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I .  INTRODUCTION

M u lt ip le  s c l e r o s i s  i s  a d e g e n e ra t iv e  d is e a s e  o f  th e  

c e n t r a l  n e rv o u s system  w hich  h a s  p rovoked  a  c o n s id e r a b le  

amount o f  in v e s t ig a t io n  d u r in g  th e  l a 3 t  f i f t y  y ea rs*  The 

l i t e r a t u r e  d a te s  back  to  a t  l e a s t  1890 b u t  th e  b u lk  o f  th e  

more Im p o rta n t p u b lis h e d  m a te r ia l  i s  o f  th e  l a s t  tw e n ty  o r  

tw en ty  f i v e  y ea rs*  J u s t  as in  th e  ca se  o f  o th e r  d i s e a s e s ,  

a  g r e a t  advance can  be made a f t e r  s c i e n t i f i c  p ro g re s s  h a s  

s u p p l ie d  new te c h n iq u e s  and new f a c t s  to  p ro v id e  b e t t e r  

m ethods o f  s tu d y  and throw  more l i g h t  on th e  s u b je c t ,  so  

w i l l  m u l t ip le  s c l e r o s i s  be u n d e rs to o d  more f u l l y  and 

p e rh a p s  a  s p e c i f i c  t r e a tm e n t  w i l l  be found*

I t  i s  n o t  w ith in  th e  scope o f  t h i s  p a p e r  to  d e a l  

e x te n s iv e ly  w ith  a l l  th e  c l i n i c a l  and p a th o lo g ic a l  a s p e c ts  

o f  m u l t ip le  s c le r o s i s *  However, i t  i s  w e ll  to  n o te  th e  

im p o rtan ce  o f  m u l t ip le  s c l e r o s i s  as a d is e a s e  and m en tio n  

i t s  c h i e f  f e a tu r e s  w hich w i l l  be p e r t i n e n t  to  t h i s  th e s i s *  

In  E ngland  t h i s  d is e a s e  i s  u s u a l ly  term ed  d ls s e m in te d  

s c l e r o s i s .  I t s  name i s  th u s  d e r iv e d  from  th e  p e c u l i a r  

s c a t t e r i n g  o f  th e  l e s io n s  th ro u g h o u t th e  e n t i r e  n e rv o u s 

system * Numerous a re a s  o f  d e m y e lln a tio n  o cc u r  a lo n g  th e  

e n t i r e  n e u r o - a x is ,  and a lth o u g h  p a r t s  o f  th e  lo w er b r a in  

a re  in v o lv e d , th e  Y/hito and g ra y  m a t te r  o f  th e  cerebrum  

a re  u s u a l ly  sp a re d  and th e  p e r ip h e x 'ia l  n e rv e s  a re  n e v e r  

in v o lv e d  (104 )•
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A p p a re n tly  t h i s  d is e a s e  i3  n o t v e ry  common in  th e  U n ited  

S t a t e s  h u t  G rln k e r  (103) s t a t e s  t h a t  m u l t ip le  s c l e r o s i s  

ra n k s  t h i r d  in  f re q u e n c y  among n e u r o lo g ic a l  d i s o r d e r s .

The sam e«a u th o r  s t a t e s  t h a t  i t  i s  se e n  w ith  much more 

f re q u e n c y  in  th e  B r i t i s h  I s l e s  and on th e  E uropean  C o n tin ­

e n t  th a n  in  t h i s  c o u n try . PatAAnts w ith  t h i s  d is e a s e  

a re  seen  betw een th e  ag es o f  tw en ty  and f o r t y  (103) 

a l th o u g h  undoub ted  c a s e s  have been  re c o g n iz e d  as e a r l y  as 

t e n  y e a rs  and as l a t e  as f i f t y *  B oth  sex es  are, a f f e c te d  

w i th  th e  same f re q u e n c y  a c c o rd in g  to  m ost a u th o r s .  I n  a 

s t a t i s t i c a l  s tu d y  o f  689 p a t i e n t s ,  Gram (39) n o te d  t h a t  

312 were m ales and 377 were fe m a le s , 'w h ile  G rin k o r f in d s  

t h a t  more m ales th a n  fem a le s  w ere a f f e c t e d .  The e x a c t

age a t  w hich th e  f i r s t  symptoms a p p e a r  i s  d i f f i c u l t  to
(

d e te rm in e . The n e u r o lo g is t  s e e s  th e  p a t i e n t  when s ig n s  

a l r e a d y  d en o te  an  a f f e c t i o n  o f  a c o n s id e ra b le  le n g th  o f  

t im e . The p e c u l i a r  f l e e t i n g  c h a r a c te r  o f  th e  e a r l i e s t  

symptoms and th e  a lm o st com plete  re m is s io n s  o f  th e  d is e a s e  

a re  such  t h a t  th e  p a t i e n t  th e  does n o t  r e a l i z e  n o r  

remember th e  a c tu a l  o n s e t .  G rin k e r  s t a t e s  t h a t  c a r e f u l  

q u e s t io n in g  o f  th e  p a t i e n t s  b r in g s  o u t symptoms many 

y e a rs  p r i o r  to  th e  tim e when a p h y s ic ia n  was c o n s u l te d .

M u lt ip le  s c l e r o s i s  i s  a c h ro n ic  p ro g re s s iv e  d i s e a s e .  

T here  may ap p ear v e ry  f a i n t  and f l e o t l n g  symptoms w hich
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c o m p le te ly  d is a p p e a r  and ap p e a r  a g a in  i n  a  more p ro ­

nounced fo rm , in d ic a t in g  th e  p r o g re s s io n .  L a te r  when 

enough o f  th e  n erv o u s system  i s  in v o lv e d , th e  symptoms
t

a re  co n tin u o u s, and th e  p a t i e n t  i s  b e d r id d e n . 11 The 

c l i n i c a l  p ic tu r e  as  v /e lla s  th e  c o u rse  o f  th e  d is e a s e  a re  

d e te rm in ed  by two m ain p a th o lo g ic a l  f e a t u r e s : f i r s t ,

th e r e  a re  numerous and w id esp read  p a tc h e s  o r  f o c i  o f  

s c l e r o s i s  s c a t t e r e d  th ro u g h o u t th e  c e n t r a l  n e rv o u s  system ; 

seco n d , th e re  i s  a d e g e n e ra t io n  o f  th e  r a y e l in a t io n  

s h e a th s  and p r e s e r v a t io n  o f  th e  a x l s - c y l in d e r  i n  th e  

m id s t o f  th e  m ost e x te n s iv e  p a tc h e s  o f  s c l e r o s i s .  The 

a x i s - c y l ln d e r  i s  d e s tro y e d  l a t e r  so t h a t  th e  seco n d a ry  

d e g e n e ra t io n  o cc u rs  o n ly  a f t e r  a lo n g  time*1, (1 0 4 ) . 

V /echsler s t a t e s  t h a t  th e  d e s t r u c t io n  o f  th e  m y e lin  

s h e a th s  e x p la in s  th e  p a r t i a l  im pairm ent o f  f u n c t io n  w h ile  

th e  p r e s e r v a t io n  o f  th e  a x l s - c y l in d e r  a c c o u n ts  f o r  th e  

p o s s i b i l i t y  o f  r e m is s io n s .  I t  13 o n ly  when th e  m y e lin  

and th e  a x i s - c y l in d e r  a re  d e s tro y e d  t h a t  th e  s ig n s  and
♦

symptoms become p erm an en t. "These p a tc h e s  o f  d eg e n e ra ­

t i o n  a re  found  everyw here in  th e  n erv o u s b u t  w ith  a 

s p e c ia l  p r e d i l e c t i o n  f o r  th e  w h ite  m a tte r  o f th e  s p in a l  

c o rd , th e  p y ram id a l t r a c t ,  s t r u c t u r e s  o f  th e  m e d u lla , 

p o n s , m ld b ra in  and th e  o p t ic  t r a c t '* .  (1 0 4 ) . S ie m e rlin g  

and Raeclte s t a t e  t h a t  th e  o l f a c to r y  n e rv e  may a ls o  be 

a f f e c te d  (8 2 ) . In  r e g a rd  to  th e  n a tu re  l e s io n s  o f

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



4

m u lt ip le  s c l e r o s i s ,  A lexander (2) h a s  made an i n t e r e s t ­

in g  o b s e rv a t io n  by  an in g e n io u s  m ethod . By a p ro c e s s  o f  

“m ic r o - in c in e r a t io n ” A lexander has found  t h a t  th e  d e -  

m y e lin a te d  a re a s  a re  d e m in e ra liz e d , A q u o ta t io n  from  h i s  

p u b l ic a t io n  read 3  as fo i lo w s :  "The p la q u e s  o f  m u l t ip le

s c l e r o s i s  a re  d e m in e ra liz e d  l e s i o n s . . . . . . . I t  i s  o f  g r e a t

I n t e r e s t  to  f in d  t h a t  th e  p la q u e s  o f  m u l t ip le  s c l e r o s i s  

in  t h e i r  m in e ra l a r c h i t e c tu r e  m ost c lo s e ly  resem b le  f o c i  

o f  s o f te n in g  o r  o f  Ischem ic n e c r o s i s ,  a l l  o f  th e s e  b e in g  

e s s e n t i a l l y  l e s io n s  o f  d e m y e lln a tio n "  ( 2 ) .

A f te r  re v ie w in g  th e  l i t e r a t u r e  on t h i s  s u b je c t  i t  i s  

s f a e  to  s t a t e  t h a t  no a b s o lu te ly  c h a r a c t e r i s t i c  changes 

o c c u r  in  th e  s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s *  The 

c e l l  co u n t and th e  p r o te in  c o n te n t  may bo n o rm al; th e r e  

i s  a  n e g a tiv e  Wassermann b u t th e r e  may be a l u e t i c  o r  

p a r e t i c  r e a c t io n  to  c o l lo id a l  g o ld . ( 1 ) .  Even in  th e  

a c t iv e  and in a c t iv e  s ta g e s  o f th e  d is e a s e  th e r e  a re  no 

c h a r a c t e r i s t i c  changes w hich a re  s p e c i f i c  f o r  m u l t ip le  

s c l e r o s i s . (51)* However, K erch  (51) found  in  te n  c a se s  

o f  m u l t ip le  s c l e r o s i s  seven  p o s i t iv e  g lo b u l in  r e a c t io n s  

In  th e  s p in a l  f l u i d  and th r e e  In s ta n c e s  o f  p le o c y to s i s  

w h ile  th e  W assermann r e a c t io n s  were n e g a t iv e .  Luhan 

and B a ls o r  (60) c la im  to  have d em o n s tra te d  a m y e lo ly t lc  

su b s ta n c e  in  th e  3 p ln a l  f l u i d  o f p a t i e n t s  s u f f e r in g  from
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t h i s  d i s e a s e .  These a u th o rs  a l s o  s t a t e  t h a t  t h i s  

m y e lo ly t ic  su b s ta n c e  i s  p r e s e n t  in th e  u r i n e .  S u s s n e r , 

on th e  o th e r  h an d , co u ld  n o t  f in d  any l ip a s e  in  th e  

s p in a l  f l u i d  o f  e i t h e r  norm al and abnorm al s u b j e c t s . (8 7 )•  

Swan and Myers (88) a ls o  s t a t e  t h a t  no l i p a s e  -cou ld  be 

d e m o n s tra te d  in  th e  s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s .

I t  i s  o f te n  e x tre m e ly  d i f f i c u l t  to  make a d ia g n o s is  

o f  t h i s  d is e a s e  b ec au se  o f  i t s  s i m i l a r i t y  to  o th e r  

d is e a s e s  o f  th e  c e n t r a l  n ervous sy s tem . In  view  o f  th e  

n e g a tiv e  f in d in g s  o f  th e  s p in a l  f l u i d  and t h a t  no 

sympijoms and la b o r a to r y  f in d in g s  a re  a b s o lu te ly  s p e c i f i c  

f o r  t h i s  d i s e a s e ,  th e  d i f f i c u l t y  o f  a d i f f e r e n t i a l  

d ia g n o s is  i s  o b v io u s . Hov/ever, th e r e  a re  c e r t a i n  

symptoms w hich ap p ea r w ith  c o n s ta n t  f re q u e n c y  so t h a t
f

a u t h o r i t i e s  such  G rin k e r  and W echsler (103 and 104) 

d iag n o se  th e  d is e a s e  by th e  fo llo w in g  g roup  o f  symptoms:

1 -  Nystagmus ( o s c i l l a t i o n  o f th e  e y e s ) .

2~ Speech  changes (• slow  o r sc a n n in g  sp eech ) •

3 -  I n t e n t i o n  o r a c t io n  tre m o r .

4 ~ 'S p a s t i c i t y  o f  g a i t .

Abscence o f  th e  abdom inal r e f l e x e s .

6 -  M ental symptoms, n o t f r e q u e n t ,  b u t th e re  may b e , 

a  sp o n tan eo u s l a u g h te r  and a f e e l i n g  o f  w e ll  b e in g .

7 -  O p tic  n e rv e  i s  o f te n  th e  s e a t  o f  a f f e c t i o n .

8 -  A lte re d  r e f l e x e s ,  e s p e c i a l l y  o f  th e  e x t r e m i t i e s .
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9 - C ra n ia l  p a ls ie s *

1 0 - M uscu lar weakness*

1 1 - B lad d e r t r o u b le  ( in c o n t in e n c e ) .
12
3.2- L a b o ra to ry  f in d in g s  a re  i n s i g n i f i c a n t ,

THEORIES OP THE ETIOLOGY

R e sea rch  on m u l t ip le  s c l e r o s i s  h as  prom pted a number 

o f  i n t e r e s t i n g  b u t c o n f l i c t i n g  s p e c u la t io n s *  On 

i n v e s t ig a t io n  th e  l i t e r a t u r e  one f in d s  a number o f  th e o r ie s  

a3 to  th e  o t lo lo g y  o f  th e  d is e a s e  and i t  i s  n o te w o rth y  

t h a t  none o f  them have made much p r o g re s s .  However, i t  

can  be s a id  t h a t  th e  th e o ry  o f  th e  in f e c t io u s  o r i g i n  o f  

th e  d i s e a s e ,  i .  e .  , t h a t  th e  d is e a s e  i s  cau sed  by a

s p lr o c h a e te  o r  a f i l t e r a b l e  v i r u s ,  has re ac h ed  i t s  z e n i th
r

and i3  now p a s s in g  in to  th e  d i s c a r d .

W ell (9 6 , 97 , and 98) h as  q u i te  a d e q u a te ly  summed up 

th e  th e o r ie s  on th e  e t io lo g y  o f  m u l t ip le  s c l e r o s i s  by 

d iv id in g  them up in to  f iv e  groups as f o l lo w s :  (1) s p i r o -

c h a e ta l  i n f e c t i o n ,  (2) f i l t e r a b l e  v i r u s  i n f e c t i o n ,

(3) m y e lo ly t ic  fe rm en t as th e  e t i o l o g i c  a g e n t ,  (4) endo­

t o x in s ,  and (5) a p rim ary  d is e a s e  o f  th e  g l i a .  Putnam 

(740 and Schukru  (8l0> co n ten d  t h a t  p e r iv a s c u la r  d i s o r d e r s  

duo to  throm boses a re  lm p ro ta n t in  a g g ra v a tin g  th e  symptoms 

o f  th e  d i s e a s e .  In  re g a rd  to  th e  th e o ry  t h a t  to x in s  o r  

n o x io u s  s u b s ta n c e s  produce th e  d e m y e lln a tio n , L a t tn e r  and
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o th e r s  have n o t b een  a b le  to  co n firm  th e  th e o ry  o f
i

Gerhafctz (30) t h a t  t u b e r c u lo - to x in  m ig h t be th e  d em y e lin - 

a t in g  a g e n t in  m u l t ip le  s c l e r o s i s ,  D a ttn e r  made a s tu d y  

o f  n in e ty  p a t i e n t s  s u f f e r in g  from  m u lt ip le  s c l e r o s i s  f o r  

th e  pu rpose  o f  s tu d y in g  th e  r e l a t i o n  o f  th e  i n t e s t i n a l  

t r a c t  d i s o r d e r s .  He found  th e  i n t e r e s t i n g  f a c t  t h a t  37/o 

o f  th e  p a t i e n t s  s u f f e r in g  from  m u lt ip le  s c l e r o s i s  had a 

c o n d i t io n  o f  a n a c id i ty  o f  th e  g a s t r i c  j u i c e .  He s t a t e s :  

"T h is  d is tu rb a n c e  o f  th e  g a s t r i c  ju ic e  i s  o f  g r e a t  im por­

ta n c e  and may be com pared w ith  t h a t  o f  p e r n ic io u s  anem ia 

and a c h y lic  ch lo ra n em ia"  (3 0 ) , Pepper (67) a ls o  found 

th e  c o n d i t io n  o f  a n a c id i ty  o f  th e  g a s t r i c  s e c r e t i o n  in  

e le v e n  c a se s  o f undoubted  m u l t ip le  s c l e r o s i s ,  Thl3 13 

e x tre m e ly  I n t e r e s t i n g  in  view  o f  the , s i m i l a r i t y  o f  

p e r n ic io u s  anem ia and m u l t ip le  s c l e r o s i s ,  s in c e  i n  th e  

fo rm e r d is e a s e  a  d e m y e lin a tln g  a g e n t a ls o  o c c u rs  in  th e  

s p in a l  f l u i d .  Among o th e r  ch a n g es , a c c o rd in g  to  D a t tn e r ,  

th e  c l o t t i n g  tim e o f  th e  b lo o d  i s  in c re a s e d ,  b u t  he 

s t a t e s ,  t h a t  t h i s  can  be c o r r e l a t e d  w ith  th e  m e ta b o lic  

d is tu rb a n c e s  depend ing  on th e  l i v e r ,

D a ttn e r  a ls o  c a l l s  a t t e n t i o n  to  a n o th e r  f a c t  w hich  has 

n o t  been  e x te n s iv e ly  I n v e s t ig a te d  u n t i l  r e c e n t  y e a r s ;  

n am ely , th e  s i m i l a r i t y  botw eon m u ltip le ,, s c l e r o s i s  and th e  

d is e a s e s  o f  a v lb am ln o s is  such  as b e r i - b e r i ,  p e l l a g r a ,

- p o ly n e u r i t i s  and s c u rv y , L ep ine (56) o b ta in e d  f a v o ra b le
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r e s u l t s  in  t r e a t i n g  m u l t ip le  s c l e r o s i s  w ith  a compound 

o f  a s c o rb ic  a c id  w ith  i r o n  and m agnesium . Everyone i s  

f a m i l i a r  w ith  th e  im portance  o f th e  v i ta m in  B com plex in  

i n  re g a rd  to  th e  h e a l t h  o f  th e  nervous sy stem ; hence i t  

i s  n o t a t  a l l  u n re a s o n a b le  to  v e n tu re  th e  Im portance  o f  

t h i s  v ita m in  in  c o n n e c tio n  w ith  m u l t ip le  s c l e r o s i s .

The p o s s i b i l i t y  o f  a f i l t e r a b l e  v i r u s  b e in g  th e  o t i o -  

lo g ic  ag en t i s  s t r e s s e d  m a in ly  by th e  E n g lis h  w orkers 

B u llo ck  (1 0 6 ), P u rv e s -S te w a rt (7 0 ) , C h ev assu t (26) and 

b y  B ernard  (1 0 7 ), Most o f  th e  cham pions o f  t h i s  th e o ry  

c la im  to  have t r a n s m i t te d  th e  d is e a s e  e x p e r im e n ta l ly  to  

an im als and some even  3 ta te  th a t  th o y  have c u l tu r e d  th e  

v i r u s .  B ut C harm ichael (25) and V /eil (9 5 , 9 6 , 97 and 98) 

and o th e rs  have q u i te  c o n c lu s iv e ly  d is p ro v e d  th e  th e o ry  

o f  th e  in f e c t io u s  o r ig in .

