
n our previous communication x, dealing with the act 
ed small intestine of the rat, it was shown that most 
Lmen of the intestine during glucose resorption in vivo, 
11. Glucose disappeared rapidly from the lumen of the 
ncentration gradient existed between the inner anc 
,'e was of the same order of magnitude as that fou 
similar solutions and the specifcity towards variot 
types of experiments. Phlorrhizin inhibited the uptal 
n the in vitro studies, glucose was taken up from the 
~d no increased glucose content, nor could any signi 
"overed from extracts of the intestine even after prolo 
s with radioactive 14C-glucose showed that only a net 
usted and that  most of it was transferred as an int 
ed gradually into the outer solution. So far, the meta 
any known intermediate of glucose metabolism. Th~ 

isolated intestine, glucose is transported across the 
netabolite and not in its original form. 
~t was of interest to ascertain, whether this form of tr~ 
mtlon ~:** ,.T~,r~ n~ woll or wh~ther it i~ an artefact Deculi; 

:nificant portion of the gluco 
prolonged acid hydrolysis. Expel 

negligible part of the sugar w 
ermediary metabolite, whi( 

tabolite has not been identifi( 
These experiments showed the 

intestinal barrier in the for 

transport plays a role in gluco 
vhether it is an artefact peculiar to the conditions prevailil 

hat glucose, after penetrating the intestinal cells, is chang 
econverted to glucose at another site within the cell. T 
Ls such to the portal system. However, very little evidem 
3ed from the lumen can be recovered in the portal vei 
iterature. Most papers, concerned with active absorptic 
glucose in the intestinal lumen but had very little to s 
other side of the intestinal barrier. There is no doubt th~ 
e amounts and enters the lumen of the intestine as a higk 
of it will appear in the portal system by pure diffusk 

Ldies on the composition of the blood in collateral vei 
[ng from liver cirrhosis and supposed to present portal bloc 

hesis by S. H-L. 

be recovered 
ments 
combusted 
diffused 
with 
in the 
of a metabolite 

I t  
resorption m wvo as well, or whe 
in the in vitro studies. 

I t  is generally believed that 
into a derivative which is recc 
glucose is then transported as 
that  glucose actively absorbed 
has been provided by the litera 
dealt only with the fate of 
about its appearance on the 
when glucose is given in larg 
concentrated solution, part 
Thus, in several recent stu( 
{appearing in patients sufferin 

* Based partly on a Ph.D. thesis 
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resorption from low glucose concentrations. In all 
teterminations were made on the quantities of gluc~ 
s with the in vitro system, it was felt to be worthw] 

establish whether any considerable portion of the 
ively dilute glucose solutions (active resorption) coul 

~or this purpose two types of experiments were carried 
al difference in glucose concentration during the rest 
se was examined• In a second series, the intestine wa 
own composition and the entire blood perfusing the 
~rtal vein and examined. 

A. PORTAL-ARTERIAL DIFFERENCE DURING GLU 

?he body cavi ty  of the rat,  under nembutal  anaesfl 
:ine was tied off at both ends and 8-1o ml of a s( 
se were injected into the duodenum. The concentrati 
) was low in order to minimize glucose resorption b 3 
yrode or phosphate buffer M/I5 at p H  7.4. The bo¢ 
~1 kept warm for 4-15 minutes. A tuberculin syrin~ 
ion of one ml of blood from the portal vessel and ( 

GLUCOSE RESORPTION 

Lesthesia, was opened. The sma 
solution containing 20-55 rc 

concentration of glucose (approximate! 
by diffusion. The medium use 

body cavity was closed and tl 
syringe was then used for the e 

one ml from the aorta. Aft 
excised and reducing material  remaining in the lumen ar 
tetermined. Analytical methods were the same as in o~ 

in Table I show that  in no case was the expected minim 
glucose concentration found. In most cases the differen 
e blood leaving the intestine (as represented by the port 
l of the blood supplying the intestine (represented by blo~ 
fie or even negative. The only instances in which a signi 
ltration was obtained in the portal system were those wi 
,n or with no resorption at all (Exp. 5 and 7). I t  may  
than glucose resorption are responsible for a certain rise 
L in these cases. 

