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INTRODUCT IUN

There has been a deep-sested superstition for a long periocd

cf years,end which is neerly universal today,to the effect that
certsin substences are brein foods.Fich are generally believed

to belong to this class,not withstanding the fact thet it is not
Observeble,nor has it ever heem,that fish eaters are men of marked
superiority of intellect .However,in America this @ghosphorus-delusion
has twined itself around s saying qQuoted(rightly or wrongly) fram
Professoe L.agassiz,to the effect that fishermen 2re really more
intelligent than farmers,because they eat so much fish,which cdnteins
so much phosphorus .Nilliam James,Professor of Psychology at Harvard
University,doubts the dbove statement,however,and seems to hold to
the view that the intelligence of the being is not necesssrily in-
cressed by esting food rich in phosphorus content. There is ,moréover,:
in the language constant reference to brainy people as those who,ss
Elbert Hubbard says,have phosphorus plus,as though the possession

of the phosphorus in some way or other measured or indicated the
possession of superior mentality. & very old Germen addege 1is that

' '0hne Fhosphor,kein Gedsnkej '¥hich literally mesns that, ' 'Withcut
phosphorus,no thoughtsl' This was & noted war-cry of the Tmaterialists?
during the excitement on thet subjJect wich filled Germeny in the 160s .
The brain,like every other orgen of the body,contains phosgporus,and
a score of other chemicels besides .Just why the phosphorus should be
picked out as its essence,no one knows. It would be equally true to
say,'Ohne Was~er kein Gedanke' meneing'without water no thoughts! or
even'!Chne Kochsalz kein Dedanke' meaning 'without sodium chloride no
thoughts'sfor the thougit would stop as quikkly if the brein should dry

up or lose its dodium chloride as if it lost iss phosrhorus.




1he work of this reserrch wos undertsken primerily to
answer two very iImrertert snd fundemental questions-first,to
confirm the results already worked out answWering the question
s to whether o definite relationship exists betreen rossessicn
of su:ericr intelligence snd e high phosrhorus content in the brain;
end second,is it pessible by feeding to influence the phosphorus
comtent of the hrain.The main rart ¢f the research,however,will be
towarcs thé sr.swaering of the second quespion,us the first has prac-
tically beer answered by the work of Dr .Koch,Dr.HEilton Ira Jcnes,
and others at the Unlversity of Chicegc. These men had the opprortun-
ity of the ex:mination of bPains of some twelve hundred individuals
for the determinstion of lecithin s d phosphorus, running all the way
from guines pigs brains to the brain of Marshall Field, one of Chicago's
grestest business men. Their results show it to be an aprarent fact
that the intelligence of the subject varies in proportion to the lec—
ithin content of the brsin., and they slso found that the lecithin
extract conteined all the phosphorus in the brain, inother words, brain
phosphorus is &ll ecithin phoshhorus. So the question regarding the
superstition that superior intelligehee is accamnpenied by high Ph?s’
is research

phorus eontent is based on fact, and sone experiments in th

will confirm the above results.

In the fece of these determinations, it would seem therefore, the t

it might be possible by feeding those foods which are high in lecithin,
that is brein phosporus, to incresse the phosphorus content of the braln

and therefore the intelligence of the individual. Without doubt

the question &s to Whether it 1s true that there is @ relaticnship



tetween possession Of superior intslligence and s high phosphorus

centent in tre brsin 1s olrecdy settled, numedy that such s relationship
dces exist. The principal problem, therefore, in this research is te

Erove or disprove the fecect thst phosphorus content in the brains of

dogs, ce¢ts, arnd guinea-pigs may be incressed by feeding them foods rich
in ‘phosphorus a&nd lecithin.




HI SYIORICAL.

Numerous chemical researches have been made on brains, not only
'human brains, but also of lower animals, such as the dog, cat, guinea
Piz, and rabbit especially. The main purpose of such work was to ascer-
tain if possible exactly what constitutes the brain, and to make a com-
parative analysis of the human brain with that of certain of the lower
animals.

Much of the work done thus far has been performed in foreign coun-
tries, Germany in particular. However, America has done her share in this
great research, especially in the past decads.

) (1) Waldemar Koch, while analysing sheep' brain precipitated out a
substance lmown as kephalin from an ether‘ea(extfect of the brain. The
formula for it is Ca2Hg2015FP and it is probably dioxyes-atearyl
monomethyl lecuthin. It swells and forms an emlsion with water li¥Xe
lecithin. The lecithin separated out yielded choiine and fa¥ty acids in
such a proportion that probably there was & mi xture of three possible
lecithins., Cerebrin was abtamied in a crystalline condition, and analyti- -
cal figures agreed very well with those obtained by Thierfelder..

Waldemar Koch and his sister Miss Mathilde Koch have probably done
as mach work in the line of chamical research on the brain as any of the

recent Scientists. Another investigation carried on by .the Kochs i2)wa.£;

on the chemical differentiation of the brain of the albino rat during its
growth.

(1) Lecitnin Kephalin and Cerebrin from Brains--W. Koch.
(Test, Physical Chemistry 1802,36, 134-40)

(2) Chemical Diff erentia,tion of the Central Nervous System,3.
# 8 Brain of Albino Rat During Growth, --

w. Kiock and M. x.. Kock (J. Biol. Chem., 1913.15, 423-8)




e found the princi.le chemical changes which occur in the rat's brain
during growth are: a decrease in the water which begins before medul-
lation sets in; a relative fall in protein due to appearance of lipoids.
The lipoids which appear with .edullation are ceretrosides and sulrhatides.
‘e prosyhztides increase before inedullation, and occu£ both in cells and
«r.@athis, The increase of colloidal matter, which is r=:latively in active
supporting ratter, is one fact:r in the showing of iletabolism which
characterizes senesence.

So.e very excellent comparative examinations of the chemistry of )
the brain of different.animals were conducted by Fraeukel and Lenvarézyn
which the authors endeavored to establish t!'e normal relations of the
lipoid constituents of the brain., The dried petroleum ether , Cg Hg ,
avs.alc. and 80%o Alc. The bralns of the rabbit, cat, dog, pig, ox,
horse, monkey and man gave results without significant differences in the
total lipod content or the amcunts of the different fractions. During
growth the total lipiod content increases in both man and ox. The in-
crease is nuch greater in man however, and marked differences in theman
and the ox in the effect of maturity on the individual fractions occur.
Different portions of the humuan brain differ decidedly. The acetone ex-
tract of the fray matter contained very little cholesterol, but chiefly
an unsaturated phosphatide, while the acetone extract of the white matter
was chiefly cholesterol.

M. Gobley(@)in his researches on the human train made a complete
chemical analysis of the brain. In his analysis he found that the brain
contains two albuminoid matters.

(3) Lipoids. 11, Comparative Investigations on the Chemistry of the Brain,
Signund Fraenkel and Kurt Lennert. Biog Chemistry 2., 26,44-52

(4) Chemical Researches on the Brain. M, Gobley
(J. Pharm, Chemistry. (4) 20,161-8)




One of which is soluble in water and does not differ from albumin, .

for the other, the hame cephalin has been propdsed.' The fatty matter

of the brain is formed principally of cholesterin, lecithin and cere-
brin besides wi::lch therg are traces of olein and margarine. The brain .
contains the ordinary salts of the human system, together with extract-
ive matters, of which wome are soluble in water and alcohol, others sol-
uble in water and ineoluble in alcohol. Duri'ng putrefaction the cerebral
pulp turnishes acid products among which are oleric, margerine, pkospho-

glyceric, and phosphoric acids. The following may be taken as the main %

c omposition of the brains:

Water. « « ¢« ¢ . .« .« . .80.
Mbumin, . . . « ¢« .+ . o i
COph&lin. [ ] . L ] - L * * 7.
Cholestern. « . « « o oo » Lo
Corbrin. . eee « o ¢ o o « 3¢
Tecithin . « ¢« « « « o « o« 5.5
Olein end Magerine. . . . « =
Inoesite, Creatine. . .. .
Xanthine,etC. « ¢« « ¢ ¢ ¢ o =
Fxteacts Matters(ag. andalc.d. 50
CL of Kand Na. ., | 1.
Po4 of K, Ca, Mg &
100.00

Diacanon, Hoppe, Segler, and Hurdiclum have thrown doubt upon the

existence of protayon, which Lisbuich(Armalen, 134,24-44) discovered in

the brain substance, and to which the formula Cy,, H, O,, P was -attributed.

R conesquence of this protayon has since been regained or a mixture of
lecithin and cerebrin, a portion which the physical properties of these
bodies make,untenable, futher, the authors have prepared large quantitbes

of protayon form. brains of horses and dogs, by a modified form of Liebuich's

method: the analyses lead to the adoption of Cygg Hxpgls POgzg for this
body. Ite physical properties are those attributed to it by Liebush.

By long contimued boiling with ether it is dedomposed.




The components of these extracts and residues are as follows:
(1) Cold alcohol extract containsa:

Substance insoluble in anhydrous ether
Substance soluble in "

(2) Ether extract together with a (sic) contains:

 Leoithin |
Cholestern and fats.

(3) Warm alcohol extract contains:

Lecitnin
Cerebrin

* (4) Residue Contains:
Albuminous substances
Salts

The methoq employed in estimating the lecithin from the magnasium
pho sphaté was that recommended by Hoppe;-Sey]'.es.

The dry grey substance apreared to consist of about one half albumin,
one fourth cholestern and fats, very little cerebrim. its principal com-
ponents being albumin-and water. In the white matter, cholestern and fats
much more than ha,lf the ﬂried mass, albumin a quarter and cerebrin present
in considerable quantities. )

The galactosi@es of the human brain were gtudieu éxtensive_ly by ﬁosen-
.-herinA in which he studied thé properties of phreuosin and keruein. -';the
reault of his work showed that, phrenosin in dextro-radatory and on hydro—
1ysis yields phrenosinic acid (C25 H50 03 ) aphingosine end galactose.

Kerasin ig lpvarate.tory and on hydrolysis yields lignoceric acid(Czy 4303 )

splingo aine and galactose.

The ¥ollowing constitutional formla in suggested for kerasin 04'7591 Oghl




Cis Hyg CH:CH CH CE..(OH) CH2 NH:‘-CO. Cas Hy,

CE()CHO?%_(}HJ CHOH CHzOH

1he constitution of Phrénosin is thus given:
Coz Hyp CH.CO -
OH |

)

OE NH
N\

N
_clzgz gCH: CHCHCH  CH,,

0 cH (cupg)_a CH.CH (OH)CHp OH

Investigation upon the chemical constituents of the brain were made
by Barbieri(,) and Rielander. Barbleri discovered that, when brain matter
was kept at 45° for 12-18 hours, carbon dboxide came off to the amount of
about 1 c.c for each gram of brain taken. The other substances separated
are loosely described as (1) the hydrochloride of a ptomaine, (2) a sub=-
stance of phenolic nature, (3) a crystalline material intermediate be-
tween leucine and butalanine, (4) cholesterol, margarine, stearin, olein,:’
(5) & substance with a fishy odor and (6) a residue which probably con-
sists ;argely of keratin. Rielander(8) discovered that basic constituants
precipitable by phosphotungstic acid were investigated after hydrolysis
by HeL, Hestidine, arginine, lysine and sboline were obtained: also bases

with heavier molecules than choline.

(6) Galactosides of Brain 4. Cons. of Phrinosin and Kerasin . Otho
Rosenberin. Physiol. Laboratory. King's c¢all, London, Bevchern J.10,142-158
1916.

(7) I The Brain. By N. Alberto Barbieri (compt.rend.,1500)

(8) Chemistry of the Brain. A. Rielander (Chemistry Zents 1908,137:
from Zends Physiology 1908,22,377-380)




The nitrogenous constituents of the brain lecithin, form a very :
lmportant part of the tissues, and there were carefully studied by Darrah
and Mac Arthur(g)by using for experiment esheep and beef brains. Ground
sheep and beef brains were allowed to stand two days in Mep Co pressed
out, the Mey; Co treatment repeated at least twice more, and dehydrated
material dried in a current of air, shaken twice 2-4 hours with two

volumes Cy Hg( some extraction made at 65° ¢) the Cg Hg evaporated al-

most to dryness under reduced pressure in Cop and the residue dissolved
in smallest possible amount of Ety O; in eddition 2.5 volumes EtOH (ethel
ether cephalin; the filtrate was evaporated almost to dryness under re-
duced pressure in CUp the residue dissolved in a little Ety0 and treat-

ed with two volumes Me, Co which precipitated lecithin end some "white

material®. After drying in a darkened vacum dessicator, the precipitate

was allowed to stand over night in Et, O when the twhite material ®

separated out. ’
The Et OH and Etz0 treatments had generally to be repeated to remove
cephalin and "white material®". The lecithens so albumied were hydrolyzed
by boiling 15-20 hours in Co, with 3 per cent HcL or 1.6 per cent KOH.
The presence of NHpCH5ChoOH was demonstrated by means of the chloraurate
and picrolonate which were found identical with the' corresponding com-
pound prepared from the synthelic alcohol cholin is isolated as the chlor -
oplatinale, |
In both sheep and beef brains the choline was about equal to the
amount in Nh_ CH CHQQH. The two ceaprising 85% of the total N in the

2 2
lecithin; the other 15% is in the form of umhydralyzable residue.

(8) Fitrogenous Constituent of Brain Lecithin. J. E. Darrah cand C. J.
Mage. Arthur J. Am, Chemisiry Soc.,38,922-30(1916)




If lecithin is a single sabstance(and it probably is not or it is much mor
more complex than usually believed) it probably contalns one molecale
each of the above bases;. This associated lecithin molecule is rather
firmly combined with a salt nitrogluous compound which by law impossible
%0 remove. |

In nis studies of the combinations of the phosphoric acid in the
mervous system Jolly (10) found that phosphoric acid occurs in the
nervous .substance as glycero or oleophosphoric acid, and or; 1g;11tion of
the .brain substance, a residne consists of phosphoric acid and alkaline
phosphates and carbonates. = The residue by ignition of 100 grams of

the brain substance of Ox and Calf and spinal marrow of ox are as follows.

A BRAIN OF CALF OX SPINAL

T WABRO W
...... 0 o 874

4.774_ l.8681 ., _2.816 |}

: U.104 0.206_| 0,105
me; " " 0.054 0,178 0.076

LE@;*_:. " 0.088 e -0.309 5. R 1584 1
© QoTALS | 5.020 2.639  3.519

These rgsultsr show that in the young animal the brainl is very r.ich
in phosphates, while in the full grown animal the special cord conmtaine
more phosphoric acid, and then after the alkaline phosphates. Phosphate
o Iron is most abandant. ' o

_Bosinheim and Tebb, in their researches on the brain iipoida,

1solatgd the sphingomyelin which they studied.

(10) Combination of HE PO in nervous substances. L. Jolly (Compt.
Zend, 89,756-708.1)

N




Sphingonchin is the phosphoriged constituent of so called protegon
and may be separated from non-phosphoriged constituent of this mlixture
by combining fractional precipitation by means of acetone and alcohol,
cholroform solution with re-crystalligation from pyridine. The term
galactoside is adapted for the non-phoslorized substanced just referred
to.

Sphingonchin is a white, crystalline, non-phosphorised substance-
which exhibits the phenomenal previcusly described. It contalns 4 per
cent phosphorous and the P:N ratio is 1:2 ; 1t is therefors a diamino-
phosphide. On hydrolysis it yields choline and forty acids, but not
glycerol. On partial hydrolysis it furnishes a substance which has
some resemblance to the simplest mucleic acids, but this on complete
hydrolysis yields Hy; PO, , a base, and a arystalline alcohol instead of
a carbohydrate.

There are many different: conditions and aspects in which the bdrain
might be studied, and two of these, namely; the composition at different
a ges, and also the difference in composition of the brain in normal and
starving animals, The first condition was studied by Waldemar Koch and
Sidney A. Mann (12) in which three brains were examined, one at the age
of nineteen yeara, one at six weeks, one at two years. With tae growth
of the brain a decrease of iﬂoismre, protein, extractives, dnd ash ogours,
while there 1s an increase in cerebrins, lipoid sulphur, and cholesterol,

that is the substances Which predominate in the white matter.

(11) Lipoids of the Brainl M. Christine Rebb. (Proc.physicology

S0¢.1909 J. Physical 38)




ihe composition of the brain under normal and sta.rving conditions
was investigated by Paladino(la)

In esperiments carried out on 'dogs it was found that the vlva.ter‘
content was higher than that of normal animals. Parallel \dth the: 1n-
crease of water there is a dimunation of ether soluble substancos. No»
difference could be detected. in the quantitiea of other bra.in constimente
(cholesteral, letnins, prolein) . Amother simila.r examination under ab-
normal condition was made by Mes‘sing‘ (14) on the mineral constituents
of thé- normal and pathological brain, The water content shows only

slight variation(from ?77-78 12 per cent). The Bs O 5éontent increase

with age and weight of brain, provided arteriosclerosis is not present,
in which case it decreases.

The.Pg Og content decreases from the 60th year onward, this and
the above behavior being also observed in pathologicﬁ brains. The
same- relative values are found during infance and in adudts. The B Og
content is invex"éeiy;pi'&ﬁortio;a’l to the Ca0 content while the content
of Cl is directly proportional to the former. o o

(1R) The differences in the composition of the Brain Substances in
Normal and Starving Animals. "Reffage Paladino(Biochern Tutsech 1912,38,
443-7)

(1;) The Gomposition ‘of Human Brain at Different Ages, Waldemar |
Koch and Sidney A. Mann, (Proc.physiol. Soc. 1907 36-38 J. Phyaiol.SS)

(14) Some mineral constituents of the normal pathology of the
brain., Basia ,Meaéihg. Warswa Bielogical Chemistry., 14 Inmug. Diss.

Zarich 1912 Zents.Biochen biological Chemistry 14.133
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ihe lecithin content of the'i)r'aiﬁ; human-, was estimated by Crusk-
shank (14) as well as by Burrows, (15) the latter aleo investigating the
amount in both bre..i‘r't.e‘ and milk exi‘;'ractedr by‘ means of the'ether'-alcohol
mixture and eetimated from the amou.nt of phosphorous in tne extract. In
different animals 11: was found that the amount of lecithin varies, its
proportion becoming greater as the rela.tive brain weight increases.

The following table glves results.

IR CALF D& Mad
Relative brain weignt 1,37 1.30 1.7
Lecithin of milk in %  1.40 2.11 5.5

of proteld. : : L ,
 In 100 grams. of moist tissus human brain ylelded 0.6, and other
tissues va.ry._ing amounts from-0.14 to 0.48 grams. ,

The cerebrosides of brain tissue were studied by Levendl §§f'which
rapidly dessicated brain tissue was extracted with hot 85% Et OH, The
deposit obtained on cooling was separated into a number of fractions,

_differing in their solubilities and optical activity. Both optically
active and inactive cerebronic acid were obtained in hydrolysis. The
more soluble fractions ylelded an acid Coy Hyg 02,. This is believed
to.be v,lignoc‘enirc acid, bacause. the melting point of the free acids the
PB salts and Et esters agreed closely. ]

(14) The Lecithin Content of Different Tissues. (P. A. Levend. Rock. Inst.
Of J. Bi6l.Chemistry 15,359-64) John Cruchshank, Path. Bact.1013.13

(15) Lecitnin 'in Brain and Milk. Bobert Burroro. Zent Physi ology Chem.
-1900,30 ,495-507

(16) The Cerebrosides of Brain Tissue. P. A, Levend. Rock. Inst. J. Biol.
Chemistry 18,359-64. :

10
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Simonds (17) found that the protein of calf brain subjected to antoly-
sls @dergoes a change dne‘ to free existing enzymes. About 14 per cent of;
the organic phosphorous is converted to the inorganic soluble form of
enzymes. The organic portion of the brain both soluble or ingoluble in
a.!.coho1 Bther undergoes phosphorous cleavage change when subjected to
auto-digestion. fThe lecithin and phosphatide content of the brain as well
a8 of other organs is greatly affected by the administration of alcohol
as Sieher (18) proved in his experiments upon dogs. '

Dogs were fed alcohol daily for gsveral months ‘at".the“ ‘rato 'oﬁio_.9-

25 grame per kilo of body weight. Occasional periods of a {ew days rest
were allowed. Thealcohol solutione were evaporated, the residue taken
wp with ether, and the phosphatides precipitated from ethereal soluble

with acetone. No alcohol animals comp;red with nomal ones showed in .
every organ excepf ithe kidnéy a phosphatide dofici.t. The rfir'et figrurver
in each pair in the’ followi rg list gives the ;avera@ per cent of phos-
phatiide ﬁresent in the ‘dry oréans of %hfee alcoholic dogs. The las'('; '
figure represents the average of the three normal animals. o

Brain '16.34-27.76 Heart 4.65-7.16 Iungs 5.81-7.15

Spleen | 3,72-6.09 Kidneys 7.21-6.37 Bloqd .0613085_

Stomach Membrane 4.21-8.36 Liver 4. 58-7.33

Intestional "  4,08-7.3

n Wall 2.66-3.76
Stomach ". 1.86-2.43

(17) mutolysie of the Brain-Friedrick Simon. Chen. abt. Pathology Just.
Berlin. Zents Physiology Chemistry 72, 463-83.

(18) The Effect of Alcohol Upon the Phosphatide Content of Animal Orgens.
N. Siseher. St. Petersburg. Bio. Chemistry Zents 23,304-23,

¥4
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However, similar experiments on dogs using morphin gave results ..
somewhat different according to Biherfield (15). The estimation of cer-
tain lipoid constituents in the brain of dogs which had acquired a toler-
ance for morphine revealed no marked deviationfrom normal ones.

The cleavage of the glucosides by the brain was studied by Hess (20)
in which he found that the brains of rabbits, guinea pigs, and man con- "
_tained a substance which splits Beta glucosides, for example érbutein
but not salicin nor Alpha methol Delta glucoside. The brain on being
heated lost this cleavage power, indicating the engymine nature of the
reaction. The reaction was favored by a weakly acid reaction, but check-
ed or completely stopped by an alkaline reaction. The cerebral fluid
also splits Beta gucoside hence the ens yene was soluble in water,gly-

cerol extracts were not acting.

The lipoids of the ancient Egyptian (21) brains showed that eholes-
teral of the Captic brain had undergone slmost complete exterification,
and in the oldest (600B.C.) 95% had disappeared. Uhe per cent ofphos-
phorous ranged from 55-70 per cent dur probably to methods of preservation,

In a critical estimate of the work already accomplished Fraenkel (23)
poinfs out that cholerterol (possibly cerebron) is the only su§stance as
yet isolated in chegdical purity from brain substance, and Kauffman (23)

adso states that 6x brains contain no suchcompound as free choline.

(19) The Belative Amounts of the Different Lipoids of the Brain in Dogs

which have acquired a tolerance to Morphine, Johannes. Binerfeld(Biodiern.
Zeits Chemistry 1915 70,158-63)

(20) The Cleavage of Glucosides by the Brain. L. Hess Lab. allgerm. Poly-
kiln., Vienna Wienklin. Wochekr. 24,1008-11)

(22) Brain Chemistry. Sigmund Fraenkel Viema(Ergeb. Physiol. 8,212-53)

(23)The Descogery of Choline in Ox Brains. Max Kauffman Haite Z. Chem.
74,175-8) - |

12
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Investigations on lecithin and™myelin® substances in the brain w
were done by Zuelzer. The method for the sep'a.ration'of myelin siub-
stances in the brain was as follows: The brain is at first extracted
with bther. On the removal of this and addition of acetone, a vol-
uminous precipitate is obtained; this is free from cholesterol, which
remains in solution. The precipitaté consists of several substances
containing phosphorus; one of these, protagon, is insoluble in ether
free from cholesterol; the part which is soluble in ether is divisible
by addition of excess of alcohol into two parts; the one which remains
in solution is lecithin, the other, which is precipitated, consists
of two new myelin substances which have still to be fully identifbed.
Egg-yolk gives some what similar results. A
o A. Buglia and D. Massteinr (b) investigated the phosphorcus in

the ventral end dorsal medullary fibers of the ox. The phosphorous

present in the dorsal and ventral medullary fdbers is mainly organic
phosphorous and chiefly phosphatide phosphorous. fThe total phosphores
of the dorsal fibers is uniformly greater than that of the ventral.
The difference persists in the dry material and cannot be attributed
therefore, to a difference in the water of inorganic content.
Phosphatide is a pproximately the sape for ‘each variety, but
pho sphorous in other types of compound is present in greater quantities
in the dorsal fibers. While in the neutral fibers the difference in
lipoid end organic phosphorous is scarcely noticeable. In the dorsal
£ibere it amounts to 3.5 per cent of the total phosphatide. |
This points to the possibility that the doreal fibers contain a

emall quantity of phosphatide in a special type of orgenic cpmpound, in

addition to the phosphatide,
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The property which lecithin possesses of being so easily ex-
tracted and dissolved by alcohol and ether is made use of to a lgreat
extent in the preparation and extraction of lecithin and lecithin
derivatives-.

Lecithin emlsions were prepared by (24) ‘Schiffers by dissolving
a weighed quantity of lecithin in least emount of toluene, then mim-
ing solution with sufficient (0.9) per cent Nacl eolution to give re-
quired concentration. |

After the mixture has been shaken thoroughly, a current Hy passed
through it until all the tolueme has been removed, the emulsion then
being submitted to centrifugal action, and filtered through cotton or
wool. The following method may be employed for checking the strength
of the emulsion; the method is based onthe amount of oxygen required
to exidize the lecithin, 10cc. of the emulsion are heated to 90°C. for
six hours in stoppered flask with 10 ce. of solution containing
K5 Org 0 five grams, 38 % Kcl, 300cc. and water 70Q0cc. After cooling
10cc of a 5% solution of KI are added, the mixture is allowed to stand
for at least two hours, 30cc. water added and solution titrated with
N/26 Na, 8, O, solution. A similar titration is made by using 10cec. of
the Nacl employed in making the emulsion, and the difference i8s the
amount of throsirffate used in the titratiin if measure of lecithin

present. Experiment shows that lcec. of N/25. throsirffate equals 1.12

grams lecithin, _
According to R. Conn (25) the estimation of lecithin may be divid-

ed into three parts, Namely, -the extraction of lecithin, purification ,

and estimation of phosphorous.
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-of choline to act in turn on di-glycerine-phosphoric acid. Ethylene glycol

15. . 15

For extraction, from 1-2 grams 6f commercial preparaticn of lecithin,
of 5-1J grams of food containing lecithin are extracted for several
hours with two successive quantities of 100 cc. of 96per cent alcohol, -
the first extraction being carried out at ordinary temperature and
second at boiling temperature of alcohol, using the reflux condensation.
Lecitnin was prepared by Mac Lean (26) in which he took crude
lecithin obtained b y extraction with alcohol and purified it. This was
carried out b emulsification with water then treatment with acetone.
Lecithin, after purification is easily oxidized, and many of the new leci-
thin like substances are merely oxidation products or c‘onsi at of lecithin
plus nitrogen based on solubility alone; the degree of oxidation and pre-se
sence of . impurities influence solubility greatly. .
‘ﬂze' observation of the work of Guin .amd IE{:a,ele (27) show &hat in order

to effect the synthesis of lecithin it is proposed to allow theé components

and phosphoric oxide acting on di-stearin produce alrost quantitatively
di-stearin ethyleme-glycol orthophosphate.

