NOTE TO USERS

This reproduction is the best copy available.






UNIVERSITY OF CINCINNATI

__ May 29, 19.36.

I hereby recommend that the thesis prepared under my

supervision by Yasuo Sasaki

entitled THE EFFECT OF VITAMIN B, DEFICIENCY B

ON THE LIPIDES OF THE CENTRAL NERVOUS SYSTEZM

be accepted as fulfilling this part of the requirements for the

degree Of Doctor of Philosophy -

Approved by:
/V(/“M/;{ B /,j ” /V’L/J//M'

Form 668—G. S. and EQ.—1M—17-31







THE EFFECT OF VITAKIN B, DEFICIZNCY ON THE
LIPIDES OF THE CENTRAL NERVOUS SYSTEM

A dissertation submitted to the

Graduate School
of the University of Cincinnati

in partial fulfillment of the
requirements for the degree of

DOCTOR CF PEILOSOPEY

1936

by

Yasuo Sasaki
0

B.A. University of Utah, 1933.
M.3c. University of Cincinnati, 1934.

HMCR IR



UMI Number: DP16756

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript and
there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP16756
Copyright 2009 by ProQuest LLC
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Mi 48106-1346



TABLE OF CCNTEINTS

ILtTOAUCEION vev e e e v v oma e cmo e
Experimentel ... e e

REBULELE v vveveorecossronannssoseasonsonorsssnssos

Effect of vitanin 51 defiency on the brain

o{=h 3ol A R R I I
Fer cent of s0lids ... ..eecavecccnnccssn. o
Prospholipide centent sieeeieviniiiieee o
Phospholipide phospholié secvecensoeescn. s

Free cholestertl temeiieceoerenoneooenans

Corbined cholesterol c..ieviieerereiienan,

Protein (non-lipide) nitTogen .eeeeeine. ..
Amounts of lipides =ud nitrogen in whole

103 o - 1 « NP TR

DisCUSSION wer ittt ittt et et ii it i

SUMEETY eoecoocaccnoasoessossensosnacssmosassos

BibliOETAPRT cosevrerarennoncconncnone s s



THE EFFECT OF VITaAMIN Bg DEFICIZNCY ON THE

LIPIDES CF THE CENTRAL NERVOUS SYSTEL

by
Yasuo Sasaki

Departrent of Bilochemistry, University of Cincinnati,

INTRCDUCTION

Studies by Mayer and Schaeffer (191%) and Terroine
(1914) have been influential in promoting the widely ac-
cepted concept of the importsnce cf phospholipids and cho-
lesterol in the essentiezl 1life processes of the cell;
these substances are known %o persist even in prolonged
starvation. The central nervous system, which does not
lose weight durirng starvaticon, 1is characteristically rich
in these suhstances.

The physiological importance of these lipildes is
unquestionable despite the fact tpat the exact nature of
their functiors still remains in the dark. Thudichum's
gtatement in 1884 -- "Phosphatides are the centre, life,
and chemical soul of all bioplasm whatsoever, that of
plants asg well as animals" -- still carries weight. Bloor
(1930) has advanced this theory: that the lecithin cho-

leaterol ratio in a tissue may be taken as an index of its



metabolic activity. He has found (1934) that in in-
creased wuscular activisy muecle phospholipides incrcuse
and the more active rmscles are quantitatively richer ia
these substances, Schmids (133%) likewise, has fouud an
jncrease in muscie plhosphatides in thyroxine-injected
animals.

Neither the phospholipide nor cholesterol content
of the brain and spinal cord, however, is altered by thy-
roxine injected intravencusly in rabbits, This has been
shown by the author in a previous study (1334).

These brain lipides while not changed bty thyroxine
are nevertheless not unaffected oy other factors, Collazo
and his coworkers (193i) obtained a nearly thrze-fold in-
crease in choles%erol content of rat vrain in hypervita-
mincsis A and 6% increase in vitamin A deficioncy. Re-
placement of *he normal anisotropic substance in the myealin
ty isotropic material has been shown bty Setterfisld and
Sutton (1935), bv use of polarized light, in nerve degen-
eration in the altino rat associated with vitamin A de~
ficiency. Cholesterol and its esters are anisoiropic
when in the crystalline form. This result, therefore, is
not in obvious agrzement with that of Collazo. Halli-
burton (1916) and Weil (1933) present evidences that

Mallerian degeneratinn results in phospholioide decrease.



May's studies (1931) on autopsy material have shown that
degenerative changes in the chemical constituticn of the
brein consist largely in lowering the amount of phospho-

lipides. The formation of water-soluble phosphciis COL-

®

pounds during decomposition prccesses ia tre brain hov
been demonstrated by Longo (1232), Stich (1533) and Epsteln
and Lorenz (1934). |

Increase in “he cholestarol content of polyneuritic
pigeon brain has been demonstratsd by Hotta (1923),
Messerle (1925) ani Verzar and von Beznak (1925). Westen-
brink {(1934), however, was not able to confirm these find-
ings. Milbrad+ (193Q), in connection with his lipemia
studies, has presented data showing that a lowered phos-—
pholipide and an increased cholesterol content occur in
the train of pigeons fed on polished rice.

Since an exclusive diet of polished rice cauve=s a
deficiency in vitanmin B1 these results indicate changes
in the lipides of the brain as a result of this defect in
diet. This is a very important observation since taxea
in connection with the experiments of Peters and Kinnersley
(1929) on the defsctive respiration of the brains of pi-
geons when ingesting too little vitamin Bl’ they consti-
tute almost the first evidence to be obtained that th
chemical constitution of the brain and also i%s chemical

powers can be altered detrimentally by diet. They thus



furnish a basis for the experimental study of ine causes
of mental disease. For there is abundent evidence that
mental activity depends upcn the chemical activity of the

brain,

Obiect of the present investigation. e impor-

tance of thess observations of Uilbradt is so great, that
it is necessary that they be repeated by others in other

laboratories and with other animals in order to establish
the generel connecticn between vitamin B1 deficlient diets
and the change in constitution of the brain.

I have attempted, therefore, to repeat Milbradt's
observatioais on rats, rather than on pigeons; and to ex-
tend the examination to the prctein ritrogeng.

Recent histological studies have shown that in
animals on a vitamin B1 deficient diet, there are extensive
degeneraticns in the central nervous system, 2s well as in
the pericheral nerves. Indeed the changes in the latter
probably follow the central nervous changes,

The outward symptoms manifested are clearly those
of nervous origin. Although various investigaiors differ
in theilr pathological findings, the recent study by
Prickstt (1934), in which he criticizes earlier work by
others, provides evidence for lesions in the central

nervous svstem responsible for the syuptoms of rat beriberi,



rather than in the periphersl svsten.

The result of mv study has been at least a partial
confirmation of that of Milbrad®. The phosphclinide con-
tent was reduced and the cholesterol increased in the rat

brain and spinal cord during vitamin Bl deficiercy.

Historical: A widely prevalent disease, Deriberi,

has long been associated with an accessory food factor,
found in the cortex of rice, which has now been isolated
and identified as the antineuritic vitamin, Bl' A long
1ist of investigators following Eijkman, who was able to
reproduce this diseesse in fowls and called i% polyneuritis
gallinarum, have proved beyond doubt that the lack of this
specific vitamin, now derived from varicus other sources -—-
veast (torulin), legumes and grains -— 1s the etiological
factor in beriberi. Most notatle among the early investi-
gators was Funk (1921), wro correctly interpreted the find-
ings of Eijkman and himself as due to a lack of some sub-

stance essential for normal nutrition, which he called



Wyitamine'.

