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Summary. The oxygen  consumpt ion  of ra t  small  in tes t ine  in v i t ro  is inf luenced by  the  anions,  chloride and  b icarbona te ,  
as well as by  sodium. 

Prev ious  s tudies  have  shown t h a t  the  oxygen  consump-  
t ion of small  in tes t ine  in v i t ro  is d e p e n d e n t  in p a r t  on the  
presence  of sod ium in the  incuba t ion  saline 2-~, and  it has  
been  sugges ted  t h a t  these  observa t ions  m a y  ref lect  t he  
coupl ing be tween  sod ium t r a n s p o r t  and  the  ut i l iza t ion of 
metabol ic  energy.  Studies  of ionic m o v e m e n t s  across t he  
in tes t ina l  wall  have  shown t h a t  the  t r a n s p o r t  of sod ium is 
in te r re la ted  w i t h  t he  m o v e m e n t s  of chloride and  bi- 
ca rbona te ,  and  t h a t  t he  je juna l  and  ileal regions exh ib i t  
d i f fe rent  charac te r i s t ics  wi th  respec t  to e lect rolyte  t rans -  
po r t  7, b u t  the  metabol ic  corre la tes  of these  factors  have  
n o t  been  descr ibed.  In  the  p resen t  s t u d y  we have  inves t i -  
ga ted  the  effects  of sodium, chloride and b ica rbona te  on 
the  oxygen  c o n s u m p t i o n  of ra t  j ej u n u m  and  i leum in vi tro.  
Methods. The procedure  used in our  expe r imen t s  was es- 
sent ia l ly  similar  to  t h a t  descr ibed by  Mar t in  and  Dia- 
m o n d  s in s tudies  of gal l -bladder .  E v e r t e d  segments ,  5 cm 
in length,  were cu t  f rom the  mid-region (jejunum) and  
dis ta l  end (ileum) of the  small  in tes t ine  of male Wis ta r -  
s t ra in  ra ts .  The segments  were al lowed to  equi l ibra te  for 
15 min in a saline b a t h  a t  37 ~ and  then  t r ans fe r red  to  a 
sealed c h a m b e r  filled wi th  an ident ica l  saline and  s t i r red  
magnet ica l ly .  The oxygen  concen t ra t ion  of t he  saline in 
the  c h a m b e r  was mon i to red  over  a 5 min  per iod wi th  a 
Clark- type  e lect rode and  amplif ier .  The incuba t ion  saline 
used in the  cont ro l  expe r imen t s  was of the  following com- 
posi t ion in mEq/1 : Na+, 145 ; K +, 4.6 ; Ca 2% 2.0 ; Mg 2+, 2.0 ; 
CI-, 122; phospha te ,  4.6; SO~-, 2.0; HCO~, 25. In  some 
expe r imen t s  t he  compos i t ion  of t he  saline was modif ied  
by  subs t i tu t ion  of choline for sodium,  or of me thosu l fa t e  
for chloride and  b icarbona te .  Salines con ta in ing  bicar-  
bona te  were equi l ib ra ted  wi th  95% 02/5 % 02 , and  bi- 
ca rbona te - f ree  salines were equi l ibra ted  wi th  100% 0,. 
I n  all cases t he  p H  of t he  saline was  7.30 ( •  0.05) and  
the  osmola i ty  was 305 ( =k 5) mOsm.  
Results and discussion. Pre l imina ry  expe r imen t s  showed 
t h a t  t he  ra tes  of oxygen  c o n s u m p t i o n  observed  in 
these  condi t ions  were comparab le  in magn i tude  wi th  
previous ly  publ i shed  d a t a  for th is  t issue in s imilar  
condi t ions  of incuba t ion  2-~, 2 and  the  effects  of ionic sub-  
s t i tu t ion  were fully reversible.  The table  shows the  re- 
sul ts  of expe r imen t s  on ionic subs t i tu t ion .  In  b o t h  je- 
j u n u m  and  i leum the  ra te  of oxygen  c o n s u m p t i o n  was de- 
pressed when  b i ca rbona te  was o m i t t e d  f rom the  saline, 
b u t  the  2 regions of the  in tes t ine  exh ib i t ed  differences 
wi th  respec t  to  t he  influences of sod ium and  chloride.  In  
the  case of the  j e j u n u m  omission of chloride did no t  in- 
f luence oxygen  consumpt ion  in any  condi t ions ,  and  
omission of sod ium did no t  inf luence je junal  oxygen  con- 