The th e o ry  t h a t  th e  c a u s a t iv e  a g e n t i s  a ”dem yelin~  

a t in g  fe rm e n t” i s  su p p o rte d  by B ric k n e r  (1 5 , 1 6 , 17 and 

1 8 ) , C ra n d a ll and C h e rry  (28 and 2 9 ) , Camp (24) and by 

V/eil who a p p a re n t ly  would r a th o r  n o t commit h im s e lf  to

any p e t  th e o ry , y e t  favofcs t h i s  t r e n d .  Camp even  t r e a t s
/

m u lt ip le  s c l e r o s i s  w ith  sm a ll doses o f  p o ta ss iu m  a r s e n i t e  

and th e  e l i x i r  o f  i r o n ,  q u in in e  and s t r y c h n in e .  He 

s t a t e s  : ’’There i s  a p o s s i b i l i t y  t h a t  a r s e n ic  and q u in in e

a re  a b e n e f i t  b ecau se  o f  t h e i r  a c t io n  on th e  l i p a s e  o f  

th e  b lo o d ” . B r ic k n e r  a ls o  employs th e  q u in in e  th e ra p y
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and he s t a t e s  t h a t  th e  d e m y e lih a tin g  fe rm e n t can  he 

d em o n s tra te d  in  v i t r o  w ith  th e  plasm a from  m u lt ip le  

s c l e r o s i s  p a t i e n t s ,  B r ic k n e r  s t a t e s  t h a t  t h i s  l ip a s e  

does n o t o cc u r n o rm a lly  in  th e  b lo o d  and t h a t  i t  d i f f e r s  

i n  p r o p e r t i e s  from  th e  norm al b lood  l i p a s e ,

W eil h as  an i n t e r e s t i n g  p u b l ic a t io n  (95) c o n ta in in g  

c r i t i c i s m s  o f  th e  l i p o l y t i c  th e o ry  o f  m u l t ip le  s c l e r o s i s .  

H is comments a re  b ased  on a c a r e f u l  s tu d y  o f  th e  phos­

phorus c o n te n t  o f  th e  serum  as w e lla a s  th e  l ip a s e  a c t i v i t y .  

He f i n d 3 , a s  does B r ic k n e r  and o th e r s ,  t h a t  th e  b lo o d  

serum  o f  m u l t ip le  s c l e r o s i s  p a t i e n t s  e x e r t s  a l i p o l y t i c  

d e s t r u c t io n  o f  th e  m y e lin  3hoaths b u t em phasizes th e  f a c t  

t h a t  th e  same i s  t r u e  in  a number o f  o th e r  d i s e a s e s ,  f o r  

exam ple, s y p h i l i s  o f  th e  c e n t r a l  n erv o u s sy stem  and in  

l i v e r  d i s e a s e s .  F u rth e rm o re  W eil s t a t e s  on th e  b a s is  

o f  h i s  work t h a t  " i t  seems p rem atu re  t h a t  we can assume 

a d i r e c t  r e l a t i o n s h i p  betw een th e  In c re a s e  in  l ip a s e  in  

th e  s e r a  o f  p a t i e n t s  s u f f e r in g  from  m u l t ip le  s c l e r o s i s  

and th e  d e m y e lln a tin g  a c t io n  o f  su ch  s e r a  on r a t s ’ s p in a l  

c o rd 3 !!, In  re g a rd  to  th e  in o rg a n ic  phosphorus one 

would e x p e c t to  f in d  an In c re a s e d  amount i n  th e  serum o f  

M u lt ip le  s c l e r o s i s .  W ell f in d s  t h a t  th e  serum  phosphorus 

Is#  on th e  a v e ra g e , 3 . 4  mg p e r  100 c c . as  compared 

w i t h  4 . 4  mg p e r  100 c c . in  th e  norm al s u b je c t .  In  40#  

o f th e  c a se s  o f  m u l t ip le  s c lo ro 3 is  th e  in o rg a n ic
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phosphorus wa3 below  3 .3  mg p e r  100 c c .  o f th e  serum  

and in  65$ o f  th e  c a s e s  i t  wa3 3 .5  mg o r  below*

O ther s u b s ta n c e s  w hich a re  3 a id  to  cause  d e m y e lln a tio n  

a re  h em o ly tic  to x in s  and nox ious s u b s ta n c e s  su ch  as 

aodium ta u r o c h o la te ,  sa p o n in  and snake venom* In  t h i s  

c o n n e c tio n  i t  i s  i n t e r e s t i n g  to  n o te  th e  work o f  V/eil 

(98) in  w hich he showed t h a t  l i p o i d s  may i n h i b i t  th e  

a c t io n  o f  hemolytdtc to x in s  on m y e lin ; e s p e c i a l l y  in  th e  

ca se  offit sodium  ta u ro c h o la te  w hich i s  i n h ib i t e d  by l e c i t h i n .

Thi3 i s  a rev iew  o f  th e  m ost Im p o rta n t l i t e r a t u r e  a s  

I t  i s  seen  to d a y . O ther r e f e r e n c e s  w hich  space  does 

n o t p e rm it to  c i t e  in  d e t a i l  a re  l i s t e d  in  th e  b ib l i o g ­

rap h y . The q u e s t io n  o f  th e  m y e lo ly t ic  fe rm en ts  i s  th e  

w ain  s u b je c t  o f  t h i s  i n v e s t i g a t io n .  The quetAons f o r  

w hich answ ers a re  to  be so u g h t in  t h i s  s tu d y  a re  : (1)

I s  th e re  any abnorm al ag e n t in  th e  3 p in a l  f l u i d  o f 

w u l t ip le  s c l e r o s i s  w hich cau ses a m y e lo ly t ic  a c t io n  o r  

in c re a s e s  th e  a c t i v i t y  o f  l i p a s e  and (2) w hat 13 th e  

e f f e c t  o f  v ita m in  B^ ?

A v a s t  amount o f  work i s  now b e in g  p u b lis h e d  in  

re g a rd  to  th e  fu n c t io n s  o f  v ita m in  in  th e  c e n t r a l  

nervous sy stem . The r o le  o f  t h i s  v i ta m in  in  th e  ca rb o ­

h y d ra te  m e tab o lism  o f  th e  b r a in  i s  now co n firm ed  (52 , 6 3 ,

80 , 92 , 68 and many others). Vitamin must have an 
additional function in the nervous 3y3tem for it seems

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



X I

to  be n e c e s s a ry  f o r  th e  p r e s e r v a t io n  o f  norm al m yelin*  

B e r tra n d  and L ib e r  and R andoin (9) found in  t h e i r  

e x p e rim en ta l-w o rk  on r a t s  t h a t  a d e f i c i e n t  d i e t  p ro ­

duced changes in  th e  m y e lin a te d  m otor n eu rones b u t  n o t  

in  th e  u n m y e lin a ted  one3* They n o te d  m arked d eg e n e r­

a t iv e  changes in  th e  m y e lin  s h e a th  a lo n g  w ith  changes in  

th e  a x i s - c y l in d e r .  Lewy (57) co n firm s t h i s  view  and 

adds t h a t  n e u r i t i s  and p e r n ic io u s  anem ia a re  a l s o  con­

c e rn e d  w ith  th e  v i ta m in . Thus many in v e s t ig a to r s  a re  

tu r n in g  t h e i r  a t t e n t i o n  to  t h i s  v ita m in  in  se e k in g  th e  

cau se  o f  num erous n erv o u s d is o rd e r s *  Luhan and B a ls e r  

(60) and Y /ell and Luhan (98) have shown t h a t  th e  s p in a l  

f l u i d  and u r in e  o f  p a t i e n t s  s u f f e r in g  from  m u lt ip le  s c l e r ­

o s i s  c o n ta in s  a su b s ta n c e  w hich d is s o lv e s  m yeldn.

These a u th o rs  e v a p o ra te d  th e  s p in a l  f l u i d  in  vacuo a t  

50 c and d is s o lv e d  th e  r e s id u e  in  w a te r .  When th e  

s p in a l  co rd s  o f  r a t s  v/ere In c u b a te d  in  th e  r e s u l t i n g  

s o lu t io n  th e  m y e lin  o f  th e  c o rd s  was d is s o lv e d .  Luhan 

shov/ed th e  d e m y e lln a tio n  h i s t o l o g i c a l l y  b u t  in  p r e -  

P a r in g  th e  s p in a l  co rd s  f o r  h i s to lo g ic a l^ h e  embedded th e  

specim ens in  p a r a f f in *  In  t h i s  in v e s t ig a t io n  i t  was 

found  t h a t  th e  p a r a f f i n  m ethod o f  im beddeing c o u ld  n o t

Bo u se d  b ecau se  th e  warm x y lo l  and th e  p a r a f f i n  d is s o lv e d
*

th e  m y ll in  o u t o f  th e  norm al s p in a l  co rdd  as w e ll  as th e  

© xperlm en ta l one3 .
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Many a u th o rs  have 3hown th e  p a th o lo g ic a l  changes 

w hich o ccu r In  v ita m in  d e f ic ie n c y  b u t th e  p u rp o se  o f  

t h i s  s tu d y  i s  to  showt t h a t  th e  v ita m in  i s  an  im p o rta n t 

f a c t o r  in  i n h ib i t i n g  l i p a s e  a c t i v i t y ,  i n  t h i s  ca se  th e  

a c t i v i t y  o f p a n c re a t ic  l i p a s e ,  and th u s  may be a v e ry  

im p o rta n t f a c t o r  in  th e  p re v e n t io n  o f d e m y e lln a tio n  in  

th e  human s u b je c t ,  p a r t i c u l a r l y  in  th e  ca se  o f  m u l t ip le  

s c le r o s i s *
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IX , PREPARATIONS AND 

MATERIALS..

PREPARATION OP PANCREATIC LIPASE. The m ethod u se d  

ih  p re p a r in g  th e  p a n c re a t ic  l i p a s e  v/as e s s e n t i a l l y  t h a t  

V / i l l s t a t t e r  and W ald sc h m id t-L e itz  (108 and 1 0 9 ) . .

F iv e  pounds o f  hogs p a n c re a s  w ere f r e e d  as much as 

p o s s ib le  from  th e  a d h e rin g  f a t  th e n  ground up in  a  m eat 

g r in d e r .  The p u lp  v/as p la c e d  in  a 2-| l i t e r  j a r  and 

e x t r a c te d  f o r  t h i r t y  m in u te s  w ith  two l i t e r s  o f  e t h e r .

T h is  e x t r a c t i o n  w ith  e t h e r  v/as r e p e a te d  th r e e  t im e s .

The p u lp  v/as th e n  e x t r a c te d  v /ith  a 1 :1  m ix tu re  o f  a c e to n e  

and e t h e r j  t h i s  e x t r a c t i o n  was a l s o  re p e a te d  th r e e  t im e s .  

F in a l l y  th e  p u lp  was e x t r a c te d  th r e e  tim es  w ith  two l i t e r  

q u a n t i t i e s  o f  a c e to n e . T h is  amount o f  e x t r a c t in g  v/as 

Qhough to  remove th e  f a t  from  th e  p u lp . A f te r  th e  f i n a l  

e x t r a c t i o n  th e  p u lp  was p re s s e d  in to  a Buchner fu n n e l 

uhd th e  l a s t  t r a c e s  o f  l i q u i d  f i l t e r e d  o f f  by s u c t io n .

The f a t - f r e e  r e s id u e  was th e n  sp re a d  o u t in  a vacuum 

S e s ic a to r  and a llo w ed  to  d ry  f o r  two d a y s . At t h i s  

tim e  th e  p u lp  v/as th ro u g h ly  d r ie d  and powdery e x c e p t f o r  

th e  c o a rse  s t r i n g s  o f  c o n n e c tiv e  t i s s u e .  The d ry  m a te r i a l

v/as ground up as f i n e l y  as p o s s ib le  in  a m otor and s i f t e d  

th ro u g h  a v e ry  f in e  s c re e n .  T h is  p ro c e s s  gave a v e ry
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good p ro d u c t o f  a f ln o  sm ooth powder h a v in g  o n ly  a  f a i n t  

t in g e  o f  y e l lo w . The g r e a t e r  p a r t  o f  t h i s  p r e p a r a t io n  

was s to r e d  i n  a vacuum d e s ic a to r  in  th e  r e f r i g e r a t o r .  A 

sm a ll amount , f o r  im m ediate u se ,-  was k e p t  in  a  t i g h t l y  

s e a le d ,  w ide-m outhed b o t t l e  and removed from  th e  r e f r i g e r ­

a to r  o n ly  when n e c e s s a r y .  V /ith th e s e  p r e c a u t io n s  and

keeping the m aterial in  3 te r ile  containers the pancreatic
!

powder can  be k e p t  i n d e f i n i t l y .

ENZYME SOLUTION. The p a n c re a t ic  powder d e s c r ib e d  

above can  be made up in to  a  v e ry  a c t iv e  enzyme s o lu t io n  

bY th e  m ethod d e s c r ib e d  by  W i l l s t a t t e r  and W aldschm idt- 

L e i tz  (108) and by  W e in s te in  and Wynne (9 9 ) .  These 

a u th o rs  u s u a l ly  made up a  m ix tu re  o f  4 grams o f  powdered 

p an c re as  i n  100 c c . o f  50$ g ly c e r in e .  T h is  was in c u b a te d  

f o r  th r e e  h o u rs  a t  37 C w ith  f r e q u e n t  sh a k in g s  and th e n  

c e n tr i fu g e d  and f i l t e r e d  by s u c t io n .  The 50$ g ly c e r in e  

s o lu t io n  made a v e ry  v is c o u s  f l u i d  w hich  was d i f f i c u l t  to  

f i l t e r  and f r e e  from  th e  f i n e  pow der. I t  v/as found  in  

t h i s  work t h a t  i t  was more c o n v e n ie n t to  u se  a  25$ s o lu t io n  

° f  g ly c e r in e  w ith o u t a l t e r i n g  th e  p r o p e r t i e s  o r  a c t i v i t y  

° f  th e  onzyme p r e p a r a t io n .  I f  t h i s  enzyme p r e p a r a t io n  

la  p re p a re d  i n  3 t e r i l e  a p p a ra tu s  and k e p t  i n  th e  r e f r i g e r ­

a to r  i t  w i l l  r e t a i n  i t s  a c t i v i t y  f o r  th r e e  o r  fo u r  days 

v /ith o u t th e  a d d i t io n  o f  any p r e s e r v a t iv e .
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The a c t i v i t y  o f  t h i s  enzyme p r e p a r a t io n  was t e s t e d
;

as fo l lo w s :  C lean  E rlenm eyer f l a s k s  o f  150 c c .  c a p a c i ty

Y/ero s to p p e re d  w ith  c o t to n  p lu g s  and s t e r i l i z e d  by 

h e a t in g  in  th e  oven f o r  th r e e  h o u r s .  A f te r  th e  f l a s k s  

were c o o le d  to  room te m p e ra tu re  th e  fo llo w in g  m a te r ia l s  

v/ere added: 2 c c .  o f  o l iv e  o i l ,  1 c c .  o f  b i l e  s a l t

s o lu t io n  c o n ta in in g  0 .0 6 4  gms o f b i l e  s a l t  p e r  c c . ,  5 c c .  

o f  4$ sodium  b ic a rb o n a te  and 5 c c .  o f  d o u b le  d i s t i l l e d  

v /a to r. T h is  made a t o t a l  volume o f  15 c c .  when 2 c c .  o f  

th e  enzyme s o lu t io n  were added j u s t  b e fo re  p la c in g  th e  

f l a s k s  in  th e  in c u b a to r .  C o n tro ls  v/ere ru n  on a l l  o f  th e  

c o n s t i t u e n t s .  T hree sam ples v/ere rem oved from  th e  

in c u b a to r  a t  a tim e  and t i t a t e d  a t  i n t e r v a l s  o f  2 , 4 ,

8 , 1 6 , 24 and 36 h o u r3 . B efo re  t i t r a t i n g  25 c c .  o f

95 % e th y l  a lc o h o l  w ere added to  each  f l a s k .  .The 

t i t r a t i o n s  w ere made w ith  N/20 NaOH and p h e n o lp h th a le in  

was u sed  as th e  i n d i c a t o r .  The a c t i v i t y  cu rv e  showing 

th e  amount o f  o l e i c  a c id  form ed i s  shown in  f ig u r e  1 .

The a c t i v i t y  o f  t h i s  enzyme p r e p a r a t io n  i s  com parab le  to  

t h a t  o f  th e  a u th o rs  c i t e d  above.

VITAMIN B^. The v ita m in  B-j_ u sed  th ro u g h o u t t h i s  

in v e s t ig a t io n  v/as a  p u re ,  c r y s t a l l i n e  p ro d u c t from  th e  

Merk Chem ical Company. The system  o f  u n i t s  omployed in  

t h i s  p ap e r i s  th e  I n t e r n a t i o n a l  m ethod o f  s t a n d a r d iz a t io n ;  

nam ely , ono m il l ig ra m  o f  th e  p u re ,  d r y ,  c r y s t a l l i n e
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v ita m in  i s  e q u iv a le n t  to  300 i n t e r n a t i o n a l  u n i ts *  S in ce  

th e  v ita m in  i s  u n s ta b le  in  n e u r t a l  and a lk a l in e  s o lu t io n s  

I t  v/as made up in  1% HC1 so t h a t  1 c c .  o f  th e  s o lu t io n  

c o n ta in e d  4 mgs o f  th e  v ita m in *  . T h is  was k e p t as th e  

s to c k  s o lu t io n  and s to r e d  in  th e  r e f r i g e r a t o r *  The 

s o lu t io n  o f  v i ta m in  u se d  th ro u g h o u t t h i s  s tu d y  was 

made up from  th e  above s to c k  s o lu t io n  by  d i l u t i n g  1 c c .  

t o  200 c c .  w ith  doub le  d i s t i l l e d  v /a te r . Thus 1 cc  o f  

t h i s  s o lu t io n  c o n ta in e d  s i x  i n t e r n a l t i o n  u n i t s  o f  th e  

v ita m in  o r  20 gamma*

OLIVE OIL. The o l iv e  o i l  u se d  v/as a p ro d u c t o f  th e  

McKesson Robin3 Company. U n less  o th e rw ise  in d ic a te d  i t  

v/as alw ays u sed  in  1 c c .  q u a n t i t i e s  v/hen u se d  a3 a  sub­

s t r a t e  in  th e s e  l i p a s e  e x p e r im e n ts . f

LECITHIN. When l e c i t h i n  v/as em ployed as- a  s u b s t r a t e  

a p u r i f i e d  p ro d u c t from  th e  P f a n s t l e h l  Chem ical Company 

was used* A one gram sam ple v/as d is s o lv e d  in  125 c c . 

o f  a  m ix tu re  o f  e th y l  a lc o h o l  and e th e r  ( 3 ;1 ) .  T h is 

s o lu t io n  v/as e v a p o ra te d  on th e  3team  b a th  and shaken  

d u r in g  th e  e v a p o ra t io n  so t h a t  v/hen a l l  th e  l i q u i d  was 

e v a p o ra te d  th e  l e c i t h i n  v/as d e p o s is te d  on th e  bo ttom  and 

th e  s id e s  o f  th e  f l a s k .  In  d o in g  t h i s  th e  l e c i t h i n  v/as 

e a s i l y  e m u ls if ie d  when H00 c c . o f  d i s t i l l e d  v /a te r  were 

added . T h is  gave a 1% em u lsio n  o f  l e c i t h i n  and v/as 

Used as such  in  th e  su b se q u e n t e x p e r im e n ts .
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ETHYL BUTYRATE. T h is  r e a g e n t  v/as a C. P . p ro d u c t 

o f  th e  Eastm an KodaK Company. When em ployed a3 a  su b ­

s t r a t e  i t  was u sed  in  q u a n t i t l e d  o f  0 .2 0  cc w ith o u t 

d i l u t i o n .

SPINAL FLUID. The s p in a l  f l u i d  f o r  t h i s  i n v e s t i ­

g a t io n  was o b ta in e d  th ro u g h  th e  k in d  c o o p e ra t io n  o f  D r.

H. M cIn ty re  from  p a t i e n t s  a t  h i s  o f f i c e . o r  from  th e  

v/ards a t  th e  G en e ra l H o s p i ta l .  I t-w a s  c o l l e c t e d  u n d e r  

s t e r i l e  p ro ced u re s  and w ith  few e x c e p tio n s  was u sed  

im m ed ia te ly  a f t e r  th e  s p in a l  p u n c tu re .  When n e c e s s a ry  

th e  s p in a l  f l u i d  was s to r e d  in  t i g h t l y  s e a le d  t e s t  tu b e s  

i n  th e  r e f r i g e r a t o r  o v e r n ig h t .  I t  I s  im p e ra tiv e  to

u se  th e  s p in a l  f l u i d  as soon as p o s s ib le  a f t e r  i t  i s
(

c o l l e c t e d  b ecau se  i t  in c r e a s e s  in  a l k a l i n i t y  upon 

s ta n d in g .

