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Phospholipin anslysis has elwayvs been a tool
of importence in the hands of the worker on lipin
metebolism. Attractive theories have been put forwsrd,
suggesting that phospholiping are sgents active in the
trensport of fats, or that fatty acids are more readily
oxidised in combination as phospholipins (1,3,3). All
are agreed that phospholiping are probsbly of prime
importance in the metaboligm of fats, but concrete
evidence both for and against the various theories is
spering and inconclueive. While this is undoubtedly
‘due, in some measure, to the slowness of the reactions
undergone by liping — alimentary hyperlipeenia, foi
example, when it does occur, disappears very much more
slowly then alimentary hyperglycaemisz (4) —-—

‘& contributory factor must surely be the inadequecy of
the available analytical methodg. For present purposes,
these have been considered with special reference to
blood, but the same voverty of technique applies in
general to ell tissue analysis.

While kephalin and sphingomyelin have both
been isolated from blood (5,6,7), pure lecithin has not,
end relisble micro—-chemicel methods for the
determination of &2ll three compounds ere completely
lacking. Attempts have been made to determine kephalin |
by estimating the amino-nitrogen of its colamine
residue, but it will cause the reader no surprise to

hear that this method has been shown to give

highly inaccurste results, since it is not specific
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and 1ipoid extracts appear invarisbly to contain
considerable amounts of unidentified nitrogenous material
from which ittimpossible to separate the lipins
completely (8,2,10). Willisms and his colleborstors(ll)
heve made indirect kephalin determinations by means of
the difference between phosphorus and choline analyses.l
Stewart and Hendry (13) have obtained results which
indicate that sbout one-half of the phospholipins of
whole blood consists of sphingomyelin, but none of |
these workers have reslly done more than touch on the
fringe of the problem.

A superficisl exemination of the work of Xirk
I(13) suggests that he has gone much further. He has
published analyses for lecithin, kevhalin, and
sphingomyelin separately, but unfortunately a close
scrutiny of his results and even of his methods sghows
‘them to be almost without velue. In the first place,
the determinations were carried out on & petrol-ether
extract of the residue from the eveporstion of an
‘2lcohol—-ether extract of plasme or corpuscles. This
evaporation was done by simply lesving the solution in
gin an open besker in & warm place overnight. Such a
procedure, in which & large surfasce of material is
presented to the air over many hours, encoursges oxidation
and hence loss of phospholipins. The second stage in
Kirk's snalysis was the precipitation of the phospho-
lipineg by the method of Bloor(l4) with acetone and

alcoholic magnesium chloride. No one can take exceotion
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t0 this, but to base results on the varying solubilities
of the precipitated phospholinins in moist ether is
surely most dangerous$ phospholipins are go readily
taken up, in either true or colloidal solution, by
solutions of other phospholipins. Finally, a study of
Kirk's figures is alone sufficient to condemn his
technique. His values for total phospholiping very far
more smong themselves (54~235mg./100 ml. in plasme, and
26 — 297 mg./100 ml. in cells) then those of any other
workers, and many of them are far below the standards
which are universelly recognised as normel. This in
itself casts grave doubt on his work, since the
determination of total phospholiping, whether by
quantitative oxidation of the precipitate or by
estimation of its phosphorus, is 2 simple,standard
experimental procedure, and there is no reason o
suppese that the blood of the Danes should heve & more
variable or a lower phospholipin content then that of
other healthy Europeans.

In point of fact, it was some time before the
appearance of Kirk's peper that this research was
undertaken. It had seemed (end, indeed, it still does)
that endless possibilities for research would be opened
up if it were possible to determine sccurately and
without overmuch tedium the relative proportions of
lecithin, kephslin, end sphingomyelin in any given
mixture of the thiee. It was evident that & separation
based on differing solubilities would lezsd to0 very
considersble errors when epplied to small amounts of
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complex mixtureg, and attention was therefore directed
to the possibility of determining the various
characteristic residues found in different
phospholipin molecules, e.g.: choline, glycerol, and
ﬁ?—amino—ethanol or colamine.

A consideration of the distribution emong the
.phospholipins of phosphorus and these characteristic
residues (see Teble 1.) showe that if it were possible
to determine glycerol, choline, and phosphorus, then a
little elementary algebre would give the concentrations
of the three phosgpholipins, snd further, that a
determinstion of colamine would afford a valuable
check on the other estimations, beside giving a direct

ectimate of the concentretion of kephalin.

Lecithin, 1 1 1
Kephalin. 1 - 1. 1

Now, the determinstion of phosphorus in
1ipoid materisl presents little more difficulty then
its determinstion in pure phosphate solutions, and
suitable estimexions of choline and glycerol, capable
of application to volumes of blood of the oxrder of
1 -2 nml., have been devised and are reported here. The
attempt at the determination of ﬁ3 —emino-ethanol ,

based/
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based on an apparently highly specific reaction
|stumbled on during the course of another part of the
|research, has unfortunately failed, so that the check on
the other methods is lacking. They have, nevertheless,
been spplied to phospholinin precipitates prepared from
Ihuman blood, with résults whichare discussed leter. It |
‘'has been thought fitting to report also the work on
Icolamine, in spite of the lack of success attending it,
gince some of the findinge were extremely interesting

from a purely chemicz2l point of view.

THE DETERMINATION OF GLYCEROL.

| The determination of smell smounts of glycerol
‘has never been & matter of simplicity. Satisfactory
determinations can be made on & macro- or semimicro-
'scele by oxidation to oxelate with slkaline
permengenate, followed by titration of the oxslate with
stendard permengenste. The drawback to the use of this
method for very small amounts of glycerol is the grest
difficulty attending the estimation of minute smounts
lof oxalate. Even if & pure precipitate of some suiteble
:oxalaie can be quantitatively sevarated, it is hardly
convenient to titrate less then 4 - 5 micromols. of
oalste (corresponding to 0.8 - 1.0 ml. 0.01 N |
-permanganate), end for present purposes it was hoped to

find a method suitsble for the determination of

lquentities a2t least as small as 1 micromol.
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In 1835 Fleury ond Fatome (15) published &

method for the determination of 5 — 15 mg. glycerol -
'about 50 - 150 u-mols. - which was based on an
oxidation with periodic acid described some yeers
earlier by lalaprade (16):

CH50H HCHO
EHOH + 2HIO, = B2HIOz + HébOH + Hs0
éHgOH Héﬁo

This reaction is absolubely quantitative.
Fleury and Fatome added & measured excess of sodium or
votassium periodate in sulvhuric acid, allowed the
reaction to take place, and used the excess periodate
to react with a measured excess of arsenite. Finally,

the excegs of arsenite was titrated with lodine:

While thie method gives excellent results in
pure solutions of the concentration recommended by its
euthors, certain objections meke themselves felt when
attempts are made to apply it to more dilute solutious
prepared from biological materisl. In the first place,
it becomes necessery to deduce the result from & small
difference between two compsratively large titrations,
and in the second place one is gimply measuring the
diseppearance of an oxidising agent whose specificity

is by no meane high.
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For these reasons attention was directed to the |
velue and possibility of estimating either the formic
acid or the formaldehyde vproduced. lost methods for the
determination of formic acid eppear to depend primarily
‘on its reduction to formaldehyde by some such agent ag
magnegium with dilute acid, and attention was therefore
:fooussed entirely on the aldehyde.