(24) Method of Preparing Emilsion and the Subseguent Estimation of the
strength of it. J. C. Schiffers Broihern Z, Chemistry 1912,40,189-192.

(25) Lecithin Properties and Estimation .R. Cohn A, Zeits Chemistry.
Offento Chemistry. 1913, 19 54-B2 Through Chemistry Zentralbl 1913 1.
1129-1130.

¢b) Chemistry of Nerve 2. Estimation of phosphorous in the ventral and
dorsal medullary filers of ox. G.Buglia and D. Maestrive Chemistry Z.
1915 336 from Andi. Farm specum. 1914,18,221-224,

(26). A Simple Method for Preparing Lecithin. Hugh Mac Lean (J. Path. Bact.
1914, 18,490-4.

(27) Albegd Synthesis of Lecithins-Afolph Guin and Fritz Kaele. Ber. 1912
45, 3367-3376. .
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) 0.PO (0OH).0.C, H, 6H

c; Hg (0.C0.C o Hy

S5 17 65
When ethylene chlorolydine is used, theé reaction takes place in
two directions, the glycol ester as well as the B-chlorolthyl enter.
Ca Hg (0.C0.Cyy Hzg ) O.PO  (OR)O.Cy, Hy Cl being formed. This
compound reacts with trimethyl amine, forming the trimethyl 'ammonium»
salt. '

Cg Hg (0.C0.Cqp Has )2 0-20.(0.C5 By cl) O NH Meg and no more

energetic action of excess of trimethylanine thﬁs undergoes rearrange-
ment to lecithin hydrochloridd Cz Hg(O. co. Cn“ss}, 0 PO(0.C, Hy N Megcl )OH

the final product o‘btained was a mixture of both compounds together with
an intermediate form.

The syntﬁetic lecitbin hydrochloride (Destrarin choline phosphoric
acid eacer) product is a soft waxy compound which changes at 600 to a
cleer, viscid liquid or oil which becomes moblle at 64-65° and opague at ¥4.°

Plants, vegetables and seeds ahve been used as a source of obtain-
ing Lecithin as well as egg yol;:s, m 1k, bl“ains and other substances.
§ghulzg and Franksfurt ‘(28) faund that in order to obtain lecithin from
_gged;s', .they should be.’ finly ground, treated vﬁth ether, water should now
be added to satu:atiq'.;n ,and_ the emulsion which is 'thug formed mst be
gLéa;eq_ by hthe. addition _of salt; after separation the ether is evaporat-
ed and the lecithin which is left 1s purifiedl, by re-dissolving it in
alcqhq}, To work quantitatively the B3 PO: mus.t be determined in ﬁﬁe
al_gphol .extract' and the lepithi,n calculated therefrom (fgctor:ma@esinm
pyrophesphate x 7.2703)
(28) Lecithin in Vegetable Subetances E. Schulgze and E, Frankfurt.( Landen
Versuls Sbat. 1893 307-378) :

£6
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bchulz %rking'b-y himself, prepared lecithin and other phos-

phatides from plant seeds. By this method of ether extraction'(c-zrude
fat) the lecithin is sepaéated by treatment with acetone which dissolves
the fat. The crude lecithin reﬁaining is dissolved 1n‘ ether and pre-
cipitated with acetone. &nployin.g._ this method lecithin was prei)ared
from the seeds of Saga. bispids and Lupimis lutens. THe for:her‘cpn-
tained 3.04 per cént lecithin and. the la.ter 3.09 per cent . | !me low
pho spaairous content is due to the presence of carbohydratee in the
material. From phosealus mltifolons a lecithi.n was 1solated wi.th

3.84% phosphorous and this product upon decomposition gave the same
products as usual .

The phosphatidee isolated from Castanea vesca and Aewulus
hippocq.stanmn possess ;espectfully 2.63 per cedt and 2. 46 per cent
phosphorous. |

Further extracts (30) are recorded to show that hens feed on a
diet free from lipoids, produce eggs which contain lecithin or
leéithina. These.di.ffe‘r in the nature of their fatty acid ra‘d_ic]_.ea,‘
aﬁd faria.tion may-be produced by the nature of th-e lipoid; of the diet.

Many different_mtho'dsrof preparation are now patgnted, Ge:;many,
France ;md U. S. all h'a.ving.patenta covering such processes. The pre- .
paration of lecithin by H, ‘Buer (31) from the seeds of fmit and vegetable
mat erial containing lecithkn by extracting the initial materi.al with 96%
aBcohol in amount, about fifty times the ratio of the extracted substance
contained in the crude material, at a pressure of .5 to 1 or with the
employment of a reflux condenser to stand for some time at the oriinary
temperature.

(29) Concerning Methods Employed in Preparation of Lecithin and Other

Phosphatides from Plents Seeds. E Schmlze. Agriculture Chemistirp Poly teck.
Zuna & Physiolqgica,l Chemistry 55,338=-51
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When the complete separation of fats, cholesterol and color-
ing matter takes plawe, then exaporate the alcohol solution which
contains the bitter principles and the solution to stand for a loz;é
time at the ordinary temperature until the separation of the lecithin.

Another proceﬁé of German origin by G;A. Fisher (33) for the
manufacture of {ecithin<rich preparations or of lecithin fatfy—oil
and cholesterol by treating animal or vegetable lecithin contaiiz:lhg
crude material of mixtures of these mbaténcéa with an ester of the
fatty acide such as Et 0 Ac. , Me dac. Me. B.utyr'a.t‘e, or mxtures of
these esters with heat. The cholesterol éparated from the mixtu.re ’
of fatty oil and cholestrol by standing at the ordinary temperature
is removed in the known names by centrifugation of by preassing out
from the fatty oﬂ,’ and crystallifed from aleohol or benzeme. 7.

In the making of lecithin salte by Bergell(33) 1 moleculs
citric acid is mixed with a solution of 1,2 or3 molecules ‘of 1ecifhin,
or 1 molecule of glycerol phosphoric acid is mixed with a solution of
1-2 molecules of lecithin and the résﬁlting lecithin ealts are
sepa.ra.t'ed by freez iﬁg out, evaporating or presipitating from the
solution.

Ziegler (34) for extracting a product containing alecithin and
serving for the "pr‘ep'aratibﬁ of free lecithin consisting in defining
the wheat germ of. 1ts molsture by dessication at 70°, removing its

oil by solution.

(31) Germany 236,605 September 17,1910 K.Buer Koln. Preparation of
Lecithin; '

(32) Germany223 , 593 May 29,1907,C. A. Fischer. Berlin F. Haherman
Brumn end S"ephammine Ehrenfeld Wein.
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(33) Germany 268,103 Wovember 2,1913,P. Bergell.

(34) " Patent 364,896 April 4,1908.Ziegler.

It 1s.then treated with about 40 pints of methyl or ethyl alcohol of
90-95 % and distilling offin vacums. The residue which contains
sugar and lecithin is treate'& with C2 35 OH of 8U-80 per cent and
lecithin precipitated by Bacly in hot aqueous solution of 10 per cent.

The method used by pergell (35) for the pfeparation of lecithin
golution = consists of dissolving freshly lecithin in glycerol. The
resulting solution can be very readily amulsified with agqueous or
abcohol liquids, and may be used for subcutaneous or direct injection,
and for other medicigiln: puz'poaés. Glycerol serves as a preservative
for lecithin, '

According to Feudler (36) the purification of the lecithin pre-
paration is obtained by treating yolk of egg with acetone . A very
disagreeable odor caused by the golvent, clings very tenariously to
the lecithin albumin and has.a marked effect upon its applicablility.

The purification is effected by moistening with water or an ;é(l:neons.

liquid and drying.

(35) Patent Lecithin Solution. Process for Preparing B. Bergeil

Germa:d Patedh. 231,233 June 10-1810.
(36) German Patent 272, 257 Feb. 15,1913 G. Fendler.



The German Patent Wo. 241 (37)-564 states salts of lecithin are .
obtained by means of dichlorohydrin or trichlorohydrin, whiéh disg-
solves 50 per cent in the cold or monochlorohydrin which dissolves.
Cold solutions are obtained in the best pure lecithin and mixtures of
lecithin and a.i‘oumina containing variable proportions of pure lecithin
from dessicated yolk of egg is based wpon the relatively great ‘solution
of lecithin in hot acetone in the presence of fatty matter contained
marmaly in the egg. ¥or example dessicated egg yolk 100 grams is ex-
tracted in a Sothlet appliance by acetone 40.5 kgs. (des sicated egg
of commerce containing 15-18 % of lecithin) until the mixture has the
required composition. When the acetone solution is allowed to stand h
at 5-6°, ‘the greater part of the lecithin mixed with the fatty mat-
ter and cholesterol, separated out, The product is washed with cold’
acetone to remove the fatty acid and cholesterol, the residue is
almost pure lecithin,

Lecithin is present in bone-marrow and the method employed by (49)
Otoslki 18 a-very good one for its extraction. The preparation of
lecitm:rfrombone-marrow by means of the method of Bergell was
as follows: Extraction of the marrow ¥ith warm 96% alcohol, treatment
of the alcohol extract with ether and separation of the 1nso1ub1§
substances by decantation, evaporation of the a lcohdl, ether extract
to dryness, solution of the later in ether from which fhe lecithin 1s
precipitated with acetone. '

(37) German 241,564,Nov.5,1910.Werke Vikstoria G.M. B, 4
(38) *© 237,029 Feb.21,1911 Chemistry.Fabrisk Gealeon Richter.
(39) Lecithin H. Martin Hall 2,583. September.5,13818.

(49) The " Content of Bone Marrow S. W. Otoskke. Chemistry . RaisedJ.
medical Expert. M. St. Petersburg. Bio. Chemistry Z 4. 1234-53.
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Levene and West found that pure lecithin may be prepared by means
of the Cd 012 » but 1t is necessary first to remove albost 9.11 -the
cephalin by EtOH precipitation. The Cd Clg compound is recrystallined
from EtOCc until free from Cn,-N and then decomposed with (ﬁH4) 2005

The fact that egg yolks contain lecithin furnighes one of the beat
posaible sources for the obtaining and subsequent puriffication oX lecithin.

Mac Lean (42) prepared a sample of lecithin from egg yold which con-
tained all its nitrogen as choline. Dried egg yolk was powdered and
extracted with alcohol, to the alcoholic extract was added excess of .
alcobol solution of Cd Cl,. The resulting precipitate was washed with .
alcohol and then rubbed up with about 15 times its volume of ether con-
taining a trace of alcohol. A dense gpalescent mixture was obtained which
on centrifuging separated into a browhish deposit and clear supernatant
liquid. The deposit was thoroughly washed with ether, dbjed and decom-
posed by boiling in alcohol with (HH,),Co, according to ihe method Te-
commended by Bergell 1902.

The alcohol was concentrated, the residue taken mp with ether con-
talning an excess of acetone. The precipitate obtained was emlsified
with water and treated by the usual process for the purification of
lecithin (Mac Lean 1912). The lecithin was dissolved in alcohol and
again precipitated by Cd Cl, . The double compound bbtained was ro-
crystallized from the ethyl acetate mixture already dsscribed. Beantiful
whi te feathery cryatala of ‘pure lecithin cadgin °h1°r1d° were tms obta:ln-
ed. _ - ‘ |
(41) Lecithin 2 Preparation of Pure Lecithin. Composeition a;g ;Oll;:ttigy
°§olggt%w§g§iym 2%75-86 (1918?' Tevene and C. J. West ' .

(42) Preparation of a sample of leoithin containing all its nitrogen
a s choline (Mac Lean 1915, Volume 9, Page 374. Blochen Journal)
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The analyeisi of pure lecithin Cd 012 gave:. : o T
Nitrogen(Kjeldahl) 0.5604 grams reguired 5.85ce W/10 H;80,-2146.-% H.
Phosphorous (Newnam) 0.2600grans required 15.8cc N/2 HpSO4 = 3. 37#P..

NP = 1:1.04

Bergell (43) in his preparation of lecithin believed that lecithin
was best prepared by extraﬁtihg egg yolk witﬁ YQS% alcohol and preciptiat-
ing with Ca Clg at 0% the precipitate is then extracted with ether, and
alcohol composed by boiling with alcoliol and (NHy)sCoz, The lecithin.
separates from the alcohol solution at 100° and may be purified by be-
ing dissolved in 6hlorof6rm or preéipitated. with acetone, mother liquor.
The yield is about 4 per cent of the yoli,

Lecithin contary to the statement of Dracancf éan"ba'ﬁéwdarad'mid'
preserved in air exhmisted vessel. (Arnilen 1979}148,71) -

When the egg yolks (44) are extracted with ether fully ome half of"
the phosphorous is removed. %Q per cent of phosphorous calculated as
B, 0518 as follows. Egg 0,26

Pure lecithin free from cholesteral was obtained (45) by Riedel
bu extracting egg yolk with cold Me OH. Tje latter substance which
possessbs .the power of splitting lecithin slbumin into its components

after o short action. May also be used in the analysis of egg yolk.

(43) Preperation of Lecithin Peter Bergell Berlin, 1800, 33,3586-86

“(44) Occurrence of Phosphorous in foods A. Balland. .- Compt. Bend
143. 169. :

(45) Lecitnin of egg yolk. A. G. J, D. Riedel fle. 1912.24-33
Zends pio. Chemistry Bidly.l3, 45

2z
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From the behavior of lecithin toward saponifying agente the form

of the activity of glycérophosphoric acids obtained from vlecit‘hi—n B.iedel -

derives the following formmula 1n which R and R* represent fa.tty acld rad-

1cate( pa.luntic, stearic, oleic and lunoleic acids)
OH
RO CH, ¥ R' OH.C. -cgzo.é- 0C_H,; N(cns)sen

o

Lecithi‘#?)om egg-yolk was prepared and analyzed: hydrolyzed with
Ba(OH), or HCl. It gave 66 % of its N as choline. - Lecithin from the
heart muscle then similarly analysed gave 42% of its N as choline, when
precipitated as th Cd Cl, double salt, gave 75% of its N as choline
mnd a fitrate containing N in non-choline form- showing that N is split
off in forming the Cd 01; salt. The difficulty was not the isolation
of the choline, since when choline was mixed with glycerol, glycerophosp-
horic acid, pg0s5, stearic and oleic acids, 94.5% of the choline was

recovered as the chleroplatinate.

Atino ethyl alcohol was obtained by Ga rier (47) by hydrolysis of
egg white. Lecithin with dilute g 90, .

Gobley (48) found both Lecithin and cerebrin a long time ago-in
egg Wolk and in bra:ln substance, and lecithin afterward in human 'vencus

blood, bile, eggs, milk of carp, btc. Bouchardt also found it in milk,

46).
]S"gg Yolk Lecithin H, Hac 1ean Chemi atry Abt. Physiol. Inst, Unj.v.Berlin.
Z. Physiol. Chem ., 59,223-9 - ' ' :

(47)
Extraction of Amino €2 H; -OH from Egg Lecithin George Garier Zurick
Z. Physiology Chemistry 76,496-8.

(48)
Lecithin and Cerebrin, M Gobley. J. chemistry 4. 19 .346-354,
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In 1886 Liebuch of Berlin smnounced his dissovery.in btrain mat-
ter or a substance containing Phosphorous and Hitrogen and to which he
gave the mame of protagon. When boiled twenty-fomr hours wu.h Ba(0k) 2
it was sald to.yield glycerothophanic acid, fatty acids. smd a particular
organiem aealled meurnie. The anthor states that protogon &s formed of
the two distincé bodies, lecithin and cerebrin, and that neurine is a

product of. the decomposition of 1lecithin.

Work done by Mac Lean (49) on this phosphatide (lecithin) shows

that some of the neurine 1s present in form of choline and part im

unknown form. Control experiments show that loss of choline du:tng
analytical methods used will not account for residual N (50). He
bas also shown that the extract of egg yolk contains ordinary lscithin
end also a mono-snimo diphosphate which is what #ifferent from amorin
of heart muscle. The difference probably depends on the presence of
filfferent fatty acibd:_r'a,dicles. The extract also containﬁ pure tri-
.pe,lmitl'.n. o V | ' g
Eopler wah ‘shown that the products of hydrolyels of that portion
of the phosphatides of egg lecithin which is not precipitateﬁ. by Cd Cl'a‘”‘
congsists of amino-ethyl alcohol in addition to cholinerextraction.

The phosphatide solution in alcohol after complets estraction of egz-

yolk with ether is & monaminophosphatide.

(49)Lecithin of Egg Yolk Hugh Mac Lean. A. Zeits Chenistry 1909.59,323=229.

(50)A Mono- aminodosphosphatide in Egg-yolk. Hugh Mac Lean (Pdo.Chemistry
J. 1909,4, 168-174.

(51) Phosphatides, Particularly Those in Egg-yolk. Julius Eppler. Zeits
Cherd stry. 1913,87, 233-254,



Zormen states (53) that lecithin 1s not constant, but rather
the proportion of lecithin occurring in egg yolks varies considerably.
The yolk of eggs which have apparently kept; well; exhibit,. after some-
teme, substantial alteration in'their'con,ngoaition espéci_é.lly in re-
spect to tne Qquantities of lecithin and cho‘l‘ee'.l:erol they contain.

In this regard, too, marked differences are found between fertiliged
and unfertiliged egss.

Boaf (54) and Edie prepared lecithin and estimated the phosphorous.
The egg yolks wers repeatedly extracted with alcohol, the alcohol f£rom
the united extracts was distilled off under reduced pressure. To the
syrupy mass so obtained, a little ether was added and the solution ‘pre-
cipitated with acetone. The precipitate was reheated on a steam bath
to remove ether and acetone and weighed, and the lecithain in it detected
by phosphorous detsrmination.

Habsrman and Ehrefeld (55) patented a process for obtaining lecithin
from egg yolk by separating from the lecithin and lecithin albumen and
fat ,cholestral coloring 'ina.ttér associated therewith and aromatic subetances.
(63) Lecithin and Othg;' Compounds of Egg Yolk Ef Zorman. Biol. Chemistry
Farms. 1909 48, 520-21.

_ (54) Preparation and Estimation of Lecithin. Herbert E. Roaf. F. E s

Edie( Thompson, Yates, and Johnson, Lab. Rep. Liverpool 1505,8, '291-203)
(55) N. g. <987. 133. March 21 Fogeph Hzhermen and Richard Ehrenfeld,

Brum, Arstria Hungary.
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inis is done by extracting wita cold EtO Ac. collecting the residue

ot mixed lecitainand lecithin albumin, extracting lecithin there-from
in hot EtOCc and separating the pure lecithin by cooling the solution.
100 grams of yolk yield about 9-10 kilo-grams of lecithin.

B Barbiere(ss)gives an account of his work in which he found that
the yolk of egg, glandular fat or lipoids soluble in alcohol consiste
ing of tri-palmitin, oleopalmitin, and coochromin; also nitrogenous and
phosphorous substances. These can easily be separated without break-
ing up the lipolds. Igg yolk also contain non-glamlar er somatic fats,
which consist of tri-stearin and olen-stearin. fThese are mixed in
alcohol. 36(57)8.130 separated the lecithin fractions of the yolks of
3000 eggs by dialysis and cooling to o° each separate fraction analyz-
ed. It was found that soma bases not containing choline were present
and were held in solution by the fats. Phopphorous is not united to
glycerol, being di-anlyzable and either wholly or in part in the form
of soluble phosphates.

"Among the methods so far desined for the determination of lecithin
and related compounds, the one .suggested b - Hoppe-Seyler, depending on
the determination of the ether-aolul;le phosphorus has been most cosmonly
used. Like most of the other methods it does not however, dietinguish

between the two main groups of lecithins, the lecithins andkephalins,

(56) Non-existence of Lecithin in Egg Yolk and in Biological Chemistry
structures. N. A, Barbiere Compt. Rend 155,312,14.
(57) Nin-existence of Lecithin in Egg Yolks, Free or Combined.

N. A, Barbiere. Compb. Rend. 151,405-7,

26,
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'i‘hudiChmn(E‘))has suggested a method de'pending on the differences in
s0lubility of the lead salts of the various lecithins in alcohol

and etaer. On account of the comolicated manipulations and the
amount of material required, it has never come into use. : The method
of Kocn (3) which depends of the determination of the methyl group,
split off above and below 240 degrees C, with hydrioiic acid, is also
rethsr compliceted, but does not require nuch material.

As very little is kmnown at present of the relative amounts of
lecithins and kephalins in the various animals and vegetable substances,
an attempt was made to extend the metiod of Koch to ether tissues besides
the nervous system. The very .first trials with milk ( which does not
contain much lecithin) gave, however, such unexpectedly high results
that we were led to seriously doubt the accuracy of the method. A
trial of the reaction with pure butter-fa.ﬁ revealed the fact that fat
alone will split off with hydriodic acid eitkher methyl iodide, ethye
lodide, or some other iodide which interferes with the det;srmination.
Thie method was therefore abandoned and an attempt made to simplify the
rnethod of Therdichum,

'The precipitate formed irm an alcoholic solution of crude brain
lecithin with alcoholic lead acetate has been previously shown by
Koch to consist almost wholly of kephalin, as it gives off above that
temperature. A crude preparation of egg lecithin, from which no kepha-
lin cen be separated by precipitation with alcohol also gives a pre-
cipitate with lead acetate. As there is a possibility that the pre-
cipitate in this case may be a modification of lecithin, it was tested

for methyl groups.
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“he result was ti:e ssme as with the.subétance from nerve tissues,
only very little methyl iodide could be split off above 240%c. with
hydricdic acid. We may assume ,therefore, that the lead precinitate
always conuists of a kephalin. As the formation of the precipitate
takes place, however, somewixat slowly, it mast be hestened by boil-
ing and by the addition of 'a little ammonia, as described in detail
later. The filtrate on standing will still contimue to deposit small
amounts of precivitate, but the reaction is practically complete and

can be used for comparative investigations. The compounds found in

tie filtrate invariably contain the methyl grougs in the proper pro-
portion as required for lecithins.

The lecithins , therefore are calculated from the amount of
phosphorus in the filtrate and the kephalins from the phosphorus con-
tent of the precipitate. The lecithins and kephalins before the pre-
cipitation with lead acetate are separated from inoxganic. and extract-
ive pnosphates by precipitation with chloroform in acid solution. A
careful examination of this precipitate is called the lipoid precipitate,
as 1t contains all the fat-like constituents in the case of all tissues
investigated.

5. W. Johnson and E. W. Jenkins have devi sed a method for estimating

phosphoric acid which is said to require less then half the time and

labor necessary for the molybdic acid method, to be scarcely leess accurate
and genex;ally appliable, Stolba has shown that the pure .ammonio—magnesium

phosphate can be determined by tiration as well gs by weighing, one mole~

cule of pure salt requiring two molecules of hydrochloric acid to destroy

ite alkaline reaction,
(Determination of'Phoaphoric Acid-S. W, Johnson and E. W. Jekins (Chem.

Hews, 40,39-40)



The autbors have takén advantage ‘of this corcumsta.nce, the standard
acid wussad in other volﬁmetricu work answers perféctly for taois work.

A strong nearly saturated solution of ammomium tartrate free from
carbonic acid and a solution of magnesium salt ares also necessary.

e lattsr is prepared by dissolving 10 grams of lig 50, and 195 Grams
HHiCl in 1 leter water. 10 cc. of this solution contains twice the
amount of magnesium necsessary to precipitate 0.1 gram %P%; A suit-
able eamount of phosshate is dissolved in HCl, the solution neéi'ly »
neutralized -with ammoni anand symonium tartrate solution is added, 1Occ.
at a time until the solution remains perfectly clear when alkaline.

A suitable quantity of magnesium mixture is taen added‘and the liquid
either vigorously stirred with a rod, or if pracipitation is made in
an assay flask, shaken occasionally. When the precipitition is near-
ly complete  emough anmonia nmst be added to maie the liquid strengly
alkaline, and let rest six to twelve hou.rs,A then filtertiie precipitate
and wash wi :1_x equal parts of strong aléohol ( 85-90) and water. Uhen
the dish and precipitate are washe:d until the washings are no longer
alkaline, the filter and precipltate are returned to the beaker or
flask, a little water and few drops of cochineal tincture added, and
wiole is titrated, . ‘I’nisA_i',s done by adding excess 9f standard acid at
once, stirring to wet ‘all the precipitate with it, and after standing
a few minutes, titratbng back with standard alkali,

Ammdnim citrate may be substituted by ammonim tartrate for bring-
ing the precipitate or reverted phosphates into solution. Since ammonium
magnesium phosphate if largely soluble in ferric and aluminic solutions,
containing insufficient ammonium tartmate, it is r;eceasary, in presence
of iron to add ammonium tartrate, more then enough to produce a reddish-

yellow solution, enough, in fact, to produce a greenish~yellow solution.