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



18

I I I .  EXPERIMENTAL 

A. The S p in a l  F lu id  o f  

M u lt ip le  S c le ro s is *

Altmann and Goldhammer ( 3 ) ,  B ric k n e r  (16  and 1 8 ) ,  

C ra n d a ll  and C h erry  (28  and 29)  and S us3ner (8 7 )  and 

W eil and C le v e la n d  (9 5 $  have d em o n stra te d  an  abnorm al 

l i p a s e  c o n te n t  o f  th e  b lo o d  serum  o f  p a t i e n t s  s u f f e r in g  

from  m u lt ip le  s c l e r o s i s *  In  a d d i t io n  to  t h i s  Luhan and 

B a ls e r  (60)  and W eil and Luhan (9 8 )  have d em o n s tra te d  

t h a t  th e  s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s  c o n ta in s  an 

a g e n t w hich d is s o lv e s  th e  m y e lin  o f  norm al r a t s 1 c o rd s  in  

v i t r o *  S in ce  t h i s  d is e a s e  I s  one o f  th e  c e n t r a l  nervous 

system  i t  seemed o n ly  l o g i c a l  t h a t  th e  3 p in a l  f l u i d  

sh o u ld  bo in v e s t ig a te d  f o r  th e  p re se n c e  o f  a  l ip a 3 e  o r  

any o th e r  abnorm al changes* Hence th e  q u e s tio n s  to  be 

in v e s t ig a te d  in  t h i s  phase  o f  th e  work a re  th r e e ;  nam ely ,

(a ) i s  th e r e  an  a c t iv e  l i p a s e  p r e s e n t  in  th e  s p in a l  

f l u i d  o f  m u l t ip le  s c l e r o s i s  ? (b ) I f  th e r e  i s  no

l ip a s e  p ro so n t does th e  s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s  

d i f f e r  in  any o th e r  r e s p e c t  from  norm al s p in a l  f l u i d  ?

And (c )  does th e  s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s  

d i f f e r  from  t h a t  o f  p a t i e n t s  s u f f e r in g  from  o th e r  d is e a s e s  ?
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v . • * ’ "*
(a )*  L ip a se  A c t iv i ty  o f  M u lt ip le

S c le r o s i s  S p in a l F lu id #
<

F or t h i s  ex p e rim en t th e  s ta n d a rd  s iz e d  s i x  in c h  

t e s t  tu b e s  w ere used# The t e s t  tu b e s  were s to p p e re d  

w ith  c o t to n  p lu g s  and s t e r i l i z e d  as d e s c r ib e d  in  th e  

s e c t io n  on p r e p a r a t io n s  and m a te r ia ls #  In to  each  t e s t  

tu b e  was c a r e f u l l y  m easured  0#5 cc  o f  o l iv e  o i l ,  0*5 c c .  

o f  6fo b i l e  s a l t  s o lu t io n  and 1 cc* o f  th e  s p in a l  f l u i d  

to  be in v e s t ig a te d #  The f i n a l  volume was made up to  

5 c c .  b y  th e  a d d i t io n  o f  5 c c .  o f  d i s t i l l e d  w a te r .

D u p lic a te  sam ples w ere made up a t  th e  same tim e  and 

t i t r a t e d  a t  once in  o rd e r  to  g e t  an i n i t i a l  r e a d in g  (1 6 , 18 |-. 

C o n tro ls  w ere ru n  on each  o f  th e  c o n s t i tu e n t s  u se d  and 

t i t r a t e d  and in c u b a te d  a lo n g  w ith  th e  sam ples# ' A ll  

tu b e s  were shaken  e q u a l ly  f o r  m ix in g  and p la c e d  in  th e  

in c u b a to r  a t  th e  same t im e . The in c u b a to r  was m ain­

ta in e d  a t  a te m p e ra tu re  o f  38 to  40 C# The sam ples 

w ere in c u b a te d  f o r  24 h o u rs  w ith  f r e q u e n t  sh a k in g s  to  

keep  th e  c o n te n ts  m ixed . A ll t i t r a t i o n s  w ere made w ith  

N/lOO NaOH a f t e r  th e  a d d i t io n  o f  c a r e f u l l y  n e u t r a l i z e d  

e th y l  a lc o h o l  (5 c c . ) .  P h e n o lp h th a le in  was u se d  as th e  

in d i c a to r  and ea ch .sa m p le  was t i t r a t e d  to  a  f a in t -  p in k  

and m atched w ith  a b la n k . T h is  ex p e rim en t was r e p e a te d  

usAng e th y l  b u ty r a te  fo it tho  s u b s t r a t e ;  in  th i3  ca se

no a lc o h o l was added f o r  th e  t i t r a t i o n s #
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The r e s u l t s  o f  t h i s  ex p e rim en t w hich vms re p e a te d  

tw elve t im e s ,  w ith  d i f f e r e n t  specim ens o f  s p in a l  f l u i d ,  

a re  g iv e n  in  t a b l e  1 .  The e x p e rim e n ta l e r r o r  in  th e s e  

t i t r a t i o n s  i s  p lu s  o r  m inus 0*20 cc o f  NaOH. In  o th e r  

Words, a t  th e  end o f  th e  in c u b a t io n ,  th e  t i t r a t i o n  

Value sh o u ld  show an in c re a s e  o f  a t  l e a s t  0 .2  cc NaOH 

In o rd e r  to  p ro v e  any l i p a s i c  h y d r o ly s i s .  The r e s u l t s  

h e re  in d ic a te  t h a t ”th e r e  i s  no l i p o l y t i c  h y d r o ly s is  

Caused by  th e  p re se n c e  o f th e  s p in a l  f l u i d  o f  m u l t ip le  

s c l e r o s i s .  T h is  i s  i n  harmony w ith  th e  r e s u l t s  o f  

Altmann and Goldhammer (3) and S u ssn e r  (8 7 ) .  The fo rm er 

au th o rs  s tu d ie d  s ix t e e n  d i f f e r e n t  case3  o f  m u l t ip le  

s c l e r o s i s  w ith o u t f in d in g  any ev id en ce  o f  a l i p a s e  in  

th e  s p in a l  f l u i d .  (

A lthough  no l i p a s e  co u ld  be d e m o n s tra te d  in  th e  

s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s  th e re  i s  a p o s s i b i l i t y  

th a t  a l i p a s e  may be p r e s e n t  in  to o  sm a ll am ounts to  be 

d em o n stra ted  and th e r e  m igh t a ls o  be p r e s e n t  a su b s ta n c e  

Which a c t iv a t e s  th e  l i p a s e .  On th e  o th e r  hand  th e  s p in a l  

f l u i d  o f  m u l t ip le  s c l e r o s i s  m a ^ c o n ta in  a  su b s ta n c e  

Which n o rm a lly  i n h i b i t s  th e  l i p a s e  w hich  m igh t be p r e s e n t .  

In. t h i s  r e s p e c t  i t  was d e c id e d  to  d e te rm in e  what e f f e c t ,

i f  anfr, th e  s p in a l  f l u i d  had  on th e  h y d r o ly s is  o f  a 

s u b s t r a te  in  th e  p re se n c e  o f  p a n c r e a t ic  l i p a s e .  F o r t h i s  

E xperim ent 1 c c .  o f  th e  s p in a l  f l u i d  o f  m u l t ip le  3Cle;.’0 3 i s ,
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T able I* '

The r e s u l t s  o f  on ex p e rim en t to  shov/ t h a t  th e r e  i s  

no d em o n strab le  amount o f  a l i p a s e  p r e s e n t  in  th e  s p in a l  

f l u i d  o f  m u l t ip le  s c le r o s i s *  An example o f  12 t r i a l s *

c c . H/100 NaOH
  P re p a ra t io n _________________________  B efo re  A f te r

1 c c . s p , f i d . ,  0 ,5  cc o i l ,  0 .5  cc b i l e  0 .0 5  0 .0 6

O ontr'o l on o l iv e  o i l  a lo n e  0 .0 4  0 .0 6

n- M b i l e  s a l t  a lone  . . . . . .  0 .0 2  0 ,0 2

*' '» b i l e  s a l t  and o i l ........................... 0 .0 4  0 .0 7

" M s p in a l  f l u i d  a lo n e  . . . .  a l k a l in e  #

1 cc sp . f i d .  & 0 ,2 0  c c . b u ty r a te  • . , 0 ,1 4 ' 0 .1 0

C o n tro l On e th y l  b u ty r a te  . . . . . . .  0 ,0 4  0 ,0 8

11______ u s p in a l  f l u i d  .................................0 .0 2  a lk .  -it-

# The s p in a l  f l u i d  v/a3 som etim es j u s t  f a i n t l y  a lk a ­
l i n e  to  p h e n o lp h th a le in  a t  th e  b e g in n in g  o f  th e  ex p e rim en t 
and d i s t i n c t l y  a lk a l in e  at- th e  ond o f th e  e x p e rim e n t. 
However, i t  n ev e r  to o k  more th a n  0 .0 4  c c .  N/1Q0 HaOH to  
n e u t r a l i z e  th e  sam ple . T his g a in  in  '•he a l k a l i n i t y  o f  
th e  s p in a l  f l u i d  v/as n ev e r enough to  mask th e  in c re a s e  in  
a c i d i t y  th a t-  v/ould r e s u l t  from  th e  h y d ro ly s is  o f  th e  
s u b s t r a t e j  t h i s  can  be d e te rm in ed  by th e  c o n t r o l s .
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0 ,2 0  c c ,  o f  e th y l  b u ty r a te ,  0 .2 0  c c .  o f  th e  enzyme 

s o lu t io n  d e s c r ib e d  in  th e  s e c t io n  on p r e p a r a t io n  and 

m a te r i a l s ,  and 3 .6  c c .  o f  d i s t i l l e d  w a te r  wero c a r e ­

f u l l y  m easured  in to  each  o f  s i x  t e s t  tu b e s .  T h is  made 

a t o t a l  volume o f  5 c c .  At th e  same tim e s ix  tu b e s  

were p re p a re d  c o n ta in in g  o n ly  th e  e th y l  b u ty r a te  and th e  

enzyme s o lu t io n  w ith  enough w a te r  to  make th e  t o t a l  

volume 5 c c .  A c o n t r o l  s e r i e s  was made up o f  each  o f  

th e  r e a g e n ts ;  th e y  w ere: a c o n t ro l  o f  th e  enzyme a lo n e

made up to  volume w ith  w a te r ,  e th y l  b u ty r a te  a lo n e  made
i

up to  volume w ith  w a te r ,  s p in a l  f l u i d  a lo n e  w ith  w a te r  

and s p in a l  f l u i d  w ith  e th y l  b u ty r a te  and w a te r  as w e ll  as 

s p in a l  f l u i d  w ith  enzyme s o lu t io n  and v /a te r . A ll  .the 

tu b e s  were shaken  e q u a l ly  • Three o f  th e  sam ples o f  

each  s e t  w ere t i t r a t e d  im m ed ia te ly  w h ile  th e  o th e r  th r e e  

o f  each  s e t  were in c u b a te d  f o r  24 h o u rs  b e fo re  t i t r a t i n g  

w ith  N/100 NaOH.

The above ex p e rim en t i s  t a b u la te d  in  t a b le  I I .  The 

r e s u l t s  h e re  show th a t  th e  p re se n c e  o f  th e  s p in a l  f l u i d  

o f  m u l t ip le  s c l e r o s i s  enhanced  th e  a c t i v i t y  o f t  th e  pan­

c r e a t i c  l ip a s e  o r  e s t e r a s e .  By c a l c u l a t i n g  from  th e  

amount o f  NaOH u se d , th e  enzyme a lo n e  l i b e r a t e d  0 .2 8  m gs.

o f  b u ty r ic  a c id  b u t in  th e  p re se n ce  o f  th e  s p in a l  f l u i d

1 .5 8  mgs o f  b u ty r ic  a c id  were l i b e r a t e d  by h y d r o ly s is .

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



2 3

Table II*

The In f lu e n c e  o f  m u l t ip le  s c l e r o s i s  s p in a l  f l u i d

on th e  e s te r a s e  o f  the p a n crea tic  enzyme p rep a ra tio n .

Each v a lu e  l i s t e d  i s  an1average o f  s i x  samples*

—- cc* M/100 NaOH
P re p a ra t io n ___________________ ;_______  B efo re  A f te r

1 c c .  sp . f i d . ,  0 .2  cc e n z y .,  0 .2 c c  b u ty . 0 .4 7  2 ,0 1
0 ,2  c c .  o f  enzyme s o ln . & 0 .2  cc b u ty ra te  0 .3 6  0 ,6 5
C ontrol on 0 .2 c e  enzyme in  w ater . • . . . 0 . 1 1  0 .1 3

n ” 0 .2 c c  b u tyra te  and w ater . • • . 0 .0 4  0 .0 7
" M lc c  sp in a l f lu i d  and w ater . . . 0 .0 5  0 ,0 5
11______ 11 0 .2  cc enzyme & 1 cc sp . f i d .  . 0 .1 2  0 .1 4

T ab le  I I I *

The in f lu e n c e  o f  th e  s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s  

on th e  h y d r o ly s is  o f  o l iv e  o i l  by p a n c re a t ic  l i p a s e .

Each va lu e  l i s t e d  i s  an average o f  th ree  d u p lic a te  sam ples.

P re p a ra t io n
c c .  N/100 Mgs a c l  

NaOH form ed
P

H y d ro l.

L ip a se  system  w ith o u t s p .  f id *  • 5 .2 5 5 .6 0 3 .0 1
C o n tro l on enzyme s o lu t io n  . • • 0 .4 5

11 M l c c .  o f  o l iv e  o i l .  • 0 .0 0
V '! l c c .  s p in a l  f l u i d .  • 0 .0 0 -

V ** s p in a l  f l u i d  & o i l  • 0 .0 0

L ip ase  system  & 0 ,5  c c .  s p . l f d . 5 .9 0 7 .4 2 4 .0 7
n » 1 .0  c c .  « " 6 .3 5 8 ,6 8 4 .7 6
I* 4 ,0  c c .  " u • 9 .6 8 1 8 .0 0 9 ,8 9

S p in a l  f l u i d  specim en 4  4
L ip a se  system  & 0 .5 - cc s p . f i d .  • 5 ,4 0 6 .0 2  . 3.32-

» <' 1 c c . » *» . . 7 .0 0 1 0 .5 0 5 .7 6
“ 11 2 c c . ” » . . 7 .2 2 11 ,12 6 .1 2
" " 4 oo . " “ . . 7 .4 8 11 .8 4 6 .5 0
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The above ex p e rim en t wa3 r e p e a te d  u s in g  o l iv e  o i l  as 

th e  s u b s t r a t e  and i t  was p erfo rm ed  on a l a r g e r  s c a le  in  

150 cc E rlenm eyer f l a s k s  w ith  th e  hope o f m aking th e  

r e s u l t s  more d i s t i n c t *  H e r e a f te r  when th e  te rra  " l i p a s e  

system " i s  u sed  i t  r e f e r s  to  th e  sam ples made up as 

fo l lo w s :  2 c c .  o f  enzyme s o lu t io n ,  1 c c .  o f  o l iv e  o i l ,  

and w a te r  to  make up t o - th e  volume in d ic a t e d .  E xcep t 

whore in d ic a te d ,  o l iv e  o i l  i s  th e  s u b s t r a t e  used  in  .th is  

" l i p a s e  sy s tem " . In  th e  su b se q u en t ex p e rim en ts  th e  

t o t a l  volume o f  e a ch  f l a s k  was 15 c c .  T ab le  I I I  g iv e s  

th e  r e s u l t s  o b ta in e d  from  tv/o d i f f e r e n t  specim ens o f  

s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s .  V ary ing  amounts o f  

th e  s p in a l  f l u i d  wore added to  th e  l i p a s e  sy s te m s . H ere 

i t  i s  a g a in  e v id e n t t h a t  th e  3 p in a l  f l u i d  o f  m u l t ip le  

s c l e r o s i s  a c t iv a te s  th e  p a n c re a t ic  l i p a s e .

In  a l l  th e  above ex p e rim en ts  no a tto m p t was made to  

b u f f e r  th e  l i p a s e  sy stem s to  an optimum pH f o r  th e  pan ­

c r e a t i c  l i p a s e .  T ab le  IV shows th e  r e s u l t s  o b ta in e d  

when u s in g  a p h o sp h a te  sodium  h y d ro x id e  b u f f e r .  S in ce  

' t h e  enzyme s o lu t io n  i s  a c id  in  r e a c t io n  and in c re a s e s  

in  a c i d i t y  d u r in g  th e  in c u b a tio n  i t  was d e c id e d  to  t r y  

a  b la n k  l lp a 3 e  sy stem  w hich c o n ta in e d  b o i le d  enzyme 

f o r  a c o n t r o l .  The i n i t i a l  pH o f  th e  sam ples wa3 8 .5 5  

U3 d e te rm in ed  w ith  th e  pH e le c t r o m e te r .  A f te r
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in c u b a tin g  f o r  24 h o u rs  th e  sam ples were t i t r a t e d  hack  

as n e a r ly  as p o s s ib le  to  th e  o r i g i n a l  pH by  m atch in g  

themm' w ith  a b la n k  w hich wa3 t e s t e d  on th e  pH l e c t r o -  

m e te r .  By u s in g  th e s e  ..blanks f o r  c o n t r o l s  and t i t r a t i n g  

back  to  th e  i n i t i a l  pH a l l  o f  th e  I n i t i a l  t i t r a t i o n s  

were ta k e n  as zero*

T able  IV.

The e f f e c t  o f  th e  s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s

on th e h yd rd lysi3  o f  o l iv e  o i l  by p a n crea tic  l ip a s e *

The pH o f each  sam ple was 8*35 when made up*
* c c •N/20 Mgs• ac id %
P re p a r a t io n NaOH form ed H y d ro l.

L ip a se  system  a lo n e l l i 6 4 158*65 1745» tt it ....................... l l i 5 8 157;21 17 i29
tt tt it 11*61 15 7 .6 3 .. 17*34

B lanks w ith  b o i le d  enzyme • . Oi35 (
it tt  tt it  • ••  • • o ;3 i
tt X tt  . tt • •• •  • 0 i3 2
tt t t  tt tt •  • I 0 .3 2

L ip a se  system  & s p in a l  f l u i d i  * i i ; 9 o 1 6 1 i 88 17 ; 80
tt tt t t  tt ■ ■9 • i i ; 8 8 I s a ; so 17 ; 77

■ tt ' If tt  It • • 1 2 .0 0 1 6 3 .0 8 1 7 .9 4
Specimen # 7

, t

L ipase system  a lon e . . . . 144;50 15.89
tl !! tt • ■ • 145.59 16.01
it tt it 141.28 15.54

Blanks w ith  b o ile d  enzyme ;
tt i t  tt t i  
tt  tt  tt tt # •

. 0;32 ; o;33 . 0.33
L ipase system .& sp in a l f lu id . .11.21 152.18 .16.74n;oo 149;25 16.42

tt tt it  n 10.96 . 148.55 16.34
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T able  IV a g a in  makes i t  obv ious t h a t  th e  s p in a l  

f l u i d  o f  m u l t ip le  s c l e r o s i s  e x e r t s  an a c t i v a t i n g  In f lu e n c e  

on th e  p a n c r e a t ic  l ip a s e *  In  th e  c a se  3»f specim en 

number s i x  o f  th e  above t a b le  th e  d i f f e r e n c e  in  th e  h y d ro ­

l y s i s  cau sed  by  th e  p re se n c e  o f th e  s p in a l  f l u i d  does 

n o t seem to  be v e ry  g r e a t .  N e v e r - th e - le s s  th e  in c re a s e d  

h y d r o ly s is  i s  s i g n i f i c a n t  when one c o n s id e r s  th e  f a c t  

t h a t  1 c c .  o f  th e  n/ 20 NaOH i s  e q u iv a le n t  to  1 3 .9 7  m gs. 

o f  th e  o le ic  a c id  and t h a t  th e  e x p e rim e n ta l e r r o r  h e re  

does n o t exceed  0 .2 0 c c  o f  th e  NaOH. I t  w i l l  be n o t ic e d  

in  t a b le  IV t h a t  th o  amount o f  h y d r o ly s is  in  th e  c o n tro l-  

l i p a s e  system s f o r  th e  tv/o d i f f e r e n t  s p in a l  f l u i d  

sp ec im en s, i s  q u i te  d i f f e r e n t . '  T h is  13 due to  th e
r

f a c t  t h a t , in . t h e  ca se  o f  specim en number sev en , the  

experim ent was perform ed tv/o days la t e r  and th e  enzyme 

s o lu t io n  had sto o d  in  tho r e fr ig e r a to r  fo r  tv/o days 

b efore  u sin g  and had thus l o s t  a l i t t l e  o f  i t s  a c t i v i t y .  