Periodic acid will atteck elmost any compound
containing two adljecent partially oxidised carbon atoms,
Thus, all X -glycols are attacked, including such
substances as tarteric acid. As we have already seen,
the carbon chain of glycerol ig split in two places,
and the molecule of glucose is broken into Iragments.
The details of these and of severel other reactions are
given by the French suthors (17). It is fortunately the
cagse, however, that comparatively few of these numerous
oxidations give rise to formaldehyde. Broadly spesking,
only primery elcohols oxidised in the &K -position -~
e.g. s glycerol, glucose, ethylene glycol =—-- yield
formaldehyde, although there ig at least one interesting
exception to this rule (see p.18 ). Hence, since glucose
and certain other reducing substences cen be readily
removed by the coopper-lime treatment used in the lactic
scid determination of Friedemann and Greeser (18), and
because &K —cxidised primary elcohols other than sugars
are not common in hiological material, it seemed that
an accurate formaldehyde determination might be the key
to an accurate glycerol determination.

Since 1910 (19) the quslitative detection of
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‘minute amounts of formaldehyde by a highly specific

reaction has been & practicael possibility. Schryver

himself, the originator of the reaction, cleimed that |
the method could be used for quantitative estimations
without further modification, but, as will be seen

' shortly, his claims were a little too ambitious. His

' technique was to gﬂd to 10 ccs. formeldehyde solution

3 ces. of freshly prepesred 1% phenylhydragine
hydrochloride and 1 cc. 5% potessium ferricysnide. This!
'produced & brown colour which turned to & beautiful
'rose-red on the addition of 5 cecs. concentrated
ihydrochloric acid. This red colour, it was claimed by
Schryver, wae sultable for colqrimetric pUrpoOSESs.
Unfortunetely, & turbidity slmost inveriably sppears
when the potassium ferricyenide is added, which does
not completely dissolve on acidification. This spoils
Ithe solution for colorimetric comparisons, as does also
.the fact that the intensity of the colour produced
under these conditions does not appear to be cuite
constant for a given amount of formaldehyde. While the
the formation of the turbidity is prevented by slight
acidification at this stage, the acid glows up or i

checks entirely the formation of the brown compound.

A full investigation of this colour reaction
was therefore undertaken, with a view to laying down |
stenderd conditions for its employment as a
quantitative method. Preliminary experiments yielded a
certaein amount of interesting information which it
seems worth while to record, although it threw no light|
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on the nature of the reaction. For example, if potessium
ferricyanide solution be mixed with phenylhydrazine
hydrochloride in the proportions recommended by Schryver,
the yellow colour of the ferricyenide disappears
completely in a few moments, irrespective of the
presence of formeldehyde. The colour of iodine is
hispelled in the seme way, indicating presumably its
%reduction to iodide. Iodate and periodate (as well as |
giodine) will both produce the brown colour in the
@resence of formsldehyde, but they both form coloured
loxidation-products from phenylhydrazine itself.
Perchlorate, hypochlorite, end 6f% hydrogen peroxide are
o1l ineffective as oxidieing agents. One of the most
interesting observations that was mede is thet
p-bromophenylhydrazine produces very little colour with
?ormaldehyde, ferricysnide, and concentrated
:hydrochloric acid.

| After these preliminary experiments it was
!decided that no useful purpose would be served by a
gfurther search for more suitable reagents, and that
modification of the original conditions was more likely
!to give setisfactory results. A Pulfrich photometer was
used for colour determinastions, but it must be
;emphasised that the instrument is not very well suited
kor experiments carried out occasionally over a long
iperiod, since the colour-producing cualities of :
phenylhydrazine gppear to vary somewhat with the age of
the specimen. The most suitable filter for use wes
determined by observing the extinction coefficient of

the/
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the coloured solution with each filter in turn and
selecting the filter which gave the highest extinction
coefficient. It will be seen from Table 2 that as the
filters pess in colour from violet through blue to
green the extinction coefficient rises to its maximum
at the green filter 853, falling again until with the

red filters it is very low,

Eilter no. Colour. Es
8. 43. Violet. 0072
B. 47. Blue. 0.177.

B. 0. Blue-green. 0.232.

8. B2, Green. 04254,

8. 57. Tellow. 0.108. ‘
‘8. Bl. Red. 0.04.

B. 73. . 0.08.

8; 75, Ll 0,045, ‘

The reagents used in this investigation were
B.D.H. "Ansler" phenylhydrazine hydrochloride and
potassium ferricyenide, and "pure" hydrochlorié acid
end 40% formelin from Messrs. Griffin and Tatlock. The
formalin was stendardised by the technique of Brochet
end Cambier (209, which gives very satisfactory resulfts
on & macro-scale. A measured volume of formalin solution
is mixed with & measured volume of & standard solution
of hydroxylsmine hydrochloride, the hydroxyleamine
being in excess. The oxime of formaldehyde is

immediately/
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igmediately formed, which has no basic properties, so
thet hydrochlorice acid is liberated and cen be titrated
with stendard sodium hydroxide, Suiteble indicstors are
bromphenol blue snd methyl orsnge, znd in order to
ensure absolute sharvness of end-noint it is wiser %o
use normal than tenth-normal solutions. Different
specimens of Iformelin were exemined repeatedly over a
period of meny months, and gave results between 38.5
end 40 gm. formaldehyde per 100 ml. solution. Solutions
of suitable strength were nrepared by dilution.

The points investigeted include the followinge
1. The concentration of acid necessary to prevent the
formation of a precipitate or & cloudiness from the
vhenylhydrazine and the potassium ferricyesnide.
de The optimum relative concentrstions of potassium
ferricyenide and nhenylhydrazine.
3. The time necessery for full development of the
brown colour under the conditions determined sbove.
4. The concentration of acid necessary to convert the
brown colour completely to red.
5. The variation in intensity of the red colour with

concentration of formeldehyde.

Preliminery experiments indicated that an
excess of potassium ferricyenide is one of the msin
factors in the production of turvidity, and that the
very high concentration of both ferricysnide and
phenylhydrezine employed by Schryver is 2lego harmful.
Since this discovery it has been customery to use for

each determination 2 ml. 0.03 lI phenylhydragzine and a

suitable/
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suitable volume of 0.015 M votassium ferricyanide. Under
such conditions no turbidity is produced if the
oxidation is carried out in a solution which is 0.02 N
with respect to hydrochloric acid. In these experiments,
then, 3 ml. phenylhydrazine hydrochloride 0.03 M, made
up in 0.2 N hydrochloric acid and filtered, were added

to the formaldehyée solution.cﬁsj mixture was diluted
a

to 18 ml”:and the ferricyenida& After definite periods
of time 5 ml. concentrated hydrochloric acid were
added snd the whole diluted fto 25 ml. The extinction
coefficient was read, and the values plotted on graphs

which are reproduced in Figure 1.
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This figure indicates that maximum colour
develooment is attained in 30 - 40 minutes, using
2 - 2.5 ml. 0.015 M potassium ferricysnide. Consequently,
in 211 subsequent experiments 2 ml. 0.015 M potassium

ferricysnide were used, and the oxidation was allowed

to/
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to proceed for thirty minutes.

Figure Two shows the extinction coefficient
plotted against the concentration of hydrochloric acid
in the final solution. It is resdily seen from this
that 5 ml. odncentrated hydrochloric acid per 25 ml.

gsolution ieg indeed 2 very suitsble amount.