Experimental 

The 
intestine 
glucose 
0.4%) 
was tyrode 
animal 
traction 
this, the small intestine was 
in the intestinal wall was de 
previous communication ~. 

Results 

Experiments  presented 
portal-arterial difference in 
in concentration between the 
blood) and the concentration 
from the aorta) was negligible 
cantly higher glucose concentration 
the lowest glucose resorption 
assumed tha t  factors other the 
portal  glucose concentration 
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zas often found in the collateral 
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ns the portal-systemic difference 
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he portal system. 
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F~alculated from the amount of glucose which disappeared fr 
Led by the intestine. A separate series of experiments sho~ 
contained about 3 mg glucose equivalents. This figure was su 
in the intestinal tissue after the absorption experiment. 

2alculated from the amount of glucose expected to reach tk 
e blood flow through the intestine. The latter figure was a 
g rat. These figures were obtained from the hepatic blood 

tred by BIRNIE AND GRAYSON e, and assuming that the porta 
flow. ]From these data a portal flow of 5 ml/min is obtaine 
tue to nembutal narcosis, found by BIRNIE AND GRAYSON, 
l]min is obtained. 

l'hese results suggest tha t  most  of the glucose t ranspoi  

form of a non-reducing metabol i te ,  r a the r  than  as 

wi th  the  previously  repor ted  in  vitro result .  F u r t h e r  

)plied by  an exper iment  in which rad ioac t ive  14C-g1~ 

Linal lumen. I t  can be seen in Table  I I  t h a t  the conc 

R E S O R P T I O N  E X P E R I M E N T  W I T H  14C GL 

Uptake  f r o m  the l u m e n  

evidence for this assumpti( 

[ucose was in t roduced  into tl 

concent ra t ion  of glucose as dete 

F o u n d  i n  
total In tes t inal  extract 

A orta Porta 

132 rag% o 
29.40o lO.5OO 

8.20o 

ag % lower in the por ta l  blood than  in the ar ter ial  bloo 
on oI rad ioac t ive  mate r ia l  was higher  in the por ta l  bloo 

~ed in the in tes t inal  tissue, a considerable par t  of the  radi 
red f rom the lumen,  could be recovered  in it. Thus,  i t  seen 
~y the  in tes t inal  cells was t rans formed  into  a metabol i  
:her than  glucose, diffused into the por ta l  blood. 
rad ioac t ive  mate r ia l  in the  in tes t inal  ex t rac t  and in tt 

aost of the r ad ioac t iv i ty  in the ex t rac t  was associated wit 
whereas  the substance present  in the ar ter ial  and por t  

e.  The  non-fermentab le  f ract ion in the por ta l  sys tem w 

is supplied 

intes t inal  

Glucose by reduction I3. 5 
Countslmin 
Counts]min after fermentation 

mined  by  reduct ion  was 7 m 
Never theless  the concent ra t ion  

Though  no glucose was re ta ined  
ac t iv i ty ,  which had d isappeared  
tha t  the glucose taken  up by 
and tha t  this metabol i te ,  r a the r  

F u r t h e r  analysis of the  
blood fi l trates showed tha t  most  
a non- ferment ing  substance,  
blood was par t ly  fermentable .  
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TABLE I 

G L U C O S E  C O N C E N T R A T I O N  D U R I N G  GI 

o¢e* mg % of  glucose m 
d to . . . . . . . . . . . . . . . . .  
blood in aorta i~ porta e 

) I 1 5  I I 6  
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o W~L5 u s e u ,  a n t i  111 u l e  e x p e r i m e n t s  w ~ t n  r a a l o a c t l v e  

loyed. 
The perfusion fluid consisted of equal parts of bovil 
ast tyrode for 4 8 hrs, and bovine erythrocytes washe 
added to a concentration of approximately IOO mg 

e per fus ion  a p p a r a t u s :  The  pressure  necessa ry  for the  pel 
s e p a r a t i n g  funnel  a t  a he igh t  of 8O-lOO cm, and  connected  

