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Experiment! hype~l~emia ~ads ~ an ~ c ~ e  ~ the c a p a ~  M the rat small ~ s f i n e  to absorb ~uco~ .  
Th~ e~ect ~curs ~ ho~s  from the onset of h y ~ r ~ y ~ m ~  and ~ ~ o u g ~  to ~vdve  an ~ducfion of 
~ucme trampo~ ~ ~ e  brash-border a n d / ~  b~dateral m e m ~ n e  ~ the ~ s t i n ~  epithelium. We de~sed 
a p r o t ~  f ~  ~ e  ~multaneo~ preparation ~ b m s h - b o ~  ~ d e s  and b ~ e r a l  ~ d e s  f~m r~t small 
~ s f i n e  ~ de~rm~e the l ~ m  ~ r  ~ e  ~ducfien ~ ~uc~e  ~anspon~ ~ hypergl~em~ rat~ A 6 h lmHOd 
of ~ e n o u s  ~ o n  ~ a 30% ~uco~  ~ f i o n  had no ef f~t  on the inifi~ rate M ~ucme uptake across 
j~un~ or fle~ b~sh-border veeries when m e ~ e d  ~ the a b ~ n ~  ~ a Na + ~a~ent ,  ~gg~fing that 
enha~ed ~uco~  u~ake ~ n~  depende~ on an ~ c ~ e  ~ the number ~ Na%dependem s~ondary ~ f i ~  
~ u c ~ e  ~ a ~ p o ~ e ~  ~ the b~s~borde~ Hypergl~emia did n~  ¢ff~t  lhe rate ~ gru¢o~ uptake ~ress  ile~ 
ba~lateral v e ~ d ~  b~  ~d cau~ a 78% ~ c ~ e  ~ the inifi~ rate ~ ~ r r i ~ - m e ~ e d  D - ~ o ~  uptake 
~mss  j~un~ b ~ d a t e r ~  ve~de~ The ~ducfion of ~ucose ~anspo~ ~ the j~un~ b ~ o l a t ~  mem~ane 
w~ chara~efi~d by a ~ d  rate ~ ~ucose equil~ration across the veeries (t~/2 = 46 s ~ r ~ l  infused 
con~o~ 18 s hyper~y~mi~ and a 75% ~ c ~ e  ~ the Vm~ for ~ i e r - m e ~ a t e d  ~ucose u~ake ~ no 
~gnificant chan~ ~ Kt. When the n ~  we~ preceded ~ f fdohexim~e pr i~ ~ ~ ¢ n o ~  ~ o ~  
• e inifi~ ~ ~ ~ e  uptake ~opped ~ 13% ~ ~ s~n  ~ j~un~ b a ~ l a t ~  ~ d ~  prepped from 
unUeated rats. These r ~ d t s  suggest a rap~ turn~er ra~ for ~ e  N a ~ d e p e n d e n t  glucose ~ a n s p o ~  ~ 
• e basolateral mem~ane ~ the enterocyte. An ~ c ~ e  ~ ~e  number ~ ~nctio~ng ~uc~e  ~anspo~e~ 
in lhe b a s o l a t ~  membrane m ~  ~ an important role ~ the sho~-~rm ~duction ~ gluco~ absorption [y 
• e j~unum ~ ~ e  hypergl~emic a~m~. 

Diabetic animal~ those fed a high carbohydrate 
diet or animMs made hyperglycemic by an in- 
travenous infu~on of glucose show an increase in 
glucose absorption by the intestine [1-9]. The 
membrane locus and mechanism cf this induction 
of glucose transport in the enterocyte is unce~Mn. 
Thomson [10] reposed a 260% devation in the 

* To whom correspondence should be addressed. 

Vm~ for active glucose up~ke by the i n ~ i n e  of 
the ~abetic rat. This i n d u ~ n  may resdt from an 
increase in the number of Na~dependent ~ucose 
~anspo~ers ~ the brush-border or an in .ease  in 
~he down-hill electrochemical gra~ent for Na ÷ 
across the a p ~  membrane. Hope r  [12] suggested 
th~ lhe increased gluco~ a c c u m ~ i o n  observed 
in brush-border verities prepared from alloxan- 
treated rats was due to a decrease in the glucos~ 
independent Na ÷ ~akage across lhe brush-bord~, 
~ading ~ a gre~er dri~ng force for the e~sting 
hexose carriers. Recenfl~ sho~-~rm hyper- 
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glycemia has been shown to increase the ~anscdb 
ular flux of glucose across the guinea-pig intesfinN 
mucosa without affecting tissue ~vds  of ~ucos~ 
indicating that the increased ganspoa  which oc- 
curs in the brush-border is matched by a ~mflar 
enhancement of ~anspo~ across the baso~terN 
membrane [7,11]. 

We have de~sed a procedure for the ~multa- 
neous preparation of brush-border and basolaterM 
membrane ~e~des ~om rat small in~stinN 
mucos~ These verities were used to pro~de more 
direct information on the membrane locus of the 
induction of glucose ~anspo~ following short-term 
hyper~ycemia in the rat so that the role of the 
basolaterN membrane in the regulation of ~ans- 
po~ across the smN1 intestine could be properly 
assessed. 