Fig. 2, ‘
I =
di ./
=
“.
o & im i ﬂ:‘..l Ll &

Figuré 3 shows that the intensity of the
colour is not proportional to the concentration of
formeldehyde, and that if it is desired to use a
colorimeter for the estimation, then the standard must
epproximete feirly closely to the unknown in
concentration. In order that the "blank" due to the
phenylhydrazine might be entirely eliminsted, these
figures were obtained by performing the oxidation in
20 ml. solution as described before and then diluting
t0 nearly 100 ml., adding a suitsble volume of
concentrated sulphuric acid (4 ml.) before completing
the dilution. Cere must be taken that the solution does
not get too hot during the addition of the acid, since

this leads to a percentible fading of the colour.
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On the besis of 2ll these preliminary
experiments the following technique is recommended for
the estimation of formsldehyde in the absence of .
interfering substances -

A volume of formsldehyde solution not
exceeding 15 ml., and preferaebly containing not more
than & u-mols. (0.10 mg.) formsldehyde, is treated with
2 ml. 0.03 M phenylhydrazine hydrochloride in 0.2 N
hydrochloric acid. After meking up to 18 ml. the
mixture ie treated with 2 ml. 0.015 M potassium
ferricyanide (neither the phenylhydrazine nor the
ferricyamide should be more than a week old, and they
must both be kepot in derk bottles) and the tube left
to stend for half en hour. During this time a colour

develops which varies from pale yellow to a deep

purplish/
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purplish brown, depending on the concentration of
formaldehyde present. The solution is diluted in a2 50
or 100 ml. volumetric flask and treated with either 2
or 4 ml. concentrated sulphuric acid, or, in order to

avoid overheating, 10 or 20 ml. of a 20% v/v solution

of sulphuric acid. After diluting to the mark and

mixing, the intensity of the colour is compared with

-

that of a suitable standard similarly prensred.

Application of method to pure glycerol solutions.

n

If a

{l

solution containing glycerol is treated with

1

o

periodic acid, then before it can be estimated the

P

formaldehyde produced must be separated from the other
substences in the solution, which interfere with the

development of the colour. Under certain specisal

"

circumstances, the formaldehyde can be distilled off

*

in a special epparatus (see Fig. 4) which consists

egsentially of a 10 ml. r.b. flask attached to a sawn-
off micro-Kjeldahl head snd = water—condenser. Cork is
inedmissible, and rubber should be reduced to a minimum

in the epperatus.
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Since peripdic scid at high temperatures
unfortunately destroys formaldehyde, it is necessary
before distillation to destroy excess vperiodate by
reduction. loreover, it is necessary to carry the
reduction completely to the stege of iodide. Sodium
thiosulphate is a suitable reducing agent. It is
further necessary to render the . solution alkeline
before dietillation, otherwise no formsldehyde is
recovered. The estimation of glycerol in pure solution
can be satisfactorily cerried out as follows:-
To 1 - 3 ml. solution containing not less than
0.2 u-mols. (0.02 mg.) glwcerol is added 1 ml. 0.05 N
sodium periodate in 3 N sulvhuric ascid (Note: Bifferent
'manufacturers supply periodetes of different formula.
That supplied by the British Drug Houses, Ltd., has
the formula N35H(IO5)3, and appeare to be & product of
high purity.). After five minutes the excess of
periodate is destroyed by the dropwise addition of
50% sodium thiosulphate. lodine is first liberatéd, but
. after the addition of 3 - 4 drops thiosulphate it
disappears agein. Its disappearsnce indicates thet
sufficient sodium thiosulvhate has been added. The
contents of the flask are then neutralised with 20%
caustic sods, and an excess of 2 - 3 drops added. The
formaldehyde can now be distilled off in the
apparatus illustrated in Fig. 4. The distilletion is
carried on until the bottom of the flask is almost dry.
2 - 3 ml. water is then added through the funnel end
the evaporation repeated. The receiving tube contains

2 ml./
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3 ml. 0.03 ¥ phenylhydrazine hydrochloride, end
formaldehyde ig determined in the distillate as
described on pp. 14 — 15. Some typical results are

given in Table 3.

ILis.
|

dat. glveorol trkion. Ant, clveesel fownd. & recovercd. |
1.52 u-mole. 1,18 u-mols. il
l.22 1.25 10z

l.a3z . 1.24 101

0.51 0.51 100
0.43 0.50 102
0.332. 0.336 6
0.288 0.288 100
0.242 0.238 95

0.208 0.20 a7 |

C.32 0.233 105.

Ag cen be secen from these resulits, the method
ie perfectly satisfactory for pure solutions. What of
possible interfering substences ? Glucose is the most ¢
striking possibility, but fortunately it can be
removed by treatment with copper sulphate and calcium
hydroxide, as 1s done in the lactic acid determination
of Friedemenn znd @reeser (18). A number of other
substances have been tested, particularly substences
which might not bBe expected to yield formsldehyde but
do occur in blood. Creatinine, creatine., uric acid,
lectic acid, urea, end various smino-scids have been
been examined in concentrations far in excess of that

expected. From none of these has formesldehyde been

obtained./
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Glycerophosphate has not been tested, since the method
;Was designed for spplication to lipin-containing extracis,
and Stewart and Hendry (12) have shown thet that added
glycerdphosphate is not extrescted from blood by the
Ialcohol--ether mixture employed by Bloor (14). Of the
Isimple compounds which are built into the complex
phospholipin molecules, both choline and colsmine have
been examined. Choline is hydrolysed by caustic
elkalies to trimethylemine and ethylene glycol. Ethylene
glycol is quentitetively oxidised by periodic acid to
two molecules of formaldehyde, and it was therefore
thought extremely probable that choline would interfere
with the accurscy of the method. It does not, however,
even after heating for 45 - 60 minutes with slkeli, the
reason presumably being that ethylene glycol is either
lost by eveporation or converted to some inert
substance. If such dilute solutions of ethylene glycol
slone ere heated, two-thirde of the initial quantity
digappesr within 45 minutes.

/6 —zmino—ethanol has been found to be attacked
very slowly in acid and rspidly in alkaline solution
by periodete with the formetion of two molecules of

formaldehyde and one of smmonia, in accordance with the

following equation:

CHoOH + 2 10 = 2 I0F + HOHO + NHs.
| +
CHyNHg; | HOHO

Unsuccessful attempts, which are described later,

have been made to base upon this reaction a determination

of/
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of colamine and kephalin, but in the mesntime it will
be sufficient to observe that if the oxidation of
glycerol is not permitted to last longer than 5 - 8
minutes, then the error resulting from the

concomipant oxidation of as much =28 three molecular
proportions of colamine is negligible. The oxidation of
| glycerol itself is complete in three minutes, so that

 five minutes is emple time to allow.

Application of the method to pure fot golutions.

The hydrolysis of pure fot solutions, prepared

from triolein, tripalmitin, or tristearin, always
presents a more difficult problem than the hydrolysis
of the complex mixtures of fats and linins derived
from natural sources. The saponification of pure
tristearin may require many hours for completion, and
even the hydrolysis of olive oil (which can for all
practical purposes be regerded as 100% triolein)
usually takes two or three times 2g long as the
hydrolysis of the lipins in a Bloor extract.
Consequently, there is danger thet during prolonged
heating glycerol may be lost by volatilisation, but as
Taeble 4 will show, this can be avoided.

A solution was prepared by dissolving 0.2024 gm.
olive 0il in 100 ml. 2lcohol. Thig was calculated to
contain 0.222 millimols. triolein per 100 ml. solution.
1 ml. portions were heated on the hot-plete with 1 ml.
0.2 N caustic soda under different conditions, and at
the end of the hydrolysis the mixture was neutralised

and/
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and glycerol wes determined. The results obteined were
used to calculate the concentration of fat in the

original solution.

