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Fructose influx across the brush border of rabbit ileum 

Numerous  s tudies  have shown tha t  D-fructose is r ap id ly  absorbed  by' tile small 
intes t ine i~z vivo in a va r i e ty  of species ~ ~. The r ap id i ty  with which this sugar  dis- 
appears  from the lumen compared  with the slow d isappearance  ra tes  of nont rans-  
por ted  sugars (~:.g. arabinose) has s t rongly  suggested the pa r t i c ipa t ion  of a carr ier  
mechanism in fructose absorpt ion .  However,  because fructose is metabol ized  af te r  
enter ing the in tes t ina l  celP -a, s tudies  of net  t r ansmura l  t r anspor t  or accunmla t ion  
b\ '  segments  of in tes t ine  h~. vitro are unsui ted  for the  inves t igat ion of this t r anspor t  
mechanism.  Fo r  this  reason the character is t ics  of the  brush border  nlechanisms in- 
volved are essent ia l ly  unknown.  

The present  inves t igat ion is concerned with the charac te r iza t ion  of the uni- 
d i rec t ional  influx of fructose across the brush border  of r abb i t  ileum. I t  was under-  
t aken  in order  to compare  this process with the previous ly  s tud ied  influx mechanism 
for r)-glucose, I)-galactose and 3-O-methyl -b-g lucose  a. The me thod  employed  for the 
.direct de t e rmina t ion  of the  unid i rec t iona l  influxes of fructose from the mucosa l  
solut ion across the brush border  and  into the absorp t ive  epi the l ium has been descr ibed 
in detai l  ~. In essence it involves the brief exposure  of a defined area of the mucosal 
surface to a solut ion conta in ing  b- laCjfructose and !al l] inulin.  The initial  ra te  of 
fructose up t ake  is ca lcula ted  from the ~4(: content  of the  tissue after  correct ion for 
the  l aHjinul in  space. The results  ob ta ined  using this me thod  are not  influenced by  
in t race l lu la r  metabol i sm,  provided  the p roduc ts  of these react ions  are re ta ined  wi thin  
the tissue. Unless otherwise noted,  the buffered e lect rolyte  solut ion employed  for 
p re incuba t ion  and influx de te r in ina t ion  conta ined:  I4o mM NaCI, zo ml~l KHCO:~, 
i .e  mM K,2HPO 4, o.~ mM KH2PO 4, 1.2 mM CaC12 and 1.2 mM MgCI 2. 

A typica l  t ime-course of fructose up take  across the brush border  alone is illus- 
t r a t ed  in Fig. z. In  this exper iment ,  eight  mucosal areas of tissue from the same 
animal  were exposed for va ry ing  periods of t ime to a solut ion conta in ing zo mM 
l~aClfructose. U p t a k e  is a l inear function of t ime for a t  least z. 5 rain and the line 
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Vig. r .  U p t a k e  of  o - f r u c t o s e  a c r o s s  t h e  n m c o s a l  b o r d e r  as  a f u n c t i o n  of  d u r a t i o n  of  e x p o s u r e  of  
t h e  m u c o s a l  s u r f a c e  t o  a s o l u t i o n  c o n t a i n i n g  i o  m M  E14C!fructose.  

Fig .  2. L i n e w e a v e r - B u r k  p l o t  of  f r u c t o s e  i n f l u x  (,/) vs. f r u c t o s e  c o n c e n t r a t i o n  ([l~'1). P o i n t s  r e p r e -  
s e n t  t h e  a v e r a g e s  of  6 d e t e r m i n a t i o n s  a t  2.5 a n d  3o m M  a n d  12 d e t e r m i n a t i o n s  a t  5, i o  a n d  2o inM. 
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extrapolates to the origin. These results indicate that the I-min uptake provides a 
valid measure of the unidirectional influx (i.e. initial rate of uptake) of fructose. All 
of the data to be presented were obtained from experiments in which the duration 
of exposure was less than I min. 

Fig. 2 shows a Lineweaver-Burk plot of the unidirectional influx of D-fructose 
as a function of the fructose concentration in the mucosal solution. In these experi- 
ments the fructose concentration varied from 2.5 to 3 ° mM and the osmolarity of 
the mucosal solution was maintained constant by the use of appropriate amounts of 
mannitol. The data clearly describe a straight line, indicating that fructose influx is 
a saturable function of concentration that conforms to Michaelis-Menten kinetics. 
The maximal influx is 6. 3 ~moles/h. cm 2 and the fructose concentration required to 
elicit a half-maximal influx (Kt) is 18 mM. 

T A B L E  I 

E F F E C T  O F  O T H E R  M O N O S A C C H A R I D E S  ON F I , ~ U ( T O S E  I N F L U X  

All  e r ro r s  a re  e x p r e s s e d  as  S .E.  N u m b e r s  in  p a r e n t h e s e s  d e s i g n a t e  t h e  n u m b e r  of i n f l ux  d e t e r m i -  
n a t i o n s .  

3Iucosal solution Fructose influx 
(t~moles/h" cm 2) 

o. r  m M  D-f ruc tose  -1- 20 m M  m a n n i t o l  
o . i  m M  D-f ruc tose  -/- 20 m M  D-glucose  
o . t  m M  D-f ruc tose  + 20 m M  D - m a n n o h e p t u l o s e  
o . i  m M  D-f ruc tose  @ 20 m M  L-sorbose  

0.029 _~ O.OOI (16) 
0.028 ~7 0.002 (6) 
0.028 7-20.OOI (6) 
0.025 ± 0.002 (,0) 

The effect of several other sugars on fructose influx is given in Table I. Clearly, 
the replacement of 2o mM mannitol with either 2o mM D-glucose or 2o mM D-manno- 
heptulose does not significantly affect fructose influx from a solution containing 
o.I mM fructose. The absence of any inhibition of fructose influx by a 2oo-fold greater 
concentration of glucose excludes an 3 , significant competitive interaction between 
glucose and the fructose influx mechanism. The presence of 20 mM L-sorbose results 
in a small but consistent inhibition of fructose influx that is significant at the 5 °o 
level by unpaired analyses (Student's t test), Paired analyses, in which influx in the 
presence of sorbose is compared with influx in the absence of sorbose determined on 
the adjacent segments of tissue from the same animals, indicate a significant inhibition 
at the I °o level. The calculated K~ for sorbose, assuming that the effect of sorbose 
can be attributed to classical competitive inhibition, is approx. IOO mM. 

Finally, studies were performed to examine the effects of Na + and phlorizin on 
fructose influx. Fructose influx from a solution rendered Na+-free by replacement of 
NaC1 with choline chloride, and influx from the normal buffer (14o mM Na +) con- 
taining o.I mM phlorizin did not differ significantly from the control. 

The present results provide compelling kinetic evidence for the presence of a 
carrier mechanism that is responsible for the movement of fructose from the lumen 
of rabbit ileum into the absorptive cells, and these findings thus support the notion 
derived from earlier in vivo studies. This mechanism appears to be relatively specific 
for fructose in view of the minimal inhibition of influx observed in the presence of 
a 2oo-fold concentration of the closely related isomer, L-sorbose. The carrier mecha- 
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nism responsible for the influx of this hexoketose is distinct from that  responsible 
for the mediated influx of a number of hexoaldoses, such as glucose, galactose and 
3-0-methylglucose, and, unlike the latter, is neither Na--dependent nor phlorizin- 
sensitive 5. Further study employing a variety of closely related monosaccharides is 
necessary to define the minimal structural requirements of this transport process. 
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