MmefiMs and Methods 

Preparat~n of membrane veskles. Brush border 
veeries and basolaterN veeries were prepared 
~om rat intestinN mucosN scrapings u~ng a mod- 
ification of the technique of ScNera et N. [3]. 
J~unN or fleN segmenu of the smN1 intestine 
were removed from two to four mNe Spragu~ 
Dawley rats (300-350 g) and the lumen was rinsed 
with 10 ml ~ c o l d  phosphat~buffered safine (pH 
= 7.4). MucosN scrapings were taken with a glass 
~ide and placed in 60 ml ~ c o l d  sucrose buffer 
(250 mM sucrose/2 mM Tris-HC1 (pH 7.4)/0.1 
mM phenylm~hylsulfonyl fluoride). The su~ 
pended scrapings were homogenized u~ng a poly- 
tron homogenized (4 × 30 s pulses) and centri- 
fuged at 2500 × g for 15 min. The resulting super- 
natant was removed and centrifuged at 20 500 x g 
for 20 min. This centrifugation produced a double 
p d ~ t  con~sting of a hard brown lower pellet and 
a fluffy while upper pellet. The fluffy upper pellet 
was isolated by pouring off the supernatanL ad- 
ding 10 ml of sucrose buffer and gently swirling 
the centrifuge tube such that only the fluffy pellet 
was di~odged. The resuspended fluffy pellet was 
pou~ed off and used to purify basolateral veeries 
while the remNning hard brown pellet was resus- 
pended in 10 ml sucrose buffer and used to purify 
brush-border veNde~ 

To purify basolaterN vesicles, the resuspended 
fluffy pallet was subjected to glas~Teflon homo- 

genization (10 strokes; 1500 rpm) mixed with per- 
coll and sucrose buffer (f inn volume 35 ml; 12% 
v / v  percol 0 and centrifuged at 48 COO × g for 1 h 
to obtMn a denfity gradient. The gradient was 
separated from top to bottom into 19 fractions 
and fractions 5, 6 and 7 were pooled as basolateral 
verities. The vesicle suspension was diluted with 
sucrose buffer to a volume of 35 ml and centri- 
fuged at 4 8 0 0 0 x g  for 30 min to ob t~n  the 
basolaterN ve~de  p~let. 

The resuspended lower brown pallet was sub- 
j ec~d  to ~as~Teflon homogenization and mixed 
with CaC12 and sucrose buf~r  (f inn volume 35 
ml; 10 mM CaC12L This mixture was incubated 
for 20 rain on ~e to allow preferenfiN predpim- 
fion of non-brush-border component .  The p r o  
Npita~d materiN was lhen pell~ed by centrifuga- 
tion at 3000 × g for 10 rain. The supernatant was 
centrifuged at 48 000 × g for 30 min to obtNn the 
f inn brush-border vefide pell~. 

Enzyme assays. The purity and recovery of the 
brush-border and basolaterN membranes were de- 
termined by measuring marker enzyme acti~ties. 
Alkaline phosphatase and ouabNn-sen~tive (Na + 
+ K+)ATPase  were assayed according to Parkin- 
son et N. [15]. Cytochrome c o~dase was assayed 
following the procedure of CooperstNn and 
Lazarow [16]. NADPH-cytochrome c reductase 
was assayed by the method of $ottocasa et M. [17]. 

Plasma ~ucose was determined u~ng an auto- 
m a i d  Nucose anNyzer (Beckman ins~ument~. 

Transpon a~ay~ The uptake of the ~ucose into 
the verities was initiated by mi~ng a volume of 
verities wilh an equN volume of uptake media 
containing D-Nucose+ ~-[3H]Nucose (finn con- 
centration 1.41 mg vefide protNn/ml;  D-~Ucose 
+ 1~0 ~Ci D-[3H]~ucose/~mol D-~UCOSe). 40-~1 
samples were extracted from the mixture at the 
defired times, di lu~d with 1.125 ml of ~ c o l d  
stop solution (125 mM NaC1/2 mM Tri~HCI (pH 
7.4) /~1 mM HgClz) and 1.0 ml of the dilu~d 
mixture was transfe~ed to a cdlulose acetate filter 
(0.45 ~m pore fizZ. The f i ler  was washed with 5 
ml ~ c o l d  stop solution then placed in s~nfiHa- 
tion ~Ns for fiquid sNntilNtion counting. Glucose 
actually held by the verities was cNculated by 
co~e~ing for ~-[3H]glucose retNned on the filter 
in the absence of ve~des. 

For de~rmining ~ucose uptakes ufing sho~ 



incubation periods (Le., 10 s of ~sO a 20 ~1 drop 
of v e f i d ~  and a 20 #1 drop of uptake me&a were 
placed ~ dose  p r o ~ m i ~  on the bot tom of a 
polycarbonate tube. Uptake was i ~ t i ~ e d  by 
v o ~ e ~ n g  the tube and, at the condufion of the 
uptake period, 1.125 ml of ~ c ~ d  stop s~ut ion 
was ra~dly  injec~d into the mixture. Glucose 
h d d  by the verities was de~rmined as p ~ ¼ o u ~ y  
described. 

