscles, lst Extract Distinct Just completeComplete Complete Complete
11 " 1] L1
4 Cholesterin| Trace Trace Trace Trace Trace
IX. Dried Brain, 2nd Extract Marked Distinct Marked Just Complete Complete
" " " 4 Cholesterin|Distinct Marked Very Marked | Almost Completqg Complete
X. " alcohol soluble fraction Just Com- Complete Complete Complete Complete
of ether insoluble substance plete
Dried Brain + Cholesterin |Distinct Marked Distinct Trace Distinct
XI. du»ma mﬁwmv.m wwooa Corpuscles, 1lst Ext: |Distinct Marked Very Marked Complete Complete
4 Cholesterin Trace Trace Trace Trace Trace




Table 29. 122.

Lecithin emulsions Lecithin cholesterin emulsions
Lecithin 0.75 per cent 1 part + 0.85-
per cent Na Cl 7 parts: emulsions Amounts [0f Guinea pig's complement Amounts of Guinea pig's complement.
slowly made
0.016c.c, 0.02b6c.c.| 0.046¢c.c.| 0.075 c.c.|] 0.0056 p.0le.c.|0.015 |0.026 [0.05 c.c.
c.c. c.C. c.C.
Ox Heart (1015 gms), 3rd Extract Very Almost | Complete | Complete Marked | Almost |Com= Com= Complete
Marked | Complete Complete |[plete |plete
" " " , 4th ¥ Marked " " " o] 0 0 Dis- »
tinct
" [1] " . m.u.ﬂwﬁ ] " “ " " o o D [ ] ”" . _
" " (1360 gms), 6th " " Just " " 0 Trace ([Almost|Just " -
Complete Come Cone
: plete [(plete
" " " , 6th  * 4] Distinct Just " ¢ ) 0 0 Very Faint
Complete trace
Ox Lungs, 1st Extract Distinect Just Complete " Marked | Almost | Just |Come Come
Complete CompletedCom- plete plete
d plete
" Testicles 1lst " Complete | Complete " " " » Com- " "
_ plete
" Kidney, 2nd " Very Jist " " Very Just |[Com- " "
, Marked Complete Marked aaMﬁPMHJbeHn\
" " 4th " Just Cofiplete " " Almost |Com- . " "
Complete Completq plete _
Pried Ox Ridney 2nd ¥ Complete A " w Distinct Very " " "
marked
Ox Spleen 1st " " " " Almost |[Completed " " "
Complete
" " 2nd " Just " " " 0 0 0 Y 0
Complete .
*  Thyroid 1st " Complete n _ " " Almost {CompleteCome Com= Complete
Complet plete [plete
" Pancreas 1st " " " " " " " " il "
Dried Brain drd " R " " " Distinc{Marked |Almostj " "
Come
plete _ \ -
Fresh Brain 3rd " " " ° - - 1 - 1 - \ - \ =
— " Marked Complete u.m. - w P e yi -
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Table 30.
lecithin C.75 per 0.5 c.ce Ox Blood Sus= 0.5 c.cs Ox Blood
cent 1 part 4 ension 4 Cobra Venom Suspension 4 Substance.
0.85 per cent + Substance.
. §aCl 7 parts:
| rap1dly made 0.005 {C.01 [0.015[0.025 0,05 [[0.3C.Cq 0.6 C.Cdo 1.0 cocC.
‘emulsions CeCe [CeCe [CeCe [CuCe [Cuce :
0x Liver (460 gms)| Dis- |[Com- |Com- |[Com~- [Com- | ©O Trace Yarked
: 1st Extract tinct |plete|plete |[plete plete
0x Liver (460 gms)| Dis- |Com- " " " o] Trace ¥arked
2n¢é Extract tinct |plete
0x Liver (460 gms)| Dis-= |Com- " " " o} Faint Distinct
3drd Extract tinect |plete trace
0x Heart (1015 Trace [Al- |Com- | " 0 Trace Distinct|
gns) lst Extract most [plete
com-
plete
. 0x Heart (1015 0 |Al- |Com- | ® " 0 Trace Distinet
. gms) 2nd Extract most |plete ‘
Coni=
plete
Dried Liver, 2nd 0 [(Trace|Very |AlmosfCom- || O Distinct| Almost
Extract marke|Com- [plete com-
-ed |[plete plete
Product B Com= |Com~ |Com=- |Com=- |Com= | O 0 0
(ox liver) plete|plete|plete|plete [plete
Product D (ox 0 0 Trace|Dis~ |Com= | O 0 0
liver) 1st tinct [plete
extract
Product D (ox 0 0 0 0 0 0 0 0
liver) 2nd
Extract
Product € (ox Com= | Com= | Com= | Com= |Com= [ O 0 o
liver) plete| plete|/ plete| plete [plete

Product B is the substance initislly soluble

rendered insoluble by treatment.

in bYoiling alcohol

materisl resistant to boiling alcohol.

" D is the ether-insoluble fraction of the cuorin-like

C is the ether-soluble fraction of the same material,

-




Table 31.

Reading at end of 4 hours.

124.

Lecithin mOHSenonm 0.75
per cent 1 part 4 7 parts
0.85 per cent NaCl solu-

Venom 4+ Emulsion

0.5 c.c. Ox Blood Suspension <4 Cobra

0.5 c.c., Ox Blood Suspension

< Emulsion.
tion, rapidly made emul- , :
sions. D.0) ¢c.c.|0.02bc.c.| 0.046c.c.{0.07c.c.{0.1c.c. |0.2 c.c. [0.1lc.c.|0.2¢c.c.|[0.5 c.c.|1.0c.c.1.25¢c.
1.0x Heart, 1350 gms, 0 0 0o o 0] Distinct C 4] Very Com- Come
1st Extract Marked | plete [plete
2." " 1350 gms 0 Almost Complete |Complete ooBBpaa&oosvHoeo o 0 Trace " .
2nd Extract Complete _
3." " 1350 gms 2nd | O Very Complete . " " 0 o] 0 " "
Extract by Marked
boiling
4." " 1350 gms, Distinct Just Complete . . " o} 0 © lmost |"
3rd Extract Complete Com-
lete
5." " 1360 gms * Just " . . . 0 0 0 Just "
4th Extract Complete . Come
: lete
6.0x Liver, 460 gms, Trace Very . " . " 0 Trace Almost Com- "
4th Extract Marked com= Iplete
rlete
7 .Fresh Brain, 2nd Ex- ¢] Very b . . " o o Trace " "
tract Marked
8.S8heep's Blood Corpus=- 0o 0 0 0 0 Marked o} 0 0 rked |Almost
- cles l1st Extract Com-
plete
9. mwmmw s Blood Corpuscle 0 0 0 0 0o 0 0 o Dis- ome Come
2nd Extract tinet lete plete




Table 32.

125.

Reading after 15 hours.

Lecithin 0.75 per cent
1 part + 7 parts 0.85
per cent NaCl, emulsions

Venom +.mB:Hmuos

0.5 c.c. Ox Blood Suspension +4 Cobra

0.5 c.c. O0x Blood
Suspension 4 Emulsion.

rapidly made. 0.06 ¢.cf{ 0.1 c.c.| 0.3 c.c.[0.5 c.c.|0.75 c.cy 1.0 c.c.| 0.2 c.c.| 0.5 ¢c.c.| 0.6 c.c. 2.0 c.c
Sheep's Red Corpuscles 0 0 0 0 Faint Trace 0 0 0 0
trace
Sheep's Red Corpuscles Trace Distinct | Marked Very - - 0 0 0 0
marked
0.01 c.c(0.025¢c.c.| 0.0bc.c.|0.076c.c|0.126c.c{ 0.3 ¢c.c.| 0.0B8c.c.| 0.1 e¢.c.| 0.2 ¢.c.|0.5 c.¢
Dried Brain Trace Complete Complete| Complete|{Complete | Complete|l Distinct| Marked Just Complet e
, Coemplete
Dried Brain, alcohol ¢ Distinct Marked Very Complete | Complete 0 Very Almost Complete
soluble fraction of ethen Marked faint Complete
insoluble material trace
0.005¢.¢/0.01 c.e.| 0.015e.¢.0.025¢.¢ 0.8 ¢,0.{ 0.8 ¢.c.| 2.0 c.c.|4.0c.c,
Cuorin-like substance Marked Very Come Come 0 L+ 0 0
from Sheep's Blood Cor= marked plete plete
puscles .




Table 33.

126.
Solutions 0.25 per cent 0.5 c.c. Ox Blood Suspension 0.5 ¢ 0
emulsions or dilutions +41Cobra Venom + Solution. o+ mwwwWme Suspension
1 part to 7?7 parts of _ *
0.85 per cent NaCl. 0.015¢c.cq{ 0.03c.c.| 0.045¢.c.| 0.07bc.c.| 0.13¢c.c.|0.26c.c{ O.1lc.c.| ©.25c.c.| 0.5¢c.c.|1.0c.c. 1.6
) o.o.
l.Lecithin from Ox Blood 0 0 0 0 Trace Just 0 0 0 0 )
(Spirit) Completq
2, " " Fresh Brain O 0 o) Marked Complete 0 0 0] o] 0
No. I
3. " " Fresh Brain 0 Marked Complete 0 0 0 o} 0
Yo. II
4, " Ox Heart 0 0 Marked Almost: | Complete 0 0 Trace |Very | Almost
(ether) Complete Marked| com-
: plete
5.Xephalin-like product Trace Distinot| Marked Complete o 0 0 0 o
from Fresh Brain :
6.Cuorin-1like product Just 0 ¢} o) 0 0
from same Complete
7.Residue after leci- (omplete Very Almost Comm
thin removed (ox Marked | Complete |plete
heart + 80 per cent i
alcohol)
8.Residue after leci-
thin removed (ox o
heart 4 spirit) Trace Trace Distinct | Marked Complete Very Just Come
_Tbuwoa Complete |plete
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TABLE, 34.
Solutions C.75 per cent emulsi- 0.5 c.c. & per cent Ox Blood Suspenfiion 0.5 c.c. 5 per cent 0Ox Blood
fied 1 in 8 with 0.85 per cent 4+ Cobra Venom 4 Enmulsion. Suspension 4 Emulsion.
Xa Cl solution
0.005 ¢.c.|0.0) c.c. [0.015 ¢c.c.]0.025 c.c. {{0.75 c.c.[ 0.4 c.c.|0.2 c.c. l0.1 c.c. 0.056 c.c.
1. Lecithin from lst Extract Just Complete |[Complete Complete Marked Distinct |Trace 0 0
of Ox Liver Complete
2. Lecithin from 2nd Extract Just Complete |[Complete Complete Marked Distinct ¢} 0 0
of Ox Liver Complete .
3. Lecithin from 3rd Extract Almost Complete |Complete Complete Trace 0 0 0 0
of O0x Liver Complete
4. Lecithin after treatment Just Complete |Complete Complete Trace 0 0 0 0
at 0° ¢ Complete
5. Material insoluble at 0 Distinct |[Complete |Complete Very Trace d . »
0® ¢ Trace Marked
6.Llecithin obtained by emulsi- | Just Complete |Complete Complete 0 0 4] 0 0
fying acetone precipitate [Complete
with 50 per cent alcohol
7. Lecithin obtained by emul- |[Complete Complete |Complete Complete LEmNWmn Distinct |Trace L+] 0
sifying acetone precipitat
with Vater
8. Kephalin-like mcdmamaoosekac Very Almest Just Complete Very Marked [Distinct| O 0
A rked Complete [Complete rked
9. Bther Insoluble fraction Trace Traoce Distinct Complete Trace 0 4] o o
of material insocluble
in boiling alcohol ((ymlust))
10.Ether Insoluble fraction Trace Complete |Complete Conmplete Trace 0 0 o ¢
of material insoluble in
boiling alcohol (Lfwiest D))
1l.Ether Soluble fraction Trace Complete |Complete Complete _ﬁon%woaa Marked Trace 0 0
of material insoluble in
boiling alcohol ([lenl C)
12.Llecithin from lst Extract Trace Complete |Complete Complete Complete |Almost Trace 0 0
of Ox Liver obtained by . complete
boiling acetone precipie
tate with alcohol _
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Table 35.

lecithins 0.75
per cent; emul-

glons 1 in 7 of 0.5 c.c. Ox Blood Suspension 0.5 cec. Ox Blood
0.85 per cent + Cobra Venom + Emulsion. Suspension +
¥aCl solution Emulsion
0.005{ 0.01c.c,|0.025|0.05CeCa| 0ul CeCsl 0.2 CoCe 0.35 cCuc.
CeChs CeCo
[.Dried Blood, 0 0 Very |[Complete Complete Complete
with spirit lMark-
=~ed
[I.'Wet' Bload, O 0 Dis- |(llarked Just 0 0
3rd Extract tinct Complete
with spirit




Table 35,

Jodine Values.