?ressure was  re layed  from th i s  to  a no the r  w a s h b o t t l e  con ta  
° C b y  a w a t e r  ba th .  The  perfusion fluid l eav ing  the  wash  bc 
Lg in a m e t a l  cannu la .  The  c a n n u l a  was  inse r ted  in to  the  a( 
1 t he  c l a m p  on the  rubbe r  t u b i n g  was  released,  the  perfusi 
ial p ressure  in to  the  aor ta .  

Procedure. The perfusion fluid was saturated with al' 
te perfusion apparatus.  Anaesthesia was induced by 
mg/Ioo  g of pentobarbital.  The rat  was kept war 
minal cavi ty  was opened and a metal  cannula w~ 
mdens in the region below the kidneys. 0. 4 ml of 
injected into the aorta through the cannula in ord 
cannula was then connected to the rubber  tubing le; 
ng the perfusion fluid• The ra t ' s  blood supply was tl 
L just below the diaphragm and the perfusion fluid w 
ula was inserted into the portal vessel close to the li~ 
:ted for some time. The glucose solution was then inj 

the intraperitoneal injecti 
warm during the perfusion. T 

was introduced into the aor 
a 4% sodium citrate soluti 

order to prevent blood clottir 
leading from the reservoir co 
then shut off by clamping t 
was run into the aorta• A gla 

liver. The portal blood was fil 
ected into the duodenum al 

d off at both ends. The portal blood was then collect 

was determined in (I) the perfusion fluid administere 
prior to the glucose injection; (3) the portal blood collect~ 

; (4) the solution injected into the intestine; (5) the soluti~ 
umen at the end of the experiment;  (6) the extract  ot t] 
was determined according to BARKER AND S U M M E R S 0 1  ~ 

easured by the determination of the oxygen content of tl 
:al blood 8. 

ne with blood of known composition and by collecting 
ttestinal circulation, the rise in glucose concentration e 
~.hat it is glucose which is transferred to the portal vei 
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Glucose concentration 
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Oxygen consumption was measure, 
perfusion blood and the portal 

Results 
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I2 1.6 1.8 
20 0.65 0.55 

~rrected for the  a m o u n t  r e t a i n e d  in t he  i n t e s t i n a l  t i s sue  as i i  
a f fected for t h e  a m o u n t  of fluid sh i f ted  be tw e e n  l u m e n  and  1 

easily calculated. As can be seen from Table III ,  t 
. In fact, glucose concentration in the portal blood 
perfusion fluid. Furthermore, no marked differences v 
a in  the portal blood, collected before and during I 
Le difference exceed IO mg %, while the expected in 
:%. 
,s in our own in vitro experiments ~, only small propoI 
combusted to CO 2. Assuming that  all the oxygen 
ete combustion of glucose, 0.8 mg of glucose in experi~ 
mg in experiment 5, and 2.8 mg in experiment 6 shol 
1. Furthermore, only small differences were found in 
uring resorption. Complete oxidation of glucose by t 
nted for the glucose consumption of the non-resorbir 
,attic acid production. Lactic acid was 5 mg % higher 
,, pre-resorptive period in perfusion 5 (i.e. an addition 
~ced during the 16 min of the resorptive period). In p¢ 
added to the portal blood during the resorptive pe: 

)enment 3, 1.6 mg in experimen 
should have disappeared for thi 

oxygen consumption befoI 
the intestinal tissue at mo, 

,n-resorbing intestine. 
in the resorptive period tha 

additional 0.96 mg of lactic acid w~ 
)effusion 6, 1.76 mg lactic aci 
)eriod and 2.6 mg were foun 

atestinal lumen. In this experiment about a/4 of the gluco, 
nverted to lactic acid. 