30

CHEM ISTRY oFf

Axna GENGBRAL PROPERRT IE S aF LECITH(Q,

Lecithins are ester compounds of glycerophosphorie scid
substituted by two fatty-acid radicals with a base called choline.
According to the kind of fatty acié contained in the lecithin molecule
it is possible to have various lecithins, such as stearyl-, palmityl-,
and oleyl-lecithins. According tc THUDICHUM, two different fatty
acids may exist simultaneously in one licithin, and according to him
every true lecithin alﬁays contains at least one olelc-acid radical.
All lecithins are mononitrogenous monophosphatides, which contain one
. atom of nitrogen for every atom of phosphorus. As an example of &
lecithin we give the one closely stidied by Hoppe-Seyler and Diaconow,
called disteryl-lecithin,

CF2-0-613H350

CH ~0-018H350

044H90N1’0p= CH ZE(()):/PO
W Cickaty
o ¥
According to Henriques and Hansen the iodine equivalent of the
fluid fatty acids obtained from egg as well as brain lecithin is higher
than that of oleic acid,hehce it follows that the lecithins contain
other fatty acids besides stearie, palmitic, and o;eic acids
Erlsndsen in a specielly thorough and careful investigation has
studied the phosphatides of the ox heart and ox muscles. The lecithin
had the same composition as that from the egg-yolk. The iodine equiv-

alent as well as the analysis show that the fatty scids occuring in
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the lecitkin molecule are very poor in hydrogen and belong in part
to the linolic or linolenie acid series. Diaminomonophosphatides,
i.e., compounds in which the relationship N:P is not, as in lecithin
1:1, but 2:1, occur in the muscles but chiefly in the heart mmuscle.
These phosphatides are isolated as metallic salts, and the cadmium
compouné of the diaminomophosphatide obtained from the heart had the
composition C4OH75N2P012;20d012. Brlandsen has isolated & new phospha-
tide from the heart, which he calls “cuorin" snd which belongs to the
group of monaminodiphosphatides in which the relation of N:P is 1:2
This cuorin, which occurs only in traces in other muscles, contains
two phosphoric-acid radicals which in part'are united with glyceryl.
Besides these it contains two residues of strongly unsaturated fatty
acids and & basic radieal, which is not identical with choline. The
empirical formula is 071H125N98°21' Cuorin is soluble in ether but
insoluble in alchohol, and is characterized by a very great asuto-
oxidizability. It is obtained in the amorphous state. <rhe monaminophos-
phatides (lecithin and cuorin) can be directly extracted from the air-
dried and finely divided organs, and to all appearances occur in the
free state. The digminophosphatides are also soluble in ether, but
cannot be directly extracted by either, but only after a previous
treatment with slchohol, and therefore probably exist in combination
with proteins. .

wWinterstein and Hiestand, and presious tc them Schulgze and Winter-
stein, have isolated am® from different parts of plants, lecithin
preparstions with are poorer in pha&phorus than the ordinary lecithin,
eontaining as a maximum 2.74 per cent phosphorus, and which on clevage

with dilute iineral acids yielded, besides fatty acids, clycerophosphoric

-




acid, and choline, also considerably quantities of hexoses, indeed
16 per cent. “The hexoses are d-glucose and d~galaectose, and besides
these smell quantities of pentoses were found. ihese phosphatides
" seem to bpe widely distributed in the plant kingdom.

On saponffication with alkalies or baryto-water, lecitin yields
fatty acids, glycerophosphoric acid,and choline. It is only slowly
decomposed by dilute acids. Besides small quantities of glycerophosphorie

acid we have large guantities of free phosphoric acid split off

Clycerophosphoric acid, CH.OH is a bibacis gcid
. OH- PO
OH-

with probably occurs in the animal fluids and tissues only as & cleavage
product of lemithims. According to willstatter and TLudecke, the glycer-
ophosphoric acid split off from lecithins is optically active. Its
barium and potessium salts are levorotatory and behave in certain
regards differently from the co rresponding slats of synthetically
propared glycerophosphoric acide.

Choline (trimethyloxyethy1ammoniumhydr0xide)

| Clig.Ca, (0a)

- . V.2
C.H, HO, = & é§n5)a

which occurs extensily in the plant kingdom, is not identical with
the base, NEURINE, propared by Leibreich as & decomposition product
from the brain, which is considered as trimethylvinylammonium
hydrOXide,.Csﬂlsﬂo. Choline is a syfupy fluid readily miscible with
absolute alchol. Hydrochloric acid gives a compound which is very
goluble in water end slahol, but insoluble in ehter, chloroform, and

benzene. This compound forms a double combination with platinum




chloride which is soluble in water, insoluble in absolute alcohol and
ether, chloroform and bengene., This compound ig. used in-the deteéﬁion:r
‘and identification of this base. Choline also forms & crystalline
dcuble compound with mercuric clhoride and with gold chloride.

Choline is precipitated by potessium iodide and iodine (Gulewitsech),

and potassium triiodide can be used for the quantetive estimation:of
this base (Stanek). On heating the free base it decomposes into
trimethylamine, ethylene oxide, and water.

Lecithin occurs, as Zoppe-Seyler has especially shown, widely
diffused in the vegetable and animal kingdoms. Acording to the invest-
igator it occurs also in many ceses in loose combination with other
bodies, such as is found in pearly all animal and vegetable cells thus
far studied, and also in nearly all animal fluids. It is espeqi&lly
sbupndant in the brein, nemves, fish eggs, yolk of the egg, electrical
organs of the Torpedo electricus, semen, and pus, and also in the
muse les and blood-corpuscles, blood-plasma, lymph, milk, especially
women's milk, and bile. Lecithin is slso found in different pathological
tissues or liguids.

Siwertzow has determined the amount of lecithin in the human
foetus and in children of various ages, and he finds that the quantity
of lecithin is much gfeater in the orgens (brain, liver, heart and
muscles) of the ripe foetus as compsred with the same organs of childern
up to ten years of age. The child according to him has a certain
store of lecithim when it comes into the world and this is consumed
during the first months of 1t% exfra uterine life.

This wide distribution of the 1601thePS,. s also the fact that they
are primary cell constltunnts g*ves groat bhy51c oglcal importange

to these substances. We have in leclthin no doubt 8 very important
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material for the building up of the compliecated pPhosphorizged nuclein
substances ot the cell and cell nucleus. That the lecithins are s
great importance in the development and growth of living organisms,
ir facet ior the bioplastic processes ir genefal,‘follows also from
several investigations. The fact must not be overlooked that in the
animal body we find besides the lecithins also other related phosphatides
" which have been little studied and which can be readily mistaken for
lecithins. | |

Lecithin may be obtained in grains or warty masses composed of small
crystalline plates by strongly cooling its solution in strong alcohol.
In the dry state is has a waxy appearance, is plastic, but forms pul-
verizable masses when dried in vacuum, and is soluble in alcohoi,
especieally on heating (to 40-50°9)¢; it is Iesg soluble in ether. It
is dissolved also by chloroform, carbon aisuphide, benzene, and fatty oils.
The solutian.of lecithin from:.egg-yolk is dextrorotatory (Ulpiani).
The solution of lecithin in aléohol-ether'or chloroform is precipifated
by escetone. It swells in water to a so-called myelin forms (see Chapter
XII)., On warming this swollen mass or the concentrasted slcoholic solu-
tion, decomposition tekes place with the produetion of a brown color,
On allowing the solution or the swollen mass to stand, decomposition
takes place and the reaction becomes sacid.

With the considerable watef, lecithins give an emulsion or indeed
& filteravle colloidal solution, which is precipitated by selts with
divalent cafions, sﬁch as.Ca, Mg, and otﬁers (W. XKoch). This precipitate
dissolves again in water after the removal from the solution of the
electrqutes, and the formationtofathinprecipitaté can be prevented

by the presence of salts of monovelent cations. We are here not dealing

i




of acetone (Altmann,)

with & chemical but rather with a physical precipitation reaction

(Koch). 1In putrefaction lecithins yiled glycerophosphoric acid and
choline; and latter further decomposes with the formation of methylamine,
ammonia, carbon dioxide, and marsh gas (Hasebrgek). If dfy lecithin

be heated it decomposes, takes fire, andi@rﬁsnijleaving & phosphoriged
ash. On fusjing with caustic alkalil and saltpetre it yields alkali
phosphates. Lecithins asie easily carried down during the precipitstion
of other compounds such as the protein bodies and may therefore very
greatly change the solubilities of the latter.

Lecithins combine with scids end bases. The compound with hydro-
chloric acid give with plafinum chloride a double salt which is insoluble
in alcohol, soluble in ether, aﬁd which contains 10.2 per cent platinum
(for distearyl-lecithin)., The cadmium-chloride compound which contains
% molecules of lecithin and 4 molecules of cadmium chldride (Upliana)
is difficultly soluble in alcohol, but dissolves in a mixture of carbon
disulphide and ether or alcohol., A solution of lecithins in alcohol
is not precipitated by lead scetate and ammonia.
| Lecithin mey be prepared tolerably pure from the yolk of the hen's
egg by the followimg methods, as suggested by Hoppe-Seyler and Diaconow.
The yolk, deprived of protein, is extracted with cold ether until all the
yellow color is removed. Then the residue 1s extracted with alcohol at
50-60°¢. After the evaporation of the alcoholic extraqt ap‘50-60°u.,
the syrupy metter is treated with ether and the insoluble residue
dissolved in as little alcohdl as possible. On cooling this filtered
aloéholic solution to =~6° to 110°0. the lecithin gradually‘separates
in small granules, The ether, however, contains considerable of the

lecithin, The ether is distilled off and the residue dissolved in

chloroform and the lecithin precipitated from this solution by means




Accordirg to Gilson a new protion of lecithin may be obfained from
the gher used irn extracting the yolk by dissolving the resigue after
the cvaporation of the ether in petroleum-ether and then shaking this
solution with alecohol. 7The petroleum-ether takes the fat, while the
lecithin remains dissolved in the alcohol and may be obtained therefrom
rather easily by using the proper precautions, ss described in the original
publication.

zuelzer's method is based upon the precipitability of the lecithin
by acetone, and Bergell's method upon the preparation of the double
salt of cadmium and its decomposition by ammonium carbonate. Ihe
preparations obtained by the differént methods consist generally of a
mixture of lecithins,

The detection and thé guantitaetive estimation of lecithins in
animal fluids or tissues is based on the solubility of the lecithins
(at 50-60°C) in aleohol-ether, by which the phosphoric-acid or-
glycerophosphoric-acid salts which may be present at the same time
are not dissolved. The alahol-ether extract is evaporated, the' residue
dried and fused with soda and saltpetre. Phosphoric acid is formed
from the lecithin, and it can be used in the detection and quantitative
estimation. The distearyl-lecithin yields 8,798 per cent Py0g- this
method is, however, not exactly corrrct, for it is possible that other
phosphorized organioc combinations, sucﬁ as jecorin (see Chepter 'VIII)
and protagon, may have passed into the alecohol-ether extract. In

detecting lecithin the double compound =Emzpemetr of choline and
platinum chloride must also be prepared. The residue of the evaporated
alcohol-ether extract may be boiled for an.hour with baryta-water, filteregd
, the excess of barium precipitated with COp, and filtered while hot.




The filtrate is concentrated to a syrupy consistency, extracted
with absclute alcohol, and the filtrate precipitated with an alcoholie
solution c¢f platinum chloride. The precipitate after filtration may
be dissolved in water and allowed to crystallize over siphuric acid.
For the detection and estimation of lecithin we can make use of the
method of heating with hydriodic acid as suggested by Koch. One methyl

s . . L . O
ioaiue group is oplit orx at 240 ana tne tuwu viuers at about 300°c.

The Lecithins are combinations of glycerol with fatty acids.
Here only two hydroxyls are substituted by fatty aciaé in the tri-
atomic glycerol, while the third is replaced by a phosphoric acid
molecule which si also combined with the base, choline. The following
formula gives an idea of the constitution of lecithin, also called

disteryl-lecithin.

CH, - 0 - C1gH,.0 )
2 1855 ) Patty acid radical
H - 0 - CHgliug0 )

ok, - 0 ,

2 "Ho 220 ) | .
7340"", ) Phosphoric scid radical
H

Glycerol RAdical

o — S~ p— o~

(
Choline radical (y =

c
( o

On saponification with alkslies, we obtain fatty scids, glycerol,

CHy) 5

phosphoric acid, and choline., Dilute acids have little asction on
lecithin. The fatty-ascid component mries. We arse acquainted wi th
lecithins containing stearic, palmitic, and oleic acids. Even two
different acids may participate in the constitution. We have not yet
succeeded in preparing lecithin synthetically. As it is optically
active, it must contain an asymmetric ‘carbon atom. We are justified

in making certain deductions regarding the method of grouping of the



glycerol and combined radicals, as indicated by R. willstadter and

Karl Ludecke, The following formulse are possible ones

CH2-® Choline phosphate CHz-O FPatty Acid A.
*éﬂ -0 Fatty Aciad *GH-O Choline phosphate
éHz-O ratty acid CH2-0 ratty acid B

I | 11

Formula I1II only contains an asymmetric carbon atom when the two
fatty scids are different. - The investigabrs memtioned decided in
favor of rormula I, because they succeeded in obteining an optically
active glycerophosphoric scid in phydrolysis. This is only possible
wher the molecule has the following grouping:

HO. OHZ-OHC OH'CH.zo 0 0P03H2.

*

The base choline is of much interest. It is & quaternary-ammonium
base, and has the following constitution:
CH
~_ OHy
> CH=0H ,OH
\CH
It is, therefore, to be considered as trimethylhydroxyethylemmonium
hydroxide. Wurtz proved this by synthesis. He combined ethylene
CH )\
oxide, 02340, trimethylamine , OH%—N , and water, <Choline tvan also
~ CH
be derived from glycol, as shown %; the following fqpmula:
ﬁHZGH
CH_=-N-
2 (CH3)5
OH
In aqueous solution choline breaks down into glycol and trimethyl-
emine. It has also been found in a free state in plants. It is

closely rclated to another'base, also found in plants, and especisally




in sugar-beets, known as betaine, or oxyneurine. Its formula is:

/ \k(cni)
CHB/ o°3
It has been obtained from choline by oxidation. Other bases have
been isolated from various plants, which in part have been given
characteristic names; e.g., amanitine, from toad-stools; fagine, from
buchu seeds, etec. They are, however, gll identical with choline. 1In
toad-stools (Amanila Muscaria), there is found besides choline, another
base called muscarine, Fx which is evidently an oxidation produet of
choline, and can alsc be obtained from it by oxidation. It is common-
ly consider:d to be an aldehyde, although its constitution has not
yet been established positively:
CHO
c,;Hz.llu.(CHS)5
CH
Closely rebted to these is neurine, which has been isolated from

the brein by Liebreich. Its composition is that of trimethylvinylammonium

hydroxide:
/0H5
_CHj
/CHS
N - CHY= CH
~ OH

2

The second component of lecithin, the glycero-phosphort¢ acid, is
easily produced by uniting glycerol and phosphoric acid.

The lecithins are widely distributed in the plant and animal
kingdoms. We could truly say that every cell contains lecitin. It
occurs particularly-in animel tissues, in the brain, nerves, fiﬁh-eggs’

yolk of eggs, and plasma, and in spermatozoa. It is also found in the

muscles and blood,m=xw in the lymph and leucocytes; in fact, in every




cell and in every organ. We find lecithin every widely distributed in
the vegetable world, more especially in seeds. During gérmination the
lecithin content increases,

In digestion, lexithin aets in an analogous manner to the fats;
in fact, it resemvles these very closely in every respect. It forms
an emulsion with water. 1t partly resembles a colloid. Lecithin is
decomposed by lipase into glycero-phospnorix acid, free fatty acids and
choline; it is not certain that the decomposition of lecithin in the
alimentary tract is complete, nor that unchanged lecithin can be directly
absorbed. It is rather to be assumed that its components are separately
turned over to the organism for further use.

The wide distribution of lecithin leads us to conclude justly
that it is of great importance to the asnimal organism. Wwe, however,
¥now little sbout its function at present. From the constitution of it
we can indeed assume that it acts as in intermediary body between various
groups of compounds. We easily recognize its relation to the fats,
from which it perhaps derives two components, the fatty acids and
glycerol. On the other hand, lecithin evidently acts as a bridgeito
the very important nucleins. 1t is possible that lecithin plays & leading
part ih the internal metabolism of the cells. To a certain extent it
represents the fat of the cells. wPurthermore, it unites the inorganiec
foods with the orgsnic ones. The nucleins possibly obtain the ir
phosphoric acid from lecithin.

we do not know snything at present concerning the occurrence of
lecithin in the organs. It ma& be there in the free state, or it may
enter into numerdus combinstions. Meny lécithides have been described,

but as lecithin lms the property of readily enclosing other substahces,e.g.,




Albumin, 1) such cleims should, for the moment, be recg-rded with
considerttrle skepticism. .

The following experiments may possibly give us some conception
cf the functions of lecithin, even if only irdircctly. If we
remove every trace of serum from the blook 60rpusdles by meens of
certrifugel machine, snd careful washing wit h physiologicel sodium
chloride solution, the corpuscles are not dissolved by the cobre
poison of the Ne ja sneke, wWhen suspended in &n isotonic socdium
chloride solution. The process cf disso lving the blook corpuscles
in such 2 wey is @lled hemolysis, end the poisons causing this
are hemolytic. If the serum isnot sepsrated from the blook cor-
puscles they immediately go into solution on adding cdra poison;
i.e., the hemoglobin diffuses from the blook corpuscles into the
surrounding medium. We can show the influence of safum in a better
way by t& ing thoroughiy,—-wnashed blood corpuscles, stspending them in
& sodium chloride solution, end adding only one dropd serum to this,
after having previously shown that cobrapoison alone had not caused
hemolysis. 8. Flexner andH. Noguchl, who first observed this. fact,
end noticed 1t &lso with other poisons (tetanustoxin, solanin,
saponin, etc.), rightly concluded that some substence was undoubtedly
presept in serum which made it possible for the cobrapoison to act on
the hemoglobin of the corposcles. P. Kyes then succeeded in showing
that lecithin could be substituted in place of serum. NMinute traces
ére gsufficlent to cause hemolysis . Lecithin alone, when used in
snall quantities, does not act hemolytically, but lecithin and the cobra

poison together do so. This 1s not the Place to dwell upon this




interesting biological phenomenon tend its explanstion. We must content
ourselves with the knowlédge thet lecithin possesses the
capacity of accelerating the activity of péisons. Meny
interesting aestions are suggested by this fact. It is entlrely
possible thet lecithin &l so acts s an accelerator In the enimal cells,
and even on the intracellular ferments. As & result of recent ﬁnv§s~
tige tions we are forced to conclude that the ferments as a whole are
not released from the cells in their active form, but that they reqi ire
the influence of & second substence to develop theilr activity.
With such a hypothesis we can easily explain the action of ferments
in the cells.

To lecithin is ascribed a large influence in the construction
of the cell walls, andelso in the resorption of the cells. Whst was
seid concerning the fat contents of cells is & so applicable to

this case. Lecithinsg act as solvents.
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U. liehner reviews all that lLas Lsen previcusly c(.-n;gri‘.,uted to=
Lot e tiee estimpation of phosphoric acld, either dirvetly as phoagio-
w2l wlate, or indirectly by dissolving this precipitate in ammonia,
precipituting with magnesia mixture, andi welghing es magnesium pMe-
phosphiete, The objection to weighing the dried phosphomolybdate pre-
cipitate is that it has becn found to contain certain per centages of
phosproric andhydride v arying from 3.14 to 3.90, The explanation
given by Lipowitz that this Variation is due to Mo Oz accompanying
the precipitate in varying proportions is coni;irmed. by the amthor who
found furtier that the q uantity of .o Oz precipitated increased with
the tenperature at which the precipitaﬁion took placs, ﬁenée low
+cnperatures (30-35%c. ) should by exployed. The molybcid solution
should be prepared by the method of Fresenins by diasolviﬁg 1 pe.ft of
molybdic acid inAir‘mn" parts of ammonia .of 0.96 sp.gravity and pouring
this solution slowly into 15 parts of nitric acid of 1.2 sp. gravity
avoiding all rise of temperature. VWhen tihe precipitate was thrown
dovm by tne neans of the above molybdate solution in a aoclution mear-
ly previously neutralized by addition of ammonias and at a low temperature
it was found to be free from molybdic acid. It was found that it was
soluble in 21,186 parts of wa ter, in 8,117 parts of streng alcohol, and
13,513 of dilute alcchol' hence this precipitate may be washed with
- dilute alcohol without sensiole loss, and thls is to be preferred to
wate, because it does not cemse the precipltate to pass through a good

filter. Direct experiment shows that no one of these three liguids dis-

dolved the precipitate sensibly when used for washing.
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'he metlod finally adopted for getting the precivitate in a
form suited for weighing was as follows. The phosphate was pre-

cipitated with the precantions already mentioned, and also avoig-

ingvtoo great concentration of the solution, which encourages the
simultaneocus preci ;:itation of moybdic acid. The precipitate was
washed with dilube alcokol, leaving as much as possible of the dilute
alcohol, in the beaker, the precipitate was dissolved from tae beaker
and filtered by ammonia solution, the solution was then evaporated

to dryness on the water-bath, the evaporation to dryness being several
times repeated after the successible addition of amall quantities of
water. The precipitate then consisted of ammonium phosphate and acid
ammonium molybdate. It can be dried at 100° and weighed a constant
weight being quickly obtained, since all ammonia which ordinarily es-
capes through the drying process has been removed by repeated evapora-
tions. The weigh of the precipitate divided by 28.5 gives tne weight
of phosphorous anhydried present.

Any alcoholic solution of lecithin gives characteristic precipi-
tation with cadiumn end platinic chlorides. On heating the precipi tate
with excess of baryta wates, lecithin is gradually comnected into fatty -
acids, glycerophosphoric acid, and choline. On the removal of the ex-
cess of barium oxide with carbon dioxide, the barium salts of the fatty
acids remain undissolved, whilst the other products pass into solution.

( Identification of Lecithin, Riedel. (Chemistry Centr. 1805 1. 772-
7%, frem Zent.20 ,92-93.)




on oevaperating and extracting vith aleolol, the cleline disselves and
Liy te icentified Ly ite platini chelride.. The olrceruplicsplinte Loy

-2 >xidized with nitric Qcid and the phoephoric acid identified witk
arx.cniun  molybdate. The barium salts of the fatty acids may be de-

con oded by Leating with dilute HCL and the fatty acid: extracted witk
ether. On agritating vitl dblute sodium hyrdroxide, the acids may be
re:cved, and any clolesterol explytosteral recovered from the solution.
Ui.e smiunt of leciti:dn may Le cgleulsted frem tle cuentity of plicgphorus
i’cund., e 100 parts of lecitiin equals 3,94 parts of plwosplordus.

Z:timation of Phosphoric Acid as Amronium Phosphomelybdate- B. Fink-
cner (Teut, Chemistry. Ges, Bsr. 10,1638)

It is foond that bydrochloric and nitric acid: ldnder or delgm tle
Torretien of tle yellow preci itate, sn? that tLe molybdic acid solution
end somonium salts hasten or bring about its action. Hydrochloric acid
ncts in the solution more energetically than nitric scid, and ammonium
nitrate than amronium chloride. The precijitate contains phésphoi'ic and
zolybdic acid in the ratio of 1 Pg0g : 24 100z, In the precipitation of
the plosphoric acid, the quantity of the free nitric acid gust always be

greater tjan is recesesary to preclude tle possibility of a precipitate
ariuing in tlie presence ¢f the pliogphoric acid, and a considerable guan-
tity of emuonium nitrate can Le dissolved inthe sclution in orier to
asnbiost the separation of the precipitate.

A mixture is recommended of 37 cc. of molybdic acid solution ,9cc.
of nitric, and 40 grems of amronium nitrate. This remained clear for
21 hours. In suck a mixture to which 0.01 gram ¥, 05 was added, a verY.

preceptible precipitate was formed, after 24 hours.
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Except in very extraoriinary cases the precipitation may be effected
in 2?7 hours, by 1. =dding to the solution so much molvbdic acid sol-
ution tiat the latter is =qual to 4 times the volume of the phosphoric
solution and at the most is decomposed by the phosphoric acid up to
two tiirds of its quantity: and 2. by diesolving in the sclution 25
grams of anmonium nitrate for every 100cc. of the gixture. p, 20%
annonium nitrate soluticn is recormended for wasking the precioyitate,
and in the first washings, this must be mixed witk 1/3 of its volume
of nitric acid, which prevents the separaticn of a difficulty soluble
crystalline compound. The washing is complete when the filtrate is no
longer immediately colored by potassium ferrocyanide. After removing
the greater part of the nitrate with water the precipitate is removed
from the filter t¢ a weighed ~crucib1e, by washing. That adhering to
the filteris dissolved off with warm dilute ammonia, evaporated, treat-
ed with ercess of nitric acid and the solution quickly poured into the
crucible.. The wholle is evaporated and the ammoniumr nitrate driven off
by gently heating over the wire gauze. The residue is hygroscopic, and
must be quickly weighed after cooling in the exsicater. The precipitafe
contains 3.794¢ % Py 05.

In Zeits Chemistry 100,16, Stolbgs'é?.ves a method of determining
ammonia-magnesic orthopﬁosphate alkalimetrically instead of igniting
and weighing. It is supposed that all under circumstances the phos~
shoric acid is separated in the form of the above named salt and thet

the tq:ncture of cochineal is used as an indicator.

(57) On Stolbas Method for Alkalimetric Estimation of Phosphoric Acid

F. Mohr. Zeits Chemistry. 16,326-328.
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ihe following addi tional obaervations are made by the amthor in re-
gard to Stolba accounts. The double salt mentioned consi sts.of P205.
2f.ig0(ﬂH4)20 if irtagined in the anhydrous state, it contains 1 atom of
shosphoric and 3 atoms of real base. By saturating 2 ato;ns of acid
with base, phosshoric acid with 1 atom of base is left in the neutral
state, ani the smallest excess of q.cid occasions the acid reaction.

The double salt known as microcosmic salt, consists of Pz 05. NA20 .

(;:}{4)20 T g ag, reacts alkaline and also may be measured alkalimetric-
ally. 1 gram requires 4,8 cc, N 3Cl. It contains according to the

formmla _71.36- 0.3408 grams phosphoric acid: Therefore 1 cc. normal

209.36
acid - 0.3498 - .0071 grams 0_, That is almost_l _ of the atomic weight
T Tas8 5 1000

of phosphoric acid. By precipitating 1 gram microcosmic salt withthe
magnesia mixture and titrating the washed precipitate, according to
Stolba, 9cc. of normal acid., that is twice the above quantity was wsed.
This is easily explained by the fact that the sodium salt contains 1
atom of basic water, which is alkalimetricallf inactive, while the mag-
nesium walt really contains three atoms of base. In the first case 1
atom of base and in the second two atoms are saturated. By heating the
sidium salt in a platinum cespsule until it melts to a glass, P,0g.Na 0
is left, which, when dissolved in water is practically neptral. If how-
ever the ordinary godic phosphate with two atoms of soda and one atom of
basic water is measured alkalimetrically, it requires before and after
ignition the same quantity of acid, because the atom of basic water re-

maing inactive and the two atoms of soda are still present.