Antipyrine lethod Von Hubl.
Lecithin A 112 112
- B 88 85
- c 89 90
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Table 37.
Arounts of Antipyrin
0.1 gm. Lecitria 4 1C c.c. lodine | Antipyrin Eguivalent Iodine
golutior 4 10 c.c. HgClo solution. equivelent to a2bsorbed Values
to unzisorbed | Iodine '
Iodine.
0x Liver (460 gms) 1lst Extract 13.3 c.c. 3.2 c.c. 81
" " 2nd " 13.4 c.c. 3.1 c.c. 79
" " 3ré " 12.1 c.c. 4.4 c.c. 112
Heart (1015 gms.) 1lst Extract 13.65c.c. 2.85c.c. 72
" " 2nd " 12.8 c.c. 3.7 c.c. 94
Dried Liver, lst Extract. 14 .95c.c. 1.55¢c.c. 40
Ppried Liver, after 24 Lrs. on 14 .55c.c. 1.95c.c. 50
" hot plate .
Ox Hesrt Lecithin, 2 months old. 14.8 c.c. 1.7 c.c. 43
0x Liver, 4th Extract, 7 months 13.0 c.c. 2.5 c.c. 30
0ld .
Ox L] s " L
{lecithin removed from
acetone precipitate by 13.8 c.c. 2.7 c.c. &8
. hot alcohol) ~
fontrol (no lecithin) 16.5 c.c.
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Table 38.
0.05 graus. of substance |+ Amount of Anount of ([Iodine
5 c.c. Iodine Solution + Antipyrine| Antipyrine [Values
5 c.c. Hg012 solution. equivalent] equivalent
to un- to absorbed
absorbed iodine
iodine
0x Heart (1015 grms) |3rd Extract 7.2 1.1 63
" " " " 4th " 6.75 1.55 90
" " " " S5th " 6.0 2.3 132
 " " (1350 grms) 5th # 6.3 2.0 115
" " " " 6th " 5.1 de2 179
* Lungs, 1st Extract 6.05 0.9 52
'n TPesticles, lst  ® 625 2.05 117
' Kidney 2nd " 7.15 1.15 65
e 4tn v 6.65 1.65 95
‘" Dried Kidney, 2nd 6.95 1.35 77
" Spleen, 1st " 7.65 0.65 37
M " 2nd ¥ 7.05 1.25 71
* Thyroid, 1st " 7.1 1.2 69
¥ Pancreas, lst ¢ 7.65 0.65 37
" Dried Brain, 3ra  * 7.4 0.9 52
" Fresh 3ra  ® 6.75 1.55 90
'Ox Liver (460 grms) 4th " 6.056 2.25 129
0x Heart (1350 grms) 4th " 6.65 1.65 95
Control 8.3




Table 39,

Control 10 c.c. Iodine & 10 c.c. Hg 012 solution =

CeCe

Amounts Amounts
of Anti- of Anti-
pyrine pyrire
a C.l gm, Lecithin 4 10 c.c.s lodine equiva- equiva- Iodine
1 Solution & 10 c.c. Hg 012 solution lent to lent to Values
unabsorb=- |Absorbed
) ~ed Iodine|Iodine
—
0x Heart (1350 gms) 1st Extrsct 3 week's old 9.25 c.C.|{6.55 c.c.| 166
’ . " 2nd " 2 days' old 12.1 c.c.|3.7 c.cCo. g4
' " » 2nd " by boiling
acetone precipitate 12.6 cece |3.2 c.co 81
" " " 3rd Extrsct, 1 day old 10.65 c.c. {5.15 c.c. 131
! i » 4th " 1 day old 12.4 c.c. |3.4 c.c. 86
0x Liver (460 gms) 4th Extract, 5 days' 0ld | 10.0 c.c. |5.8 c.c. 147
' i " 5th o 1l day old 12.5 c.c. |3.3. c.c,. 84
tobre Lecithid prepared from ox liver 16.7 c.c. (0.1 2
lobra Lecithid " " egg yolk 15.7 c.c. (0.1 2
15.8




Table 40a.
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0.1 grms. of Substance + 10 c.c.
Todine solution 4 1C c.c. HgClg
soluticen.

Amount of
antipyrine
equivalent to
unabsorbed
iodine.

Amount of anti-
pyrine equiva-

lent to absorbed
Iodine

Iodine
Values

1. Ether insoluble fraction of
1st Acetone precipitate of
dried egg yolk, portion
soluble in coléd alcohol.

2. Bther insoluble fraction of
l1at Acetone precipitate from
mixture of dried tissues ex-
tracted with spirit,portion
s0lukle in cold alcohol.

3. Ether insoluble fraction of
1st Acetone precipitate from
mixture of dried tissues ex-
tracted with spirit,portion
soluble in boiling alcohol,
tested in watery solution.

4, Bther insoluble fraction of
Acetic Bther precipitate

(egg yolk)

5. Bther insoluble fraction of
Acetone precipitate of
Acetic Ether soluble portion
(egg yolk extracted with
spirit)

6. Lecithin egg yolk
7. Lecithin (egg yolk)

8. Lecithin (egg yolk) obtained
by treating acetone precip-
itate with salt solution.

9. 'Lecithin' from precipitate
obtained by treating 3rd
Acetone precipitate with
80 per cent alcohol(egg
yolk).

10.'Lecithin' by same proced-
ure using 60 per cent al-
cohol (egg yolk)

ll.Lecithin from mixture of
dried tissue obtained by
treatment of acetone pre-
cipitate with watery al=-
cohol.

12.Lecithin from mixture of
dried tissue obtained by
treatment of acetone pre-
cipitate with absolute
alcohol.

13.Lecithin humen liver,case
of nephritis.

14.Riedel I
15.Riedel II

16.Poulenc

12'5 clc.

15.9 c.c.

16.1 ¢c.c.

1400 C.Coe
14.6 c.c.
14.7 c.c.
14.8 c.c.

14.7 c.c.

14.2 c.c.

14.2 c.c.

15.8 c.c.

156.8 c.c.

13.3 c.C

1656.0 ¢.C.
14.8 c.C»
5.2 c.c.

il Merck

15.4 C.Ce

"12.1 c.c.

4.4 c.c.

1.0 c.c.

0.8 c.cC.

2.3 c.c.

2.2 c.Co,
2.1 c.c.
2.2 c.c.

2.7 c.c.

2.7 c.c.

1.1 Q.cQ

l.1 ¢.c.

3.8 c.C.

1.9 c.c.

1.7 c.Co

1.5 c.Co

112

25

20

73

58

56

56

69

69

27

91

48

53

43
38




Table 40.0D.

1.Bgg Yolk lecithin extracted by spirit after pre=-
liminary treatment of tissue with ether

2., Lecithin from lalt Glidine . .
3, Egg Lecithin . . . . e

4, Lecithin from lst Extract of 0x Liver

5, Lecithin from 2nd Extract of same Liver .

6. Liver Lecithin - - . . .
7. Ox Liver Lecithin . C e .
8. Human " . " . . . .

9. Egg Lecithin (old)
). Egg Lecithin (new) . . . .

l, Ether Insoluble, alcohel seluble fractien

ether precipitate of egg yolk

of acetic

Iodine Values.

51
51
61
76
" 76
86
81
76
63
72

63
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Table 41,

Anounts of An-

insoluble by treatment.

. 0.1 gme Substunce 4 10 c.c., tipyrin Difference |Iodine
indine solution 4 10 c.ce, HeglCle equivelent to| from Values.
solution unavsorbed Control

Iodine
pp— Lol Laar o -
1. Lecithin 3rd Extrsction 4.7 CciCa 2.7 C.Cs 70
of ox liver with spnirit

2. Sawe lecithin sfter re.oval 3.4 c.o. 4,0 CoCa 101
>f wrterial insoluble ~t 09C.

d. Loterial Insoluble B9 CeCs 0.5 c.c, 13
at 09C.

4. Lecitnin obtained ofter
emulaifyi.ig ncetone nrecivpitate P.9 c.C. 4.5 c.c. 114
=with 5C wner cent alcohol

8. Lecithin obtained sfter
enulsifying »cetone nrecipitate 2.4 Cc.Ce 4.0 c.c. 1C1
with —ater,

6. Kephulin-like sunstonce 2.7 CeCo 2.7 c.C. G4

(vatery solution)
~Te Kenohelin-like substance 3.3 c.c. 4,1 c.c. 104
(Aissolved in hot slcohol)
8., Materially initislly soluble
in hot #lconol but rendered 4,9 c.Co 2.5 c.c. "3

Control, 10 c.c. 2zlcohol 4 10 c.e. Ic7ine solution 4
mercuric chloride s0l, @ 7.4 c.c. antipyrin.

Q
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Table 42,

Turbidity of
the Lecithin
Emulsions

State of the Lecithin-
cholesterin emulsions
after 12-18 hours

 fHeart(1350gms)1st Extract

. n 2nd "

" ] 3rd "
! O

" n 4th "
L .

" “ 2nd "

b
kLiver(460 gms)4th Extract

fresh Brain, 2nd Extract

fheep's Red Corpuscles,lst
Extract

ied Brain, 2nd Extract
ﬁied Brain, alcohol soluble

sction of ether insoluble
substeance

gisd Sheep's Corpuscles
lst Extract

(by boiling)

Very Marked 4

Distinct

Distinct

Very Faint
trace
Marked

Very Faint
Trace

Distinct

Very Distinct

Very Faint
Trace

Very Faint
Trace

| Faint Trace

Very Turbid PFluid,dis-
tinct sediment

Turbid Fluid, marked
sediment

Uilky Opalescent Fluid,
no sediment

WMilky Opalescent Fluid,
no sediment

Turbid Fluid, marked
sediment

Very Turbid Fluid,
slight sediment

Almost Clear Fluid,very
marked sediment

Very Turbid Fluid, dis-
tinct separation

Almost Clear Fluid,very
marked sediment

Distinctly Turbid Fluid,
marked sediment

Very Turbid Fluid,
slight separation

g . T e

i o AR AR A 4 ST AR [ A

af preyRPatios

*
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Table 43.
reparation of lecithin Turbidity Turbidity of lecithin- {Iodine
of lecithin |cholesterin emulsions Values
emulsions
, Heart(1015gms)3rd Extract| Markead Very Marked;distinct 56
separation
» " 4th " Very " # &4 trace of 80
Marked separation
" " 5th " Very " " distinct 117
Marked separation
* (1350gms) 65th " Very " * & trace of 101
Marked separation
i " " éth » Very » " distinct l62
Marked separation
Y Lungs, lst Extract Distinct " * &4 distinc 46
separation
i resticles, 1st Extract Harked » . distinct 104
separation
"Kidney, 2nd Extract Distinct ol . distinct 58
i separation
hoo. 4th " Distinct " " @trace of 84
i _ separation
1"dried Kidney,2nd Extract Trace Varked very dis-
it tinct
separation 68
14! gpleen, 1st Extract Distinct Very Marked, 33
distinct
separation
4
by I 2na 0 * Marked . . distinct 63
- . separation
th tyroid,1st Marked " " distinct 61
separation
Y Pancress, 1st * Faint Trace Very marked | 33
Trace separation
''Dried Brain,3rd Extract Very Very Marked 4 Trace of 46
faint separation
Trace
‘"fresnh 3rd » Yery i " Distinct 80
Marked separation
il 14y - Ver . " & Faint Tracei 124
er(460gne)4t ¥arked of separation
i . Dintinet . o & Yaint 'r_,race% 84
[* Beart(1360) 4tn of separation|




Table 44,

1§
lgplutions 0.09 per 0.5 cec. Ox Blood Sus- 0.5 c.c. Ox Blood
Jent in 0.85 per pension 4 Cobra Venom 4 Suspension 4 3olu-
xq*oent NaCl. Solution. tion.
i\ 0001 CeCo 00025 OOCI 0005 CaeC 004 CeCo 008 CeCle 2.8 CeC.
iroduct A, ox heart Just Complete Complete Trace Trace Complete
' Complete

' Cy " Complete " " 0] Faint "
' trace

" A, ox liver " " " Trace | Marked | Almost
| : Complete

‘ll c' L very " ! " " "
¥ marked

’ B » Just » . 0 Faint | Marked
b complete trace
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o Table 45,
iy
b
qrf
‘1solutions 0.7
per cent in
0.85 per cent 0.5 c.c. Ox Blood Suspension 0.5 c.c. 0x Blood
faCl diluted 4+ Cobrs Venom 4 Solution Suspension ¥
to 1 in 8 with Solution
0,86 per cent
JaCl. 0.01 j0.025[{0.05 [C.1lc.c.0.2c.cd0c4C.C.||0.4Cc.Cdl.0cC.C.{2.8C.C
CeCe | Cuce [Coc,
l.Kkephaline o Mark-|Very |[Com- Just |lark- C 0 o)
like substance -ed |Marke |plete |Come -ed
from Ox Heart fNJust | Com- |-ed plete Trace |[Trace [Com~-
imd extrsctionyCom~ |plete|Com- |Com- Come Con~ plete
plete plete |plete |plete |plete
2.Kephelin- Y O Marke-|Very [lerk- [Dis- o} 0 0 0
~{like sube- -ed Merke- |-ed tinct
stence from - | Com- [Com= |-ed |Com- Com- Trace |Mark- |[Almost
0x Liver (460 [ plete|plete plete [Com- |[plete -ed Cormi=
|ims) 3rd Ex- plete plete
trection ' ' :
J,Cuorin-like) O Yerk- Mark- | © 0 0 Marked
- (vaterial from -eé -ed '
|0x Heart 2nd | Com- |[Com~ Com=- |[Com= 0 |Faint |Con-
Ixtrection ] plete jplete plete |plete Trace [plete
fCuorin-like 0 [arke Vark- 0 0 0 C
teteriel from a -ed ' LL
]0x Liver (460 (NJust Com- 0 [Faint Marked
'ms) 3rd Ex- {|Com~ Y om= Com- |plete Trace :
{rection plete plete plete
4
=
The readings indictate the results after 1 hour and after
15 hours in each case,
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Table 46.

Cuorin, prepared by Erlandsen's method :

solution 3.5 per cent.

emulsion in salt

0.5 c.cdper cent Ox Blood Suspension.

