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LACTATE AND HYDROGEN I0N GRADIENTS DEVELOPED ACROSS 

THE RAT INTESTINE I N  VITRO 

by  

T. H. W I L S O N *  

M e d i c a l  Research  Counc i l  U n i t / o r  Research  in  Cell  M e t a b o l i s m ,  

D e p a r t m e n t  o / B i o c h e m i s t r y ,  T h e  U n i v e r s i t y ,  Shef f ield (Eng land)  a n d  

D e p a r t m e n t  o / B i o c h e m i s t r y ,  Ox /ord  U n i v e r s i t y ,  Ox ford  (England)  

W h e n  the  upper  smal l  in tes t ine  of the  r a t  is perfused in  vi tro accord ing  to  the  me thod  of FISHER 
AND PARSONS, fluid is t r ans fe r red  from the  mucosa l  to the  serosal  side 1. W i t h i n  one hour  the  glucose 
concen t r a t i on  rises on the  serosal  side and  drops cons ide rab ly  on the  mucosa l  side (see FISHER AND 
PARSONS1). Some glucose d i sappears  f rom the  sy s t em and  a b o u t  half  of th is  can  be accoun ted  for 
by  lac t ic  acid of which  more t h a n  80 % appears  on the  serosal  side in the  form of l a c t a t e  ion. Con- 
s ider ing  t h a t  the  lac t ic  acid is p roduced  by  the  nlucosa  2, i ts  appea rance  on the  serosal  side is un-  
expected .  A n o t h e r  su rpr i s ing  f inding is the  cons t ancy  of the  concen t ra t ion  of b i ca rbona te  on the  
serosal  side and  the  fall  on the  mucosa l  side. The resu l t  of one such e x p e r i m e n t  is shown in Table  I. 
The inference is t h a t  glucose is conver ted  in to  lac t ic  acid in the  i n t e s t i na l  wall,  and  whi l s t  the  l a c t a t e  
ions a p p e a r  on the  serosal  side the  H ions are e jec ted a t  the  mucosa l  side. 

T A B L E  I 

GLUCOSE, LACTATE AND H + GRADIENTS IN PERFUSED RAT INTESTINE 

62 cm of uppe r  smal l  in tes t ine  of r a t  perfused accord ing  to  the  me thod  of FISHER AND PARSONS 1 
w i t h  o x y g e n a t e d  (5 % COs + 95 % 02) b i c a r b o n a t e d - R i n g e r  con ta in ing  o, 5 % glucose a t  380 for 1 h. 
L a c t a t e  de t e rmined  color imetr icaUy ~ and  b i c a r bona t e  manome t r i ca l l y ,  p H  ca lcu la ted  a s s u m i n g  
p K  = 6.1 and  CO~ = 1.238 m M .  

Glucose Lactate Bicarbonate 
Volume 

Cone. Total amount Cone. Total amount C o n e .  Total amount 
ml mM #tMol mM pMol mM ,uMol 

pH 

I n i t i a l  Mucosal  53.6 26.8 144o - -  - -  22. 5 121o 7.36 
F ina l  Mucosal  38.2 16. 3 622 1.o 7 40.8 13.2 505 7.I3 
I n i t i a l  Serosal  40.3 28.2 114o - -  - -  24. 3 980 7.39 
F ina l  Serosal  53.4 31.6 169o 6.33 338 25.0 134o 7.4 ° 
Change  on Mucosal  Side - - 8 2 0  + 41 - - 7 0 0  
Change  on Serosal  Side + 5 5  ° + 340 + 3 6 0  
Ne t  Change  ---270 + 380 - - 3 4  ° 

T A B L E  11 

GLUCOSE, LACTATE AND H + GRADIENTS IN A SAC OF EVERTED RAT INTESTINE 

E v e r t e d  sac of r a t  in tes t ine  (142 mg  d r y  wt.) shaken  for 90 rain in b i c a r b o n a t e - R i n g e r  a t  37 ° C 
and  gassed con t inuous ly  w i t h  5 % CO,, + 95 % Oz. p H  ca lcu la ted  as in Table  I. 

Glucose Lactate Bicarbonate 
Volume 

Cone. Total amount Conc. Total amount C o n c .  Total amount 
ml mM llMol mM /~Mol mM t*Mol 

pH 

I n i t i a l  Mucosal  2o.o 8.6o 172 - -  - -  2o.8 416 7-33 
F ina l  Mucosal  18. 3 2.32 42.5 7 .1 131 8.6 158 6.94 
In i t i a l  Serosal  i .o  8.6o 8.6 - -  - -  20.8 20.8 7-33 
F ina l  Serosal  2.68 11.8 31-6 45 121 28.0 75.0 7-45 
Change on Mucosal  Side - - 1 3 o  + 13o - - 2 6 o  
Change  on Serosal  Side + 20 + 12o + 50 
Ne t  Change  - - i i o  -}-250 - - 2 1 o  

* E x c h a n g e  fellow of the  A m e r i c a n  Cancer  Society.  
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Eve r t ed  sacs of r a t  i l eum a t ied wi th  t h r e a d  a t  bo t h  ends  and  con ta in ing  i ml  saline m e d i u m  
show the  same  effects as t he  FISHER AND PARSONS prepa ra t ion  (Table II). 