The first crystalline substance, not entirely pure
nowevsr, was obtained by Jansen and Donath in 1926.  Later
workers cbtained a purer preparaticn; these were Chdake
(1932), Ven Veen (1331), Windaus and co-workers (1932),
Einnersley, Peters and G'Brien (1935) and Williams and Co-
workers (1935). Ohdalle gave the formula C12H16N&302°
Windaus and Tscheache have given it the empiricel foraula:
012H18°2Nus' Williams and his co-workers have assignszd

it the structural formila:

CH3
| 1 C=C - CHyCHyOH
HC € - NOH
AN
1] || C -8

~ H
N’ - V“CEHB

The daily vitemin B, requirements of mouse, rat,

1
pigeon, and doz and of man have bsen accurately determined
by Cowglll (1934). The formula applicable to man is:
Gums., of vitamin By required per day = 0.0000284 times total
calories intake.

Beriberi is 2 disease characterized bty degenerative

changes in the nervous svstem, including a multiple per-

ipheral neuritis, which may exist alone but is often, in



the "wet" form, combined with generalized edema and s€TCus
effusions, and by a tendency to the development of ceriiac
hypertrophy that fregquently resvlts in cardiac failure and
sudder death. Cowplicationg thzt characterize the human
"set" form are usually no®t ottained in experinmental anirnals,
and the symptoms developed are malnly those of the "ary
type directly attributable *o involvement of the nervous
systen,

These symptoms of nervous origin, including ataxia
and paralysis, are apparent in both human and eanimal cases.
3chsumann in 1§10 wes prcbably the first to descrive teri-
veri or polyneuritis in rats. Among others were Langsteln
and Edelstein (1917), Funk and Yacallum (1915), Drummond
(1918) and Hofmeister (1922).  The last-named described 1in
detail the paralytic symptoms obtained in most of the rats
placed on a vitamin B (B compnlex) Adiet. Sandels (1930)
was probably the first to have definitely sought to supply
the B, factor in the rat beriberi diet. Smith (193C) and
Heyroth (1932), eliminating factor B, alone, have succeeded
in reproducing the symptoms described by Hofmeister with
remarkable regularity. In reporting their experiment with
the curative rat test, Kinnersley, Peters and Reader (1930)
gtate that “convulsions and paralvsis of the nind legs

appear to be the polyneuritic symptoms and are cured by



vitanin Bl in i*s purest form.

Studies by Eijkmar (1897), Veegtlin and Lzke (1912),
McCarrison (1921), Findlay (1%21), Cully (1927), Vedder and
Clark (1%27), Woollard (1927), Stern and Findlay (1929),
Jimmerman snd Burack (1932), for the most part demnnstrating
myelin damage in tte peripheral nerves of experimental ani-
mals, Lave been criticized by Frickett, who found lesions,
as well as punctuate hemorrhages and intense congestion,
especizlly in the vestibular nuclei and nucleus solitariue,
Hofmeister (1922) likewise had noted previously that in the
rat, degeneration of the peripheral nerves could out rarely
be found and that multiple hemorrhaces were present es-—
pecizlly in the cerebellunm and brain stem, More recently
than either, Church (1935) confirmed the finding of peri-
vascular hemorrhages chiefly in the region of the vesti-
tular nuclei,

Of especial note is the fact generally observed,
that regeneration of nerve fibers in the central nervous
gystem and the restoration of their physiological function
are not possible. Why this is so is one of the most per-

plexing questions in medical science. The proper attack

in approaching this problem of degeneration and regeneration
of nerve tissue must necessarily include an established
knowledge of the biochemistry of nerve function and metabo-

lism. How closely beriberi is allled to mental dicseases



of organic nature, such ss anemic scftening, etc., rezains
still a matter of conjecsure,

The exact roles of the vitamines in the bicchenmical
processes of life and their physiological effects are not
as vet well-defined, but it is wost apparent, from abundant
evidence, that they participate in the oxidation svstexs of
the cell. At least, this has teen shown most clearly for
vitamin B1 as well as the flavines (vitasin Bz) and ascorbic
acid (vitamin c). Vitamin A is also readily oxidizable;
carotene (e precursor) has been shown %o act as a trans-
porter of oxygen.

As early as 1918 Dutcher, and in 1921 Findlay, re-
ported a fall in catalase and glvoxalase in polyneuritic
pigeon tissues. Abderthalden (1921) and Hess (1921), the
former manometricelly and the latter colorimetrically,
demonstrated a decrease in the intensity of tissue oxidation
in vitarnin B1 deficiency, but this has heen shown by theuw to
occur to some extent in inanition. A critical review of
experiments on tissue oxidation in relation to berivteri has
teen published by Westenbrink (1932).

That B1 avitaminosis is independent of inanition has
been discussed bv Sinclair (1933) and by Rvdirn (1935).
ginclair showed that tha respiratory quotient of brain
tissue from polyneuritic pigeons is low and is raised nearly

+to tre normal value by the addition in vitro of minute



arounts c¢f crystalline vitanin Bl' Tre addition of ttre
vitamin does not influence the R.Q. o %tissue frow normal
pigeons fed on polisied rice but not showinz sympious.

In Rydin's sxperiments, although inanition produced a sim-
ijar decreasge in th= oxidative capacity of pigeon muscles
which paralleled results in the By avitaminosis siudies,
specific decrease in oxidative capalily was found iu Tae
avitaminotic ovrain tissue,

I+ is nardly possiblie to producle B1 avivaminosis
in experimental animals withou! a complication ol scne de~
gree of inanition, for loss of appetite is one of the
acknowledzed features of this disease. However, the role
play=d by inanition seecus overshadowed py the influences
attributable %o lack in vitamin B1 aloae,

Kinnersley and Peters (1929) have found in con-
junction with lowered oxygen uptake of avitaminous pigeocn
brain an increased lactic acid content. Stare and
Elvenjem (1933) confine this lowered oxygen uptake to the
cersbellum in evitaminotic chicks and rats. Peters and
ginclair (1933) and Thompson (1934) have shown that the
addition gf vitamin By in vitro to avitaminous brain tissue.
This is the basis of the catatorulin test (Passmore, Peters
and Sinclair, 1933), in vhich catatorulin is delined as the

principle in vitamin B1 crystals responsible for the



sncrease in oxygen uptake of avitaminotic brain tissue.
The erfect is at a meximum a2t si 7.3, and is poisoned by
cvanide and fiuvoride. Addition of pvrophosphate to %he
lactate aad vitaxin B1 sidstratc further emkhanced the rise
in oxygen uptake. The au*thors concludes that vitamin Bl
takes vart in some kind of a coupled oxidation system in
the cell and influences more than one pnase of =nergy
metebolism cf the cell.

Yeiklejohn (1333) states that deficiency in vita-
min Bl affects the oxidative 3ystem concerned in lactate
forwation but not with the removal of lactate iteself from
the isolated bruin tissue. Peters and Thompson (1938)
in s+udying the metabolism of pyruvic acid in the brain,
observed that the vitamin catalyzes tbhe disuppearsnce of
prruvate. They also found that pvruvic acid was produced
by avitaminotic pigeon brain tissue respiring in a lac-
tate solution. Thompson and Johnson (1934) moreover
found an increase in bisulfite binding substances, sus-
pected to be pyravates, in the tloond of polyneuritic
pizeons. Vogt—=ifoller (1331) believes that polyneuritic
symptoms are brought about by intoxication due to methyl
glyoxal and that vitamin B1 has to do with the conversion
of methyl glyoxal to lactic acid.

The complexity of thecse varied findings, instead

L1
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of confusing investigators, prompts further inieres
the gearch for a clearer knowledge ot terely of the role
of vitamins but of ths systems through which oxidations
t2xe place in the cell, Vitamin B1 prohaobly participates
somewnere and in some nanner in the following chain of re-~
ections, which occurs in the transformeticn of giucose to
CC, and water:

Methyl glycxal="lactic acld=-pyvruvic acid=>acet aldeuyde + CO,

Boyland (13933) has attempted to identify vitamin B1
with Banza and Szent-Gvorglits co-ensyme for lactic acid de-
hydrogenase but without much sveccess, althiough the co-enzyme
itself is no* definitely establisrted in its purest state.