S e s e 4

C.01l c.c. 0.03 ceCo C.06 c.cCo 0009 CeCe 0.3 CeCoe
+ Cobra Venom 0 0 0] 0 0]

Ced CocCe 0.5 coecCo 0.75 c.cCe. 1.0 ¢c.c. 1.5 c.c.
Jo cobra venomn 0] 0 0 0 0

T el Rl R TR
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Table 47.
serwn (% hour =zt 57°C) 0.025 Anounts of Guinea pig's Complement.
ceCs + Lmulsion 0,3 c.c.
' 0.0l ceCe| 0403 coeCe|0e06 cuce|0.09 cocd O.ldce
’—7 Liver Lecithin 0] Trace Distinect Just Cori=
: Complete | plete
gyphiq " " *+ 1 per 0 Very Faint Trace Very
litic cent Cholesterin Faint Trace Yarked
48erum Trace
Liver Lecithin 4 1 per o} Trace Trace Distinet | Com=
cent White Product plete
0.01 ¢.c.|0.025¢cC.cC. |0e04 Cuc. |0.06 c.c. 0.0%cCe
Liver Lecithin Distinect Almost Just Complete | Com-
s Complete |Complete plete
Tor=- cent
mel " " + 1 per/|Very Distinet | Just Conplete | Com=-
ferum| Cholesterin feint : Complete plete
1 trace
Liver Lecithin 4 1 per|Marked Just Complete |[Complete | Com=-
\ cent White Product Complete plete
e
N Emulsions slone.
QeQl coecef C.CR2 cocel G.03 cuc.| Oabc.c
Liver Lecithin Marked Almost | Complete | Com=-
i Complete plete
" " <4 Cholesterin|Trace Almost | Complete | Com=-
-4 Complete plete |
" " & White pro- | Very Faint Yarked Very
| duct Faint Trace Verked
| trace
=
1.0 c.c. Ox Blood Suspension 4 Cobra Venom
+ Emulsion,.
0.005 {0.01c.c. [0.015¢c.c. [0.025¢c.c. [0.05¢.c. |0.075c.c.|[ 0.1 c.o.
CeCos
leeithin Dis- |Almost |Complete |Complete |Complete|Complete | Complete
tinct [Complete
lecithin &
{ ¥ite pro- | © 0 0 0 Y ¢ 0
duct
}leeithin 4
| Cholesterin| © 0 0 0 0 0 0
—
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Table 48,

b

1solutions 0.1 per cent
in 0.85 per cent NaCl.

L

1 c.c. Ox Blood Suspension 1 c.c. Ox Blood
4 _Venom 4Product. Suspension 4 Solutior
0,005 c.cd Q.01 c.c.|] 0.025 c.cd 0.5 1.0 2.0 c.cC.
| Calle CoC
fraction of acetone Distinect Very Complete 0 0 0
precipitate insoluble marked
in colé or hot alco=-
hol (ox liver) :
fraction of first ace- Complete | Complete " 0 0 0
tone precipitate ine-
soluble in ether and
alcohol (ox liver)
fraction of first ace=~ Just » b 0 0. Trace
tone precipitate Complete
from ether extract :
of ox heart, insolue
ble in cold alcohol
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Table 49,
Kephelin-llike substances
Ce75 per cent 1 nart 4 6,386
per cent Ne Cl 7 parts, Amounts of Guinea Pig's
emulsions slowly made 0.3 a.c, Corplement,
+ Serum (% hr. =t 57°C) 0.025
CeCo 0302 CaCoe 0.04 Cch’OoOG CeCe O-Og Celo
’ﬂ* a) Ox Liver Kephalin Just Complete | Complete Complete
Yorma " " " Complete
Serua + Cholesterin Very Just Complete "
Nearked Complete
b) Fetty human liver Just Complete " "
Kephalin Complete
Fetty humen liver Very Complete
Fephelin 4 Chiolesterid o] Merked Marked
Syphi<e) Ox Tiver Xephalin Just Complete |Complete | Complete
litie Complete
Serum " " " 4 Chol- Very
esterin 0 faint Verked Coriplete
trace
Y) Fatty humen liver Very Complete |Complete Complete
Kephalin Liarked
Fatty humen liver
Kephalin 4 Cholesterin © 0 0 Trace
Emulsions alone, C.015 c.cqy .03 c.c. 0.05 c.c.
&) Ox Liver Kephalin Distinct | Marked Corplete
" " " + Cholesterin C 0 o)
b) Fatty Liver Kephalin Faint Trace Complete
Trace
" " " 4 Cholesterin 0 0 0

Syphilitic serum 0,025 c.c. 4% 0,015 c.c.

L

Dose of Complement &  0.0075 c.c.

Normal serum Q.025 c.c. % 0.015 c.c. Complement —~ Just Complete

L]
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The effect of introducing lecithin into serun.

It has been knovm for some time that the haemolytic
action of cobrn venom nay be offected by the presence
of serum. Thus, the fresh serum of the guinea pig
markedly increases the haemolytic effect of cobra venom.
Certain human sers, after heating at 589C. produce
haemolysis of horse's corvuscles in the presence of
venom and this property has been used for diagnostic
vurposes in cases of tuberculosis and carcinoma. In

a number of other pathological conditions, to some of
which reference has already been made, increased
haemolytic activity of the serum along with cobra venom
has been regarded as indicating an increased lecithin
content of the blood. In the case of fresh guinen pig's
serum, however, the action would appear to be somewhat
different. It has been shown by Kyes and Sachs that
the haemolytic effect of fresh serum in the presence of
venom can be removed bty a variety of procedures which
do not affect lecithin-venom-haemolysis and that the
fresh serum in sut-lytic doses does not aid but inhibits
the haemolytic effect of lecithin. Turther, the fluid
which results from the haemolysis of corpuscles suscep-
tible to the action of venom causes haemolysis along
with venom of blood cornuscles which are insusceptible
to cohra venom. This has been attributed to the
liberation of lecithin from the stromata of susceptible
corpuscles. Kyes is, therefore, of opinion that the
activating effect of fresh serum in the presence of
venom resuvlts from a preliminary lysis of corpuscles

by the dction of the serum itself and that the lecithin
so set free ('endocomplement') further increases the
haemolysis by acting along with cobra venom. It has
veen shovm (Morgenroth and Kaya) that a solution

of cobra venom in normal salt solution when heated/
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heated at 70°C. loses the property of casusing heemolysis
along with fresh serum but retsins the power of casusing
haerolysis slong with lecithin. By the use aof such
neated venom Browning =nd Yackie hsve shown recently
that the haemolytic effect of 1ekg§if§ndocomplement)

is due to lecithin. If KyeS’ conclusions regerding

the indirect neture of the activating effect of fresh
serum be accepted as correct it is somewhat difficult

to understand why such heated venom does not act with
fresh serum since in this case also the haemolysis is
due to endocomplement set free by the lytic effect of
the serum itself. Yhile I was considering this question
it occurred to me to try the effect of the introduction
of lecithin into serum, The results were highly inter-
esting.

To 1 c.c. of ordinary humean serum 1 c.c. of a 9.22
per cent yolk lecithin in alcohol was added. A fairly
abundant granular precipitate was fTormed. This was
removed by ceﬂtrifuging when the supernatant fluid
was found to be densely turbid. The heemolytic activity
of this fluid for ox red blood corpuscles was the szme
as that of the origzinal serwa. In the presence of
cobra venom, however,the turbid lecithin serum mixture
was found to be sbout 100 times more active than was the

(utable 1)
serum itself similarly testedk A considerable amount
of lecithin actiwe for venom was therefore present. In
addition, it wes found that the amount of precipitate
which was produced by 2 given amount of lecithin
depended on the mode of mixing the lecithin with the
serum. Rapid mixture,as by ejecting the lecithin from
e pipette ceused more lecithin to remain in solution
than slow sdmixture, os by floating the lecithin on to
the gurface and slowly rotating the tube.

A control experimwent using alcohol in place of

lecithin/
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“lecithin solution wes carried out. It was found that
the addition of this amcunt of 2lcohol czused a precipi-
tate to form (albumen). It appeared probable therefore
that the precipitate produced by the addition of the
lecithin 31d not consist wholly of lecithin, On recduc-
ing the emount of lecithin it was found that & consider-
able amount could be introduced without s precipitate
resulting. The haemolytic actlivity in the presence of
cobra venom was In direct proportion to the smount of
lecithin asdded.

Fresh guines pig's serum gave similar results,
Somewhat unexpectedly it was found that the complement
dose of the serum remained a2lmost unaltered even after
the addition of an amount of lecithin sufficient to
cause an abundant precipitate. Removel of this pre-
cipitate by centrifugaslising did not alter the complement
effect,

As 1t h&zd been shown by a number of workers that
the complement activity of a serum was removed or
merkedly diminished by procedures which removed portion
of the globulin (dialysis-Perrata, Brand; the addition
of HC1 « Sachs #1d Altmann; passage of carbonic ecid
gos - Liefmann) it seemed of interest to examine the
lecithineserun more closely. 1l c.c. of fresh guinea
pig's serum wes diluted with 9 c.cs. of ice-cold cdistilled
water and 0.15 c.cs. of the egg lecithin rapldly added by
ejecting from a pipette. A turbid mixture resulted of
which the haemolytic activity for sensitised corpuscles
was the seme as that of the fresh serumsimilarly diluted.
The lecithin serum was then treated with carbon dioxide
gas which precipitated portion of the globulin. Two
fractions were thus obtained,a globulin fraction and a
lecithin-albumen fraction. A sample of the same serum

without lecithin was similarly treated. It was found

that/
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that the albumen fraction of the serum trested with
lecithin was as active in hesemolysis as the unsplit
complement whereas,in confirmation of the results of
others)the aloumnen fraction of the untreated serum was
relatively without action. The experiment was repeated
with another specimen of guineaz pig's serum and the
same result was obtained. An examination of a2 larger
number of sere was then proceeded with. In this I wes
associated with Dr lMackie. The exact method of pro=-
cedure was as follows.-

A steedy stream of carbon di-oxide gas was zllowed
to pass through the serum mixture (kept ice-cold) for a
period of ten minutes. A flocculent precipitate
resulted, The mixture was allowed to stand for about
‘5 minutes at 0°C. and the precipitate was then removed
rapidly and thoroughly by centrifugalising. Occasion-
ally the supernatsnt fluid was again treated with carbon
di-oxide; the fact that in no case was a further pre=-
cipitate obtsined showed that all the globulin precipi-
table by this method had been removed in the first
instance, 10 per cent NaCl solution was added to bring
the concentretion of the fluld up to 0.85 per cent XNall
and the fluid was then exposed in a flat dish in the
ice-chest for about an hour to remove the carbon di-
oxide ges. The resulting fluid, which retained the
turbidity of the original lecithin-serum dilution, con=
stituted the lecithin-albumen fraction or "lecithin-end-
piece®, The globulin precipitate was washed once with
ice=cold distilled water and was then rubbed up with s
few drops of 0.85 per cent salt solution to effect solu=-
tion, Finally 0.85 per cent salt solution was sdded to
make up an amount equivalent to two volumes of originsl
undiluted serum. A control sample of the same serum

without lecithin was always treated in the seme way and

et/
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at the same time, the fractions so obtained serving as
controls to those from the lecithin-serum. It was
found that whereas the globulin precipitate in the case
of the lecithin-serum was always easily and completely
soluble (giving a turbid solution) the globulin from the
native serum was incompletely soluble, a flocculent
residue generally remaining in suspension.

Ledingham and Dean have stated recently that
complete solution of the globulin can always be obtained
if care is taken to keep the precipitate at a temperature
of 0°Cf I have not found this to occur with the
guinea-pig sera which I have examined. These authors
further state that particles of "foreign material"® were
generally present in the solutions of globulin. In my
experience particles are constantly present in the
solutions of guinea-pig's globulin and are not "foreign
matter® but natural constituents of the globulin pre-
cipitate. No such particles occur in the solutions of
the globulin from rabbit, ox and horse sera prepared
under precisely similar conditions. In the case of
guinea-pig sera the presence or absence of such particles
is immaterial to the activity of the globulin when thié
is tested along with ordinary end-piece.

In these experiments the test corpuscles consisted
of a b per cent suspension of washed ox-blood sensitised
with five doses of immune body from the rabbit. The
readings were taken after 1% hours incubation at 370C.
and slso after the tubes had stood at room temperature
for about 18 hours further.

| ilts with Gulnea-pig Serum.

In correspondence with the results of others-3
have found that in general the albumen and the globulin
fractions prepared from ordinary complement serum have
by themselves little haemolytic effect as compared with

the/ |
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fhe~whole serum, while a mixture of the twec in suitable
propoftions ig as active as the original complement.
In the case of sera treated with lecithin the results
were however very different. The lecithin-zlbumen
fractions were always found to be as actively haemolytic
a8 the whole complement. The results of the examination
of 2b sera sre shown in table 2. The globulin fractions
from the lecithin sera were by themselves inactive but
possessed in equally as full a degree as the ordinary
globulins the power of restoring the complement effect to
the aldbumen fractions of normal complement sera, (v. table
3 ). €areful repeated comparisons of the globulin
fractions of the lecithin sera with those of the correspond-
ing sera without lecithin did not reveal any differences
in hesmolytic activity when these fractions were tested
in combination with the albumen fractions of untreated
Bera. The lecithin-globulin fractions were generally
by themselves slightly more haemolytic them the correspond-
igéjég%gilin fractions, It was evident therefore, thst
the addition of lecithin to complement serum did not mere-
ly have the effect of preventing the "splitting" of the
complement. Cn the other hend, the increased haemolytic
activity of the lecithinealbumen fraction could not bve
explained merely by the presence of the lecithin, as the
ndditien of lecithin to ordinsry end-piece after separation
did net result in any increase in the activity of the
latter, It was also observed that the full effect of the
lecithin was only obtained by adding the lecithin to the
whole serum... Partial or cemplete separation of globulin
before the addition of lecithin reBulted in partially or
completely inactive albumen fractiems (v. table 4 ). The
complementing action of the lecithin-albumen fractions
was in fact directly proportiocnal to the amount of whole
serum present when the lecithin was added. .?hg 991}914a1

state/
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state of the lecithin in the serum was also of importance.
Slow admixture of the lecithin solution with the serum,
while giving a more turbid mixture, yielded lecithin end-
pieces which were as inactive by themselves as ordinary
albumen fractione (v. table5 ). To obtain active
albumen fractions it was necessary to effect rapid
mixture of the lecithin with the serum, e.g. by ejecting
the leecithin solution rapidly from a pipette into the
serum water. It was found to be immaterial whethér the
lecithin was first mixed with distilled water and the
serum added or the serum first diluted and the lecithin
then added. The whole procedure was carried through as
rapidly as possible and the mixture treated with carbon
di-oxide gas immediately. This wes found to be of
importance especially in the case of certain sera which
on dilvtion with ice-cold water rapidly yielded globulin
precipitates without further treatment.