Oxygen consumption of rat small intestine incubated in vitro 

Ions omitted from Oxygen consumption 
incubation saline Jejunum Ileum 

None 44 • 3 45 q- 2 
Na + 44 -r 2 36 -[- 2* 
C1- 39 + 2 34 i 2" 
HCO 3- 39 -4- 2 * 29 -r 2 * 
Na +, C1- 44 i 4 37 -b 3* 
Na +, HCOs- 21 • 1 * 19 :[: 1 * 
Na +, CI-, HCO~- 22 -4- 2 21 :J: 2* 

Units of oxygen consumption are ~tmoles h-1/g wet weight of tissue. 
Results are means -4- SEM for 8 determinations. * Denotes difference 
from unmodified saline significant at p < 0.001. 

s u mp t i o n  when  b i ca rbona te  was p re sen t  in t h e  saline. 
However ,  the  oxygen  c o n s u m p t i o n  of j e j u n u m  observed  
in the  absence  of b o t h  sod ium and  b ica rbona te  was sig- 
n i f icant ly  smaller  t h a n  t h a t  seen when  only  b ica rbona te  
was o m i t t e d  f rom the  saline, ind ica t ing  t h a t  a sodium- 
d e p e n d e n t  c o m p o n e n t  of je junal  oxygen  c o n s u m p t i o n  
was observed  only  in the  absence  of b ica rbona te .  In  con- 
t ras t ,  in t he  s tudies  of i leum, omission of chloride f rom 
the  saline was associa ted  wi th  a depress ion  of oxygen  
consumpt ion ,  and  a s o d i u m - d e p e n d e n t  Component  of 
oxygen  c o n s u m p t i o n  was observed  in the  presence  of bi- 
carbonate .  The effects  of sod ium and  b ica rbona te  on ileal 
oxygen  c o n s u m p t i o n  were addi t ive ,  b u t  t he  effects  of 
sod ium and  chloride on ileal oxygen  consumpt ion  were 
no t  addi t ive ,  and the  oxygen  consumpt ion  observed  in the  
absence  of bo th  sod ium and  chloride was no t  s ignif icant ly  
d i f fe rent  t h a n  t h a t  seen when  e i ther  sodium, or chlor ide 
were o mi t t ed  separa te ly .  
The significance of these  observa t ions  on ionic de ter -  
m i n a n t s  of oxygen  c o n s u m p t i o n  to the  t r a n s p o r t  phys io-  
logy of t he  in tes t ine  can n o t  be ident i f ied a t  present ,  b u t  a 
n u m b e r  of in te res t ing  parallels be tween  metabol ic  ac t ions  
of ions and  e lec t ro ly te  t r a n s p o r t  processes m a y  be noted .  
For  example ,  the  f indings t h a t  ileal oxygen  consumpt ion  
is sensi t ive  to  b o t h  sod ium and  chloride and  t h a t  t he  ef- 
fects  of these  ions are no t  addi t ive ,  suggests  t h a t  sod ium 
and  chlor ide m a y  ac t  a t  a c o m m o n  ra te - l imi t ing  s tep  in 
ox ida t ive  metabo l i sm,  and  th is  m a y  be re la ted  to the  de- 
m o n s t r a t i o n  t h a t  m o v e m e n t s  of sod ium and  chloride 
across ileal ep i the l ium are coupled on a one for one basis  
b y  a m e t a b o l i s m - d e p e n d a n t  mechan i sm 10. Similarly,  t he  
f inding t h a t  je juna l  oxygen  consumpt ion  is i n d e p e n d e n t  
of t he  presence  of chloride is cons i s t en t  w i th  the  suggest ion 
t h a t  je juna l  chloride t r a n s p o r t  is a pass ive  process  a t t r i -  
bu t ab le  to  diffusion and  so lvent  d ragL  In  addi t ion ,  our  
expe r imen t s  have  shown t h a t  b i ca rbona te  is an i m p o r t a n t  
d e t e r m i n a n t  of ox ida t ive  me tabo l i sm in the  in tes t ine .  
This  anion has  been  shown to exer t  a ma rk ed  s t imu la to ry  
act ion on in tes t ina l  sod ium t r a n s p o r t  7, and  the  p re sen t  
s tudies  indica te  t h a t  the  in te rac t ion  b e t w een  b i ca rbona te  
and sod ium t r a n s p o r t  m a y  include a metabol ic  com- 
ponen t .  In  summary ,  these  s tudies  have  shown t h a t  t he  
ox ida t ive  me tabo l i sm of in tes t ine  is inf luenced by  chloride 
and  b icarbona te ,  as well as by  sodium, and  suggest  t h a t  
e luc idat ion  of the  coupl ing b e t w een  e lec t ro ly te  t r a n s p o r t  
and  the  ut i l iza t ion of metabol ic  energy  requires  con- 
s idera t ion  of the  metabol ic  ac t ions  of anions in addi t ion  
to  those  of sodium.  
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