Of particular interest is the fact that fats have
a sparing actior on vitamin By, which is not dependent
upcn absorption factors (Evans and Lepkovsky, 1929, 1931,
1932). By this is meant that rats survive B1 deficiency
longer if given certain fatty acids in the foed. Gregory
and Drummond (1932) and Kemmerer and Stsenbcck (1933) have

also made studies on this problem.
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EXPERIMENTAL

——

Experimental animals. Female albino rats weigh~-

ing btetweer 80 and 100 grams were used in tnese experimentis,
The total number of animals was 48, in two s-ts marked series
A ané series B. Cf these 34 were placed on the vitamin 3,

jaficient diet, and 1li on the control di=t, Eight in the
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former group were successfnlly bronght bacz I
marked doficiency with the use of & vitamin B (complex) CcoTi—
centrate preparation. Several of the arimals died of in-

anition or infection, or failed to respond to the treatment,

and *these were elinxinated frow the analyses,

~Ticient diet

[41)

Diet employed, The vitamin Bl~d

chosen was the following:

Deactivated casein..... e .. 18%
Argo corn starch.............. 58%

Harris autoclaved trewer's yeast 10%
OLive O01l.evvrerereeinnennenen. 9%
Salt mixture (McCollum's 185)... U4%
Cod-liver oil (Patch's)......... 1%

The casein was deactivated by washing for three

days in distilled weter and for seven days in 0.2% acetic

acid and drying.



The Herrls autnclaved veast contsined 135 Sherman

uni+ts of vitumin B

[
o
ko
[uf'}
jeu
[¢]
O
Qo
4
ot
ol
a
o
o
ct
Q
(@]
[
s V]
<3
D
[@N
<
a
]
s
i
-
(&)
4+
[og
I8+
H
=
}-h
471
(e8]
ct
s
o
(@]
o
ja}
/8
(s
pir
<t
!

uents were the same,

All the animals had free access %o waser st all
times,

Wire-mesh bottomed czges were used to prevent copro-
phagy, since this will prolong or prevent the onsget of poly-
neuritis, Unfeortunately the rats could ezt an unknown a-
mount of their feces, It is earnestly hoped that they ate
very little,

For the purpose of curing a group of polyneuritic
enimals Parke~Davis vitamin B {complex) concerntrate was al~-
ministered by mouth, Two to three cc. of this preparation
was fed with a small pipette to each rat for 3 to 5 days,
the deficient diet being replaced simultaneously with the
control diet. Many recovered from *the puaralytic symptons
within 2L Tours, all others within 4& hours. These are
regarded as the "cured" aniuals.

Criteria of peclyneuritic manifestution. Le signs

and symptoms cf rat beriberi obtained in the deficient

Jroips azreed in the main part with trcse obiained by

L4
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Hofmoister (1922 and Heyroth (1332). HBcimeister nas de-
LI -~ ~ et s @ '3 . . e Y P . -

scritel foir stuges ol the diseasel \A) w piodrondl pluse

“irne weight, depression of
enirit, sad general inactivity; {B) & stege of alaxia, into-
»3lisation, and disturbance in galt; (C) a spastic phase of
variad symptons, marxed usually by a tonlc extension of the
hind legs 213 often involving the fore legs; and Iinally
(D) a phase of paralvsis, weakness and coma, ending in deati.

Ia about half of the rats under my observation a weritund

more murked than in those that reached the spastic stage.
4+ wav be well %o rewmark Lere that anlmals in the wesak,
comatose state could not he drought back Lo aoraal with the
vitamin B concentrate, whersas in stage (B) or (C) the vita-
min preperation was invariably of avail,
The boldy weight responee of the animals to the diets

>

is presented in Graph I.
Insert Graph I.

The initial and finel weights of individual animals

are given in Table I.

Insert Table I.
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Killing of aninals. The snimals on the deficient

diet were closely followed as to weight decrease and onsct
of nervous symptoms ciuracteristic of rut beriberi. The
majority responded with definite signs of nerveus affecticn,
manifested prinarily by incoordination and flaccidity of +he
hind legs. In about half of the animals, as stated above,
in which complications of possible inaniticn seemed least
marked, spastic paralysis was developed. In nearlyv all
cases a weak, moribund stage w&s soon reached. wherever
possible “he aniwual was killed at this stage (about 60 to

g0 days).

The control rats were %xilled at such tires when the
duration of the diet treatment corresponded approximately
to that of the deficient animals,

Eight rats were successfully cured out of 12 at-
tempted. These were killed from 7 to 1Q days following the
first administration of the vitamin B concentrete.

A sharp blow on the head and bleeding by cutting
the vena cava proved an efficien* method of killing. In
order to avoid possible brain hemorrhages in obtaicing
tissue, the animals for histological examination were
anesthetized with chloroform and btled to death. Each
animal was weighed at time of killing.

Removal of tisgsues. The whole brain znd the

whole or major portion of the cord was removed with the



2id of necessary instrumsnte. he whole brain was cut off
from the cord at the level of thc foramen magnum and was im-~
meiiately weighed tc the nearesst milligrean.,

Determingtion of solids. Inmediately following

the removal of +he brain and cord and ths weighing of the
whole brain, a portion (approximately a half; the othsr half
+o be uzed for extraction) of the cersbrum wes accurétely
weighed in a 30 cc. beaker, In alternate animals (as
designated in Table III) the whole of the cerebellum and
the whole or major sart »f the gpinul cord were, besides
the portion of cerebrum, lixewise used for solid contend
determination. To the weighed samples 10 cc. (enough tc
covar tisgue) of absolute alcohol-ether mixture (3:1) was
added as dehydrating agent to facilitate drying. After
moat of the liquid had evaporated off on a steam bath the
beakers were placed in a drying oven and dried in air at
106° ¢., from 24 to 36 hours -- i,e., un%ll consecutive
weighings were constant within 0.5 ng. The water loss
waa thus determined and the percentage of solids,

Extraction of %tissues., The remainder of the

cerebrum, and the cerebellum and spinal cord not used for
s0lid content determination were separately weighed to
within 0.5 mg. The cerebrum samples (1/2 of each cere-

prum) weighed in the neighborhood of .5 g.; while cere-

bellum, .2 £.; cord, .3 €. The samples of fresh tissue
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from animals in series A were gronmd in fine, fat-free
sand and extracted with five successive 20 cc. portions
of boiline 3:1 alcohol-ether mixture (as recommended by
Bloor and usad by the aithor in previous studies). C.F.
absnlute alcohol and anhydrous ether were used. The

filtered (six cm. Whatman extracted filter paper was used)
extractions of each sample were united and made up to

mark in a 100 cc. volumetric flask, This was tien set a—-

side in a dark, cool place for sutsequent analyses.

Each sample of fresh tissue Irom series B, cut with

small, sharp scissors to allow betier penetration of sol-
vents, was placed in an Erlexmeyer flask and covered with
the 3:1 alcohol-ether mixture and allowed %o stand for

24 - 48 hours. The solvent was then filtered into a 100
cc. veclumetric flask and made up to volume with the addi-
tinon of four successive boiling extractions of the same
gsample.