This effect was not produced by the presence of
alecohol as control experiments using salcohol in place of
lecithin solution showed.

The lytic effects of the lecithin-sera snd their
fractions for unsensitised ox's corpuscles were also
tested. Bven in comparatively large amounts there was
abeolutely no haemolyeis ( table:15). The age of the
complement serum was found to be an important facter in
some cases. A® a rule the sera were employed within a
few hours after withdrawal from the animal. In the case
of older sera (24 - 36 hours) the lecithin end-piece was
generally somewhat less active than the whole serum.

Sera which had stood for some days without much loss of
complement activity gave lecithin-albumen fractions which
were by themselves almost as inactive as ordinary end-
piece (v. table 6). As a rule the haemolysis with

lecithin end-piece proceeded more slowly than that in the

corresponding/
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corresponding tubes containing either whole complement

or complement reconstituted by mixing ordinary albumen
and globulin fractions. The end point was, however,
usuallyvthe same in each case.

The fact that the lecithin albumen fractions
possessed a haemolytic activity equal to that of whole
complement suggested that this fraction should be tested
in other complement reactions and by the usual complement-
absorbing agents. Table 7 shows the results obtained in
the Wassermann reaction with lecithin end-piece and
whole cemplement respectively. It will be seen that
lecithin end-piece bLehaved like the whole complement in
being deviated by the syphilitic serum in the presence of
lipoid emulsions but not by the normal serum. A similar
result wes obtained on other occasions with different
syphilitic and normal sera. As Michaelis and Skwirsky
have shown that in the Wassermann reaction it is the
globulin fraction or mid-piece of normal complement which
is absorbed or deviated it was conjectured that lecithin
end«pisge might also possess middle-piece properties. In
order to test this point the procedure suggested by Sachs
& Bolkowska was reéorted to.

This consists in treating complement for one hour v
at 0°C.with ox's corpuscles which have been previously

sensitised with 40 doses of the corresponding irmune body

from the rabbit, centrifugalising the mixture and testing
the sedimented corpuscles by adding ordinary end piece.
Lysis oceurs owing to the corpuscles having become per-

sensitised by the absorption of mid-piece from the

complement.

Lneithin—ond-piece ordinary end piece and whole k

|
complement were tested in this manner. It was found that i
the corpuscles in the lecithin end piece series were per-
sensitised 1like those treated with the original complement-

containing serum whereas those subjected to treatment with

ordinary/
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ordinery end plece were unaffected. The results of
actual experiments are given in tsble 8.
- Lecithin end piece therefore conteined middle

plece properties.

Action of Corplement sbsorbing Agents.

It is well known that the complement action of
fresh serum can be abolished or markedly Jdiminished by
treatment of the serum with certsin sgents, e.g. sensi-
tised red corpuscles or sensitised stromata. It seemed
of Interest to examine the action of such sgents on the
lecithin-albumen fraction. It was found (v. table 9 )
that the complement action of lecithin-end-piece was
markedly diminished by such treatment although not to the
same degree as the whole complement treated similarly
st the same time. In the case of such 'absorbed' leci-
thin end-piece the addition of & small amount of mide-
plece completely restored the complement esctivity whereas,
the complement itself after absorption was not reesctiveted
by this means.

The addition of lecithin to complement after
absorption did not restore its haemolytic value. Also,
lecithin-complement wes absorbed quantitstively to the
same extent as ordinary complement when trested with
these sbsorbing agents. In the course of these experi-
ments the albumen and globulin fractions obtained by
splitting a serum after treatment with sensitised ox's
corpuscles or sensitlsed strometa were examined. It
" was found that the albumen fractions did not produce
haemolysis slong with ordinary mid-plece, whereas, the
globulin frectlons were quite active when tested elong
with ordinary end-plece, that is to say, the albumen
fractions only were deficient in activating power while

the same 'absorbed' complement was epparently deficient

in mid piece.
‘Experiments/
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Experiments with Rabbit and other Sera.

In the case of rebbit's serum most wofkers have
found that the complement action is generally not re-
stored by mixing the albumen and globulin fractions in the
proportions present in the original serum. This has been
shown to be due to some defect of the albumen fraction.
For exsmple the globulin of rebbit!s serum activates the
albumen fraction of guinea-pig's serum when used in guines-
plg doses, bhut the albumen fraction of rabbit's serum does
not act along with guinea-pig globulin in any coses. in
my experience restoration of the complement action by
mixtures of the zlbumen and globulin fractions of the
rabbit occurred not uncommonly.

The addition of leclthin to rebbit's serum as in the
case of the guinea-pig ,alters the action of the complement
components, thet is to say, the lecithin albumen fraction
is o8 active as the whole serum (v. tables 10&11). It
was noted, however, tha£ the addition of lecithin to
rabbit's serum frequently caused & marked incresse in its
complement sctivity and, in addition, that the lecithin-
glbumen fraction from & lecithin-serum was also more
sctive (3 or 4 times) then the ordinery serum. The comn-
plement activity of rabbit's serum to that of guinea-pig
serum was generally in the ratio of 1-20. The albumen
fractions of lecithin rabbit sera, nevertheless, when
used in doses corresponding to those of guinea=-pig's
end-piece were found in some instances to be capable of
producing haemolysis salong with guinea-pig globulin in
guinea~pig doses. In other words the complement value
of the lecithin rabbit end-piece was quantitatively very

greatly increased as compared with ordinary rabbit end-

piece (vide table 10).
Two/
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Two specimens of horse complement were tested. In
both cases the serum was several days 0l4; the lecithin end-
piece was found to be not more active than the ordinary horse
end-pilece. On two occasions however, the addition of leci-
thin caused a distinet increase in the complementing power of
the whole serum{vide table 12).

When the constancy of the phenomena described above in
the case of guinea-pig and rabbit sera had been established,
it became necessary to enquire further into the nature of the
alteratien which had been brought about and especially to con-
sider whether the increase in haemolytic power depended
really on 'bodies' of the nature of complement. It was
found in the first place that procedures which destroyed com-
plement also destroyed the action of the lecithin serum and of

its compoments, Heating at 55%C. for half an hour, for ex-
| ample, completely inactivated lecithin-serum, lecithin-end-
plece and lecithin-midepiese, while the addition of lecithin
to serum previously inactivated by heating did not cause any
restoratiaon of the activity of the serum or of its compon-
ents. The action of the lecithin therefore was dependent on
the pressnee of 'complement' in the serum. Further, the
addition te ordinary end-piece of lecithin-end-piece, obtain-
ed from a serum previously inactivated, did not enhance the
haemolytie aoction of the former, g8imilarly a mixture of
lecithin with mid-piece previously inactivated by heat 4id
not inesvease the effect of ordinary end-niece. Lecithin-
albumen and lecithin-gledbulin prepared from fresh egg-white
also failed to produce haemolytie action along with the al-
bumen and globulin fractions of fresh guinea-pig's serum.

Phe smount of lecithin which was necessary for the pro-
duction of the resstion was tested (vide table 13 )., It is
seen that diminution of the amount of lecithin is accompanied
by decreasing activity of the lesithin-albumen fractions.
Amounts of lecithin greater than that generally used while
giving a much greater turbidity did not yield more active

albumen fractions.
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All specimens of lecithin were not suitable for
the production of the phenomens, The results of the
examination of a number of preparstions are given in
tables#tl1.It will be seen that a considersble number is
quite inefficient. This group includes all the commer-
cial preparations except oune, Practically 211 the
specimens geve a turbidity when sdded to serum but in
quite & number the lecithin wes precipitated along with
the globulin fraction the 2lbumen fraction thus being
clear or almost clear. The clear albumen fractiony
without exception, were 1nefficient. (Some idea of the
amount of lecithin which remalns in the end-piece can be

(wtalle 15)
obtained by testing with cobro. venom@. On the other
nand, certain specimens which gave turbid albumen fract-
ions also fsiled to give the reaction. The egg yolk
lecithins were almost all actlive, as a2lso the alcohol
spluble portion of an ether ineoluble fraction obtained
in course of preparing lecithin from egg yolk. Cne
freshly prepared egg yolk iecithin which failed to give
the reactlon was tested several weeks later and found to
be quite efficient, The lecithin with which the reaction
was first discovered still retains the property after an
interval of a year. No correspondence between this
function and any other property of any of the lecithins
has yet been found.

These experiments are of Interest as regards their
bearing on the nature of complement éction. By the use
of certain lecithins the character of the components of
complement are markedly altered and the complement
sctivity in the case of certain rabbit and horse sera
may even be increased. The results cannot be explained
by supposing that incomplete splitting of the complement

occurs as the globulin fractions from the lecithin sera

have/



have been shewn to retain in apparently undiminished
degree the capacity of acting along with ordinary
albumen fractions. Noguchi and Bronfenbrenner have

recently suggested that 'gplitting' of the complement

does not occur dn treating sera with globulin precipitatingf

agents but that the whole complement is retained by the
albumen fraction, the complement =ction oé?%}aotion veing
however inhibited by the presence of certain acids or
alkalis which are developed in the process of precipi=-
tating the globulin. In support of this theory these
workers have shown that ordinary albumen fraction is
reactlivated by the addition of certain neutral substznces
such as alanine. It does not appeesr that lecithin acts
in this way. Otherwise the addition of lecithin to
ordinary albumen fraction after splitting of the serum
would render this fraction active. It seems probable
that the lecithin acts by rendering active a component

of complement which is normally present in an inactive

or latent state. In the case of guinea=-pig's serum

this component resembles in its properties ordinary
glovulin fraction but differs in not belng precipitated
by the passage of carbon di-oxide gas. Some modifica=
tion of or addition to this theory is, however, necessary
in order to explain the increase of complement activity
which has Ybeen shown to result with certain rabbit and
horse sera merely on the addition of lecithin. In the
case of rabbit's sera, =zs already noted,lt has been

shown thet the globulin fraction 1s present in appsrent
exceas of the amount necessary to complement the albumen
fraction. The lecithin in this instance would appear to
increase the complement activity by acting like albumen
As an active albumen fraction is, however,

fraction.
obtained on splitting lecithin rabbit serum, the globulin

fraction/
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fraction properties must also have been altered. In
consldering these matters it is necessary to remember
that in the opinion of & number of workers no rigid line
of separation can be drawn between the properties of the
two complement components since in certain reactions they
are apparently capable of replscing each other wnen used
in considerable amount.

Certain workers (Liebermenn and Fenyvessy, Bang)
are of opinion that complement is of lipoid nature.

The experimentsl evidence in support of this depends
mainly on the fact that sodium oleate in the presence of
rabbit's serum is more haemolytic towards corpuscles
sensitised with the corresponding immune body than to-
wards the same corpuscles unsensitised. In the experi-
ments described above the production of an actively
haemolytic a2lbumen fraction by means of lecithin was

80 inseparably associlated with the presence of 'comple-
ment' in the serum that the results cannot be said to give
any support to such a theory.

As regards the differences which have been elicited
in the various lecithins by means of this test no explanai
tion can be given. It has not yet been determined l
whether the property belongs to lecithin itself or to é

some associated impurity.
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Table 1.

—

1 c.c. of 9.22 per
cent egg yolk leci-
"thin added to 1 c.c.
of human serum :
resulting precipitate

1.0 c.cs 0x blood suspension 4 Cobra
Venom Q0.1 c.c. of 1:1000 4 Serum,

removed
-

0.,000125 |e.c. 0.0025 c.c.| 0.00125 c.c{0.0025 c.c.

Lecithin Serum 0 0 Complete Complete

0.01 c.c.

0.03 c.c.

0006 CeCe

0.1 c.c.

0.14 c.c.

Distinct | Just
Come

plete

Very
faint
trace

EQSerum 0 Complete
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Teble 2,

Einimun Haemolytic Dose, for 0.5 c.c. 5 per cent
suspension of ox blood 4 ©5 doses of
immune body.

B Albumen fractions of same
Experinment, Untreated guinea-pigs! sera treated with lecithin.
serum, (doses corresponding to
amounts of undiluted serum).
1. 0.005 c.c. 0.005 c.c.
2f 0.015 c.c. 0.015 c.c.
3. 0.01 c.c., 0.0l c.c.
4. 0.01 c.c. 0.01 c.c.
Se 0.01 c.c. 70.0075'0.0.
"6. 0.015 c.c. 0.018 c.c.
7. 0.02 c.c. 0.015 c.c.
8. 0.005 c.c. " 0.01 c.c.
9. 0.0Q75 cec. 0.02 c.c..
10. 0.0075 c.c. 0.005 c.c.
11, 0.005 c.co 0.0075 c.c.
12. 0.01 c.c. 0.01 c.c.
13, 0.0Q75 c.c. 0.0075 c.c.
14, €.005 c.c. 0.005 c.c.
15, 0.0Q75 c.c. 0.0075 c.c.
16. 0.0075 c.c. 0.02 c.c.
17. 0.005 c.c. 0.005'c.c.
18, 0.005 c.c. 0.0075 c.c.
0.005 c.c. bv0.0075 CeCo
0+01 c.c. “0.015 c.c.
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"Tﬁﬂe

a.

Lysis of 0.5 c.c. 5 per cent suspension ox blood +
5 doses of immune body.

