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I, INTRODUCTION

Multiple sclerosis 1s a degeneratlive dlsease of the
central nervous system which has provoked a copsiderable
amount of investigation during the last Iifty years. The
literature dates back t6 at least 1890 but the bulk of the
more Important published material is of the last twenty or
twenty five years, Just as in the case of other diseases,
e great advance can be made after scientific progress has
supplied new techniques and new facts to provide better
methods of study and throw more light on the subject, so
will multiple sclerosis be understood more fully and
perhéps a specific treatment will be found.

It 1s not within the scope of this paper to deal
extensively with all the clinical and pathological aspects
of multiple sc}lerosis, However, 1t is well to note the
1mpéftance of multiple sclerosis as a disease and mention
1ts 6hief features which will be pertinent to thils thesis,

in England thls disease 1s usually termed disseminted
sclerésis. Its name 1s thus derived from the peculiar
scattering of the lesions throughout the entire nervous
’system. Numerous areas of demyelinatlon occur along the
entire neuro~axis, and although parts of the lower brain
are involved, the white and gray matter of the cerebrum
are usually spared and the peripherial nerves are never

involved (104).
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Apparently this disease is not very common in the United
States but Grinker (103) states that multiple scierosis
ranks third in frequency among neurological dlsorders.
The same author states that it 1s seen with much more
frequency in the British Isles and on the European Contin-
ent than in this country. Patddnts with thils disease
are seen between the ages'of twenty and forty (103)
although undoubted cases have been recognized as early as
ten yearé and as late as fifty. Both sexes are affected
with the samé frequency according to most authors.‘ In a
statistical study of 689 patients, Gram (39) noted that
Slé were males and 377 ﬁere females, ‘whlle Grinkor finds
that more males than females were affected. The exact
age ab which the first symptoms appear is difficult to
determine. The neurologist sees the patient‘ﬁhen slgns
already denote an affection of a considerable'length of
time, The peculiar fleetling character of the earliest
symptoms and the almost complete remlssions of the dilsease
are such that the patlent the does not reallze nor
remember the actual onset, Grinker states that careful
questioning of the patients brings out symptoms many
yoars brior to the time when a physician was consulted.

Multiple sclerosis is a chronic progressive disease,

There may appear very faint and fleoting symptoms which
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completely dilsappear and appear again in a more pro-
nounced form, Iindicating the progression. Later wvhen
enough of the nervous system 1is involved, the symptonms
are continuous,and the patient is bedridden., "The
clinical picture as wellas the course of the diéease arae
determined by two main pathologicsl features: first,
there are numerous and wldespread patches or focl of
sclerosis scattered throughout the central nervous system;
second, there 1s a degeneration of the myelination
sheaths and preservation of the axis-cylinder in the
midst of the most extensive patches of sclerosis, The
axig-cylinder is destroyed later so that the secondaiy
degeneration occurs only after a long time®, (104).
Wechsler states that the destruction of the myelin
sheaths explains the partial impailrment of functilon vhile
the preservation of the axis~cylinder accounts for the
possibiliby of remissionse It is only when the myelin
and the axis-cylinder are destroyéd that the signs and
symptoms become permanent. “These patches of degenera:
tion are found everywheré in %he nervous but with a
speclal predilection for the white matter of the spinal
cord, the pyramidal tract, structures of the medulla,
pons, midbrain and the optic tract". (104). Siemerling
and Raecke state that the olfactor& norveamay also be

affected (82)e In regard to the nature leslons of
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multiple sclerosis, Alexander (2) has made an interest-
Ing observation by an ingenious method. By a process of
"micro-igcineration" Alexander has found that the de-
ﬁye;inated areas are demlnerallzed., A quotation from‘his
publication reads as follows: “The plaques of multiple
sclerosls are demineralized lesions.......It is of great
Interest to find that the plaques of multiple sclerosis
in their mineral architecture most closely resemble focl
of softening or of l1lschemic necrosis, all of these being
essenﬁially lesions of demyelination" (2).

After reviewling the llterature on this subject it 1is
sfae to stade that no absolutely characterlstlc changes
occur In the spinal fluid of multlple sclerosis. Tha
cell count and the protein content may be normal; there
1s a negative Wassermann but there may be a luetic or
paretic reaction to colloidal gold. (l). Even in the
actlive and inactive stages of the disease there are no
chara&teristic changes which are speclfic for multilple
sclerosis.(3l). However, Kerch (51) found in ten cases
of multiple sclerosis seﬁen positive globulin reactions
In the spinal fluld and three Instances of pleocytosis
while the Wassermann reactions‘wore negatilve, Iuhan
and’Balsor (60) glaim to have demonstrated a myelolytic
substance in the spinal fluld of patients suffering from
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this disease. These authors also state that this
. myelolytic substance 1s present inthe urine. Sussner,
on the other hand, could not find any lipase in the
gpinal fluid of either normal and abnormal subjects.(87).
Swan and Myers (88) also state tﬁat no lipase -could be
~demonstrated in the spinal fluld of multiple sclerosis.
It 1s often extremely difficult to make a dlagnosis
of this disease becauss of its similarity to other
diseases of the central nervous system. In view of the
negative findings of the spinal fluid and thaﬁ no
symptoms and laboratory findings are absolutely speclfic
for this disease, the difficulty of a differantial

diagnosis 1is obvious. However, there are certaln

symptoms which appear with constant frequency so that
f
authorities such Grinker and Wechsler (103 and 104)

dlagnose the dlsease by the following group of symbtoms:

; 1- Nystagmus (oscillation of the eyes).
2

Speech changes (- slow or scanning speech).

3~ Intention or action tremor.

4~-Spasticlty of gait.

Abscence of the abdominal reflexes.

6~ Mental symptoms, not frednent, but there may be.
o spontaneous laughter and a feeling of well belng.

7- Optic nerve 13 often the seat of affectlon.

8- Altered reflexes, especlally of the extremitles.
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9~ Cranlal palsies,

10~ Muscular weakness,

11~ Bladder trouble {(incontinence). -
12

12~ Laboratory findings are insignificant,
THEORIES OF THE ETIOLOGY

Researcp on multiple sclerosis has prompted a number
of inﬁeresting but conflicting speculations, On
Investigation the literature one finds a number of theorles
as to the otlology of the disease and 1t is notpworthy
that none of tﬁem have made much progress, Howeber, it

“can be said that the theory of the infectious origin of
the disease, 1. e. , that the disease 1s caused by a
spirochaete or a filterable‘virus, has reache? 1ts zehith
and 1s now passing Into the dilscard.

Weil (96, 97, and 98) has qulte adeauatéiy summed up
the theories on the etlology of multiple sclerosis byx
dividing them up into five groups as follbws: (L) spiro-
chaetal infection, (2) fillterable virus infection,

(3) myelolytic ferment as the etlologic agent, (4) endo-
toxins, and (5) & primary disease of the glin.  Putnam
(740 and Schulkru (810 contend that perivaécular disorders
due to thromboses aré improtant in aggrevating the symptoms
of the dilgease, In regard to the theory that toxins or

noxious substances produce the demyelination, Dattner and
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others‘have not been able to confirm the theory of
Gerhaptz (30) that tuberculo-toxin might be the demyelin-
ating agent in nultiple sclerosis, Dattner made a study
of ninety patients suffering from multiple sclerosis for
the purpose of studying the relation of the intestinal
tract disorders. He found the interesting fact that 37%
of the patlents suffering from multiple sclerosis had a
condition of anacidity of the gastric julce. He states:
"This disturbance of the gastric juice is of great impor-
ﬁance and may be compared wlth that of pernicious anemla
and échylic chloranemia® (30). Pepper (67) also found
the condition of'anacidity of the gastric secretion in
eleven cases of undoubted multiple sclerosis, This i1s
extremely interesting in view of the similarity of
pernicious anemia and multiple sclerosis, since In the
former disease a demyelinating agent also occurs in the
spinal fluid. Among other changes, according to Dattner,
the clotting time of the blood is increased, bdbut he
states that this can be correlated with the metabollc
disturbances depending oﬁ the liver.

Dattner also calls attention to another fact which has
not beeu extensively investigéted untll recent years;
namely, the simllarity botweon’multiple”sclerosis and the
dlseases of avitaminosis such as beri~beri, pellagra,

. polyneuritis and scurvy., Lepine (56) obtained favorable
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regults in treating multiple sclerosis with a compound
of asgcorbic acid with lron and magnesium. Everyone 1s
familiar witl: the limportance of the vitamin B complex in
in regard to the health of the nervous system; hence it
1s not at all unreasonaﬁle to venture the Iimportance of
this vitamin in comnection with multiple sclerosils.

The possibility of a fllterable virus being the etlo-
loglc agent is stressed mainly by the knglish workers
Bullock (106), Purves-Stewart (70), Chevassut (26) and
by Bernard (107). kost of the champions of thic theory
claiﬁ to have transmitted the disease experimentally to
animals and some even state that they have cultured the
virus., But Charmichael (25) and Well (95, 96, 97 and 98)
and others have qulte conclﬁsivel& disproved the theory "
of the infectious origin,

The theory that the causatlve agent 1s a'demyelin~
ating ferment" 1s supported by Brickner (15, iG, 17 and
18), Crandall and Cherry (28 and 29), Camp (24) and by -
Vlell who apparently woul@ rathor not commit himseif to
any pet theory, yet favobs this trend. Cam? even treats
multiple sclerosis with small dosés of potassium arsenilte
and the elixir of iron, quiniﬁe and strychnine; He
States : "There is a possibility that arsenic and quinine
are a.benefit because of thoilr actlion on the lipase of

the blood". Brickner also employs the quinine therapy
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and he states that the demyelinating ferment can be
demonsﬁrated in vitro with the plasma from multiple
sclerosls patlents. Brickner states that this llipase
does not occur normally in the blood and that 1t differs
in pfopurties from the normal bléod lipase,

Well has an interesting publication (95) containing
criticisms of the lipolytic theory of multiple sclerosis.
His comments are based on a careful study of the phos-
Phorus content of the serum as wellaas the lipase activity.
He finds, as does Brickner and others, that the blood
Serum of multiple sclerosls patlents exerts a lfpolytic
déstruction of the myelin sheaths ﬁut emphasizes the facf
that the same ié true in a number of other diseases, for
éxample, syphilis of the central nervous systep and in
liver diseases. Furthermore Weil states on ?he basis
of his work that‘"it geems premature that we can assume
& direct relationéhip between the increase in lipase in
the sera of patients suffering from multiple sclerosis
and the demyelinating actlon of such sera on rats'! spinal
cords® , In regard to the inorganic phosphorus one
Would.expect tb £ind an increased amount in the serum of
multiple sclerosis. Vell finds that the serum phosphorus
1s, on the average, 3.4 mg per 100 cc. as compared
with 4,4 mg per 100 cc. in the normal subject. In 40%

of the cases of multiple sclorosis the inorganilc
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Phosphorus was below 3.3 mg per 100 cc. of the serum
and in 65% of the cases it was 3.5 mg or below.

