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A STUDY OP AB80RPTIW IS  fg E  STOMACH AND SMALL INTB3TIHE

Ih tro d u c t ic m .

T h is  t h e s i s  p u rp o r ts  to  c o n s i s t  o f  a  g e n e ra l  d e s c r ip t i o n  

o f  th e  work on a b s o rp t io n  in  th e  a l im e n ta ry  c a n a l  t h a t  I  have 

been  engaged i n  s in c e  1920 . In  s e v e r a l  c a s e s  th e  r e s u l t s  

o f  such  work have a l r e a d y  been  re c o rd e d  in  th e  J o u rn a l  o f  

P h y s io lo g y . In  c e r t a i n  s e c t io n s  o f  th e  work my ju n io r  

c o l le a g u e .  M iss M. M urray h a s  c o l la b o r a te d  w ith  me.

R ie in v e s t i g a t io n s  to  be  c o n s id e re d  in c lu d e  a  s tu d y  o f

1 .  The g aseo u s in te rc h a n g e  in  th e  stom ach o f  a n a e s th e t i s e d  

and p i th e d  a n im a ls .

2 .  The a b s o rp t io n  o f  a lc o h o l  by  th e  stcmiach and sm a ll 

i n t e s t i n e  and th e  in f lu e n c e  o f  CC^ on t h i s  a b s o rp t io n .

3 .  The in f lu e n c e  o f  a lc o h o l  on th e  a b s o rp t io n  o f  g lu c o se  

( a )  in  d e c e r e b r a te  an im als  and (b )  in  an im a ls  u n d e r 

am y ta l a n a e s th e s ia .



Oaseoiis In te rc h a n g e  in  th e  Stomach aa r e g a rd s  COg and 0^ 

in  th e  a n a e s th e t i s e d  end p i th e d  anim al*

I n t r o d u c t io n *

The o b je c t  o f  t h i s  1 s t  i n v e s t i g a t io n  was t o  a s c e r t a i n :*

1 .  W hether th e r e  was ev id en ce  o f  any  d i f f e r e n t i a l  a c t iv e  

a b s o rp t io n  o f  g a s e s ,  su ch  a s  COg end Og, i n  th e  s tcm aeh , i . e .  

w h e th e r th e  d is a p p e a ra n c e  o f  g a s e s  i n  th e  stom ach was s im p ly  

th e  r e s u l t  o f  a d i f f e r e n c e  i n  p a r t i a l  p r e s s u r e  o f  th e  g as in  

th e  c a v i t y  o f  th e  stom ach and t h a t  in  th e  mucous membrane, o r  

id ie th e r  i t  was due to  some a c t iv e  p ro c e s s  o f  a b s o rp t io n  i n  

some reg icm  o f  th e  mucous membrane*

2* v /he ther th e  ap p earan ce  o f  g as  i n  th e  s tom ach , a s  f o r  

exem ple COg, was due to  a  p ro c e s s  o f  a c t i v e  s e c r e t io n  o r  was 

s im p ly  th e  r e s u l t  o f  a c o n q )a ra tiv e ly  h ig h  p r e s s u r e  o f  th e  g as 

in  th e  mucous membrane*

3* By w h atev er means g a se s  in  th e  c a v i ty  o f  th e  s to m ad i
w h e th e r

underw en t change i n  c o m p o s itio n , v as  th e  r a t e  o f  change 

d ep e n d en t in  any d e g re e  upon th e  c o n d i t io n  o f  th e  mucous membrane 

as  f a r  a s  r e s t  and a c t i v i t y  w ere ccsicernedT

I t  m ust be  rem em bered t h a t  i n  c e r t a i n  o a t a r i t i a l  c o n d i t io n s  

o f  th e  stom ach a t  any r a t e ,  l a r g e  num bers o f  m ic ro o rg an ism s 

may b e  p r e s e n t . A p p re c ia b le  q u a n t i t i e s  o f  COg and p e rh ap s  o th e r  

g a s e s  m ig h t be  a  consequence o f  th e  v i t a l  p ro c e s s e s  o f  th e s e  

o rgan ism s*  The o b s e r v a t io n s ,  d e t a i l e d  l a t e r ,  te n d  to  show t h a t  

any  p ro d u c tio n  o f  g a s ,  o r  a t  any r a t e  o f  COg, b y  m ic ro o rg an ism s
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i n  th e  h e a l th y  stom ach u n d e r  th e  c o n d i t io n s  in  w hich th e  

e x p e rim e n ts  w ere c a r r i e d  o u t ,  i s  u n im p o r ta n t idian com pared 

w ith  o th e r  a g e n c ie s  n o rm a lly  o p e r a t in g .  In  ab o u t o f  th e  

a n im a ls  u se d  th e  s p i r a l  o rgan ism  ( s p i r e l l a  r e g a u d i)  was 

p r e s e n t ,  b u t  v a r i a t i o n s  i n  th e  p r e s s u r e  o f  g a se s  o b se rv e d  

seemed in  no  way r e l a t e d  t o  i t s  p re se n c e  o r  a b s e n c e .

P re v io u s  i n v e s t i g a t i o n s .
♦

P re v io u s  i n v e s t i g a t i o n s  do n o t  seem t o  have throw n much 

l i g h t  on t h i s  s u b je c t#  P lan o P ^ in  1860 co n c lu d ed  t h a t  COg was 

n o t  s e c r e te d  i n t o  th e  stcm ach  b u t  S c h ie rb e c ^ ^ f ro m  num erous 

e x p e rim e n ts  on d o g s , came to  th e  c o n c lu s io n  t h a t  th e  g a s t r i c  

mucous membrane c o u ld  a c t i v e l y  s e c r e t e  COg and t h a t  th e  amount 

s e c r e te d  depended  on th e  f u n c t io n a l  a c t i v i t y  o f  th e  mucous , 

m em brane•

U c iv  in tro d u c e d  b o i le d  o u t w a te r  a t  37 *5^0. i n t o  th e  

stcmiaoh th ro u g h  a sound and a t  d i f f e r e n t  i n t e r v a l s  he w ith d rew  

p o r t io n s  o f  th e  w a te r  and a n a ly s e d  them  f o r  COg b y  means o f  

b a r y ta  w a te r . In  f a s t i n g  an im a ls  he found  th e  te n s io n  t o  be  

30*40 mm. % .  b u t  d u r in g  d ig e s t i o n  th e  t e n s io n  ro s e  r a p i d l y  

and a t  th e  h e ig h t  o f  d ig e s t i o n  i t  re a c h e d  a p r e s s u r e  o f  130- 

140 mm. Hg. As d ig e s t i o n  p ro ceed ed  th e  t e n s io n  d im in ish e d  

t i l l  i t  a g a in  re a c h e d  th e  low  l e v e l  found  In  th e  f a s t i n g  a n im a l . 

He e s t im a te d  th e  a c i d i t y  o f  th e  stom ach c o n te n ts  a t  d i f f e r e n t  

i n t e r v a l s  and found  t h a t  th e r e  was a  p a r a l l e l i s m  betw een  th e  

r i s e  and f a l l  o f  th e  te n s io n  o f  COg and th e  a c i d i t y  o f  th e
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c o n t e n t s .  In  c e r t a i n  o f  th e  e x p e rim e n ts  th e  p o s s i b i l i t y  o f  

g as  cœ aing from  th e  i n t e s t i n e s  was p re c lu d e d  by  s e p a r a t in g  

th e  i n t e s t i n e s  frcaa th e  stom ach b y  a  ru b b e r  tam pon, b u t  th e  

v a lu e s  f o r  COg te n s io n  w ere n o t  a l t e r e d .

S c h ie rb e c k  f i r s t  washed o u t th e  stom ach w ith  b o i le d  o u t 

w a te r .  In  o rd e r  t o  o b se rv e  th e  in f lu e n c e  o f  a c t i v i t y ,  w a te r  

and fo o d  w ere in tro d u c e d  and a t  d i f f e r e n t  s ta g e s  o f  d ig e s t io n  

l i q u i d  was w ithdraw n  and a n a ly s e d  f o r  a c id  and COg. I t  

sh o u ld  b e  p o in te d  o u t t h a t  t h i s  does n o t  p re c lu d e  f e rm e n ta t iv e  

p ro c e s s e s  ta k in g  p la c e ,  b ro u g h t ab o u t by  th e  b a c t e r i a  in tro d u c e d  

w ith  th e  fo o d , and a  c o n s id e r a b le  q u a n t i ty  o f  th e  COg,

S c h ie rb e c k  fo u n d , may a p p a re n t ly  have b een  due to  b a c t e r i a l  

a g e n c ie s •

More r e c e n t l y  Y lp p ^ ^ h a s  p e rfo rm ed  e x p e rim e n ts  on human 

b e in g s  in t r o d u c in g  l a r g e  q u a n t i t i e s  o f  g as  i n to  th e  stom ach  

b u t  th e  d is a p p e a ra n c e  o f  g a s e s  ca n n o t be  re g a rd e d  as  n e c e s s a r i l y  

a f f e c t e d  b y  th e  g a s t r i c  mucous membrane a lo n e  s in c e  th e  

i n t e s t i n a l  c a n a l was i n  ccm m iunication.

I t  w ould c l e a r l y  be o f  ad v an tag e  i n  t e s t i n g  f o r  any 

in te rc h a n g e  o f  g as d u r in g  a c t i v i t y  t h a t  th e  c o m p lic a tio n  o f  th e  

p re s e n c e  o f  food  i n  th e  stcsnaoh sh o u ld  b e  a v o id e d . In  my 

e x p e rim e n ts  I  was a b le  t o  a c h ie v e  t h i s  b y  i n j e c t i n g  g a s t r i n  

in t r a v e n o u s ly  w h i l s t  th e  s ta n a c h  c o n ta in e d  o n ly  in tro d u c e d  g as  

and iso to m ic  s a l i n e .

S in c e  th e  p u b l i c a t io n  o f  th e s e  r e s u l t s  M eTver, R e d f ie ld  

and B e n e d ic t*  have  re p e a te d  my e x p e rim e n ts  u s in g  s im i l a r
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te c h n iq u e  b u t  a n a e s t h e t i s in g  th e  c a t s  w ith  am y ta l in s t e a d  o f  

E t h a n e #  R iey  have come to  th e  same c o n c lu s io n s  a s  I  re c o rd e d  

w ith  r e s p e c t  to  th e  te n s io n  o f  COg in  th e  s t o m a c h W i t h  

r e g a r d  t o  Og th e y  m e re ly  s t a t e  t h a t  i t  i s  ab so rb e d  b y  th e  

g a s t r i c  mucous membrane b u t  l i t t l e  a t t e n t i o n  seems to  have 

b een  p a id  t o  i t s  t e n s io n  in  th e  s to m ach .

M ethods.

In  th e s e  e x p e rim e n ts  d n  g aseo u s  in te rc h a n g e  a f t e r  

p r e l im in a r y  a n a e s th e s ia  w ith  c h lo ro fo rm  and e t h e r  th e  an im als  

(C a ts )  w ere u n d e r  th e  in f lu e n c e  o f  u r e th a n e  u n le s s  s p e c i f i e d .

The abdomen was o p en ed , a  l i g a t u r e  was t i e d  round  th e  

o eso p h ag o u s, an  o p en in g  made i n  th e  duodenum j u s t  beyond th e  

p y lo ru s  and a  c a n n u la  l i g a t u r e d  th ro u g h  th e  p y lo ru s  i n t o  th e  

s to m ac h . Ih ro u g h  t h i s  c a n n u la  r e c e n t l y  b o i le d  o u t warm s a l i n e  

was in tro d u c e d  f o r  w ash ing  o u t th e  stom ach  c a v i t y ,  and by  

c a r e f u l  m a n ip u la t io n  a l l  g a s  was e x p e l le d .  A g as  sam p lin g  

tu b e ,  c o n ta in in g  a  known volum e o f  g as  o f  known co m p o s itio n  

was a t ta c h e d  to  th e  p y lo r i c  c a n n u la  and th e  sp a ce  b e tw een  th e  

stom ach and th e  tu b e  re n d e re d  g as  f r e e  b y  w ith d raw in g  th e  

rem a in s  o f  th e  w ash ing  o u t s a l i n e  i n  th e  stom ach th ro u g h  th e  

s id e  tu b e  o f  th e  sa m p le r .

C are  was ta k e n  to  p re v e n t  ex p o su re  o f  th e  an im als  t o  c o ld
of the Wfte q

and v m r y  an im als was k e p t  i n  a ^ b a th  a t  37 C . o n ly  th e  head  and 

s h o u ld e rs  b e in g  u n co v e red  by  th e  l i q u i d .  P a s t in g  an im als  w ere 

u s e d  i n  th e s e  e x p e rim e n ts  and any  s m a ll q u a n t i ty  o f  h a i r  p r e s e n t  

i n  th e  stom ach  was removed i n  th e  w a sh in g s .
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%h0 D g as  was u s e d ,  t h i s  was in tro d u c e d  i n t o  th e  stom ach 

b y  means o f  a m e rc u ry  r e s e r v o i r  a t ta c h e d  to  th e  g as  sam p le r 

and a f t e r  th e  d e s i r e d  i n t e r v a l  i t  was rem oved i n  th e  same w ay. 

The g as th u s  w ithdraw n was th e n  t r a n s f e r r e d  to  th e  b u r e t t e  o f  

a  H aldane g a s  a n a ly s i s  a p p a ra tu s  and l e f t  d is c o n n e c te d  from  

th e  r e s t  o f  th e  a p p a ra tu s  f o r  one h o u r t o  c o o l b e fo re  th e  

volum e was d e te rm in e d . I t  was found  in  some p r e l im in a r y  

e x p e rim e n ts  t h a t  a f t e r  a  p e r io d  o f  two h o u rs  th e  g a s ,  i t s e l f  

f r e e  from  COg, in tro d u c e d  i n t o  th e  s to m ach , a t t a i n e d  a  c e r t a i n  

p e rc e n ta g e  o f  COg and t h i s  showed no  in c r e a s e  aa th e  r e s u l t  

o f  m ore p r o t r a c t e d  ex p o su re  to  th e  g a s t r i c  mucous m em brane.

In  some e jq serim en ts  25 c c .  o f  s t e r i l i s e d  s a l i n e  w ere 

in tro d u c e d  in  a d d i t io n  to  g a s  and b o th  w ere l a t e r  a n a ly se d  f o r  

COg w h ile  th e  fo rm e r was a l s o  a n a ly se d  f o r  H C l. A known volume 

o f  th e  l i q u i d  from  th e  sa m p le r  was ru n  u n d e r  th e  s u r f a c e  o f  a  

known volum e o f  b a r y ta  w a te r  and th e  e x c e s s  o f  a l k a l i  t i t r a t e d  

w ith  s ta n d a r d  o x a l ic  a c i d .  A s im i l a r  volume o f  th e  l i q u i d  

was th e n  b o i le d  c a r e f u l l y  f o r  f i v e  m in u te s  to  g e t  r i d  o f  th e  

COg t r e a t e d  w ith  b a r y ta  and t i t r a t e d  w ith  o x a l i c .  The v a lu e  

o f  HCl i n  te rm s o f  th e  o x a l ic  u se d  was th u s  d e te rm in e d  and th e  

p e rc e n ta g e  o f  COg and HCl c a l c u l a t e d .  In  a l l  th e s e  eaqperim ents 

c o n t r o l  t i t r a t i o n s  o f  s t e r i l i s e d  s a l i n e  em ployed f o r  

ex p e rim e n t w ere m ade. In  a  few  c a s e s  s t e r i l i s e d  s a l i n e  o n ly  

was in tro d u c e d  and th e  l i q u i d  w ithdraw n a f t e r  an i n t e r v a l  o f  

two h o u rs  and a n a ly se d  by  th e  m ethod j u s t  d e s c r ib e d .  In  

e x p e rim e n ts  in  w hich  th e  g a s t r i c  zmxcous membrane was re n d e re d
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a c t iv e  by  g a s t r i n  i n j e c t i o n s ,  b o th  g as and s a l i n e  w ere in t ro d u c e d .  

In  a l l  c a s e s  i t  was found  t h a t  th e  te n s io n s  o f  COg i n  b o th  th e  

g as and th e  l i q u i d  w ere i d e n t i c a l .

The e f f e c t  o f  m a n ip u la tio n  o f  th e  stom ach in  rem oval o f  

any  s o l i d  m a t te r  p r e s e n t  b e fo re  th e  stom ach had been  w ashed, 

was in v e s t i g a t e d  b y  g iv in g  th e  an im al a  m eal o f  m eat ab o u t an  

h o u r b e f o r e  a n a e s t h e t i s in g  i t .  In th e s e  c a s e s  th e r e  was found  

to  b e  an in c r e a s e  i n  th e  COg p ro d u c e d . The mucous meclbrane o f  

th e  stom ach  was a lm o st in v a r i a b ly  exam ined f o r  m ic ro -o rg an ism s  

a t  th e  end o f  th e  e x p e rim e n t and i n  some c a s e s  o b v io u s  c a t a r r h a l  

changes w ere found  to  be  p r e s e n t .  Such ex p e rim e n ts  w ere 

e x c lu d e d . A c e r t a i n  number o f  e x p e rim e n ts  w ere p erfo rm ed  to  

com pare th e  te n s io n s  o f  COg in  th e  stom ach and in  a l v e o la r  a i r ,  

ta k in g  a s  a l v e o la r  a i r ,  th e  l a s t  p o r t io n  o f  e x p ire d  a i r .  In  

th e s e  c a s e s  th e  t r a c h e a l  tu b e  was r e p la c e d  by a T -tu b e  o f  somewhat 

n a rro w e r  b o re  w ith  a two-way ta p  a t  th e  a n g le  o f  th e  T p ie c e .  

dne arm o f  th e  T p ie c e  was c o n n e c te d  to  a  g as  sam p ler id iich  was 

f i l l e d  w ith  Hg from  a  r e s e r v o i r  and Hg was b ro u g h t up t o  th e  t a p .  