—
0.08 c.c, 0.075 c.c. 0.1 c.c. 0.125 c.c. 0.15 c.c.
{?%mplement Very Almost Just Complete Complete
(diluted 1 |marked Complete Complete
in 10)
"Lecithin - |Marked Just Complete Complete Complete
Complement® Complete
(diluted 1
in 10)
"Lecithin- Very Just Complete Complete Coumplete
end-piece” [|llarked Complete
(diluted 1
in 10)
0.05 c.c. 0.1 c.c. 0.2 c.c. 0.4 c.c. 0. 6 c.cC.
Ordinary 0 0 0 0 0
end=piece
(diluted 1
in 10)
0-01 CeCo 0002 CeCo 0004 CeCo 0-08 CeCe .12 CseC.
"Lecithin- | 0 0 0 Trace Very
middle~-piece merked
(diluted 1
in 2).
Ordinary middg- O .0 9] 0 0
le piece
([diluted 1
| in 2)
|"Lecitnin midro.o01 0.04
(le~piece™ c.C.Dis- | 0.02 Very C.Co (Come 0.08 0.12
+ 0.05 i plete + plete & Com=
Irdinary end 0.2 o4 0.6 plete
CeCoe 0.1 Cec
dlece (ail. 1 c.C. *Ce C.Ce ceC.
in 10)
———
Ordinary mid« 0.01 0.02 0.04 Al- 0.08 0.12
lle-piece CeCo CeCs Marked | c.c.most CeCo CeCoe
11,1 in 2 + pis- 4 4+ Com- + Com- + Com-
| 0.05tinct | 0.l 0.2 plete 2.: plete 2.2 plete
Qrdina,ry ende CeCo CeCo CeCe bl e
Mlece (di1., 1
in 10)
, 0.05 c.c. 0.1 c.c. 0.2 c.cC. 0.4 c.c. 0.6 c.c.
\
Ordinary end-
Mece (d11, 1
.1n12) 0 0 0 0 0
| Lecithin
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Table 4.

Lysis of 0.5 c.c.

+ doses of immune body.

5 per cent suspension of ox blood

0.05¢c.c.| 0.07"6 c.c.|] 0.1 c.c.| 0.2 ¢.c. [ 0.3 c.c.
*Lecithinsend- Almost Just Complete
piece*diluted (Complete| Complete
1 in 10.
*Lecithin~end- Faint Trace Distinct| Almost Just
plece¥diluted Trace Complete Complete
1 in 10 Globu-
l1in separated
partially befor
lecithia added
to serum.
Ordinary Bad- o 0 o 0 0
| piece diluted
1 in 10.

Dose of Complementy 0.0070 c.o.

——

ettt



Table 5.

Lysis of 0.5 c.c. 5 per cent suspension of ox blood
+ 5 doses of immune body.

0.06 c.c.| 0.076c.c. [ 0.1c.c. | 0.2 c.c.| 0.3 c.cC.

Bnd-plece of 0 o 0

complement
treated with
lecithin in
form of slowly
made emulsion.
(dilution 1 in
10)

0 0]

Lecithin-end- Almost | Complete
piece prepared | Complete
in usual way.

(dilution 1 in
10) i

Complomant dosng 0.008 o.c.
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Table 8.

Lysis of 0.5 c.c. 5 per cent suspension of ox blood

4+ 5 doses of immune body.

0.06 c.c.|] 0.07"6 ¢c.c.| 0.1 c.c. |0.2 c.ce| 0.3 c.cC.
"Lecithin-end- " Almost Just Complete
piece®(diluted |Complete Complete
1 in 10).8erum
& few hours old.
"2ecithin-end» 0 0 0 0 (o]
plece*{diluted
1 in 10).8srum
one week o0ld.

L3 e week old

Dose of aomylemont. serum a few hours olde 0.0l c.c.
. ]

=0010c.

i

S syt Aot S < = NN
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Lysis of 0.5 c.c. 5 per cent suspension of ox blood 4+ 5 doses of immune body.

Human Sera. Emulsion Amounts of guinea-pigs! Amounts of lecithin end piece (guinea-pigs')
(65°C for complement (diluted 1 in 10) (diluted 1 in 10)
4+ hour)
0.025 c.c. 0.3 c.c. O.lc.c.] 0.2bc.c}0.4c.c.| 0.6¢c.c.| O.9¢c.c. 0.1 ¢.c.[{0.25 c.c.{0.4 c.c.|0.6 c.c.|0.9 c.c.
(lLecithin 0] 0 o] Faint (o] 0 0 Faint
( trace trace
Syphilitic (
(|Lecithine
(|Cholesterin 0 0 0 0 0 0 0 0 +] 0
(ILecithin Faint | Just Come Faint Come
( trace | Com- Plete trace plete
Normal M plete
(|Tecithin- 0 Very Com= 0 Just Came
(|Cholesterin Marked [plete Con- plste
plete
CONTROLS
Sera alone W 4 0.1 c.c. Complement =Complete lysis.
0.025 c.c.) 4 0.1 c.c. Lecithin-end-piece = Complete lysis.
Emulsions alone ) 4 0.1 c.c. Complement = Complete lysis.
0.3 c.c. ) 4 0.1 c.c. Lecithin-end-piece = Complete lysis

Dose of Complement (dil 1:10) = 0.075 c.c.
Dose of lLecithin-endepiece (dil 1:10) = 0.075 c.c.
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Table 8,

iomp—

In each tube, amounts of lecithin end-piece, diluted complement,
and ordinary end-piece, equivalent to 0.05 of original complement,
;treated for 1 hour at 0°C. with 1 c.c.S.per cent ox blood suspension
+ 40 doses of immune body from the rabbit: corpuscles separated by

centrifugalization and tested with varying amounts of ordinary end piece,

1l c.ce 0x blood
suspension . Ordinary-end=-piece
40 doses I B. diluted 1 in 10 No
efter treatment ' End-piece
at 0°C with 0.05 c.c.f 0.1c.c.{0.2¢c.c.|0.3c.co
1. Lecithin endpMarked Very Almost No lysis
pliece lysis marked | Come
lysis | plete
lysis
2. Complement No Trace Dis- Almost No 1lysis
lysis of tinet |com= '
lysis lysis |plete
lysis
5, Ordinary. Yo Yo No Yo Yo lysis
end plece lysis lysis | Lysis |1lysis

Dose of Complement for 1 c.c. ox suspension & 5 4oges

of immune body o : - 0.01 c.c.

Dose of lecithineendepiece » - 0,1 c.cr.

dilution 1 in 10
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Table 9.

Guinea pig's complement (diluted 1 in 10) and lecithin end-piece
(dil. 1 in 10) treated for 1} hrs. at 37°C with excess of sensitised
Ox red corpuscle stromata, and tested with 0.5 c.c. 5 per cent
suspension of ox blood 4 5 doses of immune body.

0.05 c.c. 0.075 c.ce. 0.1 c.c.
Complement (dil, 1 in 10} Very marked Almost Complete lysis
lysis Complete lysis
Lecithin end-piece Distinct Almost Com=- Complete lysis
(dil. 1 in 10 ) lysis plete lysis
0.3 CeCe 0.5 c.c. l.4 c.c.
Absorbed Complement No lysis Distinct Very marked
(dil. 1 in 10) trace lysis lysis
0.1 c.c. 0.3 c.c. 0.6 c.cCs.
Absorbed lecithin end- No lysis Distinct Very marked
plece (dil. 1 in 10) trace lysis lysis
Absorbed complement 0.lc.c 0.5 c.c. dis-
(a1, 1+}n 10) + Yo + tinct
. 0.1 c.c. lysis
uiddle piece (dil. 1 0.02  1ysis
in 2) tTe
Absorbed lecithin end- O.lc.c.
piece (dil. 1 in 10) + Com-
+ 0.02 plete
Yiddle piece (dil, 1 c.c. lysis
in 2)
Eidd%e plece (dil. 1 0.06 c.c. 0.1 c.c. 0.24 c.c.
in 2
No 1lysis No lysis No lysis
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Table 10.

Lysis of 0.5 c.c. 5 per cent ox blood suspension

+ 5 doses of immune body.

Experimentl Untreated| Serum treated End-piece from Lecithin-end-
Serum with lecithin "lecithin-serum®| piece 4+ (Rabbit
(Jecithin serum) (Lecithin-end=- Ordinary end-
piece) piece (Guinea
pig)
1 0.12 c.c. 0.04D5 c.c. o
= complete Complete
2 C.25 c.cCo 0.08 c.cCs 0.06 c.c. of each
=complete | = just complete = Complete 0.01 c.c. =
complete
3 0.07 c.c. 0.075 c.c. 0.075 c.c, of each !
mcomplete = Complete = Complete 0.02 c.co =
complete ;
4 0.02 c.c. 0.00 c.c. of each 1
mComplete = Complete complete :
5 0.2 c.c. 0.15 c.c. 0.05 c.c. of each :
=Almost = Almost = complete 0.2 c.co =
Complete complete complete !
|
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Rabbit's Serum,

Lysis of 0.5 c.c. 5 per cent suspension of ox blood +
5 doses of immune body.

q
0.6 c.c. 1.0 c.c. 1.4 c.c. 1.7 c.c. 2.5 c.c.
Complement Trace Distinect Yarked Very Complete
(di%, 1 in Warked
10
Lecithin-
complement
(di1.1 in 10) | Just Complete
Complete
Ordinary end-
piece (dil. 1 0 0 0 0 0
in 10)
"Lecithin end« Just Complete
piece" (dil. |[Complete
1 in 10)
Q.12 c.c. 0.2 c.c. 0.28 c.c.| 0.34 c.c. 0.5 c.c.
Ordinary 0 0 0] 0 0]
niddle-
piece (dil.l ‘
in 2) |
"Lecithin 0 0 0 0 Trace
middle-piece" |
(dil. 1 in 2)
t
;&:giﬁhzg;‘l’nd 0.05 0.1 0.2 0.4 0.6 |
oy CeCos 3 C.C CeCo CeCos Olli= CeCo !
bb Dis- * com~ *C+Com~ !
1 12+}0 Rabbit) + tinot plete + plete + plete| 4+ (oome- j
0.01 0.02 0.04 0.08 0.12 plete j
¥iddle~-piece C.Cu c.c. CeCoe CeCe !
dil. 1 in 2) ;
{guinea-pig)
Ordinary end- | 0,05 0.1 0.2 vyery (0.4 0.6
piece dilQ 1 CeCos CeCoe CeCoe Mark_ CeCoe CeCe
in 10& Rabbit)| & ¢ 4 trace | ® o4 +  Just +  con-

1 0.0Q1 0.02 0.04 0.08 com= | 0.12 plete
gigdlg‘g:‘g° CeCo CeCo CeCo c.c. plete | c.cC. ;
(Guinee pig) |

—— i
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Table 12.

Lysis of 0.25 c.c. 5 per cent Suspension of ox blood

4 5 doses of immune body.

Ixperiment Untreated Horse Serum End-piece from | End-piece from
Horse 8erum treated with| untreated serum| lecithin serum
lecithin (ai1. 1 in 10)
1 0.6 c.c. 0.1 c.c. 2.6 c.cC. 2.5 c.c.
— faint trace | m trace = No lysis = No lysis
0.25 c.c.
= Complete
2 0.1 c.c.yz O 0.1 c.c.
0.15 c.c. = m Almost
trace Complede
0.3 c.ee =
Complete
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Lysis of 0.5 c.c. 5 per cent ox blood suspension + 5 doses
of immune body.

Amount of
lecithin
solution

(per ce.c. of
guinea pig's
serum) and in
preparation
of lecithin
ende~piece

Lecithin end-piece
diluted 1 in 10

0.03c.c,

0.0bc.cCo

0.075¢c.co

0.1 c.c,

De2 CeCs

0«3 c.Ca

0.15c.c. of
9 per cent
lecithin
solution

Distinet

Marked

Almost
Complete

Just
Complete

Complete

Celbcece. of
4.5 per cent
lecithin
solution

Marked

Just
Complete

Complete

0.1Bcacs 0f
2:25 per
cent leci-
thin solu-~
tion

Faint
trace

Trace

Very
marked

0.15c.c. of
1,125 per
cent lecithin
solution

Distinect

00150000 of
+56206 per
cent lecithin
solution

—

Faint
trace

f—

CeR CoeCo

0.5 ce.c.

0«8 cecCe

End-piece
from une
treated

{ somplement
{dil. 1 4n
10}

0

Very
faint
{race

Faint
trace

Complement dose

(Gerwm diluted 1 in 10)

- 0.05 ce.co
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Table 14,

Lysis of 0.5 c.c. 5 per cent ox blood suspension 4 5 doses
of immune bvody.