Uther substances which are sald to cause demyelination
are hemolytic toxins and noxious substances such as
3odium taurocholate, saﬁonin aqd snake venons In this
connection it is interesting to note the work of Well
(98) 1in which he showed that lipoids may inhibit ‘the
action of hemolytdc toxins on myelin; especially in the
case off sodium taurocholate which is inhibited by lecithin.

this 1s a review of the most important literature as
1t ig seen todaye. Other references vhich space does
not permit to cite in detall are listed in the bibliog-
raphy, The question of the myelolytic ferments is the
main subject of this investigation. The quetdons for
vhich answers are to be sought in this study are : (1)

Is there any abnormal agent in the spinal fluid of |
multiple sclerosis which c;uses a myelolytic action or
Increages the activity of lipase and (2) what 1is the
effect of vitamin By ?

A vagt amount of ﬁofk 1s now being published in
regard to the functions of vitamin By in the central
hervous system. The role of‘this vitamin in the carbo-
hydrfite metabolism of the brain is now confirmed (52, 63,
80, 92, 68 and many others), Vitamin By must have an

additional function in the nervous system for it seoms
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to be necessary for the preservation of normal myelin.
Bertrand and Liber and Randoin (9) found in their
experimgntal,work on rats that a Bj deficlent diet pro-
duced changes in the myelinated motor neurones but not
in the unmyelinated ones. They noted marked degener-
ative changes in the myelin sheath along with changes in
the axis-cylinder. Lewy (57) confirms this view and
adds that neuritis and pernicilous anemla are also con=
cerned with the vitamin,. Thus many investlgators are
turning their attention to this vitamin in seeking the
cause of numerous nervous disorders. Luhan and Balser
(60) and Weil and Luhan (98) have shown that the spinal
fluid and urine of patients suffering from multiple scler-
Osls contains a substance which dilssolves myéldn.

These authors evaporated the spinal fluid in vacuo at

50 C and dissolved the residue in water. When the
8Plnal cords of rats were incubated in the resulting
Solution the myelin of the cords was dlssolved, Luham
showed the demyelination histologically but in pre-~
baring the spinal cords for histologicnﬁ%ﬁa embedded the
Specimens in paraffin. In this investigation 1t was
found that the paraffin method of Ilmbeddeing could not
be used because the warm xylol and the paraffin dissolved
the myalin out of the noémal,spinal cordd as well as the

experimental ones.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

Many authors have shown the pathological changes
. Which occur in vitamin By deflciency but the purpose of
this study 4is to showt that the vitamin 1s an important
factor in inhibiting lipase activity, in this case the
activity of pancreatic iipase, and thus may be a very
important factor in the prevention of demyelination in
t@e human subject, particularly in the case of multipla

Sclerosise
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II. PREPARATIONS AND
MATERTALS.

PREPARATION Oﬁ PANCREATIC LIfASE. The method used
in preparing theapancreétic lipase was essentlially that
Of Willstatter and Waldschmidt-Leitz (108 and‘lOQ)..

Five pounds of hogs pancreas were'freed as mucﬁ as
Dosaible from the adheriﬁg,fat then ground up In a meat
8rinder, The pulp was placed in a 2% liter jar and
extracted for thirty minutes with two liters of ether,
This extraction with ether was repeafed three times.

the pulp was then éxtrécted_with a 1:1 mixture of acetone
8nd ether; this extréction was also repeated three times.
Finally the pulp was extracted three times with two liter
Quantities of acetone. This amount of extraqting vas
énough to remove %he fat from the pulp. After the final
extraétion the ﬁulp was presse@ into a Buchner funnel

and the last traces of liquid filtered off by suction.
The fat-froe residue was then spread out in a vacuum
desicator end allowed to er_for two days. . At this

time the pulp was throughly dried and powdery except for
the coarse strings of connective tissue. The dry material

vas ground up as finely as possible in a motor and sifted

thI‘Ough a very fine screen, This process gave a very
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good product of a fine smooth powder having enly a falnt
tinge of yelloh. The greater part of thls preparation
was stored in a vacuum desicator in the refrigerator. A
small amount , for Immediate use,- was kept in a tightly
Sealed, wide-mouthed poﬁtle and removed from the refriger-
ator only when necessary. With these precautions and
keeping the material in sterile confainers the pancreatic
Powder can be kept indefinitly, '

ENZYME SOLUTION. The pancreatlic powder described
above can be made up into a very active enzyme solution
by thé method described by Willstatter and Waldschmidt-
Leitz (108) and by Weinstein and Vymne (99)., These
authors usually made up a mixture of 4 éraﬁs of powdered
bancreas in 100 cc. of 50% glycerine. This was incubated
for three hours at 37 G with frequent shakinQS'and then
centrifuged and filtered by suction. The 50% glycerine
80lution made a very viscous fluid which was difficuit to
Tilter and free from the fine powder. It was found in
this work that it was more convenient to use a 25%'solupion
of glycerine without altering the propertles or activity
of the enzyme preparation. If this enzyme preparation
1g Prepared #in sterile apparaﬁus and kept in the réfriger-
ator it will retain its activity for threo or four days

Without the addition of any preservative,
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The activity of thils enzyme preparation was tested

as follows: Clean Erlemmeyer flasks of 150 cc. capacity
Were gtoppered with cotton plugs and sterilized by
heating in the oven for three hours. After the flasks
were cooled to room temperature the following materials
viere gdded: 2 cc. of olive oil, 1 cc. of bile salt
solution containing 0,064 gms of bile salt per cc., 3 cc.
of 4% sodium bicarbonate and 5 cc. of double distilled
vater, Thils made a total volume of 15 cc. vhen 2 cc. of
the enzyme solution were added just before placing the
flasks in the incubator. Controls were run on all of the
constituents,. Three samples were removed from the
Incubator at a time and titated at intervals of 2, 4,

8, 16, 24 and 56 hours. Before titrating 25 cc. of
95 7% ethyl alcohol were added to eucﬁ flaske. .The
titrations were made with N/?O NaOH and phenolphthalein
was used as the indicator. The activity curve showing
the amount of oleic acld formed is shown in figure 1.

The acttvity of thils enzyme preparation is comparable to
that of tho authors cited above.

VITAMIN By, The vitamin B; used throughout this
investigation was e pure, crysfalline product from the
Merk Chemical Company. The system of units omployed in
this paper 1s the international method of standardizatlon;

namely, onoc milligram of the pure, dry, crystalline
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Vitamin 1s equivalent to SQO international units. Since
the vitaﬁin 1s unstable in neurtal and alkaline solutions
1t vas made up in 1% HG1 so that 1 cc. of the solution
contained 4 mgs of the vitamine . This was kept as the
Stock solution and storéd in the refrigerator, The
8olution of vitamin By used throughout this study was
made up from the above stock.solution by diluting 1 cce.
to 200 cc. with double distilled water. Thus 1 cc of
this solution contained six internaltion units of the’
Vitamin or 20 gamma. |

OLIVE 0IL. The oldive oll used was a product of the
McKeéson Robins Company. Unless otherﬁise indicated it
was always uSed in i cc; quantities whoen used asla sub~
Strate in these lipase experiments, g

LECITHIN., When lecithin was employed as a substrate
& purified product from the Pfanstlehl Chemical Company
was usede A one gram sample was dissolved In 125 ce.
of a mixture of ethyl alcohol and ether (3:1). This
solution was evaporated on the steam bath and shalken
during the evaporation so that when all the 1iquid was
evaporated the lecithin was deposlisted on the bottom and
the sides of the flask. 1In doing thits the lecithin was
easily emulsified when 700 cc. of dlstilled water were
added, This gave a 1% emulsion of lecithin and was

used as such in the subsequent experiments,
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ETHYL BUTYRATE. This reagént vas a C. P. éroduct
of the Eastman KodeK Company. When employed as a sub-
strate 1t was used in quantitded of 0.20 cc without
dilutions. o

SPINAL FLUID., The spinal fluild for this investl-
gation was obtained through the kindfcooperation of Dre
He McIntyre from patlents at his office.or from the |
wards at the General Hospltal. It'wa; collected under
sterile procedures and with few exceptions was used
Immediately after the spinal puncturs, When necessary
the spinal fluid was sforod in tightly sealed test tubes
in the refrigerator over night. It 1s Imperative to
uge the spinal fluid asasoon as possilble afterrit is
collected becauge 1t increases in élkalinity upon

Standing.
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ITI. EXPERIMENTAL
A. The Spinal Fluid of
Multiple Sclerosis,

Altmann and Goldhammer (3), Brickner (16 and 18),
Crandall and Cherry (28 and 29) and‘Sussner (87) and
Vieil and Cleveland (950 have demonstrated an abnormal
lipase content of the blood serum of patients suffering
from multiple sclerosis. In addition to thi§ TLuhan and
Balger (60) and Weil and Luhan (98) have demonstrated
that the spinal fluld of multipie sclerosis contains an
8gent which dissolves the myelin of normal rats'! cords in
Vlitro, Since this disease 1s one of the centrél nexvous
System 1t ;eemed only logical that the spinal fluld
should be investigated for the prssence of a lipase or
any other abnormai changes., Hence the questions to bo
invegtigated in this phase of the work are three; namely,
(a) 1is there an active lipase presant in the spinal
fluid of multiple sclerosis 2 (b) If there is ;o
lipase present does the spinai fiuid of multiple sclerosis
differ in any other respect from normal spinal fluid ¢
And (c) does the spinal fluid of multiple sclerosis .
differ’fromlthat of patlents suffering from other dlseases ?
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(a). Lipase Activity of Multiple
Sclerosis Spinal Fluild.

{

For thls experiment the standard slized six inch
test tubes were used. .The test tubes were stoppered
with cotton plugs and steriliged as described in the
sectlon on preparations and materials,. Into each test
tube was carefully measured 0.5 cc of olive oll, 0.5 cc.
of 6% bile saelt solution and 1 cc. of the spinal fluid
to be investigated. The final volume was made up to
5 cc. by the addition of 3 cec. of distilled water,
Duplicata samples were made up at the same time and
titrated at once in order to get an initial reading (16, 18}.
Controls were run on each of the constituents used and )
titrated and incubated along with the samples.” All
tubes were shaken equally Zfor mixing and placed in the
incubator at the seme time. The Incubator was main-
tained at a temperature of 38 to 40 Co  The samples
were incubated for 24 hours with frequent shalings to
keep ﬁhe contents mixed., All titrations were made with
N/100 NaOH after the addition of carefully neutralized
ethyl alcohol (5 cc.)e  Phenolphthalein was used as the
Indicator and each sample Qas titrated to a faint pink
and matched with a blank. This experiment was repeated
usdng ethyl butyrate fob thoe substrate; in thils case

no alcohol was added for the titrations,
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The results of this experiment which was repeated
twelve times, with different specimens of spinal fluid,
are given in table 1. The experimental exrror in these
titrations is plus or minus 0,20 cc of NaOH. In other
words, at the end of tﬁe incubation, the titration
Value should show an Increase of at least 0,2 cc NaOH
In order to prove any lipasic hydrolysis. The results
here indicate that there is no lipolytic hydrolysis
caused by the presence of the spinal fiuild of multiple
Sclerosis. Tﬂis.is in haﬁmdny with the results of
Altma£n and Goldhammer (3) and Sussner (87). The former
authérs gtudied sixteen different c;ses of ﬁultiple
Sclerosis without finding any evidence of a lipase in
the spinal fluid. _ f

Although no llpase could .be demonstrated in the
Spinal fluid of multiple sclerosis there 1s a possibility
that a 1lipase may be present in too small amounts to be
demonstrated and there'might also be present a substance
Which.actiﬁates the 1ipage. On the other hand the spina1~
fluld of multiple sclerosis mg%Z;ontain a substance
Which.normally inhibits the lipase which might be present.
In this respect iﬁ was decideddto determine vhat effect,
i an&, the spinal fluid had on the hydrolysis of a
substrate in the presence of pancreatic lipase., For this

xperiment 1 cc. of the spinal fluld of multiple scle.osis,

\
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Table I.
The results of an experiment to show that there is
no demonstrable smount of a lipase present in the spinal

fluid of multiple sclerosis. An example of 12 trials.

cCe N/100 NaOH
Preparation Before After

1l cc. gp, fld., 045 cc 0l1l, 0.5 cc bile 0,05 0.06.