ITABLES.
LS
[
Eydrolysis time.  Experimented conditions. Fat found.  E.
|
30 mins. Eveporetion to 0.2 ml. 6,075 maols.® 33
80 * Repected addition of 0.203 * ) 8
E fleohol.
&0 " ¥ 0,307 90
HOHEN RAenerted eddition of g.28% " 102
elcohol and weter.
130 * . o.2as ¢ 97,
130 * Reperted pddition of 0.198 ¢ B8

slcohol and weter, but
flagk permittved to go
dry once or twice.

This teble shows that the hydrolysis of olive
0il is complete undér the sbove conditions in an hour and
e helf, and that there is no apprecisble loss of
glycerol unless some part of the bottom of the flask
is 2llowed to go dry. Similar experiments with =
solution of tristeerin yielded very poor results, and
fetty acid determinatione indicated that four to five
hours might be necessary for the completion of the
hydrolysis. It would indeed he surprising if it were
possible to maintain a solution of glycerol in an open
vessel at nearly 100 deg. C. without at least some

glight loss.

Avplication of the method to blood lipins.

It is evident from the foregoing pages that a
method is now available for the estimation of glycerol

either/
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elther in pure solution or in fets, 2nd that substences
likely to interfere can be removed or their interference
evoided. Attemnts were made to determine glycerol in
blood bTipin hydrolysates by the following procedure:

10 ml. Bloor extract, equivalent to 0.4 ml.
blood, were pipetted into a 25 ml. Pyrex conical flask.
After the addition of 0.2 ml. 5 N caustic soda the
mixture was evaporeted down to ebout 1 ml., the rete of
heating being so adjusted that the evaporation took
about 45 minutes. The residual fluid was transferred
with a capillery pipette and teat to a narrow centrifuge
tube gradusted at 3.0 ml. The flask and pipette were
rinsed several times with small amounts of hot water,
and the contents of the tube, after the addition of
50 mg. golid calcium hydroxide and 0.3 ml. 10% copper
sulphate, were made up to 3.0 ml. The tube was allowed
to stand for an hour during which it was repeatedly
stirred. It was then centrifuged, and an alicuot of
the supernatant fluid (ususlly 2.5 ml.) was used for
the glycerol estimation. As a rule two standards,
containing respectively 0.4 and 0.7 u-mols. glycerol,
were used. Some typical results, including a few

recoveries of added glycerol, are shown in Table 5.

TABLE 5. :

Givesral |

Smple.  Mded. Found. Becovered.  Pezoentase. |

1. - 0,088, 0,090 - |
2 Co- 0.127, 0.126 Zl -
3. - 0.075, 0.07:5 - -

& - 0,162, 0.147 : - - I
& - 0.176, G.178 - =
) 0,102 0.157 0.108 105
2. 0.1025 0.221 0,086 £
Fh 0.10285 0,334 0.099 a7

Hote: ell veluee exprésred o nillimols./100 ml. blood.
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THE DETERMINATION OF CHOLINE.

iodern methods for the chemical determinetion
;of choline all depend on one or other, if not both, of
two principles: precipitetion with smmonium reineckate
ior reinecke scid and precipitation as the enneaiodide
with en epproximately normsl solution of iodine in
potassium iodide. NWeither of these reactions is itself
of recent date. The iodine precipitation seems to have
been discovered by Stanek in 1908 (21), end the most
recent methods embodying it all borrow extensively from |
the technigue described in 1930 by Romen (23). This |
worker precipitated choline periodide in & centrifuge
;tube from solutions containing as little ss 0.0l mg.
!oholine per ml. The precivitete was washed with ide-cold
water, digsolved in chloroform, and titreted with
0.002 N or 0.01 N sodium thiosulphate. The procedure is
capeble of yielding excellent results, but the washing
of the precipitete requires very greet care, and it is
by no means easy to titrate an exceedingly dilute
solution of iodine in chloroform with sn equelly
dilute aqueous thiosulphste solution. loreover, the
method has the disadvantage that the resgent
precipitates other bases, notably purines, as well as
choline. (23). It has, nevertheless, been used for
the determination of "lecithin" in blood (13).
The emmonium chromemmine thiocyenate --
NH4(Cr(NHg)5(CNS)4). B30 —- which now bears his name
was discovered by Reinecke in 1863 (24), but the

discovery/
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discovery thet it could be used to precipitste such
quaternary bases as choline and neurine and acetyl
choline does not eppesr fto have been made until 1930 oy
Kepfhommer and Bischoff (25). Since that time the salt
has been used for the qualitative or semi-quentitative
geparation of choline and acetyl choline from blood and:
tissue extracts (235), and in 1936 Beattie (23)
published a quantitative micro-method depending on the
bink colour produced when the reinecketes of choline or
acetyl choline are digsolved in acetone. The intensity |

1of this colour is, in fact, the limiting factor in the
method of Beattie, which cennot be used, even with 8
micro—-colorimeter, for the determination of less than
0.3 mg. choline, although the low solubility of choline
reineckate permits its quantitative separation from

' solutions containing as little as 0.03 mg. per wul.

| The reineckate precipitation is somewhat less
delicate than that with ilodine, but it hss been chosen
for the present work largely because it is more

' clesn-working; the precipitete is crystelline and can
Ibe easily filtered, even through cotton-wool. It hes
been necessary, however, to exchange the colorimetric
procedure of Beattie for a more sensitive one, in

order thet it might be possible to apply the method o

reasonably small smounte of blood-livnin hydrolysates.
Experiments in two directions have met with some
success: if the precipitate is heated with caustic soda
end bromine water the chromium is converted to chromate,
which will then oxidise divhenylcarbezide (0.2% in 1:8 |

acetic-acid-alcohol )/
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acetic-ascid-alcohol) %o an intensely purple-red
compound (26). This is an exceedingly delicate reaction

\for chromate, but it had unfortunately to be ebandoned

because of occasional departures from the theoretical
result even after the optimum conditions had been
‘carefully esteblished and strictly observed. A more
successful method of estimating the reineckate
precipipate has been the gimpler one which congiets in
eveporating the acetone solution, hesting the residue
with Folin's digestion mixture(27), snd determining

| the ammonie formed by steam-distillation snd titretion.
ISince each molecule of choline reineckate yields seven
Imolecules of smmonia, each ml. 0.007 N caustic soda

ig equivalent to 1 u-mol. choline.

The following procedure has been found
|satisfactory for pure choline solutions:

Baturated ammonium reineckete solution is
prepared fresh by sheking the solid with weter for a
few minutes and filtering. It may be necessary to
repeat the filtration, using the same filter peper.
1.m1l. of this solution is 2dded to 1 — 2 ml. choline
Isolution, which may be neutral or very slightly acid,
but should not be alkaline (alkeli hastens the
decomposition of the reineckete). There is sn immediate
separation of fine pink crystels, and the tube is left
in the refrigerator for 20 miutes. The mixture is then
filtered. For the filtration it is possible to use &
Jena (4 filter-stick, but if the originsl solution hes

contained more than 0.15 - 0.230 mg. choline filtration ;

by/
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by this method is opt to become tedious, and it has been
foupd prefersble to filter through a2 tiny plug of
cotton wool rolled between the fingers =snd pressed
gently into the bottom of & emall filter funnel. Paper
is exceedingly difficult to wash free from excess
ammonium reineckate. Washing is done with cold water
and ether (not with alcohol, a8 recommended by Beattie,
since choline reineckate seems to be apprecisbly
soluble especially in certain mixtures of alcohol end
water). The pink residue in the filter is now treated
with a few drops of scetone, in which it readily
dissolves, 2nd the acetone ig rinsed into 2 heard gless
test-tube. A drop of dilute acid is added in case any
ammonis sghould be liberated, and the ascetone is
removed by eveporation. 0.5 ml. digestion mixture is
added, and the tube cerefully heated until digestion ige
complete. The smmonia formed is stesm—distilled from
‘alkaline solution into 5 ml. 0.00% N sulphuric acid
(mede up with indicator sccording to Conway (29)), and
the excess of scid is titrated with 0.007 N alkeli.