The ta p  was tu rn e d  so t h a t  th e  t r a c h e a  was c o n n e c te d  w ith  th e  

a i r  d u r in g  i n s p i r a t i o n  and a t  th e  end o f  e x p i r a t io n  i t  was r a p i d l y  

tu rn e d  on and o f f  to  th e  sa m p le r , so  t h a t  by  h av in g  a  s l i g h t  

n e g a t iv e  p r e s s u r e  (a b o u t 1 cm.Hg) in  th e  sam p ler ab o u t 0*1 o r  

0*2 c c .  was c o l l e c t e d  a t  each  b r e a t h .  R e p ea tin g  t h i s  f o r  ab o u t 

4*-5* ab o u t 20-25  c c .  o f  a l v e o la r  a i r  c o u ld  be  c o l l e c t e d .  Some 

p r a c t i c e  was r e q u i r e d  b e fo re  t h i s  m ethod o f  c o l l e c t i n g  th e
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u l t i m a t e  e x p i r e d  a i r  c o u ld  be  r e l i e d  on ^and i f  th e  a n im a l w ere 

b reafiilng  a t  a l l  r a p i d l y  th e  d i f f i c u l t y  o f  c o l l e c t i n g  i n  t h i s  

way r e n d e re d  th e  m ethod im p r a c t i c a b le .  T h ere  was no  d i f f i c u l t y  

up  t o  a  r a t e  o f  50  r e s p i r a t i o n s  p e r  m in u te .

R g p e rim e n ta l p ro c e d u re  and r e s u l t s .

1 s t  s e r i e s  o f  e x p e r im e n ts .  I n t r o d u c t io n  o f  2 0  c c .  o f  Ng w ith  

v a r i a b l e  p e r io d s  o f  e3g>osure. Anim al n p t  i n  warm b a t h .

In  th e s e  e x p e r im e n ts  th e  c a t  was f ix e d  t o  an  an im a l s ta g e  

and  th e  abdomen was k e p t  warm b y  h o t  f l a n n e l s  r e p e a te d ly  a p p l i e d .  

E xposure  1 h o u r . A s l i g h t  g a in  i n  volum e was n o t i c e d .  She 

p e r c e n ta g e  o f  COg was ab o u t 7 and o f  Og a b o u t 0*65.

E xposu re  2 h o u r s . The g a in  o f  t o t a l  volum e was s l i g h t l y  g r e a t e r ,  

t h e  p e r c e n ta g e  o f  COg a v e ra g e d  10 and Og was g e n e r a l ly  h ig h e r  

th a n  a f t e r  1 h o u r .

E xposu re  3 h o u r s . The v a lu e s  o b ta in e d  w ere o f  th e  same o r d e r  

a s  a f t e r  2 h o u r s .

2nd s e r i e s .  I n t r o d u c t io n  o f  20 c c .  o f  a  m ix tu re  o f  Ng and Og 

w ith  2 h o u rs  e x p o s u re .

In  th e s e  and su b se q u e n t e x p e r im e n ts  th e  s ta n d a r d  p e r io d  

o f  ex p o su re  was 2 h o u r s .  N ine e x p e r im e n ts  o f  t h i s  o r d e r  w ere 

made w hich  a r e  i l l u s t r a t e d  i n  th e  sam ple e x p e rim e n t a d d u c e d .

Gas in t r o d u c e d  17*4 c c .  c o n ta in in g  2*27^ Og and th e  

re m a in d e r  Ng.

Volume on rem o v a l 17*95 . P e rc e n ta g e  o f  COg i n  rem oved g a s  

9*7 and o f  Og 1 * 3 9 .
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In  a l l  th e s e  e x p e rim e n ts  th e r e  was a l a r g e  g a in  o f  COg 

and a  l o s s  o f  O^.

N o te . I  am n o t  d is p o s e d  i n  th e  1 s t  and  2nd s e r i e s  o f  e x p e r im e n ts  

t o  r e g a r d  th e  an im a l i n  a  norm al c o n d i t i o n .  Though th e  

t ^ n p e r a tu r e  o f  th e  room was n e v e r  lo w , u s u a l l y  ab o u t 17 C. y e t  

th e  more c o n s i s t e n t  r e s u l t s  w hich  w ere o b ta in e d  when th e  an im al 

was e n t i r e l y  im m erswi i n  a  warm b a th  k e p t  a t  37^C s u g g e s t  t h a t  

th e  h e a t  l o s s  u n d e r  an  a n a e s t h e t i c  w i th  th e  an im al e x p o se d , had  

c o n s id e r a b le  in f lu e n c e  on th e  COg p r o d u c t io n .

3 rd  s e r i e s .  Animal p r e v io u s ly  f a s t i n g .  A c t i v i t y  o f  g a s t r i c  

mucous membrane in d u c ed  b y  i n j e c t i o n s  o f  g a s t r i n .  Animal 

im m ersed in  warm b a th  a t  37^C .

In  th e s e  e x p e r im e n ts  2 c c .  o f  a g a s t r i n  e x t r a c t ,  n e u t r a l i s e d

im m e d ia te ly  b e f o r e  u s e  so  t h a t  i t  had  a  PH o f  ab o u t 7 * 4 , w ere

i n j e c t e d  i n t o  th e  fe m o ra l v e in  a t  i n t e r v a l s  o f  15 m in u te s  f o r  th e

f i r s t  I t  h o u rs  o f  th e  e x p e r im e n t .  To t e s t  th e  a c t i v i t y  o f  th e

g a s t r i c  mucous membrane a s  th e  r e s u l t  o f  th e s e  i n j e c t i o n s  th e

m ethod a d o p te d  was t o  in t r o d u c e  w ith  p u re  Ng a b o u t 20  c c .  o f

s t e r i l e  no rm al s a l i n e .  g a seo u s  in te r c h a n g e  was e s t im a te d  a s

b e fo re ^  ( th e  g as  com ing i n  c o n t a c t  w ith  th e  a n t e r i o r  mucous

membrane o f  th e  stom ach  w ith o u t  th e  i n t e r v e n t i o n  o f  th e  l i q u i d ) .
wa-%

and T h e  l i q u i d  s u b s e q u e n t ly  rem oved, a n a ly s e d  f o r  t o t a l  a c i d i t y  

and a c i d i t y  a f t e r  b o i l i n g  o u t th e  COg, a s  d e s c r ib e d  p r e v io u s l y .

Aa was a n t i c i p a t e d  th e  c o n d i t io n s  r e s u l t i n g  from  im m ersion  

i n  a  warm b a th  l a r g e l y  p re v e n te d  h e a t  l o s s  from  th e  s u r f a c e  o f
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th e  a n im a l ,  and th e  COg p e rc e n ta g e  in  th e  rem oved g a s  was lo w e r 

and showed v e r y  much l e s s  te n d e n c y  t o  v a r y  th a n  in  th e  p r e v io u s  

e x p e r im e n ts  «

In  t h r e e  e x p e r im e n ts  in  w hich  g a s t r i n  was u s e d ,  th e  COg 

p e rc e n ta g e  was 7 * 2  7 *9 ( t e n s io n  51*3 ^  5 6 * 3 * ^g ^^ th e  Og a b o u t 1

and th e  HCl a b o u t 0*1 . In  t h e  l i q u i d  th e  COg t e n s io n  was 

i d e n t i c a l  (Tor th e  te m p e ra tu re ^  w ith  t h a t  i n  th e  g a s  m ix tu re  

shew ing  co m p le te  e q u i l ib r iu m  b e tw een  th e  tw o .

4 th  s e r i e s .  Animal f a s t i n g *  No and s a l i n e  in t r o d u c e d .

In  t h i s  s e r i e s  th e  g a s t r i c  mucous membrane was a t  r e s t  

b u t  th o u g h  th e  tim e  o f  e x p o su re  was f r e q u e n t l y  r a i s e d  to  3 h o u r s ,
é- B’-S'

th e  p e r c e n ta g e  o f  CO^ v a r i e d  b e tw een  6 and th e  Og b e tw een  0*75 

and 1 * 4 . The t e n s io n  o f  COg was i d e n t i c a l  NVfch in  th e  l i q u i d  

and  th e  g a s  m ix tu r e .

5 th  s e r i e s .  Anim al f a s t i n g .  Ng and  Og l a t t e r  a v e ra g in g  

a b o u t 1 *6% intr oduoed .

The COg re m a in e d  a b o u t th e  same a s  i n  th e  4 th  s e r i e s  b u t  

th e  0^ f e l l  t o  1% o r  l e a s .

6 th  s e r i e s .  A nim als i n  f u l l  d i g e s t i o n .

In  t h i s  s e r i e s  th e  a n im a ls  w ere f e d  w i th  m inced  m eat an 

h o u r  b e f o r e  th e  e x p e r im e n t was b e g u n . At th e  commencement o f  

th e  e x p e r im e n t th e  fo o d  was r« n o v ed  th ro u g h  th e  p y lo ru s  w hich  

in v o lv e d  som etim es c o n s id e r a b le  m a n ip u la t io n  o f  th e  stom ach  

w a l l s .  The esqperim en ts i n  t h i s  s e r i e s  w ere d e s ig n e d  to  

a s c e r t a i n  w h e th e r  t h i s  m a n ip u la t io n  a f f e c t e d  th e  p r o d u c t io n  

o f  COg. The COg p e r c e n ta g e  in  th e s e  c a s e s  a v e ra g e d  6 * S f b u t
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th e  q u e s t io n  h e r e  a r i s e s  a s  t o  w h e th e r  th e  h ig h e r  p e rc e n ta g e  

o f  CO2 was due  to  th e  m a n ip u la t io n  n e c e s s i t a t e d  o r  t o  th e  

f a c t  t h a t  th e  stom ach  was i n  a  c o n d i t io n  o f  a c t i v i t y  a t  th e  

b e g in n in g  o f  th e  e x p e r im e n t .  W ith o u t f u r t h e r  e l u c i d a t i o n  

o f  t h i s  p o in t  t h e r e  i s  no r e a s o n  to  b e l i e v e  t h a t  th e  in c r e a s e d  

p r o d u c t io n  o f  COg was due to  o th e r  c a u se s  th a n  th e  f a c t  t h a t  

th e  stom ach  was i n  a s t a t e  o f  a c t i v i t y  a t  th e  b e g in n in g  o f  

th e  e x p e r im e n t .

O b se rv a tio n s  w ere a l s o  made w ith  a v iew  6 f  s e e in g  w h e th e r  

t h e  q u ie s c e n t  stom ach  e v o lv e d  COg. The stom ach  was washed
boUcSr

w ith  a sh ed  o u t  s t e r i l e  s a l i n e  to  rem ove an y  g a s  p r e s e n t .  The 

l i q u i d  was w ith d raw n  and th e  stom ach  was l e f t  f r e e  o f  b o th  g a s  

and  l i q u i d  f o r  3 h o u r s .  At th e  end  o f  t h i s  p e r io d  g a s  f r e e  

s a l i n e  was a g a in  in t r o d u c e d  i n t o  th e  stom ach  f o r  th e  p u rp o se  

o f  w ash in g  o u t  a n y  ac c u m u la te d  g a s  end  a s  r a p i d l y  a s  p o s s i b le  

rem o v ed . No g a s  was o b ta in a b le  and th e  l ic p i id  on a n a ly s i s  

was fo u n d  to  c o n ta in  no  a p p r e c ia b le  CC^«

From t h i s  ejq>erim ent i t  w ould seem t h a t  t h e r e  i s  no  

r e c o g n i s a b le  s e c r e t i o n  o f  COg i n t o  th e  c a v i t y  o f  th e  stom ach  

d u r in g  a  r e s t i n g  p e r io d  o f  th e  s to m ach .

In  c o n t r a s t  w ith  t h i s ,  e x p e r im e n ts  h av e  b een  p e rfo rm e d  

w i th  l i q u i d  a lo n e  i n  th e  stom ach  and i n  th e s e  c a s e s  th e  l i q u i d  

was fo u n d  a t  th e  end  o f  th e  e x p e rim e n t (2  h o u r s )  t o  c o n ta in  

3 ^  o f  COg, e q u iv a le n t  t o  a  t e n s io n  o f  41*8 mm.Hg.
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7 th  s e r i e s .  I n t r o d u c t io n  o f  a d d  s a l i n e  and Ng i n t o  

stom ach  a t  r e s t .

The q u e s t io n  a r o s e  w h e th e r  th e  p re s e n c e  o f  l i q u i d  

c o n ta in in g  HCl i n  th e  stom ach  c o u ld  a c c o u n t f o r  some a c c u m u la tio n  

o f  COg from  th e  a c t i w  o f  a c id  on b ic a r b o n a te s  p r e s e n t  i n  th e  

mucous m em brane. C ould  th e  in c r e a s e  o f  COg in  a c t i v i t y  be  

e x p la in e d  i n  t h i s  way o r  i s  i t  c o n n e c te d  w ith  th e  w ork o f  

s e c r e t i o n  d u r in g  a c t i v i t y ?

T h is  s e r i e s  o f  e x p e r im e n ts  was d e v is e d  to  th ro w  l i g h t  

upon  t h i s  p o i n t .

A f te r  two h o u rs  th e  COg v a r i e d  b e tw een  5*6Zend 6 * 3 %  

i n d i c a t i n g  t h a t  t h e  r i s e  i n  COg d u r in g  s e c r e t a r y  a c t i v i t y  i s  

n o t  due to  th e  m ere p re s e n c e  o f  HCl i n  th e  s to m ach  r e a c t i n g  w ith  

c a rb o n a te s  o r  b i - c a r b o n a te s  in  th e  sto m ach  w a l l .

8 th  s e r i e s .  A lv e o la r  a i r  a n a ly s e d  a t  i n t e r v a l s  th ro u g h o u t 

th e  e x p e r im e n t .

The a l v e o l a r  a i r  was c o l l e c t e d  a t  a b o u t & h o u r  i n t e r v a l s  

th ro u g h o u t th e  e x p e r im e n t .  In  m ost e a s e s  g a s t r i n  was i n j e c t e d .

In  a l l  c a s e s  i t  was fo u n d  t h a t  th e  a v e ra g e  p e r c e n ta g e  

COg a l v e o l a r  a i r  th ro u g h o u t th e  e x p e r im e n t was ab o u t 0*3 -  1*1^ 

lo w e r  th a n  t h a t  fo u n d  i n  th e  s tm ia c h .  In  o th e r  w ords th e  

p r e s s u r e  o f  COg i n  th e  t i s s u e  o f  th e  stom ach  was g r e a t e r  th a n  

t h a t  i n  a l v e o l a r  a i r  ( u l t im a te  e x p i r e d  a i r ) .

S e r i e s  9 .

The e jq je r im e n ts  i n  S e r i e s  3 w ere r e p e a te d  u s in g  

d e c e r e b r a te  o r  p i t h e d  a n im a ls  i n s t e a d  o f  a n a e s t h e t i s e d .  A f te r
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p r e l im in a r y  e t h e r  a n a e s th e s ia  tra c h e o to m y  was p e r fo rm e d , th e  

c a r o t i d s  l i g a t u r e d  and  th e  a n im a ls  d e c e r e b r a te d  b y  L an g ley * s  

m e th o d , ( in j e c t i c m  o f  10^ s t a r c h  s u s p e n s io n  i n  g u m -R in g e r) .

As soon  a s  r e s p i r a t i o n  c e a s e d  th e  t r a c h e a  was c o n n e c te d  w i th  an  

a r t i f i c i a l  r e s p i r a t i o n  pump. About 20  c c .  o f  n e u t r a l  b o i l e d - o u t  

s a l i n e  was in t r o d u c e d  i n t o  th e  w a sh e d -o u t stom ach  to g e th e r  w ith  

a b o u t 2 0  C O .  o f  n i t r o g e n  g a s .  In  some e x p e r im e n ts , g a s t r i n  was 

i n j e c t e d  d u r in g  th e  two h o u r s .  The l i q u i d  and g a s  w ere th « n  

rem oved and a n a ly s e d  f o r  COg and th e  l i q u i d  was a l s o  t e s t e d  and 

e s t im a te d  f o r  h y d r o c h lo r ic  a c i d .  In  many o f  th e  e x p e r im e n ts  i n  

w hich  no  g a s t r i n  was i n j e c t e d  th e  l i q u i d  g av e  a  p o s i t i v e  

r e a c t i o n  w ith  O unzborg*s r e a g e n t  and th e  a n a ly s i s  showed th e  

p re s e n c e  o f  0*01 -  0-04tf<jj'HCl. (T h is  p o in t  was f u r t h e r  i n v e s t i 

g a te d  l a t e r ) .  The tenslcw i o f  COg in  th e  g a s  and l i q u i d  v a r i e d  

b e tw een  41*2 lan.Hg and 44*9 mm.Hg. (A verage o f  s i x  e x p e rim e n ts  

was 4 2 * 7 ) . T h is  was when no  g a s t r i n  h ad  b een  i n j e c t e d  and th e  

am ount o f  HCl i n  th e  l i q u i d  was n o t  g r e a t e r  th a n  10 logms. When 

th e  am ount o f  HCl in  th e  l i q u i d  w ith d raw n  was g r e a t e r  th a n  

16 mgras th e  p r e s s u r e  o f  COg v a r i e d  b e tw een  57 mm.Hg. and 62*6 qm. 

Hg* (A verage  o f  8 e x p e r im e n ts  58 laa .H g .) T hese r e s u l t s  a r e  

s i m i l a r  th o u g h  s l i g h t l y  h ig h e r  th a n  th o s e  o b ta in e d  from  th e  

u r e th a n i s e d  a n im a ls ,  t h i s  p ro b a b ly  b e in g  due t o  a  s lo w e r  m e ta b o l ic  

r a t e  o f  th e  a n im a ls  u n d e r  th e  in f lu e n c e  o f  an  a n a e s t h e t i c .
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e x c l u s i o n s .
From th e  e x p e r im e n ta l  r e s u l t s  o b t a i n e d , i t  w ould seem  

u n n e c e s s a ry  t o  e x p la in  th e  p re s e n c e  o f  COg i n  t h e  stom ach  a s  

d u e  t o  th e  a c t i v e  s e c r e t i x  o f  t h i s  g a s  b y  th e  g a s t r i c  m u e x s  

m em brane. %hen th e  stom ach  was w ashed x t  and  c o m p le te ly  

e m p tie d , t h e r e  was no  a e c u m u l a t i x  o f  COg ev en  a f t e r  an  

i n t e r v a l  o f  th r e e  h o u rs  a s  w ould h av e  b e w  e x p e c te d  had th e  

m u c x s  membrane th e  pow er o f  s e c r e t i o n  o f  COg. A e t h e r  Ng,

Ng and  Og^or Ng and s a l in e ,w e r e  in t r o d u c e d  i n t o  th e  f a s t i n g

s to m a ch , th e  COg was fou n d  t o  r e a c h  a  f a i r l y  c x s t a n t  l e v e l  

w hich w x l d  a p p a r e n t ly  b e  t h a t  o f  th e  t e n s i x  o f  COg i n  th e  

s u p e r f i c i a l  g a s t r i c  m u c x s  membrane and i t  i s  m w e p ro b a b le  

t h a t  th e  p re s e n c e  o f  COg i s  due to  a  p a s s iv e  d i f f u s i x  o f  th e  

g as  from  th e  t i s s u e  o f  th e  w a l l s  o f  th e  stom ach  r a t h e r  th a n  

a s e c r e t i o n  o f  COg f r x  th e  w a l l s  i n t o  th e  c a v i t y  o f  th e  

s to m a c h .