experiments with the resorption of ~iC glucose by tt  
are in agreement with the assumption that  the substan( 

stem during glucose absorption is mainly a metabolite , 

OF 14C GLUCOSE IN THE PERFUSED INTESTINE 

A mount  Recovered after x z  rain Increase 
in portal  blood 

introduced into i n  intest ine above 
intest ine in  l u m e n  t issue per fus ion  blood 

4 ° nag ° o 
6,00o 

4, 0.5 
reason. 
and durin 
accounted 

Lactic 
in the 
produced 
were 
to have accumulated in the int 
resorbed might have been converted 

The results obtained in 
perfused intestine (Table IV) 
transferred to the portal system 

R E S O R P T I O N  

m g  glucose 
(by reduct ion)  

c t s /m in  
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T A B L E  I I I  

I O N  I N  T H E  P E R F U S E D  R A T  I N T E S T I N e ;  

Ghtcose concentratio~ 
in  r a g %  

GI ucose uptalce 
f rom l u m en  * Portal blc 

in rn~ Per fus ion  
n blood Before 

resorption r 

7.0 95 56 
6.2 IOO 62 

lO.7 90 69 
6. 3 154 128 

17. 4 82 68 
17.2 lO5 81 

8.3 143 86 
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ely resorbed glucose is t ransported into the blood in 
.eration of glucose in the intestinal cells occurs at 
• y limited extent. This finding markedly simplifies 
ion of glucose from the intestine. Glucose penetrati  
:ly changed into a metabolite and a high concentratio 
een the lumen and the cells. Glucose is not regenei 
ell and no spatial separation of various enzyme sy, 
bolite accumulating in the intestinal cells diffuses o~ 
tried to the liver and into the general circulation. 
tmably takes place in some other organ. In the mean 
n e #  that  the liver is capable of transforming the nc 
menting substance. The results obtained with the re, 
a accord with this assumption. The metabolite that  

was almost completely non-fermentable, however a 
:ance in the blood s t ream of the in vivo experiment, 
:ted before the liver (portal blood) had a higher contei 
hart that  collected from blood which had already pas 
i). When the blood was collected without passing 1 
fiments, the metabolite found was non-fermentable. 
rhe  function of the intestine as a resorbing organ 
peculiar type of metabolism, in which the amount  o 
:mount which is completely combusted to such an ex 

accumulated in the intestin 
a large part  of the radioacti 

,nts was fermentable. The blo 
ten t  of non-fermentable metal: 
)assed through the liver (arter 

the liver, as in our perfusi 

would thus be made possit 
of glucose metabolized excee 

extent, that  most of the glucc 
tissue as an intermediate. The identity ot this intermedie 

~revious communication 1 the radioactive intermediate 
~tion media and was shown to contain only extremely h 
s. Under certain conditions, especially with deficient oxyg 
ite may  accumulate as lactic acid. 

~d in vivo from low concent ra t ions  (o. 4 %), no significant incre 
in the  por ta l  vein, above t h a t  in the  aorta,  can be found. 
n t  of glucose taken up  f rom the  lumen showed t h a t  if this amol 
~ein as glucose and assuming a por ta l  blood flow of 2.5-5.o ml/n~ 
~s should have  existed between t h e  por ta l  vein and the  aorta.  
[Ucose was  introduced into the  lumen, the  por ta l  blood was  foe 
~tances t han  the  aorta .  The main difference was  found in the amot 
substances.  
perfused wi th  blood of known glucose concentra t ion and all the bk 

substance 
collected 
lite than the 
blood 
experiments, 

Th. 
by  a 
the am¢ 
at tacked accumulates in the 
is not yet  known. In  our previous 
isolated from in vitro incubation 
concentrations of phosphorus. 
supply, par t  of the metabolite 

I. When  glucose is resorbed 
in the  concentra t ion of glucose in the  

2. Es t ima t ion  of the  a m o u n t  
were t ransferred to the  por ta l  vein 
marked  concentra t ion  differences shol 