Control on olive oll alone + « « o o & « 0,04 0.06
m " bile salt elcone ; o ¢ o o » 0,02 0,02
" % pile salt and ofl. . 4 . . . 0,04 0,07

n n spinal fluid alone . . . . alkallne %

Y cc sp. fld. & 0,20 cc., buiyrate 0,14 0,10

L
[ ]
-

Control On ethyl butyrate « « v+ ¢« ¢« « + 0,04 C.08
i " gpinal fluld . . e o . . . 0,02 alk, %

# The spinal fluild was sometimes just faintly alka-~
line to phenolphthalein at the beginning of the experimont
and distinctly alkaline at-the ond of the experimont.
However, i1t never tool more than 0.04 cc. N/100 NaOH to
neutralize the gample. This gain in *"e alkalinity of
the spinal fluld was never enough to mask the increase in
acldity that.- would reasult from the hydrolysis of the
substrate; this can be determined by the controls.
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0.20 cc, of ethyl butyrate, 0.20 cc. of the enzyme
3olution descrlibed in the sectlon on preparation and
materials, and 3.6 cc. of distilled water were care-
fully measured into each of six test tubes, Thls made
a totgl vp;ﬁme of 5 cc.. At the same time six tubes
wvere prepared containgng only the ethyl butyrate and the
enzyme solubtion with enough weter to make the total
éblume 5 cc, A control serles was made up of each of
the reagents; they were: a control of the enzyme aibne
made up to wvolume with water,’ etﬁyl butyrate alone made
up to volume with water, spinal fluld alone with water
and épinal fluid with ethyl butyrate and water as well as
Splinal fluld wilith enzyme solution and water, All the
tubes were ghaken equally . Three of the samples of
each gset were titrated immedlately while the other three
of each set were incubated for 24 hours before titrating
with N/100 NaOH. |
The above experiment 1a tabulated in table II. The
rasults here show that the presence of the spinal fluild
of mﬁltiple gclerosls enhanced the activiﬁy oft the pan~
creatlc lipase or esterase. By calculating from the
amount of.ﬁaOH used, the enzyme alone liberated 0,28 mgse

of butyric acid but in the presence of the spinal fluid
1,58 mgs of butyric acid were liberated by hydrolysis.
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Table II.
The influence of multiple sclerosis spinal fluid
on the esterase of the pancreatlc enzyme preparation.

Each value listed is an' average of six samples.

cce N/1OO NaOH
Preparation : Before After

L ce. sp. £ld., 0.2 cc enzy., O.2cc buby. 0,47 2,01
0e2 cc. of enzyme soln. & 0.2 cc butyrate 0.36 0,65
Control on 0.2cc enzyme in water « « o+ « o 0,11 0.13
" " 0.2cc butyrate and water. « « » 0,04 0.07
" " lece spinal fluild and water. . . 0.05 0,05
n " 0,2 cc enzyme & 1 cc sp. £fld. o 0,12 0,14

Table IIT.
The influence of the spinal fluld of multiple sclerosis
on the hydrolysis of olive oll by pancreatic lipase.

Each value listed 1s an average of three dupli%ate samples.

cc. N/100 Mgs acl %

Preparation NaQOH formed Hydrol.
Lipase gystem without sp. flde . 5.25 5,60 3,01
Control on enzyme solution « « 0.45

" " lecc. of olive oil. » 0,00
" " lecc. spinal fluid. . 0,00
u " spinal fluld & o1l « 0,00
Lipase system & 0.5 cc. spe 1fd. 5,90 Ted2 4,07
1.0 cc, " " 6435 8.68 4,76
! " 4,0 cc, " "o, Q.68 18,00 9,89
Spinal fluild specimen # 4
Lipase system & 0¢5.cC 8D, fld. e 5,40 6,02 . 3.32
lcc. M e o« 7,00 10,50 5476
n v 2 co. n ", . T.22 11.12 G.12
'.' ! dce, " M., 7,48 11,84 6450
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The above experiment was repeated using olilve oil as
the substrate and 1t was perforﬁ,d on a larger scale in
150 cc Erlenmeyer flasks with the hope of making the
results more distinct. Hereaftér when the term "lipase
system" 1s used 1t refers to the samples made up as
follows: 2 cc. of enzyme solution, 1 cc. of olive oil,
and water to make up to- the volume Indicated. Except
where indicated; olive oil is the substrate used in this
"lipase system". In the subsequenf_expepiments thei
tota; volume of each flask was 15 cce  Table IIT giﬁes
the results obtained from two different specimens of
Spinal fluid of multiple sclerosils, Varying smounts of
the spinal fluid wore added to the lipase systems. Here
1t is again evi@ent‘that the aspinal fluld of ﬁultiple
8clerosls activates the pancreatic lipase.

In all the above experiments no attompt was made to
buffer the lipase systems to an optimum pH for the pan-
Creatic lipase. Table IV shows the results obtained
when uging a phosphate sodium hydroxide buffer. Since
'the enzyme solution is acid in reaction and increases
;nﬂapidity during tho éncubut;oﬁ 1t was decided to try
a blank lipase sysfem wh;ch'coptained boiled enzyme
for a contyol..The initial pH of the samples was Be35 :

as dotermined with the pH electrometer. Afterxr
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Incubating for 24 hours the samples were titrated back
as nearly. as possible to thé original pH by matching
themmj with a blank which was tested on the pH lectro-
meter, By using these blanks for controls and titrating
back to the initial pH All of the initial titrations
were taken as zero. .

‘Table IV.

The effect of the spinal fluid of multiple sclerosis

on the hydrdlysis of olive o*l by pancreatic lipase.

The pH of each sample was 8,35 vhén made upe

cce.N/20 Mgs. acid %
Preparation __ _ . NaCH formed Hy@rol-

Lipase system alone « ¢« + + o o 1le64 158465 1945
" " o o o o s o 11458 167.21 17.29
e o o o 11,61 157,63 |, 17.34

{? 1 i .
Blanks with boiled enzyme . + o 0:.35 f
it 1 i 11 . ’ . O . 31
1 hy) 1n. 1 . ; . O . 52
4 1} i HH . o » O . 32

Lipase system & spinal fluid. . 11,90 161.88 17,80
" " " oo, . 11.88 162.80 17,77

._;" - no- n " e o 12,00 163,08 17,94
Specimen # 7 :

Lipase system alene o « o o o « 10.66 144,50 15.89
! o o o o » o 10.81 145,59 16,01
" " " e o o o o o 10443 141.28 15.54

Blanks with bolled enz?me e v » 0432
. 0,33
0433

n " "

Lipase system.& spinal fluld . 11,21 152,18 16,74
] n " 11.00 149.25 16.42
n ] n " 10,96 . 148,85 164,34
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Table IV agaln makes 1t obvilocus that the spinal
fluld of mgltiple sclerogsis exerts an activating influence
on the pancreatic lipase. In the case #f specimen
number six of the above table the difference in the hydro-
lysls caused by the presence of the spinal fluid does
not seem to be very great, Never—~the~less the Increased
hydrolysis is significant when one considers the fact ‘
that 1 cc. of the N_/zo NaOH is equivalent to 13.97 mgse
of the oledc acid’and that the experimental error here
does not exceed O.20cc of the NaOHe It will be noticed
in table IV that tho amount of hydrolysis in the control.
lipase systems for the two different ‘8pinal fluid
Specimens, 1is quite different. This 1s due to the
fect tpat,igx?he °?§9.°f specimen npmber.seven, phe
experiment was performed twoiddys iater and ﬁhe enzyme
aolutlon had stood in the refrigerator for two days
before using and had thus lost a little of its activity.
This faeu should be remembered in the subsequent exper-
iments, since all of them could - not be performed at
the same time the amount of hydrolysis in the control
lipase systems will vary. Whenever a specimen of
8pinal fluild was tested for its Influence on the activity
of the pancreatic lipase a control.lipasewsystem with-
out tho spinal flutd sdded yes run simultencously, -

Thorefore the significant fact 1s to compare the amount.
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of hydrolysis accomplished in the lipase syspems alone
with that of the lipase systems containing the spinal
fluid. The amoant of spinal fluld used to produce this
Increase was 1 cc. in table IV and in all the experiments-
which followe In all cases the lipase system was made
up of 2 cc. of the enzyme solution, 1 cc. of ollve oill,
and water to make the total volume up to 15 cc. Vhen
testing the spinal flukd 1 cc. of the spinal fluld
replaced 1 cc. of the water, thus kecping the total
Volume the same in Fll samples.
(b) The Influence-of Normal Spinal
Fluld on Pnacreatic Lipase.

The sp@na}'flu;d for these experiment was also
Obtained from patients at Dr. McIntyre's offié; and from
the wards of the'General Hospital. ‘The sppcimens used
were those that_were fognd to be normal by‘al; the
labpratory examinatlons,  Occasionally a specimen wasg
found to be contaminated because the technicians did
not use gterile p%pettes.or the sample was oxposed to
the alr of the rdom for too long a time. These samples
were nop“;nc;uﬁgd_in the”resglts,

These experiments wn?e_perfo?med.as usual In sterle
Erlenmeyer flasks of 180 cc. capacltye The lipase
3ystems were .composed of 2 cc. of enzyme solution, 1 cc.

of olive oil and water to make the volume up to 15 cc.
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Controls were run on simultaneously on each of the
Constituents and all the flasks were incubated for 24
hours.  Before titrating 25 ce of 95% ethyl alcohol
was added to each flask, The titratlon value of the
alcohol was determined beforehand and all the values ‘
listéa in the following tables are the corredted vhluese

An expample of the results obtained when useing
normal spinal fluid 1s shovm in table V. It will be
noticed that the increased hydrolysis due to the presence
of the.normal apinal flg&d amounts to an addition of
only 3.57 mgs of oleic acid. This is only slightly
more than 9nough to make a_significant increase in the
hydrolysis. 1In terms of oleic acid the experimental
°rror is plus or minus 2,82 mgs of oleic acid;- this
G§peyim9nt ?hgn épows a signif;cant’éncrease of on;y 0,75
mgs of olelc acid. In texms of percent hydrolysis
this value means an increase of only O. 38p.