Intravenous infus~n~ Venous infufion experi- 
ments were carried out as described by Czhky and 
Fisher [7]. M ~ e  Sprague-Dawley rats (300-350 D 
were a n e s t h ~ e d  with pentobarbital (50 m g / k g  
body w~gh0  and a ~ gm en t  of silastic t u~ng  was 
i n , n e d  ~ t o  the j u g ~ a r  v o n  and pushed into the 
hearL The t u~ng  was brought under the s ~ n  and 
exposed through an indfion on the back of the 
a ~ m ~ .  On the day of us~ the an im~ was placed 
in a small cage and connec~d to an infufion tube. 
A 2 ml b ~ u s  of a 60% ~ucose or 60% s o r r e l  
s ~ u t ~ n  was initially in fu~d  followed by a con- 
stant infufion of a 30% ~ucose or 30% sorbi t~ 
s~ut ion at a rate of 2.0 ml /h .  At the condufion 
of the infufion period, the an im~ was ~Hed and 
brush-border and b a s ~  v e f i d ~  were pre- 
pared from Other the j ~ u n u m  or il~um. 

Ma~ria~ D-[3H]Glucose and b[~4C]~ucose 
were ob t~ned  from New En~and  Nuclear. Cydo-  
he~mid~  D-~uco~  and b ~ u c o ~  were purchased 
from ~ g m a  Chemical Co. 

R e s ~  

Purification and glucose transpo~ chara~eristi~ of 
~e  brush-border and basolawral membrane prepara- 
Hons 

The puriff  of the brush-border and b a s ~  
membrane preparations w~s d ~ m i n e d  by m a r k ~  
enzyme assays (Tab~  I). U~ng  ~ k ~ i n e  phos- 
p h r a s e  ~s a marker for the brush-border mem- 
b ran~  we found a 17-fo~ increase in specific 
ac t i¼~ ~ the f in~ brush-border pallet rdafive to 
the initi~ homogena~.  There was tittle con- 
~minat ion  of the brush-border preparation by 
b a s ~ m ~  membran~  mitochondda cr micro- 
som~.  The b a s ~ a ~ r ~  membrane pellet was puri- 
fied 18-fold as judged by the increase in the 
spedfic act i f i ff  of oub~n~en~t ive  ( N a + +  K+)  - 
ATPase and was es~ntial ly ~ee of contamination 
by other membranes.  
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TABLE I 

MARKER ENZYME ANALY~S OF MUCOSAL HOMO- 
GENATE (MH), BRUSH-BORDER MEMBRANE (BBM) 
AND BASOLATERAL MEMBRANE (BLM) PREPARA- 
TION 

Alka~ne phosphate: sp~. ~t., #m~ ~ o p h e n ~  pr~ 
duced/h p~ mg p r ~ n ;  ouab~n~en~five (Na++K+~ 
ATPa~: spec. a~., ~md PO4 ~oduced/h p~ mg prmon; 
c~oc~ome c o~d~e: ~ec. act., ~md c~oc~ome c 
o ~ z e d / h  per mg protein; NADPH-c~och~me c reductase: 
spe~ act., ~m~ cytochrome c ~du~d/h per mg pr~om 

MH BBM BLM 

Alka~ne phosphatase 
speofic acfifity 11.3 192.1 ~9 
enrichment factor 17.0 ~1 

Ouab~n-sensitive (Na ÷ + K ÷ ~ATPase 
specific activity 10.8 3.2 19~8 
enrichment factor 0.3 18.0 

Cytochrome c oxidase 
specific activity 85~ 15.3 2.1 
enrichment factor 0.2 0.00 

NADPH-cytochrome c reductase 
speofic activity 3A7 0.91 0.03 
enrichment factor 0.26 0~1 

The protocol for the fimultaneous purification 
of brush-border and basolater~ verities was used 
to determine the charac~ristics of ~ucose uptake 
across verities prepared f o m  the j ~ u n u m  and 
ileum. It is gener~ly accep~d that ~ucose up- 
taken into j o u n ~  brush-border verities occurs by 
accumulation within an in~aves~ular  aqueous 
compartment  and does not include any binding of 
~ucose to the vefide membran~  Howeve~ there 
is htfle information on glucose binding to i le~ 
brush-border vesicles, or b a s o l a ~ r ~  verities pre- 
pared from the ileum or j~unum.  Glucose binding 
can be de~rmined by allowing ~ucose to equi- 
~brate across the verities then adding increasing 
amounts of a poorly ~anspor~d  solute such that 
the osmolarity cf  the media is increased. This 
procedure wi~ shrink the verities and displace 
some of the ~ucose h d d  within the in~aveficular 
aqueous compa~ment .  By extrapolating to infini~ 
osmolarity 0.e., zero in~aveficular spacO it ~ 
posf ib~ to estimate the binding component  of 
~ucose uptake by brush-border cr basolater~ 
verities. Fig. 1 shows the effe~s of increafing 
media osmolarity on D-~ucose con~nt  of j ~ u n ~  
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and t e n  brush-border and basolaterN ve~de~ In 
NI cases the y-intercept of the regres~on fine ~ 
not ~gnificantly different from 0 (P  > 0.05), indi- 
cating lhat the glucose assodamd with brush- 
border and basolater~ veeries represents accumu- 
lation within an in~ave~cular aqueous space and 
does not include any binding component. 