End-piece of
-guinea=-pig's
' serun (ail. 0.05c.c.0.075|0C.1c.cq O.2c.cq0.3c.c}{0.4c.c.| Turbidity of
1 in 10) treatp CeCo end-piece
ed with
Lecithin 1 Just Come Marked
(Bgg yolk) com- plete
plete
Lecithin 2 Faint Trace| Trace dis- |Marked larked
(fresh egg trace tinct
yolk)
Lecithin 3 0 0 0 0 0 : No turbidity
(Hypernephroma,
—
Lecithin 4 0 0 0 Yarked [Come= ¥arked
(egeg yolk) plete
Lecithin 5 0 0 0 Dis- |Marked |Com- Distinect
leg yolk) tinect plete
Lecithin 8 Just Marked
gg yolk) Com~
plete
Lecithin 7 Dis~ Dis- [Marked | Marked |Just Com=- No turbidity
egg yolk) tinct | tinect Com- |plete
plete
Lecithin 8 Trace | Trace|Dis~- Dis- |Dis- (Dis- No turbidity
lox liver) tinct tinet [tinect |[tinct
Lecithin 9 Just
(Liver) com= Merfad
plete
Lecithin 10 Com= Marked
beg yolk) plete
e
Lecithin 0 Very |Very Dis- [Dis- [Dis- No turbidity
Poulenc) faint|faint | tinet |[tinct [tinct
trace| trace
lecitnin o o | o ) 0 No turbidity
Riedel (a
(egg yolk
Lecithin Almost | Come Distinect
Riedel (b) com= plete
gz yolk) plete
N———
Lecithin 0 0 o] trace [Dis- [Almost Marked
Yerck tinct |Come-
beg yo1k) lplete
S
lecithin 2 Com= ]
¥ weeks after | plete Yarked
Preparation
\\¥
L
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Lysis of 0.8 c.c. 5 per cent ox blood suspension 4 5 doses of I.H.
End Piece (diluted
1 in 10) prepared 0.05 c.c.d O.ﬂl ceCs| +f15 c.c.p.25c.cd 0.5 | Turbid-
from c.c,| ity of
End
piece
l.Keart Lecithin C 0 0 G 0 Very
1350 gms. faint
trace
e " v 1015 " 0 o) o] 0 0 Clesr
J.Malt Glidine Lecithin 0 0 0 0 0 Clear
{,Liver Lecithin 4th
Extrect 0 C 0 C 0 Clesar
f.Liver Lecithin 3rd 0 0 0 C 0 Clear
Extract
. Xgg Yolk TLecithin No.l| Trace Merked Just Com= Com- | Very
complete | plete |nlete| Marked
I1.Bge Yolk Yo.1l| Just Yarked
Complete
"B.Ether Insoluble, Yarked Tery Just Com- [Com- | Nerked
alcohol soluble Marked complete | plete |plete
of egg yolk
0.5 c.c. 0x Blood 4 Cobra Venom 0.5 c.c. un-
4 End Plece, sen se
0.01 c.c.|0.028c.cs| 0.05 c.cd O.lc.c. 1%%‘.‘8.1“
{l. Heart Lecithin 0 Distinct | Complete [Complete o
1350 gms
2 " % 1018 n 0 Just Complete [Complete .0
Complete '
d, 61t Glidine Lecithin 0 0 0 0 0
{,Liver Tecithin 4th o} 0 0 0 o} ;
Bxtract : |
b, w " drd 0 0 .0 Almost 0 j
Extract complete
§.BEgg Yolk Lecithin No.l Just Complete | Complete [Complete ¢
Complete i
1.BEgg Yolk No.IlI Just " " " 0 f
Complete :
8, Ether Insoluble, alco-Just " " " 0 :
hol soluble of egg Complete
yolk
—
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Table 16.
Lysis of 0.5 c.c. 5 per cent Ox Blood Suspension 4= I.B.
Lecithin end=-piece
prepared by use of] 0.005c.c. 0.01lc.c.|0.02¢c.c.| 0.04C.C.} 0.075C.C
1.0x Heart Leci- 0 0] 0] 0 0] Clear
thin
2.Sheep's Liver 0 0 0 0 0 Cleer
2.Dried Human Trace Just Clear
Brain Complete
4,0x Liver Leci- 0 0 4] 0 Distinct | Almost
thin clear
5.Ether Insol-
uble alcohol
soluble frac-
tion of acetis: 0 0 0 0] Distinect | Almost
ether precipi- : clear
tate (egg yolk) '
6.Yolk Lecithin Trace Marked [Complete Turbid

of 0.005 c.c.

The other lecithin end-pieces were non lytic.

' The dried brain lecithin end-plece in the above table was found

to be actively lytic for ox's corpuscles unsensitised in an amount

Table 17.

tration thanféénerally used.

| Effect of using inactive lecithins in solutions of mudH &1t

eater

ern=

OQOOSCQCO 0.01 C-C. 0-020-0. 000350001 00050-0 Turbid."
ity
Fresh Kidney Q 0 0 o 0 Very
Lecithin Ilarked
Ox Liver Leci=- 0 0 0 0} 0 larked
thin
Fresh Human Brain 0 0 0 0 0 |Very
Lecithin Yarked
O0x Heart Lecithin O 0 0 0 0 Dis-
tinct
Control Lecithin Distinct | Complete | Complete|Complete|Complete|Very
(active) . : Marked
'
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Ihe Biological Action of Cholesterin and Its
Derivatives.

The inhibitory action which cholesterin exerts on most
haemolytic processes has been already shortly referred
to, alsc the effect which it produces when combined with
lecithin in the syphilis reaction and in the test along
with cobra venom. In the course of the investigation
into the asction of cholesterin in the Wassermann resction
it was thought that the investigation of a number of the
derivetives of cholesterin might yield results of interest
especially as it was possible that some relationship
between the biological action and the chemical constitu-
tion of cholesterin might be elicited. This subject
hed elready been investigated by Hausmann as regards
sgponin haemolysis and by Abderhalden and Le Count as
regards lecithin-venom lysin, tetanolysin, saponin and
solanin. Hausmann had found that the compounds in which
substitution of the hydroxyl group had occurred (choles-
teryl chloride, acetate, benzoate, etc) were without
inhibitory action but that the action was still present,
elthough weakened, in compounds in which the double bond
was saturated while Walbum had pointed out that the
physical state of the cholesterin had a2 marked effect
on its action in the biologicel tests.

Along with Dr. Browning I made an examination of
e number of cholesterin derivatives principally as re-
garde'thtiraction in the Wassermann test and along with
cobra venom.

The following compounds I have myself tested:-

1. Cholesterin.
2. Cholesteryl chloride
i

3. acetate
4, # Benzosate Esters
5. " oleate

6. Cholesterin dibromide

7. Dibromcholesteryl acetate

8. Dihydrocholesterin ( B-cholestanol)
Cyclocholesterin (a-cholestanol)
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10. Nitrodehydrocholesteryl nitrate. !
11. " acetate. !
12, Cholestenone. |
13. Dehydrocholestanonol.

14. Dehydrocholestendion (oxycholestenone).

15. Ethyl ether of dehyrocholestendion

16. Dehydrocholestendionol (oxycholestendiol).

17. Dehydrocholestandion. _

The esters, dibromide, dibromcholesteryl acetate
and nitrodehydrocholesteryl nitrate and acetate were
prepered by nyself, the other compounds were supplied
by kKessrs Windaus &nd NMauthner,

The more important chemical features of these com-

pounds are zs follows:=-

ghelesterin.- The following groups have been
etermined: -

1. A secondary alcoholic hydroxyl group
.
NOH

groups (CHy);

Cra Hsy

CH- C‘ul cly

N7

C standing between two methylene

e A vinyl group{CH; CH there is thus an CH cHl
nsaturated Cdrbog aouble bond. The ' *
vinyl group is terminal, i.e. it OH
stands at the end of an open chain
Coz Hyq

Cholesterin esters.~- The alcoholic hydroxyl

CH. CLt CH:

1
N/

8 replaced by an acid radicle, chloride
(cl ), acetate (CHz.C00-), benzoate (CgHg.

cH

one molecule of bromine saturates the carbon
double bond. The esters also add Brz, thus
cholesteryl acetate yields

f'*‘_'-/\-—\

™~ ‘/ ciih

oW

Czz Hyy §

CcHe c e c'uBy |
\\r"// Cﬁva

ci, Cov

Dibromcholesteryl zcetate e o s+ s

Cholesterin dibromide.- The addition of ‘{ sz.u37

Dihydrocholesterin (B-cholestanol) is the

normal reduction product of cholesterin: Czllh7

it differs from cholesterin only by the

vinyl group being converted into ethyl CH~ cHl gﬂt
(-CHs. CHz); the secondary alcoholiec | e,
hydroxyl 1is intact : \\\\///

olé
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a=Cholestanol {cyclocholesterin).- Caz u31
It has not been determined whether this T
is a reduction product of cholesterin CH. CH cH
or a product of molecular resrrangement . // \\\ //
C'“' CH‘L
‘ oH
Nitrodehydrocholesteryl nitrate is the Cay Hw
product obtalned by nitrating cholesterin /‘“"/,\\*—‘\
CH CH CNO,
CH
[
ONO,

Nitrodeg%grgcholeetegxl aggg%te is obtained
¥y nitrating cholesteryl =zcetate 2 —

Chglestga%n_e is the ketone corresponding to
cholesterin, i.e. the alcoholic hydroxyl
has been converted inte earbonyl (-C0O)

Dehydrocholestanonol . . . . . N E /_A\

ho gholestenone).- Co2 Hiy
€ carbonyl groups can reac

One of % in T

the "Enol® form, since on treatment '

with HCl and alcohol an ethyl-ether is CH~ < Cc

formed \ / \ /
o CH

Deliydrocholestendionol (oxycholestendiol) . .  Cer By
/_\__/\_\

Co CHoH
Dehydrocholestandion . . . . . . Cur Hyy
/‘_’J|
cHe cH Co
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In investigating the actions of these substances
on lecithin attention was particularly directed to the
effects of -

(1)Alterations in the physical conditions as they

affected the action of the same compound;

(2)alterations in the chemical constitution, the physical !

setete being the same.

The Bffect of the Physical State.

In géneral the physical state depended on the
manner in which the mixture with water was effected.
Thus emulsions made by slowly diluting the alcoholic
solution of lecithin plus cholesterin derivative with
salt solution were in the form of turbid suspensions
from which crystals separated out more or less rapidly.
On the other hand, rapid mixture led to colloidal solu-
tions of varying stability. The stability of colloidal
solutions was influenced by the amount of cholesterin
derivative present along with a fixed quantity of
lecithin. A mixture of 0.5 per cent. cholesterin
dibromide with 0.75 per cent. ox liver lecithin in
alcohol, when mixed rapidly with 7 parts of normal salt
solution, yielded a colloidal solution which was kept
for days at room temperature without the occurrence of
any definite precipitate; if the cholesterin dibromide

was present in a quantity of 1 per cent. the solution

was at first colloidal, but within a few minutes precipi-|

tation began, and was practically complete in twenty-
four hours; when the dibromide was increased to 1.3

per cent. the precipitate separated out at once, appar-

ently without the intervention of an appreciable colloiday

phase. The effect of the physical state of the watery

mixture in modifying the blochemical action was well

illustrated by the action of cholesterin dibrouide on

lecithin/
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leéithin.

The alccholic solution of 1 per cent. cholesterin
dibromide and 0.75 per cent ox liver lecithin (1 volume)
was mixed with salt solution (7 volumes) (a) rapidly,
(b) slowly. The mixtures were left for twenty-four
hoﬁrs at room temperature, by which time an abundant
precipitate had separated out frowm both, leaving the
supernatant fluid of (a) perfectly clear and colourless,
of (b) slightly opalescent. The lytic effect of the
two seperated fluids along with ox corpuscles and cobra
venom was then tested (Table 1 B

The result showed that it was only where the
mixture of the alcoholic solution with water had been

effected rapidly, so that the emulsion initially passed

through the colloidal state (Series A), that the lecithinf

was removed from the solution. The same effect followed‘

when 1.3 per cent cholesterin dibromide was employed,

even though the rapid mixture formed a precipitate practi{

cally instantaneously. This supplied an experimental
explanation of the view that the inhibitory action of
cholesterin on lecithin-venom haemolysis was due to the
cholesterin fixing (absorbing) the lecithin,

Sachs and Rondoni first showed, in the case
of a crude alcoholic organ extract, that the turbid
emulsion caused the absorbtion of more complement in
the presence of syphilitic serum than did the clear
emulsion. This held for mixtures of lecithin with
cholesterin and also with cholesterin acetate. Emul -

f
sions of maximum turbidity w3¥818m538yed for testing

the syphilis reaction. The inhibitory effect of choles- 4

terin on lecithin-venom haemolysis is, on the other handg,
most marked when the cholesterin is in the colloidal
state (Walbum). The effect of all the cholesterin

derivatives in both the suspended and the colloidal

states/
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states was tested. In the case of cholesterin and
cholesterin dibromide, the lytic effect of the colloidal
mixture was much less than that of the turbid emulsion
(Table 2 ). Dehydrocholestanonol, however, had a
much more marked antilytic effect when the emulsion

was turbid than when it was colloidal; in addition, the
mixtures of this compound with lecithin showed a marked
zone effect, there being an optimum amount of the mixture
which caused more rapid lysis of the blood corpuscles

in the presence of venom than did greater or smaller
amounts (Tables 3 & 4). liost of the cholesterin
derivatives had little effect on lecithin-venom haemoly-
sis in either state.

The Effect of Differences in Chemical
Constitution.

In the case of cholesterin dibrowide the inhibitory
effect on lecithin-venom haemolysis was due to the removal
of lecithin from the solution. Vhen the dibromide pre-
cipiteted out from the colloidal solution the lecithin
was also removed. WVhere the mixture was permanently
colloidal, e.g. lecithin-cholesterin, it was probable
that the condition was similer, and was of the nature
of adsorption. Such adsorption was closely dependent
on chemical constitution. Thus the cholesteryl esters
(chloride, acetate, benzoate) and many other cholesterin
derivatives formed very stable colloidal solutions
with lecithin, and yet the inhibitory effect of these
bodies on lecithin-venom heemolysis was minimal (Tables
5 and 16 ). Divbromcholesterin was deprived of
its inhibitory ection by esterification; thus dibron-
cholesteryl acetate was practically without effect on
lecithin-venom haemolysis (Table 5 )e In the sypnilk
reaction there was also & marked relationship between

constitution and biochemical action.

The/
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The action of these cholesterin cderivatives @long
with lecithin in (1) the syphilis recction, and (£)
cobra-venom haemolysis is given in Table 6 .

The compounds were dissolved in 0.75 per cent.
lecithin {ox liver) in altsolute alcohol, and the amounts
employed were eguimolecular usually with 1 ner cent.
cholesterin. Table '/ shows the physical characters
of the rapidly formed emulsions. In no case wasg the
emulsion of lecithin and cholesterin derivative more
lytic by itself than lecithin emulsion alone; that is
to say, in the amounts employed the emulsions had by
themselves practically no effect on the red corpuscles.

The results of the experiments showed that in the

syphilis reaction any alteration in the cholesterin mole-~

cule diminisheld the effect; that neither the hydroxyl
group nor the double bond appeared to be essential,
since (1) cholestenone snd the esters and (2) dibrom-
cholesterin and dihydrocholesterin gave the reaction.
In regard to more marked alterations in the molecule,
the nature and position of the side chains and the un-
saturated bond probadbly influenced the action, dut a
comparison of the structural formulae with the effects
of the various compounds showed that no general con-.
clusions could be dravm.