<27
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Estimation of Lecithin C. Virchow. (Caemistry Zeit. , 1911,35, 913-
914,

In Virchow's method of estimation lecithin one gram of lecithin
substance is boiled thres times in succession with ten cc. of absolute
alcohol, ani the filtrate and washings, measured,about 40 ;:r 60 cc.dis-
tilled off. After removing th.e last traces of alcohol by blowing, the
welighed residue is dissolved in 10cc. of ahsolute ether, which is then
poured through an asbestos filter tube. The residue is washed three
times with ether,then the ether is distilled off, and weighed . The
residue treated with 3-4 cc. fuming HilOgz; the solution is transfered to
a2 platinum dish and the flask rinsed three times in successian with 2cc.
fuming nitric acid., After evaporating the acid on the water bath, the
residue is mixed with 1 gram dry NagCoz, using a platinum spatula. Five
grams of the usual potassium nitrate-sodium carbonate mixtwre are now
added, and the whole is heated to fusion four or five minutes. The fus-
ion con‘tains the phosphorous of lecithin as phosphoric acid, which is
then estimated by the usual magnesia process.

A, Kitchin states that with certasin precautions theuuranium phos-
phate method is quite as accurate as the magnesium process and possess
certain advantages over tha latter. The estimation can be conducted
in the presence of lime, etc., and the precipitate of uranic phoshpate
is almost completely soluble in water containing armonium acetate and -
free acetic acid. The principal precautions to take are to have a suf-
ficient amount, of amronium acetate and not too much free acetic acid.
The precipif;a,te shoﬁld be dried and ignited strongly, until the filter is

sonsumed,
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A little H#Oz should then be added and the ignition repeated
gently., If the ignition be carried too far, the uranic phosphate is
partly reduced, and a second evaporation with HNOz is necessary

Phosphoric acid may be determined volumetrically by'use of silver
nitrategsgalhe experiments which show that the reaction between silver
nitrate and di-sodium phosphate is moat conveniently expressed by the
aquation: SNaz HP041'6 Ag NO3 s 2 Ag3p04+ GNaNg +HSPO4 The volumetric
1ethod tased on this is conducted as follows. The solution of phos-
phoric acid neutralized to phenalphthalein with NaQH ( free from cholride)
is treated with excess N/10 silver nitrate and well shaken. 2Zinc oxide
1s now added until the solution is newtral to litmus paper. The solution
jo filtered and the excess of silver determined in an aliquot portion of
the filtrate b Valhord's method. It is necessary to add at last 384 ex-
cess of acetic acid, while a great excess of zinc o:d.c'.le is to be avoided
as it will precinitate some silver especially if allowed to atand in con=-
tact with the solution. ‘For this reason it is wise to filter as soon
as possible. In this way results have been obtained with sodium and
ammonium phosphates deviating from the gravimetric figures by only about

three parts per 1000,

A nsw process for estimation of sulpme and phosphorous is used in
whichthe substance is burnt in combustion tube open at both ends, a stream
of oxygen being passed through and products of combustion being made to
traverse a laye'r of pure gramilated guicklime, make bv carefully igniting
calcium nitrate. This salt, is best prepared by calciming marble and die-
solving in pure HNO;, a little being left undissoived, 80 that the liquid
has an alkaline reaction. In this way traces of alumhia end ferricuoixide

(%’%%Lghoric Acid; Volume Det. of J. Rosin J. American Chemistry Soc.1911,
| 33,1099-1104.)

29
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are prevented from passing into a solution, whilst by adding two vol-
umes of a mixture of ether (one Volums) and alcchol (two volumes)and
leaving the solution to stand twelve hours, any phosphate ahd sulfate
of calciux present are separated. The quicklime formed by finally
igniting the purified salt is pulverized until the larg:r lumps are
about five millimeters in diameter, the finer portions being removed
by a sieve the holes of which are 1 millimeter in diameter.

In order to avold the formation of metapherphatesssgglid sub-
gtances when burnt should be mixed with three times thelr bulk of
marble quicklime; the magnesia method of estimati-n the phosphate pre-
duced i3 much less convenient than the uranium process, whether worked
gravimetrically or volumetercally, whilst the absence of iron and alu-
mina in most cases renders this method quite accurate.

J. ilacagno states that the phospho-molybdic precipitate obtained in
the course of Sonnedscheinz method is dissolved in ammonia, the solution
is acidulated, and metallic zinc is added. The reduced molybdic acid is
then oxidized by a titrated soluti;)n of per manganete. The phosphoriésl)
acid calculated from the molybdic acid found, the original molybdic pre-
cipitate being presumed to contain 90.74 % molybdic acid. The variations
from this proportion ar'e stated to have but little effect on the result.
Test experiments are given, the greatest error being 0.5 % of the phos-
phoric acid present.

( New Process for Estimation of S\ilphur and Phosphorous in Organic Bodies.
G. Brugelmaun Zeits Chemistry and Chen. 15, 1-27)

(60) '
(Vo(lsulnse Method of Phosphoric Acid Gazz. Chemistry ital. 4, 567.)
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;-‘eumamvé%gthod for estimation of phosphorus in organic matter is
based cn  the oxidation of the material with a mixture of concentrated
nitric ond sulp:uric acids, precipitation of the phosphorus as ammonium p
pnosphomolybdate, and titration of the latter after removael of ammonis, with
¥its stendard sodium hydroxide solution, a study of this method has been
made with special reference to the influence of the sulphuric acid in the
precipitation of the phosphomolybdate.

It has been found that the ammonium phosphomolybdé.te contains sul-
phate, and excess of molybdic acid, and no nitric acid , and that its
composition may vary with the concentration of the resgents in the sol- ’
ution, t.e differen% factors recorded by different observers for the titra-
tion of tis precipitate with‘a.lkali hydroxide are thus explained. The
composition of the precipitate for a certain set of conditions was found
to be:  4(NE,)3 PO,,12 xa:too3 , (NH4) 2 80, NoOs .

Among the colorimetric determinations of phosphoric acid, the one re-
commended by Ponget and Cnonchak is especially good. For the preparation
of the reagent use the acidl sodium molybdate of commerce, Ne, Mo,, 02433320.
not the normal salt should be used. To insure the right composition of the
reagent, however, the Iollowing method of preparation is recommended.

‘wo solutions A, and B. are prepared; A by dissolving 95 grams of

molybdic acid and 30 grams of dry sodium carbonate in 500-680 cc. hot water,

cooling adding 200cc. pure HNoz of 36 % , filtering and making up to 1 liter,
and B. by dissolving two grams neutral sulphate of strychnine in 90cc. hot
water, cooling and diluting to 100ce.

(Pg‘i%g.pitation of Phosphorus as Ammonium Phosphomolybdate in Presence of
Sulphuric Acid-K. G. Falk and K. Sugiura J. Aner, Chem. Soc, 1915,37,1507-
1515,
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One CC. of B. is mixed with 10cc. of ,. shortly before uge and the
mixture filtered. To obtain the maximum of accuracy with this method
two tests should be carried out with 0.2 and 0.3 milliérwa of H3P04
respectively, to serve as standards, the one most reéembli.ng in tint
the actual experimental solution being used for calorimetric deter-
wination., llono-potassium phosphate is re;:ommended for preparation of
standard solution of phosphoric acidtd) |

In a new amethod defised by Ba(ys%)or the estimation of phosphorous
in organic matter the substance is burned with magnesium and Na,CO; in
"bayouth" tube, product dissolved in dilute acetic acid, and phosphate
titrated against solution containing 40 grams uramicin nitrate per liter,
K4Fe(Cn)gused as indicator . Estimation of phosphorous or arsénic in o
organic substance is made by prepuriig a solubive by dlwsuiviag mgl iu
1wl ,, of specitric gravity 1.33, so that 1U0ce. oI 1iq uids couvaius iV
grams maguesian substance. i1 solid 1V igs immersed in the reagent con-
tained in porcelain dish and the mass evaporated to dryness. Gradually
and finally to red heat. LI uvae carbonm ioes nov bura oI readily a
‘second treatment with Hm()s ie mocuvesaly. &40 roellus 13 uUW .ai ssolved in

dilute HCl, ana the phosphorous or arsenic is preciypltated as magn_esium

aronium phosphate or arsenate by adding ammonia.

(63) .
( Pnosphoric Acid Colormeteric Det. J- J. Penget and D. Chouchak., Bullitin

Soc. China. 1911,9, 649-857.)

64 .
(( N'eZv Method of Estimating Pure Orgenic Compounds I. Bay (Compound rev;l;

1908,146,804-815.)




For the estimation of lecithin in small amounts of blood, the
metnod consists in the extraction of the phosphatides from blood or
serum witn warm alconol-ether, and the determination of their amount
by the precipitation of phosptézoric acid after washing as the silver
salt ,or as the silver-ammonium salt. The phosphate is precipitated
by silver nitrate in faintly alkaline solution in the presence of
ammonium salts, and tne amount of the precipitation measured by the
nephelometer. ;.'L‘he method has an accuracy of about 2%.

In an experiment performed by J. Merking(sa?)nrain was submitted to:
fractional extraction with acetone ,light petrolium, benzene absolute
alcohol ,85% and ether and the phosphouous determined in the estracts.
The experiments led to no method for quantitatively separating the
lecithin. Attempts were then made to quantitatively precipitate the
lecithin from various solutions. in organic solvents by meansof pure
acetone, and to which various acids or salts had been added. It was
found tnat the egg-lecithin could be quantitatively precipitated from
ethereal solution by acetone, if to the latter, a few drops of cold
saturated alcohol solution of Mg Cl, had been added. From other sol-
vents and by other methods tried( acetone solutions of tartaric acids
etc.) the precipitation was incpmplete.

A method employed by Schiffers for the preparation of lecithin
emilsions and determination of their concentration was the use of a
weifhed amount of lecithin dissolved in the smallest amount of toluene,
265

The Method of Lecithin Estimation J. MerkingBio. Chemistry, Zeits.
1909,73, 262-269.)
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Enouzh water was(aa%)ded to give the desired concentration, the toluene
driven off by a rapid stream of hydrogen after removal of the toluene,
the emulsion is centrifuged and, if necessary, filtered through colion.
The suspension so obtained will last two weeks, As not all of the
added 1lecithin is emulsified, the exact concentration is determined
by titration of the emlsion. 10cc. are mixed with 1lOcc. of solution
(Ko Crp 075 grams 38% HC1l, 300cc; HgO to 1 L) 3 a stoppered bottle and
heated at 90° for 6 hours. After cooling 10 cc. of5 % KI solution are
added. This mixture is allowed to stand two hours , @nd the free I is
then titrated with ;04 E Nazs 2O3 .
The rea.'ss)g?)i:hat‘ lecithin cannot be extracted complef;ely with ether
is that '.H'.. is in the colloidad state and is absorbed by the colloidal

albumin., This is borne out by the fact that the use of hot alcohol is

not necessary for completing the extraction, cold alcohol being sufficient.

By extractihg with ether and cold alcohol in succession the whole of the
lecithin is removed except a very small amount present as phosphatide
insoluble in cold alcohol. Extraction of lecithin by ether followed by
alcohol is satisfactory provided it is done in the cold. The use of a
mixture of ether and alcohol is not reliable in presence'of phosphoric a
acid; 1n this case the alcoholic extr;ct should be treated with chloro-
form eni the estimation carried out on thiés latter extract.

(66)
( A simple Method for Preparation of Lecithin Emlsion and Determination

of “Their Concentration.J. C. Schiffers Ansterdam. Bio.Chem. Z.40,187-182.)

(87)
( Lecithin (Determination of lecithin in Foods) R. Cohn Z. Chem. 1911,17,

208-217.)

59,
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In spite of the strictures of Hoppe-Seyler, Loew(%ntained hes
assertion that lecithin is not contained in yeast. Hoppe-Seyler ap-
»roves to have proved its presence and calculated its amount by estimat-
ing the vhosphoric acii contained in the ethereal extract of yeast.

Neither lecithin nor glyceri-phosphoric acid can be detected in
the fatty extract of yeast prepared by a mixture of absolute alcorol
and ether. The small quantity of residue obtained contains a consider-
able quantity of monopotassic phos:bate. After removal of this by baric
chloride and ammonia, a mere trace of phosphoric acid is found on evapor-
ation and ignition.

According to Colliso(nsg') investigations lecithin can by sccurately
determined by extracting with anhydrous alcohol and anhydrous Et20 .
evaporating the solvents and drying the resulting.extracts taking up with
anhydridrous Et 0 and determining phosphorous. Strictly anhydrous re-
agents are necessary. The most satisfactory method found was that in
which the combined alcohol and ether extract of tissue are analyzed for

pho sphorous without previous treatment with ether and filtration, pro-

vided reagents ars free from water.
(70)

Whenever the usual ammonium molybdate method for the determination
of phosphoroué is employed, to ensure complete précipitation of very
mimite quantities of phosphoric acid, the ratio of ammonium nolybdate to
H3P04shou1d be 200:1 . Free HC1 should first be neutralized with ammonium.

(68
(Det)ection of Lecithin. O. Loew. P flugers. Arch of Phys. 79,342-6)

(A(%gx')iuef Investigation on Estimation of Lecithin R. C. Uollison. Wooster,

J Biol. Chemistry 11, 217-20)
(Eﬁﬂggmation of Lecithin R. C. Collison J. Biol. Chemistry 1912,11,217-20)

(Phosphomolybdate Reaction-C. Reichard (Chem Zeit 1903,27, 833-835)




Yartiric, citric and oxalic eccids, retard the precipitation although
tue;” 4o not the yellow phosphormolybdate when already formed.
Preci>itation in the cold of alcohol lecithin by means of alcoholic
li5giio Oisolution acidified with Ed0zcauses the formation of two com-
pcunds waieh differ in regard to the excess of @ther of the raacting

compounds; thus 10 HoO, three molecules lecithin, and 2 NoO,l molecules

3
Becithin, Watery iH4o 04 with alcoholic lecithin solutions in which the
lzcithin was i n great excess gave a compound 5 (NH4)6 No7 024) 1 volume

lecithin., ‘the first reasction gives a quantitative removal of the lecithin

from the solution.

‘he test for lecitain described by Casanova is not fracticable as,
the ethereal solution does not mix with the ammonium molybdate solution.
It is recommended that a small portion of the substance saould by mixzed
with amconium molybdate solution, then formed on the surface of concentrat-
ed H,;50,. If lecithin is present, a blue coloration is odtained immediate-
ly.

A review of the physico-chemical investigations of lecithin and the

. Gholesterol show that a 1% alcoholic solution of lecithin is not precipitat-

ed by salts of tne alkali metals, alkali earth metals camse very slow DPpre-
cipitation. Zn Cly and Cd Cl, five immediate precipitation uy to dilutions
oi' 0.01 ¥ begond which it is very slow. Hg Clz slight precipitation at con-
sentration between 0.2N and 0.05 N. Zn Cls and Ca Cl, slight precipitation
at consentration of 0.05 N or less, Te Cl, largé precipitation uwp to C,002n.
(B82)bdate Combinations of Lecithin R. Ehreufeld. Lab. Roysl Yech. H. S.
Brum Z. Physiol. Chemistry. 56-(89-98)

(TEZilng Lecithin, Seidler ( Chemistry Zent:., 1911,11,1895. from Apoth. Za
Zeit. 1911,25,1912-913)

(‘Iigz4f’hysico. Chemical Investigation of Lecithin and Cholesterol O. Porges
and E, Neubguer. Z,Chemistry Ind. Kollvide, 5,193-7-9
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Acids give slight prscipitation up to 0.0001 N. sugar and mastic
give nmore. An eptimun concentration for the precipitate by Fe Cl3 ine_ :
dicates the action to be one between unlike charged colloids, and the-

" oretical considerations.

e A
Une accuracy of ierraris method for estimation of phosphorous was

modified. The ususl titeation of the phosphomohyaliate precipitate by
boiling off the nIz beforetitirating the excess of NaOH with 0.1 N HiOx.
Wales finds that neither Neuman's nor any one of the other modifications
givea correct results. The amount of P20g5 calcalated from acidimetric
titration is in every case too high, the average increasing with tne
amount of P2 05 present ( with 11.25 Mg P, Ogpresent the average is sbout
1.8%, with 22.3 i.g about 3.4% with 44.5 ilg about 13.2% ). Analysis of
‘the yellows precipitate gave 12,75 Mo Oz instead of the 12 MoOz usually
written in the formula. The error due to this excess of MoOz cerried
down with the precipState does not depend on tﬁe rate of precipitate and
the; mother liquor. The error connot be reduced by a lowering of the tenp~
efature of the precipitate since this leads to incomplete precipitation.
In the method of phosphorus estimation in lec¢ithin by Fre&ndler('gvg
or three grams of lecithin are heated with 50 cc. of fuming nitric acid

in a 500 cc. flask on a water bath. After two or three hours the reaction

stopped: 25-30 cc.-water are added, amd 25-30 grams of pomdered rprmangam

(76) The accuracy of Nermamis' method for Esti@tion of Phosphomus. Univ.
Sydney. J. Proc. Regular. Soc. N. S. wales, 48, Part 1. 73-93.)

(77) Estimation of Ph;>9phoms in Lecithin P.FReundler. Bull. Soc. Chinma.
1912,4, 11, 1841-1043.
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ate i sortions of one gram at a time. This is allowed to stand .
Wnen tu2 cxidation is complete th solutions diluted to 150-200 cc. the
mangzznese digoxide dissolved with sodium nitrate and the whole evaporated
to a syruo to expel the excess c¢f -cid. The phosphorus is then precipi-
tated, wiithout it being necessary to filter the liquid, with amronium
molyrdate in tie presence of ammonium nitrate, and estimated in the usual
way .

Accerding to Vedck's method the phosphomolybdate precizitate is ti-
trated with 1i/6 XoH solution. If a mach more dilute solution of KOH is
used, more accurate results are obtained. The volume of solution when
ready for precipitation should not be more than 20 cc., It has been found

that 0.5 grams of amroni n nitrate should be added and for 1 milligram
1=’205 about 1.5cc. of molybdate solution or lcc. for quantities less then
0.8 :1lligrams. Preciositation should be effected at 55°, the mixture kept
at this temperature for 1 hour afterwards left for two hours before filter-
ing. KOH used for titrating should not be stronger than 0.02I.

The Pemberton-Kilgore method, which consists in precipiteting the
phosphoric acid with molybdic acid and titrating the yellow precipitate
thue formed, 1as been submitted to a critical examination by the amthor,
mainly with the object of eliminating certain sources of error in the
process. The phosphate solution should contain about 0.02 grams of P205
per 100cc. and this quantity requires about 15 grams NH4Hosand 30cc. of
5 % molybdic acid solution containing 7% free HNO; for precipitation.
(78)Titrimetric Estimation of Phosphorus in Small amounts. L. T. Bowser
American Cueniatry J. 1211.45,230-237.

(79)The Pemberton-Kilgore Méthod for Estimation of E,POP. s. Hibbard

J. Jnd and Eng, Chemistry 1913,5,998-1009,




“..2n the vellow precipitate is contsminated from any cause, it may .
ve purified by re-preciritztion. Ignition with megnesium oxide is
reconrended for the removal of organic substances from a phosphate,
previcus to tie estimetion of phosphoric acid, and the use of silver
phusprate suggested for standardizing the NaOH employed for titration
of tl.e yellow precipitate,

Mn account of various mgthods imployed for the estimation of
phosphiorus in animal tissue with the discussion on the difficulty
(owing to the rapidity of sudden chemical change) of determining the
relative proportions in organic and inorganic aombinations at the time .
of death, 13 given by A. 0. Whitker.

The conclusions drawn are: 1, That the determination of organic
rhosphorus by the barium method gives high results with uncosgulated

extracts, owing to the barium phosphate passing through the filter;
| 2, That at the boiling temperature,
water has very little hydrolrz ing action on organic compounds of phos-
phorus in animal tissue.
3, That enzymes and bacteria have a

greater hydrolytic action on orgenic phosphorus compounds than boiling.

4. That coagulation of the proteins
by bLoiling alears the solution, giving more complete precipitation,and
also arrests the actionof enzymes end bacteria.
(80) Estimation of incrgenic Phosphorus in Animal Tissues, A. C. whittie

J. Ind.Eng. Chemistry, 1011,3,248-250.
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P .03 norus azid may be determined volumetrically ac:ording to the
r.ethiod of A. I‘Teumazg?l)'fhe following changes in the metliod are suggest-

ed. In the washingz,208c. of the acid mixture should be added immedi-

ately ani during tme contiwation of t-e Procz=ss only concentrated sto
the precisitate should take place in a volume of ebout 250 ce.

153

added.

containing 157 iH No ,employing ammonium molybdate in not too great an
excess( for 10-25 gilligrams of phosphorus use sbout 4 grams). In

titration a small excess (J.5-lcc. /2 acid) should by added, the 002
boiled off ani the miwture titrated back to the neutral point with N/2

alkall. With small amounts of phosphorus only 1Occ. of acid mixture

need be erployed and the preciitation should be made in a volume of

about 50cc. The method with thegg modifications is very accurate down

to 1 milligranm.

In precipitating N3P04by the ordinary magnesia mixture the precipi-
tation 1s contaminated with a small quantity of basic magnesium sulphate.
Heintz recommended that the precipitate should be partly washed then
re-dissolved in EC1l aend re-precipitated by amionia, and the washing
finished. If magnesium chloride is used as the precipitant, and the

liqued free from sulphates this second precinitation is unnecessary.

the orginial method consisted in precipitating the solution of the

prhosphate, containing no free acid but acetic, with @ standerd solution
' 82
of irom, K4Fe(CN)6- being used as indicator.( zn objection to this method

is that the precipitate itself will produce blue coloration with indicator,

(81)Conceening. the Alkalimetric Determination of HSPO according to A.
Numan., J. P. Gregerson. Pharm Dest. Univ. Copenhagen. 2. Phosiol. Chem.
53,453-63.

(82) Hote on the Est:.mation of

HgPOg. An Explanation. W. Heintz(Zeits
Chemistry,ls 14-161.




The aut‘..or( suostitutss for X, Fe(Cll)gpotassium sulphoyanate. The test

experiments show that the results are as near the trath as those given
b- the uranim method.

“han phosptxoric(%:éla is directly precipitated by magnesia mixture
in tne presence of armoniwm citrate from solutions containing organic
matter, the results are low. The organic matter as. a rule is incomplete-
iy destroyed by evaporating with nitric acid, end the substance should
be heated at dull redness in contact with air. Immediate precipitation
“ith ammoniun molybdate avoids the error arising from the presence of
orgenic matter. Since 2*3341303:19 easily solub}.e in alcohol, Rohen(gsez.ghs
I pheshosolybdate direct pracipitation is made by Worps' method, filter-
ed in a Yolise asbestos filter tube, with suction, washed with Vorp's
washing solution till the filtrate does not react with K;Fe cig. To re-
move -‘114.503 he washes with 707 warm alcohol , once with absolute alcohol
and finally with a few cc. ether, then dries at 110-20° and weighs as
(NH{;L):3 PO4121'.'1003 . |

'he colorimetric method of Pouget(aggpends on the fact that pbospho-
molybdic acid forms an insoluble precipitate with alkaloids. A reagent
is smade up as follows; 1Occ. of 15% Nazlvlo 04. 25cc. pure EI\IOS, and lcc.
strycknine sulfate saturated in cold water. This reagent turns yellow on

standing due to HNOsin strycknine.

(83)Modifications of Lelbings'. Vol. Process for Estimation of HzPO4W. W.
Shaddart. (Pharm; J Trans. 3. 5,187.

(84)Phosghates foom pglgeria. Phos. Rock at Bougie having Cogp. Compt.rend
1895,121,443-445,

(85)Direct Detdrmination of H PO as Ammonium Phosphomolybdate. E. Rahen
Kiel, Z. anal. Chemistry 47,5

(86)Calormetric Determination of Phosphoric Acid. J. Pouget Bull. Soc
Chen. 5,104, .

el
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222, of this rengent are used to obtain the precipitate with a phos-
phate solution. The sensitiveness is such that 0.005 milligrams in
130cc will givs an 1n§ication with the above reagent. Tae reaction
1s not influences by SiOp, and the various oxides. The phosphorus can
be estimated in iron ores where iron is 1200 times as much as PS0 5.

By the method of phosphoric acid determination by estimation of
shosphoric acid, by ioes:r and Fran&sgaout 0.5 grams of native phos-
phate is heated to boiling with 4-6 cc. strong sulphburic acid in a round
bottomed flask for ten to fifty minutes. Waen cold, the mass is extract-
ed 30-40cc of 95% alcohol which completely dissolves the phosphoric acid..
In order to render the solution more filterable, 2cc. of 18% KQH are
added, which caus2s a precinitate of potassium sulphate.

From the filtrate(after diluting this with an equal volume of water)
the phosphoric acid is preci:itated by adding slight excess of ammonia and
then, after heating to boiling, magnesium mixture.

llanganese, if present in more thaen traces, interfers with the process.
In such cases a precipitate of the phosphoric acid as the ammonium mangsnese
compound is proposed.

While agreeing with Ogilvie (Chemistry News 31.274) that accurate
estimations of nhosphoric acid can not be made b~ the magnesia method in
presence of a noiable quantity of some salts of ammonia, the Parnel]gsds?f-
fers from the opinion that an accurate determination cannot be made if
large excess of magnesia is used. The Yammo::iacal solution of magnesia®

mist be added slowly with constant stirring in the presence of ammonium

(87) Estimation of Phos. Acid. L. Moeser and G. Jrank Zeits Chem. 1913,52,
346-349.

(88) On the Estimation of HzPO4E. W. Parnell. Chem News.32,222.
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c2loride and precizitation occurs on cooling, showing that the pre-
civitate thus preduced im not pure. On ignition, part of the phos-
2horic acid os lost by volatilization, and the residue is relatiively
ricn in magnesiwr and poor in phosphoric acid, the errors approximate-
ly cowpensating one another. It is tker:fore unadvisable to re-dissolve
and re-pracipitate after ignition.

Action of zinc on solybiernn trioxide in HoSOghas been examined(ag)
To prevent oxidation by the air, the reduced molybdernn solution was
brougat into contact immediately with excess of an oxidizing agent, for
this is sensibly redu;:ed by the hydrogen evolved. By using a solution
of iron alum, the molybdic acid is found to be accurately reduced to the
sesquioxide, MO O3 Addition of phosphoric acid to the ferric solution
rakes the end point in the titration of the reduced iron with permsn-
ganate quite easy to recogxize. It is shown that the method may be ap-
plied to the estimation of phosphorus after precipitation, as ammonium
phosphomolybdate.

In the Vlarle(mezhod of estimating -hosphorus in organic compounds,

the substance is oxidized by qi0g and Xn0,, the H PO precipi tated with

3
armmonium molybdate, the precipltate washed free from manganese, redis-
solved in érmnonia, and precipitated with magﬁesla mixture, The ammonim
magnesim Phosphate should be washed until the filtrate gives no color-
ation with excess of HC1l, a small quentity of ammonim thiocynate, and
fragments of zinc,

(89)The Behavior of Molybdic Acid in the Zinc Reductor = D. L. Randall

American J. Sci., 1907,4, 24,313-16.