_The sl¢ght increase in the hydrolysils vhen adding
normal gpipul_fluid to the lipase system may bo due to
?hevpresgnce of tho small amounts of protein in the
Spinal fluid and the other normal constituents of the

snecimen. The presence of the protein would influence

the hydrolvsis by causéng a more complete emulsifi@ation
Of the substrate. If the amount of hydrolysis is

Inereased by the presence of some activater in the spinal .
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fluid; one would expect a greater increase than is
shown in the results of table Vo For a comparison of
the results obtained vhen useng the spinal fluid of
multiple sclerosis in the lipase system, the results of
table six are gilven. Thls experiment was performed
with a specimen of spinal fluid taken from an active
case of multiple sclerosis. Here the increased hydros
lysis due to the presence of the spinal fluid of multiple
Sclerosis amounts to 50.54 mgs. of oleic acide  The
hydrolysis was accelerated by 17.35% in this case.

~ ;Table VII is a summary table showlng the effect of '
nérmal spinal fluid on the agtivity of pancreatic lipgse,
compaped with.the }pfluegce of’the spipa}ufluid of multl-
Ple sclerosis. Each figure given is a value ;btained
from a different specimen of spinal fluid gnd'reppgsents
&n”gverége of three%duplicate éamples. For the sake of
Convenilence and brevity the results are listed only iIn
terms of the milligrams of oleic acid formed and the
bercent hydrolysis. The average values of all the exper-

lments are 1listed at the bottom of the table.
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Table V.

The effect of normal spinal fluid on the activity

of pancreatic lipase. The values for the control

Samples are averages of ‘triplicate samples.

cCc.N/20 NaOH Mgs acid

%

I Preparation Before Aftgr formed Hyd?ol.
Lipase system alone: . . + 2:50 10,52 111.05 12,21
" TR A v e e s 2,52 10,50 111.47 12.26

! H ", ... 2,49 10,47 111,05 12.21
Lipase system & lcc sp. fld. 2:48 10,70 113.87 12,52
, S w0 oig9 10,73 118.12 12.66
12,67

" 0 noowo M 949 10,75 115.29

Control ONn eNnzymes o o o o o 2:39 252

. " olive oi1l. . . 0.26 0,28
M.t gpingl fluid o 0.20 0.25
lct. 3p. $1d. & 1cc. 0il . 0.26 0.28

' % These values are’ in terms of N/20 HCL because the
Spinal fluid was alkaline and had to be titrated backe.

’I‘able VI.

The offect of multiple sclerosls spinal f£luld on

the activity of pancreatic lipase.

cC.N/20 NaOH MNgs acild %
~_h_?reparation Before After formed Hydrol.
Lipase systom alone: . o ¢ '3:00 14.45 144,91 15,91
y Mol o 4 v 2498 14,44 145,05 15,95
: " "o, 4. 2498 14,45 145,19 15,97
Lipase system & lcc sp. fld 2.97 16.55 175,11 19426
. " wewto W 9098 16.61 175,67 19432
19.29

1 " wou W 2,98 16,59 175,39

Control on enzymes o s & s 250  3.64
" i '0live oil 4 & » 0:35  0:89

- spinal fluid . 0.03 0.04 =
Spinal & olive oil, « . o 0s33  0.28

L ]
® .

# N/20 HCl.
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A comparaetive study omr the effect of normal and rultiple sclerosis spinal

fluid on the activitv of vancreatic lopase,

Mgs Oleic acid formed Percent hvdrolvsis D¥ff. in % increase

Samrple- Controls With sp. fid. Controls With sp. fld.  lics, in hvdrol.
Normal. . . . . 111,19 114,76 12.23 12.62 3.57 0,38
* ., . . . 1l0.29 114.60 12,13 12.61 4.31 0.18
noo. .. .. 132,02 149,75 - 14,51 J 16.52 17.73 2.01
" . .. . . 1b5.27 131.22 15.97 148,43 il.05 154
" e« e e e e ;4u.91 127.88 15.94L wh,06 27.03 1.88
AvBrage . . . . 128.74 127.45 14,16 15.05 17.3U ~0.75
¥ult. sclerosis 89,58 111.15 9.&9 i2.22 21,47 2.33
" u 145,09 164,00 15.96 18.0L 18,91 - 2,08
t "o 145.05  175.39 15.91 19.27 30.34 3.35
J e 15y 183,19 15.97 20,1k 38,05 4,17
- " 187.90 222,46 20.86 2l 50 34,56 3.8l
m: " 131.27  191.2¢  ° 1h.hn 21.01 60.01 6,60
Average. . . . . 110.69 174,58 15.u6 19.20 33%.89  3.73
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(c) Influence of Spinal Fluid of

Other Dlseases.

The srinal fluids from patieﬁts suffering from
diseases other than multipie sclerosis were obtained
frém the same sources as those uged in the above
experiments. The specimens were studled in the same
manner as those described in the foregoing sectionf The
Tesults -are compared in table VIII with the results
obtained by using the spinal fluid taken from patients
Suffering from multiple sclerosis. In these results
1t seems as though the spinal fluids teken from patients
afflicted with hysteria, cerebral arterial sclerosils,
brain tumor or attacks of coma increased the aétivity
of the pancregtic'lipase. . But this may be dﬁé to the
high protein content of the spinal fluid as shown by

the:laboratory examination., This 1is not true of the

Spinal fluids of multiple sclerodise
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Table VIITI

The effect of the spinal fluid of various diseases on the activity of pancrestic

livace ag compared to the effect of the sgpipal fluid of multipnle sclerosis.

} ¥eg oleic acid formed  Percent hvdrolvsis Diff. in % increase
Sample used Controls #ith sp. fid. Controls With sp. fld. les., _in hvdrol,
Luteic men;ngitis.i19.19 114.76 12.23 - 12,62 3.57 0.38
H¥ultiple neuritis 145.00 159.72 15.94h 17.57 1L,72 1.63
Hysteria . . . 148, 4k 176.98 16,32 19.u7 28,81 3.15
Cerebral arterial | S
sclerosis . . 1u48.uk 173,83 16,32 19.17 25.39 2.85
Epilepsy. . . . 110.29 11k.50 12.13 12,61 b:31 0.48
Brain tumor 132,02 142,75 1u.51 16.52 17.73 2.01
Attacks of coma  187.90 213.25 20,65 235,15 é5.35 2.79
Epilepsy. . . . 1k2.92 149,55 15,72 16.u45 6.6% 0.73
Disbetes. . . . 141.56 1h7.92 15.57 16.27' 6.36 0.70
Average. . . . . 110.85 155.59 15.69 17.12 1,73 1,6L

Average for
rmulé. scleroaia 1U0.59 17L.58 . 15.u6 19.20 33.89 3.73
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B. The Effect of Vitamin Bl on

Pancreatlc Lipasee

It was demonstrated in the éxperiments shown on the
Preceeding pages that the spinal fluld of multiple
Sclerosis had no lipolytic activity but that it did
accelerate the activity of pancreatic lipase. Bertrand
and Liber and Randoin (9) and Lewy have shovm the
necessity of vitamin By in maintaining the normal health
Of.thgucentral nervous system. The former authors de-~
mongterted degenerat%ye changes in myelin during a
Vitamin Bi deficiency. In .as much as demyelinatlon is
& lipolytic process it was decided to investigfte the
following questlon:  What effect does vitamin B have
on the activity of lipolytic hydrolysis % IA this, as

~In the prev;oug experiments pancreatic lipase was used.

" To study the effect of vitamin B, on the
activity of pancreatic lipase the egperimgnts were per-
formed in the usual manner in 150 cc Erlenmeyer flasks.
The lipase system was comprised of 2 cc of the enzyme

volume. At the same time additional samples were made

up containing varying amounts of the vitamin. The

Vitamin solution_conbuined s;x 1nternationa} units of

Vitamin per cublc centimeter. Thils amounts to 20 gamma -
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Oof the vitamin per cubic centimeter. All flasks were
treated in the same manner and incubated for 24 hours.
Enough'samples were made up 8O that‘titrgtions could be
Made both beforé and after the ic;bation. The titratlons
vere made with N/BO NaOH and phenolphthalein was used
a8 the indicator. At this stage of the study 1t vias not
deemed necessary to titrate the samples in alcohol,
Consequently the amount of hydrolysids shown in tables.
IX, X, and XI is perhaps unduely low. The rosults
Shown. in table IX are plotited in figuré B.Qnd the results
of tables X and XI are plotted in figure 3. The
amount of hydrolysis shown in tables X and XI are imuch
lower than the amount shovm in table IX. ‘Thi% is due
to the fact that in the former cases the enzyme solution
was not freshly pfepared as was the case in the latter.
It was therefore decided that it was necessary to pre-
bare a fresh enzyme solutlon for each experimont. A}l
the experiments that follow those listed in tables IX,
X, and XI were titrated in alcohol and a correction made
Sor.the amount of NaOH necessary to neutralize the
alcoho; useds q

The impro"ad results obtained by using a freshly
Prepared enzyme solution and titrating all the samples
in alcohol are shown in taebles XII, X111l and XIVe The
results shown in table XII are plotted In figure 4.
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Table IXe.
The effect of vitamin By on the aativity of

pancreatlic lipase.

cc. N/20 NaOH NMgs. acid %

preparation Before After formed Hydrol.
Lipase system alonee .« « 0.85 64,14 69,15 7.60
n " M. s 085 6,30 71.39 7.85
" " M e v s 083 6,28 171,39 7.85
Lipase & 3 units of By « 0.84 5,61 61.89 6.80
" wwooou L 0484 5,62 62,03 6.82
u wouwooow v, Je85 5,64 62,17 6495
u " 6 units of By « 084 5,56 61,19 6473
oo B e 085 5,56 61,05 6671
" oo 4 0485 5,56 61.05 6471
¥ 12 units Bl « 0.85 4,63 48,06 5428
" wouwooou BT, 085 4,57 47.22 5419
U U B, 0.85 4,38 45,96 5.05
" " 18 units By o 085 4.07 40,23 4,82
n nouwou " e 0485 4,17 41.63 4,57
" wew o 1, 086 4,13 40,93° 4,50
u " 24 units By . 0,86 4,92 51,97 5,71
weoooonowon . o 0487 5,03 53,37 5,87
" oo " . 0.86 4,98 52,81 5,80
!.‘ l.' 30 uﬂi’bﬂ !-, . 0087 5055 29090 3.28
" weow oo " o 087 3,40 30.59 3436
" LS U o 0.87 3,36 30,04 3430
!t ’-‘ 36 Mits B" ™ 6087 5.00 25.01 2.75
n wow o vt . 0.86 5,00 25415 2.76
" e oo u e 0,87 3,00 25,01 2,75
" " 48 untts By, o+ 0.88 1,74 7.26 0,79
n LR U, 0487 1.74 7.40 0,81
n oo 9 ", 0,87 1.69 7.71 0,73
Control on enzyme. . . 0.57 0,77
" 51livo oil « 0,02 0,04
',' n 6 units B . 0001 Oo 02
i, "' 18 units él . 0.02 0,02
" mg4g MM, 0,02 0,02
" 04 M % L 0,05 0,04
i, g%%y%e & 24 units By 0.58 0,80
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Table X.