The e x p e r im e n ts  i n d i c a t e  t h a t  n o rm a lly  w ith  th e  stom ach  

a t  r e s t  th e  t e n s i x  o f  COg v a r i e d  b o tw e x  5 * 5 f and o f  an

a tm o sp h e re  ■ 39*2 onn.Bg -  46*2 mm.

D u rin g  a c t i v i t y  and u n d e r  c o n d i t i x s  w hich in v o lv e  no  

o th e r  s o u rc e  o f  COg a s  w x l d  b e  th e  c a s e  i f  fo o d  w ere p r e s e n t

in  th e  s to m ach , t h e  COg r o s e  t o  a b x t  7*5^ « 53*4 mm. % .  and

th e  Og rem a in ed  a t  a b x t  1^ « 7*2 mm.Hg.

S in c e  a l v e o l a r  COg p r e s s u r e  was alw ays fo u n d  to  b e  lo w er 

th a n  g a s t r i c  COg and Og v e r y  much g r e a t e r ,  i t  seem s p e r m is s ib le  

t o  r e g a r d  th e s e  e x p e r im e n ts  a s  co m p arab le  t o  th e  u s e  o f  a
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t x o m e t e r  f o r  th e  p u rp o se  o f  g a u g in g  th e  t e n s io n  o f  and Og 

i n  t i s s u e s  o r  a t  an y  r a t e  i n  th e  t i s s u e  o f  th e  g a s t r i c  mueous 

m em brane.

F u r th e r  th e  c o n c lu s io n  may b e  draw n t h a t  th e  t e n s i x  o f  

COg in  t h i s  t i s s u e  i s  g r e a t e r  t h x  t h a t  i n  v e n x s  b lo o d  and

th e  t e n s io n  o f  Og I s  o f  a  v e r y  low  o r d e r .
5

A rg y ll  C am pbell h a s  r e c e n t l y  shewn t h a t  th e  t e n s io n  o f  

COg i n  th e  b la d d e r  o f  r a b b i t s  and i n  human u r i n e  was b e t w e x  

4 0 -4 5  mm.Hg. In  r a b b i t s  th e  t e n s i x  o f  %  was fo u n d  t o  v a r y  

b e tw een  3 3 -4 5  mm.Hg b u t  i n  human u r i n e  i t  was much lo w e r ,  

b e in g  a b x t  1 4 -2 5  mm.Hg.

The COg t x s i o n  i n  th e  b la d d e r  th u s  c o r r e s p x d s  w ith  t h a t  

fo u n d  i n  th e  n o n  s e c r e t i n g  r e s t i n g  s tam ach  b u t  th e  Og t e n s i x  

e v x  i n  th e  human b la d d e r  l a  much h ig h e r  th a n  i n  th e  s t x a c h .

T h is  i s  t o  b e  e x p e c te d  s in c e  one o rg an  h a s  a  p u re ly  p a s s iv e  

m u c x s  m esibrane and th e  o th e r  an  a c t i v e  o n e .

In  th e  c o u rs e  o f  an  i n v e s t i g a t i o n  x  th e  e f f e c t  o f  COg 

X  th e  a b s o r p t i x  o f  a lc o h o l  from  th e  stom ach  to  b e  d e s c r ib e d  

l a t e r ,  i t  was fou n d  t h a t  when a d i l u t e  s o l u t i o n  o f  a lc (A io l 

c x t a i n i n g  5 0 -6 0 ^  COg was in t r o d u c e d  i n t o  th e  stom ach  a f t e r  x o  

h o u r  a l l  th e  COg h ad  d is a p p e a re d  from  th e  l i q u i d  w hidh was 

w ith d ra w n . T h is  s u g g e s ts  t h a t  th e  p r e s e n c e  o f  a lc o h o l  i n  th e  

stom ach  c a u s e s  COg t o  d is a p p e a r  r a p i d l y  and c o m p le te ly  th ro u g h  

th e  g a s t r i c  m u c x s  membrane and t h a t  i t  p r e v e n t s  th e  l i q u i d  

i n  th e  s tom ach  e q u i l i b r a t i n g  v /ith  th e  COg t e n s i o n  o f  th e  t i s s u e s .
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T h ere  i s  no  r e a s o n  t o  b e l i e v e  t h a t  th e  l i v i n g  e x d i t i o n  

o f  th e  m u o x s  membrane i s  a b o l i s h e d ,  s in c e  i t  i s  c a l l e d  u p x  

i n  o r d in a r y  l i f e  t o  m eet m ed ia  o f  th e  ty p e  em p lo y ed . N ever

t h e l e s s  th e  e f f e c t  o f  th e  a lc o h o l  i s  to  c a u s e  w hat may be  

r e g a r d e d  a s  a  d i f f u s i x  membrane to  b e  p e rm e ab le  i n  one d i r e c t i o n  

o n ly .

T h is  p o in t  was f u r t h e r  d e m o n s tra te d  b y  in t r o d u c in g  u n b u f fe re d  

R in g e r *8 s o l u t i o n  c o n ta in in g  COg a t  a  t e n s io n  a p p ro x im a te ly  e q u a l 

t o  t h a t  i n  a r t e r i a l  b l x d .  T h is  was l e f t  i n  t h e  s t x a c h  one h o u r  

when i t  was w ith d raw n  and a n a ly s e d  f o r  COg and H Cl. The COg 

was fo u n d  t o  b e  5*6^ -  50  mm.Hg. A s i m i l a r  s o l u t i o n  o f  R in g e r  

and COg c x t a i n i n g  a l c o h o l  was in t ro d u c e d  and a f t e r  an  h o u r  th e  

COg had  f a l l e n  below  1 ^ . ( D e ta i l s  o f  th e s e  e x p e r im e n ts  a r e  

r e c o rd e d  l a t e r  x  page 3% ) .

The e f f e c t  o f  d r iv in g  COg from  a r e g io n  o f  low  to  one o f  

h ig h e r  t e n s io n  i s  re m a rk a b le  b u t  i t  i s ,  h o w ev er, t r a n s i e n t ,  

a p p a r e n t ly  d ep e n d in g  i n  some way oh th e  s im u lta n e o u s  a b s o r p t i x  

o f  a l c o h o l .

Summary.

A g as  m ix tu re  in t r o d u c e d  i n t o  th e  s t x a c h  and r e s t r i c t e d  

t o  t h a t  c a v i t y  u n d e rg o e s  a  change in  e x p o s i t i o n  w hich  a p p e a rs  to  

b e  th e  r e s u l t  o f  a s im p le  p h y s ic a l  p ro c e s s  o f  g a s  d i f f u s i o n  f r x  

th e  g a s t r i c  m u c x s  m em brane.
/ 1

The te n s io n  o f  00^ in  th e  stom ach  i s  g r e a t e r  d u r in g  a c t i v i t y
)

th a n  a t  r e s t ,  v a ry in g  betweenj 40 -4 6  mm.Hg. a t  r e s t  x d  51*5 -  56*5 

mm.Hg. i n  a c t i v i t y .
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The t e n s i x  o f  I s  e x tre m e ly  lo w , b u t  seem s s l i g h t l y  

lo w e r  d u r in g  a c t i v i t y  th a n  a t  r e s t  ( a b x t  7 nrni.Hg a t  r e s t  and 

6 mm.Hg. i n  a c t i v i t y ) .

I f  th e  te m p e ra tu re  o f  th e  a n a e s t h e t i s e d  an im a l i s  a llo w e d  

t o  f a l l  a t  a l l  th e  t e n s i x  o f  CO^ i n  th e  a t x a e h  r i s e s  h i ^ e r  

th a n  d u r in g  a c t i v i t y  o f  th e  g a s t r i c  g la n d s*

In  th e  p i t h e d  an im al th e  t e n s i o n  o f  COg i s  s l i g h t l y |^ a t  

r e s t  and d u r in g  a c t i v i t y , a n d  th e  Og lo w e r .

In  th e  p re s e n c e  o f  a lc o h o l  l a r g e  q u x t i t i e s  o f  COg o x  

b e  r a p i d l y  a b s x b e d  b y  th e  g a s t r i c  m ucous m e s ib rx e , th e  t e n s i x  

o f  COg b e c c o in g  m a rk e d ly  I x e r  ( u s u a l l y  s e r o )  i n  th e  sto m ach  

th a n  i n  th e  b lo o d .

T h ere  i s  no  e v id e n c e  t h a t  COg i s  a c t i v e l y  s e c r e t e d  i n t o  

th e  s t x a c h .
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THE EFFECT COg OR THE ABSORPTION OF ALCOHOL FR(m THE

STmACH AND SMALL INTESTINS.

A lth o u g h  t h e r e  h a v e  b e e n  e x t e n s iv e  r e s e a r c h e s ,  n o ta b ly  b y  

P a v lo v , S d k ln s ,  x d  num erous A m e r ic x  and E d i n b u r g  w o rk e rs ,  

on th e  s e c r e t o r y  f u n o t l x s  o f  th e  s t x a c h .  I t  h a s  rem a in ed  som e- 

# i a t  d x b t f u l  from  t h e i r  w ork w h e th e r  a  n e u t r a l  l i q u i d  su c h  a s  

R in g e r  *s s o l u t i x  w ould c a u s e  s e c r e t i x  o f  g a s t r i c  j u i c e  i n  x  

x i m a l  i n  w h ich  th e  v a g i  h ad  b e e n  d e s t ro y e d  b y  o e so p h a g e a l 

l i g a t u r e .

J .  S . B d k in i^ ^ p e rfo rm e d  h i s  " a c u te  e x p e r i m x t s "  on 

x a e s t h e t i s e d  x i m a l s  and fou n d  t h a t  n e i t h e r  w a te r  n o r  s a l i n e  

w ere  a b s o r b a i  o r  c a u se d  x y  a p p r e c ia b le  s e c r e t i o n  o f  a c i d .  T h is  

m ig h t a l s o  b e  t r u e  o f  th e  nomnal x i m a l , b u t  i t  i s  scax*eely  

p e r m is s ib le  t o  d ed u ce  t h i s  f a c t  from  th e  e x p e r in w n ts  o f  K dkins 

when x x s t h e t i c s  a r e  known t o  a l t e r  s e c r e t o r y  a c t i v i t y  i n  a  

v e r y  m arked d e g r e e .

F o r a l l  th e  e x p e r im e n ts  p e rfo rm ed  i n  th e  c o u rs e  o f  th e  

i n v e s t i g a t i x s  w h ich  a r e  t o  b e  d e s c r ib e d ,  d e c e r e b r a te  o r  p i th e d  

x i m a l 8 w ere u s e d .  I n  t h i s  way i t  was x t i c i p a t e d  t h a t  a  more 

n o rm al c o n d i t i x  o f  th e  s e c r e t o r y  a c t i v i t y  o f  th e  mucous m em b rx e  

w ould b e  a t t a i n e d .

T h is  s tu d y  o f  s e c r e t o r y  a c t i v i t y  was how ever n o t  th e  i n i t i a l  

o b j e c t  o f  th e  e x p e r im e n ts .  O r i g in a l l y  i t  was in te n d e d  t o  

i n v e s t i g a t e  th e  l i m i t s  o f  th e  a b s o r p t i x  o f  c e r t a i n  s o l u t i o n s  

t h r x g h  th e  g a s t r i c  m u c x s  m e m b rx e . In  " a c u te  e x p e r im e n ts "
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r e l i x e e  h ad  h i t h e r t o  b een  p la c e d  on x a e a t h e t i a e d  x i m a l s *

I t  i s  p e r m is s ib le  t o  r e g a r d  th e  stom ach  a s  p re d o m in a n tly  a

s e c r e t o r y  s t r u c t u r e ,  i t s  f u n c t i x  a s  r e g a r d s  a b s o r p t io n  b e in g
(73s e c x d a r y *  M endel and o th e r  w o rk e rs  h av e  shewn t h a t  a l c o h o l ,  

and  c e r t a i n  o th e r  d r u g s ,  may b e  a b s o rb e d  b y  th e  stom ach*

A good d e a l  o f  work h a s  b ee n  done on  t h e  a b s o r p t i x  o f  

a lc o h o l  i n t o  th e  b lo o d  from  th e  a l im e n ta r y  c a n a l  in  th e  no rm al 

x i m a l  u n d e r  v a ry in g  c o n d i t i x s ,  b u t  th e  d e g re e  o f  a b s o r p t i x  

t h a t  t x k  p la c e  i n  th e  s to m ach  o x l d  n o t  be  d e te rm in e d  i n  t h i s  

way*

In m anj o f  th e  r e c o rd e d  e x p e r im e n ts  v e r y  h ig h  c x c x -  

t r a t i o n s  o f  a lc o h o l  h av e  b e e n  u s e d  and su c h  a s  m x  w x l d  n e v e r  

h av e  t o  d e a l  w i th  i n  o r d in a r y  l i f e *  T hese h ig h  c o n c e n t r a t io n s  

o f  a lc o h o l  i n  th e  stom ach  w ere  a v o id e d  i n  t h e  p r e s x t  e x p e r im e n ts  

a s  l i k e l y  t o  p r x o t e  to o  abnorm al a  s t a t e .

I t  i s  X  o r d in a r y  e x p e r ie n c e  t h a t  a l c o h o l i c  b e v e ra g e s  t a k x  

w ith  a e r a te d  w a te r s  p ro d u ce  t h e i r  c h a r a c t e r i s t i c  e f f e c t s  much 

m ore r a p i d l y  t h x  when ta k e n  in  o r d in a r y  w a te r . The s c i e n t i f i c  

b a s i s  o f  t h i s  f a c t  was i n v e s t i g a t e d  b y  e x p e r im e n ts  on t h e  e f f e c t  

p ro d u ce d  on  th e  a b s o r p t i x  o f  a lc o h o l  b y  th e  p re s e n c e  o f  COg*

L a te r  some o f  th e s e  i n v e s t i g a t i x s  w ere e x te n d e d  t o  th e  i n t e s t i n a l  

m u c x s  m ^Q b rx e*

The work t o  b e  d e s c r ib e d  f a l l s  i n t o  two m ain  d i v i s i x s .

In  P a r t  I*  th e  p o in t s  s tu d i e d  w ere ( a )  th e  d e g re e  o f  a b s o r p t i x  

o f  p h y s i o l o g i c a l l y  i n a c t i v e  l i q u i d s ,  and  (b )  t h e  s e c r e t i o n  o f  

h y d r o c h lo r ic  a c id  a s  i n d i c a t i n g  th e  s e c r e t o r y  a c t i v i t y  w h ich  th e s e
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l i q u i d s  e x s e d *  In  P a r t  I I .  th e  a b s o r p t i x  was e x s i d s s e d .
c u ÿ v k j o w ^  ^  oJr4jo(\j :̂UjUaA- <oo^ cam>iV4 ■*■ H .

T h r o u g h x t  th e  e x p e r im e n ts  g r e a t  c a r e  was ta k e n  t o  

k e e p  th e  x i m a l s  a s  n e a r l y  n o rm al a s  p o s s i b l e  i n  o r d e r  t h a t  

th e  d e d u c t io n s  made from  th e  r e m i t s  m i ^ t  b e  p h y s i o l o g i c a l l y  

s o u n d .
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P a r t  I .

M ethod.

A ll  th e  e x p e r im e n ts  w ere p e rfo rm e d  on o a t s .  .T he a n im a ls  

w h e rev e r p o s s i b le  w ere k e p t  i n  th e  l a b o r a t o r y  f o r  s e v e r a l  d ay s  

p re c e d in g  th e  e x p e rim e n t and d u r in g  t h a t  tim e  f e d  on l e a n  m eat 

i n  o r d e r  t h a t  th e  a l im e n ta r y  c a n a l  m ig h t be  i n  a  good c o n d i t i o n .

In  th e  e a r l y  e x p e r im e n ts  th e  a n im a ls  w ere f i r s t  

a n a e s t h e t i s e d  w ith  c h lo ro fo rm  b u t  l a t e r  e t h e r  was u se d  a s  i t  was 

fo u n d  t h a t  w i th  e t h e r  th e  b lo o d  s u p p ly  t o  th e  stom ach  was much 

b e t t e r .  % i s  p r e l im in a r y  a n a e s th e s ia  was f o r  th e  p u rp o se  o f  

p r e p a r in g  th e  an im a l f o r  d e c e r e b r a t i x  o r  p i t h i n g ,  th e  m ethod 

o f  w hich  h as a l r e a d y  b e e n  d e s c r ib e d .  Then th e  abdomen was 

o p en ed , a  t i g h t  l i g a t u r e  t i e d  ro u n d  th e  o e so p h a g u s , g r e a t  c a r e  

b e in g  ta k e n  n o t  t o  in c lu d e  o b v io u s  b lo o d  v e s s e l s .  The i n t e s t i n e  

was th e n  c l ip p e d  o f f  w ith  S p e n c e r-W e lls  f o r c e p s ,  an  i n c i s i o n  made 

a c r o s s  th e  duodenum a b x t  a  c e n t im e tr e  below  th e  p y lo ru s  and  th e  

stom ach  w e l l  w ashed x t  w ith  s e v e r a l  i n j e c t i x s  o f  warm s a l i n e .

A T -sh ap ed  tu b e  w i th  a  ta p  on  one lim b  was th e n  t i e d  i n t o  th e  

o p e n in g .

The l i q u i d s  p la c e d  i n  th e  stom ach  w ere in t r o d u c e d  a t  a  low  

p r e s s u r e  and d u r in g  th e  w hole tim e  k e p t  a t  a  p r e s s u r e  w i th in  th e  

stom ach  o f  5 cm. o f  w a te r .