The tim~dependent profile for D-glucose up- 
take across j~unN and t e n  brush-border and 
basolaterN veeries in the presence of an initiN 
NaSCN gradient (100 mM outside; 0 in ,de)  are 
shown in F ig  2A. In agreement with Wright et N. 
[18], we found that pretreatment of the veeries 
with HgC12 poisoned the carrier-mediated ~ucose 
~anspon and resulted in a D-glucose uptake pro- 
file that resemb~d the uptake cf L-glucosm Fur- 
the~ the pas~ve permeabi~ty of the basolaterN 

~ ~ ~ ~ 4 ~ ~ ~ ~ 

i ~ ~ ~ ~ ~ ~ d 
~/suc~os~[~ 

Fi& 1. Ef~ct of media osmolarity on the equifibra~d ~ucose 
conmnt of brush-border verities (BBV) and basolater~ verities 
(BLV) prepared ~om rat jejunum (~ or Heum (D. Vesicles were 
prepared as described in Matefi~s and M~hods and the fin~ 
vefide pell~s were resuspended in 250 mM sucrose/2 mM 
Tris-HC1 (pH 7.4) to ~ve a concen~afion of 2.82 mg vefide 
protein/ml. The verde resuspensions were mixed with an 
equ~ volume of uptake media contorting 2 mM D-~ucose + D- 
[3H]~ucose/250 mM sucrose/2 mM Tfis-HC1 (pH 7.4). Glu- 
cose was ~lowed to equilibrated acro~ the vesicles during a 10 
min incubation at room mmperature. The equifibrated mix- 
tures were then difided into sk ~acfions and sucrose was 
added to each ~acfion to ~ve the indicated fin~ concen~a- 
fion. A~er a 10 min re-equilibration perio& samples were 
taken to assay vefide ~ucose content ufing the microporous 
fil~afion mchniqum Each point represen~ the mean ~ucose 
content obt~ned from tfipficate assays of the ~actiom In all 
cases the y-intercept of the regresfion fine is not ~gnificantly 
dif~rent ~om 0 nmol ~ucose/mg reticle protdn (P > 0.05L 

ve~des as assessed by the uptake of L-glucose was 
unaffected by pretreatment wilh HgC12 (Fig 2B). 
As such, we employed HgC12 ~eatment as a more 
convenient and economicN method of estimating 
the carrie~independent component of D-Nucose 
uptak~ Samples were taken at time in~rvNs up to 
5 min from initiation to determine the profile of 
D-NUcose uptake and at 120 min to determine the 
f inn equihbra~d glucose content of the verities. 
The Na + gradient drove an overshoot of D-glucose 
into basolaterN verities that was higher in the 
j o u n u m  (3.7-fold over equilibrated ~ v d ~  com- 
pared to the ileum (1.4-fold over equilibrated 
~ v d ~ .  In contras~ the Na + gradient did not cause 
any overshoot in D-Nucose accumulation across 
basolaterN verities. The equilibrated glucose ~vds  
of basolaterN verities were generNly between 3 
and 4-fold greater in the j ounum compared to the 
ileum. In addition, the rate of Hg-senfifive D-Nu- 
cose uptake was rapid across j o u n N  basolaterN 
verities (complete equihbration at 2.5 min from 
initiation of uptake) whi~ there was very little 
carfie~mediated glucose uptake across t e n  baso- 
laterN verities as indicated by comparing the up- 
take profiles in untreated versus H g C l r ~ e a ~ d  
veeries. 

In order to detect changes in D-~ucose trans- 
port across inmstinN verities it is necessary to 
accuramly measure t~e initiN rate of carrie~medi- 
ated D-~ucose ~an~ocation. In these and N1 sub- 
sequent experiment~ the fin~ brush-border and 
basola~d vefide pellets were resuspended in a 
solution cont~ning 125 mM NaSCN and Nlowed 
to equilibram prior to initiation of ~ucose up- 
taken. As suc~ NaSCN is present on both tides of 
the vefide membrane and changes in vesicle ~aki- 
ness to Na +, such as reposed by Hopfer [12], wiR 
not effe~ glucose uptake rate~ This procedure 
was adopted so that condu~ons could be drawn 
as to wh~her there was an intrinfic change in the 
beha~our of the glucose carriers in the ap~N 
membrane rather than a ~ss spedfic Nmration in 
sodium conductivity. 