This f a c t  should  be remembered in  th e  subsequent exp er­

im ents; s in c e  a l l  o f  them -could n o t be performed a t  L
/  -» • «

the same tim e th e amount- o f  h y d r o ly s is  in  the control- 

l ip a s e  system s w i l l  v a ry . Whenever a specim en o f  

s p in a l f lu id  was t e s t e d  fo r  i t 3  in flu e n c e  on the a c t i v i t y

o f the p a n crea tic  l ip a s e  a c o n tr o l l ip a s e  system  w ith ­

out the sp in a l f lu i d  added was run s im u lta n eo u sly . 

T herefore the s ig n i f ic a n t  f a c t  i s  to  compare the amount.
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o f  h y d r o ly s is  acco m p lish ed  In  th e  l i p a s e  system s a lo n e  

v /lth  t h a t  o f  th e  l i p a s e  system s c o n ta in in g  th e  s p in a l
i

f l u i d .  The amount o f  s p in a l  f l u i d  u se d  to  p roduce  t h i s  

in c re a s e  wa3 1 c c .  in  t a b le  IV and in  a l l  th e  ex p e rim en ts  

w hich fo llo w *  In  a l l  c a se s  th e  l i p a s e  system  was made 

hp o f  2 c c .  o f  th e  enzyme s o lu t io n ,  1 c c .  o f  o l iv e  o i l ,  

and v /a te r to  make th e  t o t a l  volume up to  15 c c .  Y/hen 

t e s t i n g  th e  3 p in a l  f l u i d  1 c c .  o f  th e  s p in a l  f l u i d  

re p la c e d  1 c c .  o f  th o  v /a te r , th u s  k ee p in g  th e  t o t a l  

volume th o  same in  a l l  sam p les .

(b ) The In f lu e n c e  o f  Normal S p in a l  

F lu id  on P n a c re a t ic  L ip a s e .

The s p in a l  f l u i d  f o r  th e s e  ex p e rim en t v/as a l3  0
r

o b ta in e d  from  p a t i e n t s  a t  D r. M c In ty re 's  o f f i c e  and from  

th e  wards o f  th e  G en era l H o s p i ta l .  The specim ens u sed  

were th o se  t h a t  v/ere found  to  be norm al by a l l  th e  

la b o r a to r y  e x a m in a tio n s . O c c a s io n a lly  a  specim en wa3 

found  to  be co n tam in a te d  b ecau se  th e  te c h n ic ia n s  d id  

n o t U 3 6  s t e r i l e  p i p e t t e s . o r  th e  sam ple was oxposed to  

th e  a i r  o f  th e  r&om f o r  to o  lo n g  a t im e . These sam ples 

were n o t  in c lu d e d  in  th e  r e s u l t s *

These ex p e rim en ts  v/aae perfo rm ed  as u s u a l  ln  s t e r l e  

E rlenm eyer f l a s k s  o f  150 c c . c a p a c i ty .  The l ip a s e  

sy stem s w ere -composed o f 2 c c .  o f  enzyme s o lu t io n , - 1 c c .  

o f  o l iv e  o i l  and w a te r  to  make th e  volume up to  15 c c .
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C o n tro ls  were ru n  on s im u lta n e o u s ly  on each  o f th e  

c o n s t i t u e n t s  and a l l  th e  f l a s k s  v/ere in c u b a te d  f o r  24 

h o u r s .  B e fo re  t i t r a t i n g  25 cc  o f  95$ e th y l  a lc o h o l  

was added to  each  f l a s k .  The t i t r a t i o n  v a lu e  o f  th e  

a lc o h o l  v/as d e te rm in ed  b e fo re h a n d  and a l l  th e  v a lu e s  

l i s t e d  in  th e  fo llo w in g  t a b l e s  a re  th e  c o r r e d te d  v i l u e s .

An expam ple o f  th e  r e s u l t s  o b ta in e d  when u s e in g  

norm al s p in a l  f l u i d  i s  shown i n  t a b le  V . I t  w i l l  be 

n o t ic e d  t h a t  th e  in c re a s e d  h y d r o ly s is  due to  th e  p re se n c e  

o f  th e  norm al s p in a l  f l u i d  am ounts to  an a d d i t io n  o f  

only; 5 .5 7  mgs o f  o le i c  a c id .  T h is i s  o n ly  s l i g h t l y  

more th a n  enough to  make a  s i g n i f i c a n t  in c re a s e  i n  th e  

h y d r o ly s i s .  In  te rm s o f  o l e i c  a c id  th e  e x p e r im e n ta l
r

e r r o r  i s  p lu s  o r  m inus 2 .8 2  mgs o f  o l e i c  a c id ;  t h i s  

ex p e rim en t th e n  3hows a  s i g n i f i c a n t  in c re a s e  o f  o n ly  0 .7 5  

mgs o f  o l e i c  a c id .  In  te rras  o f  p e r c e n t  h y d r o ly s is  

t h i s  v a lu e  means an in c re a s e  o f  o n ly  0 .3 8 $ .

The s l i g h t  in c re a s e  in  th e  h y d r o ly s is  when ad d in g  

horm al s p in a l  f l u i d  to  th e  l i p a s e  sy stem  may bo due to  

th e  p re se n c e  o f  th o  sm a ll am ounts o f  p r o t e in  in  th e  

s p in a l  f l u i d  and th e  o th e r  norm al c o n s t i tu e n t s  o f  th e  

sp ec im en . The p re se n ce  o f th e  p r o t e in  v/ould in f lu e n c e

th e  h y d ro ly s is  by c a u s in g  a more co m p le te  o m u ls if±6a t io n  

o f  th e  s u b s t r a t e .  I f  th e  amount o f  h y d r o ly s is  i s

in c re a s e d  by th e  p re se n c e  o f  some a c t i v a t e r  i n  th e  s p in a l
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f l u i d ,  one would e x p e c t a g r e a t e r  in c re a s e  th a n  i s  

shown i n  th e  r e s u l t s  o f  t a b l e  V* F o r a com parison  o f  

th e  r e s u l t s  o b ta in e d  when u sen g  th e  s p in a l  f l u i d  o f 

m u l t ip le  s c l e r o s i s  i n  th e  l i p a s e  sy s tem , th e  r e s u l t s  o f  

t a b l e  s i x  a r e  g iven*  T h is ex p e rim en t wa3 p erfo rm ed  

w ith  a specim en  o f  s p in a l  f l u i d  ta lcen  from  an a c t iv e  

c a se  o f  m u l t ip le  s c l e r o s i s .  H ere th e  in c re a s e d  hydro* 

l y s i s  due to  th e  p re se n c e  o f  th o  3 p in a l  f l u i d  o f  m u l t ip le  

s c l e r o s i s  am ounts to  30*54 m gs. o f  o l e i c  ac id *  The 

h y d r o ly s is  was a c c e le r a te d  by  17*35$ i n  t h i s  case*

T ab le  V II  i s  a summary t a b le  show ing th e  e f f e c t  o f  

norm al s p in a l  f l u i d  on th e  a c t i v i t y  o f  p a n c re a t ic  l i p a a e ,  

com pared w ith  th e  in f lu e n c e  o f  th e  s p in a l  f l u i d  o f  m u l t i -  

PlQ s c l e r o s i s .  Each f i g u r e  g iv e n  i3  a  v a lu e  o b ta in e d  

from  a d i f f e r e n t  specim en ofi s p in a l  f l u i d  and r e p r e s e n ts  

an  av e ra g e  o f  th r e e  d u p l ic a t e  sam ples* F o r th e  sake  o f  

co n v en ien ce  and b r e v i t y  th e  r e s u l t s  a r e  l i s t e d  o n ly  in  

te rm s o f  th e  m il l ig ra m s  o f  o l e i c  a c id  form ed and th e  

p e r c e n t  h y d ro ly s is *  The av e rag e  v a lu e s  o f  a l l  th e  e x p e r­

im en ts a re  l i s t e d  a t  th e  bo tto m  o f  th e  t a b l e .
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Table V.

The e f f e c t  o f  no rm al s p in a l  f l u i d  on th e  a c t i v i t y

p a n c r e a t i c  l ip a s e *  The v a lu e s  f o r  th e  c o n t r o l

sam plea a r e  a v e ra g e s  o f ' t r i p l i c a t e  sa m p le s ._____________ _____
oc .N /2 0  KaOH Mgs a c i d % 

y P re p a r a t io n ____________ B efo re  A f te r -  form ed H ydrol.

L ipase system  a lo n e • • * .

" « !» . . . .

"  ̂ « a ft H
» it H it H

C ontrol on enzyme. • • . •
M o l iv e  o i l .  . •

'•  " s p i n a l ’f l u i d  ;
s p . f i d .  & l c c .  o i l  .

'* These vialues a re ' i n  te rm s o f 'N /2 0  HG1 b ec au se  th e
aP in a l  f l u i d  v/as a l k a l i n e  and had  to  be t i t r a t e d  b a c k .

# ♦

T ab le  V I.

The e f f e c t  o f  m u l t ip le  s c l e r o s i s  s p in a l  f l u i d  on

j fag. a c t iv i t y  o f  p a n c rea tic  l i p a s e .  _____________________
c c .N /20 NaOH M gs~aoId 

- —  P re p a r a t io n ______________ B efo re  A f te r  form ed H ydrol.

2 .5 0 io ;5 2 1 1 1 .0 5 1 2 .2 1
2 i52 io ; s o i n ;  47 12; 26
2 .4 9 1 0 .4 7 1 11 .05 1 2 .2 1

2 i4 8 io ;? o 113;87 1 2 .5 2
2',4.9 10;73 1 1 5 .1 2 12 .66
2 .4 9 1 0 .7 5 115 .29 1 2 .6 7

2 i39 2;52
0 i2 6 0 ;28
o ;20 0;25  *
0 .2 6 0 .2 8

tt it

L ipase system  & l c c  sp . fl<
11 it ii it it
n it it it ti

C ontrol on enzyme. . *  

!! ‘I O l iv e  o i l  .
s p in a l  f lu i d  

S p in a l & o l iv e  o i l .  •

3;oo
2 i9 8
2 .9 8

14;45
14;44
1 4 .4 5

144;91
145;05
1 45 .19

15; 91 
1 5 .9 5  
1 5 .9 7

2 i9 7
2 ;98
2 .9 8

16; 55 
16; 61 
1 6 .5 9

175;11  
175;67  
175 .39

19; 26 
1 9 .3 2  
1 9 .2 9

2*50 3 .6 4
o;35
o ;o3
0 .3 3

o;39o;o4
0 .2 8

* N/20 HC1.
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A com parative stud y  oir th e  e f f e c t  o f  normal 

f l u i d  on.' th e a c t i v i t y  o f  o a n crea ti'c  lo p a s e .

and m u lt ip le  s c l e r o s i s sp in a l

STamole
2fes O le ic  a c id  fo :  

C o n tro ls  With- s o .
?me&
f i d ,

B ercen t h v d r o lv s is  D 'if f . in  
C o n tro ls  With s o . f i d . '  l ie s .

jo in c r e a se  
in  h v d r o l.

Normal. . 1 1 1 .1 9 1 1 4 . 76' 1 2 .2 3 1 2 .6 2 3 .5 7 0 .3 2
!t • ♦ • • 1 1 0 .2 9 n il- . 60 1 2 .1 3 1 2 .6 1 i4-.31 0 .4 2
i i 1 3 2 .0 2 1 4 9 .75: 1 4 .5 1 1 6 .5 2 1 7 .7 3 2 .0 1
i i 111-5.27 1 3 1 .2 2 1 5 .9 7 Ik-. 14-3 1 4 .0 5 154
it •  • •  • • 1 4 4 .9 1 l'27-.gg 1 5 -9 4 Hit-. 06 2 7 .0 3 1 .2 2

Average . •  • • 1 2 2 .7 4 1 2 7 .(4.5 1(4-. 16: 1 5 .0 5 17.3k- - 0 .7 5
K u lt . s c l e r o s is (39.62 1 1 1 .1 5 9 .2 9 1 2 .2 2 2 1 .4 7  . 2 .3 3

i i i i 1 4 5 -0 9 1 6 4 .0 0 1 5 .9 2 ' 1 2 . Oil 1 2 .9 1  • 2 .0 2
t il i i 114-5.05 1 7 5 .3 9 15.9k- . 1 9 .2 7 30.3*4- 3 .3 5

ii 145.1*4- 1 2 3 .1 9 1 5 .9 7 2 0 ,1 4 3 2 ,0 5 4 .1 7
11 1 2 7 .9 0 2 2 2 .4 6 2 0 .6 6 2 4 .5 0 3*4. .56 3 . 2 4

It: n 131 .27 1 9 1 . 22' 1 4 .4 4 2 1 .0 1 60 .01 6 ,6 0

A v e ra g e . •  * •  • 1 4 0 .6 9 17 4 .5 6 15.24-6 1 9 .2 0 3 3 .2 9 . 3 .7 3
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(c )  In f lu e n c e  o f  S p in a l F lu id  o f  

O th er D iseases*

The s p in a l  f l u i d s  from  p a t i e n t s  s u f f e r i n g  from  

d is e a s e s  o th e r  th a n  m u l t ip le  s c l e r o s i s  were o b ta in e d  

from  th e  same s o u rc e s  as th o s e  u sed  i n  th e  above 

Q xperiraen ts• The specim ens were s tu d ie d  in  th e  same 

manner as th o se  d e s c r ib e d  in  th e  fo re g o in g  s e c t i o n .  The 

r e s u l t s  a re  com pared i n  t a b l e  V I I I  w ith  th o  r e s u l t s  

o b ta in e d  by  u s in g  th e  s p in a l  f l u i d  to k e n  from  p a t i e n t s  

s u f f e r in g  from  m u l t ip le  s c le r o s i s *  In  th e s e  r e s u l t s  

i t  seems as th o u g h  th e  s p in a l  f l u i d s  ta k e n  from  p a t i e n t s  

a f f l i c t e d  w ith  h y s t e r i a ,  c e r e b r a l  a r t e r i a l  s c l e r o s i s ,  

b r a in  tum or o r  a t t a c k s  o f  coma in c re a s e d  th e  a c t i v i t y  

o f  th e  p a n c re a t ic  l ip a s e *  - B ut t h i s  may be due to  th e  

h ig h  p r o t e in  c o n te n t  o f  th e  s p in a l  f l u i d  as shown by  

th e  la b o r a to r y  exam ina tion*  T his i s  n o t  t r u e  o f  th e  

s p in a l  f l u i d s  o f  m u l t ip le  s c l e r o i i s *
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Table VIII

The e f f e c t  o f  t h e  s p in a l  f l u i d  o f  v a r io u s  d is e a s e s  on th e  a c t i v i t y  of pancreatic 
l ip a s e  a s  compared to  th e  e f f e c t  o f  th e  s p in a l f l u i d  o f  m u lt ip le  s c l e r o s i s .

Hers o l e i c a c id  formed P ercen t h y d r o ly s is D i f f .  in cjo. in c r e a s e
Sample used C on tro ls  1riith sp . f i d . C o n tro ls  H7ith sp . f i d . Hers. -rn n y d ro l.

\
Lutei'c m e n in g it is  <119.19 llI{-.76 1 2 .2 3 1 2 .6 2 3 .5 7 0 .3 S

M u lt ip le  n e u r i t i s  1U-5.00 1 5 9 .7 2 15.9^- 1 7 .5 7 I k . 7-2 1 .6 3

I h /s te r ia  . . . llj.2.i*k 1 7 6 .9 2 1 6 .3 2 1 9 . h j 2 2 .5 k 3 .1 5
C ereb ral a r t e r ia l  

s c l e r o s i s  . . llf-2. Id-. 1 7 3 .2 3 1 6 .3 2 1 9 .1 7 2 5 .3 9 2 .S 5

E p ile p s y . . . . 1 1 0 .2 9 l i l t .  60 1 2 .1 3 1 2 .6 1 k i31 O.ii-g

B rain  tumor 1 3 2 .0 2 lk-9-15 l k .  51 1 6 .5 2 1 7 .7 3 2 .0 1

A tta ck s o f  coma 127*90 213 .25 2 0 .6 6 23-. 11-5 2 5 .3 5 2 .7 9
E p ile p s y . . . . lii.2 .9? Hi-9.55 1 5 .7 2 16.115 6 .6 3 0 .7 3
D ia b e te s . . , . l k l .56 1 ^ 7 .92 15 .5 7 1 6 .2 7 6 .3 6 O.7 O

A verage................... l k o .26 1 5 5 .5 9 1 5 .2 9 1 7 .1 2 I k .73 1 • 6I4*

Average fo r  
m u lt7 s c le r o a ia lkO .69 l7^-.52  . 15.^6 1 9 .2 0 3 3 .2 9 3 .7 3
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B. The E f f e c t  o f  V itam in  B-̂  on 

P a n c re a t ic  L ipase#

I t  was d em o n s tra te d  in  th e  ex p e rim en ts  shown on th e  

p ro c e e d in g  p ag es t h a t  th e  s p in a l  f l u i d  o f  m u l t ip le  

s c l e r o s i s  had  no l i p o l y t i c  a c t i v i t y  b u t  t h a t  i t  d id  

a c c e le r a te  th e  a c t i v i t y  o f  p a n c r e a t i c  l i p a s e ,  B e r tra n d  

and L ib e r  and R andoin (9) and Lewy have shov/n th e  

n e c e s s i ty  o f  v i ta m in  B-j_ in  m a in ta in in g  th e  norm al h e a l t h  

o f . t h e  c e n t r a l  n e rv o u s  sy s tem . The fo rm er a u th o rs  de­

m o n s tra te d  d e g e n e ra t iv e  changes in  m y e lin  d u r in g  a 

v ita m in  d e f ic ie n c y .  I n .a s  much as d e m y e lin a tio n  i s  

a l i p o l y t i c  p ro c e s s  i t  was d e c id e d  to  in v e s t ig a te  th e
r

fo llo w in g  q u e s t io n :  What e f f e c t  does v i ta m in  B i have

on th e  a c t i v i t y  o f  l i p o l y t i c  h y d r o ly s is  ? In  t h i s ,  as 

in  th e  p re v io u s  ex p e rim en ts  p a n c r e a t ic  l i p a s e  was u s e d ,

'  To s tu d y  th e  e f f e c t  o f  v i ta m in  B^ on th e  

a c t i v i t y  o f  p a n c re a t ic  l ip a s e  th e  ex p e rim e n ts  were p e r ­

form ed in  th e  u s u a l  manner in  150 cc E rlenm eyer f l a s k s .  

The l ip a a e  sy stem  was com prised  o f  2 cc o f  th e  enzyme 

s o lu t io n ,  1 cc o f  o l iv e  o i l  and w a te r  to  make up to  

volum e. At th e  same tim e a d d i t io n a l  sam ples v/ere made

pp c o n ta in in g  v a ry in g  amounts o f  th e  v i ta m in .  The 

v ita m in  s o lu t io n  c o n ta in e d  s i x  i n t e r n a t i o n a l  u n i t s  o f

v ita m in  p e r  c u b ic  c e n t im e te r .  T h is  am ounts to  20 gamma '
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o f  bhe v ita m in  p e r  cu b ic  c e n tim e te r*  A ll f l a s k s  were 

t r e a t e d  in  th e  same m anner and in c u b a te d  f o r  24 hou rs*  

Enough sam ples were made up so t h a t  t i t r a t i o n s  c o u ld  be 

made b o th  b e fo re  and a f t e r  th e  ic u b a tio n *  The t i t r a t i o n s  

w*»e made w ith  N /20 NaOH and p h e n o lp h th a le in  was u sed  

as th e  in d ic a to r*  At th i3  s ta g e  o f  th e  s tu d y  i t  was n o t 

deemed n e c e s s a ry  to  t i t r a t e  th e  sam ples in  a lc o h o l ,  

c o n s e q u e n tly  th e  amount o f  h y d r o ly s is  shown in  t a b l e s  ,

IX, X, and XI i s  p e rh ap s  u n d u e ly  low* The r e s u l t s
\

show n-in  t a b le  IX a re  p l o t t e d  in  f ig u r e  2 and th e  r e s u l t s  

o f  t a b le s  X and XI a re  p l o t t e d  in  f ig u r e  3* The 

amount o f  h y d ro ly s is  shown in  t a b l e s  X and XI a re  much 

lov/er th a n  th e  amount shov/n in  t a b le  IX* Thi3 i s  due
r

to  th e  f a c t  t h a t  in  th e  fo rm er c a s e s  th o  enzyme s o lu t io n  

v/a3 n o t  f r e s h l y  p re p a re d  as was th e  c a se  in  th e  l a b te r *

I t  was th e r e f o r e  d ec id ed  t h a t  i t  v/as n e c e s s a ry  to  p r e ­

p a re  a f r e s h  enzyme s o lu t io n  f o r  each  experim en t*  A ll 

th e  ex p e rim en ts  t h a t  fo llo w  th o s e  l i s t e d  in  t a b l e s  IX,

X, and XI w ere t i t r a t e d  in  a lc o h o l  and a c o r r e c t io n  made 

f o r  th e  amount o f  NaOH n e c e s s a ry  to  n e u t r a l i z e  th e  

a lc o h o l used*

The im pro’ ed r e s u l t s  o b ta in e d  by u s in g  a f r e s h l y

p re p a re d  enzyme s o lu t io n  and t i t r a t i n g  a l l  th e  sam ples 

in  a lc o h o l  a re  shown in  ta b le s  X II ,  X l l l  and XIV* The 

r e s u l t s  sh o Y m  in  t a b le  X II a re  p lo t to d  in  f ig u r e  4*
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Table IX.