I n  th e  f i r s t  g r x p  o f  e x p e r im e n ts  th e  a p p a ra tu s  u se d  f o r  

in t r o d u c in g  th e  l i q u i d  i n t o  th e  stom ach  was s i m i l a r  to  t h a t  

p r e v io u s ly  u s e d .  The an im al was c o n n e c te d  w ith  th e  a p p a ra tu s
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t h r o u g h x t  th e  e x p e r im e n t and th e  t o t a l  am ount o f  l i q u i d  

in t r o d u c e d  n o te d .  A f te r  an  h o u r ,  two m easu red  sam p les  o f  

l i q u i d  w ere w ith d raw n  a t  th e  ta p  and th e  r e s t  draw n b a c k  i n t o  

th e  a p p a ra tu s  i n  o r d e r  t o  m easu re  th e  volum e r e c o v e r e d .  In  

t h i s  way th e  am ount o f  a b s o r p t i x  o f  l i q u i d  c o u ld  b e  m e a su re d . 

F u r th e r  b y  x a l y s i s  o f  th e  seco n d  safiq>le w ith d raw n  b y  th e  ta p

th e  am ount o f  HCl s e c r e t e d  c o u ld  b e  c a l c u l a t e d .

In  th e  e x p e r im e n ts  o f  th e  f i r s t  g r x p  s im p le  i n e r t  l i q u i d s  

w ere  u s e d  su ch  a s  R in g e r  o r  s a l i n e .  The id e a  was t o  c a u se  a s  

l i t t l e  s t i m u la t io n  t o  th e  m u c x s  membrane a s  p o s s i b le  and t o  

e l im in a t e  o sm o tic  e f f e c t s .  S a l in e  m ig h t have b ee n  s u i t a b l e ,  

b u t  i t  was th o u g h t t h a t  s in c e  in  th e  k id n e y  th e  p re s e n c e  o f

c a lc iu m  i s  an a b s o lu te  n e c e s s i t y  f o r  th e  n o rm al c o n d i t f x  o f  th e

c e l l  membrane t h a t  a  m ore p h y s io lo g ic a l  l i q u i d  w ould b e  R in g e r* s  

s o l u t i o n .  B ut a s  th e  e s t i m a t i x  o f  HCl was t o  bo p e rfo rm e d  b y  

s im p le  t i t r a t i x  i t  was n o t  p o s s i b l e  t o  in c lu d e  th e  u s u a l  amount 

o f  b i - c a r b x a t e  b e c a u se  o f  th e  b u f f e r in g  e f f e c t . F o r  t h i s  

r e a s o n  th e  R in g e r  *s u s e d  t h r x g h x t  th e  e x p e rim e n t was 

" x b u f f e r e d "  and  had  th e  f o l l x i n g  c x p x i t i o n .

•9g RaCl

•042 HCl W ater t o  100 c c .

*024 C&Clg

The h y d r o c h lo r ic  a c id  was d e t e c t e d  b y  GKmsberg*s t e s t  

and  e s t im a te d  b y  b o i l i n g  x t  a  known volum e o f  th e  s t x a c h  l i q u i d  

to  d r i v e  o f f  th e  COg and  t h x  t i t r a t i n g  w ith  KaOH t i l l  j u s t  

a l k a l i n e  t o  p h e n o lp h th a le in .
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The e x p e r im e n ts  o f  th e  f i r s t  g r x p  f a l l  i n t o  two s e r i e s .  

2h th e  f i r s t  an  en d e av o u r was made t o  com pare th e  a b s o r p t iv e  

and s e c r e t o r y  e f f e c t  o f  (1 )  s a l i n e  and (2 )  u n b u f fe re d  R in g e r .  

F o r t h i s  r e a s o n  e a c h  w hole e x p e rim e n t c x s i s t e d  o f  two s e p a r a te  

x e  h o u r  p a r t s  i n  w h ich  R in g e r  and S a l in e  w ere s u c c e s s iv e ly  

u s e d .

In  th e  s e c x d  s e r i e s  s i m i l a r  e x p e r im e n ts  w ere made on 

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

a c r o s s  and ty in g  i n  c a n n u la s ,  and co icq > a risx s  w ere made b e tw een  

th e  a b s o r p t iv e  f u n c t i x s  o f  th e  g a s t r i c  and i n t e s t i n a l  mucous 

m e m b rx e  •

A b s o r p t i x  i n  t h e  S tom ach .

S e r i e s  I .

A. A b s o r p t i x  o f  R in g e r  and s e c r e t i o n  o f  H Cl.

Volume
o f

R in g e r
i n t r o 
d u c e d .

Volume 
o f  

R in g e r  
rem oved 

a f t e r  
1 h r .

D if f e r e n c e
in

v o lu iw .

GKinsberg*s
T e s t .

HCl
s e c r e te d

86 c c . 85 c c . 1 cc  ( l o s s ) + 7 mgm.

1 .  79*9 73 2*9 ( l o s s ) s l i g h t 1*3 "

2 .  81*5 8 2 5 1 ( g a in ) ff 3 "

3 .  58*6 54 4*6 ( l o s s ) + 10  "

4 .  91*4 93 1*6 ( g a in ) 18 "

5 .  64*9 65 - + 10 "

6 .  60 60 19*7 "

7 .  68*8 7 0 - 5 "
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B* A bsorp tion  o f  normal s a l in e  and s e c r e t io n  o f  HCl.

Volume 
o f 

S a lin e  
in tro *  
düced •

Volume
o f

S a lin e
removed.

D if fe re n c e . Ghmsberg* a 
T e s t .

HCl 
s e c r e te d .

.. 68*2 o c . 68 CO. 0 CO. s l i g h t 2*6 mgm.

^  64*8 64 •8 ( lo s s ) s l i g h t 2*6

U 46 .6 48 1*4 (g a in ) +++ 33

. 86*5 88 1*3 (g a in ) 21

u 59 .3 58 .5 *8 ( lo s s ) 9

► . 56*7 54 2*7 ( lo s s ) - 0

. 71*0 71 0 + 3

(B os. 1 to  7 in  À and B in d ic a te  co rrespond ing  1 hour experim ents 
on th e  same an im al; th e  o rd e r  b e in g  a l te r n a te d  in  su c ce ss iv e  
ex p e rim en ts} •

S e r ie s  I I .

Comparison o f  th e  deg ree  o f  a b so rp tio n  o f  R in g er, in  th e

stom ach and th e  sm all i n t e s t i n e  o f th e  same an im al. 
I n te s t in e  • Stomach •

kc; Volume 
A  in t r o -  
^  duced .

Volume D if fe re n c e . 
Removed

f  Absorp
t i o n .

Volume
in t r o 
duced .

Volume
Removed

D if fe re n c e . œ i
secre ts!

^ 2 .  7*8 cc 2*3 cc. 5 . 5 ( lo s s ) 70

13.22^6 tr a c e  22*6 ft 100 5 4 . 5 56 1 . 5  (g) 18 mgm.

14.15*8 7*4 8*4 I» 50 51*5 51.5 0 0

15.36*3 7 29*3 80 53 53 #*80(1) 14 ”

16.24 18 6 ft 25 68*2 66 Z & 4 "



~ 2 5  -

The o o n n e c tlo n s  w i th  R in g e r  w ere  made f i r s t  w ith  th e  sto m ach  

(o n e  h o u r ) ,  th e n  w i th  th e  i n t e s t i n e  (o n e  h o u r ) .

D e d u c tio n s  from  th e s e  e x p e r im e n ts »

I t  i s  q u i t e  c l e a r  t h a t  th e  m ethod o f  e x p e r im e n t d o es  n o t  

i n  an y  way i n t e r f e r e  w i th  t h e  i n t e s t i n a l  a b s o r p t i o n ,  t h e r e f o r e  

i t  i s  s a f e  t o  c o n c lu d e  t h a t  th e  s to m ach  i s  a l s o  f u n c t io n in g  

n o rm a lly  a s  r e g a r d s  a b s o r p t i o n .  T h ere  i s  c e r t a i n l y  no  

a p p r e c ia b l e  a b s o r p t io n  o f  e i t h e r  s a l i n e  o r  R in g e r  i n  th e  

s to m ach ; an d  t h i s  c o n f irm s  f o r  d e c e r e b r a t e  a n im a ls  th e  r e s u l t s  

o f  o th e r  w o rk e rs  on a n a e s t h e t i s e d .  B u t i t  i s  q u i t e  o b v io u s  

t h a t  t h e s e  l i q u i d s  do  c a u se  i n  th e  d e c e r e b r a t e  an im a l a  c e r t a i n ,  

th o u g h  p e rh a p s  s m a l l ,  s e c r e t i o n  o f  H C l, am o u n tin g  o n ly  t o  a  v e r y  

s m a ll  volum e o f  a c t u a l  s e c r e t i o n  j u i c e s .
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P a r t  I I .

( a )  The a b s o r p t io n  o f  A lco h o l from  th e  stom ach#

(b )  H ie e f f e c t  o f  COg on th e  a b s o r p t io n  o f  a lc o h o l#

The f o r e g o in g  e x p e r im e n ts  h av e  c o n firm e d  th e  v iew  t h a t  

th e  sto m ach  i s  n o t  t o  b e  r e g a r d e d  a s  p o s s e s s in g  th e  pow er o f  

a b s o rb in g  w a te r#  As a l r e a d y  s t a t e d  a l c o h o l  i s  one o f  th e  

s u b s ta n c e s  w h ich  th e  s to m ach  can  a b s o r b ,  and  i t  i s  g e n e r a l l y  

a d m it te d  t h a t  t h e  a b s o r p t io n  o f  a lc o h o l  i s  in c r e a s e d  when 

ta k e n  w i th  a e r a te d  w a te r  a s  com pared  w i th  w a te r  n o t  a e r a te d #

The c h a r a c t e r i s t i c  q u a l i t y  o f  a e r a te d  w a te r  i s  th e  COg c o n te n t#  

S t a r t i n g  w i th  th e s e  f a c t s  a s  a  b a s i s ,  two p o i n t s  w ere  th e  

o b je c t  o f  I n v e s t i g a t i o n : -

(1 )  To o b ta in  a c c u r a te  e x p e r im e n ta l  e v id e n c e  o f  th e  

a b s o r p t io n  o f  a lc o h o l  from  th e  stom ach  when a d m in is te r e d  

w ith  n o n -g a se o u s  l i q u i d s #

(2 )  To i n v e s t i g a t e  th e  e f f e c t  o f  COg on ( a )  th e  d e g re e  o f

a b s o r p t io n  and (b )  th e  r a t e  o f  a b s o rp t io n #

A f te r  w ash in g  o u t  th e  s to m a c h , th e  d i l u t e d  a l c o h o l ,  ( w hich  

i n  m o st e x p e r im e n ts  was a  5 p e r  c e n t  s o l u t i o n  i n  u n b u f fe re d  

R in g e r )  was in tro d u c e d #

E ach  o f  th e  e x p e r im e n ts  c o n s i s t e d  o f  two p a r t s : -

( a )  The a b s o r p t io n  o f  a lc o h o l  i n  R in g e r  f r e e d  o f  COg b y  

p r e v io u s  b o i l i n g  o u t#

(b )  The a b s o r p t i o n  o f  a l c o h o l  i n  R in g e r  c o n ta in in g  a  h ig h  

c o n c e n t r a t i o n  o f  COg#
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E ach  p a r t  o f  an  e x p e rim e n t was a llo w e d  t o  r u n  f o r  one 

h o u r  and s in c e  th e  se co n d  p a r t  m ig h t b e  c o n s id e r e d  in f lu e n c e d  

b y  f a t i g u e  th e  o r d e r  o f  ( a )  and (b )  was a l t e r n a t e d  i n  s u c c e s s iv e  

e x p e r im e n ts .

M ethod o f  B s t l m a t i w  o f  A lc o h o l#

Our m ethod  o f  e s t i m a t i o n  was th e  p ro c e s s  o f  d i s t i l l a t i o n  

u n d e r  re d u c e d  p r e s s u r e  d e v i s e d  b y  C annan and S u lz e r  :  ^ T h e ir  

s p e c i a l  fo rm  o f  a p p a ra tu s  was u s e d  and  th e  a l c o h o l  v a p o u r  draw n 

i n t o  a  m ix tu re  o f  e q u a l  p a r t s  o f  0*16B P o ta s s iu m  b ic h ro m a te  and  

c o n c e n t r a t e d  s u lp h u r ic  a c id #

U nder th e s e  c o n d i t i o n s ,  g iv e n  a  l a r g e  e x c e s s  o f  a c id  

b ic h ro m a te  o v e r  a lc o h o l  th e  o x id a t io n  i s  c o m p le te  t o  a c e t i c  a c i d ,  

p r o b a b ly  t o  th e  e x t e n t  o f  and  o v er#

The a l c o h o l  o x id i s e d  was e s t im a te d  b y  t i t r a t i c m  o f  th e  e x c e s s  

b ic h ro m a te #  F o r t h i s  p u rp o s e  we d id  n o t  u s e  t h e  u s u a l  f e r r o u s  

amm# s u lp h a te  b u t  made u s e  o f  th e  o x id a t io n  o f  K1 w i th  a c id  

b ic h r< m a te  and  t i t r a t i o n  o f  th e  io d in e  b y  sod ium  th i o s u l p h a t e  

w i th  s o lu b le  s t a r c h  a s  i n d i c a t o r #

A ll  th e  a l c o h o l  e s t im a t io n s  w ere done on th e  same d a y  a s  

th e  e x p e r im e n ts #  T h is  i s  c o n s id e r e d  a  v e r y  im p o r ta n t  p o in t  

b e c a u s e  i n  th e  f i r s t  few  e x p e r im e n ts  when t h i s  was n o t  t h e  c a s e  

a lc o h o l  was l o s t  i n  p r o p o r t i o n  t o  th e  ^ a g e ” o f  th e  s a m p le , m aking  

th e  a b s o r p t io n  a p p e a r  c o n s id e r a b le  i n  some c a s e s #  When i t  was 

r e a l i z e d  t h a t  t h e  a lc o h o l  d id  d i s a p p e a r  i n  t h i s  way th e  e a r l y  

e x p e r im e n ts  w ere  d is r e g a rd e d #
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T his d isap p ea ran ce  o f  the  a lc o h o l i s  p ro b ab ly  due to
Scg a s t r i c  l ip a s e  which undoub ted ly  e x i s t s ,  as has been shown 

by B ofm eister and o th e r  o b s e rv e rs .

The % o f  COg was e s tim a te d  by means o f  b a ry ta  w ate r and 

t i t r a t i o n  w ith  o x a lic  a c id  as a lre a d y  d e sc r ib e d  in  th e  f i r s t  

s e c t io n  o f th i s  t h e s i s .

The R ate o f jAbs^ap^Btkn and In flu e n ce  o f  COg.

To o b ta in  ev idence iq>on th e se  p o in ts  l i q u i d  was w ith 

drawn im m edia tely  a f t e r  in tro d u c t io n  and a t  20 m inute 

i n t e r v a l s ,  each sample was ana ly sed  fo r  a lc o h o l and COg 

c o n te n t by th e  methods d esc rib ed *  In  a l l ,  e ig h t  o f  th e  

experim en ts were c a r r ie d  o u t on th e se  l i n e s  and th e  r e s u l t s  

o f  some a re  g iven  below .
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T able I I . R ate o f  a b so rp tio n  o f  a leo h o l in  p resen ce  o r  

absence o f  COq .

(a )  * Bo COg p re s e n t (b ) •  With CO  ̂ p re s e n t

COg a t  
b e g in -  
n i ^ a

COg a t  
end o f 
1 hour

%

Cone, 
a lc o h o l 
a t  tim e 0 
( i n t r o 
d u c tio n )  •

. % '

Cone, 
a lc o h o l 

a f t e r  
20 m in.

%

Cone, 
a lc o h o l 

a f t e r  
40 m in.

i

Cone, 
a lco h o l 

a f t e r  
60 m in.

%

Exp,
(ft)1 . 1 s t hour H<me None 4 .3 8 3*83 3*34 2*61

(b) 2nd ft 66 4 4 4 . 4 1 3*77 2*74 2*31

2 . (b) 1 s t  hour 50 None 4 .6 3 3 . 6 8 2 .2 0 1*55

(a ) 2nd If None None 4*44 4*26 3*53 2*41

3 . (a ) 1 s t hour None 2 '6 * 4*77 3*56 2 . 3 3 1*75

(b) 2nd If 52 .4 None 3*8 3 . 5 3 1 . 9 5 1*22

4 . (b) 1 s t hour 46 .4 None 9 .36 5 . 3 5 3*46 2 .1 0

n
(a ) 2nd None None 7 . 1 1 6*87 5*23 5*46

T his was about th e  on ly  case  where COg i n i t i a l l y  ab sen t was 
found to  have d if fu s e d  ou t frmn th e  g a s t r i c  mucous membrane 
in to  th e  stom ach.
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D e d u c tio n s  #

The e x p e r im e n ts  n eed  c a r e f u l  c o n s id e r a t i o n  b e f o r e  

d e d u c t io n s  a r e  m ade. E v e ry  p r e c a u t io n  was ta k e n  t o  e n s u re  

t h a t  th e  o n ly  d i f f e r e n c e  b e tw e en  tw o p a r t s  o f  e a c h  e x p e r im e n t 

was th e  COg c o n te n t  o f  th e  l i q u i d .  From th e  t a b l e  o f  r e s u l t s  

and  t h e  g ra p h s  i t  may b e  s a i d  t h a t  a l c o h o l  i s  c l e a r l y  a b s o rb e d  

m ore r a p i d l y  and  t o  a  g r e a t e r  d e g re e  when COg i s  p r e s e n t .

The r e s u l t s  a r e  m ore s t r i k i n g  i n  e x p e r im e n ts  2  and 4 b e c a u s e  

t h e  COg p a r t  o f  th e  e x p e r im e n t o c c u p ie d  th e  f i r s t  h o u r .  B i t  

th e  f a c t  t h a t  t h e  a b s o r p t io n  i n  1 an d  2 was s l i g h t l y  g r e a t e r  

i n  t h e  h o u r  when COg was p r e s e n t^  a l th o u g h  t h i s  was th e  

se c o n d  h o u r ,  a l s o  s u p p o r ts  t h i s  d e d u c t io n .

H aving  o b ta in e d  t h i s  e v id e n c e  o f  th e  r a t e  o f  f a l l  i n  

c o n c e n t r a t io n  o f  a lc o h o l  i n  th e  l i q u i d  i n  th e  s to m ach , th e  

n e x t  p o in t  o f  i n t e r e s t  was t o  a s c e r t a i n  i f  th e  a c t u a l  

a b s o r p t io n  was a l s o  g r e a t e r  i n  th e  p r e s e n c e  o f  COg.