The effect of vitamin By on the activity of

rancreatic lipasee

cCe N/20 NaOH Mgs. acild %
Preparation Before Aftexr foremed Hydrol.
IJ £} alone. « 0065 2.75 52.27 3.55
thase sySt AN « o« 0,85 2,70 3L.57 347
L n W, ., . 0.65 2,73 31,99 3.51
158 Bre o o 0465 1,76 18,44 2,02
Liga%e % b '1. e o 0465 1,77 18,58 2,04
S twoow M 0,65  1.55 15,61  1.71
" g N 0,64 1.62 16462 1,82
" mewooonm D 0,65 1.62 16.48 1.81
moownoomw 0 gaE 1,64 16,62  1.82
" 2 o . .. 0.65 1.21 10,76 1.18
'."' nou '.' '.' e o @ 0065 1025 11.04 1021
" wwooon B, . e 0.64 1,22 10,90 1.19
" g " "y v s 064 1,15 10,06 1.10
L wewooonon 0 0,64 1,16 10,20 1.12
om0 0,64 1,16 10,20 1.12
" " 24 units.By + o 0,65 0.76 4,47 0,49
" n [ [ 0064 00'75 -.33 0047
n " 9 v S U, . 0,64 0,78 4.80 0453
& W mo MM 0,656 0459 2.10 023
" weowow M 0,65 0,59 2,10 0.253
" weowooww O 0,64 0,56 1.82 0.20
n Mgg MM 0,65 0454 1,40  0.15
" w0 0.64 0,49 0,84 0.09
mooomowow . 0,66 0,50 0.70 0,07
i Mo " 0,66 081 5,05 0,55
" oMU 0,66 0,81 5,03 0.55
0 weow w0 0,64 0,80 Bel7 0456
mo o iigg M ., 0,65 0,78 4,75 0452
L o 0,65 0480 5,03 0,55
t nowoowon . 0,65 0,80 5,05 0485
C eNzZyme » « « o« 0657 0,04 (average) of three)
ontr°1 Oﬁ 01132 03l .+ . 0,02 0,02 L L x
! " 6 units of By 0,02 0,02 " " !
1 v =0 " 1t 0.02 0,02 1 i .t.l
" " g0 M non 0,04 0,04 f " o
E By o e-o 0,57 0.88
nlzlme ‘?f 30%11’3 l e & o 0057 0088
" .60 " . . . 057 0,87

-
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Table XI

Tﬁé effect of vitamin By on the activity of

cc., N/20 NaOH Mgs. acld b -
Preparatioh Before After formed  Hydrol.
o o o 0.67 2.53 50.73 3038
Lipase syStem glgn e o o 0465 2450 30459 3e36
" " o, . . 0664 2,51 30,87 3e39
s 065 1461 18,16 1.99
Ligase % it un%ts L o.e 6565 1,63 -18.44 2,02
" weow om0, 065 1,68 19414 24,10
1t g "N, 065 164 18.58 2,04
" oo 0 0,65  1.80 20,82 2,29
L om0 04,65  1.60 18,02 1.98
neooon e on om0 0,65 1.20 12,42 1.36
i w0 0665 1.22 12.71 1.39
L weoowooom me . 0065  1.20 12,43 1.36
nomqg MM 0 0,65 1.15  11.73 1.29
" w0 0465 115 11,73 1.29
" noonooon om0 0,65 l.l4 11.60 %.gg
" " e o 0.65 0,76 6429 °
i R e o 066 0472 5473 0,63
" non v M, . 0.66 0Oe74 5487 0.64
" Woap MM, 0,66 0459 377 Oedl
t ot 0,66 0458 2,93 0431
mooowowoowoom . 0,66 0456 5435 0436
" wogag w0 o o 066 0486 7.54 0.82
mooowonow o m 0,66 0,87 7,68 0.84
Wm0 0,66 085 7 ¢ 40 0.81
n nego "t ", , 0.66 0,85 7,40 0,81
" wouwooowoott o 0,66 0,84 7026 0,79
" meoono 0 0,66 0485 7,40 0.81
Control on 6NZYMOe o & o 0,65 0,00 (aveﬁage 05 thﬁeo)
" olkve oil . . 0002 0,02 " " "
" " 30 units By . 8'@2 8'82 ) N
Enzyme &38 un%ts Bl T e oos : . N
. 60 " o o o 0,65 0,95 " w
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It wag noticed when plotting the results that although
the vitamin inhibits the action of pancreatic lipase,
the emount of inhibition 1s not directly proportional to
the aﬁmunt of vitamin Bf used. There 1z a low poiht in
the curve where 18 units of the vitemin are used and a
rlse to the point where 24 units are used. This 1is
folloved by an incfeasingly less amount of hydrolysis
with an increased aﬁount of the vitamin present in the
lipase systems In order to find the lowest and the
highest points of the curve the experiment shown table
LIV was performeds The results are plotteﬁ in figure
S¢ This experiment shows low points at 17, 23, 30.
and on to 100 units and peaks at 22 and 25. . Thease were
Consistent througgout the entire study and remain to be
éxplained. However, the inhibitlvo effect of the
Vitamin 1s very significant; in some cases there 1s over
Tifty percent inhibition. All of the experiments which
Were performed to shdw the inhibitory effect of vitamin
Bl on the anctivity of pancreatic lipase when olive oil
vas used as the substrate, are shown in a summary form
In table XVe Each figure given in this table is an
average value computéd from at least 180 trisls with the
exception of thase listed when usdng 90, 100, and 150
units of the vitamine The average values of all the

Oxperiments are plotted in figure 6.
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Table XII.

Tﬁe effect of vitamin By on the activity of pan-
creatic lipase. All titrations made in alcohol. The
values listed are the corrected values after subtracting
the titration value of the alcohols

, cc. N/20 NaOH Mgs acld %
_ Preparation Before Arter formed  Hgdrol.

Li Ges o o 4,20 16,85 164,78 18.11
R sysien win e o o o 4419 17,10 168.90 18,58
n " ML, e s 46419 16,90 152.11 16.73

: By . . . 4,22 14,06 124,73 1372
Lipase & §wnpte T U T ALz 14,10 125.44 13,79
wooowwoowmoomo o0 439 16,90 152.11  13.72
W oy owo M a2] 1330 11B.59 12.49
W we . ., 4,20 13.24 112.88 1241
Wooowm wow . . 4,21 13.24 112,74  12.40
a @ ogp m W . 4,21 13,50 116469  12.83
noo@ mow WL .. 4,22 13,50 115,55 12671
@« w w o w W .. . 4085 13,50 115.55 12,71
W49 0B ., 4,22 12,25 098,91  10.11
W omow @ L . . 4,21 12,90 108,22 11990
Wooow o ow R . o . 4,22 11,60 90430 9493
" omq00 "M .. . 4,22 10,70  77.04 8447
wooowcm w0 0 a.0e 10,72 T7.32 8.50
n nowooonow 4,22 10,05 67«87 7.46
Control On 6Nzymee « « o o 3070 4,62 (average oﬁ thﬁee)
" 1 o1ive 01l o « o 0450 0.53 " "
" * 12 units B, 1 .. .00 0,04 " " :
m wogpg o om0 0,00 0,04 u noo
" magag ", , 0,00 0,05 - u n g
" g0 % " ,, 0,00 0,05 " woo

En‘Z'YmG & 6 uni!‘.tsB'l o o o 3670 4.60 " n ::
1

1t 1. !
24 s e o 5068 4062 !‘ "} ‘!

_n go " v ., ., 3,70 4,65
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The effect of vitamin By on the gctivity of pan-

creatic lipase,

A1l titrations hade in alcohole

cce. N/20 NaOH Mgs acid %
—___ Preparation Before After formed  Hydrol.
- . o e e 43  11.65 125.30 13.78
Uippee syajo alﬁne. “ o . 2:24 11,70  12b.44  13.79
n " o, . . . 2442 11,72 127.13 13.98
' v . . 2443  B8.90  87.48  9.62
VPgre & St il Sis om0 87.  9.62
] I O - Y/ £~ 8,90 87.62 9.63
L ltl 12 " n o s o 242 ° 9.50 96,00 10,57
1 nou wooow . 2,41 9,58 97,36 10,71
n noon " o . . 2442 9,60 97.,50 10,72
Woowmoqg R m . 2,42 10.85 106487 11.73
moowTwoomow 2,42 1026 106467 11.75
woowowoomow o 00 2045 11.00 117,25 12489
noo 18 ! . . . 2,42 11.43 123.32 13456
wooon W, ., 2.44 11,43 123,04 1353
nooohow @0 o453 11,40 122,76 15,50
-;' ;’ 96 " i e o o 243 9.20 91,15 10,02
- VX 9.20 91,15 10.02
Woomowoomow ... g2 9,20 91,156 10.02
momgs0 8 M . . . 2,45 8,80 85,93  9.45
n T w0 . . . 2,44  B8.80  84.66  9.30
W W m a . .. 3.42  B8.82 86,49  9.62
* Control On 6NzZyme . « o« =2el5 227
h olivgmoil e o 0.2 0.28
: v " 90 units By . 0.02  0.02
" lis0 ¥ M, 0,05  0.04
Enzyme & 6 units By « o o 2415 2.28
" nogg M . . 2415 2.30
— "o "M, . 2415 2.29

% A1l the values listed for the controls are

averages of threo samples.
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Table XIV.
The effect of varying amounts of vitamin B, on the

activity of pancreoatic lipase.

cc N/20 NaOH MMgs acild %
Preparation Before After formed Hydrol.

384 17,24 185.36 20,39
3485 14,55 146,74 16.14
3,79 4,00 '

Llpase system alone. .
Lipase & 3 units By. .
Control on enzyme. « .

n " olive oil 0.15 0.21
" " 3 units Bj. 0.02 0,02
u enzyme & Bie o 3.84 4,02

n oil & 3 units By * 0,14 0.21

Lipase system alone. 3,83 17.24 185436 20439

Lipase & 6 units Bye o « » 3,84 14,16 140,52 15,49
Control on GnZyme. « « « » 3.78 4,00 -
T " olive oil . . . 0,14 0.20
" " 6 units B o o o 0,02 0,03
" enzyme & Ble” o ¢ o 378 3+86
" oll & 6 units Bl' e Ool1l4 0.21 f.

1t
3.83 17,24 185,36 20,39
3483 13,72 134,33 14,77
3.79 4,00 ,
0.14  0.20

. 379 4410

1s » 0415  0.22

Lipase system alone. .
Lipase & 12 units By .
Control on enzyme. . .
u " QOlive oil .
" enzyme & Bj. « o
" 01l & 12 unlts B

3485 17.22 1B3.99 20.24.