(¢0)Estimation of 4Phosphorus in Organic CompoundsC, H, Marie. gompt. rend.

1899, 129, 766-769.
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15-20 zc. of concentrated E“OS are usad for each gram of substance,
rteated on a water-bath and froxr 5-6 grams of finely powdered potassium
pernangnate are added in successive small quantities until liquid re-
raing red'several minmates. Even compounds difficult to oxidize by
Carius' method are readily dealt with in this way.

Mother method by Lange(%})} the estimation of nitrogen and phos-
phoric acid in organic substances consists in teking ten grams of the
substance heated with fifty cc. concentrated slulphuric acid and 0.5-1 ¢
gram Cu SO4 in a half-lester flask; when the reaction is complete, the
flask is filled to the mark, fifty e¢c. of the solution is mixed with
100cc. ilarchen citrate solution and 25cc. magnesia mixi;ure for the esti-
mation of phosphoric acid.

A method is described for the gravimetric estimation of quantities
of phosphorus as low as 0.1 milligramsgzzt is a ;nodification of Ibbotson
and Brearleys method for estimation for phosphorus in steel. Afte‘r pre-
lirinary oxidation to phosphoric acid the phosphorus is precioitated under
certain conditions as ammonium phosphomolybdate. ‘‘he molybdate in this

is then estimated,

9 .
Molybdic acid( c%?‘ltaining is a very sensitive reagent for
fletection of traces of 33P04‘; it will detect 0.01 m:].lligrams of P205:1n
10cc. of solution while the limit for molybdic acid containing HNOE is

about 0.1 milligram ?305 in 10cec.

(91) Estimation of Nitrogen and Phosphoric Acid in Organic Substances,
0. Lange-Chemistry Zeit. 12,1587-1588,

(92)1he Gavimetric Egtimation of Mimute Qx:.antitiés of Phosphorus, Hem-y‘
Staneky Raper, (biochem J. 1914,8,649-655.)

(93) Estimation of HPOparticularly in Supersphosphate. Zeits Chemy stry
.1912,56,465-487
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‘io (gé-geru;ins wnether a method is trustwortny it is mecessary to
kncw toe solubility of the precipitate end the influence of concen-
tration, temperature, pressure of other substances, etc. Tne purity
of the preciritate also requires investigation. In the precipitation
of phosphoric acid with molybdic acid and titration of the precipita-
tion witn Nali! solution, the presence of ammonia interfers with the
evapﬁorating ooint when pkenalphthalein is used as indicator. It is
therefore recommended thet the phosphoric acid should be precipitated
as potessium phospho-molybdate and precipitate washed with 10% KNO,
solution containing free H;\IOS (8/100 strength). Smell quantity of
acid remains in the filter can be estimated and corredtion made.

On the addition of Ne, 00, to phospho-molybdemium residues, woly-
bdic acid is readily dissolved. Any metallic oxides precipitable by
Na2003 are filtered off, and magnesia mixture added to the filteate as
long as a precipitation takes place. The ammonia-magnesium phosphate
removed sulphuretted hydrogen is passed through the alkaline filtrate.
On subseq uently acidulating with hydrochloric acid, molybdic sulphate
is precipitated, and can be worked wp as usual into ammonium molybdate
either by roosting or evaporation with mi’t):5 previous to dissolving in
ammonia and erystallization.

lhe following modification is recommended in the deter'mination of
phosphoric acid. ‘'he phosphoric acid is precipitated in the usual way
as ammonium phosphermolybdate, and the precipitate after washing, is

treated with water and a measured quantity of N/2 KOH until it is dis-

solved.

(94) Critical Elaboration of Quantitative Preparation Methods Exemplified
by a Method for Est, of HSPO4.H. Heicherchain J., Ind. Eng Chem, 1918.10}

426-429.
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Fiftr ce. of foricaliekyde solution which has been treated with 5-6

drops phenolphthalein indicator and titrated until a faint red color-
ation is producei are now added in order to convert the liberated
ammoninia into hexarethylene tetranize and the excess potassium hydr-

. , (95)
oxide is titrated with li/2acid.

In a nev method for deterxining phosphorus in organic matter by

(s86)

Bey the subst;mce to be examined is burned in a tube with carbon-
ates of Na and lig, snd then estracted with dilute CHz880H. The phos-
phorus in the solution thus obtained is determined by titration with
a standard solution of uranim nitrate, using K4Fe(CN)6 as indicator.

In the analysis of citratefg'?%nsoluble phosphoric acid, the sam-
ple is dissolved as for the estimation of insoluble phosphoric acid,
and the solution diluted to a definite volume. An aligunot portion
of the solution is then treated wita an excess of ammonia the pre-
cinitate formed is collestrol, washed , dissolved in Ii;io3 end phospih
phoric acid estimated in this solution. The ratio between the citrate-
insoluble P205 and the P205 precipitated by amronia is 1:1.5. If there
fore, the P50g precinitated by ammonia is divided by 1.5, the quantity
of citrate insoluble P O is found. The results obtained by the method

agree well with those obtained by the usual method.

(95) Determination of Phosphoric Acid by Mumans' method. I. Bang. Brochen.

Zeits. 1911,32,443-444,
(96) A New Method for Determination of Phopphorus in Orgenic Katter.Bay.

Compt., rend. 146,1814, April 15.

(¢®) New Method for Citrate-Insoluble 33904 C. H. Gerst. (J. Eng and Ind.

chemistry 1916,8,251-253)
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Qr
In the ietectiox(d'gz‘ phosphoric acid in acid solution with elkalil
20lybdate solution and the slightly alkaline solution of the molybdate,

containing glue, is run into the solution of the phosphate containing

defirite apounts of NH‘LI‘TO3 and HiOz , ti11l after boiling, further ad-
dition produces no precipitate. The latter first appears flocculent
and contains N"ri4, phosrhomolybdate and glue, but upon boiling, the

ordinary gramular precipitate is formed. The solutions are standard-

ized by neans of pure KH2P04 and effect due to acidity is determined.

For each set of sclutions,100,000 analyses since 188€;
99)

(
In estination of phosphorus in organic matter the method of com-

bustion in a current of oxygen, heated with mixture of I‘Tazco and KNC’:5 ’

3
or elss boiled with both sulfuric acid and ammonium nitrate, has proven

very successful.

In tue determination of phosphoric acid to is difficult to re-
move all Nﬁs as req uired by Neumans‘lgg%hod. This can readily be over-
come by addition of 0320 after re-dissolving molybdic precipitate in e.5
I, KOH., The solution is then titrated with 0.5N Hps80, .

Prosphoric acid has been estimated by the use of ammonium citrate sol-
(z01)

(98)Detection of Phosphoric Acid in Acid Solution with Alxale Molybdate
Solution and Glue. A. Grete. Tur\ich‘. .Ber. 42,13086.

(99) Estimation of Sulfur and Phosphorus in Orgenic Material. H. C. Shen-
nan J. Americen Chepistry Soc. 1902‘,24,1100-1109.

(100) Phosphcrus Deatection according to Neumans'. 2 Bang Univ. Iund.Bio.

Chemistry Z. 32,443-4.
(101) Preparation of pmmonium Citrate Solution and the EStimation of

Insoluble H3P04 P, Me,G. Shuy. J. Ind. and Eng. Chemistry 1947,9,40-45,
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L2utrel amuinium citrate solution 1ay be prepared by dissolving 1814.37
grans of citric acid in 696lcc. of water ani 1960cc. of 28 % ammonia ,

tlie water and ammonia being measured at 23°, The insoluble phosphoric

acid in acid phosphate may be estimated with practically identical re-
sults, wiether or not the weighed portion has been washed previously
with water, and prelininary washing of water with samples containing
cyannide does not appear to be nacessary. It may be inportant to use
a ne:tral amronium citrate solution in the case of ground tankage, meat
grars, figh, and similar materials not strongly acidified.

In Altert Neumans! method(IOZ)for the deternination of phosphoric

acid in metabolism studies, the material is decomposed by heating with
sulphuric acid. The HzPO, is precipitated by (NE) o 0, solution end
allowed to stand from 12 -18 hours at a temperature of from 50-60°. The

yellow peecipitate is filtered by suction, washed with water, dissolved

in excess of standard NaH, boiled to expel NH:S and this excessof alkeald,

titrated with standard HCL using phenolphtholein as indicator.

lhe results obtained by the use of sodium citrate solution is the
estination of citrate soluble phosphoric acid as proposed by Boswortg,'os)
do not agree with those yielded with normal ammonium citrate solution un-
less a relatively concentrated solution of sodium citrate ( 500grams per
liter) is employed. More favorable figures are obtained when N/10 citric
acld is used as a substitute for ammonium citrate.

The official process for assay of P O in the Boiling point might be
improved by the substitution of MgO for PBO at present used.
(102) Comparison of Neutral Ammonium Citrate With Sodium Citrate. /10

Citric Acid,P Rudindk, W. B. Derby and W. L. Latshew.J Ind. Eng. Chem.
1914, 6,486-487.

(103) Hz PQ and (iHg), (PO4)3T. E. Wallis. Pharm J. 85,137.
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Tie purity of (7Ey),™PC04can be rapidly and correctly determined by
immition with 2gC. Di-amwoniun phosphate of the purity demanded ty
tre boiling point can be prepared; it does not redden blue litmus,
and t e inclusion of a stater.ent to that effect would exclude many
comi.ercial sa:ples deficient in 11*'53.(104)

In the motiod of 1. Benoi$'$B) estimation of phospbatés, the test
liquid is made with 68.5 grams crystallized neutral nitrate of bismth,
200grams Hi, at 1.55 and distilled water to bring volume to 1000cc.
Each cc. of precipitate a centigram of ons; A solution of the phos-
sbate in ILi0, and water is brought to the boiling point, and the bis-
mutl solution added drop by drop, allowing the precipitate of bismth
phosphate tc subside after each a.dditibn.

Vhen precipitated in the presence of citrate, NHg MOO4 is of con-
stant cogposition and can be weighed on tared filter paper. The facts
0.0374 is used to calcﬁlate the phosphoric anhydride.

(104)Egtimation of Phosphates. li, Benoit. J. Pharm,. Cr.nim. 4, 21,388-
393. |
(105)DEteraination of H_ PO 6 as Armonium Phoaphomolyb&ate. H. Pellst.

3
Bull. Assoc. Ahin. Sucr. Dest., 24,525-528.
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Some eight yeers &go snd egein very recently, Barbierisw#,
hes ! eportedresults cf experiments which he clsims prove the
non-existence of lecithin. His erguments are as follows:

"The fatty matter of egg yolk can be separated in a state
of purity by the aid of neutrsl solvents. The nitrogen containing
bodie s ce&n be removed by simple dialpsis, or by repeated washing
with distilled waster in the presence 'of & 1little slcochol. The
fat yields, on hydrolysis nothing but glycerin and fatty acids.
Glycerolphysphoric acid cen not be obtained by treating the egg
yolk with a neutrsl solvent. It appears only after hydrolysis.
The Phosphoris appears only in the fom of metallic (K, Na, Ca, or
Mg) slets of phosphoric acid and is entirely dialyzable. Egg yolk

contains no RxEwk tract of choline, a supposed biological choline
being & product of either the degradation of the ovochromin or |
. of putrefaction."

From these results it would appear that the compound ordimarilly
called lecithin is a mixture of fats, phosphates, and dialyzable
nbtrogenous substances. Such & mixture sould be capable of same
separation by ordinery chemical means., Any method of rigorous puri-
ficatlon such as that émployed in the purification of lipoids,
would certainly affect some change in the composition of this mixXture.

Without criticizi ng the agument of Barbieri, some of which,e.g.,
(the statement that the glycerolphosphoric acid mey be formed during
the process of hydrolysis from the glycerol of the fet and dilute

% Barbleri, N. A., Comp. rend., 1910, 151, 405;
Gez ., 1917, 47, 1-13; J. Chem. Soc. 112, 1.,238,

8
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phosphoric acid) certeinly are cpen to criticism, the following
argument is offered for.ihe existance of lecithin.

The works.of eanlier wor<ers seem to be sufficient to show that
lecithin is a chemical substence, even tho analyses of the products
from various sources (brsins, heart, liver and eggs) did not
agree very well. But if any doubt existed as regards the existance
of lecithin it would seem that the recent work of Levene and West#
proves that such an idea is not tenable. Not only has lecithin,
as such, Dbeen isolated from the above ment ioned sources, but dera-
vities have been prepared and subjected to rigorous purification,
al@ways with the same result. The following facts may be mentioned.

Lecithin fraon various sources such as the promary, alcoholic,
e Xxtract, the primary ethereal extract, the secondary alcoholic
extract, or the fraction disolved in egg oil has been precipitated
as the cadmium chloride saat, giving & product of very similar
composition. This salt has been purified by crystalizetion from
two parts of ethyl acetate and one part of 804 ethyl alcohol, or
by extraction with ether and subsequent crysﬁalization with little or
no change in its composition. Furthermore, the salt may be decom=
posed with ammonium carbonate (Bergell) and the free lecithin again
converted into its cadmium chloride salt; this selt w 11 still have
the same elementary compositione. '

% Levene, P. A., and West, C. J., J Biol, Chem .,
1918, 33, 111; 34 (in press).

A




72.

A more convincing proi’ of the chemical individuslity of
lecithin s found in the prepasration of hydrolecithin. Lecithin
(especislly those samples which heve been washed with water and -
acetone according to the directions of McLean) is very readily
recuctd with hydrogen snd yields & crystsline tetrahydrolecithin,
which mey be obtained in a2 pure form by crystalization from rhethyl
ethyl ketone, and once pure, may be repeatedly re-crystalized,
without any chenge in composition from such solvents &s methyl,"
ethyl ketone, alcohol, or ethyl scetate., If, as Barbieri claims,
fats are present, they would remain 1n_ the methyl ethyl ketone
liquors; our éxperience in the purification of cerebrosides indicates
that this is one of the best solvents for the removel of fats.

We have &l so combined these two procesées,. Lecithin has been
precipitated from alaholic solutions by cadmium chloride, the salt
decomposed Wit.h emmonium carbonate, the free lecithin washed with

wster end acetone and then reduced with hydrogen. In this way,

Levene and West have obtained & chemically pure tetrahydrolecithin.

1t is hard to believe that & mixture of choline, glycerides,
and phosphates, such &s Barbieri claims for leclithin, can be'subjected
to the sbove methods of treatment, and give in every instence, &
body with identical chemical composition. It is easier to accept
the chemical individuality of lecithin,

Lecithin is a regular constituent of the muscles, &nd it is Qi ite
possible that the fat which 'is difficult of extraction a 4 which is
rich in fatty écids depends in part on a decomposition of the lecithin,

\\1
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The zmount of lecithin is not consid ersble. In normal

god heert, ss free from fat as possible, Rubow found that the
lecithin amounted to 7.5-8.5 per cent of the dry subs£ances from
the strated muscle the amount of lecithin was rather constant,
nalely, 5.08%. The ether extract of the heart of the dog -

conte tned 60-70% lecithin.

Lecithin is a normal constituent of the liver, the amounts to
sabou t 23.5 p. m. according to Noel-Patton. In starvation the
lecithin, sccording to Noel-Patton, fams the greatest p rt of the
ethereel extract, while with food rich in fat, on the contrary, it
forms the smallest part.

Samples of lecithin of dirférent origin give the following

results on analysist-

NZ P% Ratio N:P
% Distearyl lecithin (Cslculated) 1.73 3.84 ;Ls2.22
Com'l lecithin from yolk of egg 2.25  3.49 3:1.55
" " Purified 2.37 3,78 1:1.59
Egg Lecithin, prepered by
Wintgen and Keller _ 1.48
From ethereal extract 2 .50 3 .69 13 -52
From alcoholic extract 2 .51 3 .57 1:1.

#The liver is generally stated to be the orgen Where most
phosphorus esccumulates; the brein and spine of course, appear to
be still more importent.

% Comp. of Lecithins. N. Wintgen and 0. Keller (Arch FPharm.
1905, 244-(3-11). |

% Det. of Phosphorus - August Fisher (Pflugers Archiv. 1900,
97, 578-605)
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The sddition of inorgsniec phosphorus to the normal diet of the #
rebbit or dog lowers the amount of nitrogen retained in the body,
€¢ltho the nitrogen balence does not necessarily become & minus
quentity. With phosphorus-poor food (edestin in case of r-abbits;
cracker meel, lard, Staerch, end egg elbumin for dog) the eddition
of inorgenic phosphorus decreases the digestibility of the nitrogen
and the nitrogen balances are generally neglegable. Orgenic
phogphorus (egg yolk) favors nitrogen metabolism, Bnd increases the
nitrogen snd phaphorus retention, especislly in the case of
phosphorus -poor foods. The nitrogen and phosphorus belances

do not run psrellel in all cases, altho the tendency is in that

direction. In no case was there & retention of the added phosphorus

whether fed in the organic or inorgenic farm when given with & food
containing a normel amount of phosphorus. Orgenic phosphorus wes 7
never found ir the urin, -
It is true thet lecithin has a very signifi.cant biological
importence. Sterilized milk was fed to two infants about eight
months old for a period of five days. A' second pericd followed
during which fr-ee lecithin in the mx:form of "Biocithin" equal
in nitrogen c<.)nt,~ent, to the ‘molk diet € the first periadd and
equal in wvalorific value by the addition of 't.)utter wasifed. The
nitrogen absorption was 89.2 and 88.25 % in one child and 90.64
and 88.82% in the other; nitrogen retention slight; body Weight
sixty gramsd and sixty five grams 1in the one and plus forty grams

# Metabolism Expts with inorganic and organic phos.
J. A, Leclerc and F, C. Cook. J. Biol, Chem. 2, 202-217 %
BuP. Chemn u' So Depto Agri- \



end Flus seventy grems in the other. The fat metabolism 15 the#
biocithim period was not judged probably because infants do not
ut.ilize butter well. The phosphorus utilization was bettervin

the lecithin feeding th:n in the milk feeding; the one child
showed a utilization of thirty end forty five and two tenths jer-
cent in the two pericds while the other weas forty six and five
tenths and fifty and five tenths percent.

Smel ). quantities of lecithin (.05 to .10 grem$ administered to

& dog scarcely altered the nitrogen and phosphorus metabolism when
there Wss a smell deficite in these substances. Lerger doces

(.5 to .75 grem) caused a sparring action which was small When
“the nitrogen and phaphorus ingested were insufficient, but Was mRX®
merked When these elements Were in sxcess of the body needs. A
sparring action of the phosphorus was larger then the smount injected
s leci’thin, and the fact that the injectior caused an increase

of the nitrogen in the urin at the expense of the fee cal nitrogen,
indicates thet the lecithin stimulstes the degration of the injected

R otelin .4

%% Influence of Lecithin on the Nitrogen end Phosphorus
Balance. A . Patta (Chem.Zentr., 1912, ii 939-940 from
arch Ferm. Sperim. 1912, 13, 515-628.

#Significance of Lecithin in Metebolism of Infant. J & W,
Cromheim . Berlin. 2. Physikol diat. ther., 14; through
Zentr . Biochem Bilophys., 10, 993-4.
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Six experiments on men on the metebdism of calcium, megnesium,

7.

erd phecephorus &énd & study of the smounts of these mineral constituents

ir the typleal americer diet are reported by Mettler and Sincldr.
A-.1cde fro~ _itrocen, th» elements of building material which & ppesr
to require sg cisl attention in dietaries are calcium, iron and
phosphorus . Of the verious classes of phosphorus compounds

found in food the organic combinations appe&r in genersl to be of
greater- nutritive value then the inorgenic form, amd it is probably
for this reason that dif ferent experiments indic ate quite different
smourts of phosphorus as necessery fa the maintenance of equilibrium
in mor. Fr-ém the results here obtained it Would &ppesr thst a

heslthy man, accustomed tc ordinery full diet, required fa the

maintenance of hs ordinary stae of phosphorus compound about 1.5 gr.

of phosphorus per day. Of the dietary study it is shown that not
less than 3.5 grams of phosphoric acid should no be eaten, lest
under nurishment follows. Experimental dietary studies have shd¥n
thet 1t is entirely feasible to increase largely the calcium &nd
phosphorus intske by making a more liberel ® e of milk or milk pro=
ducts in the dietery. This is probably the simple and more effSctive
meens of improving the dietary s regards calcium and phosphorus c¢om=

Founds .

Rcalcium, Mesgnesium snd Phos. in Food ard Nutritidn.
H,C .Sherman, A .J Mettler, and J.E.Sincle ir. U.8.Dett .
Agri. Office Expt. Station Bull. 227, 70.
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It hes teen disceovered by Heffter.that the amount of lecithin
Lresent besrs a definite relaticn to the weight of the liver, that
ar. slteretion of fo-d does rot affect this, but that the propations
decresses during & long fest. Phosphorus poisoning 1is accaonpenied
by & m:teriul dec-ease of 50% upwards in the aantity of lecithin
in the 1liver &rd the decrease is the greater the more fatty the
liver. Heffter consideres thst ths 1s occasioned by the direct
decomposition of the stored up lecithin.®

The fect thet 811l lecithin can not be extracted with ether
from commercisl p repareations of lecithin and egg yolk may be
sccredl ted to an adsorption of this substance by the albumin. The
whole of the sdsorbed lecithin may be-‘extracted with cold ethyl
salcohol; it is not necessary to employ hot alcohol, as subseqm t
trestment with this 1iqi1id only removes tracses of other phosphatides.,
If the originel solution hes been heated, it is not always possible
toextracy the whole of the lecithin with ether and alcohol or other
liguids. Lecithin may be estimated im preparations which contain
added phosphoric or glycerolphosphoric acids by extraction first
with ether and then with slcohol. The alcohoiic product contains
sone of the added acid snd must be re-extracted wiih chlorofarm t0O
remove the soluable lecithin from these substances .¥¥%

#Lecithin in the liver. A. Heffter. Chem. Zentr. 1891 1 495,

#% Lecithin. R. Cohn (Zeitsch. offentl. Chem. 1911, 17
- 203-217)

Y



It is poirted out that hydrolecithin of an elementary cam-
position fully harmonious with the teory may be, &nd generally is,
impure, conteining between ten and twenty percent Jf its nitrogen
ir the form of amino nitrogen. This finding has a great significance
because of its bearins on the strw ture of cephalin. On the basis
of recent work on the hydrolytic @ oducts of cephalin, & structural
formula has been assigned which reai ires an elementary composition
of C = 66.17, H £ 10.17, N = 1.88, and F 4.17. However, p octically
all cf the anslyses from Thudichum up to the p esart, gilve an average
composition of ¢ = 60 H=-9.3 N=1.8, end T = 3.8. The
elemert. v composit ion of lechthin, according to the accepted
theory is C = 65.7, H = 10,79, N = 1,74, and P = 3.86. It is
argued thet if cephalin and lecithin both have the composit ion
required for them by thex y, then the mixture of the two should
possess pPractically the same elementary composition &s eithelf‘ one
in the pure state. ©On tre other hand, if lecithin possessed the
ssme composition assumed by theoy snd cephalin that found empirically,
then & mixture containing elthy percent of one and twenty pgrcent, d
the ot her should possess a cerbon content of sixty four per‘06¢ . Con-
versly, if a mixture of the two reduced substances possessed &n
elementary analysis of C = g5.3, H = 11.2 N= 1756 anpd P = 3.85,
as was actually found, it would justif y the conclution that both
lecithin and cephalin possess the composition assumed. Material
analysized conteined eighty percent hydrolecithin &nd twenty percent
impurit y and was found to yie 14 on hydrolysis, besides choline; also

tle base sminoethanol. This was assumed to indicate that the twenty -

7e
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E rcent of impurity consisted of hydrocephalin, If cephalin had

the composition found by exgrimert snd a substance consi ting of
eighty frercert hydro lecithin end twenty percent of cephal in

should heve &n elementary composition G= 64.56, H = 10.49, N = 1.75,
end P = 3.84. These fects furnish evidence in fevor of the prevalling
theqry of tne moleculéar structure of lecithin &nd cephalin. #

In view of the work & Mott and Halliburton on the impartance o
recognizing choline as a sign of nervous break=-de" n of nervous
tissues, the theqy 1s advanced theat the splitting off of choline
from lecithin is due to ferment action, but attempts to isolate
the inzyme were unsuccessful. The enzyme is dbstroyed by heating
and ects best in 8 sligily alkalini- medis. It comes intq Play
during sutolysis, but the yidd of choline is small. During putrifac-
tion, the yield is large. Pepsin end trypsn fail to act upon the
lecithin of brain tissue, and inhiblt autolysis. Lipase, however,
is capable of splitting lecithin, O©Of the methods tried, heating
lecithin with barium hydroxide was the only one which lead to &

theoritical yield of choline .d¥

ttnin I Hydrolecithin and its bearing on the constitution
ﬂc;gcttéghilinlfyP.A Levene end G.J West, Rochefeller Inst .
7. Biol Chem. 33, 111-17 (1918); Froc. Soc. EXp. Biol
d. 15, 31=3 (1917).
*?fel,poduéti on of Choline from Lecithin and Brsin Tissue
J. H., Coriat (Amer. J. Physiol. 1904, 1z 353-364.
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#Three experiments on human beings hsve shown the retention
of nitrogen reduced by the asction of lecithin on the organism,
is accompenried by &8 dimirution of the amound of sulphuric acid
in i1the urin. This indicates thst the administration o 1lecithin
ctuses 8 retention of rrotetds. The diminution in nitrogen
extreted during the lecithin periéd,'is mainly due to a cdiminution
of carbesnide in the urin. The ritrogen increase is accompanied by
retention of rhosphoric acid.**The edministration of lecithin in
animals pvodﬁces e retention of phosphoric acid which is normally
-utiliz=d for the development of bone iissues end nervous tissues.
The incresse of lecithin in the nervous system is not directly due
1o the lecithin gain but to that synthetically formed in the animal
itsel?,

W. Ludwig n-epared nuddles containing one, two, four and no
eggs per pound of flower. These were analysed in & fresh state
end after drying at 102° end compered with ordinary commercis
muddles. Whe amount of lecithim, phosphoric &cid in the commercial
“nuddles variegd from 0.025 to 0.053 percent or from 0.029 to 0.061
percent in the water free substance, while the othef water nuddles
pepared by the author contained 0.0248 percent &nd the egg nuddles
as follows: One egg, 0.0454; two eggs, 0.0784; four eggs, 0.1504
percent respectively. When the commercial nuddles Were previously

#The action of lecithin on animal metebolism. B Slowtz off .
(Beitr. Chem. Physiol. Path., 1906, 8, 370-388.