3. When  radioactive 14C gi 
to contain  more  radioact ive sub,, 
of non-fermentable  radioact ive subs tanc  

4. W h e n  the  intest ine was  l; 
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In spite of the fact tha t  no addi 
Lbout 1/3 of the radioactivity takeI 
d. The rest was found in the extr  
th any reducing substances. I t  co~ 
tance appearing in the portal blo 
ound, 4400 remained in the solutio 
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aise A la veine por te  sous forme de glucose, le d6bit sanguin 
ml/min,  la concentrat ion dans la veine por te  serait net teme 
'aorte.  
I. Quand du glucose marqu6  p a r  14C est in t rodui t  dans le ] 
me plus de subs tances  radioactives que le sang aortique. 
;. Quand l ' intestin est perfus6 avec du sang, le sang recueilli d 
me la m~me quant i t6  de glucose que le sang avan t  perfusion, 
i. Apr~s r6sorption de glucose x4C pendan t  12 minutes  par  l'in 
t6 r6sorb6e se re t rouven t  dans le tissu intestinal,  et le reste 
d 'une substance non fermentescible. 

k Le glucose qui subi t  une combust ion  totale ne reprdseE 
e qui a disparu du lumen. I1 se forme une certaine quant i t  
6, quant i t6  qui correspond, au plus, au 1/, du glucose dispart 

i. Bei der Resorpt ion yon Glucose in vivo bei niedrigen K¢ 
tsames Anwachsen der Glucosekonzentrat ion in der Pfor tade 
gefunden werden.  
:. Die Bes t immung  der aus dem Lumen  aufgenommenen  Menl 

zur Pfor tader  als Glucose weitergeleitet worden ware unc 
:¢indigkeit des Blutes in der Bfortader yon 2.5-5.o ml /mi  
~chiede zwischen der Pfor tader  und der Aor ta  bes tehen miiss 
~. Bei der  Einft ihrung yon radioakt iver  I~C Glucose in das ] 
ter Pfor tader  mehr  Radioakt ive Stoffe enthal ten waren  als in 
e i d e r  Menge der nicht  vergXrbaren radioakt iven Substanzen 
I. Wenn  die Gedgrme mit  Blut  einer bekann ten  Glucosek~ 
11 das die GedArme durchs t r6mende  Blut  aus der Pfortade~ 
cliche Glucosemenge im Perfusa t  gefunden werden, wghrer  

5. Bei der Resorpt ion yon I*C Glucose im durchs t r6mten  Ge 

Lge Glucose zeigte, dass wenn die 
und bei Anna hme  einer Str6mun{ 
min, betrXchtliche Konzentra t ior  

mtissten.  
Lumen,  wurde  gefunden, dass i 

der Aorta.  Der Hauptun te r sch i  
.nzen auf. 

~konzentration durchs t r6mt  wurd  
Pfor tader  gesammel t  wurde, konnte  kei 

wghrend aus dem Lumen  Glucose at 

Gedgrme innerhalb yon 12 Minut  
tadioaktivitRt iul Darmgewebe  und  der Rest  im Perfusat  als n i d  

nung  der Glucose erklgrte n u r  einen zu vernachlgssigenden Teil 
Glucose. In  gewissem Ausmass  wurde  in den iibergossenen Gedi~rm 

~sten Fall 1/4 der ve rschwundenen  Glucose veranschlagt  werden kal 
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, Clin. Sei., 6 (1946) 113. 
:9 (195 ° ) 836. 
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Menge 
geschwindig 
unterschiede 

3. 
Blut  der 
t r a t  bei 

4. 
und all 
zusi tzl iche 
genommen wurde.  

5- 
wurde  2]3 der aufgenommenen  Radioal 
ve rg i rba re  Subs tanz  zurfickgefunden. 

6. Die vollst~ndige Verbrennun  
aus dem Lumen  verschwundenen 
Milchs~ure gebildet, fiir die im besten 
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