Fig. 3 shows the results obt~ned in measuring 
the rapid time course for D-~Ucose uptake across 
brush-border and basolaterN verities. By samp~ng 
the uptake mixture at 10 s or ~ss with brush-border 
verities and 5 s or less with basolateral ve~des it 
is posfib~ to determine the initial rate of ~ucose 
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Fig. 2A. Time course for D-glucose uptake across the j~unal 
and ~eal brush-border veficles (BBV) and basolateral verities 
(BLV) in the presence of a NaSCN gradient. Veficles were 
prepared and resuspended as described in Fi~ 1. The vefide 
resuspenfions were divided into control and Hg-treated frac- 
tions (final concentration 1.0 mM HgCI2) and incubated for 
10 min at room temperature. Glucose uptake was initiated 
(time = 0) by mixing the vefide suspenfion with an equal 
concentration of uptake media (2 mM o-glucose+ D- 
[3H]glucose/200 mM NaSCN/250 mM sucrose/2 mM Tfis- 
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Fi~ 3. I~tiM rate of D-glucose equilibration across jqun~  
brush-border verities (BBV) and basd~erM verities (BLV). 
The vefide pell~s were resuspended in 125 mM NaSCN/2 
mM Tfi~HC1 to ~ve a concentration of 2.82 mg vefide 
protein/ml and allowed ~ e q ~ b r a ~  overnight at 4°C. Glu- 
cose uptakes were ~it i~ed by mi~ng a 20 #l drop of vefide 
suspenfion with a 20 #1 drop of up~ke mesa  (2 mM D-glU- 
cose+o-[3H]glucose/125 mM NaSCN/2 mM Tris-HC1 (pH 
7.4). The drops were ~aced ~ Nose pro~mi~ on ~e  bot~m 
of a pdycarbon~e tube and uptake was per~rmed as d~ 
scribed in M~efi~s and m~hod~ Each print represents the 
mean vMue determined ~om three assays of vefide glucose 
content ~ the in~c~ed time from i~tiation of uptak~ 

t r a n s l o c a t i o n  across  the  veficles .  In  o rde r  to be  

ce r t a in  tha t  we con f i s t en f l y  m e a s u r e d  in i t ia l  rates,  

the  vef ic le  m i x t u r e  was  s a m p l e d  at  2 s a ~ e r  in i -  

t i a t ion  of  u p t a k e  for  all s u b s e q u e n t  expe r imen t s .  

Effect of short-term hyperglycemia and cyclohexi- 
mide pretreatment on D-glucose uptake across jejunal 
and ileal brush-border and basolateral vesicles 

In  this series o f  e x p e r i m e n t ~  a sorb i to l  o r  glu-  

cose  so lu t ion  was  in fused  in to  the  j u g u l a r  ve in  o f  

ra ts  for  a 6 h per iod .  G l u c o s e  i n f u f i o n  resu l ted  in 

a f i gn i f i can t  h y p e r g l y c e m i a  c o m p a r e d  to s o r b i t o b  

in fused  con t ro l s  rats  ( p l a s m a  g lucose  = 371 ± 19 

m g / d l  g lucose  in fused ;  185 ± 35 m g / d l  so rb i to l  

infused) .  A ~ e r  the  in fu f ion ,  b r u s h - b o r d e r  a n d  

b a s o l a t e r a l  ve f ic les  were  p r e p a r e d  f r o m  the  

HCI (pH 7.4). Uptakes were performed in trip,care and the 
points represent the mean glucose content of the verities at the 
ind~ated time ~om initiation of uptak~ B. Effect of Hg-~eat- 
ment on the pasfive permeability of j~un~ basolater~ verities. 
Time course for D-[aH]glucose and L-[~C]glucose uptake and 
HgC12 pre~eatment of basola~r~ verities was performed as 
described in A. 
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j~unum or ileum and the veeries were pr~equi- 
fibrated with NaSCN prior to transport assays. 

Under the conditions of this experiment, ~u- 
cose uptake is composed Cf carrier-mediated 
~an~ocation plus diffu~on. It is pos~ble to 
estimate diffu~on by measuring ~ucose uptake 
across Hg-p~soned veeries. The inifi~ rate of 
carrier-mediated D-~Ucose uptake can then be 
estima~d by sub,acting the Hg-insen~tive com- 
ponent from the tot~ uptake rate. 

Pre~eatment of rats wilh cydohe~mide and/or  
hyper~ycemia did not ef~ct the rate of ~ucose 
uptake across Hg-gea~d basolater~ or brush- 
border veeries compared to ~ucose uptake across 
Hg-~eated veeries prepared from sorbitolAnfused 
congol ra~ (average initi~ rates = 23.5 and 18.8 
mol/mg protein per s across basolater~ and 
brush-border v e s ~ s ,  respectivdy). These data in- 
dicate that cydohe~mide and/or  hyperglycemia 
does not effect the rate of ~ucose diffusion across 
the ve~de~ 

Hyper~ycemia ~ad no effect on the Hg-sen~- 
tive component of ~ucose uptake across j~un~  
brush-border ve~de~ Howeve~ we did find a 78% 
increase in the initi~ rate of ~ansporbmediated 
~ucose uptake across j~un~  basola~r~ veeries 
prepared from hyperglycemic ra~ when compared 
to uptake rates across veeries prepared from 
sorbitol-infused consols (Tab~ II). 