Lipagse system alone. .
3486 12,88 121.63 15,38

Lipase & 16.8 units By
Control on enzyme. « . 3679 4,06
n " olive o1l . . . 0,14 0.21
? " 16,8 units By 0,02 0,03
” anyme & Blo e o o 3.78 4.12
u oll & Blo e 0 o 0 0.12 0s15

Lipagse system a8lone. . « . 3086 17,25 184,98 20,35
Lip&ﬂe & 18 units Bl ° 3.89 13445 130.24 14,32
Con¥rol on enzyme. . o o 378 4,02 -

" " olive 01l o o o Oell 0.15

v " 18 units By . « 0,02 0.02

" enzyme & Bl + s es 3678 4,12

" 04l & 18 uniys By . 0.12 0.16
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Table XIV (continued)

cc. /20 NaOH Mgs acid %

Preparation Before Aiter _ formed Hydrol.
Li ase s stem 2loNBe o ¢ o .3.88 17026 ’ 184.56 20030
Lig&se &ylgoz units Bl e o . 5.90 13.40 128054 14014
Control On GNZYMEe o s o « Se78 4402

" " 51ive oil o o o 0011 0,16

'-' ‘-! 19.2 units Bl . 0002 0005

" onzyme & By ¢ + ¢ o 5478 4412

" 041 & Bye o o o es 0412 016
Lipase svstem alone. o « o 3688 1727 184,56 20,30
Lipase & 22.8 wnlts By » o 5490 14,76 147.45  16.21
Contxol on enzyme. « « o o 376 @00

" U 5jive 0dl « o o 0411  0.16

‘-' ‘.' 22.8 mlits Bl ) 0002 0004:

" onzyme & Bye o o ¢ 379 4,16

N 041 & Bye o o se o 0412 0,16
Lipase svstom 8lon6e o o o 386 1725 185,12 20436
Ligaae &y24 units Bl e o o 3.89 14031 141&38 15055
Control on enzyme. s » « « 8478 4,02

" u 011 e o o o o o Ooll 0014

" (=¥ ¥/ e & B ¢ o o o 381 4,18
Li aase g Stem AlONGe o o o 5.83 17.25 185069 20042
Ligase &y25.2 units Bl o o 3088 14.16 152495 16.82
cOn\’,rOl on anymeo e o o o 5078 4:.02

" " olive oil . . o 0,11  0.15

" t 05,2 units Bl + 003 0.03

" enzyme & Bfo e ¢ o o 3679 4,19

" 511 and Bye ¢ o o o 0.12 0416
Li ase 8 om aloNBe ¢ ¢ o 5.84 1125 185.56 20039
Ligase &ygg unéts Bl o o o 3.87 13.00 122019 ’ 15044
Control on enzymes s « o o 378 4,02

" " olive 01l + o o Oell  Oeld

! " 30 units By o o 0.05 004

" anzymo & Bie o o o 3480 4.2

" 0.12 0.16

01l and Blo o o o o
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Table XIV (continued)

cc N/20 NaOH Mgs acld %
Preparation Before After formed Hydrol..
. 5 6 20,39
Lipase system alonGe « « o 385 17.25 185.3
Control on enzZyme. « « o o 79 4,00
" " olive 01l .+ . . 0.1l 0.15
t " 36 units By « o 0,02 0.02
" QnZ'y]nG & Bl e o o o 5.90 4,22
L oil and Bl e o o o @ 0012 0015
” 4,98  20.35
Lipase svatem alonee o » o 3485 17.23 18 . -
Ligase &y48 units By o o o 387 12.86 121:49 13?41
Control On eNZYMee o s » » Se'9 4,02 ;
" Olive oll « « Ooll 0015
? " 48 units B1 . o 0.02 0,03
", anynle & Bl "« o 8 o 5.91 4:.22
l~' oil and Bl e o 9 o o 0.1l 0.16
, 84,62 206,31
Lipase system alone. « « « 588 17.24 1
Ligase &yGO units By ¢ o o 3.91 12.31 118z81 13707
Control on enzyme. » « « « 379 4402
" M olive 01lse o o Ooll 0,15
‘-‘ u 60 units Bl o @ 0005 0005
'-‘ enzyme & Bl ¢« ¢ o o 3080 4024
’-. oll a.nd Bl e ® ¢ o o 0.12 0017
' 05 185436 20439
Lipase system alono. « « « 586 17. "
Lipase & 100 units Bie o o 590 12,35 110,90  12.2
COnLrol on enzYMes o« « » o 3678 4.
" olive oile o o O0l1ll 0.14
? " 100 units Bye. « 0.02 0,03
'~" anyme & Blo e o o o 3082 4‘.25
" olive oil. and By . . 0,12 0,16
6 units Bl equals 20 gamma of Lhe vlgamin

48 v " " o160 U

-

-
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Table XV,
A swmrary table of 180 trials to demonsirate the
luhibitory effect of varying amoynts of vitamin Bj on the
activity of pancreatic iipase. Olive oil was used as

the substrate.

Un: : 3 is Dift.
Unisty cid formed Diff. In % hydrolys B
Bit g%;age 1 Control  Mgs. with Bl Contr. % hydrol,

3 146,74 185,66 38,92 16.14 20.42 4,28

6 111,14 164475 53,61 12.22 18,12 5490
12 ' 109.21 1584.76 55,55 12,01  18.12 3011
7. 117.17 185,30 68,13  12.89 20,38  7.49
8 127.19 165.56 38,37 13,98 18.21 4423
19  127.61 185,26  57.65 14,03 20.3§ 6435
23 148,99 185.47  3€.48 16,39 20,40  3.91
24 133,11 177.67 44,56 14,64 19,54 4,90
25 145,10 185,82 40,12 15.96 20,44 4,48
S0 122,19  185.36 63.17  13.44 20,39  6.95
36 120,78 185,36 64,58 1%.28 20,39 7.1
48 " 104,86  173.45 68,59  11l.53 19,08 7,55
60 85.26 173.27 88,01 9.47 19,06 9.59
90 91,15 125,56 34,61 10,02 13.81 3679
100 111,90 185,36 75,46 12,31 2039 8,08
150 85,69 185,76 40,07 9,42 13,83  4.41

-~
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A question arose concerning the offect of the vitamin
in the presence of some activator such as bile salts.
To show the offectiviness of the vitamin under this con-
dition an experiment was performed in which bile salts
Were added to tho samples as well as vitamin Bye
Additional samples were prepared without th? addition of
the bile gelts to show the usual effect of the vitamin.
The results of this experiment are shown ip table XVI.
Here .60 internatiénal unlts, or 200 gamma, of the
Vitamin were employed in the presence of bile salts and
the inhibitory effect of the vitamin was not apperciably

8ffected. A  6.4% bile salt solutién was used ; one

/

Cubic centimeter of this solution was added to each

Samnle,

In this experiment the decrease in hydrolysis
Caused by the presence of the vitamin without the additén

°f blle galt amounts to 34.09 mgs. of oleic acid or
11.31 g hydrolysis in contrast to 8.34 % when vitamin

1 f
81_18 present. This 1s equivalent to an inhibition o

26425 9 When the blle salts are present there 1s a

/o

decre g6 in hydrolysis of 52.06 mgs oleic acld or a
difference in percent hydrolysis of 5.36%. This 1s

an inhibition of. 20.26%.
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Table XVI
The offect of vitamin By on the activity of pancreatic

lipase in the presence <l bile salts.

Gc. N/20 ligs acld %
Preparation NaOH formed Hydrol.
e o s o 8400 96470 10564
bipase syspEm algne: ToLL L. . 8.80 108,08  11.86
! " B .. e e s 850 103,85  11.42
v - + » 18450 243696 26985
Li%ase sySkem WLEh bi%e sa%t « o 1850 243,96 26483
! " weooowo o, 17,70 252,67 25459
' . : | . o2 6e74
Lipase system wish SO"i.u. B%, . 2388 gégzg 006
i, ] Lo . .
u " " " W, ., 7.10 83.81 9.22
" . 15 55 21,61
Ligase, Soni.u. %1 & bi%e Sﬁl 1o e Nt
" " " weoo 14450 187.24 20459
-« Controls .
Enzyme . in wateTs o « o s s o ° éééz
Olive oll Contro:].o ° o . oo ° 0002
Control on 30 unlts By ¢ o o ¢ ¢ 0302
Bile S&lt contr01 o o v o o 0 1052
Enzyme and bile galt « o o oo . 001’7
OliVG olil and bile Sﬂ.lto . o o . 0005
Bile salt and 30 units Ble o o l’ll
EnZYIne' and 30 units Bl P I 0018
olive and 30 unlts Bie o o o o 1311
Enzyme, 30 units Bl and bile galt 0.19
Olive oil, 81 end bile salt. . . e

30 units of vitamin equals 100 gamma
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It 1s clearly evident from the foregoing experiments
that vitamin By has a decided Inhlbitory effect on the
actlon of pancreatic lipase., The inhibition amounting
to as high as 26% depenéing upon the amount of the
Vitamin used. Is this inhibitory effect also manifested
in the case of esterasess?. -This question is apswered ip
the experiments which.féllow.j

To study the effect of the.vitamin on the:activityj
of osterases pancreatic ester%sé waé used; tyis is
Contalned in the same prepara?ion as described-in the ‘
890£ion on materilals and perp&rations. The experiments
Were performed’in exactly the same mamner as t?ose de-
Scribed gbove except that 0,20 cc,;of ethy; butyrate
vias substitﬁted.for.the olive oll substrate. Thg
Contpol esterase flasks contained ?cc. of enzyme, 0.2 cc
of ethyl butyrate; an& Qater éo.make up to vqlu@e. To
Show the offect of the vitamin additlonal flasks were
Prepared in which varyiﬁg‘aﬁoﬁnés of vitamin Bj were
Substituted for the correct. amount of water to keep the
total éolﬁme 15 cc.  Controls were run on each of the
inéredieﬁté ;f the samples., - All flasks were shaken
Tho results are

equally and incubated for 24 hours.,
shown in tables XVII, XVIII and XIX.
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The effect of vitamin By on the hdyrolysis of ethyl

butyrate by pancreatic esterasc.

—

g

cc /20 NaOH Mgs acid

—_Preparation . Before After fo?med Hydrol.
Enzyme and butyrate. . . 1.05 10,00 38,72 29,10
n t " ... 1,056 10.05 38,94  29.21

" " " ; ; ; 1.05 10,15 39,58' 29.54

" " " ; ; ; 105 10,11  39.20 29441

" L . ; ; ; 1;05 10.15  39.38 29,54
e L ; ; ; 1.05 10.20  39.60 29,74
ﬁyarages"; ; ;". ; e o o« 1,05 10,11 39,21 29446

: Enzyme; butyrate & 18 By 1,05 9,53 36465 27456
n n non 9,08 9453 35?6§ 27456

n " "o" 1,05 9,80  37.84 2Bed2 -

n " non 1,05 9455 55?74 27.58
1 ' " TRY 1;05 9.75  37.62 28425
" " mow 1;05 9.94 38446 28,93
éxggages; ; : ; ; ; ; e 1.05 9,68 37,33 28,05
Control on enzyme . e +» 1,00 1.14
Control on butyrate . . 0.01  0.02

Control on 18 lous By o 0.06 0.06

Control: enzyme & By. . 1,08  1.22
Butyrate and Bye « o+ o . 0,07 0,07
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Table XVIII
The effect of varying amoupts of vitamin Bj on the

activity of pancreatic . esterase.

’ c/
cc N/20 NaOH Mgs. acid A
Preparation ) Beforo After formed Hydrol.