Some typical results are given in Table 6.

IAOIE &

Cioline teiken,  Gholimc fowd.  Percentege.

0.48 u-mols. 0.515 u-mole. 1067 |

0.48 0.504 103 |

0.98 0.93 95

0.98 1.00 102

0.98 1.01; 102 :.

1.40 1.36 98 |

1.40 1.33 95 !
‘3.21 2.11 95

3431 2.10 86 ‘

2.31 2.16 87.
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Application of the method to blood lipins.

Thet choline cen be liberasted from vhosvholivins |
by hydrolysis with either acid or baryta has been known
for many years (28), but no worker eppears hitherto to
have taken the trouble to agcertain the stebility of
icholine towards his reagents. The first epplications of
the method were therefore directed to this end, and the -
Eresults in Teble 7 show clearly that neither 2 ¥ hydro-
chloric scid nor saturated baryte (epproximately 0.2 )
has the slightest effect on choline 2t 90 - 100 deg. C.

The treatment with acid was carried out in e
10 ml. Pyrex flask under reflux on & sand-bath. Bumping
was prevented by silver send snd 2 layer of benzene,
which is an efficient enti-bumping agent in conjunction
with sand or beads, end does not lower the teupersture
more then 5 - 10 deg. C. The treatment with baryta wes
done in open conical flasks on a steem-bath, water being
added when necessaryv. At the end of the experiment the
%ixture was neutralised and the barium sulphate filtered)

off and washed. Choline was determined in the filtrate.

TASLE 7y
Hote: 1.132 u~nols. choline uged for erch expericent.
Renzent. Iine herted. Choline found., — Eercentwge.

2 nl. 2§ HC1 3 hre. 1.18 u-nmols. 1065
U T 1.07 88
11 1.08 a7
2 ml. G.gﬂ 2 1.03 a7
Bof0H)z.
ol 4 1.08 88

% e 1.11 89.
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For the investigetion of the hydrolysis of the
‘phospholipins in blood, 2 litre of slcohol-ether extract
was prepared according to the method of Bloor as
described by Stewart end Hendry (12). 20 ml. portions
were evaporated just to dryness on a steam-bath or hot
plate. "Blank" estimations were done by adding to the
residﬁe 1 nl. cold water, filtering, washing, and
'precipitaﬁing choline ag 8escribed on p. 24. Hydrolyses
'with acid and baryte were carried out as on ». 28, and
choline was determined in the hydrolysed mixture. The
results are summarised in Teble 8, from which it will
be seen that baryte is 2 very much more efficient
‘hydrolysing agent than hydrochloric acid. It has been
‘agsumed that the hydrolysis with beryta is complete,
'since such verying conditions have given such similar

|
‘results.

IASLE 8.
Bescent.  Exérolvels tige.  Choline/J00 ml. bloods
po - 4 u=mole,.
- - 5
1 nl. 2W HOL.. 2 hre 83
. 5 104
. 17 106
3 ml. 2y HOL. 5 128
" - 22 . 148
1 ml. 50 HOL. 5 133
. 21 152
. oo 166 |
2 ml. 0.3% Ba(0H)gz. 2 156 |
Gt L 3 155
dm., * 4 188
6m, * 5 158,
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On the bagis of these oreliminery experiments
%he.following procedure has been deviged for the
determination of "lipoid choline" (i.e., choline
iiberated by baryte hydrolysis from an slcohol-ether
@xﬁract.): 15 - 20 ml. alcohol-ether extract are evapor-
ated to dryness in a conical flssk. 2 ml. saturated
agueous barium hydroxide are added, snd the mixture is
heated on & steam-~bath. At the end of one hour 1 ml. baryia
is again added (as a precautionery measure, since
berium carbonate is very repidly formed) snd the heating
continued for a second hour. The mixture is then
mneutrelised to methyl orange with epproximately normsl
sulphuric acid, and eveporated down to 2bout 0.5 ml. The
fluid is transferred to a small filter with a dropping
pipette which is used to rinse the flask with successive
pmall portions of hot water. Choline isg determined in
%he filtrate as previously described. That duplicate
analyses agree well is shown by Taeble 8, while Teble 10
shows that the recovery of added choline is |

gquentitatives

s 5. !
seole Qoltne fosmd (sii1i=ole./100 al.)e
1 0.768, 0.367
a 0.217, 0.233
3 0.287, 0.262
- 0.217, 0.217
1] 0.268, 0.3%6
B 0,330, 0.328

7 0.275, 0.284.

‘. 0.218 - - |
0.316 0.e37
0,316 0.438

8

Toter veluse expreassd ss milisncl
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‘ It remains to discuss the specificity of the

|method. Ammonium reineckate seems to be & highly

!specific precipitant for quaternary bases. It has been |
|used for the isolation of choline, acetyl choline,
‘neurine, carnitine, and sphingomyelin. Lecithin does
not appear to form en ingoluble reineckate, a point of
some interest when compering it with its companion
Ephospholipin sphingomyelin. Creatinine is not
iprecipiteted by reineckate until the quite .
iunphysiologically-high concentration of 5 mg. per ml.
;is reached.

While blood might contain unknovn reineckate-
‘precipiteble bases, "blank"estimations can be done, and
it is difficult to imagine any compounds other than the
choline-containing phospholiping (and, of course,
‘acetyl choline, which ig never sbundant) from which
!reineckate precipiteble base would be liberated by
‘hydrolysis with baryte.

i A specimen of choline reineckate was prepared
iby the method outlined gbove from 600 ml. alcohol-ether |
:extract, and, enalysed for nitrogen by the micro-Kjeldahl
tebhnique, gave & nitrogen-eontent of 23.3%. The
theoretical velue for choline reineckate is 23.2%, but
this close agreement does little more than confirm the
absence of gross contamination, since six-sevenths of
-!the total nitfogen comes from the reineckate radicle. |
01d facts and new findings, however, do suggest that

no great risk attaches to the assumption that the ;

crystals isolated in the course of these estimations

are actually pure choline reineckate.
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THE ANALYSIS OF BLOOD PHOSPHOLIPINS.