Treatment of rats with cycloheximide ~ thought 
to inhibit protein synthefis and has been reposed 
to block the rapid induction of glucose uptake 
across rat jounum following hyperglycemia [7[ or 
perfusion of the ileum with a glucose solution [11]. 
We pretreated rats with cycloheximide and re- 
peated our in~avenous infufion experiments. 
Cycloheximide pretreatment apparently had no 
effect on the rate of Hg-senfifive uptake across 
brush-border vesicles prepared from sorb~olqn- 
fused or hyperglycemic rats (Table II). However, 
cycloheximide had sub~antial effects on glucose 
uptake rates across basolateral veficles. In sorb~ 
tol-infused rats, the rate of Hg-senfitive uptake 
across basolateral veficles was 13% of that seen 
without cycloheximide ~eatment and in hyper- 
glycemic rats uptake rates across basolateral 
veficles dropped to 19% of the rate determined in 
the absence of cycloheximide treatmen~ In ad- 
dition, there was no statistically fignificant di~ 
ferences in glucose uptake rates across basolateral 
veficles prepared from sorbitolqnfused versus hy- 
perglycemic rats which had been preheated with 
cycloheximide. However, the mean uptake across 
the basolateral veficles prepared from cyclohexi- 
mide-treated hyperglycemic animals is at least 
double that for untreated hyperglycemic ones, 
suggesting that there may well be induction of 
~anspo~ in the absence of protein synthefi~ al- 

TABLE II 

GLUCOSE UPTAKE ACROSS VESICLES PREPARED FROM SORBITOL- AND GLUCOSE-INFUSED RATS 

~x  rats were ~ f u ~ d  wi~  sor~tol or ~ u c o ~  as described ~ M~er i~s  and M~hods and brush-bord~ v e ~ d ~  (BBM) and 
b a s ~ e r ~  v e ~ d ~  (BLV) were prepared ~om ~ e  j~unum or ~eum. V ~ s  were pre-equilibrated with NaSCN as described ~ Fi~ 
3 and the i~f i~  r ~  oL 1~ mM D-~ucose up~ke we~ measu~d ~ the presence and absence of 10 mm HgCI 2. Each mfu~on was 
~ p e ~ e d  thee  f im~ and ~ e  v~ues represent ~ e  mean ± ~ of the H~sen~five component of D-~ucos~ Common l ~ r  ~ c ~  
~gnificant ~ffe~nce b~ween means (P  = 0 ~ .  Cydohe~mid~tre~ed r~s  w~e  ~ose  a ~ m ~ s  p ~ t ~ e d  with 3 mg/kg  cydohe~- 
mide (in~avenous injection) prior m ~fuf io~  

I~fiM m ~ s  ~ m d / m g  p r ~ n  p ~  ~ 

~ A n ~ d  ~ m ~ d  

untreated cycloheximide-treated untreated cycloheximide- treated 

J ~ u n ~  
BLV 123~± 1~3 ~ 
BBV 48.1 ± 5.1 

Ileal 
BLV 19.5 ± 1.5 
BBV ~ . 8  ± &9 

15.8+ 9.1 " 219.5_+23.1 ab 42.4_+ 8.9 ~ 
32.7+11.2 37.4+ 9.2 62.9_+11.7 

16.0+ 1.5 
16.5 ± 2.7 



though the high standard errors for these two 
v~ues make it ~fficult to make firm condufions 
on this print. 

Tab~ II Mso shows the effect of sho~-~rm 
hyper~ycemia on the initi~ rate of ~uco~  uptake 
across ~e~ brush-border and basda~r~  vefideg 
The comparativdy low rates of ~uco~  uptake 
across ~e~ vesicles were not ~ d  by s h o ~ m  
hyperglycemi~ 

Effea of hyperglycem~ on ~e time coupe of glu- 
c~e eq~bm6on  across jejun~ basolateral v ~ l e s  

An accdera~d i~tiM rate of up~ke shodd 
resdt in a more ~ d  equ~b~tion of ~uco~  
across a membrane vefid~ We comp~ed ~e  time 
course of ~uco~  eq~fib~tion across j~un~  
b ~ d ~  ve~des prepped from hyperglycemic 
and s o r ~ t d A n ~ d  rats. H y p ~ y c e m i a  ~duced 
a rap~ equ~bration of ~uco~  that was commie  
by 2 min from i~tiation of uptake with an esti- 
mated time to h~f  equ~b~tion (ta~) of 18 s. In 
c o m p a f i ~  the ~ of ~uco~  eq~f ib~t~n  across 
b a s d ~ M  verities prepped from ~rbRdAnfused 
ra~ was m ~ k e ~ y  ~ower with an ~t im~ed tt/2 of 
46 s ( ~  ~ .  