(In series A, subsequent extractions on 2 samples,
making up a tctal of 50 cc., on analysis gave very faint
indication of a lipide phosphorus, too small in amount to
be measured in the colorimeter with the regular standard
chosen. In a previous work extraction bv this method
1eft a residual amount in subsequent two extractioas, of

,0% - .05% of the lipide phosphorus valne in the original

20



extract. In series 3 the extraction was alsc practically
complete. In two comtined extractions of 3 samples (c=re-
brum, ceretellum and cord), 2ach making vp 100 cc. onlv a
Taint trace of phosprorus was found. Tre Lietsriran-
Burchard color for cholesterol was not obtaized using 19 ce.
portions of these extracts.)

The tissues in scries B, exhaustively treated with
the alcohol~-ether mixture, were subsequently used for total
protein nitrogen determination.

FPhospholipide determination. The phospholipides

were determined oxidatively by the method devised by Blcor
(1929), the principle of whick is the oxidstion of the phos-
pholipids, scparated from fats and sterols by actone pre-
Cipitation, by potassium dichromate irn the presence of sul-
Turic acid and a cetalyst, silver dichromate (Nicloux's re-
agent).  Ten cc. portions, in duplicates, of the linide
extract were evaporated to dryness, taken up in petroleum
ether, orecipitated with acetone, redissolved in ether and
again evaporated to dryaess, An excess (exactly 3 cc. of
one normal) of potassium dichromate solution plus 5 cc.
Nicloux's reagent was added to samples contained in zlassg-
stoppsred flaske, and after heating to 106° C. from 30 to
45 minutes in the oven the excess of dichromate was ti-
trated with 0.1 N. sodium thiosulfate, using starch-

iodine as indicator, Boyd (1931) represents the reaction

21



by the following equation:

2C42H8;+09NP + 11802 + HZSO:‘ = S—«'-COE + 73H20 + EHBPO‘_" + (NH4)2304,
a

from which it mey be calculated thet 1 ma. oleo—palmityl
lecithin would reguire 3.03 cc. of C.1 N. dicliromate solu~
tion I{or oxidatiomn.

Phospholipide prhosphorus detersination. For the

phosphorus deterwinzatiorn the ether extract of phrospheclipides
from tne 10 cc. aliguots of each lipide extract, also in
duplicates, was evaporated to dryniess in a Pyrex Lsst tube,
and the residue ashed in sulfuric and nitric acias, Fiske-
Subbarcw's (1925) method was used in determining the phos-
phorus, Amino-naphthol sulfonic acid was the reducin

agent in the celor foruation.

Free and combined cholegterol determination. The

free cholesterol determinations were rade Uy the method of
Schoenheimer and Sperry (1934) as adapted for the color-
imeter by Fritz (1935). In the cerstrum samplss cf series

J =

A the total cholestarcl content was also deternined. The
difference of the totul cholestercl value ané the free value
gave the combined cholesterol content for the sample. Ten

cc. aliguot poxrtions of the extracts were used in duplicates.

Protein nisrogen deternination. The direct

Negslerization method was adopted for the determination of

protein nitrogen. The tissue after the extraction of the

lirids was utilized. Where the tissue was used for solid

22



contant determinatism it was subsequently extracted with
the alcohol anld ether Tre fat-free saxzple was then di-

gested with 10 co. of a aixture of 1 part concentrated

solution of X SGM: 1 par% corcentrated suvlfuric acid plus
the cetalyst, selenium oxychloride, 30% HZCE was also
used to has*en complete digestion. This was then made up
to exszcily 100 cc, and 10 cc. portions thereof were used
for Nesslerization and the nitrogen determined colori-
metrically.

The tissues froa the animals in series B were used
for the protein nitrogen determination.

The method of determination adopted, however, zives
only a relatively rough measure of the protein nitrogen
content. The nitrogen of organic extreciives not removed
by the &lcohol and ether is included in the determinations
end provides a source of error.

- 3

Histolegsical. The slide preparations were made

Py

using Herzheimer's Bharlach R, fat steininz, technique.
The tissue was fixed in forwalin, sectioned with a freezirg
microtoue and stained with Scharlach R. Tissues from 3
deficient, 1 "cured" and 3 control animals were thus pre-
pared and examined for possible lipoid degeneration,

The Scharlach R stain is a fat stain and is not

suitable for demonstrating possible cellular damage. In

the prepara%tions studied no accumulation of fa%t globules

was found.
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RESULTS

At tre time of »illing a8ll the¢ animels in the de--
ficient grcup were in a generally weakened condition and
exhibited signs of dizzinees and paralvsis. The paraly-
sis was gpparent in hind-legs and in most ceses was of a
flaccid type. In animels A2, A%, B32 and B3£ the spastic
type wasg observed, and when thess animale were placed on
their backs *they would roll convulsively in an attempt to

right themselves,

The effect of vitanmin Bl deficlency on the brain

weizght. Table II compares the weights of the brain of
the deficient, "cured" and control animals, weighed im-

mediately after removal from the %ody.
Insert Table II.

There 1s an epparently significant difference between the
deficient and control animals, The percentage difference
of the two averages is &,2%. The average value of the
cured" animals is found to te intermediate but much nearer

that of the deficient animels.

The solid content of cerebrum, cerebellum cord,

Table III giveg the solid content values ¢f the samples
Insert Table III.

analyzed. The small magnitude of the individual
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TABLE II

The Brain Weishts of the Animals

: Deficient : Cured : Control :

Anj- :Number :Weivht:Ani- :Number :weight:ani- :Number :tveicht:

; mal: days : of ¢ mal: days : of : mal: days : of

: ‘treated: brain: ‘treated: brain: !treated: brain:
i no. f x:framsf no. f f c-rams.: Nno. f E ."I'&’!E‘LS.:
; A1 ; 72 21.270 ; A 9 ;81—10* :1.289 ; A17 ; 99 ;1.260 :
; A2 ; 77 ;1.155 ; A1l ;50— 7 21.174 ; Al3 ; 64 ;1.270 i
: A4 76 11.212 . Ald 182- 7 11.155 . 419 : 61 11.302 .
; A6 ; 49 ;1.190 ; A16 ;78—12 ;1.298 ; A21 : 70 :1.227 ;
; A7 ; 66 21.518 ; B39 ;84- 7 ;1.279 ; A22 : 52 ;1.286 f
; A8 ; 53 21.099 ; B4l §88-12 ;;.515 ; A23 z 57 §1.325Ai
; B31 ; 33 ;1.242 ; ; ; ; A24 ; 58 ;1.4064;
; B32 ; 31 §1.220 ; ; ; i,Az6 ; 52 ;1.2704;
; B33 ; 90 ;1.285 ; i : ; 851 ; 90 ;1.414 :
; B36 ; 97 ;1.226 ; ; ; ; B52 ; 33 ;1.423 ;
_ ; B53 91  :1.365 ;
L : L : . Bsa : 92 :1.527

; Max.; 97 :1.318 ; ; a8 21.315 ; ; 99 _}1.428 :
: ’n.; T9_-_;l.099 ; ; 50 ;1.156 ; ; 52 gltagzﬂi

77V _11.248 : 2 73 21,318 ¢

> B
< =
®

*

~3

Ny

e

L]

0

9

o

* The second column of fisures denote the number of days on
the "cure" dict.



Taple 1IT

Per cert. of Solids of Cerstrum, Cerebellum and Cord

Deficient

o« s

Cured

.
.