A n o th e r s e r i e s  o f  e x p e r im e n ts  was t h e r e f o r e  p e rfo rm e d  

t o  d e te rm in e  th e  q u a n t i t y  o f  a lc o h o l  a b s o rb e d  th ro u g h o u t th e  

tim e  o f  an  e x p e r im e n t .  F o r  t h i s  p u rp o se  s i m i l a r  e x p e r im e n ts  

w ere  p e r fo rm e d , i n  w h ich  sam p les  o f  l i q u i d  v e re  w ith d raw n  

im m e d ia te ly  a f t e r  i n t r o d u c t i o n  and a f t e r  an  i n t e r v a l  o f  one 

h o u r .  The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  th e  f o l lo w in g .
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n
(a) • No COg p re s e n t . (b) » W ith COg #

C one.of 
COg a t  
b eg in 

n in g .
%

C one.of 
COg a t  

end

i

Volume o f 
a lco h o l 
a t  b eg in 
n in g , 

c . e .

Volume o f 
a lco h o l 

a t  en d . 
e . c .

A ctual 
amount o f 
a lco h o l 
abso rbed , 

e . c .

HCl
s e c re te d

in
mgm.

Exp.
1* (b) 1 s t hour 42.6 None 2 .17 .8 1 .67 36.7

(a ) 2nd ft 2*5 None 1 .84 .6 1 .24 48.94

2 . (a ) 1 s t hour None 0 .5 1*79 .39 1 .4 2 1 . 5
(b) 2nd ft 76*8 2 .0 1 .53 .43 1.11 31.1

3 . (a ) 1 s t hour 0*45 None 2*24 •5 1.74 3 . 7 9
(b) 2nd If 51-8 None 2 .1 8 .52 1 .66 37.85

4 . (b) 1 s t hour 46.5 1 .3 2 .43 .71 1 .72 7*6
^ ( a ) 2nd w 0*6 None 1 .97 1 .03 0.94 0*38

5* (a) 1 s t hour 0 .6 None 2.07 .56 1 .51 2-96
(b) 2nd If 40 None 2 .3 8 .67 1 .7 4 . 7 4

6 . (b) 1 s t hour 42*0 None 2 .5 .68 1 .7 2 7 . 0
(a ) 2nd if 3*3 .28 2 .53 1 .09 1.46 11.6

C o n cen tra tio n  o f a lco h o l s o lu t io n  in  Expts* 1 , 2 , 3 ro u g h ly  5^ 
( a c tu a l  amount e s tim a te d )  and E x p ts . 4 , 5 , 6 ro u ^ i ly  6 ^ .
In  each experim ent th e  d if fe re n c e  between th e  l iq u id s  in tro d u ced  
was s o le ly  in  COg con ten t*

A c o n s id e ra tio n  o f th e se  f ig u re s  a ls o  confirm s th e  r e s u l t s  

o f th e  p rev io u s  s e r i e s  o f ex p e rim en ts , i . e .  th a t  a lc o h o l i s  

absorbed more com p le te ly  w ith  COg p r e s e n t .

B esides t h i s  o b se rv a tio n  two o th e r  p o in ts  may be n o tic e d  

i f  th e  r e s u l t s  o f the  experim ents a re  c a r e f u l ly  s tu d ie d .
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One o f  th e s e  i s  t h a t  th e  p re s e n o e  o f  a l e o h o l  a p p e a rs  t o  

h av e  a  r a t h e r  s t r i k i n g  e f f e c t  on th e  g a s t r i c  m ucous membrane 

w i th  r e s p e c t  t o  th e  p a s s a g e  o f  COg•

I t  h a s  b een  p ro v e d  i n  th e  f i r s t  s e c t i o n  o f  t h i s  t h e s i s  

t h a t  COg, i n  q u a n t i t i e s  n o t  d i f f e r i n g  g r e a t l y  from  th e  n o rm al 

am ount w i l l  d i f f u s e  u n t i l  an  e q u i l ib r iu m  i s  e s t a b l i s h e d ,  b u t  

i t  a p p e a r s  t h a t  when a lc o h o l  i s  p r e s e n t  i n  th e  sto m ach  t h i s  i s  

no  lo n g e r  th e  c a s e .  The f i g u r e s  f o r  th e  COg c o n e , i n  t h e  l i q u i d  

a t  th e  b e g in n in g  and th e  end  o f  e a c h  h o u r  a r e  g iv e n  b e lo w .

COg a t  
b e g in n in g

COg a t  
end  
1 h r .

K xps.
1 . ( a  ) ............................................

( b  ) ............................................
None

66
. . # 
• #. #

None
4*4

2 .
; : ; : ; :  : ;  : : :

50
None

« . • 
• . .

None
None

3 . ( a  ) .............................
( b  ) ............................................

None
5 2-4

. » . 
*, • •

2 .6
None

4 . SSJ :  : ;  ; ; ; :  ; ; : ;
46*4
None

. . . 

. . .
None
None

5 . ( a )  . . . . . . . . . . .
( b  ) ............................................

•45
51 "8

. . .

. « .
None
None

6 . ( b ) .................................................
( a ) ....................................... ....  .

42*6
2*5

• . • 
. . •

None
None

7 . ( a )  . . . ..................................
( b  ) ............................................

•6
40

. . « 
« • •

None
None

From th e s e  r e s u l t s  i t  seem s t h a t  t h e r e  was a r a p i d  p a s s a g e  

o f  COg in w ard s  a c r o s s  th e  g a s t r i c  munous membrane g iv in g  i n  m o st 

c a s e s  a  f a l l  o f  from  45^ t o  n o th in g  i n  an h o u r .  When t h e r e  was 

l i t t l e  o r  no COg i n  th e  l i q u i d  I n i t i a l l y  t h e r e  w as, w i th  o n ly  one
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e x c e p t io n  no  CO^ a t  t h e  e n d . H ere t h e r e  seem s t o  b e  t h e r e f o r e  

an  e x c e p t io n  t o  t h e  v ie w  t h a t  t h e  g a s t r i c  mucous membrane i s  a  

p a s s iv e  membrane f o r  th e  p a s s a g e  o f  g a s e s .  The p r e s e n c e  o f  

a lc o h o l  seem s t o  h av e  a l t e r e d  th e  p a s s iv e  c h a r a c t e r  p r o fo u n d ly  

and  made th e  mucous membrane *̂ a one way" m em brane. T h a t i s ,

COg p a s s e s  i n  r a p i d l y  and c o m p le te ly ,  b u t  i t  i s  p r e v e n te d  from  

com ing o u t  i n t o  th e  sto m ach  l i q u i d .  S in c e  we fo u n d  no  COg 

p r e s e n t  i n  th e  l i q u i d  rem o v ed , r e g a r d l e s s  o f  w h e th e r  COg was 

o r i g i n a l l y  p r e s e n t  o r  n o t ,  we en d e a v o u re d  t o  d e te rm in e  w h e th e r  

t h e  p r e s e n c e  o f  a l c o h o l  in f lu e n c e s  th e  r a t e  o f  d is a p p e a ra n c e  o f  

COg from  th e  l i q u i d  when th e  COg was p r e s e n t  i n  l a r g e r  

q u a n t i t i e s  I n i t i a l l y .

(My p r e v io u s  e x p e r im e n ts  w ere a l l  made w ith  a  low  t e n s io n  o f  C % ) 

F o r  t h i s  a  few  e x p e r im e n ts  w ere  made s i m i l a r  i n  a l l  r e s p e c t s  

to  th e  o t h e r s ,  b u t  a lc o h o l  was o m i t te d .

COg a t  
b e g in n in g

t

COg a t  
end
%

HCl
s e c r e t e d

mgm.

E xp .
1 . ( a )

(b )
1 s t  h o u r  
2nd ", .

0 .2 3
55*2

0*5
8*2

0*4
0*34

2 . 1 s t  h o u r  
2nd "

None 
. , 6 7 -2  .

2*3 
1 6 .0

3*4
0-36

3 . (to) 2 h o u rs 48*2 3*6 3*9

T hese r e s u l t s  show t h a t  th o u g h  t h e r e  i s  c o n s id e r a b le  l o s s  o f  COg 

from  th e  l i q u i d  th e  g a s  n e v e r  d i s a p p e a r s  so  c o m p le te ly  and 

e n t i r e l y  a s  i n  th e  a lc o h o l  e x p e r im e n ts ,  m o re o v e r , t h e r e  i s  a  

te n d e n c y  f o r  th e  COg c o n te n t  o f  th e  stom ach  l i q u i d  t o  e q u i l i b r a t e  

w i th  t h a t  o f  th e  COg te n s io n  o f  th e  g a s t r i c  mucous m em brane.
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The se co n d  p o in t  i s  t h a t  a l th o u g h  a  c o n s id e r a b le  q u a n t i t y

o f  a lc o h o l  i s  a b s o rb e d  t h e r e  i s  v e r y  l i t t l e  a b s o r p t io n  o f  w a te r .

I f  we c o n s id e r  s i d e  b y  s id e  th e  q u a n t i t y  o f  a lc o h o l  a b s o rb e d  and

th e  am ount o f  l i q u i d  w h ich  d is a p p e a r s  from  th e  stcanach we o b ta in

th e  f o l lo w in g  d a t a : -

C one. C<mc. V o l. o f  L iq u id
a lc o h o l  a l c o h o l  l i q u i d  ab so rb e d *
a t  b e g in -  a t  e n d . i n t r o -  

n i n g . % d u c e d .
%

( a )  4*38  8*61 76  c c .  1*5 c c .
( b  ) ............................. 4 .4 1  2 .3 1  63 " i n c r .  1 c c .

( b ) ................................  4*63 1*55 79 ” 1 c c .
( a )  .  ....................... 4*44 2 .4 1  71 " i n c r .  1 c c .

( a  ) .............................. 4 .7 7  1 .7 5  6 7 -5  None
(b )  . . . . . .  . 3*8 1*22 7 3 -7  3*5 c c .

( b )   9*36 2*10 75*9 1 c c .
( a ) .............................. 7 .1 1  3*46 7 7 .9  N one.

The a b s o r p t io n  o f  a lc o h o l  was a p p ro x im a te ly  s p e a k in g  j u s t  o v e r

h a l f  th e  am oun t, w h ereas  th e  l i q u i d  a b s o rb e d  was n e g l i g i b l e .

I t  i s  assum ed t h a t  th e  volum e i s  n o t  a l t e r e d  b y  s e c r e t i o n  o f

g a s t r i c  j u i c e .  A p p a re n t ly ,  t h e r e f o r e ,  th e  a l c o h o l  d o es  n o t

p a s s  th ro u g h  t o  th e  mucous membrane acco m p an ied  b y  w a te r ,  s in c e

t h a t  w ould in v o lv e  a  c o n s id e r a b le  d im in u t io n  i n  volum e o f  th e

l i q u i d  i n  t h e  s to m ach , w h ereas  p r a c t i c a l l y  no  a l t e r a t i o n  i n

volum e o c c u r s .  I t  i s  p o s s i b l e  t h a t  th e  a lc o h o l  may a c c u m u la te

i n  th e  mucous membrane and i t  may be on t h i s  a c c o u n t t h a t  th e

membrane e x h i b i t s  th e  p e c u l i a r  c h a r a c t e r  w i th  r e g a r d  t o  th e

p a s s a g e  o f  COg.
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T h is  p o i n t  was t e s t e d  in  some u n p u b l is h e d  w ork b y  t a k in g  a
ju$C

b lo o d  sam p le  from  th e  an im a l f l e e t  b e f o r e  th e  sto m ach  l i q u i d  

was rem oved , th e n  ta k in g  f u r t h e r  sa m p le s  o f  b lo o d  a t  i n t e r v a l s  

and  e s t im a t in g  th e  a lc o h o l  c o n te n t  o f  e a c h  s a m p le . In  th e s e  

e x p e r im e n ts  t h e  s t r e n g t h  o f  th e  a l c o h o l  was g r e a t e r  th a n  i n  

th e  p r e v io u s  on es h en c e  th e  am ount a b s o rb e d  was g r e a t e r .  To 

q u o te  one e x p e r im e n t a s  an exam ple o f  o th e r s  p e r fo rm e d . The 

l i q u i d  in t r o d u c e d  c o n ta in e d  3*6 c c .  o f  a l c o h o l  and t h a t  rem oved 

c o n ta in e d  1*1 c c .  o f  a lc o h o l  so  t h a t  th e  volum e o f  a lc o h o l  w h ich  

d is a p p e a r e d  from  th e  l i q u i d  was 2*6 c c .  The < o f  a l c o h o l  i n  

th e  b lo o d  J u s t  b e f o r e  th e  l i q u i d  was rem oved from  th e  s to m ach  

was 0*178 A h a l f  h o u r  l a t e r  t h e  a lc o h o l  o f  th e  b lo o d  was 

O '142/?. An h o u r  l a t e r  i t  was 0 *086^ . T h is  i n d i c a t e s  t h a t

a lc o h o l  i s  n o t  h e ld  up  i n  th e  g a s t r i c  mucous membrane s in c e  th e
\t\ t h e  Tna.T\ner

K o f  a lc o h o l  f e l l ^ a f t e r  th e  s o l u t i o n  h ad  b e e n  rem oved from  th e  

s to m a c h .

D is c u s s io n  and  Suimmary.

From th e  e x p e r im e n ts  we c a n  c o n c lu d e  t h a t  a l c o h o l  and  COg 

m u tu a l ly  a f f e c t  one a n o th e r  w i th  r e g a r d  t o  t h e i r  p a s s a g e  a c r o s s  

th e  g a s t r i c  mucous m em brane.

C e r t a i n l y  COg in  t h e  a l c o h o l i c  s o l u t i o n  in t ic d ie e d  h a s te n s  

th e  r a t e  o f  a b s o r p t io n  o f  a lc o h o l  from  th e  s to m ach  and a l s o

c a u s e s  a  g r e a t e r  t o t a l  a b s o r p t i o n .
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The t o t a l  am ount o f  a l c o h o l  a b s o rb e d  i n  e i t h e r  p a r t  o f  an  

e x p e r im e n t ,  i . e .  ( a )  i n  th e  a b se n c e  o f  COg o r  (b )  i n  p r e s e n c e  o f  

COg d ep en d s  on w h ich  p a r t  o c c u p ie s  th e  f i r s t  h o u r .

The p r e s e n c e  o f  a l c o h o l  a l s o  c a u s e s  th e  COg t o  d i s a p p e a r  

m ore r a p i d l y  and c o m p le te ly  and p r e v e n t s  th e  l i q u i d  i n  th e  

stom ach  e q u i l i b r a t i n g  w i th  t h e  COg t e n s io n  o f  t h e  t i s s u e s .

The p a s s a g e  o f  a l c o h o l  i n  some way p ro fo u n d ly  d ia n g e s  th e  

c h a r a c t e r  o f  th e  mucous membrane a s  a  d i f f u s ic m  membrane fb r  th e  

t r a n s i t  o f  COg. T h is  g as  p a s s e s  fro m  th e  c a v i t y  i n t o  th e  

t i s m ie s  v e ry  r a p i d l y  and  c o m p le te ly  i n  th e  p re s e n c e  o f  a l c o h o l .

I t  evrni seem s t o  p a s s  from  a  r e g io n  o f  lo w e r t o  one o f  h ig h e r  

t e n s i o n ,  s in c e  i t  d i s a p p e a r s  e n t i r e l y  from  th e  l i q u i d  i n  th e  

c a v i t y .  M oreover s in c e  an  e q u i l ib r iu m  i s  n o t  e s t a b l i s h e d  b e tw een  

th e  s to m ach  l i q u i d  and th e  t i s s u e s ,  w i th  r e s p e c t  t o  COg, i t  a p p e a rs  

t h a t  th e  g a s  is b a r r e d  fro m  p a s s in g  o u t  t o  th e  c a v i t y  from  th e  

m ucous m em brane.
d - l x  cltott Oh ju jc t Ajb u o Jb  o A c jb to o € ^  SSefUktustAj

e j ,  H o i l  J b  e o ^  KjtrVcd^ ^CJAJUUÛ> JCLou%^ oJlcubrloC:^ UA
C5̂  0 .O ^4 A j0 b a  CXAK. %(ihriAJJLfliDJCjUU^
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P a r t  I I I .

TOPS EFFECT OF GOg (HI THE ABSORPTION OP ALCOHOL AND THE INFLTONCS 

OF ALCOHOL ON THE D IFFU Sim  OF CO9  IN THE SMALL INTESTINE.

A fo rm e r  i n v e s t i g a t i o n  h ad  shown t h a t  COg in c r e a s e d  th e  

a b s o r p t io n  o f  a l c o h o l  by  th e  g a s t r i c  mucous membrane i n  th e  c a t  

and t h a t  th e  p r e s e n c e  o f  a lc o h o l  i n  th e  sto m ach  had  th e  c u r io u s  

e f f e c t  o f  a p p a r e n t ly  m aking  th e  mucous membrane o f  t h e  stom ach  

p e rm e a b le  i n  one d i r e c t i o n  o n ly .  The p r e s e n t  i n v e s t i g a t i o n  was 

u n d e r ta k e n  t o  d e te rm in e  w h e th e r  th e s e  e f f e c t s  w ere  a l s o  e x M b i te d  

b y  t h e  mucous membrane o f  t h e  i n t e s t i n e .  (A t th e  same tim e  th e  

o p p o r tu n i ty  was p r e s e n te d  o f  m aking a  c o m p a riso n  b e tw een  th e  

e f f e c t  o f  a l c o h o l  on s to m ach  and i n t e s t i n e . )

M ethod .