The methods described in the preceding pages
have been applied to the snalysis of specimens of
'mixed phospholipins prepared from blood in the
Ifollowing ways:

50 ml. slcohol-ether exiract (12) were
evaporated just to dryness on 3 hot plate and finslly
in the steam oven. The residue was immediztely teoken

'up in petroleum ether (b.p. 40 - 80 deg. C.) 2nd the
turbid solution was trensferred to o centrifuge tube
where 1t was concentrated to agbout 0.3 ml. by immersion
in a besker of warm water. 5 ml. amcetone were then
added from a pipette, very slowly and with continuous
shaking, so that th%phospholipins separated as &
flocculent white to pale buff precivitate and not as a
terry mess. Precipitetion was completed by adding
three drops of 2 saturated alcoholic solution of
magnesium chloride and allowing the tube to stand for
two hours, preferably in the refrigerator. At the end
of that time any precipitate adhering to the walls of
the centrifuge tube was removed by scratching, and the
precipitate was thrown down in the centrifuge. It
invariably settled repidly end completely, and was
twice washed at the centrifuge with 5 ml. cold acetone
before being taken up in 10 ml. of a nmixture of three
parts of ether, two of @lcohol, and one of water, in
which it geve a perfectly clear, very pale yellow

solution. The entire procedure can be carried out in

about/



-31~- i
labout three hours, of which the phospholipins spend
!two in the refrigerator. This should minimise the
oxidation by atmospheric oxygen to which these compounds
!are 80 vVery susceptible. A preliminary series of snalyses
by the lipoid phosphorus method of Stewart and Hendzry
(12) showed that the procedure extracted 92 -97% of
the phosphorus in the original alcohol-ether extract.
&hese figures show that not only is the phosphorus of
%he alcohol-ether extrsct virtually all phospholipin
@hosphorus, but +the extraction and precipitation
procedure with scetone and magnesium chloride is slso
satisfactory and comolete.

2 ml. portions of the ether—alcohol—watér
:solution were enalysed for glycerol and choline by the
methods described in the foregoing pages, and 1 ml.
?ortions for phosphorus by the method of Stewart and
Hendry (12). The results of twelve anslyses are given
in'Table Il. The blood specimens were taken from the
superficial arm veins of aspparently healthy young men
( the majority were veterinary students), and potassium
oxalate was used as an anti-coagulent. In a2ll cases the
elcohol-ether extwact wee prepared within en hour or so
of the withdrewal of the blood. As a generzl rule the
subjects were not in a truly nost-sbeorptive state
(this in any case is very difficult to ensure where fats
are concerned) so thet it would be unwise to regard the
results as much more than a2 simple exercise in
kechnique. Values are expressed as millimols. per 100 mll

blood, except in the case of phosphorus, where the unit

ig the milliatom.



IASLE 11,

1 0.433, 0.420 0.874, 0.283. 0.178, 0,178,
2 0.333 0.280, 0,298. 0,147, 0.151,
3 0. 3656 0.300 0,103
4 0.338 0.383 0.124
B 0,340 0.250 0.119 d I
& 0,388 0.271 0.138
T 0.518 0.358 0.111
8 0,213 0.237 0.127 |
g 0,362 0.276 0.108 I
10 . 0,361 0.245 0.104
0.247 0,281 0.103
Q. 560 0.292 0.113,

Reference to Table 1, on page 4, will show
that from these values it is possible to calculate the
concentrations of lecithin, kephslin, and
gphingomyelin, provided that these he the only
phospholipins or choline- or glycercl-containing lipins
in the final extract:

If I, K, and S be the concentrations of
lecithin, kephalin, and sphingomyelin, end p, ¢, end g
the experimentally determined concentrations of

phosphorus, choline, and glycerol, then

o of)
L+ 8 = ¢ e My e {3

L+ X+ 8

i
e

L+X = g g v Y

From/



From (1)lan@ (2), & =P —0 & e = ()
Prom (1) and (8), & =D < g i o (B)

From (3) end (6), & = ic=-p+g o o (8

The epplication of these equations to the
results in Teble 11 is shown in Pable 12, =1l values
being expressed, of course, as millimols. per 100 ml.

blood.

Sgmple.  Leodthin.  Keohalin,  Sphincomvelin.

1 0.028 0.143 0.250
3 0.110 0.038 0.184
3 0.054 0.055 0,243
4 0.07L 0.063 0.212
5 0.024 ~ 0.085 0.211
8 o.w; 0.088 0.238
7 0.052 0.059 0.204
8 © 0.038 0.032 0.152
9 0.051 0.077 0.244
10 0.000 0.104 0,345
n 0.017 0.088 0,244
12 0.036 0.078 0.367.

Exemination of this table brings to light
several interesting facts. The first of these is that
while the phospholipins of blood have often been loosely
degcribed as "lecithin", lecithin itself accounts for
only & small proportion of the totel. In one case, in
fact (no. 10), no lecithin at 211 was found. It seems
unlikely, moreover, that twelve consecutive blood

specimens would show this same phenomenon by chence. In

the/
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the second place, sphingomyelin is quantitatively by
:fgr the most importent of the phospholining present,
end thirdly, in nearly all casesg the concentration of
kephalin has been considersbly greater then that of
lecithin. These things are more clearly seen in Table
113, in which the concentrations of the phospholipins

have been expressed as percentages of the total.

Semole. clthin, Rechzlin.  Schingopvelin.|
1 o S8 57
2 a3 11. fil]
3 15.56 16.5 69
4 23 Yot 63
G 15 82
-] 11 a6 (1]
7 18 19 66
8 14 28 60
8 a 23 ]
10 [+ 30 70
1t ] as 70
22 Y 20,5 0
Mean 1% 5 (™

Since the geries is so short, it has not
been thought that eny statistical enelysis of these
results would hsve eny significance, but it is guite
evident from even these few cases that the provortion
of spvhingomyelin is fa2irly constent. It seems possible
that this might be emphasised by & series of snalyses
on plasme and corpuscles separately from subjects

known to be in 2 trulv post-sbsorptive state.
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As for a comparison with the resulie of formerl
workers, little cen be said. There is no basis at 211
for comparison with the results of Kirk (13), which in
|any cage can have but little significence, in spite of
‘the length of his series. He spesks of 2 "total
!phosphaﬁide" concentration which may be as low as 26 mg.
per 100 ml. corpuscles. This corresponds to a phosphorus
concentration of something like 1 mg. per 100 ml., =nd
‘even his average "total phosphatide" concentration works
:out at something like 8 mg. P per 100 ml., which is
50 — 70% lower than the ususl velues, obteined
repeatedly by many workers using meny different methods
in manj-different leboratories. Another aspect of Kirk's
figures which throws suspicion on them is the fact that
there i1s little difference between the plasma and
corpuscles figures, whereas it is: generally recognised
that corpuscles contain a good deal more pvhospholipims
than plasnma.

The kephelin concentrations published by
Willisms(1ll) are rather higher than those found in this
work, possibly because his choline determinations may
be slightly low. He carried out the reineckate
precipitation in & solution in which one ml. saturated
baryta had been neutralised with 0.8 ml. N hydrochloric
acid. 1 ml. saturated baryts containg gbout 0.2 milli-
equivalents of slkali, so that the finsl solution
contains an excess of about 0.4 milliegquivalents of
acid per ml. It has been found in this work that such

high concentrations of acid interfere somewhat with the

precipitation/
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!p:ecipitatién of choline by reineckate. |
| Schmitz and Kock (109 determined "kephalin' in
the blood of guinea-pigs. Theilr method, which ig known
to give markedly high results, consisted in hydrolysing.
'the lipin solution with 5% sulphuric ascid at 140 deg. C.
(for six hours and determining amino-nitrogen in the |
iresidual fluid. They found kephsalin to be normally 30 =
'507% of the phospholipins of the blood of zuinea-pigs.
;Owing to the inaccuracy of the method employed, it is
'really impossible to compare these results with those
Iobtained in the present work.

The sphingomyelin igolations of Thesmnhauser
f(e), being large-scele semi-guantitative preperations,
‘cennot be compared with these results either. They show
much more variation, snd sphingomyelin rarely amounted |
o as much ag half of the total, whereas reference to
Table 13 shows that this phospholinin has never, in the
present series of twelve cases, formed less than 56% of
the total.