%% Influence of lecithin on the development of thé Skeleton

snd nervous system. Alexender Desgrez and Aly Zaky. (Campt.
Rend., 1902, 134,1166,1168.)
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dried at 102° before extraction, the loss of leciﬁhin phosphoric acid
Was from ten tco forty percent while the freshly prepered nuédles
shoved only from Zero to four percent loss. A similar loss in ether
extract wes noted on heating. Heating the samples ar storing them

for ceveral months ceuses a decrease in lecithiﬁ phosphoric acid.

The lossg is very lerge in wster ruddles and canparatively small in

ecg nuddles. 'l1he s.qount of lecithin is found by slcohol ether extract-
ion * nd by extrecting three times with hot &bsolute alcohol, #*

The close agreement between phosphoric B rcentage of various =
semples of protagon prepareg by the most diverse methods 1is strong
evidence ir favor of the ¥iew that protagon is an individu4a
substence of a well cherical defined composi tion. Even more conclusive
evidence is affarded by the observations of Pesner and Gief, that

after ten times repeated crystalizetion, the protagon crvstals

Separatihg out have the same phosphorus percent as the mother liquon.

The view thet protagon is a mixture of substances differing in their

soluability and in their phosphorus content is not compatible wWth
these results and cannot be accept ed until the substances constituting

the mixture heve been isolated .##®

: id of pastes
t the 3Jecbthin phosphoric &ac
*E;Qwefgggiigf g:?urfmz. Nehr. Genussm, 15, 668-80 June 1.

hosphorus percentage of various ssmples of
;ﬁofﬁggﬁeb§ A,pc. Lockhead and W, CGramer Ph. D. D. Sc.

Lec. on Physiol. Chem. Univ. of Edenburgh.
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. the volume occupied by the corpuscles. If one comperes the percent

8R.

Sternitz showed that feedlrns wi th Proteids cortaining phosphorus
yieids better results so fer ss putting on of phosphorus is concerned
the féeding with phosphorus free proteids Plus inorgenic phosphate.
It wes consider:d desirsble to repeat this. Edestin wes used instead
of the myosin employed by Stenitz. The experiments were rede on

Gogs &rd Stenitz results are confirmed.#

Koch stastes thet in the chen ges o ph&sphatic naetrients in
the humen b@dy thst in general inorgenic and non protein phosphorus
is not utelized. It 1is porsible however that inorganic phosphorus
meay be utilized if orgsnic phosphorus is excluded from food along
time %%

Cholesterin snd 1ecithin extracted from blood corpuscles and
suspended in saline requires a definite percent of ether for solution.

The ebsolute volume of a blood suspension is the totsl volume minus

of ether required to l&k e blood corpuscles suspended in saline, it

is found to be the same pércent of ether required for the solution of
the cholesterin and lecithin of ﬁhe corpuscles suspended in the same
absolute volume. The conclusibn may be drawn therefare, the' the
solution of the lecithin gnd cholesterin from the corpuscles pro-

duces leking of the latter, since both processes recuire the ssme

percent of ether. Quantitative analysis shows that a sm&ll proportion
of cholesterin and lecithin is removed from the corpuscles during

# Metabolism with Edestin. Richard Diepziger (Pflugers
hreniv, 1899,78, 402-422) ,

#% Changes of phosphatic nutrients in the humen body .
By E. Koch. Bied. Zentr., 1908, 37, 858 from St. Petersburg
Med. Woch., 1906, 400-403.
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laking. -t is belileved that the cholesterin and lecithin removed
curing laking 1s extracted from the envelopes of the corpuscles
occurs until thelr substences have been removed irom the envelopes.

When ether is sdded to & blood suspension , some of the ether is

3

abs @ bed by the cholesterin, and lecithin, in the emvelopes of the
corpuscles % |
Lecithin is resdily hydrolized by pancreatic and gastric

steastin, This hydrolysis is called farth much mare energeticly
by pancreatic steapsin than by the liptolytic ferment of the stommach.
Plant enzymes and especislly thet fromthe seed of Ricimuscommunis

- are likewise capable' of splitting of f fatty acids from lecithin.
Lecithin is not attacked by the liptolytic ferment of blood or

blood serum off several different classes of animals it

A number of analyses of bone merrow for lecithin are given far
various -classes of animal and for man. The question of age apmwars
10 have a significient influence upon the lecithin Z*m® content

of bone marrow; thet of young animals belng very high 4

i hin content of bone marrow of man enmd snimals.
w. Gg?.lijixtl' Tier physiol. Laudwirtschaftl Hochsch, Berlin

Brochem. 4. 4, 235-2‘430

ner lakings A contribution to the study of laking agents
:hft ?lgsolvesglecithin and cholesterin. S. Peskind Am. J.
Physiol. 12, 184-206.

#% The Behavidrcf Lecithin to Liptolytic ferments. S. Sch-
innoff sSinonowski and N. Sieber. Z. Physiol. Chem, 49 50-64
" Chem. Leb. Imperial Inst. EX . Med St. Petersburg. -

f\



84
The administration biy mouth of éighty milligrems per day per
¢enimel of egg lecithin beginning at four weeks after birth, leads
to no deformation of the curve of growth, the only demonstratable
defescts of the ¢dministration consisting of a very slight unife m
retardation of growth and s low degree of resisten ce to infection, '
both defecfcs being not improperly attributable to the injurious action
of excess of choline absorped fram the alémentusry tracts, The ad-
ministration of four milligrams per day of lecithin derived fram the
anterior lobe of the pituitary body produces similar effects. Having
regard to the comparatively small dose administered it is possible
that these defects mey in. part have been due to admixtur of other
and moré potent substances with lecithin derived fraom this source
and 8t all events to a peculiarity of lecithin derived fram the
anterior lobe of the pituitary body. The lack of effect or lecithin
administered by mouth in comparision with its effects when administereg
by subcutaneously or to low organisms is probably attributable to the
fact thst lecithin is completely split during digestion and not
abs arbed to any appr‘eciable extent 8S such.s
The edministration of 100 milligrams per day of egg lecithin to
the mother slightly retards the growth of suckling mice while one
hundred milligrams of cholesterin per day cesuses & very mérked re-
tardation of growth between the nineth and twenty first day after brith.
Robertson snd Cutler were unable to decide wWhether these actions re-
Presented the direct effect of lecithin upon the growth of sucklings

or ohly an indirect effect due to interference with milk SUPply o §

#Influence of lecithin upon the growth of white mice. By
T. B. Robertscan, Univ. Calif, J,Biol. Chem. 25, 647-66] (1916)

##The influence of the administrstion of egg lecithin
and cholesterol to the mother,upon the growth of suckling mice.
By. T .B.,Robertson &nd Ethel Cutler, Univ. Calif. J. Biol.

Chem 25, 663-667 .



Lecithin hes a very cherscteristic color action wWarth noting.
For detection of lecithin the following test is propmsed: The

solution is heated for a long at 30° to 60%. to expell any

alcohol present, and then extracted wi th ether end the etherial solution
concentrated, treated with two c. ¢, of ten percent ammonium

molybdate snd then covered with a layer of concentrated sulphuric

ecid. 1ln the present of lecithin & cherry red colar is produced
chenging gradually to a green-yellow and deep blue. Cholerterol
andphytosterol to not interfere .#%

Fresh eggs contain 15.35% lechithin., After tne sixth day of
development, the lecithin content begins to deminish and by the
twentieth day is reduced to one half its former amount. The lecithin
of the yolk appesrs to be a storage of food for the developing germ
and is used in the development of the skeltel system, In the buillding
of the phosphorus proteins, and for the liberstion of energy thru
oxidation of the fat radlcal .

An interesting property of lecithin wes observed Whereby
sterile lechithin émulsions were made without any entiseptic pre-
cautions. In one to a hundred emulsion of lecithin, typhoid bacilli
were rapidly dise,olveé, The bacilli shrank, became granular end dis-
appeared as in the Pfeiffer reaction. In one to a thousand emulsion
this phenamenon occured‘ in the course of thirty to sixty minutes.
Practivecal application of these facts proved unsuccessful.

#Lecithin of egg: Char. Color action. C. Casanova Boel
Chim. farn. 1911 50, 309-313. Chem Zentr. 1911 2, 231 .

## Quantitative changes of ;eci'thin in developing organisms,
By P.G Mesermizky Russky Wretsch. 1907 Yo0.9.(From Boichem.

centr. 6, 784.) \\g
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R. Bessenge was able, however, to prepare a useful toxin

by rtling suspenslions of sgar growths of bscillus typhi in lecithin
emulsions o

In sgreement with results obtained by Rischof in 1867, it wes
found the t when the orgs‘nism wss in equilibrium the feces &snd urin
conteining the ssme amount of phosphorus as that of food consumed.
Korenuth's results 8lso coni'irmed Marcuses conelusion as regards the
completment of the utilizaticn in the intestionsal canwl of the phos-
phorus and casein, and that with the deposition of. the nitrogen of
casein there is co-incidentislly, & deposition of phosphorus . In

oppositior to Marcuses, it wss found thet the phosphorus -of casein

'is not more completely utilized than that of the- other materials

even Liebermamn's nueclin, but thls may be due to fifferent experimental
conditi ons it

bThe l"la"tur'e of the phosphorus compound in the fet of feces Is
no{, fully understood. It has usua lly been assumed thst this phosphorws
exists in the feom of lecithin and an approximate extimation of these
bodiesg is obtained through a determination of the phosphorus in the
fet. Long and Johnson heve examined the fat fran the feces of & num-
ber o individual s in namal health ‘8 nd have .found great variastian
in the amount of phosphorus present . The limits observed in the phos-
phorus content of the fets from the feces of several individusgl s wWere

«20% and 3.66 o Py0g. The last value torresponds to 40% Distearyl

& An interesting property of lecithin. R.BasSsenge Univ.
Berlin. Deut. Med. Wochschr. 34, 139.

##% Behavior of phosphorus 1in feeding. garl Koranuch.(Bled
Centr. 1902, 31 605-606.)
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lecithin. Severel previous exsminations of the feces fat of the
same individuals £iv e similar higher results, but-all this phosphorus
culd be consid ered belonging to a true lecithin, is doubtful .%

The liver or dogs wer extracted fa lecithin and jecorin. | it
is noted thst extraction’ o the liver with cold alcohol yields a
substence richer in dextros and poorer in phosphorus than is obtsined
for hot ealcohol, Poisoning with elcohol appears to 1over the
lecithin content € the liver, but‘leaves the jecorin content un-—
affected . #%

In dogs on & vegetable diet, much of the rhosphorus in food
i1s not execrsted in the urin; slso a lerge percent of the phosphoric
acid injected subcutaneously as sodium phosphate does not re-appear
in the urin; in the ge t none re—appears, Whether it is give in the
foad or injected under the skin. During lactstion in the gat the
excretion of phosphorus by the intestines is ddminished, but under
other circumstances with the snimal in phosphorus equilibrium, the
absorption and extreticn of phosphorus by the intestines are eq d .
In the dog, during lactation, the phosphorus in the urin is diminished.
Goat's milk contains & higher proportion of rhosphorus, but less of it
is in organic combinstim, then in co¥s or humaen milk. The adminis-
tration of calcium glycerlphosphate causaz no raise in the phosphorus

of the urin of theidag, or in the urin or milk of the goat d#s

#Phosphorus content of feces fat ., J.H.Long end W .4 .Johnson
J. A. Chem., Soc., 28 1499~1503 (1906). N & .Univ. Chicsg o,

##Lecit hin end Jece in in the liver of normal dogs and those
polsoned with alcohol. A, Baskoe. Chem. Eab. Inst. Ex. Med.
St. Petersburg. 2. Physiol. Chem., 62 162-172.

###Metabolism of Phos. Diarnud Noel Paton, J. Crawfard Dunlep,
and R. 5, Atchison. (J. Physiol 1900, 25, 212-224.)"
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I7e &:. imiletion of lecithin was studied in twd persons,

e ~1th ¢r occlided bowel duct, the ot her with pancreatic obstruction.

Shutt.nz »ff bile from the intestimnel trect results in a greatly

lowered use of lecithin or its leimination thr» feces. A similar

Lvut ntt es rreat, incresse is noted in the absence of pancreatt

Juice. 1he total lecithin is not split by the pencreatic Juice,

thel r derivative thén being abscrbed; but rather is taken up as such.#
The effs=ct of N& phosphate, phytin, and lecithin on tiqe

PEOS content of the animal orgsnism was studied. In the urin of

the dogs the rhosphoric acid the Na rhosphate &nd lecithin appeared

slmost quant. as inorganic phosphates. Only 30% & the phytin chenged

in the geces. 1In man phytin wss completely slpit in the disgestive

tract, 2rrar=ntly by the intestional bacteria. Since in vitro, the

phpsphoric acid was split off when phytin was mi ed the fecel material.

A smal 1 amount of phosphoric acid from the phytir was retained in the

orrenism, the rest sppeared in the feces as phosphates. Inosite could

not be detected in the humen urine after feeding phytin.s#

The alcohol chloroform extract from the kidney contains from
thundred to five hundrcd times ¢s much phosphorus as »the extrget fram
the decpot fat. The phosphorus from these extracts wes wholly e ganic
in character. Protagon could not be detected even in foyr hund:ed
grams of the fecel. The mat probable compound conteining the phosg~-
phor'us. or compounds of lec‘ithin. The bsrium hydroxide platinic

chloride for the separation of chlorine wes employed wih the following

#Digestion of lecithin during disturbances of the gastro-ip-
testional cenal. By. R. Ehrmenn end E, Kasupse. Berl. Klin,
Woshschr. 50, 11llle.

## Phosphorus Metabolism in the animel orgenism. F. Rogisinski.

Anz. Akad. Wiss Kraukau. B. 1910, 260-31Z2.
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resvlis:
Lecithin in Extrect
Extract (Gms) P (%) Lecithin (Gm) Disteryl Lecithin.

( 0.4600 1.43 —~——— 37 .23

I ( 0 .4600 1.47 ———— 37 <45

( 1.5859 - 0.0650 34.50

2 8 0.6032 1.12 —————— 29.11

( 00,6032 11, - 28 .99

+ ( 2 15560 -——— 0.0711 27 .40

Assuming thst phosrhorus content o extracts obtained depended
upon presence or some form of lecithin, it hes been calculated‘in
the humren of certein diseases, the percent of lecithin as follovs;-
Pneumonia, 6.29; T, E.. 4.02; Moderately fat kidneys, 4.76; Beef

) kidney, 8.21; dog kidney, 7.95; rabbit kidney, 10.96.#%

By the artificial digestion end nuclein end lecithin, and by ex-

° .
’ Per'imenting on dogs with substences containing them, .Bokay has ascer-

‘r teined thet nuclein appears to be unacted upon by their albumin dl solving

: ferment of the pancreas, end that at least the greater pgrt of the

nuclein introduced into the intesting is not sbsorbed into the oegenisms.
Lecithin, on the other han d, 8s Was to be expected from its chemical
constitution, (On the supposition that it is composed of neurite,

phosphoglyceric acid, end fatty aci ), is decomposed by the fat de-

composing ferment of the pancreas, endone product of its decamposi tion

phosphoglyceric acid, is re-sbsorbed.##

Young dogs fed on & diet poor in phosphorus, stop growing,

#The lecithin content of fatty extracts from the kidney.
E. XK. Dunham, Sclence. 2¢, 79,80; &l 80 proc . soc. exp.
biol. medo, l, 39-4.10

##Digestibility of nuclein and lecithin. Ao, RBokay. (Bied
Centr. 1879, 112-114,)
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wasteund dye¥®. This, however, is notwholly attributable to a

leck of phosphorus . The sbsence of other unknown constituents of

the diet, possibly cf lipoid nature, seems to be a factor, as in
8tetts experimemmts. Inorgaric phosphate saprears to be as advandageous

for reutriticn as phosphat ides .#

The ffeding of lecit hin to rabbits increased the content of
this substance and of the glycerolphosphoric acid in the liver. The
lecithin reme ins inthe liver some time fif teen days after the stoppage
of the injestion. The injestion esuses a slight increase in tle
urin of glycerolphosphoric acid, formic acid, but not choline. The
irgested lecithin is meinly absorbed since only & very sma 11 incrased
is noted in the feces .k #

A yellow color is exhibited by an emulsion of lecithin‘and water
showing the presence & fat, which greatly interferes Wi th th2 keeping
guality of lecithin. Trensparent lecithfin contains solvent in large
guentities; this is frequently not remored because its p esence in-
creases the weight of the lecithin end Improves the aprearance & d
keeping qualities. Lecithin cont&lns three and eight tenths, to
nine one hundredths percent of phosphorus md about 1.7% notrogen.

The ratio of P:N is abairt 31:14 = 2.21. If these elemerts &re @ esent
in s fatio differing materislly from this, the lecithin is ether im-

pure or sdulterated with phosphates, @ glycerolphosphates .###%

#Phos . metebolism. VI The importence of Pnos . in nutrition
of growing dogs. Ernst Durlach. Gottingen. Arch. Exp.
P th. pharm. 71, 210-250. J. Chem. Soc. 104, 1, 311, 12,

##Concerning the deposition of lecithin &nd its conduct in the
orgenisms . G. Frenkhini .Blochem. Z. 6, 710~825.,

#¥#Purity of lecithin., M.origi =~ Boll Chem. Farn. 48, 753-756.
through Chem, Zentr. 1909 to 2135.
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Lecithin ht¢s been prepared from ox-heart and hydrolyzed by boiling
with 4.55 HCl. About 12§ of its nitrogen is in a form insolube in
we'ter sfter hvdrolgsis. Of the soluble nitrogen about one hilf of it is
in the form of choline end t e other ha¥ in the fom o amine-ethyl alcohoo
The very sm&ll smount of anmonia in the hydrolyzed solution is ;robably
a contanination. The amount of an ine aced nitrogen was also very
sme 111 . Heart lecithin has practi ally the same composition as @ es
brsin lecithin as far es its main constituents sre concered so that
it is possible thet the two lecithins sre the ssme compound. Dehydration
by meemm s of ccetone wes found to be the most steisfactary ethad o
pra7.:irg the tissue for wok on the phosphatides. #
Egg lecithin has been used to prep re glycerophosphate Dby
Beilly, ¢nd was found that this is a mixture o the calcium sa ts
of the alpha and Beta acids. Egg leclthin is th refore & mix ture

of the two is onetrides having the constitution OH.GBH NMeSoOPO(OH)
0.GH,, .GH( OR) .CH_OR ard OH.02H4.NMe3.0.PO(.0H)0.CH(CH2°&R)2 W ere

R is a fatty acid residue, of wh ich t he second form pedaninates. #it
The secréton of P205 and 620 into the iintestine is increased

by food which like milk, contain a great deal of 1’205 and Cao0;

if Cca0 is given with P205 rich food; and if P205 is given Wi th CaQ

rich food; 1.e., whenever 19205 egnd Ca0 are present in tle orgemiam

simultaneously. Secretion through the intestin walls, p obably in

the fam of GaHPO4 takes place in no snall amount. In e2nimels slso

the destribution of Phosphoric acid inurin and feces, within certain

dependent upon_ food 8, ¥While as in m the feces phos
tmits, 1°.8% Iﬂogerl?o'us pHydr‘O?ysis’ Prodvets of Honht lecitnin 4.6 &_L?Si'ﬁhu]

F.G. Norbury, and W, G . Karr (J. Amer. Chem. Soc. j. 1917
39, 768-777)
s#xConstitution of the Glycerophosphoric acid of lecithin.

peilly. Compt. rend . 1915, 160, 395-398.) ‘
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1s increased when inorgenic phosphoric acid and calcium &re present
tocether in thé or-amisms .#

Lecithin W en extracted from hens eggs and sheeps brain by
. the Roaf srd Edie méthod end administered by subcutaneocusinjection
o1 by we&y of the stommach into tad poles, sea urchins, rats, and guinne
pigs produce no positive proof thset it acted &s & stimulant .

The lecithin of the fowl's egg increase the appetite of sn imals
wrhich receive them either by the mouth or under the skin. These e2nimals
rep 1dly increase in wei:tht., Urea, total urinary nirogen, eml tle coe -
fficient & utilizetion € nitrogen are increesed,'but. the phospharic

- acid in the urin 1s diminished .4

Some feeding expefiments in Which goays received, in additilon
to straw, blood nuclein, starch snd oil, tke following substances &as

ke sources of rhosphow ; phytin, lecithin, caséin, nuclein, nucleic aciad

snd disodium phosphete. The food was mi ed with molasses to make it
i = latsble.

The results show that theee is no essential difference
in the utilizstion of the different farms of phosphorw . The
imperfect e&sd milation of the bhosphoric acid, of crude foods, must
therefare, be due t0 other causes

# Utilizstion of Cslcium sandphosphoric acid compounds by the
snimal orgenism. C. Fingerling (Landw. Versuchstat., 1913, 79,80)

#A contribution to the m estion of phosphoric a2cid end cal ciym
maetbsl ism in normsl &dults. F, Oeri, Med. Klin. Bade. Z . Klin
Med. 67, 238-306.

#x Effect of Lecithin on growth. A, J, Goldfsrb. Arch. entwid.
Organ. 29, 2556,

##xInfluence of Lecithin in the egg in nutritives exchanges . By
Alexander Desgez gnd & . Zoky (Compt. Rend. 1901, 132, 1912-1514, ~{

e



The lipoid phpsphorus snd iron of the blood in polycythaenia
rubra vis investizated by Glikin. 40 to 65 cc . of blood from a
cose yilyeyvthaemia rubra were ground with qarts sand, dried, and
extrected with alecohol snd chlorof orm . The dried extract was
re-extricted with petroleum etler endphosphorus end iron detem im tions
performed upcn the dissolves substace. The PZOS content calculated
for one leter of blook was 1.765 and 2,291, gr; the F620 3 1.786
and 2.069 gr. The rhosphoris indicates the lecithin content much
pOve normal, doubtless Because the lecithin, Dbein- & constituent of
the cells, incresses in proportion with them. The iron anglyses .
show thet 67 of tre total irom in blood is contained in the lypoids .#

In lecithin and nucleic acid, snd probebly in other arganic
rhosphoric ecids preparations, the phosphoric acid s&s soon as its
freed from combination, follows the same laws of excretion as tle
in@r génic phosphete. When ceal cium is in the fl ocod, it combines with
thet and is excreted through the intestines; the calcium is lecking,

the phosphoric acid is excreted through the kidneys.#

# A contribution to the qguestion of phosphoric acid
s d calcium metebolism in the adults. F, Oeri, Z Xlin,

Mdo 6'7’ 30’7_'180

#Boil. Significance of lecithin. IV. The lipoid phos., sng iron
of tle blood in polycythamis rubra, Megalosplencia .
W. Glikin. AGr. Hockschr, Ber. Boil chem. Z, 22,460-3
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A camnge was found ir the chemical composition of bone marra
of E ralytic expressed by a diss ppearance or decrease in the an aunt
of lecithin normelly present. This wss acc¢companied by a corresponding

loss in the iron content of the marrow fatsg.#

_ White rste which receive lecit hin bﬁ either injection or

feeding, g:in in body weitht more rapidly than those which do not
recelve it, the grsin in the experimental rats being, on the average,
60% greater than in the normals snd ccntrols; the relative weigit of
the central nervous system in the lecithin rsts 1is normal; the nervous
system in the experimental rsts contains the same proportion of

solids and wster &s in the controls; this is enother indication o thr
normal che rocter of the growth; the relative area of the axis cylinder
to its sheath in the nerve fibers & the exp rimental an;mals is approx-
imately the seme as theit in the controls, show ing that the peripheral
nerves hsve aiso grown normal 1y ; the rats which received the lecltihin
show a greater pover of resista ce agairst disesses and the unfsvoreble
chenhes in the surréwndings; the present investigeation onfirms strongly
the previous observations of penirlewsky, Desgrey, and gaky, and

others who clalm the physi ological effect of the lecithin 1o be that

of a stimuleting agent for normal growth.#%

#Biol. Important of lecithin . On:the lecithin content in
degeneration of the central nervous system. W. Glikin.
Tierphysiol Inst . d. Lend wi rtschaftl Hochs Berlin. Diochem.
2. 19, 270-3 _

%% The effect of lecithin on the growth o the White Rat.,
By Shinkishil Hatel, Am. J. Physiol. 10, 57-67

A
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Experirents on the reduction of eng lecithin have been carried

on by C. Faal sand H. 0ehmé. Lecithin purriss, ex ovo in alcohol
&nd colloeoidal, Pd. in Weter (the amouats of alcohol were so chosen.
90,; ~1lcohol) thset on aixing beth the lecithin é&nd collcidal solution
it re¢eined in solution, absorbed 58.7, 59.4 cc hydrogen per gr.
lecithin, yislding e hydrolecithin, microscopic qubes more difficultly
solut le than lecithin itself, sinters 83-.3400, decompocs es above
15000, 1o2in numbe.r' 313, boilcd two hours with three molecules barium
hydroxi de in methyl slcchol, it gave phospheric acid, glycerol,
choline, arnd s mixture of fatty scids, which, judging from the melting
point &nd analyses of fractions obtei ed by repeated crystéldzation
consis ted chiefly of stcaric and palmitic acids, W th an acig of
lover moleculsr welght, posibli muristic, lauric, or ceprolc acid,
as well as s srnsll smount of wseturated acid which hed excaped re-
duction, probsbly oleic, These results indicate egg lecithin is aot
homogene'ousvsnd mush cons Bt of st leest two different lecithins.#
Growing dogs of the seme size were fed with phosphorras-poor food
contuining phospnaté and phosphatide. The removal of phosphorus from
the diet manifestcd itself in the loss of weigh in sickness. The
dogs fed with lecithin phosphorus appeared to outlive those wih
phosphate phosphorus. HNowever, there remal ns the posibility thst in
the lecithin increase such substm ces releated to oryzenine, or to

vitamines, play &a part .##

%Reduction of Egg lecithin, C. Paal and §, CGehme . Univ. of
Lelpzg . Ber. 46, 1297-1304.

#% Importants of phosphorus in the food of growing dogs. VI
Ernest Durlsch. Gottingen Arch Exp. Paph, fharm. 71, 200-50
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The work of Firgerling end Gregersa is contirmed that the
enimel bedy snd dees symthesize its orgaunic phosphorus comypounds
fronm ir_'ﬁrr#s.nic prosphe tes .#

Leclthin wes prenored by MacLesn fram three different portions
of eggs. The method edopted wes essentislly the same s th: t adopt ed in
Ty ramer psp ers, snd need nct be repested; in every case (With one
exception) I used the lscit hin chtsi ned from the thereal extract of egg
yolk, the usual precaution s being used to exclude as far as possible
2ir snd light dw ing the process of preparation.