Consrol

“Ani- :Cere-:Cere- :Cord

tAni- :Cere-:Cere- :Cord :sani- :Cere-:Cere- :Cord :

ne

malibrum :bellum: s

:+ malihrum sbelium: ¢ maltbrum :be —i

; no. i Per; cent.: ‘__z no. : Per: cent.: : 1o. ; Per: cent.: t
z A1 ;25.20;, - ; - ; A9 222.82225.42 ;52.55;7Al7 ;22.71;22.78 ;‘9.4Qi
;,A 2 §22.72;, -— f - ; All ;22.05;22.12 ;28.29; A18 221.95§ - ; — f
: A 4 :24.02;22.40 ;51.212 Al4 ;23.40§ - ; - ; Al9 ;22.97323.15 ;’2.103
; A 6_225.60;22.69 ;5Q,52; 416 ;22.89;23.11 ;29.ll§ A2l ;22.76: - i == :
S A7 89701 - . oo i B50 ipP.a8: - i - i28 12198 - i - |
; A8 ;22.61;22.68 :50.56; B41 ;22.15: --__; ~— ; A23 ;25.01;22.87 ;29.5@;
D Bml iom.5B: o= : oo i i L i i pr.ag: oo . o :
; B32 §22.78§22.85 ;50.47; ; ; i ; A26 :22.10;23.22 ;50/05;
; B33 ;22.40;22.59 ;50.19; ; ; ; ; Bo1 ;21.89;22.64 250.102
! Boe i2mar oo i oo i . i B52 182,95 - : -
; ; ; ; ; ; ; : ; B53 223.002 - ; - ;
: ; ; ; ; ; ;. ; ; Bo4 ;22.24;22.80 ;50.55;
; Max.;24.02;22.85 ;31.2l§ 225.40225.42 ;52.55; :25.@1;25.13 ;32.10;
; Min.;22.40;22.93 ;50.19; 222.05;22.12 ;28.29; ;21.92;22.64 ;29.54;
; Ave.§22.97;22.64 ;30.59; ;22.65;22.88 ;29.91; ;22.49;22.95 ;30.59;

Where blenks occur in the cerebellum and cord columns, the tissue
sample was used for extraction.



variations and the clogeness of the averege values indicate

little if any change,

Phospholipide cortent of cerebrum, cerevellum and

cord, Tablse IV, V and v show the ~Mosphelinide velnes

as found in 4the Cerebrum, cerebellum argd cord respectively,
Insert Tables IV, V and vI.

The decrezse in phospholipide content (éry tissue) of the
deficient group is 22.4% in the Cerebrum, 18.1% in the
cerebellum and 15.1% in the cord. The "cured" group values
(dry tissue) are 2.7%, 9.8% =nd 6.1% less than those of the
centrel group,

The dry weight phospholipide content values for the
cerebrum samples were computed from their individual solig
content values, However, in the case of the cerebellum
and the cord, asg the solig content value was not ohtained
for every Sample, the average solid content vzlue for esch
group was used in computing the velues in terms of dry
tissue, This applied to all subsequent tables.

Phospholinide~ph03phorus content of cerebrum, cere-

bellum and cord. Tables VII, VIIT and IX present the

phospholipide phosphorus contents in the three parts of the

nervous system.

Insert Tables VII, VIII and IX.



TabLE IV

Phospholipide Content of Cerebrum

; Deficient ; Cured ; Control ;
iAni- t Per cent. ;Ani- : Per cent. ;Ani- : Per cent. ;
¢ mal: of * mal: _ of P mal: of :
: t Vet : Dry : Wet : Dry :wet : Dry @
: no. ttissue:tissue: ng:_éjjggggqftisgpef no. ftissueftissue:
; Al : 4.55 ;19.51 ; A 9A; 4.95 ;21.70 ; Al7 ; 5.60 ;25.06 ;
;,A 2 ; 3.94 217.55 ; A1l ; 5.01 ;22.72 ; Als ; 0.45 :24.85 ;
; A4 ;,4.45 §18.60 ; Al4 ; 5.28 ;22.56 ; 419 ; 5.93 §25.82 f
S A6 . 4.66 119.75 . Al6 : 4.54 19.54 . A21 . 5.75 125,27 |
; A7 ; 3.928 §l7.26 ; B39 ; 4.68 ;20.80 ; AR2 ; 4.74 §2lt60 f
z A8 ; 4.89 ;21.60 ; B4l ; £.82 ;21.76 ; A23 ; 5.01 ;23.98 f
érBBl : 4,20 ;18.66 : s : A24 : 5,56 ;24.80 ;
; B32 ; 3,91 ;l7.15 : ; : ; A26 : 5.43 ;24.52~i
; B33 ; 4.14 ;18.04 ; ; ; ; B51 ; 4.97 ;22.70 ;
; B36 ; 3.99 ;17.27 ;*_. ; ; ; B52 ; 4.58 ;21.26 ;
L : ;o : : BS3 : 5.36 :125.50 :
; ; ; ; ; ; ; B54 ; 5.20 ;23.58 ;
; Max.; 4.89 ;21.60 ; ; 5.23 ;22.72 ; ; 5.93 ;25.82 ;
; Min.; 3.91 ;17.15 ; ; 4.54 ;19.84 ; ; 4.74 ;21.26 ;
; Ave.; 4.27 218.52 ; ; 4.88 ;21.56 ; ; 0.37 ;25.88 ;




TABLE V

Phospholipide Content of Cerebellum

Deficient : Cured : Control

. -
-

tAni- : Per cent. :Ani- : Per cent. :Ani- : Per cent. :
: mal: -- of ¢ mal: of ! mal: of :
: :tViet : Dry : :Wet T Dry et : Dry :
: no. :tissue:tissue: no. :tissueitissue: no. :tissue:tissue:

SA1 ;5.0 22.54; Al4 ; 5.39 . 25.54: A18 . 5.41 : 23.57.
: A2 :4.10 ; 18.11: B39 : 4.74 : 20.70: AZL : 6.12 : 26.67:

. A7 ; 4,58 : 20.23; B4l . 4.86 : 21.22: A22 : 5.63 : 24.09.

. B : 4.47 . 19.74: . . : A24 : 5.72 : 24.49.

e

. B36 . 4.17 . 18.42: . . . B52 : 5.13 : 22.35:
. B53 : 5.50 : 23.96

——eee

; Max.; 5.10 : 22.54: : 5.39 : 23.54: : 6.12 . 26.67:

.

: Min.: 4.10 : 18.11; : 4.74 : 20.70: : 5.13 : 22.35:

. Ave.: 4.48 : 19.8L: . 5.00 : 21.82: : 5.59 : 24.19:




TASBLE VI

Phosvholipide Content of Cord

.
.

Dericient

Cured

Control

+Ani- ¢ Per cent. :Ani- :

.
.

.

wals of

mal:

: Vet

,Dry

Per cent. :Ani- : Per cent.

of : mal:
: : Vet : Dry

. wet : DI‘y

of __ _:

-

s A1 2 13.10; 42.81: Al4

no. :tissue:tissue: no. :tissue:tissue: no.

11.90: 39.80: Al8

ttissue:tissue:

.

14.20: 47.04:

LA 2 i 9.65: B1.54: B39 1 12.02. 40,20 AZL . 15.26. 43.62.
L A7 :10.95: 55.52: Bal i 10,905 56.45. A28 . 15.56. 43.95.
: BBl : 10.40: 33.99: ; . A4 i 11,401 57.56
: B36 ! 9.66: 31.57: : : : Bog 11.48;_5’7.762

L i B53 : 12.57: 55.06:

: Max.: 13.10:

42.81:

: 12.02: 40.20:

: 14.30;: 47.04:

oo loe os

Min.: 9.65:

+ Ave.: 10.79:

31.54:

35.09:

: 10.90: 36.45:

: 11.94: 38.82:

-

:11.40: 37.50:

: 12.73: 41.32:
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TABLE VIT

Phos»holinide Phosvhorus Content of Cerebrum

Deficient

.
.

Cured

Constrol

;Ani- :

Per cent.

of

tAni-

: Vet

kY
.

Dry

mals

.
-

Per cent.
of

: et

: ¢ Dry
: no. :tissueitissue: no. :tissueitissue: no.

tApi-
mal:

Per cent.

of

s wet
ttissue:itissue:

Dry

« 213

s 224 3

Al7

247

. 1.09 :

A1

+ A2

o 180

: 0,72

: 0.92 : A9

. A1l

.
-

3L 3

0.98 .