The e f f e c t  o f  v ita m in  B-̂  on th e  a c t i v i t y  o f

p a n c re a t ic  l i p a s e .

p r e p a r a t io n
c c .  n/ 20 NaOH Mgs. a c id  
B efo re  A f te r  form ed

- f
H y d ro l.

L ip a se  sy stem  alone * •  • • 0 .8 5 6 .1 4 69 .15 7 .6 0
it tt tt •  •  ♦ 0 .8 5 6 .3 0 71 .39 7 .8 5
it tt tt 0 .8 3 6 .2 8 71 .39 7 .8 5

L ip ase  & 3 u n i t s  o f  Bn • 0 .8 4 5 .6 1 61 .8 9 6 .8 0
tt tt t t  tt • 0 .8 4 5 .6 2 62 .0 3 6 .8 2
ii tt t t  tt If ) .8 5 5 .6 4 62 .1 7 6 .9 5
ii ft 6 u n i t s  o f  B r  • 0 .8 4 5 .5 6 61 .1 9 6 .7 3
n , » tt  tt tt # 0 .8 5 5 .5 6 61 .05 6 .7 1
ii tt tt  tt tr 0 .8 5 5 .5 6 61 .0 5 6 .7 1
it it 12 u n i t3 B l * 0 .8 5 4 .6 3 48 .06 5 .2 8
tt tt tt  tt tt • 0 .8 5 4 .5 7 47 .22 5 .1 9
tt ft tt n tt 0 .8 5 4 .3 8 45 .96 5 .0 5
ti ii i 8  u n i t s B l • 0 .8 5 4 .0 7 40 .23 4 .§ 2
tt tt tt  tt • 0 .8 5 4 .1 7 4 1 .6 3 4 .5 7
it tt tt tt tt 0 .8 6 4 .1 3 4 0 .9 3 r 4 .5 0
it tt 24 u n i t s Bn . 0 .8 6 4 .9 2 51 .97 5 .7 1
it tt tt tt „ J. 0 .8 7 5 .0 3 5 3 .3 7 ' 5 .8 7
it tt it tt tt 0 .8 6 4 .9 8 52 .8 1 5 .8 0
ti tt 30 u f i l t s it 0 .8 7 5 .3 5 2 9 .9 0 3 .2 8
ti ti tt tt tt 0 .8 7 3 .4 0 30 .59 3 .36
ii tt ti it ft 0 .8 7 3 .3 6 30 .0 4 3 .3 0
it tt 36 u n i t s B l • 6 .8 7 3 .0 0 25 .01 2 .7 5
ti tt tt tt t t *1* . 0 .8 6 3 .0 0 25 .15 2 .7 6
it tt tt tt tt # 0 .8 7 3 .0 0 25 .01 2 .7 5
ti tt 48 u n i t s B l I 0 .8 8 1 .7 4 7 .2 6 0 .7 9
it « t t  tt t t • 0 .8 7 1 .7 4 7 .4 0 0 .8 1
it tt tt tt tt 0 .8 7 1 .6 9 7 .7 1 0 .7 3

C o n tro l on enzyme. . . . 6 .5 7 0 .7 7
tt ” o l iv o  o i l  •  • 0 .0 2 0 .0 4
tt "  6 u n i t s Bn • » 0 .0 1 0 .0 2
ti !.' 18 u n i t s B l . 0 .0 2 0 .0 2
tt »  4Q » tt • 0 .0 2 0 .0 2
tt o i l & 24 \\ 0 .0 3 0 .0 4
n enzyme & 24 u n i t s  B-̂ 0 .5 8 0 .8 0
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Table X.

The e f f e c t  o f  v itam in  on th e  a c t iv i t y  o f  

p a n crea tic  l ip a s e *

: c c ,  N/20 NaOH Mgs, a c id  %
P reparation ___________ B efore A fter  foremed Hydrol*

L ip ase system  a lo n e . • 0 ,6 5 2 .7 5 32 .27 3 .5 5
■ it t i it • 0 .6 5 2 .7 0 31 .5 7 3 .4 7

it tt it • 0 .6 5 2 .7 3 31 .99 3 .5 1

L ip ase & 3 u n i t s  Bn . • 0 .6 5 1 .7 6 1 8 .4 4 2 .0 2
i i i i i i  i i • • 0 .6 5 1 .7 7 18 .5 8 2 .0 4
n tt It tt u • 0 .6 5 1 .5 5 1 5 .6 1 1 .7 1
ti it 6  - - ! • 0 .6 4 1 .6 2 16 .62 1 .8 2
n i i II 11 II • 0 ,6 5 1 .6 2 1 6 .4 8 1 .8 1
i i  - n ft it it • 0 .6 6 1 .6 4 16 .62 1 .8 2
ii -12 u L» . • 0 .6 5 1 .2 1 1 0 .7 6 1 .1 8
i i ' . II II II II • • 0 .6 5 1 .2 3 11 .0 4 1 .2 1
i i It II It tt • 0 .6 4 1 .2 2 1 0 .9 0 1 ,1 9
i i »1Q « L» . • 0 .6 4 1 .1 5 10 .06 1 .1 0
tt it II It II • • 0 .6 4 1 .1 6 1 0 .2 0 1 .1 2
it tt II 11 II

t 0 .6 4 1 .1 6 1 0 .2 0 1 .1 2
it it 24 u n its -B n • 0 .6 5 0 .7 6 4 .4 7 0 .4 9
ti i i tt i t  i f * - • 0 .6 4 0 .7 5 4 .3 3 0 .4 7
tt ti it  it  • it • 0 .6 4 0 .7 8 4 .8 9 0 .5 3
tt ti 30 I* ” ♦ 0 .6 5 0 .5 9 2 .1 0 0 .2 3
it it it  i i  ti • 0 .6 5 0 .5 9 2 ,1 0 0 .2 3
tt it tt i t  i i • 0 .6 4 0 .5 6 1 .8 2 0 .2 0
it it 36 I* I* • 0 .6 5 0 .5 4 1 .4 0 0 .1 5
it it it  i t  i i • 0 .6 4 0 .4 9 0 .8 4 0 .0 9
tt ft i t  t i i i ♦ 0 ,66 0 .5 0 0 .7 0 0 .0 7
it ti 48 “  " • 0 .6 6 0 .8 1 5 .0 3 0 .5 5
i i t i it  tt ti • 0 .6 6 0 .8 1 5 .0 3 0 .5 5
tt ft ft it  ii • 0 .6 4 0 .8 0 5 .1 7 0 .5 6
it ii 60 i* ?? * 0 .6 5 0 .7 8 4 .7 5 0 .5 2
i) it it  it tt • 0 .6 5 0 .8 0 5 .0 3 0 .5 5
tt it tt t i i i • 0 .6 5 0 .8 0 5 .0 3 0 .5 5

C o n tro l on enzyme • . •  * 0 .5 7 0 .0 4 (av e rag e ) o f t h r e e )
tt “ o l iv e  o i l • # 0 .0 2 0 .0 2 it t i tt

it L1 6 u n i t s  o f B l 0 .0 2 0 ,0 2 it n it

it t i 3 0  it it it 0 ,0 2 0 .0 2 i i t l it

ti t i 60 it ti i t 0 .0 4 0 .0 4 it t i it

Enzjtmo & 6 u n i t s  Bn . « - « 0 .5 7 0 .8 8 . .
it ii So » . 4 4 0 .5 7 0 .8 8
it - 60 " L» . • • 0 .5 7 0 .8 7
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Table XI

The e f f e c t  o f  v ita m in  on th e  a c t i v i t y  o f 

p a n c re a t ic  l i p a s e .

 -----------------------------' c c .  m/20 NaOH Mgs, a c id  fo -
P reparation  __________ B efore A fte r  formed H ydrol.

L ip ase  sy stem  a lo n e .  • • 0 .6 7
» » >< . . . 0 .6 5
" »« » . . . 0 .6 4

L ip ase  & 3 u n i t s  Bt 0 .6 5
" » '» <• «‘ . , .  6565
« » « 11 » . . 0 .6 5
« « 6 ” " . . 0 .6 5
'» 1 '» 11 <» <‘ . . 0 .6 5
«' « « » " . . .  0 .6 5
« ■ « 12 " " . . 0 .6 5
» » » » !' . . .  0 .6 5
<' » *.»' . . . .  0 .6 5
» » 18 “ V . . 0 .6 5
» 11 » 'I » .  . 0 .6 5
ii 11 'I *» . . .  0 .6 5
V " 24 u n i t s  B1 • • 0 .6 5
ii 11 '' '• i i "  . . 0 .66
I' ii ii 1.1 . . 0 .6 6
I* '» 30 11 V . , .  0.66
1* tt it  t t  it # ,  0 . 6 6
11 tt  it 1.1 11 .  .  0 . 6 6

I' 48 11 . . 0 . 6 6
11 11 11 11 I' .  .  0 . 6 6
11 11 11 ' I  "  .  ,  0 . 6 6
*  11 60  "  - •  •  0 . 6 6
ii 11 11 i« I' .  . 0 .6 6
11 ti 11 11 "  .  .  0 .6 6

C o n tro l on enzyme. . . .  0 .6 5
*1 1* o l iv e  o i l  . . 0 .0 2
n »i 3 0  u n i t s  B^ . 0 .0 2

Enzvme & 6 u n i t s  B-i . . . 0 .6 4
'« 3 0  " " . . .  0 .6 4
" 60 " " . . .  0 .6 5

2 .5 3 3 0 .7 3 3 .3 8
2 .5 0 30 .59 3 .3 6
2 .5 1 30 .87 3 .3 9

1 .6 1 18 .1 6 1 .9 9
1 .6 3 ■ 1 8 .4 4 2 .0 2
1 .6 8 19 .1 4 2 .1 0
1 .6 4 18 .5 8 2 .0 4
1 .8 0 20 .82 2 .2 9
1 .6 0 1 8 .0 2 1 .9 8
1 .2 0 1 2 .4 2 1 .3 6
1 .2 2 12 .71 1 .3 9
1 .2 0 1 2 .4 3 1 .3 6
1 .1 5 1 1 .7 3 1 .2 9
1 .1 5 11 .73 1 .2 9
1 .1 4 11 .60 1 .2 7
0 .7 6 6 .2 9 0 .6 9
0 .7 2 5 .7 3 0 .6 3
0 .7 4 5 .8 7 0 .6 4
0 .5 9 3 .7 7 0 .4 1
0 .5 3 2 .9 3 0 .3 1
0 .5 6 3 .3 5 0 .3 6
0 .8 6 7 .5 4 0 .8 2
0 .8 7 7 .6 8 0 .8 4
0 .8 5 7 .4 0 0 .8 1
0 .8 5 7 ,4 0 0 .8 1
0 .8 4 7 .2 6 0 .7 9
0 .8 5 7 .4 0 0 .8 1

0 .0 0 (av erag e  o f  th r e e )
0 .0 2 tt it u
0 .0 2 t! it 11

0 .9 3 tt t t  tt

0 .9 5 tt tt tt

0 .9 5 tt t t  11
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I t  was n o tic e d  when p lo t t in g  the r e s u lt s  th a t a lthough  

the v ita m in  in h ib i t s  th e  a c t io n  o f  p a n crea tic  l ip a s e ,  

the amount o f  in h ib i t io n  i s  n o t d ir e c t ly  p ro p o rtio n a l to  

the amibunt o f  v ita m in  u se d . There i s  a low p o in t in  

the curve where 18 u n it s  o f  th e  v itam in  are used  and a 

r i s e  to  th e  p o in t  where 24 u n it s  are used* This i s  

fo llo w ed  by an in c r e a s in g ly  l e s s  amount o f  h y d r o ly s is  

w ith  an in crea sed  amount o f  the v ita m in  p resen t in  tho  

l ip a s e  system * In  order to  f in d  the lo v /est and the  

h ig h e s t  p o in ts  o f  the curve the experim ent shown ta b le  

XIV*‘ v/a3 performed# The r e s u lt s  are p lo tte d  in  f ig u r e  

5* This experim ent shows low  p o in ts  a t  1 7 , 2 3 , 30

and on to  100 u n it s  and peaks a t 22 and 25* These were 

c o n s is te n t  throug£o$t the e n t ir e  stu d y  and remain to  be 

exp la in ed *  However, th e  in h ib it iv o  e f f e c t  o f  the  

v ita m in  i s  v er y  s ig n i f ic a n t ;  in  some ca ses  th ere  i s  over  

f i f t y  p ercen t in h ib i t io n .  A ll o f  the experim ents which  

wore performed to  sh&w th e in h ib ito r y  e f f e c t  o f  v itam in  

B l on the a c t i v i t y  o f  p a n c rea tic  l ip a s e  7/hen o l iv e  o i l  

was used as the s u b s tr a te , are shown in  a summary form  

in  ta b le  XV# Each f ig u r e  g iv en  in  t h is  ta b le  i s  an 

average v a lu e  computed from a t  l e a s t  180 t r i a l s  w ith  the  

ex c e p tio n  o f  thd se l i s t e d  when usAng 9 0 , 1 0 0 , and 150

u n it s  o f  the vitam in# Tho average v a lu es  o f  a l l  the  

experim ents are p lo t te d  in  f ig u r e  6 #
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Table X II.

The e f f e c t  o f  v ita m in  on tho a c t i v i t y  o f  pan­

c r e a t ic  l ip a s e .  A ll  t i t r a t i o n s  made in  a lc o h o l.  The 

v a lu es  l i s t e d  are the co rrec ted  v a lu e s  a f t e r  su b tr a c tin g

the t i t r a t i o n  v a lu e  o f  th e  a lc o h o l.  ____ ______
' c c . N /20 NaOH Mgs a c id

formed
w~~

Hddrol.iTA'fcj M u r a u x o u

L p a se  s y s t e m  a l o n e . . • • 4 . 2 0 1 6 . 8 5
u it tt • • • 4 . 1 9 1 7 . 1 0
ii it ' 1 6 . 9 0

L p a s e  & 6  u n i t s  B t • • 4 . 2 2 1 4 . 0 6
ti it it tt fi­ • • 4 . 2 1 1 4 . 1 0
ii ii it ll U • • 4 . 1 9 1 6 . 9 0 .
tt • it 1 2 H » • • 4 . 2 1 1-3 . 3 0
ii it n ft II • • 4 . 2 0 1 5 . 2 4
ii it ti tt It • • 4 . 2 1 1 3 . 2 4
n it 2 4 n U • • 4 . 2 1 1 3 . 5 0
ti it it tt t» • ♦ 4 . 2 2 1 3 . 5 0

tt ti it tt » • 4 . 2 2 1 3 . 5 0
it ii 4 8 ft « • • 4 . 2 2 1 2 . 2 5
ii tt it II « •  • 4 . 2 1 1 2 . 9 0
u it ti t t  tt • • 4 . 2 2 1 1 . 6 0
it tt 1 0 0 tt * n • • 4 . 2 2 1 0 . 7 0
w i i i i ft tt •  • 4 . 2 2 1 0 . 7 2
it i i n tt 3t • • 4 . 2 2 1 0 . 0 5

C o n tro l on enzyme. •
M 11 o l iv e  o i l
» » 12 u n it s  B,

tt o a  «•

H 48 "
« 60

Enzyme & 6 u n l t s  .B-, •
« 24 M w •
* 60 11 ” .

it
tt
i i

3 .7 0  
0 .5 0  
" .0 0  
0.00

0.00
0.00
3 .7 0  
3 . 6 8
3 .7 0

4 .6 2  
0 .5 3  
0 .01  
0 .0 4  
0 .0 5  
0 .0 5  
4 .6 0
4 .6 2  
4 .6 5

1 6 4 .7 8 1 8 .1 1
1 6 8 .9 0 1 8 .5 8
1 5 2 .1 1 1 6 .7 3

1 2 4 .7 3 1 3 .7 2
1 2 5 .4 4 1 3 .7 9
1 5 2 .1 1 1 3 .7 2
113 .59 1 2 .4 9
1 1 2 .8 8 12 .41
112 .7 4 1 2 .4 0
116 .69 1 2 .8 3
115 .55 1 2 .7 1
115 .55 1 2 .7 1
09 8 .9 1 1 0 .1 1
10 8 .2 2 11999

9 0 .3 0 9 .9 3
7 7 .0 4 8 .4 7
77 .32 8 .5 0
6 7 .8 7 7 .4 6

( average o f  th ree )
it ti it
it it »
it it it
n ii ii
it ti ti
ii 11 is
ti n. i i

it ii it
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T ab le  X I I I .

The e f f e c t  o f  v ita m in  on th e  a c t i v i t y  o f pan­

c r e a t i c  l i p a s e .  A ll  t i t r a t i o n s  made in  a lc o h o l .

c c .  N/20 NaOH Mgs a c id %
P re o a r a t io n B efo re A f te r form ed H v d ro l.

L ip a se  system  a lo n e ,  • ,It 11 It .  .  A

2 .4 3
2 .2 4

11 .6 5
11 .7 0

125 .30
125 .44

1 3 .7 8
13 .7 9

n tt tt •  •  • 2 ,4 2 11 .7 2 127 .13 1 5 .9 8

L ip ase  I n c 6 vtni
ti

. t s B i ,  •it
2 .4 3
2 .4 3

8 .9 0
8 .9 0

87 .48
87 .48

9 .6 2
9 .6 2

ti it 9 % 2 .4 2 8 .9 0 87 .6 2 9 .6 3
12tt

» .  . 2 .4 2  • 9 .5 0 96 .09 1 0 .5 7
it 2 .4 1 9 .5 8 97.36 1 0 .7 1

ti ti • • 2 .4 2 9 .6 0 97 .5 0 1 0 .7 2
17

tt
ii # 2 .4 2 1 0 .2 5 106 .67 1 1 .7 3
« .  , 2 .4 2 1 0 .2 5 106 .67 11 .7 3

it 2 .4 2 1 1 .0 0 117.25 12 .8 9
18tt

1! 2 .4 2 1 1 .4 3 123 .32 13 .5 6
ft 0 0 2 .4 4 1 1 .4 3 123 .04 1 3 .5 3

II ti It 2 .4 3 1 1 .4 0 122 .76 1 3 .5 0
90

it
u 2 .4 3 9 .2 0 91 .15 1 0 .0 2
II 2 .4 3 9 .2 0 91.15 1 0 .0 2

ti It 2 .4 2 9 .2 0 91 .15 1 0 .0 2
150 II # 2 .4 5 8 .8 0 8 5 .9 3 9 .4 5

it II 2 .4 4 8 .8 0 84 .66 9 .5 0
i i « ! ! 2 .4 2 8 .8 2 86 .4 9 9 .6 2

* C o n tro l  on enzyme • • 2 .1 5 2 .2 7
ti ti o l iv e  o i l  • 0 .2 5 0 .2 8

. ii ti 90 u n i t s  Bt 0 .0 2 0 .0 2
n ii150 ii it 0 .0 3 0 .0 4

Enzyme & 6 u n i t s  Bn , , • 2 .1 5 2 .2 8
ti " 90 ti « .  . 2 .1 5 2 .30
it V 150 tt tt •  • 2 .1 5 2 .2 9

*  A ll  

av e rag es  o f

th e  v a lu e s  l i s t e d  f o r  

th re o  sa m p les .

th e  c o n t r o l s  a re

*
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Table XIV.