100 

g 
~ a0 

0 6~ 

~ 2 ~  

N 

i ~ t t  
TIME [mini 

1~ 

Fi& • Time course of D-glucose equifibration across j~una l  
basolaterfl verities prepared ~ o m  hyperglycemic and sorbitob 
infused ratg Verities were pre-equifibrated with 125 mM 
NaSCN as described in F i~  3. and the time course for equi- 
~bration of 1~  mM D-glucose was determined by samp~ng the 
uptake mixture at the indicated times. Trip~cate uptakes were 
performed on each of three preparations of vefic~s obtained 
from sorbitol- or glucose-infused ratg The poin~ represent the 
mean basolaterfl vefide glucose content expressed as a per- 
centage of the final (10 min) equi~brated glucose ~vd .  
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Kinetic param~e~ of glucose uptake across jejunal 
basolateral vesicles prepared from hyperglycem~ and 
control ra~ 

A change in the rate of ~ucose equifibration 
could be due to an ef~ct on Vm~ and/or  K t. We 
measured initi~ rates u~ng var~ng concentra- 
tions of ~ucose to determine the effects of hype~ 
~ycemia on the k i n ~  param~ers of ~ucose 
transport acro~ j~un~  bas~ater~ veeries. 

The inifi~ rates of ~ucose uptake across baso- 
~ r ~  veeries prepared from hyper~ycemic rats 
were greater than conuols at all concentrations of 
~ucose tested (Fi~ 5). At concentrations over 50 
mM there is a hnear relationship between ~ucose 
concentration and initi~ rate of uptake. At these 
high concentration~ ~anspo~-mediated processes 
are saturated and the ~ope of the fine can be used 
as an estimate of the diffusion component of 
~ucose uptak~ In agreement with the data ob- 
t~ned u~ng Hg-ueated ve~de~ we found that 
hyper~ycemia did not affect the rate of ~ucose 
diffu~on across the veeries (16.6 mol ~ucose/mg 
proton per sec per mM ~ucose, con~ol baso- 
~ r ~  veeries; 20.5 mol ~ucose/mg proton per s 
per mM ~ucose, test basola~r~ veeries). 

3 

~2 

~1 

h Y P e r ~ YC e m ~ o . . . ~ / ~ - - ~ °  

o 
• 

i5 

o 

~0 ~5 1~0 1~5 
mM glucose 

Fig. 5. Initial rates of D-glucose uptake across j~una l  baso- 
lateral veficles prepared from hyperglycemic and sorbitol in- 
fused rats. Basolateral vesicles were pre-equifibrated with 125 
m M  NaSCN and the initial rates of glucose uptake were 
determined as described in Fig. 3. The uptake mixture con- 
mined 125 m M  NaSCN + D-[ 3 H]glucose + varying concentra- 
tions of o-glucose and mannitol.  In all cases the final con- 
centration of D-glucose plus mannitol  equaled 125 mM. Points 
represent the mean values of initial rates as determined in 
triplicate on each of three preparations of reticles obtained 
from glucose- or sorbitolqnfused rats. 
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Fig. 6. Initial rates of carfie~mediated D-glucose uptake across 
j ouna l  basolateral veficles prepared from hyperglycemic and 
sorbitol-infused rats. The finear portion of the curves in Fig. 5 
were used to estimate the rate of diffusion of o-glucose across 
the veficles as a function of glucose concentration. The data 
were then corrected for diffusion to determine the initial rates 
of carfie~mediated D-glucose uptake. 

Fi~ 6 shows the initial rate of ~anspo~-media- 
ted glucose uptake a~er correcting for diffufiom 
The data are ind~ative of a M~haeli~Men~n 
relationship between initiai rate of uptake and 
glucose concentration. We c~culated the Vm~ ~ and 
g t of ~anspo~-mediated uptake ufing an Eadie- 
Ho~tee ~ansformafio~ Shor~term hyper~ycemia 
induced a 75% increase in the Vm~ x of ~ucose 
transport across j~un~ basolater~ verities when 
compared to co~esponding control verities (Tab~ 

TABLE III 

KINETIC PARAMETERS OF C AR R IE R -M E DIAT E D o- 
G L U C O S E  T R A N S P O R T  ACROSS JE JUNAL  BASO- 
LATERAL VESICLES PREPARED F R OM  SORBITOL- 
A N D  G L U C O S E ~ N F U S E D  RATS 

E a ~ H o ~ e  t rans~rmat ions  were pe r~ rmed  on ~ e  d ~ a  
presented in F i~  6 ~ de~rmine  ~ e  Vma x and Kt of D-glucose 
~ a n s p o ~  across b a s d a ~ r ~  ve~c~s.  V~ues  represent mean ± 
~ and * ~ c ~ e s  a ~gnificant ~ f ~ r e n c e  u~ng  b ~ e r ~  
verities prepared from hyper~ycemic rats when compared to 
~ e  corresponding v~ue  ob t~ned  w i ~  verities prepared ~ o m  
sorbito~infused c o m r o ~  

Sorbitolqnfused Glucoseqnfused 

V ~  ( n m o l / m g  
pro ton  per ~ Z57 ± ~26 ~51 ± ~50 * 

K t (mM) 53A ±7.6 28.3 ±7.6 

III). There was no stat~ticMly fignificant di~ 
ferences in the K t vMues for #ucose ~anspon 
across verities prepared from hyperglycemic versus 
sorbitoldnfused rats. 

Discussion 

The overall process of glucose absorption by 
the inte~ine involves a Na+-dependent secbndary 
active transport across the brush-border followed 
by a Na÷-independent facifitated exit across the 
basolateral membrane. 