The  aerobic p roduc t ion  of lactic acid by  isolated in tes t ina l  wall3, 4 is no t  likely to be an  a r t e fac t  
due to i n a d e q u a t e  oxygena t ion ,  or t i ssue damage ,  as it  occurs  regular ly  unde r  a va r i e ty  of different  
condi t ions  and  in isoIated in tes t ina l  m u c o s a  which  is ve ry  th in  and  m u s t  be effect ively o x y g e n a t e d  2. 
The preferent ia l  d i scharge  of the  lactic acid in one di rect ion sugges t s  t h a t  the  fo rma t ion  of lact ic 
acid m a y  p lay  a role in t he  absorp t ion  of glucose. HESTRIN-LERNER AND SHAPIRO 5 h a v e  r ecen t ly  
repor ted  e x p e r i m e n t s  wh ich  sugges t  t h a t  glucose is t r a n s p o r t e d  t h r o u g h  the  in tes t ina l  wall  in t he  
form of an  unident i f ied  der iva t ive  wh ich  is r econver ted  in to  glucose in some  o ther  organ.  The  exper i -  
m e n t s  repor ted  here  sugges t  t h a t  t he  der iva t ive  is lactic acid. 

Three  m e c h a n i s m s  are avai lable  for the  abso rp t ion  of glucose in vivo: free diffusion of glucose 
wi th  a concen t r a t ion  gradient ,  ac t ive  t r a n s p o r t  of glucose, as such,  aga ins t  a concen t r a t i on  g rad ien t  
(perhaps  v ia  p h o s p h o r y l a t i o n  and  dephosphory la t ion)  and  convers ion  in t he  mucosa l  cells of glucose 
to lac ta te  which  passes  preferent ia l ly  in to  the  blood to be reconver ted  in to  glucose in some  o ther  
organ  in the  body.  The  re la t ive  q u a n t i t a t i v e  i m p o r t a n c e  of these  th ree  m e c h a n i s m s  var ies  wi th  
condi t ions  in vitro and  in vivo and  p robab l y  also wi th  different  species of an imals .  The  h igh  ra te  
of aerobic glycolysis  in t he  rena l  m e d u l a  6 m a y  be poss ib ly  also re la ted to glucose absorp t ion .  

The  a u t h o r  wishes  to t h a n k  Dr. R. B. FISHER and  Dr.  D. S. PARSONS for the i r  generous  ass i s t ance  
du r ing  t he  per fus ion  expe r imen t s .  T h a n k s  are  also e x t e n d e d  to Prof.  H. A. KREBS and  Dr. R.  E. 
DAVIES for advice  and  cri t icism. 
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THE AMINO-ACID SEQUENCE IN OXYTOCIN* 

b y  

H.  T U P P Y  

Zweites Chemisches Laboratoriurn, University o] Vienna (Austria) 

Degrada t i ve  s tudies  invo lv ing  par t i a l  hydro lys i s  of oxidized oxy toc in  wi th  minera l  acid and  
wi th  e n z y m e s  sugges t  t he  presence  in ocytoc in  of t he  following amino-ac id  sequence :  

C y S - T y r - I l e u - G l u  (NH , ) - A s p  (NH , ) - C y S - P r o - L e u - G l y ( N H  2) 

I 1 
The  oxy toc in  p r epa ra t i on  used  was  ob ta ined  f rom a commerc ia l  concen t ra t e  ("Pituisan", kindly  

suppl ied  by  SANABO, Vienna)  b y  a process  based  largely on t he  2 -bu tano l  ex t r ac t i on  m e t h o d  of 
LIVERMORE AND DU VIGNEAUD 1. I t  was  shown  to  be v i r tua l ly  free f rom o the r  pep t ide  or p ro te in  
ma te r i a l  b y  pape r  e lec t rophores is  2, us ing  t h e  h igh  vol tage  m e t h o d  of MmHL 3 and  t h e  b r o m o p h e n o l  
blue s ta in  of KUNKEL, TAYLOR, AND DU VIGNEAUD $. On  hydrolys is ,  on ly  t he  e ight  a m i n o  acids  
k n o w n  to be p re sen t  in oxy toc in  4 could be  de tec ted :  leucine (Leu), isoleucine (Ileu), ty ros ine  (Tyr), 
prol ine  (Pro), g lu t amic  acid (Glu), a spar t i c  acid (Asp), glycine (Gly), cys t ine  ((CyS)2) . The  p r epa ra t i on  
did, however ,  still con ta in  some  non-pep t ide  mater ia l .  

* This  work  was a ided by  a g r a n t  f rom t he  Rockefel ler  F o u n d a t i o n  to Prof.  F.  WESSELY. 