The e f f e c t  o f  v a ry in g  am ounts o f  v i ta m in  on th e  

a c t i v i t y  o f  p a n c re a t ic  l i p a s e .

P re p a r a t io n
cc  N/20 NaOH Mgs a c id  Jo 
B e fo re  A f te r  form ed H y d ro l.

L ipase system  a lo n e . • 
L ip ase & 3 u n it s  B^* .
C ontrol on enzyme. • .

" u o l iv e  o i l  .
n u 3 u n it s  Bi«
11 enzyme & Bt • •
n o i l  & 3 u n it s  B

Lipa&e system  a lo n e .
L ip ase & 6 u n it s  Bi*
C ontrol on enzyme, .

' M M o l iv e  o i l
!* ” 6 u n i t s  B,u
tt 

t!
L ipase system  a lo n e . 
L ip ase & 12 u n lt3  B^ 
C ontrol on enzyme, . 

M M O live o i l  
1‘ enzyme & B^. . 
I* o i l  & 12 tm its

enzyme & B i .  • 
o i l  & 6 u n i t s  B^

Bl

L ip ase system  a lo n e . • 
L ip ase & 1 6 .8  u n it s  B  ̂
C ontrol on enzyme. . . 

u H o l iv e  o i l  • 
t* t* 1 6 .8  u n its  
" enzyme & B-,• •
” o i l  & Bx . T . ■

L ipase system  a lo n e . . 
L ip ase  & 18 u n it s  Bj • 
C ontro l on enzyme. . • 

!* M o l iv e  o i l  • 
V 18 u n it3  B i

enzyme & B i • •

B1

3 .8 4
3 .8 5  
3 .7 9  
0 .1 5  
0.02 
3 .8 4  
0 .1 4

3 .8 3
3 .8 4
3 .7 8  
0 .1 4  
0.02
3 .7 8  
0 .1 4

3 .8 3
3 .8 3
3 .7 9  
0 .1 4
3 .7 9  
0 .1 5

3 .8 5
3 .8 6  
3 .7 9  
0 .1 4  
0 . 0 2  
3 .7 8  
0 . 1 2

3 .8 6
3 .8 9
3 .7 8  
0.11 
0 .02
3 .7 8

it o i l  & 18 u n i$ s B i .  0 .1 2

1 7 .2 4  
1 4 .5 5

4 .0 0  
0 .2 1  
0 .0 2
4 .0 2  
0 .21

1 7 .2 4  
1 4 .1 6

4 .0 0  
0 .2 0  
0 .0 5  
3 .86  
0 .2 1

1 7 .2 4  
1 3 .7 2

4 .0 0  
0 .2 0  
4 .1 0  
0 .22

1 7 .2 2
1 2 .8 8

4 .0 6
0 .21
0 .0 3
4 .1 2  
0 .1 5

1 7 .2 5  
1 3 .4 5

4 .0 2  
0 .1 5  
0 .0 2
4 .1 2  
0 .1 6

185 .36
1 46 .7 4

185 .36
140 .52

185 .36  
134'. 33

183 .99
121 .63

1 8 4 .9 8
1 30 .2 4

20 .39
1 6 .1 4

2 0 .3 9
1 5 .4 9

2 0 .5 9
1 4 .7 7

20 .24 .
1 3 .3 8

2 0 .3 5
1 4 .3 2
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T able XIV (c o n tin u e d )

Jo
H ydrol.P r e p a r a t io n

L ip ase system  alone* • 
L ipase & 1 9 .2  u n it s  
C ontrol on enzyme* • •

11 M o l iv e  o i l  .
I* !* 19*2 u n it s  
u  enzyme & B^ • •
'* o i l  & B^* • • •

L ipase system  a lo n e . • 
L ipase & 2 2 .8  u n it s  Bq_ 
Contact}. on enzyme. * .

" " o l iv e  o i l  •
’* 2 2 .8  u n it s  B  ̂

enzyme & Bt
w o i l  & Bx . 7

L ipase system  a lo n e . 
L ipase & 24 u n it s  B  ̂
C ontrol on enzyme. . 

” “ o i l  . . .  .
u enzyme & B  ̂ •

o i l  and Bi* .

it
tt
it • • 

# •

it

it

L ipase system  alone* . 
L ipase & 30 u n it s  B-j_ • 
C ontrol on enzyme. * . 

11 ”• o l i v e  o i l
V 30 u n i t s  B i 

enzyme & B^. . 
o i l  and B^* • •

tt
tt
tt

c c .N /2 0  NaOH 
B efo re  Ai'ber

♦ • 
• • 
• ♦

L ipase system  a lo n e . .  • « 
L ipase & 2 5 .2  u n it s  B i . .
C ontrol on enzyme...................

1* M o l iv e  o i l  . . • 
11 25*2 u n it s  B i •

enzyme & Bi* . • • 
o i l  a n d  B ^ .  • * .  •

•  •  •  

•  •  

•  •

3 .8 8 1 7 .2 6
3 .9 0 1 3 .4 0
3 .7 8 4 .0 2
0 .1 1 0 .1 6
0 .0 2 0 .0 3
3 .7 8 4 .1 2
0 .1 2 0 .1 6

3 .8 8 17 .2 7
3 .9 0 1 4 .7 6
3 .7 6 a . 0 0

0 .1 1 0 .1 6
0 .0 2 0 .0 4
3 .7 9 4 .1 6
0 .1 2 0 .1 6

3 .8 6 1 7 .2 5
3 .8 9 1 4 .3 1
3 .7 8 4 .0 2
0 .1 1 0 .1 4
3 .8 1 4 .1 8
0 .1 2 0 .1 6

3 .8 3 1 7 .2 5
3 .8 8 1 4 .1 6
3 .7 8 '4 .0 2
0 .1 1 0 .1 5
0 .0 3 0 .0 3
3 .7 9 4 .1 9
0 .1 2 0 .1 6

5 .8 4 17,25
3 .8 7 1 3 .0 0
3 .7 8 4 .0 2
0 .1 1 0 .1 4
0 .0 3 0 .0 4
3 .8 0 4 .2 1
0 .1 2 0 .1 6

Mgs a c id  
form ed

184 .56
128 .54

184 .56
147 .45

185 .12  
141..38

185 .69
152 .95

185 .36
122.19

20 .3 0
1 4 .1 4

20 .30
1 6 .2 1

20 .36
1 5 .5 5

20 .4 2
1 6 .8 2

20 .39
1 3 .4 4
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T a b l e  XIV (c o n tin u e d )

P re p a r a t io n
cc 11/20 NaOH 
B efo re  A f te r

Mgs a c id  
formed

— ?
H y d ro l.

L ipase system  a lo n e . 
L ipase & 36 u n it s  Bx 
C ontrol on enzyme. •

11 11 o l iv e  o i l
,r M 36 u n it s  Bx
11 enzyme & Bx •
!l o i l  and Bx • •

L ipase system  a lo n e . 
L ipase & 48 u n it s  Bx 
C ontrol on enzyme. .

M • " o l iv e  o i l
V V 48 u n it s  Bx
11 • enzyme & Bx • •
L' o i l  and Bx • •

L ipase system  a lo n e . 
L ipase & 60 u n it s  Bx 
C ontrol on enzyme. . 

u H o l iv e  o i l
I' !* 60 u n it s  Bx

enzyme & Bx
o i l  and Bx

L ipase system  a lo n e . 
L ipase & 100 u n it s  Bx 
C ontrol on enzyme. .

M o l iv e  o i l  
V 100 u n it s  Bx 

enzyme & Bx«' •" • 
o l iv e  o i l ,  and- Bi

• 3 .8 5 1 7 .2 5 185 .36
• 3 .8 7 12 .7 9 1 2 0 .7 8
♦ 3.7.9 4 .0 0 *

• 0 .1 1 0 .1 5
• 0 .0 2 0 .0 2
• 3 .9 0 4 .2 2

0 .1 5

• 3 .8 5 17 .2 3 18 4 .9 8
• 3 .8 7 12 .86 121i49
• 3 .7 9 4 .0 2
• 0 .1 1 0 .1 5
# 0 .0 2 0 .0 3

3 .9 1 4 .2 2
0 .1 6

• 3 .8 8 17 .2 4 18 4 .6 2
• 3 .9 1 12 .8 1 118 .81
• 3 .7 9 4 .0 2 (

• 0 .1 1  ‘ 0 .1 5
♦ 0 .0 3 0 .0 3
• 3 .8 0 4 .2 4

0 .1 7

17 .25 185 .36
• 3 .9 0 12 .22 1 1 0 .9 0
• 3 .7 8 4 -.01
• 0 .1 1 0 .1 4
• 0 .0 2 0 .0 3
• 5 .8 2 4 .2 5
« 0 .1 2 0 .1 6

20.59
1 3 .2 8

20 .35
13 .4 1

20 .3 1
1 3 .0 7

20 .39  
12 .20

6 u n i t s  
12  »
48 «

Bx eq u a ls 20 gamma o f  the v itam in  
tt  tt 4 0  • "■ M 11 ■ 11

•• X60 " 11 n *' e t c .
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T ablo XV.

A summary ta b le  o f  180 t r i a l s  to  d em o n stra te  th e  

in h ib i to r y  e f f e c t  o f  v a ry in g  amoiints o f  v ita m in  B i on th e  

a c t i v i t y  o f  p a n c re a t ic  l i p a s e .  O liv e  o i l  was used  as 

th e  s u b s t r a t e .

Uniat Mgs ac id form ed D if f .  in % h y d ro ly s is D i f f .
% h y d ro l .L ip ase C o n tro l Mgs • v /ith  Bi C o n tr .

3 1 4 6 .7 4 185 .66 38 .92 1 6 .1 4 20 .42 4 .2 8

6 111 .1 4 164 .75 53.61 12 .22 18 .1 2 5 .9 0

12 ' 1 0 9 .2 1 154c76 55.55 12 .01 18 .1 2 3.11

17 • 117 .17 185 .30 68 .13 12 .8 9 20 .38 7 .4 9

18 127 .19 165 .56 38 .37 13 .9 8 18 .21 4 .2 3

19 127 .61 185.26 57.65 14 .03 20 .38 6 .3 5

23 14 8 .9 9 185 .47 56 .48 1 6 .3 9 20 .40 3 .9 1

24 13 3 .1 1 177 .67 44,56 14 .6 4 19 .5 4 4 .9 0

25 1 4 5 .1 0 185 .82 40 .12 15 .96 20 .44 4 .4 8

30 122 .19 185.36 63 .17 13 .4 4 20 .39 6 .9 5

36 1 2 0 .7 8 185 .36 64 .58 1 3 .2 8 20 .39 7 .11

48 ' 104 .86 173 .45 68 .59 11 .53 1 9 .0 8 7 .5 5

60 85 .2 6 173 .27 88 .01 9 .4 7 19.06 9 .59

90 9 1 .1 5 125 .56 34.61 10 .0 2 13 .81 3 ,7 9

100 1 11 .9 0 185 .36 75.46 12 .31 20 .59 8 .0 8

150 85 ,6 9 125.76 40 .07 9 .42 13 .83 4 .41
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A q u estio n  arose concern ing th e  e f f e c t  o f  th e  v itam in  

in  th e  p resen ce  o f some a c t iv a to r  such as b i l e  s a lt s *

To show the o f f e c t iv in e s s  o f  the v itam in  under t h i s  con­

d i t io n  an experim ent was performed in  which b i l e  s a lt3  

were added to  tho samples as w e ll  as v itam in  B- .̂

A d d itio n a l sam ples wore prepared w ithout the a d d itio n  o f  

the b i l e  s a l t s  to  show the u su a l e f f e c t  o f  the v ita m in .

The r e s u l t s  o f  t h is  experim ent are shown in  ta b le  XVI.

H ere.60 in te r n a t io n a l u n i t s ,  or  200 gamma, o f  the  

v itam in  were employed in  the p resence o f  b i l e  s a l t s  and 

the In h ib ito r y  e f f e c t  o f  the v ita m in  was not ap p erciab ly  

a f fe c t e d . A' 6 .4 $  b i l e  s a l t  s o lu t io n  was used  ; one 

cu b ic ce n tim eter  o f  t h i s  s o lu t io n  was added to  each  

sam ple.

In t h i s  experim ent the d ecrea se  in  h y d r o ly s is  

caused  by the presence o f  the v itam in  w ithout the additdh  

° f  b i lo  s a l t  amounts to  34 .09  mgs. o f  o le ic  a c id  or 

1 1 .3 1  $  h y d r o ly s is  in  c o n tr a st  to  8 .3 4  $  when v itam in  

Bl . i s  p r e s e n t . This i s  e q u iv a len t to  an in h ib i t io n  o f  

2 6 .2 5  $ .  When the b i l e  s a l t s  are p resen t th ere  i s  a 

decre se  in  h y d r o ly s is  o f  52 .06  mgs o l e i c  a c id  or a 

d if f e r e n c e  in  p ercen t h y d r o ly s is  o f  5 .3 6 $ . This i s  

an in h ib i t io n  o f .  2 0 .2 6 $ .
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T able  XVI

The e f f e c t  o f  v i ta m in  Bx on th e  a c t i v i t y  o f  p a n c re a t ic  

l i p a s e  i n  th e  p re se n c e  c f  b i l e  s a l t s .

P r e p a r a t io n

L ipase 3ysetm a lo n e . • 
» ti it .  ;
it » « . .

• •

L ip ase system  v/ith  b i l e  s a l t  • 
» t i »  n  i i

ti it tt it tt •

L ip ase  system  v/lth  50 i . u ,  B-i • 
I I.  II H i i  t t  ■

L ip a se , 30 i . u .  Bi & b i l e  s a l t  
u * tt u A ii ii

c c .  N/20 Mgs a c id  f0 
NaOH form ed H y d ro l,

it i i

8.00
8 .8 0
8 .5 0

18 .5 0  
18 i50  
1 7 .7 0

5 .5 0  
7 .0 0  
7 .1 0

15; 30 
14 i63
1 4 .5 0

96 .70
1 0 8 .0 8
103 .85

245 .96
243 .96  
232 .67

6 1 .2 4
82 .42
83 .81

1 9 8 .5 3
188i93
187 .24

10;64
l i ; 8 6
11 .42

26 .83
26 .8 3
2 5 .5 9

6 .7 4
9 .0 6
9 .2 2

2 1 .8 1
20 .7 8
20 .5 9

• C o n tro ls

Enzym e.in w ater. . . •
O live  o i l  c o n tr o l .  . •
C ontrol on 30 u n its 'B ^
B i le  s a l t  c o n tr o l . •
Enzyme and b i l e  s a l t  •
O live  o i l  and b i l e  s a l t  
B i le  3 a l t  and 30 u n its  B i 
Enzyme’ and 50 u n its  
o l iv e  and 30 u n it s  B^.
Enzyme, 30 u n its  Bi and b i l e  6 a lt  
O live  o i l .  3i, and b i l e  s a l t .

1.10
0;04
o;o2
o;o2
1 .3 2
o ; i7
0 .0 3
i ; i i
0 .1 8
1.11
0 .19

3 0 .u n it s  o f  v itam in  eq u als 100 gamma.
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I t  i s  c l e a r l y  e v id e n t  from  th e  fo re g o in g  exp erim en ts  

t h a t  v i ta m in  h as a  d e c id e d  in h ib i to r y  e f f e c t  on th e  

a c t io n  o f  p a n c r e a t i c  l ip a s e *  The i n h i b i t i o n  am ounting 

to  as h ig h  as 26$ d ep en d in g  upon th e  amount o f  th e  

v ita m in  used* I s  t h i s  i n h ib i to r y  e f f e c t  a ls o  m a n ife s te d  

in  th e  c a se  o f  e s te r a s e s ? -  -T h is q u e s t io n  i s  answ ered in  

th e  ex p e rim en ts  w hich, fo l lo w . -

To s tu d y  th e  e f f e c t  o f  th e 'V ita m in  on th e  a c t i v i t y -  

o f  e s t e r a s e s  p a n c r e a t ic  e s te r a s e  was u se d ; t h i s  i3  

c o n ta in e d  in  th e  same p r e p a r a t io n  as d e s c r ib e d - in  th e  

s e c t io n  on  m a te r ia l s  and p e r p a r a t io n s .  The exp erim en ts  

were p erfo rm ed  in  e x a c t ly  th e  same m anner S3 th o se  d e ­

s c r ib e d  above e x c e p t t h a t  0*20 c c . - o f  e th y l  b u ty ra te  

was s u b s t i t u t e d  f o r  th e  o l iv e  o i l  s u b s t r a t e .  The 

oontaio l e s t e r a s e  f l a s k s  c o n ta in e d  2 cc . o f  enzyme, 0 .2  cc 

o f  e th y l  b u t y r a t e , and w a te r  to-m ake up to  volume* To 

show th e  e f f e c t  o f  th e  v ita m in  a d d i t io n a l  f l a s k s  were 

P re p a re d  in  w hich  v a ry in g  amounts o f  v i ta m in  B i were 

s u b s t i t u t e d  f o r  th e  c o r r e c t . amount o f  w a te r  to  keep  th e  

" to ta l volume 15 c c .  C o n tro ls  were ru n  on each  o f  th e  

in g r e d ie n ts  o f  th e  sa m p les . A ll f la s k 3  were shaken 

e q u a l ly  and In c u b a te d  f o r  24 h o u r s .  Tho r e s u l t s  a re  

shown in  t a b le s  X V II, X V III and XIX.
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The e f f e c t  o f  v ita m in  B j on th e  h d y ro ly s is  o f  e th y l  

b u ty r a te  by  p a n c r e a t i c  e s te ra s e *

~ ~  cc IT/20 NaOH Mgs a c id  f0
—-—P re p a ra t io n ________  B efo re  A f te r  form ed Hydrol*

Enzyme and b u ty r a t e .  . . 1 .0 5  1 0 .0 0  38 .72  29 .1 0

” " *' • * . 1 .0 5  1 0 .0 5  38 .94  29 .21
!l If ti 1 .0 5  1 0 .1 5  39 .38  29 .5 4
» » » . . .  105 1 0 .1 1  39 .20  29 .41
11 II II

•  •  # 1 .0 5  1 0 .1 5  39 .38  2 9 .5 4

” " " . . .  1 . 05 1 0 .2 0  39 .60  29 .74

j g | g a g es ,t. . . » .......................  1 .0 5  1 0 .11  39 .21  29.46

Enzyme, b u ty ra te  k  18 Bi 1 .0 5  9 .5 3  36 .65  27 .56

" M M " 1 .0 5  9 .5 3  36 .65  27.56
* * t

" ” ” " 1 .0 5  9 .8 0  37 .84  28.42

” ” ” " 1 .0 5  9 .5 5  36 .74  27 .58

1 .0 5  9 .7 5  37 .62 28 .25

1 .0 5  9 .9 4  38 .46 28 .93

£ ggrap;es  1 .0 5  9 .6 8  37 .35  28 .05

C ontrol on enzyme . . , 1 .00  1 .1 4

C ontrol on b u tyra te  • . 0 .0 1  0 .0 2

C ontrol on 18 i . u . ,  Bj . 0 .0 6  0 .06

C ontrol: enzyme & Bj .  . 1 .09  1 .2 2

B utyrate and B t _________  0 .0 7____ 0 ,0 7 ______________________

11 II ti It

11 II II tl
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Table XVIII

The e f f e c t  o f  v a ry in g  am ounts o f  v ita m in  Bx on th e  

a c t i v i t y  o f  p a n c r e a t i c . e s te ra s e *

P r e e a r a t io n
-

cc N/20 NaOH 
B efo re  A f te r

Mgs. acid, 
form ed

CL

H y d ro l.