The m ethod  em ployed was s i m i l a r  t o  t h a t  i n  d e a l in g  w ith  

th e  stcm iaoh. The a n im a l was a n a e s t h e t i s e d  w i th  e t h e r  and 

d e c e r e b r a te d  o r  p i t h e d  b y  L a n g le y ’ s  s t a r c h  i n j e c t i o n  m e th o d , 

a r t i f i c i a l  r e s p i r a t i o n  b e in g  g e n e r a l l y  a p p l i e d .  E ig h t  in c h e s  

fro m  th e  p y lo r u s  a  p ie c e  o f  g u t  55 cm. lo n g  was m easu red  and 

c lam ped  o f f .  At e a c h  en d  a  c a n n u la  c o n n e c te d  w i th  a  ta p  was 

l i g a t u r e d  i n t o  th e  lo o p ;  and  th e  lo o p  was w ashed o u t  w ith  

warm u n b u f f e r e d  R in g e r ’ s  s o l u t i o n .  The u p p e r  c a n n u la  was 

c o n n e c te d  w i th  a  s id e  tu b e  b e tw een  i t  and th e  t a p ,  and  th ro u g h  

t h i s  tu b e  th e  l i q u i d  t o  b e  i n v e s t i g a t e d  was in t r o d u c e d  and 

k e p t  a t  a  c o n s ta n t  p r e s s u r e  o f  5 cm. o f  w a te r .
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The b a s ic  experim ents as in  th e  case  o f  th e  stomach were 

done w ith  u n b u ffe red  R inger o n ly . The ta b le  g iven  below shows 

r e s u l t s  whlÆ  enab le  us to  compare th e  a b so rp tio n  o f R inger on ly  

from th e  stomach and in te s t i n e  in  th e  same an im al. The 

i n t e s t i n a l  ab so rp tio n  though v e ry  v a r ia b le  i s  always co n s id e rab le

T able I .

I n t e s t i n e • Stomach.

C C .
R inger
i n t r o 
duced .

C C .
R inger
removed

D if f e r -  
. en c e .

2
abso rp 

t i o n .

C C .
R inger
in t r o 
duced.

C O .
R inger
removed.

absorp
t i o n .

HCl

1 2 . 7*8 2 '3 5*5 loss 70

22*6 t r a c e a l l 100 54*5 56 1*5 gain •018

14 . 15*8 7-4 8-4 50 51*5 51*5 - -

15 . 24 18 6 25 68*2 66 t * t C l C B 3 *014

16 . 36*3 7 C O . 29*3 80 53 53 - *004

These experim ents a re  s im ila r  in  r e s u l t s  to  th o se  whicüi have been 

o b ta in ed  by former o b se rv e rs , th e  reaso n  we in tro d u ce  them i s  

th a t  th e  anim als having  been e i t h e r  d e c e re b ra te d  o r  p ith e d  th e  

in f lu e n c e  o f  th e  a n a e s th e tic  i s  l a r g e ly  e l im in a te d .

The a b so rp tio n  o f Alcohol in  th e  I n t e s t i n e .

The a lco h o l experim ents were done on th e  same l in e s  as in

th e  case  o f th e  stomach o n ly , i . e .  each experim ent c o n s is te d  o f
Vxtwo p a r t s ,  each  p a r t  was on ly  o f one h o u r’ s d u ra t io n .  In  (a )
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a b o u t 8 ^  a lc o h o l  I n  u n b u f fe re d  R in g e r  was u s e d  and i n  ( c )  th e  

same a l c o h o l i c  s o l u t i o n  t o  w h ich  a b o u t 4 4 f  o f  COg h ad  b ee n  added  

In  some e x p e r im e n ts  s o l u t i o n  ( a )  was u s e d  f i r s t  and th e n  

s o lu t ic m  ( c )  and In  o th e r s  th e  s o lu t i o n s  w ere u s e d  i n  th e  - 

r e v e r s e  o r d e r .

T a b le  I I .

C C S .  a lc o h o l  
a b s o rb e d  i n  

I n t e s t i n e .

T o ta l  Volume 
. l i q u i d  

a b s o rb e d .

COg a t  
b e g in n in g .

COg a t  end 
o f  e x p t .

'

1 .  ( a ) 1*566 16*6 0 ?
( c ) 2*38 23*2 ?

2 .  ( c ) 1*53 19*8 a b t .  44 ?
( a ) 1*08 2*4 0 ?

3 .  ( e ) 1*287 9*9 40 1*7
( a ) 1*121 4*3 0 1*6

4 .  ( a ) 1*0 5*2 0 2*0
( e ) 1*0 1*5 43 2*0

5 .  ( c ) 2*03 25 43 3*9
( a ) 1*399 3 0 3*5

6 .  ( a ) •755 -2 * 4 0 1*4
( c ) •686 -9 * 5 43 1*7

7 .  ( c ) 1*275 4*6 44 1*4
( a ) *696 -3 * 6 0 1*6

8 .  ( a ) 1*04 2*0 0 1*2
(c ) 1*11 -1 * 0 48 1*2

9 .  <c) 1*06 8*6 0 3*2
( a ) 1*06 0*0 4 8 2*0

1 0 .  ( a ) •714 6*3 0 1*6
(o ) • 513 0 .0 48 2*0

1 1 . (x ) 11*4 0 1*4
( y ) 9*3 24 1*9

1 2 . (y ) 7*2 56 3*1
<x) 7 9 0 3 2
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From th e  above t a b l e  w h ich  p r e s e n t s  a  sam ple  o f  th e  

r e s u l t s  o b ta in e d  from  num erous e x p e r im e n ts  i t  i s  c l e a r  t h a t  a s  f a r  

a s  COg i s  co n c e rn e d  e i t h e r  th e  mucous membrane o f  th e  sm a ll 

i n t e s t i n e  i s  a c t in g  m e re ly  a s  a  p a s s iv e  m em brane, o r  th e  COg i s  

th e  r e s u l t  o f  s e c r e t io n *  We en d e av o u red  t o  s e t t l e  t h i s  p o in t  

by  e s t im a t in g  th e  c a rb o n a te  io n  c o n te n t  o f  th e  b o i l e d  o u t  

l i q u i d ,  assum ing  t h a t ,  i f  th e  COg p r e s e n t  a t  th e  end  was some o f  

th e  g a se o u s  00^ in t r o d u c e d ,  th e n  th e  l i q u i d  on b o i l i n g  o u t  w ould 

h av e  b ee n  f r e e  o f  COg w h e re a s , on th e  o th e r  h a n d , i f  t h e r e  was 

a  ta k in g  up  o f  b a r y t a  a f t e r  b o i l i n g  th e n  th e  COg m ust have  b e e n  

f i x e d  e i t h e r  a s  NaHGO^ o r  NagCOg. I t  was d i f f i c u l t  t o  e s t im a te  

th e  COg a f t e r  b o i l i n g  b e c a u se  o f  th e  v e ry  m u c ila g in o u s  c h a r a c t e r  

o f  th e  l i q u i d ,  b u t  th e  r e s u l t s ,  t h o u ^  to o  u n r e l i a b l e  to  

em p h asize  f i g u r e s ,  s u g g e s t  t h a t  th e  COg was f i x e d ,  p ro b a b ly  a s  

NeüSCO^. T h is  f a c t  was d ed u ced  b e c a u se  th e  a l k a l i n i t y  o f  th e  

l i q u i d  in c r e a s e d  on b o i l i n g  th o u g h  th e  COg d e c re a se d *  The 

e x p la n a t io n  i s ,  we c o n s id e r ,  t h a t  a  l i t t l e  NsgCO^ was s e c r e t e d  

b y  th e  i n t e s t i n a l  m ucosa and t h i s  th e n  m et a  l a r g e  e x c e s s  o f  

HgCOg i n  th e  lum en , NaHCO^ was fo rm e d , NagCO^ f  HgCOg = 2NaHC0^ 

w h ich  on b o i l i n g  l o s t  COg and th e  l i q u i d  t h e r e f o r e  becam e m ore 

a l k a l i n e .

W ith  r e g a r d  t o  th e  a b s o r p t io n  o f  a lc o h o l  i n  th e  p re s e n o e  

o f  COg t h e r e  seems t o  b e  a te n d e n c y  f o r  m ore a lc o h o l  t o  b e  

a b so rb e d  in  th e  p re s e n c e  o f  COg th o u g h  th e  e f f e c t  i s  n o t  n e a r l y  

so  m arked a s  i n  th e  s to m a c h .
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In  th e  seco n d  p a r t  o f  th e  e x p e rim e n t p e r i s t a l s i s  a lw ay s
was

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

w ls  l e s s  m arked when th e re v f ls  COg in  th e  l i q u i d  i n  th e  l a s t  

p a r t  o f  th e  e x p e rim e n t th a n  when itv A s  In tro d u c e d  f i r s t .

R e - s t a t i n g  some o f  th e  r e s u l t s  a l r e a d y  p r e s e n te d  i n  T a b le s

I .  and I I .  i t  can  be  s e e n  t h a t  th e  p re s e n c e  o f  a lc o h o l  h a s  an  

e f f e c t  on th e  a c tu a l  a b s o r p t io n  o f  l i q u i d .

A b so rp tio n  o f  L iq u id  from  th e  I n t e s t i n e . 

i  A b so rp tio n  i n  1 h r . % A b so rp tio n  in  S u c c e s s iv e  h h r s

R in g e r  A lo n e . R in g e r  -’- A lc o h o l . R in g e r  A lo n e . R in g e r  f Alcohol

70 25 1s t  i h r . 2nd & hr. 1 s t  i h r . 2nd -|hr

100 16 38 30 25 0

50 31 75 68 20 5

26 20 22 22 27 0

80 37

i
We can  co n c lu d e  t h a t  a lc o h o l  d o es  n o t  h a s te n  th e  a b s o r p t io n  

o f  l i q u i d  b u t  h as  r a t h e r  th e  r e v e r s e  e f f e c t ,  s in c e  th e  f i g u r e s  

f o r  th e  a b s o r p t io n  o f  l i q u i d  w ith  a lc o h o l  a r e  u s u a l l y  c o n s id e r a b ly  

lo w e r  th a n  i n  th e  e a s e  o f  u n b u f fe re d  R in g e r  a lo n e .  M oreover 

a l c o h o l i c  a b s o r p t io n  seem s t o  slow  down th e  a b s o r p t io n  o f  l i q u i d  

v e r y  r a p i d l y ,  s in c e  in  th e  2nd p a r t  o f  an  a l c o h o l i c  e x p e rim e n t 

t h e r e  i s  v e ry  o f t e n  n o  a b s o r p t io n  a t  a l l ,  w h ereas i n  th e  2nd h a l f  

o f  a  s im p le  R in g e r  e x p e rim e n t th e r e  i s  v e r y  l i t t l e  d i f f e r e n c e  from  

th e  f i r s t .



-  4 2  -

Prom a l l  th o s e  c o n s id e r a t i o n s  we may rem a rk  t h a t  

a l c o h o l i c  l i q u i d s  a r e  p r o b a b ly  n o t  a s  e f f i c i e n t  a s  w a te r  in  

q u en c h in g  th e  t h i r s t .

Summary.

1 .  The e f f e c t  o f  COg on th e  a b s o r p t io n  o f  a lc o h o l  i s  n o t  so  

m arked a s  in  th e  stcm iach .

2 .  I t  c a n n o t be s t a t e d  w h e th e r  th e  p re s e n c e  o f  a lc o h o l  

a f f e c t s  th e  d i f f u s i o n  o f  COg b e c a u se  o f  th e  p o s s i b l e  

86c re t i< m  o f  Na^CO^ i n t o  th e  lu m en .

3 .  A lco h o l a p p e a rs  t o  r e t a r d  a c t u a l  a b s o r p t io n  o f  l i q u i d  i n  

th e  i n t e s t i n e .
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THE INPLÜSRÇ]^ OP ALCOHOL ON THE ABSORPTION OP GLUCOSE 

FROM THE ALIMENTARY TRACT.

P a r t  I .

I t  i s  g e n e r a l l y  s t a t e d  i n  m odern te x tb o o k s  o f  P h y s io lo g y  

t h a t  th e  S tom ach h a s  n o  pow er o f  a b s o rb in g  e i t h e r  w a te r  o r  

d i s s o lv e d  s u b s ta n c e s  w i th  th e  e x c e p t io n  o f  a  few  compounds su c h  

a s  a l c o h o l ,  c h l o r a l  h y d r a te  and s t r y c h n i n e .

E x a m in a tio n  o f  o ld e r  l i t e r a t u r e  shows t h a t  Tappeinoj^*^^ (1881) 

i n v e s t i g a t i n g  th e  a b s o r p t iv e  pow er o f  th e  stom ach  i n  c a t s  and 

d o g s  c o n c lu d e d  t h a t  g lu c o s e  and p e p to n e  w ere  b o th  a b so rb e d  

s l i ^ t l y  from  w a te r  s o l u t i o n  and d e f i n i t e l y  a b so rb e d  to  a  g r e a t e r  

e x t e n t  from  d i l u t e  a l c o h o l i c  s o l u t i o n s .

A nre]^  ^and l a t e r  S eg a llP ’̂  w o rk in g  w ith  dogs w ith  g a s t r i c  

f i s t u l a s  conG luded t h a t  th e  s tœ n ach  a b s o rb e d  b o th  g lu c o s e  and 

p e p to n e •
12 0L3)

V .  M ering and  s im u l ta n e o u s ly  B ra n d i s tu d i e d  a b s o r p t io n

from  th e  stom ach  a l s o  i n  d o g s w ith  g a s t r i c  f i s t u l a s ,  v .  M ering

came to  th e  same c o n c lu s io n  a s  S d k in s  , t h a t  w a te r  was n o t

a b s o rb e d :  w ith  r e g a r d  t o  d i s s o lv e d  s u b s ta n c e s  he  fo u n d

c o n s id e r a b le  a b s o r p t io n  o f  g lu c o s e  and p ep to n e  fr<m  w a te r  s o lu t io n s

and  an in c r e a s e d  a b s o r p t io n  o f  g lu c o s e  i n  th e  p re s e n o e  o f  a l c o h o l .

B ra n d i ,  whose e x p e r im e n ts  w ere a l l  p e rfo rm e d  on one dog r e c o r d s
1

v e r y  h ig h  f i g u r e s  f o r  th e  a b s o r p t io n  o f  g lu c o s e ,  p e p to n e  and  

sodium  io d id e  w ith  a  d e f i n i t e  in c r e a s e  i n  th e  p re s e n c e  o f  a l c o h o l .  

H is w ork i s  open t o  a d v e rs e  c r i t i c i s m  s in c e  he  fo u n d  a b s o r p t io n  

o f  w a te r  from  q u i t e  c m c e n t r a t e d  s o lu t i o n s  w hich was d e n ie d  b y  v .
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M e rin g . O th er w o r k e r s ] ^  RyaiP '^^and B req u e tft® '^ s ta te  t h a t  

a lc o h o l  d o es  n o t  en h an ce  th e  a b s o r p t io n  o f  s t r y c h n in e  b y  th e  

stom ach  and a c c o rd in g  t o  TsohcknounoiA ^) s a c c h a ro s e  i s  n o t  

a b s o rb e d  i n  th e  s l i g h t e s t  d e g re e  from  w a te r  o r  a l c o h o l i c  s o l u t i o n s  

i n  th e  s to m a c h .

M ost e x p e r im m ts  c a r r i e d  o u t  on th e  e f f e c t  o f  a l c o h o l  on 

i n t e s t i n a l  a b s o r p t io n ,  w ith  th e  e x c e p t io n  o f  th o s e  o f  R ak am irs& ^  

h a r e  b een  done on do g s w ith  T h ir y -V e l la  f i s t u l a s .  I t  m u st b e  

u rg e d  a g a in s t  t h i s  m ethod t h a t  t h e r e  a lw ay s r e s u l t s  a  e a t a n t m l  

c o n d i t io n  o f  th e  g u t  and  t h e r e f o r e  i t  c a n n o t c o n s t i t u t e  a  r e l i a b l e  

m ethod f o r  s tu d y in g  p h y s io lo g ic a l  a b s o r p t i o n ,  ( s e e  th e  d i s c u s s io n  

i n  S c& fer’ s T ex tbook  o f  P h y s io lo g y  1698» i .  557^

S e a n s o n A ^  em ployed T .-V . f i s t u l a s  and fo u n d  t h a t  v a r io u s  d ru g s  

w h ich  a c te d  a s  s t im u la n t s  ( in c lu d in g  a lc o h o l )  had  a  much « n a i l e r  

e f f e c t  on i n t e s t i n a l  a b s o r p t io n  th a n  on g a s t r i c  a b s o r p t io n ,  

N akm nura’ s  c o n c lu s io n  (w o rk in g  w ith  th e  " a c u te "  e x p e r im e n t)  w i th  

a n im a ls  a n a e s t h e t i s e d  w i th  A .C .S . was t h a t  a l c o h o l  d o e s  n o t  

p ro m o te  i n t e s t i n a l  a b s o rp ti< m .

The above b r i e f  re v ie w  o f  p a s t  work on a b s o r p t io n  b y  t^ e  

s t w a c h  and th e  e f f e c t  o f  a lc o h o l  on a b s o r p t io n  from  th e  a l im e n ta r y  

c a n a l  g e n e r a l l y  shows t h a t  no  d e f i n i t e  s ta te m e n ts  c a n  b e  m ade.

U sin g  d e c e r e b r a te  a n im a ls  i n  th e  a b se n c e  o f  a n a e s t h e t i c s  

( e t h e r  was u s e d  i n  t h e  o p e r a t i w  o f  d e c e r e b r a t io n )  a l c o h o l  

a c c e l e r a t e d  t h e  ab so rp ti< m  o f  COg i n  th e  s to m ac h . £bq>erixsents 

w ere th e n  u n d e r ta k e n  w ith  th e  same o p e r a t iv e  p ro c e d u re  t o  s e e  i f  

a l e o h o l  a c c e l e r a t e d  a b s o r p t io n  g e n e r a l l y .
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In  t h i s  p a r t  o f  th e  i n v e s t i g a t i o n  a t t e n t i m  was f i r s t  

d i r e c t e d  t o  th e  d is a p p e a ra n c e  o f  g lu c o s e  a lo n e  from  th e  at<m ach 

c a v i t y  and  th e n  t o  th e  e f f e c t  t h a t  a l c o h o l  e x h ib i t e d  on th e  

r a t e  o f  d is a p p e a ra n c e *

M ethod.