Doy e s 0.94  10.00  43.21 52441
e y butgrate: "7 .o 9.88  42.68 32,10
w0 Two DL, 0494 10,10 45,65 52,79
- 2, 275

6 1. WeBy +94  9.80 4233 1.
Enzyme butyrate’ 1o 94  9.65 41.67  31.38
" u n 095 9090 41.23 51093
' o 0 : 5221

E tes o » » 0.97 9,94 42,94 524
napme & bugyre L. .. 0.96 9.97 43.12 52440
Mo omeee L, . 70497 10:04 45,22 §§,gi

: o, By & buby.0,97 985 42, 51
gy & 12, e Toior  eigv  42.64 52015
n 1 n n 0,97 9,91 42?81 32:20
- . . . . ‘ . . 18 52;54

ates o o o 0s95 10,04 43.3 :
Hnfyme & putyrar .. . . 095 10.14 43.82 55,82
! Moo, . .. 0495 10489 47,25 gg,zl

! . . . . 0495 10.00 43, .
i 14D wagts T Lo . 0495 10,01 43.25 §2,§§
Wooowmoomow o, 0,95 9.90  41.23 50+95
: putyrabes o i+ 0s89 10:12  59:16 29,39
Sngymo & buWmm; S . . 0,98 10.06  38.96 29,18
L o T o e o 0699 10415 53,22 gg,gg

C .. . 0,98 10.00 38. .
i zﬁ ungte T DL . . 0.98 9.98  37.49 28,84
n ] n M, . e o 0s,98 10.02  3B8e76 29.11
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Pable XVIII (continued)

ce N/éO NaOH HMgs acld %

Preparation ’ Before After formed Hydrol.
. : : ; 29,63
v C t o o o o @ 0098 10.20 59.56 o
nnﬁyme ¢ butgr& e; oL L. 0.98 10.25 39.78 29,82
" " Ve o o 0,98 10.10 seggé gg,gg
¢ Bl oo -9 o o 0.98 9,89 38 .
uigh 39 un%ts wt L. . . . 0,98 9.85 38,02 29.10
" n u " « o o o o 0.98 10,01 58?72 29.10
Y : 59, 29,47
A Y t@e o o o o 0099 10015 Ogogg e
Enﬁyme . butgra e; Tl L L 097 10.20 39.36 59,52
"o " v o 0.f  10:42 40,56 50443
" e Bn ' . 9.45 36426 27.20
Y o Ue B e o 0098 okt ¢ ’
", wigh 60"1 ut . 0,97 9.88 3B.38 25.53
" weooo o, . 0.98 8,99 34.25 27.05
' S lo s . 0.97 10316 39.42 29,57
Enﬁyme “ butgrate; v oo s s 0,99 10,25 39.74 29,81
! "4t e 0,08 10,25 89,70 ggago
Y £3 Bro-o o- v o 099 9,10 94, 'O
wigh 190 un% ¥ wt . Z . Z 0.97 9.00 34,32 25.73
" " " n ] [ ] . [ ] [ 0098 8.99 54023 25.6
anprqlg
. .13 of three)
Controlon onzyme. o« o o o O?QO 1,1; ( aveﬁage of s
" on ethyl butyrate 0:02 0.0 ! M
1 6 units Bl' . . 0302 0.0? ,.' " "
" 24: " '" ) . 0003 OQOO . -
e X : I 1 1
%100 M Mo, e 0.04 0,04 o ;
Enzyme & 100 " o, o+ 093 1.16 ) b
Butyrate & 100 units By . 0.06 0.06

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



52

Table XIX.
A summary table showing the effect of vitamin By
on the activity of pancreatic esterase. Each figure

listed represents an average of 21 trials.

Unlts Mgs acid formed Diff.‘in Hydrolysis Diffe. in
By _With B) Control‘ - MEse With By Contr. % hydrol.

3 36443 Ao 24 5 81 R7.32 30.19  2.87
6 41,74 45,18 1. 44 31402 55,45 1,4i
12° 42,78 43,14 o 36 35&05 35,58 0.53
18 42,56 -44,77 L 2. 21 | sé,oo 55,59 1,55
24 58,31 39,12 . o. 81 25,75 25,55 0,52
50 38,51 39,42 1,11 25,73 29}§7 0,84
36 3894 39 aP o,aé 28,86 25,42 o,é&
48 39,18 a9 22 0.04 20,39 25,42 0,64
60  36.62 39 61 2,95 2%,49 25,72 2,é5
~L100 34.8%  39.55 - 5. 15 25081 29,75  3.93

% Tho systems or samples made winh enzyme and
ethyl butyrato only -are here deslgnated as the controls.
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Leclthin is an important constituent cf ?he nervous

tissue and particularly of the myelin sheaths. In
multiple sclerosis the primary lesion consists of a
degeneration of the myelin; and in the advanced stages
of the diseaee the myelin is completely destroyed in
numerous patches throughout t@e spinal cord. "It was only
nutural; therefore that lecithin was:used ae.substrqte

in thas investigation. ‘

A one percent solution of lecithin, despribed in the

section on materials and preparatioeae, was employed
as a subst;ate in these experiments.  The experiments
were perfo;med in the same manner as Phose inayhich
olive oil er ethyl eutyrate viere used as the substrate.

However, the amount of the lecithin present was so small

that N/lOO NeOH was used in these titrations. The

control lipase systems were made up as follows' 2 ce of

eénzyme solution, 2 cc. of lecithin solutin and water to

make the total volume 15 cc. To show the effect of the

Vitamin the desired amour. of vitamin solution was sub~

Ay p on
for the correct amount of water. Controls were run

6ach of tho congtituents as ehown in tables xx and XXI

where the results are listed. Here it is again evident

that the eitamin inhibits the action of the enzyme on

the lecithin substrate.
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The effect of vitamin By on the activity -of pancreatic

lipase vhen useing lecithin as a substrate.

o/
cc /100 NaOH ligs acid /o
Hydrol.
Preparation Before Aftor formed yd
- . 8 46.90
Lipase system alones . « ¢« 096 gf%g ?g’gg S0 45
Lipase system, 18 l.u. Bj. 90 o?és
Control on onzyme. « « - 0450 ?10
n n lecithin « + 0.10 Oo
"o " 18 units By. . 0404 o,gf
" enzyme & Bl. e o o o 005§ 8‘16
" \ lecithin & Bl . 0 o ® 0010 .
Lipnse system alone . + « 095 gggg i 890
Lipase system, 18 1l.u. By 0592 0?87
Control on enzyme. « « « « 0450 0?16
. " lecithine « « + 0410 +16
i} ] 18 1. u:. Bl. . 0.05 8095
" enzyme & 18 1. . Bl 056 0020 )
" locithin & By e+ o o + 0.15 0. .
: : ; 9,04 45,20
Lipase system alonee o ¢ o O,gg g,gg '90 39450
Lipase system, 18 1. ue Bj 0351 O?éS
Control on enzyme. « « » ¢ Os 0i10
" " 1301thin L] o. L] 0019 OOb
" " 18 dius By o e 0.05 DelW
" anynle & Bl. o 6.8 o ® O.ig 0.1’7
" 10011&111’1 L . o-o:O . 0‘ ¢ . ;
; .19 9.,39  46.9
Lipase system alones +  + 0695 g.%e Plhe 3545
8 i. uo Blo 0092 ¢
Lipase aystom, 1 051 0.87
Control on enzyme. « + s+ . o
" " thin « « 0.11 oL
leci e 0.08
" " 18 L. ue By e o 0,0; 0ton
| ogname & By .- 0N 0 .
" lecithin & Bl RN . ‘ 2185
- ; ; .28 9,57 fe%9
Lipage system alonoc. « o -« 8383 Z;go a0 45,95
Lipase system, 18 1.us By. 0350 o 85
Control on enzymeé. « o « * ¢ 11
" lecithin . » .+ 0010 8.%5
" u Bre o o 0605 .
18 iouc l ‘ ! 0
0655 0.9
o qonegme & Ble vttt tous 0416
___" lecithin & B'] e o o ® [J
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Pable XXI.
The effect of varying amounts of vitamin By on the
activity of pancreatic lipase when lecithin is used as

the substrate.

cc N/100 NaOH Mgs acid A
Preparation Before After formed Hydrol.
Lipase system aloné. . . « 0,83 5.62 6.88 - 34400
" " oo, L % . 083 5.90 7,33 36465
" " "o, . . . .0.85 5.56 6.98 33460
AveragGO » ® e ® s = 5 ® = o0.85 5'69 6.98 54042
Lipase system & & units By 0.84 5,50 6464 334401
; " 6 ! " 0,82 5.30 6435 31,75
i n 12 " . M 0,83 4.80 5.54 27.'70
1 -oon 18 " M 0,85 470 5450 2750
i u o4 M .M 0.0.85 5,35 6.38 31.90
n 1" 30 M . 0.83 4,90 575 28666
i i 36 M " 0.86 5.00 5.81 29,05
) n ag " . 0.84 4.65 5.28 26,40
" moogo M. M 0,85 4,45  4.94 24,70
v moo100 " M 0.86 3.55  3.49 17,45
Control on enzyme. « » sos 0e61  1e20
" lecithin . =~ ~ = =~ 010 0,10
” " 6 units By. . + « 0,04 0,04
" 18 . w7, ., . 0,04 0.04
" 48 M. oM, L, . 0,06 0,07
" 700 * w., ., 0,06 0,06

% " All values listed below the star are averages of

three triplicate samples.

}’-

-

2 A
’

. v
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Ce Spinal Cord Studies,

From the results in the preceeding pages it is ob-
Vious that the vitamin has a decided inhibitive effect on

the activity of pancreatic lipase and esterase. In order

to correlate this work with multiple sclerosis and show a
8imilar relation between the vitamin and myelin, épinal
cords wdre used as substrates. Supposing then, that the
demyelination whdch occurs in multiple sclerosis 1s an

enzymatic hydrolysis, does the vitamin inhibit the action

[

it
¢
IS
AN

of the enzyme as it does in the preceeding experiments

and thereby prevent de@yelinaﬁion ?

The spinal cords of rats were used first in these
experiments. Tbree,‘ adult normal rats were chosen for
each experiment. After the rats weﬁé killed’sﬁddenly bj
a blow on the hea@ theip spinal cords were removed by =
sterile technique. Each cord was placed in a separate
150 cc. Erlenmeyer flask which contained 30 cc of an 0.85%
The three flasks were then labelled

Saline solution,

"AM, WBM gng "G" respectively., ‘o flask “B" was

added 30 units {100 gamma) of vitamin'Bl. After the

Tlasks stood at room temperature for three hours 4co of
the enzyme solution was added to flasks A" and "B" and
the flasks were shaken gontly for the puipsae of~mixing

Nothing was added to flask "C" which

-~ -

the contents,
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was lkept for a control. Now flask "A" contained the
saline solutilon and 4 cc. of the enzyme solution in
aédition to the spinal cord; flask "B" contained the
spinal cord in physioloéical salino with 4 cc of ?he
enzyme gsolution but 100 gamma of the vitamin also, while

=0/

; 8
flask "G" contained only the spinal cord in the 0.85%
. o
saline solution. All flasks were placed in the incuba
tor at the same time and incubated for 24 hours at 38

5 ks
to 40 C, After the incutba@ion of 24 hours the flas

a
vere romoved for observation., The very cloudy an

v ted
turbid appearence of the solution in flask "A" indilca

‘d* in this
congslderable digestlon; in fact the spinal cord in

5 : ‘ ter
flagk was so macerated that bits of the vwhite mat

3 it ) h" cll
were floating around in the solution. Flask "B" whi

; the
vias prepared in the sume manner as "A" except for

; di-
addition of the vitamin, showed only traces of cloudi

: flask
ness or turbidity indicating less digestion than in

Hp The control flask "C" had remainocd clear. No

‘ he flasks.
putrification could be detected in any of the

> ctive
The spinal cords were removgd from thelr roespe

left in
flakks and fixed in 10% formalin. The golution '

: O NaOH
each 5 the threo flasks was titrated with N/? ’

0T Tho
phenolphthalein being used for the indicator

; N’OH to
solution of flask "A® required 2,38 cc. of tho Na ‘

she ;ion of
neutralize it. 1In contrast to this the solutl
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flask "B" required only 1.85 cc of the alkali and the

control flask required only 0.05 cecs This experiment

vag repeated nine time with the spinal cords of rats and

similar results were obtained each time. The results

of the tiirations are shovm in table XXII. Plate 1 is
an i1llustration to show the appearence of the contents
of the threo flasks at the end of the incubatin period.
The contgnts of each flask were transferred to lerge
tesﬁ tubes so‘that thls photograph could be taken.