The j~unal and ileal brush-border veficles 
showed the characteristic Na+-driven overshoot of 
glucose uptak~ The magnitude of the overshoot 
was confiderably larger in j~unal brush-border 
veficles and, in the absence of a Na÷-gradient, the 
initial rate of glucose uptake across j~unal brush- 
border veficles was twice that obtained with those 
prepared from the ileum. These resuRs are fimilar 
to those obtained by other workers [19,20] and 
provide additional supportive evidence that there 
is less Na÷-dependent D-glucose Uanspo~ activity 
per mg brush-border protein in the ileum than in 
the j~unum. 

There ~ less information available on the glu- 
cose Uanspo~ characteristics of purified baso- 
lateral veficles. Earlier preparations of basolateral 
vesicles suffered from contamination by the 
brush-border which made interpretation of uptake 
data difficult [21]. With the use of denfity gradient 
purification it is now possible to prepare baso- 
lateral veficles that are essentially free of brush- 
border contamination [13,1&22]. Our resul~ are 
comparable with those obtained by other labora- 
tories [18,22] in that the carrier-mediated D-glu- 
cose uptake across purified jounal basolateral 
veficles was rapid with no Na÷-driven glucose 
overshoo~ In contrast to the rapid glucose uan~o- 
cation across jounal basolateral vefide~ there is 
tithe evidence of carrier-mediated D-glucose trans- 
port across Heal basolateral veficle~ We found 
only marginal Hg-senfitive D-glucose uptake and 
Wright et al. [18] foundno difference between the 
uptake profiles for D and L-glucose across ileal 
basolateral veficle~ 

There is considerable evidence that fignal(~ 
associated with experimental diabetes, hype~ 
glycemia and elevated lumenal carbohydrate lead 



to enhanced active #uco~  uptake across the api- 
cM p~e of the in~sfinM mucosm F i ~ h ~  and 
Lauterbach [8] found an increa~d flux of #uco~  
across both the apicM and ~rosM p~e of the 
isSUed guinevpig mucosa taken from animMs 
made hyper#ycemic for 12 h. A1Mxan ~emment 
causes a dramatic in,ease in the Vma x for active 
#uco~  ~anspon [10] and the enhanced #uco~ 
uptake by the rat j~unum following gluco~ peffu- 
Mon through the lumen of the ~eum ~ sen~tive to 
inhibition by p~orhi~n [11]. Brush-border veeries 
prepared from M~xan-~e~ed rats show an in- 
crease ~ the Na~dfiven #ucose overshoot but no 
change in the estima~d hMbfime for #uco~  equi- 
fibration in the absence of a Na ÷ gra~ent [12]. 
We were abM to measure actuM ihifiM rates for 
#uco~  uptake across brush-border veeries in the 
absence of a sodium gradient and our data i n , -  
cam thin, m Ma~ for hyper#ycemic a~mM~ thee 
is no change in the capad~ for #uco~  ~anspo~ 
across the brush-border. 

In this stud~ hyper#ycemia induced an ~-  
crease in the Vm~ of carrier-mediMed #uco~ up- 
take across j~unM basoM~rM ve~de~ suggest~g 
an increase ~ the number of functioning #uco~ 
~anspo~ers in the basMMerM membrane. Hypev 
#ycemia in guine~pigs is known lo increase #u- 
cose flux across the ~rosM p~e of ~ m e d  jqunM 
mucosa [8]. Czhky and Fisher [7] found that the 
acute increase in #ucose uptake across the j~unum 
of hyper#ycemic r~s was more ~n~tNe to inhibi- 
tion by phloretin than by ph~fifin, sugg~ting to 
these authors that induction of transport occurs in 
the bas~a~rM membrane. Cydohe~mide com- 
pletdy blocked this enhanced #uco~ uptake by 
the j~unum. In our ~ud~ pre~eming the ra~ 
with cydohe~mide prior to the 6 h infu~on period 
caused a sub~antiM drop in the inifiM rate of 
carrier-medimed #ucose uptake across jqunM 
basMm~M veeries prepared from sorbitM- or #u- 
cos~infu~d a~mM~ indicting a marked iedu~ 
fion in the number of functioning transporters per 
mg bas~a~rM membrane protein. This suggests a 
rapid rate of turnover for the Na~independent 
#uco~  Uanspor~r in the b a s ~ M  membrane 
of the enterocyte. Induction of #uco~  transporter 
in the bas~merM membrane could work in con- 
junction with an improved effioency of active 
transport across the brush-border to maximize net 
#uco~  absorption by the j~unum of the hyper- 
#ycemic animM. 
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The regulation of ion transport across epitheli~ 
has been shown to involve both the apic~ and 
bas~ membranes to minimize in~acellular con- 
centration changes of the transported solutes 
[20,21]. Simihfl~ for non-ionic subs~a~s such as 
hexose~ the hck of increased in~acdluhr accu- 
mulation following induction of Uanspo~ and the 
now deafly demon~ra~d increased flux across 
the basolater~ membrane indicate that this ~egu- 
lation ~so involves both poles ef lhe en~rocyt~ 
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