In one set of engs a curous stste of affai.s was noticed:
These ecgs (10C of them) seemed to % perfectly fresh w.d were al
rather 1 trge, it belng naturel 1y thougﬁt tha these would yield a lsr -
ger yield of lecithin. On extraction, however, it was found tl’}at the
eggxs showed q'.ite &r abnormel incrase of fatty matter, but only
a trifling amount of substances preclpitated by scetone: after treat-
ment %With five consecutive protions of fresh ether, the extract still
continued much fat, snd i{h: ombire d ylced of lecithin was so snal that

&fter purificstion the total amount ylelded to only a few grams.

- On subsequent extraction with alcochol the lecihin was also very xxk

much below the normal average.

I this perticular case it would seem 88 if there was a
great

| incrase of fatty matter et the expense of the lecit hin: a curous

point with regsrd to the lecithin was the 1t differed grefatly in
a ppesrance f‘rcm lecit hin obtained from o her eggs: it was from the

beginning qu ite dark brown in appedrance and nct so plastic as

# The metabolism of orgenlc phosphorus compounds. Their hydrol-

is ys1. by the sctia of enzynes. R. H, Aderz. Plimmer (Bio. Chem.
J. 1913, 7, 43-71)

T
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i1s menerelly the cese; despite thet fect ths. the greatest precsution
wag teken tO prevent oxidsticn: in genersl it looked more like a
fpecimen thet had been exposed for some time to zir then th freshly
extrected meterieal, vhich is ususlly precipiteted as & plastic, more
¢r less whitish, mess wi th s sirht brown tinge. The amount of lecithin
here c¢ttsined was so :mall that it wes not mede use of for this
experiment.

The fi st sample purified gave the following figures on analysis ;
Canparison with heart muscle leci hin shows a merked similarity in

elementary compositions#

Ecg Lecithin Heart lecithin.
B (3 Expts.) Av. 1.876% 1.87%
P 2 " 3.95 3,958
c 1 64 .18 66 .29
H 1 n 10.6 10.17
N:P 1.05:%}

#(Distribution of Nitrogen in Lecithin-Maclean 1915, 9,365,
Bioch. Journ.) v

at first attempts were made to estimet e the amount of nitrg en
obteined by Vsn Slykes methods (1912) using. the unhydrolyzed method.
Thése experiments were rendered difficult, pa tly on accowmnt of the
frothing which resulted snd pertyl account of finding a sultable
solvent for the lecithin. The solvent used wss strong acetic acid but
it wes found tht after the preliminary shaking o the sodium
nitrite snd acetic acid thet accordi g to Ven Slykes instructions,
the addition of scetic acid acted in such a wey as to give & god
deal of gazs which wss not teken up by the permanganate absa bing,
mixture. This introduced &n error Which had to be allowed for by zon-

trol, but even then the results were not satisfactory. in spite of these

22
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disedvantages the numbers obteined sre very suggestive. On hydro-
lyzing the lecithin 2nd using the licylid conts ining thie souble
procucts of hydrolysis, no difficulty whateve: wesexperienced. The
cholin3 3stimsted by hydrolysis with weak scid followed by the steps
already described.

(On the ritrogen contsining radicalof choline and other )
phosphetides - MacLesn, 340, vol. IV, Biochem. J.

Observstions show thet alcohol is @& more suitable o lvent tlan
ether for extracting lecithin from tissues. From this reason alcohol is
generally used, the usugl prodedure being to dry the tissues as Quickly
ss possible, grind to a fine powder and extrect thoroughly wih
various changes of the = lvent, using a shking machine. Un evaporating
tle slcohol framn the combined exyracts the residue is tsken up Wth ether,
and mxE the phosphatides precipitated with the sddition of an excess of
acetone to the theral s lution. By repeating the process seversl times
81l acetone soluble bodies such &8 cholesterol snd fatty acids are re-

moved. ''he final residue is supposed to'consist almost entirely of

phosphatides end this is divided into "1geithin" and kephelin by

fractionation with alcohol. The insoluble part is consil ered as kephalin

the alcohol-soluble as "Jecithin" .

In every cese, however, 1in which this method is used &8

a besis for th prepartion of phosphatides, the resulting productss

are far from pure end the lecithin fraction offern contai ns as much

This substence 18 sohuble in wster

as 50% of en extraneous substance.

end the treatment of the lecithin fraction by meins of zcetone ¢nd weter,

{1t prensains in the scetons water solution. Cn eveportis o i

s so lution, the substence if ctteire es & ctichy 111 gy rees W 1ch is
. _ J U
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insoluble in slcohol and absolute ether but essily soluble
inzlccheol containing a trace of water. 1t is exceedingly soluble 1n
water: on standing some days in agueous solution gradusally deposi ts
small round white crysials, These crystals are insolublein cold
weter, but dissolve 1in bollding water to be re-recepitated on
cooling water, After recrystallizing in this way several times, &
substance or mixture of substances is obained which hes a very high
nitrogen content #2nd widely belongs to the putine group.

In one csse ¥mall white concentric crystals were isolated

which had all the properties of cernine. After drying at 1050:
analysis showed th t the substsnces contained 28.35¢ nitrogen.
On heating, they changed color sbout 230° ard leackened about 240 °
with silver nitrate of white flocculent precipitate was obtained
which di1d not dissolve in emmonis or nitric acid. A precipitate W&s
also given which lwad acetate and with mercu ric chloride, while
neither neutrel lesd acetate nor merciric nitrate gave any result.
In its properties snd nitrogen contant this substance appears
to be idential with and closely related to the basic carnine found by
weidel in American mesat extract. In another semple another
smsl 1 emount Of a substan ce which appeared to be impure hypoxanthine
was lsolated; it contained about 40% nitrogen. The mother liquor from
which these substsnces separated is d stinctly acid in reaction, and it
is probably that these bod¥e s are set free by a process of decompsotion
and & re not present in the free stete of the original liquid » This
is sucgested by their extreme insolubility in cold water &nd the
difficulty experienced in dissolving them in the mofger liquor after

separation has once tsken place. The fact thst complete separation

%
N
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tal days or ever. weeks is slsoc suggestive in this connection. owing to
the high nitrogen percent in these bodies it is obvious thet the smll
Guentity present in lecithin would materislly influence the N:P
retion.

When the separation of these bodies is complete, an sbo lutely
strew colored 1i;id.is obtsined which remsins clear for a long
time .

On evaporsting & sticky hard gum-like substsnce appears. This

substen ce is soluble in alcohol contsini g & trace of water and sppers
to dissolve in solutions of lecithin. kurther, like phosphatid es in gererg
it is precipitated by acetone, by cadmium chloride and by platinum
chloride . The body s ppesars fc te & very complex nature and SO fer it
has been impossible to determine its chemical ccnstitution. Different
gpecimens contain on an average about 68 nitrogen, and there is general-~
ly e small amount of phosphorus present, though the latier may not
an ount to more then a trace. When tested by Ven Slykes method & consi er-
sble peryt of its nitrogen was found to be present in the amino forme.
On hydrolysis some specimens yldded & very small amount of fatty scids,
but this Was,probébly'due to the conteamination v th lecithin, for a
specimen has been obtained recently which has on hydrolysis wi h HC1,
given no trace of fatty acids. It decolorlzed Fehlings solution on

heating, but no precipitate occurred: on prolonging the boiling whoever,

a dense precipitate occured.

INitrogenous Impurity associated with Lecithih ~ MacLean (Bio §
) chem. 1915, 9, 3530bserv.
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Sinee it hes been suprosed thet the peculisrities in the behavior

.

of c=lls to certain electroytes snd orgsnis ions sre due to a cell
membrone which lg permeeble tc some snd impermeable to others, and-
thot thics

membrene is compsed of, or consists essentially & 1lscithins

or of other 1lipoids, which donfer upon it these peculiar properties

of selective permeedility and impermeability, it was considered of some
importancz to prepsre some membranes in the presence of parchrent peper
8nd ~cating its surfaces, snd to test whether such a membrane shov ed
similsr permesbilities to those supposed by many authors to be shown

as cells, ond, is so, Wwhether osmotic pressure would be developed when
ions to which the membrane is not permeable or present in different
concentrations on the two sides,

Both lecithin and lenoline membranes wWere pre-
pered snd tested end it was found that these Were readily permeable ard
that no trace of osmotic pressure was develpped.

This demonstrates, in the first place, that lipbid membrane, d es
not furnish any explanation of the osmotic properties of living cells,
and, secondly, that the presence of absence of an inorgenic ion in the
cell, or veriations in concentration of such an ion inside an outside
of the cell, are not to be described to a barrier opposed by such a
membrane, but that the explanation is rather to be sought in the proper-
ties of the cell constants themselves, for combining with or absorbing
such constituents of its inorgenic invironment.

The lecithin was prepared by the method described by Roaf end
Edieg»%and dissolved in the smallest portion of ether, as possible.
®he discs of pardrunent paper, cut to the sixe to fit the osnometer,
dried at a 100 GC. and cooked in & dessicator, were dipped in

this strong lecithin solution, and the ether allowed to eveporste off;

they were then dipped o second time and allowed to dry agein; in this
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the parchment poper is thoroughly sosked with lecithin, becomes

manner,
trerslucent, und is ccated wi 2 thin layer of lecithin on both surfaces a%
Since the investigestions of Diacanow and Streker,; 1t has been
generally assumed that lecithin is a canpound of fatty acids with
g¥yceropho sphoric scid and s base choline. This assumptiorn 1s based
on the assumption that on the results of elementary anslysis cambined
%ith the fset that hydrolytic decamposition of ths lecithin yields the
above mentioned constituents. From this it is obvious that t.he total
amount of nitrogen present is represented by the ﬁitrogen of the choline
redicsl and in this way a know.edge of the total amount of nitrogen
present yielded by sny pure lecithin present makes it easy to deduce the
smount of choline ( CgHy:NOz) actuslly present from 2 theoretically

stendpoint. Many experiments have been made in order to choline content

of different lecithins, but in every case the resultis sctually obtained |
' |
fell far below the theoretical values. Thus Erlandseng obteained fram '

pPure hesrt lecithin, which hed been split up by boiling with barium

hydrate, only about 42% of the actual amount, and Heffterz using lecithin

extracted from the 1iver, obtained under simllar conditions only 25% %
The fact that lecithin has been shown to consist € two

camponents throws some light on the difficultles experienced by many

investigators when endsavoring to ascertain the nature of the fatty

scids present. Theoretically only tw acid radicals exist in the

molecule, and separate and identification ought to be easy, but
#Lecithin Membrances - Loore snd Roaf, 1906 - 7, 269.
Riochem. Je

## Phdrolysls snd sponification of letithin (MacLean) 1908
9, 4, 38, 42, Bioc_:hem. Journ.
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generel lv mi tures are btz ined which appesr tc counsist of more than
twec ecids.

Clycerorhosphoric scid. From the chemicel standpoint this acid

cen exist in two medificatiouns, the alpha s 4 beta fams.

alpha form (Unsymetricel) Beta farm (Symetrical)
OH CHEOH cH
OH - P =0 OH - P=0
CHg=-=~~~ 0 CH 0
CH( OH) CHZ(OH)
CH, ( OH)

The al phe form contains en esymetric carbon atom amd is therefore
optically sctive wrile the beta form is inactive.

After the discovery by Willstatter mnd Ludecke (1904) that
the glycerophosphoric acid of egg lecithin was opticelly active,
rotating plsne of polarization of polarized light to the left, it
wes generslly assumed thtt the scid present in lecithin as alpha glycer-
ophosphoric acid, through Tutin e nd Honn dis puted this snd held that
glycerophosphoric acid consisted of a mikt ure of the alpha and be'ta
forms . Recently Grimbert and Bailly claim to have definitely shown
thet egg lecithin is & mixture of at least two isomers contai ning the
symetrical and unsymetrical fams of glycerpohgphoric scid.

It is possible tha t the true lecithin psrt of "lecithin'
conteining #11 its nitrogen e¢s choline, mey have one form of this

acid, while the kephslin p eart may have the other part. #

#Consiitution of lecithin ~ .seLean - 1915, 9, 376. Biochem. J.




Mar Lean Eas shown that the so—calléd acetione solumle phospha—
tide content of the heart of the ox 18 imiure lecithin.The lec—
i1thln can separated from accompanying fats bdythe addition of a
small amo :nt of electrolyte such as calcium cnlox;ide to the sol-—
ution,The peecipitate when purified has all the reactions of leo—

ithin and 1s 1nsoluble 1in acetone.+

++ Bickel states that commerecial lecithin preparations were
fed to a man,and the nitrigen and phosphorus balance being determ—
1ined.The results showed that lecithin phosphorus was reabsorbed
and dé&posited.Similar experiments 1ndi~ated the #3Us retention pro-
duced by Teeding leclthin was not accompanied by a calecium and mag—
nesium retention.+++ Leclthin fed to adults increased the assimll—
ation og nitrogen and phosphorus,but not the digestibility of fat.

Moderate quantities of lecithin appear toe be @dsirable additien to
the diet.++++ IB Ainsanidy with gepressant manlacal symptoms the

nitrogen and phosphorus metabdlosm Vary according to the acute or
enronic stage of the diseasejbthe elimination of nitrogen and phos—
phorus 1s increased in the inltlal stage of the dementia praecox

and decreased in the chronic sStage.+++++

+ So—Called Acetone Soluble rhesphatides.H.Maclean(Biochem.J,IYI)
8, 455~4bY. : )
+4 I.écithih metabolism, A.Blckel.Path. inst.,univ.Berlin,intern.Beitr,
ratn.rherap., s, (1-(Y. T
+++Infiluence of Lecithin upon the Calcium and magnesium Excretion.
A.lLoeb.Path.inst.Berlin.intern.Beitr.rath.Therap., 3,255/25/«
++++ lmportance of Lecithin in the Metabolism of Aduits.W.Crénheim,
ntr, e Med. le
++++-E'Bea.itaﬂc§pdf Lec'fﬁr{izx{'. Pnosphorus and Fats in Mental Diseases.
H.M1zz1.Encephale, 1912, 245.Zentr.Berlin.Bbochem.Biophys . I4, 340,

1ot
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It is practically certain that some of the ductless glands 4

céntain phosphatides,as the work of Finger nas proven.light pet—
roleum extracts relatively large quantities of phospnhatides and
fats from the pituitary,sucra renal,pineal and thymus glands,and
the corpus luteum than from the ordinary muscle t.issue.'me thyroid
gland ,on the other hand,contains about the same ptoportions of
these substances as the muscle.The conclusion is that the phos—
phatides are concerned in the operation of most ductless glands,

but not in the elaboration of the escretion of the thyroid.+

Macro and microscopic examination of the skeleton of aegs
showed that by feeding with phosphorus poor food,the growth of

the bones 1s influenced in the senss of the decrease formation of

vprain suvstance.Since this food varies considerably from normal

) food,the view of Durlach must be moedified to include the possibil—

1ty that bone disease eaused not only by a lack of phosphorus but

Tt -

also by other substances.++ Theee has been found to be an unequild
distribution of phospnorus in the different organs of mammals,belng
more in the brain than in the kidney,which in tura con alns more
than the liver+++ .
; ++++ The phosphate metabolism is influenced by the proteina and
calcium in the diet,and also Dby other factors,as was dlscovered by
Goldfarb,who found that she influence of lecithin on the growth of
tadpoles,had a slignht influence on their growth bdub not markeda+++++

+Phosphatide in the Ductless Glands,F.Penger(J.Biol.Chem.I91¢, 27 ,303=7)
+#+The Influence of Pnosphorus Poor Food Upon the Growth of Bone—
GEO. S.Dreaden.Arch.exp.Path.Pharm.,73,3I35-34¢.

+++Pnosphorus and Sulphur in Foods.Balland.lab.Cour.lL'.Intend.Rev.
++++The Metabolism of Calcium,Magnesium and Phosphoric .cid.Prelim—

inary Communication.M.Kochmann.Pharm.Inst.Mine.Greifswald.Blochem,
' W’Inriug;mg of .eclthin on Growth.A.J.Goldfarb.Lab.Biol.Zoo.Chem.
! Coll.Pnys.and surg.N.Y.City.Pr.Soc.Exp.Biol.Med.,June 22—-I907.




f06.

-~

}\ Fros fhorus is cof much sretter import:nce both for the growing
| ¢r.c cTult orcesrism. W2 { ind pghosphorus irn the cells in the fam of very
|
r
|

- importe rt compounds, nsmely lecithin, the nucleins &nd nucleoslbumins.

W Ymow, iurthermo.

@

tht phosvhorus coxbined wWith the &alkaline ezrths
forme one of *the most importent constituents of the humen skel-
tern, e is ¢l so presetr in the sire form in othe tissues. Fhosphorus

ig (resent in milk, certly ir or-enic combiretion, as in casein which

belongs to the group of nucleozltumins, and pertly es irorgenic s&t .
11X ¢1ls0o conte.ins some lecithin. at present it is rot known exactly
hov. the phosgphorus 1ls distributed betweer these dif ferent compounds
it. the dirferent kinds of milk. appsrently the emount of lecithin
- Ferent i not very lirge.
‘‘here is ro reascneble aoubt that the living orconsim cér
‘ utilize phosphoric acid directly in the forme tion cof lecithin. It 1s
!’ similarly possible thet if ~orms & part of its nucleins from the latter
/ substenee .« The fect thet the enimal orgenism cen form lecithin from

phosphsteswithout dif feulty is a pparent fror tre experminents &lveady

|

r

‘1 citrd of Miescher upon slammn.

'f Phosphorus igs sspec¥ lly impecrtent in the constructiorn of nervous

; tissues. The brsin of ¢ new-bron infant weighs ebout 400 grems. This

| velzht is doubled during the period cof lactation . according to Schloss -
- mann's computations, the bursling assimilstes duwring this period

for the building wup of. its centrel nervous system &long about .75 grem
r of phosphorus. 7The skeleton regires much more of thiz element. In

fact, i: we estimate the totalamount ofpho.pho us required by the infent

during the first year of its life, we shel 1 find thet it anounts to from
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£ifty to cixty grems. S“he ¢rcunt of phosphorus required in the ocod

e vrtuvrelly ever fir grecter,teceuse in the sbove estimete it wes not
cb intec ccnsid@vaticn thit chosphorus is constently beinr eliminated
ir < wr “orm ofriosghttes. ir. one liter of hursr milk there is Fresent

C.10 mria, evd coet

5 IRy

9 'a-11KC .08 prem. Hwnen mlk, therefore, :s deficient 1
phosphcime ; it ronteine 1 ss then eny ofthe oth-»r kinds ofmilk which
heve breen enelyzed. This is & remerkeble fact, for we¢ %nov thet the huma
cf fsgy irg is tble to cerstiract, while still nursing & nervous sy stem
“hign is but sliecntly developed. Compered to human milk, thct of 1ire

&1 ove ¢rim: 1s ig extremely hich in phosphorus. lhere must be somre
recson for thls difsrence. Bunge, Who oiced this fsct in his enealyses
or ditferent kirds of milk, co-psred the percentece composition of tk
tsh Wi h the rete ofdevel opment of the species. It is to be assumed &
priori, thtt en enimel wh ic- develops rapidly will require more
building meterisl then one whose development is sloier. 1If wecompare
the time required by the suckline to dcuble its wel it at hirth w1 th the
emov,t of slbumin end esk - perhaps the most essentail constituen ts tar
the fa mation of {he tissues - contained in 100 parts of milk, it i

evident et & glance thet the amoint of these increases ir prcpee tion as

the devel orment of thea imsl is rapid.
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EXPERIMENTATL

The enimals used in the reset pch were three gogs, three cats snd
three guinea pigs. These &nimals were all healthy and in growing
condition. The dogs used were all of esbout the ssme size, although
one wss somewhut sme ller then the other two, all three, however,
being young dogd., Two of the dogs were used for the experimental
work proper while the other w:s used ss 2 check on the first two.
The 3ist ed the first two dogs consis ted chiefly of cal f brsins
es the source of its mest. In addition to the celf brains, was
given brecd scraps, ve'c;etables of various kinds srd weter and milk
to drink. Food scraps from .the table were fed, which consisted
chiefly of bresd snd vegetsbles. ‘The third dog used in the exXp r-
iment wes fedexactly the same foods as the other two w. th the exceptlion
of the-calf‘ Freins or foocds of sny kind which were unusual 1y high
in phosphorus snd lecithin content. The conditions of living, care
and trestment of all three dogs were exsctly the ssme.

The csts used Were all young healthy snimsls and
Were of sbout the ssme size and in the seme stete of development. A
diet similer to thet of the dgs was given the cats, and os in the
case oi the cats, two ﬁere used fa the BXperimental work proper
whiie one was used as & check , being gron under normal conditions
end vith no unusual amount of food rich in phosphorus &2 d lecithin
In it s diet. The diet of the first two cats consisted chiefly &
calf brei ns, milk, wat;er, bread ad a few vegetebles. The control
cat wes fed exactly the seme focd with the exceptionh of the calf
treins. Some egg yolks were ¢l o0 fed to the two eRperimentalcats,
¢lthough the calf breins furnished the chiefl source of phosphorus

end lecithin. 411 thpree cets lived under exactly the séme conditons, &l

care Vend treatment being just the same for all.
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IThree guiree pics were clso used in eddition to the cats @d
0go0-s, ¢r.d &s mentioned above, two were used fa the experimental v rk
Frorer, vhnile the other wes employed es & co-trol or check. The
enimels wWere young, heslty snd in e rapidly growing stete. Their
diet corsi ted chielly of scrups of bread, vegetebles, snd cooked
erp-yolks, \\'it.h the excertion of the cintrol snimel, whose
diet letcked the egg-yolks, or othir foods rich in phosphorus end
lecithin. Egg yolks were fed in addition to the calf breins, &s the
gulnea pigs did not seen to hsve es grest desire for the calf brsins
&s did the dogs end cats, slthough some celf-bra ns were eaten
by the guinea pigs. #11 three guinee pigs were reised under similar
conditions ss to cere, trestment, snd surrounding conditions.

Celf breirs end eacg yolks were fed the &: imsls three times each
day for ebout seven months eand & helf, the feeding being started
on September 19trn, 1920 and ending on May 1, 1921. At the end of this
time the an imals were chloroformed end their brsins immedi ately
removed Wit hout destroying sny of the bre n tissues, being careful to

keep the brain in tact and wholé as much as possible. The braeins Were
then finely minced, dried and analyzed fa phosphorus end lecithin as
described leter. Fresh calf breins Were bought each day, snd & out
three pounew fed to erch dog da2ily, while the csts recei ed epp oxi -
mately two pounds each dey . The amount of breins fed the guinea pigs
was not more than helf & pound eec: d& , the lecit hin rid food

consis ting principally of cooked eg yolks, of which they were feed
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about three aplece eac!: dey.

an&alysis of Ce1f Brans.

T'we celf breins uged &s the food rich in lecithin Were snalyzed
«t vericus times &nd the mesn everage of five different smelyses
concidered vs the per cent of phospnorus & dlecithin in them., Xnowing
thig, it is possible to wealculete how meny grems or pounds of
lecithir. and phosphorus were fed daily to the enimels. The
rresults of the five separete ensaslyses checked within a very close
1imit of errcr.

The method used cor the snelysis of the brains fa determiret ion
was €s follows:

Apperstus: - » Hpkins condenser was used to which = SECzc fat -~
extrection flask was conrected. The flesk was sesled fram ection of
the ir by usirg mercury in the sedling cup. From the return tube of
te condenser < porcelain Gooch crucible of sbout 15 ce capacity was
suspended by mesns of two platinum wires. The crucible hung wit hin
about &n inch cf the bottom of the flask. This apjaratus was set uvp
in triplicste end heated on an electric plate.

Procedure of &nalysis of Celf Brains: - The calf brains

_were freed from Llood by weshing with cold distilled water. The

breins were ground several times through e mincing machine. They were
then weighed into an Erleﬁmyer flask (10 grems being used for
enelysis). Th9~remaindor of the brain sample wes put intc a glass-
stoppered 250ce volumetric flash end 60cc of absolute alecchol added.
On startihg the enslysis, the materisl was heated in thg Erlenmeyer
flask to just below boiling (78.4)0 with 60cc of ethyl alcohol for
thirty minutes en 4 then transfered to the Gooch crucible suspended by

pPletinum wires from the return tube of the condenser .. The bottom of




11

LR Goget crneible wers co ered with filter Peper. The filtreate wes
&llicwed te drein into the ©5Cec flssk belonging to the extrzection
trppgritus, erd the brein tissues were then exXtracted for eight hours

in trne extrector. 25cc ma e of slcohol was added during t he

*‘OC

wm

o
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3

88 of axtrection. st the enmd of eight hours the alcohol in t e
flesk wes ge tly eeporeted end then 50ce of ether added. The ex-
- trecticen with ether continued for elght hcurs. The residue in the
Gooch crucibtle was remcved cerefully by mesns of & fine spatuls and

chemel's ~g¢ir brush. The residue &after bein- trensferred to &

morter ves gound up very rine, trensfered arein to the Gooch curcible
er.d extrected six hoyrs with &lcohol, end four hcurs with ether.
The ¢1lcokol ¢rd ether were then eveporeted and treated es described
elow:

Emulsificastion end Precipitetion of Lecithin:~ The last
treces of :lcohel ci ether were removed by gently heating from the
2lcohol ether residue which was ectracted by the alternate extractions
of alcohol um ether extractions described sbov~. ¥ithout removing
the residue from the extrecticn flask, about 40cc of distilled
weter ves sdded end ellowed to stand ebout twenty fowuwr hours. Longer
sterding would endanger decm{position by bacterfs . The brain material,
after this preliminary coftening emulsified very readily end was then
trensfered to & graduated 100cc flask with the £4dition of as little
waber as possible. The sddition of 1-2 cec diloriform end thorough she king
assisted very meaterielly in removing 811 the e terds 1 from the sides of
the flask. A gless rod with rubber on the end & lso proved of great
value. Ry the time thet everything had been removed fram the extract-~
ion flask there remined 90ce of liquid in the greduated flask. 1his

was thoroughly shaken up, 1/2 cc. coc. hydrochloric 2cid end 2 - 4

=
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cc. crloro ey edced, tre whole wes shakenvup and made up to 16® cc

Sreduestion. Thns smount of scid ¢dded was left cs 1low as possible in arder

tc prevernt Canger & hydrolysis. With such tissues as muscle very rich

=

ir. fet, the eddition ¢7 u* lesst 2 -3 cc. of acid is ebsolutely

recess:ry for comnglete chance of the suprnatant ligid. The danger of

e

hydrolysis of lecithin however, 1s rether slight. The complete settling
Erocess reguired sbout five tc six deys. The time of complete settling
dekends = grect deel upon the cbmplete eveporation of the slcohol;

if the &lcohol hes not ¢1l1l ' een removed from the residue the time of
complete pricpitetion mey be longer then two weeks. This is the main
resson why the elcohol should be completely evepor:ted.The precipitete
w1ill hereafter be designated as the ipoid precipitate,as it conteins
akk the fat-like substeénces,such as cholesterin and cerebrin.In case

of nsrver tissues,such &s the calf brains for example,it also contains
the sukphur compound probably in combination with kephelin.Tbk clear

¢ solutuion eabove the lipoid precipitete contains all the water soluble

extractives,inorganic phosphates,phosphorus in simple orgenic combin-
etion ,and inorgenic s&lts.Thus the lecithins are obtained practically
free from all other phosphorus compounds.The precipiitate Wés washed
free witha solution of 1 per cent hydrochloric acid to remove 8ll

soluble phosphates which adhere mechanically.