1.05

. ALS

. 238

: 1.09

. 206

Als

2 1.06

: Al9

1153

+ A4

.218

0.86 :

0.92 :

: 0.97

: A2l

1.13

: AG

193

0.85

: B39 :

214

0.95 :

A22 :

—t
-

: 1.06 ;

: A7

. 241

1.07

A23

: 1.13 ¢

.190 :

0.84

: B41

212

0.96 :

- 1.14 -

0.81 :

0.87

. 1.13 :

: 1.02

*0 ae

0.79 :

¢ 1.00 ¢

:1.12 ¢

o osjes we

2 1.14 ¢

B32 : ,184
: B33 : ,195

B36 : 183
2 Max.: .

.241 :

1.07

212 : 1,06 :

: .260

: 1.14 ¢

180

o

L2211

:1.00 :

: Min.:

s Ave,:

».200

0.72 :

0.87 ¢

.248 ¢

. 229

0.95 :

: 1.00 ¢

. 247

1,10 ¢




TABLE VIII

Phospholipide Phosphorus Content of Cerebellum

Deficient : Cured : Control :
;Ani— : Per cent. :Ani- : Per cent, :AnI- : Per cent.

mali. of : mal: of 2 mal: of :
. + wet : Dry t et  Dry t Wet ¢ Dry :
: no. :tissue:tissue: no. :tissue:tissue: no. :tissue:tissue:

A1 . .230 . 1.01 ; A14 . .254 : 1.11 . AlS : .245 : 1.07

-
-

. A2 .188 . 0.83 . B39 ; .217 . 0.95 : A21 : .260 : 1.15 :

S A7 . .209 . 0.92 : B4l . .219 : 0.96 . 422 . .246 : 1.07

. B3l . .201 . 0.89 . : : . A24 i .245 . 1.07 :

.

-
Py -——fa . - . . - -t

; Be6 . .186 . 0.32 : ... B52 : .40 :1.05 :

A 2

e o

- . - . -
- . -

s Max.: .230 : 1.01 : : 254 :1.11 : .t 260 : 1.13 :

. B53 . .256 : 1.11 .

: Min.: .1836 : 0.82 : : 2217 & 0.95 : ..t 240 : 1.05 :
. Ave.: .203 : 0.89 : i .230 : 1.0L s . .247 : 1.08 :




TABLE IX

Phospholipide Phospnhorus Content of Cord

Deficient

-
.
-
-

-

Cured

Control

tAni- : Per cent. :tAni- : Per cent. :Ani- ; Per cent.

mal:

of

: Wet : Dry

mal:

of

s Vet
:tissue:tissue: no.

of : mal:
: : et
:tissue:tissue:

: Dry

: Dry

: no. ‘tissue:tissue: no.

DAl L 475 . 1.42 . Ald . .438 . 1.43 . A8 . .490 . 1.61 .
T A2 . 302 . 1.28 . BE9 . .395 : 1.32 e . 456 1 1.50 1
A7 . .96 . 1,20 . B4l . .404 : 1.55 : A2 : .483 L 1.59
. B3l . .400 . 1.51 N : :A24 . a2 1.42
| Boe . .386 . 1.26 . g N D Bs2 L .az7 . 1.40 .
P L D Bem i Laz0 1 1.4
 Mex.. .435 : 1.42 s . .438 : 1.45 ; . .490 . 1.61 :
 Min.: .586 2 1.26 : L 595 : 1.52 : . 427 1 1.40 .
| Ave.: .402 : 1.51 1 L 412 1.40 . 453 1 1.49 :
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The amounts of decrease correspond fevorably with those ob~
tained by dstermining the phospholipide oxidatively, being
20.9%, 17.6% and 12.1%, respectively for the deficient
cerebrum, cerebellum and cord, expresssd in terms of th
dry weight of t*e tiscve, The "cured" enimale were less
2.3 and 6.0%.
In Table X are submitted the values obtained for

the ratio of ohospholinides/prhospholipide phosphorus.
Insert Table X,

On one hend it afforde a comparison between the two methods
of enalysis, while on the other, granting that the errors
in either method are not sufficiently great, it affords a
rough index as to the nature of *the phospholipides -- meore
gpecifically, the molecuvlar weights of the fatty acids.

We see thot the fatty acids are lightest in the cereoruun,

next in the cerz=bellum and heaviest in the cord. There

is a greater degree of unsaturation of the fatty aclds of

the cerebrum tha: of *ths cord, as determined by the lodine

nurber obtained Hrv myself on the phospholivides of the
rabbit brein (1934%)
Free choles*tercl content. The free cholesterol

data are presented in Tables XI, XII and XIIT,

Insert Tables XI, XII and XIII,



TABLE X

Phosnholinides/Phospholinide Phosphorus fatio in Cerebrum,

Cerebellum and Cord

Deficient

Cured

: Control

:Ani-:Cere—:Cere—:Cord:

Ani-:Cere-:Cere-:Cord:4ani-:Cere-:Cere-:Cord:

:mal ‘brum :bel- : tmal :brum :bel- : :mal ‘brum :bel- :
: : lun ¢ : : :lum : : tlum ¢ :
no.. s : : ‘no. . : :no. : H :
iA 1 ;21.4 ;22.2 ;50.1;A 9 ;22.1 ; —— ; —-;A17 ;22.6 ; - ; —-;
zA 2 ;21.8 ;21.8 ;24.6;All ;21.7 i ; --;A18 ;22.9 ;22.0 ;29.4:
SA 4 ;21.8 :, == ;, -—;Al4 :21.3 :21.2 :27.8;A19 222.8 ; - ; -1;
3A 6 221.4 i -— ; —-2A16 ;20.4 f — ; -—§A21 ;21.6 f25.6 ;29.8;
;g_v 221.0 ;21.9 ;27.5§839 ;21.9 ;21.8 :50.4:A22 ;20.4 §22.5 :27.6§
iA 8 i20.4 i -- ;, —-:B41 ;22.7 222.2 227.0§A23 221.2 ; — ; -~§
;BBl i22.4 222.2 ;26.0;, ; ; ; §A24 ;21.4 ;22.9 ;27.5§
§B52 ;21.24;, o f -—; ; ; E :A26 §21.8 ; — ; ——;
BeB i1 L - i 1 815 s o i —en
;§§6 ;21.8 ;b2.5 225.l§ : f 5B52 ;20.8 321.6 ;28.6§
z ; ; ; ; ; ; : ;B53 ;20.8 ;21.6 ;28.6;
S S S S S S SV S S gy
ZMax.;22.4 ;£2.2 250.1' ;22.7 ;22.2 ;50.4; ;22.9 ;25.6 :29.8;
:Min.:20.4 ;21.8 225.12 ;20.4 ;21.2 ;27.02 :20.3 ;21.5 ;26.8;

sAve.,

:2l.4

av
l.-J
.

~J

121.7 :128.4:

oY
(¢8)
)

]

Jav]
oo
.
O




TABLE XI

Free Cholesterol Content of Cerebrum

Deficient

-
-

Cured Control :

:Ani~- ¢

. _no.

Per cent.

tAni- @
mal: of - mal: of

Per cent. :4Ani- : Per cent

: Vet ¢ Drv :

: wet : Dry : Wet : Dry
stissue:tissue: no. :tissue:tissue:

mal: __of ¢

Al

ttissue:tissue: no.

A2

2.34 : 10.50: A 9

. 2.02 : 8.86 : A17 : 1.85 : 8.15 :

.