C a ts  w ere a n a e s t h e t i s e d  w ith  e t h e r ,  th e  c a r o t i d s  l i g a t u r e d  

and d e c e r e b r a t io n  p e rfo rm ed  b y  t r e p h i n i n g .  The r e s p i r a t o r y  

c e n t r e  f u n c t io n e d  s p o n ta n e o u s ly .  The a n im a ls  w ere  im m ersed in  a  

s a l i n e  b a th  a t  37^C« The stom ach  was e x p o se d , th e  o esophagus 

l i g a t u r e d  and  a  tu b e  t i e d  i n t o  th e  p y l o r u s .  G re a t c a r e  was ta k e n  

t o  m a in ta in  th e  c i r c u l a t i o n  i n t a c t ,  th e  a p p e a ra n c e  o f  t h e  b lo o d  

v e s s e l s  r e a d i l y  in fo rm in g  on t h i s  p o i n t .  The stom ach  was 

th o ro u g h ly  w ashed o u t  w i th  warm s a l i n e ,  25 c c .  o f  g lu c o s e  s o l u t i o n  

w ith  o r  w ith o u t  a lc o h o l  was in t r o d u c e d ,  th e  g lu c o s e  re m a in in g  

in  th e  in t r o d u c in g  tu b e  was w ashed i n t o  th e  s to m a c h . E v e ry  

e x p e r im e n t c o n s i s t e d  o f  two p a r t s ,  e a c h  p a r t  l a s t i n g  f o r  an  h o u r ,  

i n  one p e r io d  g lu c o s e  a lo n e  was g iv e n  ̂ i n  th e  o th e r  b o th  s u g a r  

and a l c o h o l .  The a c t u a l  c o n c e n t r a t io n  o f  th e  s u g a r  was p r a c t i c a l l y  

i d e n t i c a l  i n  a l l  c a s e s ,  v i z .  2 0 / .  The s t r e n g t h  o f  th e  a l c c ^ o l  

was 1 0 /  i n  m ost c a s e s ,  th e  a c t u a l  am ount o f  a l c o h o l  p r e s e n t  b e in g  

2*6 c c .  In  some o f  th e  l a t e r  e x p e r im e n ts  t h i s  s t r e n g t h  was doub led*  

At th e  end  o f  th e  h o u r  th e  c o n te n ts  w ere  w ith d raw n  i n t o  a  200 c c .  

g r a d u a te d  f l a s k  and th e  stom ach  w ashed o u t w ith  w a te r  u n t i l  th e  

volum e was a p p ro x im a te ly  200  c c .  The o r d e r  o f  th e  a d m in i s t r a t io n  

o f  g lu c o s e  a lo n e  and  g lu c o s e  w ith  a lc o h o l  was a l t e r n a t e d  in
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s u c c e s s iv e  e x p e r im e n ts .  The e s t im a t io n  o f  g lu c o s e  in  th e  

s o l u t i o n s  in t r o d u c e d  and rem oved w ere made by  B e r t r a n d ’ s m e th o d .

A ll s o lu t ic o is  r« a o v e d  from  th e  stom ach  w ere f r e e d  from  any  p r o t e in  

b y  th e  P o lin -W u te c h n iq u e .  Any l o s s  t h a t  m i ^ t  have o c c u r re d  i n  

th e  p ro c e s s  o f  i n t r o d u c t i o n  and rem oval by  a d s o rp t io n  o r  m e d ia n ic a l  

a d h e s io n  to  th e  g a s t r i c  mucous membrane was e s t im a te d  b y  

in t r o d u c in g  a  known volum e o f  s o lu t io n s  and im m e d ia te ly  rem oving  

th e  same and Such d e te r m in a t io n s  showed t h a t  an y  e r r o r  i n  th e  

r e s u l t s  from  t h i s  c a u se  sh o u ld  n o t  ex c ee d  0*05 g rm .

R e s u l t s .

P e r io d s  oft one h o u r ;  25 c c .  o f  2 0 ) n  g lu c o s e  in t r o d u c e d  e i t h e r  i n  

w a te r  o r  in  1 0 /  a l c o h o l .  T o ta l  g lu c o s e  5 g rm s.

D isa p p e a ra n c e  o f  g lu c o s e  from  s to m ac h .

A. 1 s t  h o u r  g lu c o s e  p lu s  a l c o h o l . 2nd  h o u r  g lu c o s e  a lo n i

E xp . I . 0*681 grm . 0*46 grm .

” I I . 0 .6 2 6 ft 0 .0 R

" I I I . 0*475 M 0*0 W

" IV . 0 .7 2 ff 0 .5 8 w

Mean 0 .6 8 If 0*26 It

B . 1 s t  h o u r#  g lu c o s e  a lo n e . 2nd  h o u r  g lu c o s e  p lu s

E xp. V. 0*41 g rm . 1*006 grm .

" V I. 0*31 w 0*31 ft

" V I I . 0*28 ft 0*58 II

" V I I I . 0*38 m 0*44 N

" IX . 0*28 ft 0*60 If

" X. 0*28 rt 1*06 ft

Mean 0*32 If 0*67 ff
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From th e  f o re g o in g  t a b l e  i t  ea n  b e  se e n  t h a t  g lu c o s e  

d is a p p e a re d  fr(%a th e  l i q u i d  i n  th e  stom ach  to  th e  e x t e n t  o f  

a p p ro x im a te ly  0*3 grm . p e r  h o u r .  A lso  t h a t  w ith  one e x c e p t io n  

th e  d is a p p e a ra n c e  o f  g lu c o s e  when g iv e n  w ith  a lc o h o l  was g r e a t e r  

i r r e s p e c t i v e  o f  w h e th e r  th e  g lu c o s e  a lo n e  was i n  th e  f i r s t  o r  

seco n d  p e r io d .  In  th e  p re s e n c e  o f  a lc o h o l  th e  a b s o r p t io n  o f  

g lu c o s e  was 0*67gper h o u r ,  t h a t  i s , t h e  d is a p p e a ra n c e  w ith  a lc o h o l  

was a t  tw ic e  th e  r a t e  t h a t  i t  was a lo n e .

O th e r e x p e r im e n ts  to  t e s t  th e  r a t e  o f  a b s o r p t io n  o f  g lu c o s e  

w ith  o r  w ith o u t a lc o h o l  i n  th e  i n t e s t i n e  showed t h a t  th e  in f lu e n c e  

o f  a lc o h o l  was h e r e  l e s s  m a rk ed . In  th e s e  e x p e r im e n ts  ab o u t 

100 cins. l e n g th  o f  s m a ll  i n t e s t i n e  was ta k e n  d i s t a l  from  th e  

duodenum . Tubes w ere t i e d  i n t o  eik h e r  end and th e  lo o p  was w e ll  

w ashed o u t  t o  rem ove a l l  c o n t e n t s .  I n to  th e  lo o p  was in t ro d u c e d  

w i th e r  g lu c o s e  o r  g lu c o s e  p lu s  IC^ a l c o h o l . In  th e s e  e x p e r im e n ts  

th e  p e r io d s  w ere h a l f - h o u r s .

R e s u l t s .

D isa p p e a ra n c e  o f  g lu c o s e  from  sm a ll i n t e s t i n e .

1s t  ^  h o u r  g lu c o s e  p lu s  a l c o h o l .  2nd & h o u r  g lu c o s e  a lo n e .  

E xp . I .  0*813 g rm . 0*541 grm .

^ I I .  0*733 " 0*46 ^

” I I I .  0*645 " 0*432 ^

” IV . 0*88 0*81 ^

” V. 0*82 " 0*66 ”

Mean 0*78 " 0*59 "
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T hese  e x p e r im e n ts  w ere c o m p lic a te d  b y  th e  f a c t  t h a t  i n  some

e a s e s  tape-w orm s w ere n o t  c o m p le te ly  rem oved . No g r e a t  s t r e s s

can  t h e r e f o r e  b e  l a i d  upon  th e  p r e c i s e  v a lu e s  o f  th e  e s t i m a t i o n s ,  
can

th e y /o n ly  be r e g a rd e d  a s  i n d i c a t i v e .

I t  i s  b e t t e r  p e rh a p s  t o  sp e a k  o f  th e  d is a p p e a ra n c e  o f  

g lu c o s e  th a n  i t s  a c t u a l  a b s o r p t io n .  J .  M ellarib^P ^^has p o in te d  

o u t  t h a t  e t h e r i s a t i o n  and d é c é r é b r a t io n  w i l l  c a u se  v a r i a b l e  

f l u c t u a t i o n s  o f  th e  b lo o d  s u g a r  l e v e l .  No r e l i a n c e  t h e r e f o r e  

c o u ld  b e  p la c e d  on s im u lta n e o u s  e s t im a t io n s  o f  th e  b lo o d  s u g a r  

a s  f a r  a s  r e l a t i o n s h i p  betw een  d is a p p e a ra n c e  o f  s u g a r  from  th e  

a l im e n ta r y  c a n a l  and  v a r i a t i o n s  i n  th e  am ount i n  th e  b lo o d  

w ere c o n c e rn e d .

I t  seem s how ever p e r m is s ib le  to  s t a t e  t h a t  a lc o h o l  in f lu e n c e s  

th e  r a t e  o f  d is a p p e a ra n c e  o f  g lu c o s e  from  th e  stom ach  and in  w ork 

w h ich  i s  now p ro c e e d in g  th e  e f f e c t  o f  a lc o h o l  i s  b e in g  f u r t h e r  

s tu d i e d  u n d e r  c o n d i t io n s  in  w hich e t h e r i s a t i o n  and d e e e r e b r a t io n  

a r e  e l im in a te d  and th e  r e s u l t s  so  f a r  i n d i c a t e  t h a t  th e  

d is a p p e a ra n c e  c o r re s p o n d s  d e f i n i t e l y  t o  a b s o r p t io n  i n t o  th e  b lo o d .
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THS II?PLUB»CE OT ALCOHOL (M THE ABSORPTIOT OP GLUCOSE 

FROM TOE ALXMENTARY TRACT.

P a r t  I I .

In  P a r t  I .  o f  t h i s  com m unication  i t  was p o in te d  o u t  t h a t  

th e  o n ly  s a t i s f a c t o r y  way o f  s tu d y in g  a b s o r p t io n  from  th e  

a l im e n ta r y  t r a c t  o f  su c h  s u b s ta n c e s  a s  g lu c o s e  w ould be  t o  

r e c o g n is e  th e  p re s e n c e  o f  th e  a b so rb e d  s u b s ta n c e  i n  th e  b lo o d  

s tre a m  and n o t  r e l y  s im p ly  upon  i t s  d is a p p e a ra n c e  from  th e  g u t .  

In  th e  c a s e  o f  s u g a r  a b s o r p t io n  t h i s  p r e s e n t s  d i f f i c u l t i e s  when 

w o rk in g  w ith  a n a e s t h e t i s e d  o r  d e c e r e b r a te  a n im a ls  b e c a u s e  o f  th e  

a t t e n d a n t  v a r i a t i o n s  o f  b lo o d  s u g a r  evoked  b y  th e  te c h n iq u e  

em p lo y ed . T h ere  re m a in  two a l t e r n a t i v e s ,  e i t h e r  t o  w ork w i th  

n o rm al u n a n a e s th e t ia e d  a n im a ls  o r  t o  u s e  some h y p n o tic  w hich  

d o es  n o t  c a u se  v a r i a t i o n s  i n  th e  b lo o d  su g a r  l e v e l .  The f i r s t  

o f  th e s e  m ethods i s  n a t u r a l l y  i d e a l  and some p r e l im in a r y  

e x p e r im e n ts  on n o rm al r a b b i t s  showed t h a t  g iv in g  a  c o n s ta n t  

am ount o f  g lu c o s e  ca u se d  th e  r a t e  o f  a b s o r p t i o n ,  as  e s t im a te d  

b y  th e  b lo o d  s u g a r  l e v e l ,  t o  b e  g r e a t e r  when a lc o h o l  was 

s im u l ta n e o u s ly  s u p p l i e d .  T h is  m ethod was how ever r e j e c t e d  s in c e  

d i f f e r e n t  i n d iv i d u a l  a n im a ls  showed c o n s id e r a b le  v a r i a t i o n s  a t  

d i f f e r e n t  t im e s .  R eco u rse  was h ad  t h e r e f o r e  to  a n im a ls  u n d e r  

am y ta l ( e th y l i s o a m y lb a r b i tu r i e  a c id )  f o r  t h e  p r o d u c t io n  o f  

a n a e s t h e s ia  s in c e  t h i s  s u b s ta n c e  i s  s t a t e d  b y  P a g ^ ^ )  t o  m a in ta in  

d e e p  a n a e s th e s i a  w i th o u t  p ro d u c in g  h y p e rg ly c a e m ia . M oreover 

i t  g iv e s  a c c o rd in g  t o  De%el Cham bers and M e l h o r a ^ ^  a f t e r  an
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i n i t i a l  f a l l  a  c o n s ta n t  b lo o d  s u g a r  l e v e l ,  s l i ^ t l y  lo w e r  th a n  

th e  n o rm a l, o v e r  p e r io d s  a s  lo n g  a s  s i x  t o  e i ^ t  h o u r s .

2h  th e  s e r i e s  o f  e x p e r im e n ts  a b o u t t o  b e  d e s c r ib e d  a m y ta l 

was em ployed a s  th e  a n a e s t h e t i c  th r o u g h o u t .

M ethod .

C a ts  w ere em ployed a f t e r  e ig h te e n  h o u rs  d e p r iv a t io n  o f  

fo o d  and w ith o u t  an y  p r e l im in a r y  a n a e s t h e t i c  w ere g iv e n  an 

i n t r a p e r i t o n e a l  i n j e c t i o n  o f  aiO^' s o l u t i o n  o f  a m y ta l ,  made b y  

d i s s o l v i n g  1 g rm . o f  am y ta l i n  8*86 c c .  h a l f  n o rm al NaOH w ith  

g e n t l e  h e a t in g  and  ad d in g  w a te r  t o  10  c c .  H ie d o se  f o r  th e  

p r o d u c t i f  o f  a n a e s t h e s ia  i n  a  c a t  was 0*8 c c .  o f  t h i s  s o l u t i o n  

p e r  k i l o ,  o f  body  w e ig h t .  A lm ost i n v a r i a b l y  th e  a n im a ls  w ent 

u n d e r  i n  10  m in u te s .  G re a t c a re  was talcen d u r in g  th e  e x p e r im e n ts  

t o  keep  th e  a n im a ls  warm b y  means o f  %ema%wm%^ waae)»eA h o t  w a te r  

b o t t l e s  and h o t  f l a n n e l s .  ( I t  may b e  n ^ n t io n e d  t h a t  am y ta l i s  

s a id  t o  lo w e r  th e  body  t r a p e r a t u r e ) .  A f te r  tra c h e o to m y  th e  

c a r o t i d  a r t e r y  on one s id e  was ex p o sed  b u t  n o t  l i g a t u r e d .  A 

tu b e  was t i e d  i n t o  th e  o eso p h ag u s a t  th e  n e c k .  A o a n u la  was 

p la c e d  i n  t h e  fe m o ra l v e in  b y  w hich  i n j e c t i o n s  c o u ld  b e  m ade. 

D i r e c t l y  th e s e  o p e r a t io n s  w ere cem ipleted a  sam ple  o f  b lo o d  was 

ta k e n  b y  s y r in g e  from  th e  c a r o t i d  a r t e r y  and th e  h o le  made^ c lo s e d  

b y  a  c l i p  w ith o u t  o c c lu s io n  o f  th e  v e s s e l ,  th u s  th e  c e r e b r a l  

c i r c u l a t i o n  was i n  no  way i n t e r f e r e d  w i th .  A f te r  th e  l a p s e  o f  

h a l f  an  h o u r  a n o th e r  b lo o d  sam ple was ta k en  and th e  g lu c o s e  

s o l u t i o n  in t r o d u c e d .  Hie q u a n t i t y  o f  g lu c o s e  g iv e n  was coi%q)arable 

t o  t h a t  o f  th e  g lu c o s e  to l e r a n c e  t e a t ,  t h a t  l a ,  two g rm s. p e r



- 51 -

k i l o  body  w e ig h t i n  a  c o n c e n t r a t io n  o f  2 0 ^ . T h is  s o l u t i o n  

was a d m in is te r e d  b y  means o f  th e  tu b e  t i e d  i n t o  th e  oea<^hagus 

and th e n  th e  re m a in s  w ere w ashed i n  w i th  h a l f  th e  volum e o f  w a te r  

o r ,  i n  e x p e r im e n ts  w ith  a l c o h o l ,  h a l f  th e  volum e o f  50% a lc o h o l*
of glucose

Thus a  f i n a l  c o n c e n t r a t io n ^ in  th e  g u t  was re a c h e d  o f  a b o u t 1 3 ^ . 

B lood sam p les  o f  0*8 cc* w ere ta k e n  a t  d e f i n i t e  i n t e r v a l s  i n  th e  

way d e s c r ib e d  above and w ere fo llo w e d  by  th e  im m ed ia te  i n j e c t i o n  

o f  an e q u a l am ount o f  s a l i n e  t o  make up  th e  b lo o d  volum e*

The s u g a r  was e s t im a te d  b y  th e  m ethod o f  H agedorn and 

J e n s o n , u s in g  0*2 c c .  f o r  ea c h  e s t im a t io n  and p e r fo rm in g  e a c h  

e s t im a t io n  i n  t r i p l i c a t e .

The e x p e r im e n ts  f a l l  i n t o  t h r e e  s e r i e s .

S e r i e s  I .

R e a l i s in g  t h a t  t h e r e  w ould p ro b a b ly  b e  w ide d i f f e r e n c e s  

i n  th e  am ount o f  a l im e n ta r y  h y p e rg ly c a e m ia  c a u se d  b y  th e  

a d m in i s t r a t i o n  o f  g lu c o s e  in  d i f f e r e n t  a n im a ls  i t  was a n t i c i p a t e d  

t h a t  a  r a t h e r  l a r g e  num ber o f  e x p e r im e n ts  w ould have  to  b e  d o n e , 

i n  some c a s e s  w ith  g lu c o s e  a lo n e  i n  o th e r s  w ith  g lu c o s e  and 

a l c o h o l ,  i n  o rd e r  t o  o b ta in  a  r e l i a b l e  a v e ra g e  f o r  an y  c o n c lu s io n  

to  b e  draw n w ith  p r e c i s i o n .  The f i r s t  s e t  o f  e x p e r im e n ts  w ere 

c a r r i e d  o u t a s  f o l lo w s .  G lu co se  was g iv e n  and th e  b lo o d  sam pled  

a t  r e g u l a r  i n t e r v a l s  u n t i l  th e  s u g a r  l e v e l  was e i t h e r  c o n s ta n t  o r  

f a l l i n g  s l i g h t l y ,  th e n  a lc o h o l  was in t ro d u c e d  i n  th e  q u a n t i t y  and 

c o n c e n t r a t io n  d e s c r ib e d  above and th e  b lo o d  s u g a r  a g a in  d e te rm in e d  

a t  i n t e r v a l s  o f  h a l f  an  h o u r .  The e x p e c ta t io n  was t h a t  when th e
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b lo o d  s u g a r  was a t  I t s  maximum h e ig h t  a lc o h o l  w o u ld , i f  i t  a id e d  

a b s o r p t i ( m , c a u se  a  f u r t h e r  r i s e .  T h is  a n t i c i p a t e d  r i s e  was 

o b se rv e d  t o  ta k e  p la c e  a s  shown i n  th e  t a b l e  o f  o b s e rv a t io n s  and 

g ra p h s  an n e x ed .