The phosphorus-fatty-scid enalyses of
Stewart end Hendry (12) indicated that epproximately
one-half of the totsl phospholivning of whole blood
consisted of sphingomyelin, & proportion somewhet lower
‘than that observed in the present work. Neither series
is long, so that the difference may be fortuitous. On
the other hand, Stewart 2nd Hendry based thelr
conclusion on the ratio of phosphorus atoms to fatty
acid mdlecules in the phospholipin precipitate, and

o very slight oxidation of the fotty acids prior to

estimation/



l ' =57
:estimation would result in a shift of this ratio
:suffioient to account for the observed discrepancy:
| For & mixture containing 50% sphingomyelin the
|ratio P:-COOH is 1:1.5. For = mixture containing 64%
{sphingomyelin the same ratio is 1:1.36. Hence, a 10% '
!increase'in the number of carboxyl groupns is 211 that it
|1g necessary to pospulete in order to make the results’
of Stewart and Hendry sgree with these reported just
{now, end it seems not unreasonsble to suggest that such
‘e, small amount of oxidation may have teken place. A few
preliminary enalyses have suggested that on occasion the
‘increase of carboxyl groups during the preparation and
istorage for a few hours of the phospholionin solution
may be very much greater then this. These ideas are
Isupported by the wotk of Pasl (29), who studied the
goxidation of alcoholic solutions of lecithin, and found
the number of free carboxyl groups to increase Vvery
rapidly. |
A few months ago Thennhemser and some colleagues(50)
nublished some snalytical figures for the content of
Ilecithin, kephalin, and sphingomyelin not only in serun,
but slso in meny other tissues such as brain, heart,
liver, kidney, spleen, etc. The most inferesting thing
sbout these results is that they also show a remarkeble
constancy as regards concentration of sphingomyelin.
élﬁhough it must be admitted that as 2 rule the serum
concentrations 6f that phospholipin are rather lower

then might be expected from the whole blood values

reported here.



It cannot be too strongly stressed that this is

in no way regarded as a complete viece of work; rather

!is it considered to be only the vprelude to researches
ion lipin metaholism which, if conditions were to permit,
imight occupy meny yeers end might give interesting and

| important results. The methods, which are the most
i"micro" ever published in thieg field (with the possiblé
:exception of the inaccurate methods of Kirk) must be

|applied not only to the sepsarate anslysis of blood cells

end plasmea, but also to the zmalysis of the lipins of

[
| X
‘ ther tissues in both normel and pathological states.
|

|as whether or not the phospholiping of blood do increase
|

o |
Efforts must be made to answer decisively such gquestions

(efter the ingestion of fat, and if so, which fractions
are involved; and, in general, whether in sny
‘elteration of the total phospholinin concentration in a
‘tissue, 2ny one phospholipin is more affected then the
others. No one has any real ides of whether any of the |
\phospholining hes & greater metabolic significence then
|the others, and it is surely high time that some light
was thrown on this problem. For its complete solution
\some such anslyticel scheme as that described here is
'surely 5 sine que non. A direct micro—determination of
kephelin would be of such value that the partislly
successful experimente to that end are recorded in the
lfollowing vages, in case they should prove of some

future velue. '
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o

. SOME STUDIES IN THE CHEMISTRY OF COLAMINE.

, Few who have contemplated the commonplace

structure of the colamine molecule can ever have hoped
|
For a simple end sccurate micro-method for its

determination. It is a strongly basic liquid, somewhat
|

nygroscopic, all of its salts are at least fairly

|

soluble, and its characteristic grouvns, the primary

|

alcohol and the primery emine, are of such widespread
|

occurence throughout the world of orgenic chemistry that
| ,

determination. Consecuently, the discovery of the

they hold out not the faintest hove of a specific

reaction described on .18 was thought to be 00 good
en opportunity to be zllowed to slin, end efforts were
made to build & quentitative estimeation upon it.

|

The reaction, it will be recelled, coneists .

in the oxidation aff3—@mino-ethanol in agqueous solution

with an alkaline periodate solution (the sodium salt is
|
|

somewhat less insgoluble in alksline solution then its
potaseiunm snslogue.). In this oxidation two molecules of
formaeldehyde are produced and one of smmonia is, as it

were, left behind:

CH,NHy o HCHO
| + I07 = 103 + * + NHg,
CHL0H HOHO

That the reaction tekes exactly this course

has been shown decisively in the following ways:
(1.) The dissppesrsnce of neriodste has been measured by
the srsenite-iodine method of Fleury and Fetome (15).

(3.) The formation of formaldehvde has been measured by

the/
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‘the method described earlier in the present work, after |
rendering the solution acid end destroying the excess
!Periodate and iodate.

(3.) The ammonia formed has been estimated b& a number
of methods, including distillation and Nesslerisation, |
aeration and titretion, and the diffusion method of |
‘conway (31). For the minute amounts of smmonis which it
was hoped to estimate, the method of Conway has been |
‘found remarksbly accurate. The distillation or aeration
lof O. % u-mols. ammonis (about 4 germa) is a process |
unfortunately subject to occasional error, and in any
case the spparatus is so large, ungainly, and complex

in gtructure when compared with = Conwsy unit that its
"plank" is appreciable, whereas in the Conwey egtimations
the apperatus itself sppears to have no "blank", and the
ireagent "hlank® (due mostly to the B.D.H. sodium
periodate) amounts to only sbout 0.004 ml. 0.006 1T
alkeli, or 0.024 u-mols. ammonia, per estimation.

These estimations have been carried out as
follows: into the outer chamber of the Conway unit ie
pipetted not more than 2.5 ml. of ‘an alcoholic solution,
or not more than 1 ml. of an aqueous solution containind
not more than about 1 u-mol. (6L gamms) colamine. The |
solution is made alkaline with g drop or two of strong
coustic soda end incubated at 37 - 40 deg.C. for en hour
to remove eny vreformed emmonia. It is advisable to run
a greased fingei round the ridge between the chambers of
the unit, as this checks any tendency for traces of the

Blkaline solution to creep into the inner chember,

During/
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During this preliminsry incubation the squeous solution!
| decreases perceptibly in volume, and the slcoholic
isolution is eveporated almost, if not quite completely,
fto dryness. After the unit hasg been removed from the

| incubator, 1 ml. 0.001 N H3804, with Tashiro's
indicator incorporated (made up sccording to the
‘instructions of Conway - loc.cit.) is vipetted into the
|inner chamber, and to the outer chember is added 0.5 ml §
‘0.05 M sodium periodate, dissolved by suspension in the
‘calculated volume of water and dropwise addition of the
{minimum amount of concentrated sulphuric acid.
IImmediately after the further asddition to the outer
!chamber of 1 ml. saturated adueous potassium carbonate,
Ethe unit is sealed and replaced in the incubator. After
!a minimum of 1% hours the acid in the inner chamber is
|titrated with 0.005 N NaOH from g suitable burette. In
'the present work & 0.8 ml. Rehberg burette has been
Iused. By verying the concentrations of ascid and alkali
any desired range of concentrations of colesmine can be

‘covered. A few typical results are given in Tsble 14.

SaEad
o trkon {u-role,). Colenine found.,  Eezcontpre.