. The spinal cords wero prepared for histological
study and stained to demonstrate myelinatinn by the
method of Weigert; modifiod by Pal (110). The
éamples of the spinal cords were sectloned lengthwise

in this case., 'With thils technique the myelin shows ﬁp

as darkly stailned areas and the demyelingted areas as
gray or white areas depending upon the extent o§ the

demyelination, This 1s 1lllustrated in plate 2. This

111ustration shows that considerable demyelinatin alsgo
occurred in cord from flask "By but the greater amount of

demyelination in cord "A" 1s very striking.
The spinal cords were very éofp and difficult to

handle at the end of the experiment. Consequently some

damage was usually inflicted during the handling.

Bettor regults were obtalned in this regspect with the
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spinal cord of a dog. The spinal cord in this case was
obtalned from a dog killed by angsthqsia. The spinal
cord from the upper thoracic region to the lumbar region
wes used, It was carefully cut into a1x pieces of equall
length and two portions were placed in each of three
flasks and treated as described in the previous experi~
ment; The titratiﬁn values of the respective flasks gre
given In table XXII. After “he experiment the pleces of
spinal cord were again fixed in formalin and prepared for

histological study. Cross sectlons of the dog's spinal

cord are shown in plate 3. Here the protective influence

of the vitamin is very distinét. Sample "B" vhich was
placed in 0,85% saline wlth vitamin By and enzyme shows
@ , Sample "A" on the

little, 1ir qhy, demyelination.
. X

other hand, shows very extensive demyelination.
human sgpinal cord; obtained at autopsy from a ?atient
who dled of pnéumonia; was also used for this experiment
to demonstrate the protective influence of vlitamin By.
Cross sectlons of the human spinal cord are shown in
plate 4; In this case the tissue was stained with
lNorgan's stain apd the demyelinated areas do not show up

N Soe
in guch sharp contrast to the myeliﬁatOd area

; the myelin
However, a distinct marginal degencratinn of ¥y

can be .geen in semple "AM of the illustration.
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Table XXITI.

The offect of vitamin on demyelination in vitro Dby

pancreatic lipase.

Cord Sample of cord Sample of cord
used., in saline & in saline & Control.
. __enzyme enzyme & vitamin
Rate o o ¢ o 2438 1485 0405
"ee e . 222 0495 0404
" e e 0. 3404 1446 0404
"ee e e s 2496 1.42 0.05
"ee e s . 3,16 1.38 0,04
" o o s s o287 0.98 ) 0405
"e . e s 2498 0.98 0,05
ey 80 1,20 0,05
e s s . 2.68 1.04 0.05
Dog Qord . e 6,10 3310 0305
Human cord. 15,10 8430 1,90
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IV. Dlsscussion

liost of the evidence to date points toward the
belief that the leslon of multiple sclerosis are caused
by a lipolytic process., This investigation bears that out,
however; not from the point of view that there is always
a demonstrable amount of lipase present in the spinal
fluid; + No lipase could be demonstrated in the spinal
fluld of patients suffering from multiple sclerosils nor
in normal spinal fluid, Thils 1s in agreement with the
work of Sussner (87) Altmann (3) and others. There
gseems to be ample evidence tha? there 1s ahlipase in the
bloéd as éhown by Brickner (15, 16 and 18?, Crandall
and Cﬁor;i (28) and Vell (96)s, However, Weil is not
80 Qeady té élaim that the lipase present in the blood
seruﬁ éf‘ﬁultip}e sclerdsis patients 1s an abnormal
1ipa;0: It seems as though the lipase of the blood is
not ordiﬁa;ily diffusible into the cerebro-spinal fluid
but it is ﬁ;t impossible that some pathological condi~
ti;ns ;ag remo?e the"lipase barrier" betweon blood and
Spinél fluide Even'so; ‘the amount of lipase in the
Qould be smgll énd under normal conditions a éatu?al
enzyme of the organism does not attack normal, }iving

tissue. Bui in the case df multiple sclerosis, where"

‘ 1o0ds
gradual changos heve been taking place over long pex
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of time, changes wvhich might render the myelin more
1iable to the action of a lipase, 1t 1s easily con
clevable that the process of demyélination is a lipolytic
hydrolysis. This 1s all the more reasonable Iif there
is a lipase activating. agent prosent in the cerebro-
spina} £luid of multiple sclerosis as this investigation
shows. Crandall and Cherry and others clalm that the
demyelination of multiple sclerdsis 1s associlated with
liver dysfunction. If, in this case, an abnormally
large amount of lipase, 138 present in the blood it might
diffuesd into thoe spinal fluld and with the presonce of
the activating agent cause an enzymatic hydrolysis of the
myelin, That pancreatic lipase 1ls capable of destroy-
ing myelin is shéwn in plates 2, 3, and 4 and In table
XXII. Evidence has Also been given by some investigators
( 74 and 84) that perivascular disorders which give
rise to»cerebral thrombosis may cause sclerosis. In
this case the authors who gshoy that demyelination takes
place in areas surrounding a rupturod blood vessel in
the brain thereby supp9rt tho thoory that demyelination
is a lipolytic prososs, accomﬁlishod by tho serum
lipase .

One might suggost that tho protein content of tho
spinal fluild used in those oxperiments producod g more

comploto omulsification of the olive oill which was uged
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ag the subst?&te In testing tho activating power of the
spinal fluid. This objection 1s.easily ovor ruled by
tho fact that in all the cases of multiple sclerosis
gtudied the spinal fluid contained a normal or a sub-
normal amocunt. of proieine The normal protein content
of the spinal fluld is 45 mgs%. In one case of
multiple sclerosis the protein content of the spinal
fluid was as low as 30 mgs % but the increase in the
amouﬂt of hydrolysis amounted to 5% more than in the
controls. Another case of multiple sclorosis with a
nofmal gpinal fluid protein content, there was an in-
croase dn hydrolysis of 6%. On the other hand it was
noted that In the case of other diseases where there

wae an elevated spinal fluild protein of 100 mgs % or
more, the spinal fluid caused an incroaso in hydrolysis
of only 2 to 3 %¥. When thoe spinal fluid of multiple
sclorosis 1s added to a lipase systom thore is an increase
of 33%.89 mg of oleic acid. In contrast to this the
apinal f1luld of other diseases caugsed an increase of
14,73 mgs of olelc acid . In other words there 1s more
than twico tho amount of hydrolysis due to the presence
of tho spinal fluid of multiple sclorosis than that
cauged by tho gpinal fluid ©f othor disesascs., This

1s indeod a aignificant difference whon one considors

that tho limit of error in thoso titration experiments
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amounts to 0.20 cc of N/20 NaOH. IH terms of
milligrams of oleic acid thils would make the experi-
mental error plus or minus 2.82 mgs.

The inhibitive effect of vitamin By on the action
of pancreatic lipase and esterase is very sgriking.
Glick has recently demonstrated the inhibition of
choline esterase by vitamin By (108) and this work
is in harmony with hils resulks. In these experiments
1t was not possible to maintain an optimum pH for the
pancreatic lipase because the vitamin is too unstable
in an alkaline solution. The initlal pH in these
experiments ranged from 6,35 to 7 as determined on the
pH electromoeter.

In the exporiments on démyelination in vitro, the
smallest amount of vitemin necessary to prevent the
demyelination was 30 international units (10C gamma).
Thits 1s a much higher concentration than is found iua tho
spinal fluid where 1t is present to the extent of cno
to two gamma per 100 cc. But it must be remombered that
the concentration of tho enzyme used in theso experiments
was also much higher than could appear in tho spluul
fluid during diseases guch as multiple sclerosilse. Thq
objoction might be raised that tho normal concentration
of the vitamin in tho spinal £luid is much too low to

provont domyolination according to this study. But
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1t must be remembered that the concentratin of the
myelolitic substances in the spinal fluld 1is very small
and the procesg of demyélination as 1t occurs in multiple
sclerosis 1s an exceedingly slow process; one vhich
takes place over a period of three or more years. It

an individual has a deficlent supply ®f vitamin By
during this time 1t 1s possible for the process of
demyglination to take placo.

Space does not permit going into detall on the
therapeutic use of the vitamins but the literature abounds
witb publications on the necessity of the vitamin B
complex for the normal health and functioning‘of the
nervous system. - No authors, however, .have presented
fﬁcts vhich reveal the manner in which vitamin By pre-
vents the symptoms caused by demyelination. It 1is
cloar from the results of thils investigatlion that the
vitamin prevents demyelination by inhibiting the action
of the'myelolytic gubstance present in tho nervous
systen, Anothor strilking fact ls the similar;ty be-
tween multiple sclerosis and pernicious anemla. The
nocesasity of a proper vitamin B supply is well knovm.

The alkalinity of tho splnal fluld 1s a factor which
should not bo ovor lookod. Kabtzonelbogon found in the.

c.g0 of ‘mulitiple sclerosis an increase in tho alkalinity
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of the spinal fluid. This would be conducive to the
destruction of tho vitamin present in the spinal fluild.
A gtudy of experimental-demyelin;tion under different
conditions of allkalinity or acidity might reveal sone
Interesting facts on thits subject. In fact this
investlgation provokes a number of interesting questions
to investigate and the subject of this thesls 1s by no
means a closed issue.

V. Sumary and Conclusions.

In this work a study was made of the spinal fluid
of multiple sclerosis. Because of the importance of
vitamin Bj in the central nervous system the gffect of
the vitamin on the actlivity of pancreatic lipase and
esterase was studied. The resulid of the experiments
led to the following conclusions:

1- Thore is present in the spinal fluld of multiple
sclerosis a substance which activates pancreatic lipase.

2~ Vitamin By in amounts as low as 10 gamma
inhibits the actinn of pancreatic lipase and esterase.
This was domonstra?ed by using olive oil, othyl butyrate
and lecithin respectively as substrates.

3~ Vitamin By prevents demyelipation of spinal

cords in vitro by pancreatic llpase.

Minis
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