Enzyme & b u t y r a t e •
"  . . . ”

» »

•  •  » 

•  •  * 
•  •  •

o ;9 4
0 i9 4
0 .9 4

1 0 .0 0
9 .8 8
1 0 .1 0

43i 21 
42 .68  
43 .65

32.41
32:10
32.79

Enzyme, b u t y r a t e , 6 
n It

it  ti

i .u .B x  :94  
» 0 i9 4  
”  0 .9 5

9 i8 0
9 .6 5
9 .9 0

42*; 33 
4 i ;  67 
41 .23

31 .75
31 .38
31 .93

Enzjpne &  b u ty ra te *
' i i - • i f  - * 

Emzy. & 12 i . u .  Bx
i t  i i  H

ti i i  i i

. . . 0 .9 7  

.  :  . 0 i9 6  

. . .  '0 ;9 7  
& b u ty .0 i9 7  

»  0 i9 7  
” 0 .9 7

9‘.9 4  
9 .9 7  

io ;o 4  
9 .8 3  
a ;  87 
9 .9 1

42.94  
43 .12 
43:38  
42:46 
42; 64 
42 .81

32.21
32 .40
32 .54
51 .81
32 .15
32.20

Enzyme & b u ty r a t e .  
n  i i

II  II , ;

V/ith 118 u n i t s  Bxi 
i i  it  t i i i  ;
n i i  i i  it

•  * ♦ 
# •  •  

•  •  •  
•  •  •  
•  •  •  
•  •  •

0 i9 5
0 i9 5
0 i9 5
0 i9 5
0 .9 5
0 .9 5

1 0 : 0 4
i o ; i 4
10 ;89
1 0 .0 0
10 .0 1
9 .9 0

43:38
43:82
47.12
43:21
43:25
41.23

32:54  
32 .87  
35 .34  
32 .41  
32 .44  
30 . 93

Enzyme & '  b u ty r a te  •  
i i  n ;

tt i i  ;

V/ith 24 u n i t s  Bx •  
i i  ii  i t  it  ;
i i  it »  i i  ,

•  •  •  
« •  • 
•  •  ♦ 
•  •  • 
•  •  •  
•  ♦ •

0 i9 9
0198
0199 
0 i9 8  
0 i9 8  
0 .9 8

io ; i2
io ;o 6
10 .1 5io;oo

9 .9 8
1 0 .0 2

5 9 :i6  
38:9  Q 
39:29 38:68 
37.49 
38 .76

29:39
29 .18
29:47
2 9 :0 8
28:84
29 .11
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Table XVIII (con tin u ed )

P re p a r a t io n

Enzyme & b u ty r a te
it ti

Y/ith 30 u n i t s  Eh
tt t t  tt tt
tt it tt

Enzyme & b u ty r a te
tttt

it
tt
tt
tt

Enzyme & b u ty r a te
tt tt
tt tt

V /ith 100 u n i t s  B-i
tt t t  t t  i t x

v /ith  60 i . u .  Bi
t t  tt

"cc K/20 MaOH Mgs a c id  
B efo re  M t e r  form ed

Vp
H y d r o l ,

Oi98 1 0 ; 2 0 39; 56 29 .6 3
0 ;9 8 1 0 .2 5 39; 78 29 ; 82
0 i9 8 1 0 ; 1 0 38.91 2 9 ; 20
0 .9 8 9 ; 89 3 8 ;i9 28 .6 2
0 ;9 8 9 ; 85 38; 02 2 9 ; 1 0

0 .9 8 1 0 .0 1 38.72 29 .10

0 .9 9 1 0 .1 5 39; 29 29 .47
0 i9 7 1 0 .2 0 39 .36 29; 52
o;v 10;.42 40; 56 50; 43
0 ;9 8 9 .4 5 36; 26 27 ; 20
0 ;9 7 9 .0 0 35; 38 26 .3 4
0 .9 8 8 .9 9 34 .23 2 7 .0 5

Oi97 1 0 ; 16 39; 42 29 .57
0 i9 9 1 0 i2 5 39; 74 29 .8 1
Oi98 10; 25 39; 78 2982
0 .9 9
0 i9 7

9 i l0
9 ;oo

34;67 
54; 32

26 ; 00 
25 ; 74

0 .9 8 8 .99 34 .23 25 .68

C o n tro ls

C ontjrolon onzyme. . . . . 
11 on e th y l  b u ty r a te  
11 6 u n i t3  Bx» • •
tt  2 4  ,f •" •  •  •
tt i n n -  tt "  i  i  ' •

tt
100 '  "

Enzyme & 100 11 
B u ty ra te  & ]L00 u n i t s  Bt

o;9o
0i02
o ; o 2
o:o3
0 .0 4
0 .9 3
0 .0 6

1 .13
o ;o 2o;o3
o;o3
0 .0 4
1 .16
0 .06

( av e rag e  o f  th r e e )

tt
tt
it
tt
tt
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Table XIX.

A summary t a b le  showing th e  ■ e f f e c t  o f  v ita m in

on th e  a c t i v i t y  o f  p a n c re a t ic  e 3 te ra 3 e . Each f ig u r e

l i s t e d  r e p r e s e n ts  an average  o f 21 t r i a l s .  •
* • • •  *  *

U n its  Mgs a c id  forme~d D i f f .  in  % H y d ro ly s is  D iff.*  in  
_  Bt W ith Bi C o n tro l#  • Mgs. W ith Bi C o n tr . % h y d ro l .

3 3 6 .4 3 4 0 .2 4 3.81- 2 7 .32 30.19 2 .8 7

6 4 1 .7 4 4 3 .1 8 1 .4 4 31 .02 32 .43 1 .4 1

12' 4 2 .7 8 4 3 .1 4 0 .3 6 32 .05 32 .38 0 .3 3

18 42 .56 4 4 .7 7 - *2.21 32 .00 33 .59 1 .5 9

24 38 .31 39 .12 0 .8 1 28 .73 2 9 .3 5 0 .62

30 38 .31 39 .42 1 .1 1 28 .73 29 .57
t

0 .8 4

36 38 .94 3 9 .2 2 0 .8 8 2 8 .s e 29 .42 0 .0 6

48 3 9 .1 8 39 .22 0 .0 4 29 .39 29.42 0 .0 4

60 36 .62 39.61 2 .9 9 27 .49 29 .72 2 .2 3

100 3 4 .4 1 39 .55 • 5 .1 5 25 .81 2 9 .73 3 .9 3

* Tho system s o r  sam ples made -v/ith enzyme and 
e th y l  b u ty r a to  o n ly  a r e  h e re  d e s ig n a te d  as th e  c o n t r o l s .
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L e c i th in  i s  an im p o rta n t c o n s t i tu e n t  c f  th e  nervous 

t i s s u e  and p a r t i c u l a r l y  o f  th e  m y e lin  sh e a th s*  In  

m u l t ip le  s c l e r o s i s  th e  p r im a ry  l e s i o n  c o n s i s t s  o f  a 

d e g e n e ra t io n  o f  th e  m y e lin , and in  th e  advanced s ta g e s  

o f  th e  d is e a s e  th e  m y e lin  i s  c o m p le te ly  d e s tro y e d  in  

num erous p a tc h e s  th ro u g h o u t th e  3p in a l  cord* ' I t  v/as o n ly

n a t u r a l ,  th e r e f o r e  t h a t  l e c i t h i n  v/as u sed  as s u b s t r a te* * s* *
i n  th fts in v e s t ig a t io n *

•A one p e rc e n t  s o lu t io n  o f  l e c i t h i n ,  d e s c r ib e d  in  th e
• ■ •• .

s e c t io n  on  m a te r ia l s  and p r e p a r a t io n s 3 ,  v/as employed 

as  a  s u b s t r a t e  in  th e s e  ex p erim en ts*  The ex p e rim en ts  

v/ere perfo rm ed  in  th e  3ame m anner as th o se  i n  v/hlch 

o l iv e  o i l  o r  e th y l  b u ty r a te  v/ere u se d  as  th e  s u b s tra te *  

However, th e  amount o f  th e  l e c i t h i n  p r e s e n t  was so 3m all

t h a t  N/100 NaOH v/as u se d  in  th e s e  t i t r a t i o n s *  The« <* '•
c o n t r o l  l i p a s e  system s v/ere made up  as fo llo v /3 : 2 cc o f

enzyme s o lu t io n ,  2 c c .  o f  l e c i t h i n  s o l u t i n  and w a te r  to  

make th e  t o t a l  volume 15 cc* To show th e  e f f e c t  of  th e  

v i ta m in  th e  d e s i r e d  amour 1, o f  v ita m in  s o lu t io n  v/a3 sub- 

f o r  th o  c o r r e c t  amount o f  w a te r .  C o n tro ls  v/ere ru n  on 

Qach o f  tho  c o n s t i tu e n t s  as 3hown in  t a b le s  XX and XXI 

where th e  r e s u l t s  a re  l i s t o d .  Here i t  i s  a g a in  e v id e n t 

t h a t  th e  v ita m in  i n h i b i t s  th e  a c t io n  o f  th e  enzyme on 

th e  l e c i t h i n  s u b s t r a t e .
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T ab le  XX

The e f f e c t  o f  v ita m in  Bx on th e  a c t i v i t y  -of p a n c re a t ic  

l i p a s e  v/hen u s e in g  l e c i t h i n  as a  s u b s t r a te *

cc M/100 HaOH Mgs a c ia  w
P re p a r a t io n ________________B efo re  A f£er~  form ed H ydrol.

L ip a s e  sy stem - a lo n e .  . . . 0*96 7 .1 8  9 .3 8
L ip a se  sy stem , 18 i . u .  Bx* 90 '7 .8 9  ey .
C o n tro l  on enzyme. • . .

n 11 l e c i t h i n  • •
u u 18 u n i t s  Bx»
H enzyme & Bx• • ' i .
n l e c i t h i n  & B]_ . *

L ipase  system - alone . ' .  • 0195 7 .2 0  ^n*Qn
L ipase  system , 18 I . u .  Bx n:gp 6 .2 4  7 .7 8  e8 .90
C ontrol on enzyme. • . 1 •

11 11 l e c i t h i n .  • . 1
" " 18 i .  u .  B£. .
" enzyme & 18 i i  u .  ‘B-̂
"  l e c i t h i n  & B  ̂ • . • •

L ipase system - a lo n e .  . ‘ . • 0194 6 .9 5  ^9*50
L ip a s e  sy stem , 18 1 . u . 'B i  6125 7 .9 0  39.50
C ontrol on enzyme. . . . »  

w ” l e c i t h i n  • 1 .
» “ 18 i . u .  Bx
11 enzyme & Bx • • • • • •
" l e c i t h i n  0 .1 5

T . . _ • ti 7 1 1 9  9 1 3 9  4 6 . 9 5L ipase sy s te m 'a lo n e .  . . • u .jd  i * ^5 . 4 5
L ip a se  sy stem , 1 8 ' l . u .  B l « -26 7 ,8 9  35 ,48
C ontrol on enzyme. . . •

" " l o c i t h i n  • .
" « 18 i .  u .  Bx .
” enzyme & Bx • • • •
” l e c i t h i n  & Bt . . •

L ip ase system - a lo n e . 
L ipase system , 1 8 ' i . u
C ontro l on enzyme. .

" 11 l e c i t h i n
" ” 18 i . u .  Bx
" enzfmo & Bx* •
11 l e c i t h i n  & Bi .

° 1 ‘ 
•  •

0 .9 6 7 .1 8
90 6 .2 5
0 .5 0 0 .8 5
o ; io 0 .1 0
0 .0 4 0 .0 4
0 .5 5 ■ 0 .9 1

0 .1 6

0 .9 5 7 .2 0
0192 6 .2 4
0150 0 .8 7
0 .1 0 0 .1 6
0 1 0 5 0 .0 5
0 .5 6 0 .9 3
0 .1 5 0 .2 0

0194 6 .9 5
0192 6 .2 5
0151 0 .8 5
0 .1 0 0112
0 .0 5 0 .0 5
0 .5 5 0 .9 0
0 .1 5 0 .1 7

0 .9 5 7 .19
0 .9 2 6 .2 6
0 .5 1 0 .8 7
0 .1 1 0 .1 1
0 .0 5 0 .0 5
0 .5 5 0 .9 0
0 .1 5 0 .1 7

0 .9 4 7 .2 8
0 .9 2 6 .8 0
0 .5 0 0 .8 5
0 .1 0 0 .1 1
0 .0 5 0 .0 5

* 0 . 55 0 .9 0
0 .1 5 0 .1 6

9 .5 7  47.85
8 ,7 0  43 .95
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T able XXI.

The e f f e c t  o f  v a ry in g  am ounts o f  v ita m in  on th e  

a c t i v i t y  o f  p a n c re a t ic  l i p a s e  when l e c i t h i n  i s  u sed  as 

th e  s u b s t r a t e .

P re p a r a t io n
cc Jl/lOO NaOH MgiTacid % 
B efo re  A f te r  form ed H ydrol,

L ip ase sy stem  a lo n e , . . . 0 .8 3 5 .6 2
ii tt tt • • • • . 0 .8 3 5 .9 0
ti it tt • ♦ • • .0 .8 5 5 .56

Average . . . • • • • • * • .0 .8 5 5 .6 9
»

L ip a se  sy stem  & 5' u n i t s  Bi 0 .8 4 5 .5 0
it tt 6 it tt 0 .8 2 5 .3 0
if tt 12 it it 0 :8 3 4 :8 0
ii tt 18- tt , tt o ;8 5 4 .7 0
ii ti 24 tt , tt , LOco.o

 
■.o 5 . o5

it tt 30 tt . it 0 .8 3 4 .9 0
tt tt 36 tt tt o :8 6 5 :00
it tt 48 tt .. tt 0 .8 4 4 .6 5
tt tt 60 tt tt 0 :8 5 4 .4 5
tt it 100 tt it. 0 .8 6 3 .5 5

C o n tro l on enzyme. • • • • • 0 .6 1 1 .2 0
ti l e c i t h i n  . 0 : 1 0 0 :1 0
ti 6 u n i t s  B i . i :• • 0 : 0 4 0 :0 4
ii 18 it . » ; . . . 0 .0 4 O: 04
ti 48 n . » . ; . 0 : 0 6 0 .0 7
it 100 it 0 .0 6 0 .0 6

6 .8 8
7 .3 3
6 .9 8
6 .9 8

6 .6 4
6 .3 5
5 .5 4
5 .50
6 .3 8
5 i73
5 .81
5 .2 8
4 .9 4
3 .49

54 .00
36 .65
33 .60
34 .42

53.40*
3 1 .7 5
2 7 .7 0  
2 7 .5 0  
51^90 
28 :65  
29 .05  
2 6 :40
2 4 .70  
17 .4 5

*  A l l  v a lu o s  l i s t e d  bolow th o  s t a r  a re  av e rag es 
th r e e  t r i p l i c a t e  sam ples

o f

■> '
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0 . S p in a l Cord S tu d ie s .

Prom th e  r e s u l t s  in  th e  p ro c e e d in g  pages i t  i s  ob­

v io u s  t h a t  th e  v ita m in  h as  a d ec id ed  in h ib i t i v e  e f f e c t  on 

th e  a c t i v i t y  o f  p a n c re a t ic  l i p a s e  and e s t a r a s e .  In  o rd e r  

to  c o r r e l a t e  t h i s  work v /ith  m u l t ip le  s c l e r o s i s  and show a  

s i m i l a r  r e l a t i o n  betw een th e  v i ta m in  and m y e lin , s p in a l  

c o rd s  wdre u sed  as s u b s t r a t e s .  S upposing  th e n , t h a t  th e  

d e m y e lin a tio n  whdch o cc u rs  in  m u l t ip le  s c l e r o s i s  i s  an 

en zy m atic  h y d r o ly s i s ,  does th e  v ita m in  i n h i b i t  th e  a c t io n  

o f  th e  enzyme as i t  does in  th o  p ro ce e d in g  exp erim en ts  

and th e re b y  p re v e n t d e m y e lin a tio n  ?

The s p in a l  co rd3  o f r a t s  were u sed  f i r s t  in  th e s e  

e x p e r im e n ts . T h re e , a d u l t  norm al r a t s  were chosen  f o r
A

each  e x p e r im e n t. A f te r  th e  r a t s  were k i l l e d  su d d en ly  by. 

a blow on th e  head  t h e i r  3 p in a l  co rd s  v/ere removed by 

s t e r i l e  te c h n iq u e .  Each co rd  was p la c e d  in  a s e p a ra te  

150 c c .  E rlonm eyor f l a s k  w hich c o n ta in e d  30 cc o f  an 0 ,8 5 $  

s a l i n e  s o l u t i o n .  The th r e e  f l a s k s  were th e n  l a b e l l e d  

»An, mb m, and MC” r e s p e c t iv e ly .  To f l a s k  iJB" was 

added 30 u n i t s  (100 gamma) o f  v ita m in  A f te r  th e

f l a s k s  3 to o d  a t  room te m p e ra tu re  f o r  th r e e  hours 4co o f  

th e  enzyme s o lu t io n  was added to  f la s k 3  "A” and "B" and 

th e  f la 3 lc s  w ere 3 haken g e n t ly  f o r  th e  pu rpose  o f  m ix ing  

th e  c o n t e n t s .  N oth ing  v/as addod to  f l a s k  ''G11 w hich
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v/as k e p t f o r  a c o n tro l*  Nov/ f l a s k  "A” c o n ta in e d  th e  

s a l i n e  s o lu t io n  and 4 c c . o f  th e  enzyme s o lu t io n  in  

a d d i t io n  to  th e  3 p in a l c o rd ; f l a s k  ,,Btl c o n ta in e d  th e  

3 p in a l  co rd  in  p h y s io lo g ic a l  s a l in e  w ith  4 cc o f  th e  

enzyme s o lu t io n  h u t 100 gamma o f  th e  v ita m in  a lso *  v /h ile 

f l a s k  UCU c o n ta in e d  o n ly  th e  3 p in a l  co rd  in  th e  0 .8 5 #  

s a l i n e  s o l u t i o n .  A ll f l a s k s  v/ere p la c e d  in  th e  in c u b a ­

t o r  a t  th e  same tim e and in c u b a te d  f o r  24 h o u rs  a t  38 

to  40 C, A f te r  th e  in c u tb a t io n  o f  24 h ou rs th e  f l a s k s  

v/ere rem oved f o r  o b se rv a tio n *  The v e ry  c lo u d y  and 

tu r b id  ap p earen ee  o f  th e  s o lu t io n  in  f l a s k  "A11 in d ic a te d  

c o n s id e r a b le  d ig e s t i o n ;  in  f a c t  th e  s p in a l  cord* in  t h i s  

f l a s k  v/a3 so m ace ra ted  t h a t  b i t s  o f  th e  w h i te 'm a t te r  

w ere f l o a t i n g  around in  th e  s o lu t io n .  P laslc which 

v/a3 p re p a re d  in  th e  3ame m anner as "A" ex cep t f o r  th e  

a d d i t io n  o£ th e  v itam in ., showed o n ly  t r a c e s  o f  c lo u d i­

n e s s  o r  t u r b i d i t y  in d ic a t in g  l e s s  d ig e s t io n  th a n  in  f l a s k  

nA!l. The c o n t ro l  f l a 3 k  "G" h a d frem ained  c l e a r .  No 

p u t r i f i c a t i o n  co u ld  be d e te c te d  in  any o f  th e  f l a s k s .

The s p in a l  co rd s  were removed from  t h e i r  r e s p e c t iv e  

f la fck s  and f ix e d  in  10# fo rm a l in .  Tho s o lu t io n  l e f t  in  

each  o f  th e  th ro o  f l a s k s  was t l t r a t o d  v /ith  n/ 20 NaOH,

p h e n o lp h th a le in  b e in g  used  f o r  th e  in d ic a to r*  Tho 

s o lu t io n  o f  f l a s k  "A* r e q u ir e d  2 .3 8  c c . o f  th o  NaOH to  

n e u t r a l i z e  i t .  In  c o n t r a s t  to  t h i s  th e  s o lu t io n  o f
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f l a s k  "B" re q u ir e d  o n ly  1 .8 5  cc o f  th e  a l k a l i  and th e  

c o n t r o l  f l a s k  re q u ir e d  o n ly  0 .0 5  c c .  T h is  ex p erim en t 

was re p e a te d  n in e  tim e v /ith  tho  s p in a l  cord3 o f  r a t s  and 

s im i l a r  r e s u l t s  v/ere o b ta in e d  each  tim e . The r e s u l t s  

o f  th e  t i t r a t i o n s  a re  3hoy/n in  ta b le  XXII. P la te  1 i s  

an i l l u s t r a t i o n  to  show th e  ap p earen ce  o f  th e  c o n te n ts  

o f  th e  th re o  f l a s k s  a t  th e  end o f  th e  in c u b a t in  p e r io d .  

The c o n te n ts  o f each  f l a s k  v/ere t r a n s f e r r e d  to  la r g e  

t e s t  tu b e s  so t h a t  t h i s  p h o to g rap h  co u ld  be ta k e n .