0,533 0.353 1005

0,533 0,380 a8

0.488 0.447 9

0,468 0.452 ar

0.700 .68l %

0.700 0.598 ) l

0.7 0.741 100

0.740 0.722 58

0.968 0.817 a6

0.886 0,950 a8

1.9%0 L.8% 100

1.9% 1.950 101, 5
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Attempts were made o epply the method without
?urther modification to blood linin hydrolysates, since
none of the commoner bases found in blood could be
Fhown to yield apprecisble amounte of smmonis under the
prescribed experimental conditions. 10 ml. portions of
Bloor extract were hydrolysed by slow evenorsiion with
0.8 mls 5 N caustic soda, such treatment having been
previously shown not to affect pure solutions of colamine.
?he residue was transferred by rinsing with alcohol to g
Conwey unit, and the estimation of colamine carried out
precigely as in the preceding description. Duplicate
analyses were on the whole found to sgree excellently,
;1though in about 5% of some hundreds of estimations =
ﬂifference of 20 — 30% between duplicates would suddenly
gppear. Unfortunately, the re.covery of /6 —-emino—ethanol
added to the extract wes not quantitative, although it
ﬁas fairly regular. This is shown in Teble 15, where all
velues are expressed as millimols. /100 ml. blood.

Epnorinent, A.E.f.ndded, AE.Afound., A.E.A.recovered. K. ‘

Zlood hydrolyerte. - 0.085 - - ‘

. = 0.088 - -
AE.he mdded 0.05% ©.128 0.038 7%
before hydrolysis.

i 0.063 0.1a3 0.033 (-3

0.088 o127 0.0:0 75
o.0563 o.122 0.036 B7.
Hoter nll vrlues expresced as nillimols, 100 ml. blood. /

Two possible explanations suggested
themselves: firstly, that the oxidation might be for
some resson or other not complete, snd secondly, that

the diffusion of ammonia might be inhibited. That

smmonia/
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ammonlia is free to diffuse was shown by the addition of
‘ammonium sulphate to the hydrolyssate prior to oxidation.

Its recovery was quantitative (gee Table 16.).

Npopie rdded, fyionds recovered. Pergentace.

0.63u-mole. 0.87 u-mole. a7

0.E9 C.E6C 98

0.89 0.576 87

0.88 0.5585 95,

. Consideration of the alternative explanation of
‘the poor recovery of emino-ethanol added to blood
extracts led to the idea that the difficulty might be
overcome by & purification of the phospholivins prior
to hydrolysis and oxidation. Phospholipings were
orecipitated from 10 ml. Bloor extract by the method
described on p.30, and the precipitate while still in
the centrifuge tube was hydrolysed by heating with
soueous—alcoholic caustic soda. In some cases known
amounts of colamine were added to the centrifuge tube
before the hydrolysis.fg —amino-ethanol was determined
in the hydrolysate by the method elready described. The
figures in Table 17 illustrate the finding that no

improvement in recovery was effected by this refinement

of technicue.
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IABLE 17, I
AsFL A, cddcd, AEoh fowd. A.E.A, zecoversl. Fercentroe. |
- 0, 328 u=mole. p = i
= G. 034 - (=
0.34 u-mole. 6.508 0.180 uwnole. 78 ' l

0.38 0.E75 0,247 68
0. 38 0.551 0.260 71 ‘
G.48 0.268 0.338 76

c.48 G.caa 0.788 Ta

It then seemed possible that some

iinterfering substance might be carried down with the |
!phospholipins, and thet better results might be obteined
by separating the amino-ethrenol from the other productsi
lof hydrolysis of the lipin mixture. With thie end in view,
atteunts were mede to extract colamine from agueous
solution with other solvents. The spparatus used was

2, continuous extraction sppasratus of the design i
Iemployed by Griffith (32) for the extraction of hippurié
lacid from urine, and weas mede from a 8" 5/8" Pyrex tube
|and an 8" 1%" boiling tube of the same glass. In two
'experiments, in which 5 ml. water containing 0.235 Urmoﬂs.
kolemine end a few drope of 0.1 N NaOH were extracted |
with ether for one hour, the recoveries were only 16.5%
and 18%, so ether as a solvent was ebandoned. It wes I
then found by chence that a half-satursted solution of |
botassium cé:bonate was elmost immiscible with either
ethyl alcohol or isopropyl &alcohol, so experiments were |
carried out with these solvents and a solution of

colamine/
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!qolamine to which an equal volume of sstursted potassium

|carbonate solution had been added., The results of these|

experiments are given in Teble 18. In esch experiment |

the amount of colamine used was 0.235 u-mols. |

TABLE 18.

Zxtrection time. Ethy) eslechol, he) coho’
40 nins. =10 1 -
&0 85 ez

|
Secovery of colmnine with ‘ I
|

| 80 * a9 92
|

120 - 85.

Hence, either ethyl or isoprooyl alcohol can

|
I
| be used to extract colamine from potassium carbonate

|
| solution, but ethyl alcohol appears.to to be & more

|
isuitable solvent, since isopropyl alcohol undergoes a
| variety of chemical chenges under the influence of the
wild alkali. The applicetion of this technique to
| Bloor extract hydrolysates was unsuccessful. Two
recoveries, for example, of added colamine were only
(437 and S

As 2 lazgt resort sttempts were made to
recover amino—ethenol by adsorption from either aqueous|
or elcoholic solution. The most suitable adsorbent was
found to be Frankonit KL, an adsorbent employed for
the adsorption of bases from scid solution by Fuchs (53).
‘Frankonit KL is & silicate preparation which gives &

markedly acid reaction to weter in which it has been

suspended. /
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‘suspended. Fuchs used it with great ease and success |

|

ifor the adsorption of amino-scids from normal sulphuric
|lacid, but any scid at all appears Lo inhibit the
iadsorption of colemine. The adsorption from solutions

|

of vearying degrees of alkelinity was tested in the '

éfollowing way: S ml. portions of a solution of colamine
confaining 2.7 u-mols. /ml. were treated with differenf
%olumes of standard alksli and water was added to mske
é totel of 5 ml. About 0.5 gm. Frankonit KL wae sdded
and the mizture either filtered or centrifuged. 1 ml. |

eliquots of the clear fluid were used for the estimation
| .

of f}-emino-ethanol. The results are given in Teble 18.

|
Hommel ity of NeOH. A:E-A. found in s.n.f. Eercentpge.

0.12 ¥ 0.480 u-mols. 445

0.08 0.035 3

0.04 0.078 7

0.03 0.043 4

0.02 0.047 4.5

0.01 0.038 4. i

It should be pointed out that the addition of |
Frenkonit KL mzkes the soluitions & good deal less i
alkeline, and in some cases frankly acid, than they
would seem from the figures in the first column of the
table. , |

Attempts to elute the smino-ethanol with acid,
more concentrsted slkali, glcohol, pyridine, and other
solvents were 211 completely unsuccessful. In fect, |

alcohol/
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alcohol was found to be ouite zs suitsble =

water from which to adsorb the bage.

however, it was fourd

colamine by rinsing the Franmkonit KL into = Comwey unit
evaporating off the =icohol =zmnd

rinsing, and oxidising the zmino-ethsmol in =i

sdserhent.

PEERREEEG
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l_ No explanation at 211 cen be offered a% present!
!for the persistent failure to Pecover colamine added to|
'a Bloor extract. It should be =dded that recoveries of
iamino—ethanol added after the adsorption were sbsolutely
quantitative, so that it cennot be argued that some
!interfering substance ig being adsorbed.
| The experiments have been described because if
‘seems advigable to place them on record, in case the
future mey bring to lipght some fact which may ensble

adventage to be teken of this undeniably neat reaction.

SUMILARY.
| Quantitetive micro-chemical snalyses are
idescribed for the determinstion of glycerol and choline
:in biological materisl, particulerly in lipin mixtures.
The methode have been spplied, with a phosphorus
determination, %o specimens of phospholivins prepared
from human blood. Attempis to evolve & direct kephelin

determinetion are also described.
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