12,05 ¢ 9.30 = 418 : 1.90 : 8.68 :

10.92: A1l

Max.: 2.50 ¢ 10.92:

: 2.50

; A 4 ; 2.47 ; 10.23; Al4d ; 1.81 ; 7.74 ;,AlQ ; 1.83 ; 7.98 ;
; A 6 ; 1.92 ; 8.14; Al6 ; 2.13 ; 8.85 ; A21 ; 1.86 ; 8,17 ;
; A7 ; 2.30 ; 9.75; B39 ; 1.92 ; 8.54 ; A22 ; 2.07 ; 9.45 :
; A8 : 2,06 ; 9.12; B4l ; 2.01 5 9.08 ; A23 ; 1.96 : 8.52 ;
: B31 ; 1.98 : 8.802 ; ; S A24 ; 2.05 f 9.15 f
L BSZ : 2.56 1 10.35. . ) . 426 : 2.00 1 9.05 :
; B33 ; 1.99 ; 8.89§ ; ; ; B51 ; 1.90 ; 8.65 ;
; B36 ; 2.29 ; 9.902 ; ; ; B52 ; 1.87 ; 8.15 \
; ; ; ; . : ; B53 ; 1.83 ; 7.95 ;
L . IBoail.82:8.0

P 2.13 ¢ 9.30 @ 2 2.07 ¢ 9.4bH

:'Min.: 1.92 ¢+ 8.14: :1.81 @ 7.74 :1.82 : 7.95 :
t Ave.: 2.22 ¢ 9.66: : 1.99 : 8.70 : : 1.81 : 8.57 :
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TASLE XIT

Free Cholesterol Content of Cerebellum

.
.

X

Deficient : Cured : Control
sAni- : Per cent. :Ani- : Per cent. :Ani- : Per cent.
¢ mal: of ¢ mal: of : mal: of s
: : Wet ¢ Dry : t Wet ¢ Dry :Wlet : Dry ¢
: no. :tissue:tissue: no. :ttissueitissue: no. :tissue:itissue:

A1 :2.39 : 9.67 :+ Al4 : 2.04 ; 8.91 ; AIB . 2.07 . 9.02

- -
- .

: ; : : : : :
: A2+ 2.42 :10.70 : B39 : 1.9% : 8.45 : A 21: 1.85 : 8.06 :

s A7 2 2,37 :10.47 : B4l : 2.18 : 9.52 : A22 : 1.98 : 8.67 :

: B3l : 2.29 :10.16 : . . . A24 - 1.92 : 8.37 :

: B36 : 2.39 :10.56 : : : . B52 : 2.09 : 9.11 :

o oy

: B53 : 1.97 : 8.59 :

. Max.: 2.42 :10.70 : : 2,18 : 9.52 : : 2.09 : 9.11 :

: Min.: 2.19 : 9.67 : . 1.93 : 8.43 : . 1.85 : 8.06 :
: Ave.: 2.33 :10.31 : . 2.05 : 8.95 : . 1.98 & 8.64 :




TaBLE XI1

Free Cholesterol Content of Cord

Deficient : Cured : Control .

T Por cent. iini- : Per cent. ani- & Per cent. -
: of ¢ mal: of . mal: of .
: et : Dry wet ¢ Dry : wet @ Ury

:tissueitissue: no.

[x3

:tissue:tissue; no. :tissue:tissue:
5.11 :lb.?O ;3;_;_4 4.65 ;15.15 A18 4.57 215.05
. 5.58 ;18.24 B39 4.77 i15.95 A21 4.59 §15.1o
i 5.28 217.29 ; B4l ; 5.02 §16.79 z AR2 ; 4.80 215.79_;
D 4.69 115.55 . . D ape 491 i16.15
D 4.91 .16.05 . D Bn L 4.63 15.25 1
A L ;B3 4.33 214.41
f 5.58 518.24 E f 5.12 %16.79 f P 4.91 516.15 :

‘4,69 ‘15.33 ° ‘ 4.63 ‘15,15 ° ‘4,38 ‘14.41 ¢

: Ave.: 5.11

15.70 : : 4.77 :15.96 : 4.65 :15.30




In conitrast to the plospislipide content the cholestziol

. - R L S
a5, 45E 1ASTtuasc ik,

The valies for the Y"cured" animals were babt slightly nigh-
N - - - . ~ . "’.J,' -
er thasl toose of the controis: 2.8, 3.6 and i4.3%, all near

the mergin of expcrisental error.

Compined cholestsrol content, Delecruinationse
were mede on the cershrum Samplss. The values compused
from the difference of the total and free cholestzrol Cata
(see Table XIV) were so small as to wexe them unralieble
for oproving anyv significance.
Insert Table XIV.
In three cases negative values were ottailned. It is clear-

17 evident that the cholestercl in Yhe nervous systew oogurs
pregonaerantly in the free, unesterified siate. This is
also the observution of other inv:esiigators, such as

Chanutin and Ludewig (1233, aad Onizawa (1929). Because

these valu=s are so nearly within the margin of experi-
mental error, det:ruiietic e upon the othsr semples were

no+ made. The amount of coabired cholestzsrol is therczIiore
considered neglizidle, and the free cholesterol values can
e used to show tue influsnce of B1 deficiency on *he total

cholesterol conteunt.
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L LBLE XIV

Comtined Chol:z=sterol Content of Cerebrum

Dericient : Cured : Control

“Ani< : Per cent. :hni- : Per cent. :dni- @ Per cent. *
¢ omall aof : mal: of P mal: of

: : et : Dry : Wet : Dry : : wet : Dry
: no. :ticsueitissue: no. ttissue:itissue: no. :tissue:tissue:

~0.16. .49 . 0.08: . A19 . 0.17

-
.

LA

—— i

DA 2. 0.02; . A1l . -0.02. . A21 : 0.15 .

D A4 . -0,05. ;.&14- . 0.19. L 422 1 0.07 . :
‘A6 . 0.10: | A16 . 0.06. L 425 1 0.03
‘A7 0.0, : : L A% . 0.03 .
iAo o023+ i iaseogp: L
 Max.. 0.23: . 0.9, 0.7 ;
 Min.: -0.16: . _0.02: g  0.05 .
I Ave.: 0.0 . 0.08. f . 0.09 . N
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tablz gives the phospholini
thrze groups of aniuals computed fro. ths sverzzes (dry

tissue).

TABLE XV.

Phospholipide/Crolesterol Retis

Deficient Cured Control
Cerebrum 1.92 .46 2.78
Cerebellunm 1.g62 2,40 2.20
Cord 2.10 2.43 2,7¢

A remarkadie uniformity in the ratios for each group with

¥

a significant decreass in the deficient animals is here

obsarved,

rrotein nitrozen content. Tables XVI, XVII and

XVIII prssent the data on the protein nitrogen content.
Insert Tables XVI, XVII and XVIII.

There 1s indicated an influence of some significance upon
the percentage compositions, The averages cf the cere-
brum, cerebellum and cord of the deficlent rats were re—
spectively 7.6, 5.6 and 2.4% higher than those of the con-
trol. The averages of the “cured" animals were inter-

mediate between the corresvonding averaszs of the other

b1



TABLE XV,

Protein IWitro~en Content of Cerebrus

Deficient :

Cured

°s s o0

Contrcl

:Ani- @

malz:

Per cent.

of :
tiet ¢ Dry -
tissue:tissue:

sAni- ¢ Per cent. ‘tani-
mal: of

mals of

: Per cent.