The results with regard to lecithin-venom haemoly-
gis were in accord with Walbum so far ss cholesterin
esters and cholesterin dibromide were concerned. Thus
the esters, which retain the double bond but lack the
alcoholic hydroxyl, were almost without antilytic effect,
whereas the dibromide, which possessed the hydroxyl
but not the unsaturated bond, was fairly active. The
replacement of hydroxyl by acetyl invthe dibromide
(dibromcholesteryl acetate) abolished the antilytic

power/
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power. The presence of the alcoholic hydroxyl, how-
ever, was not necessarily accompanied by antilytic
properties, since cyclocholesterin was practically
without effect on lecithin-venom haemolysis. Choles-
terin dibromide in which the double bond is saturated
by Br2 was more antilytic than dihydrocholesterin in
which the double bond is saturated by Hy (table 20 ).

There was no parallelism between the effect with
-_}ecithin in the syphilis reactionvénd on lecithin-venodn
‘haemoiysis (Tablé 21 )e




182.

Table 1.

1 c.c. O0x Blood Suspension + 1 : 10,000
Cobra Venom } Fluid.
0.06 c.c.| 0.09 ceCe|0.13 c.Cs|0.18 coc.| 0.24
CeCoe
. Fluid from rapid emulsion 0 0 0 0 Y
. of lecithin ¢ cholesterin
dibromide |
5. Fluid from slow emulsion 0 complete | Complete | Complete chpletfii
. of lecithin § cholesterin :
dibromide ﬁ

R T
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Table 2.

1 c.c. Ox Blood Suspension 4 1: 10,000 Cobra Venom

] Lecithin 4+ Emulsion.
+

! 0.05 CeCe{ 0.08 cCoCe|0.12 coco 0.17 c.c.]0.23 c.cC 0.3
| CeCo
r

holesterin 1 per 0 0 0 0 0 0
tcent. rapid emulsion

{colloidal)

Polesterin 1 per Faint Very Complete| Com-
cent. slow emulsion o) 0 trace marked plete
olesterin dibromide 0 0 o] Trace Complete| Com-
L per cent. rapid plete
smulsion (colloidal)

jolesterin dibromide 0 Very Complete | Complete |Complete| Com-
I per cent. slow marked plete
pmulsion

s o T O oA 24 L 12 b A8 AL b R Tl

gug et



! Table Z.

! 1l c.2. Ox Blood Suspension + 1: 10,000 Cobra Venom+‘Emulsion
ulsion of

feithin 4

hydrocholes-

anonol, 1 0.02 c.C.|0.03 coc.]0.045 cuc.| 0.06 c.c.| 0.09 c.c.|0.13 c.cC.
1en cent.

1

) pid Com= Com= Com= _ Com- Almost Very

§ plete pletéé— plete 7 plete%' completg’ marked

3l

ow 0] 0 0 o] 0 Trace

a“ The results show the amount of lysis in two hours at 37° c.
The arrows indicate the directions in which lysis proceeded.

? Table 4,
1l c.c. Ox Blood Suspension 4 1: 10,000 Cobra Venom 4
Emulsion.
hulsion.
00015 0002 00055 0005Ct00 0-080000 0012 CeCo 0.17 CeCoe
CeCo c.C c.C.
ithin, v
low (2 hours 0 Dis- | Com- | Complete| Complete| Complete | Complete
tinct| plete
24 ¢ Very Com= | Com= | Complete| Complete| Complete | Complete
marked | plete| plete
elthin
blesterin,
per cent
pid 22 hours 0 o} 0 0 0 0 0
24 hours 0 0 0 9] 0 0 0
feithin t
tlesterin,
per cent, Mark-
Ww (2 hours 0 0 -ad . CompleteiComplete| Complete |Complete
2¢ ¢ o] Com~- |Com- |Complete |Complete|Complete |Complete
plete|plete
foithin § de-
firocholestan-
1 1 per cent,
#id (2 hours - Trace |{Very |Very Very Marked [Distinct
‘ - Mark- |llarked |marked
-ed
24 - Com=~ |Com~ |Complete [Complete|Complete [Complete
plete [plete :
feithin & de-
#irocholestan-
1, 1 per cent
v (2 hours - 0 0 o] Trace Distinct Distinct
4 v " 0 0 Very Complete |Complete [Complete
‘ marked ;
N~
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Tahle

5.

1 c.c. Ox Blood 4 Cobra Venom 1: 10,000 *

g Emulsion.
jRapid Emulsions., 0.025 c.c.| 0.05 C.Ce|0.08 c.Cdl 015 CecCsl 0.23 cocd 0.3
0 c.C.
Lecithin Almost Complete | Complete | Complete | Complete |Com-
a complete plete
cithin & cholester- 0 0 o) 0 0 0
n, 1L per cent
jeithin cholesteryll O Complete | Complete | Complete | Complete [Com~
y
“hloride plete
cithin 4 cholesteryl 0 Trace Complete | Complete | Complete |[Com=-
jeetate plete
cithin § cholesterid 0 0 0 Faint Complete |Com-
-fbromide trace plete
cithin 4 dibromchol4 © Very Complete | Complete | Complete |{Com-
ﬂnster;yl acetate marked plete
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Substance.

Effect in syphilis

Reaction

Inhivbitory Effect
on Lecithin-Venoun
Haemolysis.

Chiolesterin
Cholesterin esters
Cholesterin dibromide

Dibromcholesteryl acetate

Dihydrocholesterin
Cyclocholesterin

Nitrodehydrocholesteryl
nitrate

Nitrodehydrocholesteryl acetate

Cholestenone

- Dehydrocholestanonol
Dehydrocholestendion

Dehydrocholestendion ethyl-
ether

Dehydrocholestandionol

Dehydrocholestandion

Very llarked
Marked
Marked

Distinect to
marked

Distinet
Slight

Distinct to
marked

Distinect

Distinct to
marked

Practically none
Narked

liarked

Distinect
Distinet

- Practically

Very marked
Practically none
liarked

Practically none

Distinet
Practically none

Practically none |

(not tested)

Practically none;

liarked
Practically none

Practically none

Practically none

none

The successive degrees of effect are: very marked, marked,
distinect, slight.
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Tahle 7.

Substance, Per Cent

Nature of Rapid Xixture

JCholesterin . . . 1.0
Cholesteryl chloride . 1.0

" acetate . l.1

" benzoate . 0.6
Cholesterin dibromide . 1.3
" " . 1.0
" " e 0.5

Dibromcholesteryl acetate

Dihydrocholesterin . 1.0
Cyclocholesterin . . 1.0

Fitrodehydrocholesteryl
nitrate [ ] * [ ] [ ]

1.27
Cholestenone . . . 1.0
Dehydrocholestanpnol . 1.0

Dehydrocholestendion . 1.0

. ethyl ether 1.0
Dehydrocholestandionol 1.1

“|Dehydrocholestendion . 1.0

—

Permanent colloidal, almost clearsolution
" " opalescent solution

Colloldal opalescent solution, precipitate
in 24 hours

" solution, permsnent
Immediate precipitate
Colloidal, precipitete in a few minutes
Permanent, colloidal, almost clear solution
Colloidel solution, less stable then with
corresponding concentration of choles-
terin dibronide
Permanent jelly-like emulsion

" colloidal solution, opalescent

L " L

Colloidal permenent solution, opelescent
Permanent colloidal solution, clear

Colloidal opalescent, precipitate visible
in 2 hours

Permanent colloidal solution, opalescent

Colloidal opalescent, precipitate in 24
hours

Colloidel opalescent, visible precipitation
in 2 hours
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Table 8.

Syphilitic Serum 0.05 c.c.

+

Amounts of Guinea-pigt!'s Complement

+-cholestery1 chloride, 1

0.14 c.c. 0.2 c.c. 0.28 c.c.
Turbid Emulsion 0.6 c.c.
Lecithin . .. . . . . Marked Almost Complete
complete
" 4 cholesterin, 1 per cent Trace Distinet trace| Complete

Dose of complement » 0.03 c.c.

per cent Trace Distinct Complete
CONTROLS: Emulsions alone 0.6 c.c. 4 complement 0.05 c.c. = almost
complete.

Table 9.

Syphilitic Serum 0.056 c.c.

Amounts of Guinea=-pig's Complement.

Comm: m‘l'iaﬂ’ alene 006 CeCo ‘ emlm&nt 0.02 ce.c. =
| Dose of complement w 0.008 c.c.

Turbid Emulsion 0.6 c.c.
0.15 c.c. Oe2e CoCol 0,27 c.Ch 0.36
L c.c.
Lecithin . . . . . . Marked Complete Complete Complete
+ cholesteryl benzoate, 0 0 Trace Just
0.55 per cent complete
) '* cholesteryl oleate, 0 0 Trace Just
0.57 per cent. complete
!
|
complete.

4
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| Table 10.
| Syphilitic Serum 0.05 c.c.
Amounts of Guinea-pig's Complement.
: Turbid Emulsion 006 CeCe 0.14 Ce C4 0.20 CeCo 0028 CeCoe 0036 Col
i
Leeithin ., . . . Very Almost Complete | Complete
} marked complete
" 4 cholesterin, 1 per 0 0 Very Complete
cent marked
" + cholesteryl acetate Faint Distinct Almost | Complete
l.1 per cent trace complete :
"4 nitrodehydrocholes- Faint Very Complete | Complete
teryl nitrate, 1.26 trace marked _
| per cent
!
. dehydrocholestendion, Distinct Almost Complete
1 per cent trace complete

CONTROLS:

Dose of complement = 0.03 c.c.

Emulsions alone 0.6 c.c. + complement 0.05 c.c., = complete.

Table 11,

Syphilitic Serum 0.05 c.c.
&

Amounts of Guinea-pig's complement.

Turbid Emulsion 0.6 c.c.

Oe2 CeCo 0.24 CeCo| 0428 CocCe |0.34 coc 0.4 Ce Cq
. LGCithin » ] ° . . Trace - - - -
. cholesterin, 1 :
per cent 0 0 o 0 Faint
trace
" ¢ cholesteryl acetatq 0 Faint Distinct [Complete |Complete
1.1 per cent trace
" 4 cholesterin didro-| O 0 Very faint{ Marked |[Complete
mide, 1,3 per cent trace
* ¢ dibromcholesteryl (Very Distinct| Marked |[Complete éomplete
acetate, 1.4 per [faint
cent trace

CONTROL8: ZEmulsions alene 0,8 c.c. $ complement 0.02 c.
Dose of complement @ 0.02 c.c.

CeiB

complete




Table 12.
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Syphilitic Serum 0.05 c.c. Amounts of Guinea-pig's Complement
+ 0.07 ¢.c.| 0.09 c.c.| 0.11 c.c.] 0.14 c.c. [0.18 c.c.] O 24 c.c. | 0.33 c.c.
Turbid Emulsion 0.6 c.c.
Lecithin . . . . . . »wsme Complete| Complete nosvwoﬁo Complete Complete Complete
Complete
Lecithin + cholesterin 1 per cent 0 (4] 0 0 0 Faint trace| Complete
" 4 cholestenone 0 Y Q Faint trace| Marked Complete Complete
" 4 dehydrocholestendion 0 0 @ ‘ Faint trace] Marked ooseumam Complete
" 4+ dehydrocholestandionol 0 o} Very mw»sa Trace Just Qoauwwem Complete
trace Complete
" 4 cyclocholesterin 0 ¢} Trace Marked Complete| Complete Complete
" + dihydrocholesterin 0 Trace Trace Trace Almost Complete Complete
Complete
" 4 dehydrocholestandion 0 ] Trace Marked Complete| Complete Complete
" 4 dehydrocholestanonol Just Just Complete Complete Complete| Complete Complete
Complete Complete

Emulsions alone 0.6 e¢.c. 4 complement 0.04 c.c. 5 complete.
gerum 0.056 c.c. 4 salt selution 0.6 ¢.¢. § tomplement 0.02 c.c.

Dose of complement @ 6.008 c.&.

= complete.

Cholesterin derivatives in amounts equimelecular with chelesterin 1 per cent.

Ty
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Takle 13.
Amounts of Guinea-pig's Complement.
Syphilitic Serum 0.05 c.c.
! v + 0.07 c.c. 0.1 c.cd 0.14 c.c. 0.2 c.c.
| Turbid Emulsion 0.6 c.c.
1
Lecithin . . . . . . Trace Complete | Complete| Complete
n <+ cholesterin, 1 per cent o} o} Faint | Complete
trace
" 4 nitrodehydrocholesteryl ) Faint Trace | Complete
acetate, 1 per cent trace

CONTROLS:

Dose of complement = 0.01l5 c.c.

BEmulsions alone 0.6 c.c. 4+ complement 0.05 c.c. = complete

Dese of complement m 0.008 c.c.

complete.

Table 14,
Syphilitic+§erum 0.05 c.c. Amounts of Guinea-pig's Complement.
Turbid Emulsion 0.6 c.c. 0.04 co.cy 0,08 cecd 0413 cocsl 0.2 c.ce.
lscithin . . . . . . Complete| Complete| Complete Complete
" ¢ cholesterin, 1 per cent 0 o] Distinct | Complete
» & dehydroecholestendion, 0 Faint Complete Complete
1 per cent trace
" + dehydrocholestandion, Faint Distinct| Complete Complete
1 per cent trace
" 4 cholestenene, 1 per
cent Trace Marked Complete | Complete
" & oyclocholesterin, 1 Distinct| Complete| Complete | Complete
- par oent - |
. CONTROLS: Bmulsions alone Q.6 c.c. + complement 0,04 c.c. =



Table 14, 192,
1l c.c Ox Blood + Cobra Venom 1: 10,000 +
Emulsion.
_ Emulsion
— 0.0l c.c. 0.02 c.cd 0.0b C_.Co B 0007 CeC4d 0.4 ce.Co»
Lecithin, rapid Vefy féint Complete| Complete Complete| Complete
| trace '
j " slow Very faintl Almost| Complete Completei Complete
¥ trace complete !
Cholesterin, rapid 0 0 0 0] 0
| " slow 0 o] Marked Complete| Complete
Dehydrocholestendion,| Very faint| Complete | Complete Complete | Complete
| rapld trace
i
Pehydrocholestendion, Very faint| Complete | Complete Complete Complete
slow trace

Dehydrocholestendion

ethyl ether,rapid 0 Complete | Complete Complete Complete
" slow 0 Complete | Complete Complete Complete
Dehyrocholestandionol 0 Complete | Complete | Complete| Complete
_ rapid

" slow 0 Almost Complete Complete Complete
complete
Table 15.