T a b le  I .

E x p erim en t • D a i t i a l  b lo o d  
s u g a r  

(mgrns. p e r  100 
c c .  )

Maximum b lo o d  
s u g a r  w ith  
g lu c o s e  a lo n e .

Maximum a f t e r  
a l c o h o l .

I I I . 136 107 326

V. 138 278 318

V I. 120 210 252

V I I . 103 193 816

X I. 129 197 242

X I I . 163 209 255

A verage iB a

G raphs o f  c o u r s e  o f  ch an g es in I I I . ,  V. and X I. a r e  p r e s e n te d .

(GTaph I  0̂ SLQ UJEocV

In  c o n s id e r in g  th e s e  r e s u l t s  t h e r e  i s  f i r s t  th e  o b v io u s  

c r i t i c i s m  t h a t  th e  e f f e c t  o f  th o  a lc o h o l  when a b so rb e d  m ig h t h av e  

b e e n  t o  t u r n  o u t  g lu c o s e  from  th e  g ly c o g e n  o f  th e  l i v e r  and 

m u s c le s ,  and t h a t  th e  in c r e a s e  d id  n o t  r e p r e s e n t  augm ented 

a b s o r p t i o n .  I f  t h i s  w ere  so  th e n  a lc o h o l  in t r o d u c e d  d i r e c t l y  i n t o  

th e  b lo o d  s tre a m  s h o u ld  c a u se  a  s i m i l a r  o r  even  a  g r e a t e r  i n c r e a s e .  

In  two c a s e s  when a lc o h o l  was in t r o d u c e d  d i r e c t l y  i n t o  th o  b lo o d  

s tre a m  ( v ia  th e  c a r o t i d s )  a  f a l l  and n o t  a  r i s e  was o b ta in e d .  B i t
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t o  show d e f i n i t e l y  t h a t  t h e  a lc c â io l was n o t  a c t i n g  b y  g ly c o g e n  

m o b i l i s a t i o n  s e v e r a l  e]q> erlm ents w ere made w here  a lc o h o l  a lo n e  

was p a s s e d  I n to  th e  o eso p h ag u s and th e  e f f e c t  on th e  s u g a r  

l e v e l  n o te d .  The a lc o h o l  w ould b e  v e r y  r a p i d l y  a b s o rb e d  in  

a  f a s t i n g  a n im a l ( s e e  S .  M e l l a n l l ^ ) .  N e v e r th e le s s  n ! ^ r & e  

r e s u l t e d  a s  shown i n  th e  n e x t  s e r i e s  o f  o b s e r v a t io n s .

S e r i e s  H .

T hese e x p e r im e n ts  w ere  d e s ig n e d  t o  show th e  e f f e c t  o f  

am y ta l a lo n e  and f u r t h e r  th e  e f f e c t  o f  a lc o h o l  a lo n e  on th e  

b lo o d  s u g a r  l e v e l .  G raphs o f  t h i s  s e r i e s  a r e  p r e s e n te d .

(Graph I I  vuircV^pkA^^

From th e s e  g ra p h s  I t  ean  b e  s e e n  t h a t  th e  I n v a r i a b l e  e f f e c t  

o f  am y ta l I s  t o  p ro d u c e  an  I n i t i a l  f a l l  I n  b lo o d  s u g a r  and th e n  

m a in ta in  a  c o n s ta n t  l e v e l  i n  o a t s  a s  In  d o g s .  (See D . Chambers 

and M e lh o r a ^ y .  The g iv in g  o f  a lc o h o l  a lo n e  c a u s e s  b u t  a  v e r y  

s l i g h t  r i s e  I n  th e  s u g a r  l e v e l .

H aving  o b ta in e d  e v id e n c e  t h a t  a lc o h o l  a i d s  th e  a b s o r p t io n  o f  

g lu c o s e  and t h a t  I t  I n c r e a s e s  p o s tp r a n d ia l  h y p e rg ly c aem ia^  a n o th e r  

s e r i e s  o f  e x p e r im e n ts  was p e rfo rm ed  t o  c o n f irm  th e  p o in t  

d e f i n i t e l y .  In  th e s e  a  c o m p le te  r e c o r d  was made o f  th e  r i s e  o f  

b lo o d  s u g a r  due to  g iv in g  g lu c o s e  a s  d e s c r ib e d  and w h e rev e r  

p o s s i b l e  th e  r e t u r n  o f  th e  b lo o d  s u g a r  to  th e  o r i g i n a l  v a lu e .

In  s h o r t , t h e s e  e x p e r im e n ts  w ere s i m i l a r  t o  th e  g lu c o s e  t o l e r a n c e  

t e s t s  I n  m an. A f a i r l y  l a r g e  num ber o f  e x p e r im e n ts  on th e s e
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l i n e s  p ro v ed  to  b e  n e c e s s a r y  b e f o r e  any  g e n e r a l i s e d  s t a to u e n t  

c o u ld  be  made and b e fo re  a  s ta n d a rd  c o u ld  be  f ix e d  w ith  w hich  to  

com pare r e s u l t s  o b ta in e d  in  s i m i l a r  e x p e rim e n ts  where# in  

a d d i t i o n  t o  su g a r#  a lc o h o l  was a l s o  g iv e n .

The r e s u l t s  a r e  b e s t  s e e n  i n  th e  fo l lo w in g  g r a p h s .

(graph III^xGcuaccJr
To f a c i l i t a t e  th e  I n t e r p r e t a t i o n  o f  th o s e  r e s u l t s  s e v e r a l  

p o in t s  r e q u i r e  e m p h a s is .

(1 )  The maximum s u g a r  l e v e l  o c c u rs  on  an  a v e ra g e  ( t a k w  from  a 

l a r g e r  num ber o f  e x p e r im e n ts  th a n  c h a r te d )  f o u r  h o u rs  a f t e r  th e  

g iv in g  o f  th e  su g ar#  I . e .  th e  a b s o rp t io n  I s  s lo w .

(2 )  The a v e ra g e  maximum f i g u r e  f o r  a l l  e x p e r im e n ts  w ith  g lu c o s e  

i n  th e  a b sen ce  o f  a lc o h o l  i s  252 mgas p e r  100 c c .

(3 )  The f a l l  i n  th e  b lo o d  s u g a r  l e v e l  i s  v e ry  slow# so  slo w  t h a t  

i n  m ost c a s e s  I t  was n o t  p o s s ib le  i n  th e  e x p e r im e n ts  t o  fo l lo w  th e  

f a l l .

Ho d o u b t th e  r e a s o n  o f  t h i s  m a in te n an c e  o f  th e  h y p e r g ly c a w la  

I s  due  t o  th e  lo w ered  m e ta b o l ic  r a t e  w hich  I s  a  c h a r a c t e r i s t i c  

e f f e c t  o f  am y ta l and  a l s o  p o s s i b ly  t o  a  d e c re a s e  o f  th e  g ly c o g e n ic  

f u n c t io n  o f  th e  l i v e r  u n d e r  t h i s  d r u g .  T h at am y ta l d o es  d im in is h  

th e  a c t i v i t y  o f  th e  g ly c o g e n ic  f u n c t io n  o f  th e  l i v e r  h a s  b e e n  shown
(o 2 )

b y  H indes# Boyd and L e e s e .

The e x p e rim e n ts  t o  b e  com pared w ith  th e s e  w ere c a r r i e d  o u t u n d er 

e x a c t l y  th e  same c o n d i t i o n s .  P r o p o r t lc x ia l ly  th e  same amount o f  

g lu c o s e  was g iv e n  and a l s o  h a l f  th e  volum e o f  th e  g lu c o s e  s o l u t i o n  

o f  5 (#  a lc o h o l#  r e s u l t i n g  I n  a  c o n c e n t r a t io n  o f  10^ a l c o h o l .
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A gain th o  r e s u l t s  a r e  p r e s e n te d  g r a p h i c a l l y  (S ee G raph I I I . )

E m p h asisin g  th e  same p o in t s  a s  b e f o r e  we have (1 )  th e  

maximum s u g a r  l e v e l  o c c u rs  on an  a v e ra g e  two h o u rs  a f t e r  g iv in g  

s u g a r  to g e th e r  w i th  a lc o h o l*  (2 )  th e  a v e ra g e  maximum s u g a r  l e v e l  

i s  511 mgm. p e r  100 c c .*  (5 )  th e  f a l l  o f  th e  s u g a r  l e v e l  i s  

more r a p i d .  The e x p la n a t io n  o f  th e  more r a p id  f a l l  i s  n o t  

a l t o g e t h e r  c l e a r .  I t  m i ^ t  be t h a t  a lc o h o l  s t im u la te d  th e  

m e tab o lism  and so  l e d  t o  a  u t i l i s a t i c m  o f  th e  s u g a r  o r*  t h a t  

g ly c o g e n  becam e fo rm e d . T hese p o s s i b i l i t i e s  c o u ld  o n ly  b e  

d e te rm in e d  b y  o b s e rv a t io n s  o f  t h e  m e ta b o l ic  r a t e  and r e s p i r a t o r y  

q u o t i e n t s .  B ut le a v in g  f o r  th e  p r e s e n t  th e  e x p la n a t io n  o f  t h i s  

m ore r a p id  f a l l  ̂ we s e e  t h a t  th e r e  i s  c le a r  e v id e n c e  o f  th e  

a u g m e n ta tio n  o f  s u g a r  a b s o rp t io n  b y  th e  s im u lta n e o u s  a d m in is t r a t io n  

o f  a l c o h o l .

W hatever c r i t i c i s m s  can  be  a p p l ie d  t o  r e s u l t s  r e l a t i n g  t o  

a b s o r p t io n  e x p e rim e n ts  o b ta in e d  b y  e s t im a t in g  th e  r a t e  o f  

d is a p p e a ra n c e  o f  th e  s u b s ta n c e  i n  q u e s t io n  from  th e  lum en o f  th e  

g u t  su ch  c r i t i c i s m s  c a n n o t be  a p p l ie d  t o  th e  e x p e r im e n ts  r e c o rd e d  

h e r e .  % e  d is a p p e a ra n c e  from  th e  g u t i s  d e f i n i t e l y  r e l a t e d  t o  

th e  a p p e a ra n c e  i n  th e  b lo o d  ^and th e  c o n c lu s io n  i s  j u s t i f i e d  t h a t  

a lc o h o l  a c c e l e r a t e s  th e  r a t e  o f  a b s o rp t io n  o f  g lu c o s e  from  th e  

a l im e n ta r y  c a n a l  i n t o  th e  b lo o d .

At th e  b e g in n in g  o f  e a c h  ex p e rim en t a  c a t h e t e r  was i n s e r t e d  

i n t o  th e  b la d d e r  and th e  b la d d e r  was e m p tie d . The volum e o f  

u r in e  s e c r e t e d  each  h o u r was n o te d .  T h is  a v e ra g e d  1*1 c c .  

id x e th e r a lc o h o l  was g iv e n  w ith  th e  g lu c o s e  o r  n o t .  Thus th e
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c o n d i t io n s  o f  th e  e x p e rim e n ts  h ad  n o t  a f f e c t e d  th e  s e c r e to r y  

a c t i v i t y  o f  th e  k id n e y s*  1 c c .  p e r  h o u r  b e in g  ab o u t l^ e  a v e ra g e  

r a t e  o f  s e c r e t i o n  o f  u r in e  i n  th e  o a t .  S in ce  th e  s e c r e t i o n  o f  

u r in e  d id  n o t  seem t o  b e  a f f e c t e d  b y  th e  p re s e n c e  o f  a lc o h o l  

in  th e  b lood*  i t  i s  p ro b a b le  t i i a t  th e  more r a p id  r e t u r n  o f  th e  

b lo o d  s u g a r  l e v e l  t o  no rm al when a lc o h o l  i s  in tro d u c e d  w ith  

g lu c o s e  i s  p ro b a b ly  n o t  due to  i t s  g r e a t e r  e x c r e t io n  in  th e  

u r i n e .  T h is  p o in t  c a n n o t b e  s e t t l e d *  o f  co u rse*  w ith o u t 

a n a ly s in g  th e  u r i n e .

Summary.

1 .  I f  g lu c o s e  i s  i n t r o d u c e  i n t o  th e  a l im e n ta ry  c a n a l  o f  an 

an im al u n d e r  am y ta l a n a e s th e s ia  th e  b lo o d  s u g a r  r i s e s  and r e a c h e s  

a  maximum i n  ab o u t 4 h o u r s ^ a f to r  w hich i t  v e ry  s lo w ly  f a l l s .

2 .  ^  a lc o h o l  i s  in tro d u c e d  w ith  th e  g lu c o s e  th e  maximum su g a r

l e v e l  i s  r e a c h e d  i n  a b o u t 2 h o u r s .

3 .  The average maximum l e v e l  w ith o u t a lc o h o l  i s  232 mgrns. p er

100 CCS. o f  b lo o d ;  w ith  a lc o h o l  i t  i s  311 mgrns. p er 100 c e s .

o f  b lo o d .

4 .  The b lo o d  s u g a r  f a l l s  much m ore s lo w ly  t o  th e  no rm al v a lu e  

when a lc o h o l  i s  n o t g iv e n .

5 .  The in f lu e n c e  o f  a lc o h o l  a lo n e  on th e  b lo o d  s u g a r  l e v e l  

i s  shown to  c a u se  a  s l i g h t  r i s e .

6 . I n t r o d u c t io n  o f  a lc o h o l  a f t e r  th e  maximum l e v e l  o f  a l im e n ta ry  

h y p e rg ly c a e m ia  w ith  g lu c o s e  a lo n e  h as  b een  reach ed *  c a u se s  a  

f u r t h e r  r i s e  i n  th e  s u g a r  l e v e l .
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7 .  Prcaa th e s e  o b se rv a tic m s  I t  i s  co n c lu d ed  t h a t  th e  e f f e c t  

o f  a lc o h o l  i s  n o t  g r e a t l y  t o  m o b i l is e  l i v e r  g ly c o g en  b u t  to  

in jn iuence  d i r e c t l y  th e  r a t e  o f  a b s o rp t io n  o f  g lu c o s e  from  th e  

g u t .
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GENERAL SUMMARY OF THESIS.

Wien a  g a s  m ix tu re  c o n ta in in g  Ng and Og i s  in tro d u c e d  i n t o  

th e  stom ach  and r e s t r i c t e d  t o  t h a t  c a b ity *  a  change i n  c o m p o s itio n  

o c c u rs  w hich  a p p e a rs  t o  b e  th e  r e s u l t  o f  s im p le  p h y s ic a l  p ro c e s s  

o f  d i f f u s i o n  from  th e  mucous m em brane. The te n s io n  o f  COg i s  

h ig h e r  d u r in g  s e c r e to r y  a c t i v i t y  th a n  a t  r e s t  b e in g  4 0 -4 6  mm.Hjg. 

a t  r e s t  and 51*5 -  56*5 mm.Hg. i n  a c t i v i t y .

T here  was no  e v id e n c e  o f  a b s o rp t io n  o f  s a l i n e  s o lu t io n  

b y  th e  stom ach b u t  i t  p ro v o k es  a  s m a ll  s e c r e t i o n  o f  H Cl.

A lco h o l i s  a b so rb e d  w ith  g r e a t e r  r a p i d i t y  and to  a  

g r e a t e r  e x t e n t  i n  th e  p re s e n c e  o f  COg. In  th e  p re s e n c e  o f  

a lc o h o l*  COg d is a p p e a r s  r a p i d l y  and c o m p le te ly  from  th e  s to m a c h . 

Thus a lc o h o l  p ro fo u n d ly  a l t e r s  th e  g a s t r i c  m ucosa i n  r e g a r d  t o  

COg.

COg a l s o  in c r e a s e s  th e  a b s o rp t io n  o f  a lc o h o l  from  th e  

s m a ll  i n t e s t i n e  b u t  th e  e f f e c t  i s  l e s s  m arked .

G lu co se  i s  a b so rb e d  b y  th e  g a s t r i c  m ucosa t o  th e  e x t e n t  o f  

ab o u t *3 gm s. p e r  h o u r .  In  th e  p re s e n c e  o f  a lc o h o l  tw ic e  t h i s  

am ount d i s a p p e a r s .

A lco h o l h a s  a  s im i l a r  b u t  l e s s  m arked e f f e c t  on th e  

a b s o r p t io n  o f  g lu c o s e  from  th e  sm a ll i n t e s t i n e .
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G lu co se  In tro d u c e d  I n to  th e  a l im e n ta r y  c a n a l  o f  an an im a l 

u n d e r  am y ta l a n a e s th e s ia  c a u se s  a  r i s e  in  b lo o d  su g a r  w hich 

re a c h e s  a  maximum i n  ab o u t 4 h o u r s .  I f  cd c o h o l i s  in tro d u c e d  

w ith  g lu c o s e  th e  maximum s u g a r  l e v e l  i s  r e a c h e d  in  ab o u t 2  h o u r s .

The a v e ra g e  maximum l e v e l  w ith o u t a lc o h o l  i s  232 mgrns. 

p e r  100 c c .  b lo o d ;  w ith  a lc o h o l  i t  i s  311 mgrns.

B lood s u g a r  f a l l s  much m ore s lo w ly  to  no rm al v a lu e  when 

a lc o h o l  i s  n o t  g iv e n .

The in f lu e n c e  o f  a lc o h o l  a lo n e  on th e  b lo o d  s u g a r  l e v e l  

i s  shewn t o  c a u se  a  a l i g h t  r i s e .

I n t r o d u c t io n  o f  a l c c ^ o l ^ a f t e r  th e  maximum l e v e l  o f  a l im e n ta ry  

h y p e rg ly c a e m ia  w ith  g lu c o s e  a lo n e  h as  b ee n  reach ed *  c a u s e s  a  

f u r t h e r  r i s e  i n  th e  su g a r  l e v e l .
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