: et ¢ Dry
no. :tissue:tissue: no.

tiiet ¢ DYy

ttissuestissue ¢

B TR T

]
G [¢]

D BEL 1.7l . .00 . TE9 2 1.72 1 7.76 . B51 . 1.52 . 6.94 s
CBns . 1.66 . 7.20 . B4l : 1.50 & 0.67 & B52 . 1.41 & 6.15
D B33 . 1.68 . 7.50 . : . . BoS 2 1.64 2 7.15 s
s 236 : 1,53 & 6.6 ; : ; . .
: : : : : : : : :

: Max.: 1.71 : 7.60 : 1.72 1 7.76 ¢ : 1.64 : 7.22

: Min.: 1.53 : 6.62 : : 1,50 : 6.67 - : 1.41 ¢ 6.15
: : 1.52 ¢ 6.74 ¢

1.65 : 7.25 :

: 1.66 : 7.22 :
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TABLE XVII

Protein Nitrogen Content of Cerebellun

Deficient : Cured : Control :
sAni- ¢ TDer cent. Ani-  Per cent. iAmi- T Per cemt. *
: mall of ¢ mals of s nall of _ __ .+ .
: : Vet : Dry : : Vet : Dry : : et ¢ Dry
: no. ttissuestissue: no. :tissue:tissue: no. :tissue:itissue:
B3l . 1.65 . 7.29 . B39 : 1.54 ; 6.73 . Bl ; 1.46 : 6.38
. B32 . 1.69 , 7.47 ; B4l ; 1.49 . 6.51 ; B52 : 1.44 : 6.27 :
. B35 : 1.78 . 6.19 : : i BS53 :1.55 : 6.76 :
: B3& : 1.44 . 6.36 : R T S S

+ Max.® 1.69 : 7.47 2 1.54 : 6.73 :1.55 * 6.76 ¢
: Min.: 1.38 : 6.19 : +1.49 : 6.51 : 1 1.41 : 6.16
: Ave.: 1.54 : 6.83 : 2 1.52 : 6.63 : 1.49 : 6.47 :
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TABLE XVIIT

Protein Witrogen Ceontent of Cord

: Deficient : Cured : Control :
:Ani- : Per cent. s4ni- ¢ Per cent. thAni- : Per cent.
: mal: of ¢ mal: of mal? of :
: wet : Dry : et : Dry taet ot Dry ¢

. _ho.

tissue:itissue: no.

:tissue:tissue

no.

-
.

tissue:tissue:

. B3l

.
.

.
.
.
o

o5 osjloe oo les

B51

.
-

0
.

4.21

T
.

pe oo Joo coles o0

1.34 . 4.22 . B39 . 1.38 . 4.63 :1.28 . .
© B2 . 1.50 § 4.90 § B4l i 1.23 ; 4.13 ; B52 i 1.47 © 4.83 §
. B33 2,1.434; 4.67 ; ; ; ; B53 ; 1.29 f 4.24 ;
iBee L1.47 Law0s 4 4 i i i
: Max.% 1.50 5 4.90 % ; 1.38 } 4.63 ° : 1.47 g 4.85
: Min.% 1.34 E 4.22 g % 1.23 ° 4.13 : % 1.28 : 4.21 5
: Ave.; 1.44 : 4.65 : : 1.36 : 4.38 : P1.35 ¢ 4.33 °

4y
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two groups.

Amoants ol phicgpholipides, cholesterol and srotein

nitrogen in whole brain. To show whether there is any

actual change in the total weizht of vphospholivides, cho-
legterol or orotein nitrogen ver whole brain, Table XVII

is submitted. These vzlues were derived fren the averages
(dry tissue) of the zroups. The percentaze contents of
the constituents used in coumputing these figures were those
of the cer<orum, from which the percentage content values

in the much smgller cerebellum 4iffer but little.

TABLE XIX

Deficient Control Difference
Averazse dry weight of brain .2802g. .2984g. -.0162g., 8,25%
Phospholipides in whole brain .,0519g. .0718g. -.0199¢.,27.7 %
Cholesterol ,0271g. .0254g. ,0017g., 6.7 %
Protein nitrogen .0203g. .0200g. .0003g., 1.5 %

Here it is seen that the decrease in the brain weight of the
deficient animal can be almost wholly accounted for by the

depletion in phospholipides and increase in cholesterol.




usé

DISCUSSION

The altsration in the percentege composition of
the two mein lipide constituents, phospnnlisides and cho-
lesterol, noted in the brain end spiral cord of poly-
neuritic albino rats indicsates & manifestation of faulty
metabolism resulting frem the deprivation of vitamin B,.
This alteraticn, represented by decrease in phrospholipide
content and increase in cholesterol, confirms the results
obtained by Milbradt for polyneuritic pigeon brains. That
this is not due to mere inanition may be adduced from the
fact that depletion was found in the nhospholipide content
and not ir the cholesterol —- i.e., 1f we are to take into
account a recent study by Gillum and OkeY (1936) which
show a decletion in both chclesterol and lecithin contents
in the brain tlssue of fasting rats, amounting to 9.4% in
the former and 15.7% in the latter. A litter of elght
rats was used by them for €ach group, undernourished and
normal. However, the studies of Mayer and Schaeffer and
Terroine demonstrate that these constituents are main-
tained at a constant proportion even in prolonged starva-
ticn.

mhat these chezical findings do not afford a
measure of possible myelin damage, such as is typical in

wallerian degeneration and in multiple sclerosis, 1is




b7

supported by the work of W. Koch and i. Koch (1917) on
rat brain and of Baclklin (1933) on rabbit brain. Both,
studying the changes in the lipides during development,
have found that at birth the cerebrosides are lacking in
the bPrain and that their appearance and increase parallel
the growth of the myelin sheath. The Xochs have found
that the same is true of the sulfatides. Thege two
lipides are probably more indicative of the myelin sheath.
The phosgholipides and cholestercl are probebly important
constituents of the nerve cell and axis cvlinder as well
as of the nmyelin.

The vartial, incomplete restoration of phospholipides
in the "cured" animals may mean that the normal store is
considerably greater than is adequate for normal physio-
logical function or that despite the irretrievable loss of
that portion of phospholipides contained in the impaired
nervous stiructure, if this does occur, the animals can still
Yecome apparently normuel. One must remember, howevsr, that
the period for 'cure" may not have been of sufficient length
end thet oossibly in time couplete restoration of phospho-
lipides to that proportion found in control animals does
result. :

The low respiratory quotient cf avitaminous brain
tissue has led some to suspect that the fats are the fuel

usged. I+t may be that as the result of difficulties in




e §
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the carbohydrate metabolism arising from the lack of this
essentlal vitamin undue stress is placed upon the fat
metavolism nccranism, This 1s a mere conjecture for
wnich & more factual basis is required.

In conclusion, i% may e said from the numesrous
aspects of the prohlem of vitamin deficiency, such as its
effect on growth, the occurrence of intermediary metabolic
substances, the probsble catalyvtic role of vitamins, etc.,
that the neuropatholeogy of B1 avitaminosis is probably
an expression of a defect in a general metalolic process
rather than a specific damaging effect on the neurons,
that because of the peculiarities of the nervous svstem
the effects are manifested to a greater degree there than
in other tissues. The prorarle role of vitamin Bl in
th2 oxidation-reduction mechanism has been reviewed, and
this and other considerations, stated atove, lead one *o

this view-point.




SULIARY

1. A dscreasc in the percentaze conient of phos-
pholipicdes is noted in the cerektrum, ceretellum and
spinal cord of the vitamin B, deficlent altino rats, 22.k4p,
18.1%, 15.1%, respeciively.

2. An iacrease in the percontaze contert of free
cnolesterol is noted in the above tisauee, 13.5%, 20.0w%,
9.35%.

3. An increase in the percentage content of pro-
tein nitrogen was found for a smwall-r group of animals,
7.5p, 5.6%, 8.4%.

4. The amounts of the gtov: constituents exXpresscd
in terms of their total weight per brain stow that only

he phespholipide and cholesterol contents havs been in-
fluenced.

D. The percentage content vulues of <he above con-
stituents in "cured! animals are rresented; these show a
range intermediate between the deficient and conirol

animagls.
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