1 c.c. Ox Blood Suspension 4 Cobra Venom 1: 10,000

Emulsion -]- Emulsion.
0.02 cecy 0.035 cece 0.055 co.c}p 0.5 c.c.
Lecithin, slew . Distinct| Complete Complete | Complete
# & cholesterin, 1 per 0 0 o) Trace
. cent, rapid 5
L - cholesterin, 1 per 0 Distinct Complete Complete i
| cent, slow i
" ¢ dihydrocholesterin, 0 0 Just Complete |
. 1 per cent, rapid complete {
" 4idihydrechelesterin, 0 0 Very Complete i
1 per cent, slow marked
"  § oyclocholesterin, |Very faint Almost Complete | Complete
1 per cent, rapid trace complete
* 4 ayclocholesterin, Faint Complete Complete | Complete
1 per cent, slew trace
" & cholestenone, 1 0 Very Just Complete
per cent, rapid marked Complete
* & cholestenone, 1 per 0 Marked Just Complete ;
cent, slow Complete
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Table 16,

Rapid Emulsion

1 c.c. 0x Blood Suspension 4 Cobra Venom
1l: 10,000 4 Emulsion.

0.01 Ce C4d 0.02 CeCh 0'035 CC 00055 CCs 00085 CeCoe
Lecithin . . . . . . 0 Complete| Complete | Complete| Complete
" 4 cholesterin, 0 0 0 0 Trace
0.5 per cent
o 4+ cholesteryl o} Complete| Completed Complete| Complete
benzoate, :
0.55 per cent
. 4 cholesteryl 0 Complete Complet% Complete| Complete
benzoate,
0.288 per cent
Table 17.

1l c.c. Ox Blood Suspension + Cobra Venom
‘ ' 1l: 10,000 + ZEmulsion.

.

Emulsiono 0001 COC{ 0002 CoeCh 00035 CeCy 0.5 CeCo
Lecithin, slow . . . . o Complete| Complete Complete i
" 4 cholesterin, 1 per 0 0 0 Very faint
cent, rapld trace |
‘ " & cholesterin, 1 per 0 0 Complete Complete
! cent, slow
" + nitrodehydrocholes~ 0 Complete Complete Complete
teryl nitrate, 1.27
por cent, rapid
" 4 nitredehydrecheles~ 0 Complete| Complete Complete
teryl aiteate, 1.27
per cent, slow
—
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| Table 18,

a « o]

Syphilitle ber:? (657C.), 0.05 c.c. amounts of Guinea-pig's Complerent
| Turbid Emulsions 0.6 c.c. 0.25 Cacd 0.32 Cucd 0.4 Cuce| 0.5 c.ca
|
N
Lecithin ., . . . ) . Very Complete | Complete| Complete
| faint

trace

" 4 cholesterin, 1 per cent o 0 Veryfaint{ Complete
! trace
o dehydrocholestendion, 1 0 Very Complete| Complete

+
per cent faint
trace

* & dehydrocholestendion 0 Very Complete| Complete

ethyl ether, 1 per cent faint
trace

Dose of complement = 0.0l15 c.c.

Table 19,

Emulsions.

1 c.c. Ox blooéd + Cobra Venom

1:10,000 + Euulsion.

lecithin, turbid . .+ .« .

| " & cholesterin, 1 per cent

" ¢.dehydroehclestandion, 1 per
cent, clear

'n & dehydrochelestendion, 1 per
cent, turbid

0.01 c.c.
Trace

0

Trace

Trace

C.02 c.co.
Complete
0

Complete
Complete

0.5 cecCe
Complete

Paint
trace

Complete
Complete

=i

o



Table 20Q.

195.

Emulgions.

1 c.cs. Ox blood Suspension 4 1:10,000
Cobra Venom 4 Emulsion.

= 002 ceCo

[

0.035 c.c.| 0.055 c.ce 0.085 co.cy 0,125 c.c»
s:cithin 4 cholesterin dibromide|Very faint| Marked Almost | Complete
1.3 per cent, rapid trace complete

o 4 cholesterin dibromide; Marked Complete Complete| Complete
1.3 per cent, slow
" 4+ cholesterin dibromide|Very faint| Marked Complete| Complete
0.75 per cent, rapid | Trace
" 4 cholesterin dibromide
0.75 per cent, slow Yarked Complete Complete| Complete
" 4 cholesterin dibromide
0.375 per cent, rapid 0 0 Marked Complete
o 4 cholesterin dibromide
0.375 per cent, slow | Distinct Almost Complete| Complete
1 complete
" 4 dihydrocholesterin,
j 1.0 per cent, rapid Complete | Complete Complete| Complete
" 4 dihydrocholesterin, Very Complete Complete| Completfe
1.0 per cent, slow marked
§ " 4 dihydrocholesterin,
| 0.5 per cent, rapid Almost Complete Complete| Complete
: complete
" 4 dihydrocholesterin,

' 0.5 per cent, slow Complete | Complete Complete| Complete
oo 4 dihydrochdlesterin, Complete | Complete Complete| Complete
. 0.25 per cent, rapid
| ]

} +.dihydrocholesterin, Complete | Complete Complete| Complete
r 0.25 per cent, slow
Lytic dose of lecithin emulsion (slow) with venom
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Tzble 21,

Substance.

Effect in Syphilis
Reaction.

Inhibition of Lecithin-
Venom Haemolysis

Cholesteryl esters
Cholesterin dibromide
Dehydrocholestendion
Dehydrocholestanonol
§Choiesterin |

Marked

Practically none

Very marked

Practically none
larked
Practically none
Marked

Very marked




Leathes,
Bang,

Erlandsen,

MacLean,

Overton
(fat staining)

Ruhland,
Héber,
Overton,

Meyer,

Ransom,

Kyes,

Kurt leyer,
Rywosch,
Port,

Wassermann, Neisser
and Brick,

Liebermann and
Fenyvessy,

Much,

Bang and Forssman,
Gottlieb and Lefmann,
Kurt Meyer,

Bergel,

Thiele and Embleton,

Ritchie and Liller,

Jobling and Bull,
Neuberg and Reicher,
Burger and Beumer,
Roemer,

Peritz, C
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SUMMARY and CONCLUSIONS.

The properties of alcoholic extracts of normal and of auto-
lised liver have been compared as regards -

(a) Haemolytic aétién on ox's red blood corpuscles.

(p) Bffect on oomplemeht.

(c) Bffect when used as 'antigen' in the Wassermann
syphilis test.

(d) Action along with cobra venom.

Extracts of autolised tiesue as compared with those of normal
tissues were found to be much more haemolytic and, as a result

were unsultable antigens in the Wassermann test.

The haemolytic action of autolised tissue exfracts was inhibi-
ted in different degree by different syphilitic sera. -

The crude alcoholic extracts of normal and of autolised
tissues have been divided into a number of components by the

use of acetic ether and acetone. <

The component soluble in cold acetic ether from both normal
and autolised tissues was always markedly haemolytie, dis-
tinetly anticomplementary and unsuitable as syphilitio

antigen.

The lecithin component was always relatively non-haomolytic,
had practically ne antieomrlcmsntamy action and yielded an

active haemolysin along with cebra venom.

In the presence of syphilitic serum the lecithin fraction had

a lower antigenic valun‘than the cerrbiﬁonding crude extract;

addition of the cemponent soluble in cold acetic ether to

the lecithin fraction markedly increased the antigenic effect.

The combination of cholesterin and lecithin formed a very

suitable antigen for the detection of syphilitic sera.
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Lecithins have been prepared from a variety of tissues by
a special method which has been found to give, as compared

with other methods, a very pure product.

The action of different lecithins in the following biological
tesﬁs has been examined (a) haemolytic effect on ox's red
blood corpuscles, (b) effect on complement, (c) power of
causing the combination of a large amount of complement in
the presence of syphilitic serum, (Wassermann syphilis test)
and the effect of the addition of cholesterin, (d) power

to form haemolysins along with cobra venom.

In the presence of syphilitic serum the addition of choles-
terin caused in all cases & marked increase in the amount
of complement absorbed; this inorease was greatest in the

case of heart lecithins and least with yolk lecithins.

The most suitable lecithins for use in the Wassermann
reaction, because the most uniform in action, were the liver

lecithins,

Ledithins from heart muscle were found to be uniformly

more anticomplementary, less lytic and less active along
with cobra venom than were the lecithins from the liver and
the egg yolk, while the yolk lecithins were generally the

most actively lytic in the presence of venom,

Considerable differences were found in the degree of un-
saturation of the lecithins as tested by the lodine Values;
8gg yolk lecithins gave generally lower iodine values than
liver or heart lecithins; differences were also found in
the iedine values of lecithins obtained from different

samples of the same tissue.

No parallelism between the iodine values of the lecithins
and their action as syphilitic antigens or as haemolysins

with cobre venom could be found.
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The effect of preliminary formalin fixation as an aid
to the drying of tissues has been tested.

Lecithins from formelin-fixed and dried tissues do not
differ materially from lecithins obtained from the same

tissues extracted in the 'wet' condition.

Evidence has been produced to show that in the case of
both 'wet' and dried tissues the amount of lecithin
obtained from any particular extract depends on the degree
of dehydration of the tissue at the time 6f extraction,

i.e, the relative proportions of water and alcohol present.

Only a small proportion of the amount of lecithin actually
present ecan be obtained by the extraction of tissues with

ether.,

Lecithins obtained from ether extracts 6f tissue differ in
their biological reactions from the lecithins obtained

from the same tissue by means of alcohol,’

'Ether-extracted' lecithins are generally quite unsuitable
for use in the Wassermann reaction and are relatively

inactive along with cobra venom.

Methylated spirit can be used in place of absolute alcohol
for the extraction of lecithin, the cost of production

being thus muech reduced.

The lecithin content of a large number of different tissues
has been examined and observations have been made regarding
the effect of repeated extraction of wet tissues with
aleohol.

All the lecithins obtained (numbering frem 400 to 500}
have/
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have been tested for their biological reactions and .
for their iodine values and considerable differences

have been elicited.

Lecithine obtained from successive alcohol extracts

ef the same sample of tissue may also differ,

Resultis have been obtained which suggest that the
fodine values of lecithins may in part depend on the
amount of water present in the mixture of tissue and

alcohol used for extraction.

-A11 the lecithins examined have been unsaturated: no

fully saturated lecithin has been met with,

" %he iodine values of lecithins tested immedintely after

preparation were high and & fall generally occurred to
values which were fairly comnstant for a considerable

period.

“The i1odine values obtained in many cases have been much

Bigher then the values hitherto recoerded for lecithin

by other observers,
Commercial lecithins were generally impure.

A few experiments with the object of altering the
characters of lecithin have been made but the results

have been inconclusive,

A number of facts regarding the occurrence and properties
of certain pigments have been made in the course of the

worke

Numerous attempts to determine the purity of lecithins
by an examination of the N:P ratio have been made but
the results have in all cases been unsatisfactory as

constant results could not be obtained,
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A number of substances having properties differing from
those of known lipoids have been separated from the residues

of the acetone precipitates.

These¢ substances, with one exception, were soluble in
ether and were precipitated out of ethereal solutions by
the addition of acetone or alcohol.

They were all soluble in water, giving with some clear,
and with others, turbid solutions.

These substances all yielded haemolysins along with cobra

venom.

The property of giving rise to a haemolysin along with
cobra venom is not, therefore, a characteristiec of lecithins'

as has hitherto been supposed.

A numder of other lipoids isolated as bye-products from
the acetic ether precipitates in the course of preparing
lseithins have also been examined; oertain of those

have also given haemolysins along with cobra venom.
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The introduction of lecithin into complement-containing
serum of the guinea-pig does not materially alter the
complement dose; in the case of rabbit's serum the com-

plement activity is frequently increased.

The albumen frection from a serum treated with certain
lecithins is as actively haemolytic for sensitised cor-
pusecles as the original complement while the globulin
fraetion retains the property of effectively acting along

with erdinary albumen fraction.

The addition of lecithin to ordinary albumen fraction
after separation does not enhance the complement activity

of thﬁ fraction.

The lecithin must be mixed rapidly with the serum or with
the water used for dilution in order to produce the effect -
described; slow admixture does not yield an active lecithin |
albumen fraction.

The albumen fraction of a serum treated with lecithin is
tabasorbed' by complement-absorbing agents; it can slso

replaae complement in the Wassermann reaction.

The activity of the lecithin albumen fraction is dependent
on the presence of complement in the original serunm.

Leeithins differ markedly with regard to their power to
produce the alterations described; a large number of pre-

parations are gquite inefficient.

These reseults have an important bearing on the nature of
cemplement action.




(1) The biological actions of a number of chelesterin
derivatives have been tested and observations made
regarding the effect of the physical state and of

alterations in the cholesterin molecule.

(2) In the syphilis test turbid emulsions were more efficient
in gausing complement deviation than clear (colloidel)

‘aolutzpns.

(3) 'The inhibitory effect of cholesterin dibromide on lecithin-
veﬁem»haamolysis wes gfeater when these substances were
in the celloidal state; the reverse was the case with

dehydroeholestanonol.

(4) Alterations in the cholesterin molecule produced differences
in agtion which were independent of variations in the |
physical state of the mixtures.

(5} Cholesterin was more efficient in the syphilis test and
| in inhiditing lecithin-venom-haemolysis than were any

of its derivatives.

(8)  No parallsliiem existed between the effeet with lecithin
"Sn $bs spphilis reaction and the effest om lecithin-venom-
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