. The s p in a l  c o rd s  v/cro p re p a re d  f o r  h i s t o l o g i c a l  

s tu d y  and s ta in e d  to  d em o n stra te  m y e lin a tin n  by th e  

m ethod o f W e ig e rt, m o d iflo d  by P a l (1 1 0 ) , The 

sam ples o f  th e  s p in a l  c o rd s  v/ere s e c tio n e d  le n g th w ise  

In  t h i s  c a s e .  V/ith t h i s  te ch n iq u e  th e  m y e lin  shows up 

as d a rk ly  s ta in e d  a re a s  and th e  d em y e lin a ted  a re a s  as 

g ra y  o r  w h ite  a re a s  depend ing  upon th e  e x te n t  o f  th e  

d e m y e lin a tio n . T h is  I s  l l l u s t r a t o d  in  p l a t e  2 .  T h is 

i l l u s t r a t i o n  shows t h a t  c o n s id e ra b le  d e m y e lin a tln  a ls o  

o c c u rre d  in  co rd  from  f l a s k  uB5? b u t th e  g r e a t e r  amount o f  

d e m y e lin a tio n  in  co rd  nA!t i s  v e ry  s t r i k i n g .

The s p in a l  c o rd s  were v e ry  s o f t  and d i f f i c u l t  to  

h a n d le  a t  th e  end o f  th o  ex p e rim en t. C o n seq u en tly  some

damage v/as u s u a l ly  i n f l i c t e d  d u r in g  th e  h a n d l in g .

B e t to r  r e s u l t s  were o b ta in e d  in  t h i s  r e s p e c t  w ith  th e
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s p in a l  c o rd  o f  a dog . The s p in a l  co rd  in  t h i s  ca se  v/as 

o b ta in e d  from  a dog k i l l e d  by  a n e s th e s ia .  The s p in a l  

c o rd  from  th e  u p p er th o r a c ic  r e g io n  to  th e  lum bar re g io n  

v/as u s e d . I t  vias c a r e f u l l y  c u t  in to  s i x  p ie c e s  o f  e q u a ll  

l e n g th  and tv/o p o r t io n s  v/ere p la c e d  in  each  o f th re e  

f l a s k s  and t r e a t e d  as d e s c r ib e d  in  th e  p re v io u s  e x p e r i­

m ent • The t i t r a t i o n  v a lu e s  o f  th e  r e s p e c t iv e  f l a s k s  a re  

g iv e n  in  ta b le  X X II, A f te r  ’’-he experim en t th e  p ie c e s  o f 

s p in a l  c o rd  v/ere a g a in  f ix e d  in  fo rm a lin  and p re p a re d  f o r  

h i s t o l o g i c a l  s tu d y . G ross s e c t io n s  o f  th e  d o g 's  s p in a l  

co rd  a re  shov/n i n  p l a t e  3 . Here th e  p r o te c t iv e  In f lu e n c e  

o f  th e  v i ta m in  i s  v e ry  d i s t i n c t .  Sample "B" v/hich v/as
• r

p la c e d  in  $ .8 5 % 3 a l in e  v /ith  v ita m in  Bp and onzyme shows 

l i t t l e ,  i f  any , d e m y e lin a tio n . Sample "A" on th e  

o th e r  h an d , shows v e ry  e x te n s iv e  d e m y e lin a tio n . A 

human s p in a l  c o rd , o b ta in e d  a t  a u to p sy  from  a  p a t i e n t  

v/ho d ie d  o f  pneum onia, v/as a ls o  used  f o r  th i3  experim ent 

to  d em o n stra te  th e  p r o te c t iv e  in f lu e n c e  o f  v ita m in  B-j_,

G ross s e c t io n s  o f  th e  human s p in a l  co rd  a re  shov/n in  

p l a t e  4 . In  t h i s  ca se  th e  t i s s u e  v/as s ta in e d  v /ith  

M organ 's s t a i n  and th e  dom yelina tod  a re a s  do n o t 3hov/ up 

in  such  sh a rp  c o n t r a s t  to  tho  m y e lin a to d  a r e a s .

However, a d i s t i n c t  m a rg in a l d e g e n e ra t io n  o f  th e  m y e lin  

con  be .seen  in  sam ple "A” o f th e  i l l u s t r a t i o n .
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Table XXXI.

Tho o f f e c t  o f  v i ta m in  on d e m y e lin a tio n  in  v i t r o  by

p a n c re a t ic  l i p a s e .

Cord Sample o f  co rd  Sample "of co rd  
u se d . in  s a l in e  & in  s a l i n e  & C o n tro l .

_______________enzyme________enzyme & v ita m in ____________

R a t.  • , . 1 .8 5 0 .0 5

it 0 .9 5 0 .0 4

ti ' 1 .4 6 0 .0 4

tt 1 .4 2 0 .0 5

tt 1 .3 8 0 .0 4

tt 0 .9 8 0 .0 5
r

tt • • I I 2 .9 8 0 .9 8 0 .05

tt • • • « 3 .1 0 1 .2 0 0 .05

t! • • • 2 .6 8 1 .0 4 0 .05

Dog co rd  . . 6 .1 0 3 .1 0 0 .05

Human c o rd . 15 .1 0 8 .3 0 1 .9 0
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IV; D ls s c u s s io n

Most o f  th e  ev id en ce  to  d a te  p o in ts  tow ard  th e  

b e l i e f  t h a t  th e  l e s io n  o f  m u l t ip le  s c l e r o s i s  a re  caused  

by a l i p o l y t i c  p ro c e ss*  T his in v e s t ig a t io n  b e a rs  t h a t  o u t, 

how ever, n o t from  th e  p o in t  o f  view  t h a t  th e re  i s  always 

a d e m o n s tra b le  amount o f  l i p a s e  p r e s e n t  in  th e  s p in a l  

f l u i d .  - No l i p a s e  c o u ld  bo d em o n stra te d  in  th e  s p in a l  

f l u i d  o f  p a t i e n t s  s u f f e r in g  from  m u lt ip le  s c l e r o s i s  n o r  

in  norm al s p in a l  f l u i d .  T h is i s  in  agreem ent w ith  th e  

work o f  S u3sner (87) Altm ann (3) and o th e rs*  There 

seems to  be ample ev id en ce  t h a t  th e re  i s  a  l i p a s e  in  th e  

b lo o d  as shown by B r ic k n e r  (1 5 , 16 and 1 8 ) ,  C ra n d a ll 

and C horyy (28) and W eil (9 6 ) . However, W eil i s  n o t 

3 0  r e a d y  to  c la im  t h a t  th e  l ip a 3 o  p r e s e n t  in  th e  b lood  

serum  o f  m u l t ip le  s c l e r o s i s  p a t i e n t s  i s  an abnorm al 

l i p a s e .  I t  seems as though  th e  l i p a s e  o f  tho  b lood  i s  

n o t  o r d i n a i i l y  d i f f u s i b l e  in to  th e  c e r e b r o - s p ln a l  f l u i d  

b u t  i t  ia  n o t im p o s s ib le  t h a t  some p a th o lo g ic a l  c o n d i­

t io n s  can  remove th o ul ip a 3 e  b a r r i e r 1* betweon b lood  and 

s p in a l  f lu id *  Even s o ,  th e  amount o f  l i p a s e  in  th e  

would bo sm a ll and u n d e r norm al c o n d i t io n s  a n a tu r a l

enzyme o f  th e  o rg an ism  does n o t a t t a c k  n o rm al, l i v i n g  

t i s s u e .  But in  th o  ca se  2>f m u l t ip le  s c l e r o s i s ,  where 

gradual changos have been ta k in g  p la c e  o v e r lo n g  p e r io d s
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o f  t im e , ch an g es w hich  m igh t r e n d e r  th e  m y e lin  more 

l i a b l e  to  th e  a c t io n  o f  a l i p a s e ,  i t  i s  e a s i l y  con 

c ie v a b lo  t h a t  th e  p ro c e s s  o f  d e m y e lin a tio n  i s  a l i p o l y t i c  

h y d r o ly s i s .  T h is  i s  a l l  th e  moro re a s o n a b le  i f  t h e r e  

i s  a  l ip a 3 e  a c t iv a t in g ,  a g e n t p ro s e n t  in  th e  c e r e b r o ­

s p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s  as  t h i s  i n v e s t i g a t i o n  

show s. C ra n d a l l  and C h e rry  and o th e r s  c la im  t h a t  th o  

d e m y e lin a tio n  o f  m u l t ip le  s c l e r o s i s  i s  a s s o c ia t e d  v /ith  

l i v e r  d y s f u n c t io n .  I f ,  in  t h i s  c a s e ,  an  ab n o rm a lly  

l a r g e  amount o f  l ip a s e ,  i s  p r e s e n t  in  th e  b lo o d  i t  m ig h t 

d i f f u a d  in to  th e  s p in a l  f l u i d  and v /ith  th e  p r.esonce o f

th e  a c t i v a t i n g  a g e n t cau se  an  en zy m atic  h y d r o ly s i s  o f  th e
(

m y e lin . T h at p a n c r e a t i c  l i p a s e  i s  c a p a b le  o f  d e s t r o y ­

in g  m y e lin  i s  shown in  p l a t e s  2 , 3 , and 4 and in  t a b l e  

X X II. E v id en ce  h as  i l s o  been  g iv e n  by  somo i n v e s t i g a to r s  

( 74 and 84) t h a t  p e r iv a s c u la r  d i s o r d o r s  w hich  g iv e  

r i s e  to  c e r e b r a l  th ro m b o sis  may c a u se  s c l e r o s i s .  In  

t h i 3  caao  th e  a u th o rs  who sho.w t h a t  d e m y e lin a t io n  to k o s  

p la c e  in  a re a s  s u r ro u n d in g  a ru p tu re d  b lo o d  v e s s e l  in  

th o  b r a in  th e re b y  s u p p o r t  th e  th o o ry  t h a t  d e m y e lin a t io n  

i 3 a  l i p o l y t i c  p ro o o s * , acco m p lish ed  b y  th o  serum  

l i p a s e  •

One m igh t s u g g o s t t h a t  tho  p r o t e i n  c o n te n t  o f  th o  

s p in a l  f l u i d  u se d  i n  th o se  o x p o rim en ts  p rcd u co d  a moro 

com plo to  o m u ls I f ic a t io n  o f  th e  o l iv o  o i l  w h ich  was u se d
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a s  th o  s u b s t r a t e  In  t e s t i n g  th o  a c t i v a t i n g  power o f  th e  

s p in a l  f l u i d .  T h is  o b je c t io n  i s .  e a s i l y  ovo r r u le d  by  

th o  f a c t  t h a t  in  a l l  th e  c a s e s  o f  m u l t ip le  s c l e r o s i s  

s tu d ie d  th e  s p in a l  f l u i d  c o n ta in e d  a  no rm al o r  a su b ­

norm al amount, o f  p r o t e i n .  The norm al p r o t e i n  c o n te n t  

o f  th e  s p in a l  f l u i d  i3  45 mg3$. I n  one c a se  o f  

m u l t ip le  s c l e r o s i s  th e  p r o t e in  c o n te n t  o f  th e  s p in a l  

f l u i d  was a s  low  a3 30 mgs % b u t  th e  in c r e a s e  in  th e  

amount o f  h y d r o ly s i s  am ounted to  b% more th a n  in  th e  

c o n t r o l s • A n o th er c a se  o f  m u l t ip le  s c l e r o s i s  w ith  a 

no fm al 3 p in u l  f l u i d  p r o t e i n  c o n te n t ,  th e r e  was an i n ­

c r e a s e  i n  h y d r o ly s is  o f  6 $ . On th e  o th e r  hand  i t  was 

n o te d  t h a t  in  th e  c a se  o f  o th e r  d i s e a s e s  v/here th e r e  

v/as an o le v a to d  s p in a l  f l u i d  p r o t e i n  o f  100 mgs % o r  

m oro , th e  3 p in a l  f l u i d  cau sed  an in c ro a s o  in  h y d r o ly s is  

o f  o n ly  2 to  3 %. When tho  s p in a l  f l u i d  o f  m u l t ip le  

s c lo r o o i s  i s  added to  a l i p a s e  sy sto m  th o r e  i s  an  in c r e a s e  

o f  33 .8 9  mg o f  o l e i c  a c id .  In  c o n t r a s t  to  t h i s  th e  

s p i n a l  f l u i d  o f  o th e r  d i s e a s e s  c a u se d  on in c r e a s e  o f  

1 4 .7 3  mgs o f  o l e i c  a c id  • I n  o th e r  words th e r e  i s  more 

th a n  tw ic o  th o  amount o f  h y d r o ly s is  duo to  th o  p re se n c e  

o f  th o  3 p in a l  f l u i d  o f  m u l t ip le  s c l e r o s i s  th a n  t h a t  

c a u se d  by  th o  s p in a l  f l u i d  fi>f o th o r  d io e o a s o s .  T h is 

i s  indood  a  s i g n i f i c a n t  d i f f e r e n c e  when one c o n s id o rs  

t h a t  th o  l i m i t  o f  e r r o r  in. tho3o  t i t r a t i o n  ex p e rim e n ts
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amounts to  0*20 cc  o f  n/ 20 NaOH* i i i  te rm s o f  

m illig ra m s  o f  o l e i c  a c id  t h i s  would make th e  e x p e r i ­

m e n ta l e r r o r  p lu s  o r  m inus 2 .8 2  m gs.

The i n l i i h i t i v e  e f f e c t  o f  v i ta m in  on th e  a c t io n  

o f p a n c r e a t ic  l i p a s e  and e s t e r a s e  i s  v e ry  s t r i k i n g .

G lic k  has r e c e n t l y  d e m o n s tra te d  th e  i n h i b i t i o n  o f  

c h o l in e  o s te r a s e  by v i ta m in  B i (108) and t h i s  work 

i3  in  harmony w ith  h i s  r e s u l t s .  I n  th e s e  ex p e rim en ts  

i t  was n o t p o s s ib le  to  m a in ta in  an  optimum pH f o r  th e  

p a n c r e a t ic  l i p a s e  b ecau se  th e  v i ta m in  i s  too ' u n s ta b le  

in  an a l k a l i n e  s o l u t i o n .  The i n i t i a l  pH in  th e s e  

ex p e rim en ts  ran g ed  from  6 .3 5  to  7 as d e te rm in ed  on th o  

pH e le c t ro m o to r .

In  th e  ex p e rim en ts  on d d m y o lin a tio n  in  v i t r o ,  th e  

s m a l le s t  amount o f  v i ta m in  n e c e s s a ry  to  p re v e n t  th e  

d e m y e lin a tio n  was 30 i n t e r n a t i o n a l  u n i t s  (100 gamma).

ThJt3 i s  a much h ig h e r  c o n c e n t r a t io n  th a n  i s  found  i n  th o  

s p in a l  f l u i d  w here i t  i s  p r e s e n t  to  th e  e x te n t  o f  cno 

to  two gamma p e r  100 c c .  B ut i t  m ust be remombered t h a t  

th e  c o n c e n t r a t io n  o f  th o  enzyme u se d  in  th o so  ex p e rim en ts  

was a l3 0  much h ig h e r  th a n  c o u ld  a p p e a r  in  th o  s p in a l  

f l u i d  d u r in g  d i s e a s e s  su ch  as  m u l t ip le  s c l e r o s i s .  Tho 

o b jo c t io n  m ig h t be r a i s e d  t h a t  th o  norm al c o n c e n t r a t io n  

o f  th e  v i ta m in  in  th o  s p in a l  f l u i d  i s  much to o  low  to  

p ro v o n t d o m y o lin a tio n  a c c o rd in g  to  th lo  3 tu d y . B ut
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I t  m ust be remembered t h a t  th e  c o n c e n t r a t in  o f  th e  

m y e lo lfc tic  s u b s ta n c e s  in  th e  s p in a l  f l u i d  i s  v e ry  sm a ll 

and th e  p ro c e s s  o f  d e m y e lin a tio n  as i t  o c c u rs  i n  m u l t ip le  

s c l e r o s i s  i s  an e x c e e d in g ly  slow  p r o c e s s ;  one w hich 

ta k e s  p la c e  o v e r a  p e r io d  o f  th r e e  o r  more y ea rs*  I f  

an in d iv id u a l  has a d e f i c i e n t  s u p p ly  <bf v i ta m in  B^ 

d u r in g  t h i s  tim e i t  i s  p o s s ib le  f o r  th e  p ro c e s s  o f  

d e m y e lin a tio n  to  ta k e  p laco *

Space does n o t  p e rm it  g o in g  in to  d e t a i l  on th e  

th e r a p e u t i c  U3e o f  th e  v ita m in s  b u t  th e  l i t e r a t u r e  abounds 

v /ith  p u b l i c a t io n s  on th e  n e c e s s i t y  o f  th e  v i ta m in  B 

com plex f o r  th e  norm al h e a l th  and f u n c t io n in g 'o f  th o  

n erv o u s system * • Wo a u th o r s ,  how ever, have p r e s e n te d  

f a c t s  v/hich r e v e a l  th e  manner i n  w hich  v i ta m in  B^ p r e ­

v e n ts  th e  symptoms ca u sed  b y  d e m y e lin a tio n *  I t  i s  

c l e a r  from  th o  r e s u l t s  o f  t h i 3  i n v e s t i g a t i o n  t h a t  th e  

v i ta m in  p r e v e n ts  d e m y e lin a tio n  by  i n h i b i t i n g  th o  a c t io n  

o f  th e  m y e lo ly t ic  su b s ta n c e  p r e s e n t  in  th o  n erv o u s  

sy s tem . A no ther s t r i k i n g  f a c t  i s  th o  s i m i l a r i t y  b e ­

tw een m u l t ip le  s c l e r o s i s  and p e r n ic io u s  anemia* The 

n o c o s s l ty  o f  a p ro p e r  v ita m in  B su p p ly  i s  w e ll known*

Tho a l k a l i n i t y  o f  th o  3 p ln a l  f l u i d  i s  a f a c t o r  w hich  

sh o u ld  n o t  bo o v o r lo o k o d . K a tzono lbogon  fo u n d  in  th o  

c-*so o f 'm u l t i p lo  s c l e r o s i s  on in c r e a s e  in  th o  a l k a l i n i t y
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o f  th e  s p in a l  f l u i d .  T h is  w ould he co n d u c iv e  to  th e  

d e s t r u c t io n  o f  tho  v i ta m in  p r e s e n t  in  th e  s p in a l  f l u i d ,

A s tu d y  o f  e x p e r im e n ta l-d e m y e lin a t io n  u n d e r  d i f f e r e n t  

c o n d i t io n s  o f  a l k a l i n i t y  o r  a c i d i t y  m ig h t r e v e a l  some 

i n t e r e s t i n g  f a c t s  on th&» s u b j e c t .  I n  f a c t  th i3  

in v e s t i g a t i o n  p rovokes a  number o f  i n t e r e s t i n g  q u e s t io n s  

to  i n v e s t i g a t e  and th e  s u b jo c t  o f  t h i s  t h e s i s  i s  b y  no 

means a c lo s e d  i s s u e .

V , Summary and C o n c lu s io n s ,

In  th i3  work a  3 tu d y  was made o f  th e  s p in a l  f l u i d  

o f  m u l t ip le  s c l e r o s i s .  B ecause o f  th e  im p o rtan ce  o f  

v i ta m in  Bi in  th e  c e n t r a l  n e rv o u s  sy stem  th e  e f f e c t  o fi
th e  v i ta m in  on th e  a c t i v i t y  o f  p a n c r e a t ic  l i p a s e  and 

e s t e r a s e  was s tu d i e d ,  Tho r e s u l t d  o f  th e  e x p e rim e n ts  

l e d  to  th e  fo llo w in g  c o n c lu s io n s :

1 -  Thoro i s  p r e s e n t  i n  th e  3 p in a l  f l u i d  o f  m u l t ip le  

s c l e r o s i s  a su b s ta n c e  w hich  a c t i \ a t e s  p a n c r e a t i c  l i p a s e ,

2 -  V itam in  B^ in  am ounts as low as  10 gamma 

i n h i b i t s  th e  n c t in n  o f  p a n c r e a t i c  l i p a s e  and e s t e r a s e .  

T h is was d e m o n s tra te d  by  U 3ing o l iv e  o i l ,  o th y l  b u ty r a te  

and l e c i t h i n  r e s p e c t i v e l y  as s u b s t r a t e s .

3 -  V itam in  B^ p re v e n ts  d e m y e lin a tio n  o f  s p i n a l  

c o rd s  i n  v i t r o  by  p a n c r e a t i c  l i p a s e .

F in i s
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