SEFARATION oF THE KEPHALINS .

The 1ipoild preciptates aftér having completely settled,the sup-
ernatant fkuid was carefully decanted througlh ;8 cm.,ashless filter

peper,and the precipitate was washed by sheking in the flesk with I0 cc

of water containing IZby volume of strong hydrochloric acid. The pre-

%
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cipitate scttled &sgailn in a few minutes and the wash fluid was

&¢lsc decented through the filter, The rrecepitate in the flask

wes ilssolved in hot tlecohol, the solution trensfered to & cleam 500cc
leng rscked Jene flesk, the glass stoppered flaskx, andthe filter paper,
a turough which the dilute acid solution hed been originally filtered,

thoroughly weshed With successive portions of hot slcohol, and was

finelly rinsed with a small portion of ether to dissolve the lsst

traeces of kephelin. The volume of the solution was made up to 100cc

with elcohol, the solution hested on the weter bsth to remove the
smell smount of ether added, snd 5 cc of whikxiimg a hot saturated
solution of leed acetste 2dded to the rapidly whiiing solution. The
flesk wes again pleced on the water beth for about ten minutes, lcc

- of 50% emmonium hydrste sdded, the whole skaken vigorously, &nd

] then allowedto remain on the weter bath for five minutes longers

The flask was then set aside to cool. After twenty-four hours time,
the clear supernatent liguid was decanted through a smell ashless

~ filter peper into a 500cc mimmhmix long-necked Jena flask, and the pre-
cipitate washed with hot alcohol, and the alcohol washings combined
with the filtrate. The mrecipitate while still hot on the filter p&per
was placed over the flesk conteaining the main portion of the lesd
precipitate, & hole punched in the bottom of the filter, #nd the
portion of the precipitate on it cémpletely washed into the flask
using &s little hot weter &s possi ble. This water was carefully evap-
orated over & free flame Without charring the orgenic metter in the
flask. In this menner the necessity of bruning the filter pé&per was
eliminated. The solution of lecithins in the other flask was evap- '

orated to dryness on the water bath, the flask being turned on itts

.
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side &s much &8s possible in order to 8llow to vepars to flow ait

through t he neck read ly.

€XIDATION AS DESCRIBED BY NEUMANN AND USED IN THIS
EXR RIMENT ,

PROCESS:

To each of the flesks conteai ning the lecithin andkephslin
residue respectively, 15cc of & mk ture of sulphf-ic acid, specific
gravity of 1.84, with an equal volume of nitric acid, of specifl
grevity of 1.42, wes 2dd4d. The flesk was placed on the wire
gauze with the funnel steam extending barely into 1.ts fnout.h. It was
then very cerefully &ngd slowly wermed with & Bunsen burner. It is &t
thic sturme of ths annlysis thut spacie 1 care must be taken &t
first, in arder the rescticn will noy become too violent snd the flask
erack &s & result of too rapid hesting. When the brown fumes had
cleared awey and the ligid hed became only slightly colored from
charring, the flame wes removed, snd furing nitric acid, of specific
gravity 1.5, very carefully asdded drop by drop, snd Lhe process

continued until the orgenic matter wes completely destroyed, &s Wwas

indicated by the failure of the clear, colorless, or bright yellow solu-

tion to become dark a&s & result of the charring of the organic matter
when heated sufficiently high to ceuse the evolution of white fures.
Twengy minutes were required for the carrying out of the oxidation
process . The time required for oxidation will vary with the organic
matter to be destroyed. The advantage of using the fuming nitric

scid smmdnot t e acid mixture lies in the fsct that the smount of sul-

.phuric ecld is under control and is not added in amount sufficisnt to

interfere leter in molybadate precipitation.
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ESTINVATIMN OF PHOSPHORUS

In the estims tion of phosphorus in lecithirn, the following
raegents were employed:

1. Dilute sulrhuric ecid, mede by sdding 100 cc sulphuric acid, of
srecif'ic grevity 1.84 to 200 cc of pure distilled water.

2+ samonium hydroxide solution, specific gravity of 0.90.

d. Nitric &cid solution, specirfic gravity of 1.42

4. Cyrstelline e¢mmonium nitrate solution, or & 60% solution.

S« Molybdate sol.t ion, rede according to the famule of Olse,
by dissdving 75 grems of cr&stblline emmonium molybdate in 8500 cc

of weter, end puring this solution into di lute nitric scid (250cc
nitric acid, specific gravity of 1.42 plus 250 cc water ) in &
bottle or beaker, with vigorous sheking. This wes kept in e beth
maintel ed gbout 65° C. for six days, until a portion hested to 70°
gave nc preclpitate. The solution was filtered through into 2 gl&ss-
stoppered bottlé.

6. ammonium nitrete solution, 0.1 per cent.

7. Phenol-phthalein solution, used es an indicator, egnd mede by
dissolving me gram of the solld phencl~-phthalein in 100 cc pure
slcohol.

8. Helf-normel solution of sodium hydroxide, standardized by
titrating ageinst half-normel oxelic acid solution conteining 31 .51
gns of speciel oxalic ecid per litef, end also egeinst & helf normel
solution of sulphuric_acid.

9. Helf-normel solution of sulphuric acigd s olut ion stendardized
by precipitating es berium sulphete and Weighing the ignited precipitate

obteined.

In the preperation of &ll the sbove mentioned reacgents,
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c¢nly chumlces1lly pure chemicals were employed £ nd pure distilled Water
tlwevs used.

FLCCEDURE: 1The method is besed on the acid charsct8r of the
i nizn alkeli hydroxide. 2(NH4)312MOO$P04 plus NeOH plus HoO equals
(i rig) MO0 4 plus 23N32M004 Plus 23 H:O0.

lWhen cool, the soluticn obtained by exddation of & lecithin re-
sidue or = kerhelin precipitate in the menner apove described was
diluted by the cereful acdditicn of S0cc of distilled weter, filtered
urder & pressure to remove the lesd sulphete , famed by 1ne
resction of the leed selt ir. the residues with sulphuric egcid, end the
flesk, lead sulphate, snd the filter carefully wasled free fram
phosphoric acid, usinr &8s little of the & lute sulphuric acid ( one
volume of =cid to twenty volumes of water( as possible, end combining
the %eshh weter with themain fi ltr'at:e. The filtrate wes carefully
trens ferrcd from the filter flask to & 500 cc flesk, and rinsing
the filter flesk sever:l times with a 1lit tle pure distilled water.

The filtered solution in the flask wes neutrelized with
emmoni& water, or specific grevity of 0.90, end acidified with ¢ strong
nitric acid, adding ebout 1 cc in excess. To thls wes added 50 gréms |
of dry smmonium nitrate, or & volume of 60% solution conteining thet
emount (65cc), and the volume Was made up to 225cc. After heating
to 75 degrees C, on the weter beth, 25cc of freshly filtered molypdate
solution wes added, the flesk was shaken well, replaced on the water -beth|

and xept at 65 degrees C. for six hours. After removing the flask from

the water-bath, the solution over the yellow precipitste (smmonium
phosphomolybdate) wes decanted, end filtered under pr-sfure through

an ashless filter reper, surported by & cone of hasrdened f'ilterperer.
The preclpitete, flask, and filter were then weshed with successive <Cce

portions of the 0.l per cent solutior of ammonium nutrant until frecd
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fron «ccid, &s wes indiceted by the reacticrn towerds phenol-phthelein

of thr lest few drops felling from the furnel. &after complete washing,
tre filtoer with the portion or the precipitste on it, wes plsced in the
fleck cecrte ining the other poytior of the precipitat>, sbcut 180 ce of
weter wio ¢dded, endt e flesx then sheken to unfold the filter

reE er end distribute the irecipitste more loosely. Helf normat

sodium nydroxide sclution wes row @dded from s burette until the

whole of the precipitete dissolved or sheking, 5 c¢c in excess W&s

then cddad, cud the solution cerefully heat.eq over 8 free flaune,
rrotected by & gaumge, andtken boiled until 811 the emmonia wes

driven off, s indicated by the reacti n of the vepors to litmus

pe per, «nd lilkewise to *he absence of ths oder of the emmonit g&ss

being ziven off. This required sbout 15 minutes. The flask Wes

then 2llowed tc stend untill cool, or cooled quicker under s stream of
cold weter, eicht drops of pehnolphthalein wes aéded, snd the excess
sodium hydroxi ae titreted with the helf normel solrhuric sascid, the totsal
nunber of cubic centimeters of the sodium hydroxide soluvtio: &dded,
minus the cubic centimeters of gulphuric scid added, gives the number
of cubic centimeters of helf :ormel sodium hydroxide required to dissolve
the precipitate. This, multiplied by 0.553, the equivalent of lcc of
half sormal sodium hydroxide solution in terms of phosphorus eaccording
ton Neumenn, gives the amount of phosphorus found, which was 0.296%.
This multiplied by the fector for leclithin, or kephelin, 25.75,
assuming the molecular w3ig ht &t apm oximet ely 800, gives the emount

of’ ‘1ecith1n or kephelin found, or 7.6887 of lecithin in the brain of the
calf.
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assuming that the dozs vwere esch fed three pounds of calf
treics, or forty eight ounces per day, the amount of phosphorus fed
pPr Sey vould be 7.6225 of 43 ocuncaes or 3.67776 ounces of phosphorus
fed the Ac-s zuch dvy. The two cets diet of calf breins, vwhich
¢Tereged twe pounds per day would contein 7.628f of 3< ounces, or
Z.42904 ow.ces of phosphorus rr dey . The guinee pigs everaged one-half
pounéd of celf trsins per dsy, or eight ounces, cof which 6.622% is
0.6097¢& ounces cof rhosphaus. In &dditi-r. to the celk bre ins, the
guinez pirs were eleo fed ihe yolks of e-gs which on ere lysis —ave
6.6 of “ prhelin, 3/ of lecithin, or 9.69 of the totcl rhosphatides
ir ecz yolk. f4he egy lecithin itself upon being antlyzed gave
£ .78, of rhosrhorus. The sver:tge egg-yolk weight ten to fifteer. grems.
Condiering twelve grems, &s the resn average, it would contsin 35
times twelve, or .36 grems of lecithin in one ecg-yolk, cr in terms
cf the tatal phosphetides, 9.6 times 12 grems or 11.52 gms of totel
phosphatides per egg yolk. Consiering thet etch guinea pig was
fed three ezg yolks per day, the emount of lecithin per day wW&s
three times 11.52 grems or 34.56 gra.s per day each.

Anelyses of Brains of Three Dcgs, Three Cats, aud Three Guinea Figs.

The medium sized dogs were used &s subjects for the determin-
gtion of lecithin and phosphorus in their breins, using the method
giver ¢bove, i.e., the seme method employed &s in the enalysis of the
calf breins for the lecithin and phosphorws content. The dogs selected
for this purpose were of the seme siZe and as close in resemblence to
those fed 8d possible. They were killed by giving them chloroform.

The breins of these animels Were then removed as cerefully &s possible,

especial caere belng ttken not to injure eny of the cutside nerve tissues.
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Three young heelthy csts of precticelly the seme size ss
trhrese tein- ed were vsed to determine just wh:t the lecithin end
yrecihorus contert is for rormel csts, living under normel conditions
end cetane 2 focd whieh is uct unusvel high i lecithin enad
phrosphorus .. The cats were killed in the seme menner in which the
aAozs Vel's, rnaemely; by tne use of chloroform. New amd sharp instru-
ments were employed for the remov:l of t e cats brsins, exceeding
cere heil. used et £ 11 times not to in jure any of the nerve *lssues
or eény cther pert of the brein. The methed employed for the enelysis
of the brains of the cats was the seme as thet employed for the
eérielysis of the celf breins described sbove.

Three healthy avd growing guinea pigs were next chloroformed
¢nd their breins removed with the sane cere 2m precision as in the
cese of the dogs snd cats. 1hese gulnea pigs were, of course, of

the same size and very :arly the same age, as those being fed on

. pPhosphorus @m lecithin rich foods. They had been fed on an

ordinery dilet consisting chiefly of vegetsbles of different kinds.
The method employed for the phosphorus ind lecithin an&lysis was the
seme as that used for the determim tion in dalf brainsg, dogs bral ns,
end cets breins. The results of the above anelyses will be given in
the following peges.

. Analysis of Egg Yolks:- Three egg yolks were next sntlyzed to deter-
mine the per cent of lecithin end phosphorus in the yolk of the egge.
The eggs were broken &nd the whites sem rated from the yolks, the
yolks being used for the enalysis while the whites were throwr away.
Care wes tsken to kéep the yolk as completely seperated fron the whites
&8s possible, end then the yolks all being kept separstely, were put

in glass be&k ers, where they Were macerated end then dried by puttirg




on & slass plate end being fsrred by en electric fen. After
thorough drying, they Were fround up very fine through a mincing
me.chine, ad then pulverized by mesns of a mort.ar- and pestle.

T.ree sepere'e entlyses vere conducted, then grams being welghed

out eécn time for the srelysis. The results of the anslyses

checked exceedingly close. %Fhe same method used for the leciphin & d

phosphorus snalysis of the calf bra ns was used for the egg yolk anal~

[
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1_ yses. Lhe results of the enalyses will be given in a tsble following.

Following the complete extraction of the lecithin end

| rhosphorus from yolks of the eggs by use of ether and ¢ hyl alcohol,
the resldue in the Gooch crucible used for the extraction timble, was
oxicized by the use of nitric ecid (MNeumanns method)
end sulphuric a2cid, &nd then gently wermed with & Bunsen burber.
Whem cool, the solutinn was t'reated &s befo e, usin- {he stadard
rr emmonium nitrate soluticn, end then siter hesting to 75°¢,
. the molybdic acid solution (Z5cc) Were sdded to ascertein e&s to whether
‘ eny unoxidezed phosphorus remsined in the residuel ex--vol' 1~74 in

the extraction crucible. The flesk waes gently heated for « while, end
! then &l lowed to stend for &4 hours, 8t the en€ of which time no
I" precipitete whatever hed forme.d. This wes done to mske sure thaj
r ell the orgenic phe phorus in t e egg yolk hed been capletely extreaced
[ wit h the previous treatment of alcohol and ether, and thet none remained

either unextrsc: ed or unoxidized.
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Results of knalyses of Dogs, Cets, end Guinea Pigs Brairs.

( Percent Lecithin Percent FPhos phorus
(lst enclysis £5.42 1.079
Doss brein (=d sralysis B2 .58 in g8 01k g
(3rd analysis 23 .9 1.41
averece of thres itnelyses =~ % Lecithin - 23.9 % Phosphorus ~ 1 .41
Per Cent Lecithin Per Cent Phosphorus.
cats br:in (1st anelysis 13.76 0 .59
(2nd " I3.74 0.590
(3ra " 13.75 0.586
Average of three snalyses & Lecit hin - 13.74 % Phosphorus =~ 0.589
Per GCent Lecithin Per Cent Phosphorus.
Guinea Fig (1lst Analysis I14.20 0.508
brains (ha 13.90 0.508
(3ra " T4.I0 0 .507

knelyses of three brain semplesfAver.% Lecithin-I1407% & Phosphorusvo 507
Results of Analyses ol Egg-yolks

Lercithin of
Percent of Eecithin Pez(‘cent of Phos Eﬁ%l"us
1St' AnmsiS‘..-O..l.OsoIp 8 goﬂ
2nd " seeenenie2.98 8 754
3rd " e .....3.08 8 .60%

Averagce of three £n2lyses........3 Ojg( Le01th1n()> Egg Lecithin-8.75% Fhos.
lwer'age of Three Analyses - & Lecith

Kephalin - 8.6%
Lecithin 3.0%
Totel Phosphetides : 9.6

For sake of cmparison with bbgh lower and higher forms of

animel life, a few figures are given below:

Analysis of Human Brain(Thudichun)--Per cent Lecithin...3.75%(Dry method)
Per cent Phos phorus .4.00% ve re
Per cent Carbon....66.75% '' te
Per cent Hydrogen..10.67% '' !

Per cenp Nitrogen...I.8I% '' r
Analysis of Rabbit Brain--Per cent Lecithin..1~.4I,a

Per Cent Phosphorus 0.532%

It is readlly observed thet the lower the form of animel 1life,ghe lower
the per cent of lecithin and phosphorus seems to be.The figures given
on the analysis of humen brains by Thudichum as compared with the lower
forms of animal 1ife show this. In this research,it was shown that the
dog,generally recognized as hdgher in the animsl kingdom than the cet

or guinea -nig,had more lecithin and phosphorus in its brein than did
eithzr the cat or guinee pig.
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ALALYSTIS CF BRAINS OF DOGS$ 3ATS,,.ND GUINEA-PIGS USED IN EXFPERIMENT .

T dogs,cats,and guinee-pigs efter being fed floods rich in
lecithin end phosphorus for sever ond one- h21f months were then
ki1122 v the use of chlorifor: "nd their breins analyzed for the
per cent of V. cithin and phosphoruas according to the seme method

siven above @s in the anelysis of c¢clf hreins. The results of *these

anelvsis are given below: -

Per cent of Lecithin Pcr ccrnt Phosrhorus.

(Ist D23 24,00/ I,400
Drgs Ryoirz(2rd Dog 24,10, I.&QS%
(3»é¢(Control Dog) £3.95% ) T.419

Pzr ecent Lseithin

Per cent Phosrhorus.
(Ist Cat 13.75% 0.592¢ :
Cuts Brirs{2nd Cat 13.80¢ 0.594%
(3ra(Control cat)I3.744 0 .589%
Per ecnt Lecithin Per csnt Phosphorus.
(Ist Guines-Pic I4.10% 0,609% '
Guinea-Pigs Brains(2nd Guinea-Pig I4.127 0.510%
(3rd(Control Guinea-pPig)I4.07% . 0.507%

The followirg teble shows the results of feeding foods rich in the
lecithin and phosphorus:-

!
Ordinaery Dogs Brain Dogs Used in Experiment(Brein)
Per cent Lecithin... 23.9% 24 .05%( )7 2renc2=0.,06% )
Per cent Phosphorus.: I.4I% I.40%g(" ¢ ~0,0825%)
¢
Ordinary Catsibrain Cats Used in Experiment(Brein)

Per Cent Lecithin... 13.74% 13.78%(pifference--0.04% )
Per cent Phosphorus. 0.589% 0.593%( ' --0.004%)

Ordinery Guinee-Pigs Brain Gpinea-pigs Used in Experiment(Brain)
Per Cent Lecithin... I4. I1.JI1% (Difference--0.04y
Per. cent Phosphorus. 0.807% O,§é65%§ °r ‘--0.00?%%
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PREPARATION OF LECIi HIN

Serples cf lecithin were prepvered i: the laboratory, using &
nurber of different metheds for its prepsrastion. As & source of obts in=-
ing the lecithin in € relatively pure sta e, egg-yolks were used. The
objects of prepering it were (1) to gain & thorough understmding &8s to
the best methods of preparing it, &nd second, to study the physics
and chemicel proparties mentioned sbove.

the egg yolks Wwere Beprsted from the white, ad gound
to & fine j&ste by using e mortar snd pestle end a mincing mschine,
the i sty mess wes ther spread @t on & large glass plate end dried
et crout 3_00 C, by sing &n electric fen &s s reens of furnishing
the air current. The best results were obtened by treating

wit h en excess of &slcohol for & few minutes, and then filtering through

g cloth and finelly pressing the solid materisl intc a herd mBSs.

The dried mess was ther minced very finely with & mortar end pestle and
then wWith & mincing machine, obteining e very fine dry rowder.
The dried egg yol_Lk wes then theproughly extracted six times wit h !

cn excess of absolute elcohol, &nd various extracts were mixed end

concentrated t osmall bulk under reduced pressure at 40 degrees C.

The residue wes then teken up with e sme 11 volume of ether, 1in
which rruch of 1t remeined insoluble. To thé"mi ture, wihout eny attempt
to filter, acetone was added in avecs and the precipitet. obtal ned
separeted. The ppecipitate was & second time mixed with ether
pounded together by & pestle end precipiteted with ecetone and treated

as before. T is process Wés repeated three times, until &ll

treces of écetOne soluble bodies Were removed.
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The jrecilpitate obteined sbove vas rubbed up in & morter wit h &r
Giicecs of weter, urtil a zo0o¢ emulsion wes obteined; to the
fiuigion fiout one third its volume of scetone was then added. On

n the 23diticn of the scetone & lerge amount o substence separated

ir Lthe fam of lsrge white flskes end floated or. the surfece cof the
liqu 1id. 1his wes removed pirtly by meesns <f & glass spstule, end
I rtly by filtretion. Zt wes &£~t¢'n emulsified end precipitated three
tines more. 7The preciritete cbtained from the fist emulsification
contt ined more soluble metter-nitrogenous impurity but after the tirst
treatment only treges of this impurity were found in the liquid.

't he s0lid subsience which sep rated wes now dried by treating it
wit h fresh edditions of acetone. Finslly es much &cetone &s possible

" wts pressed out of the mess by means of a psstle and the whcle taken

up with ether, in which it wes psrtly still insoluble, forming &n
L opalescent mixture.
The ther mixture w&s centrifuged when a clear sup rnatent
i fluid &nd white precipitate obtained. The ethereal solut ion wWés
| decanted off erd trested with a.. excess of scetone. The resultirg
precipitete wes agein teken up with ether when almost en cleer
sclution wes obteined. =Bx Gentrifuging was repeated as before
end the clear sujernatant ethereal solution sgein precipiteted wih
acetone. It wes only recessery to centrifuge twice as tﬁe phosphatide
obtained wes s oluble in ether.

The subsktnce wes now dissolved in alcohol, end the solution
A being rether cloudy &nd opaque Wes 2llowed to stand
} six hours until the insoluble substance (crude kephelin) settled upon
'L the bottom of the flask. After separation of the slcohol-insoluble

part by decantation the solutlon was filtered,
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:re sdlutlon wes now eveporeted under reduced pressure
‘ -0 degrees G, the residie tsken up witb ether, and the
prcsphetide sevurtted fror the dhereal solution by acetone. The Ere-
cipitete obitsined ruve & perfectly clegr solution «ith slcohol
‘e vith etner, It wis tr gied with ecetone severel times eng

Q
drivc in the dessicator cver sulphuric scid. 7This substance hed e11
the properties of lecithin. The samples obtsined contsineqd
apfroxlmétely 4 per cent of yhosghorus, determined by means of
Meurenns method in which 0.599C gms required 43.7cc of niZ NeOH=4 .04

Fer cent rprhosghorus.

1%5.
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CO"CLUSIONS AND DISCUSSION OF SESULTS

As stated iIn the iIntrocductionythe objects of this research were
first,to confirm the results of Dr.Kock egnd others proving thet
there is a relestionship between possession of superior intelligence
£rd & high phosphorus content in the.brein;and second,to ascefPsain,
whethef or not by feeding,it is possible to influence the phosphobus
content of the brain.
The 2nsvier to the first of these questions is distinctly

in the affirmative,namely,that there does exist & relatlonship be-
tween possesgssion of superior intelligence and high phosphorus content.
The esrelyses of the dog,cat,and guinea-pig breirs as compared with pre-
vious anslyses of human braing by Thuldichum very distinctly prove this.
Also in this research,the fact was proven that the phosphorus and lec-
ithin content of the dég's brain is considerably higher than in the
brair of either the cat or guinea-pig., This would be expected as the
dog 1s an animal of much higher intellect than either the cat or gulnea-
pig. The figures onbtained for the phosphorus content of dog,cet,and
gu.inea~pig brains show & somewhat relative degree of intellect in the
lower enimal kingdom.

Just ag positive as 1s the enswer to the first question of
this research in the affirmetive,just 8o positive and conclusive 1is
the answer to the second question in the negative,namely;that by simply
feeding animals foods rich in bhOSphorus and lecithin content;it is
not possible to increase to. any marked d2gree the per cent of these
substences in their own brains. There seems to be no such concentrat-

ion of leclthin and phosphorus in the brain possible.
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Ir. other words,every animal hes & normal lecithin capacity and
kecithin cannot be made to increase in concentrection by any sort of
feeding. Boubtless,if some experimentation could be carried on in
the cese of humen indig¥cuels, that we sholud find that it is possible
by mental exercise to increase the cepacity of the brain for lec-
ithin,which it will normally will teke up from the food-stuffs
eveilable ,but that brain power cennot be incressed by feeding any
sorts of foods whatever. The brain and nerves,heart and blood syspem;
and the feproductlve organs are three syétems of the %od; cored for
Firet  lit,end all the time. The brein reaily has th~ power to draw
from.the body at eny time, just vthet it needs for it own nceds.Werc 1t
possible to increese the phosphorus content of the brain by fe~dine,
o in case the brein reslly needed more phosphorus,it could easily
°rir from the bones or other places in the body where phosphorus
might be stored. Undoubtedly ths larger per cent of the lecithin

and phosphorus fed the animels ir this reseerch,was either stored

in the bones or possitly the liver,or else excreted through the
urine and feces of the animals.

Tt 1s not to be understood that the brain power of an
urdernourished individual is equial to that of a well nourished one.
The steatement is simply that it is not possible to 1ncrease,fﬁe
lecithin content of the brain by feeding foods containing lecithin
in high concentrati;m. Tret 1s to say,the results indicate that the
superstition regerding the influence of brain foods must be discarded
along with the superstition regarding the influence of the zodiac and

medieval faith in the powers of sofcery.
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