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THE UPTAKE OF AMINO ACIDS BY THE I N T E S T I N E  

by 

"W. T. AGAR, F. J. R. H I R D  AND G. 8. S I D H U  

Department of Physiology, Department o[ Biochemistry and School o[ Agriculture 
University o[ Melbourne, Victoria (Australia) 

It has been shown by WISEMAN 1 and AGAR, HIRD AND SIDHU 2 that isolated loops 
of rat's intestine transfer L- but not D-amino acids against a concentration gradient. 
These workers therefore suggested that the process of transfer was an active one. The 
discovery that cyanide and dinitrophenol interfered with this process (AGAR et al. ~) 
supports the suggestion. Up to the present no hypothesis based on experimental results 
has been proposed for the mechanism of active transfer. In the following experiments 
the uptake of histidine by the intestine was studied in order to test the hypothesis that 
uptake (presumably by the intestinal epithelium) is part of the mechanism of active 
transfer of amino acids. Histidine was used because the method of analysis is simple 
and specific. 

In the study of uptake much simpler apparatus may be used than the perfusion 
apparatus needed for studying transfer across the intestinal wall. Incidentally, the 
method used makes it possible to provide control preparations. This is difficult in per- 
fusion experiments as the activity of the intestine varies along its length (FISHER AND 
PARSONS 3) and there is considerable individual variation between the activities of 
intestines from different animals. In the experiments here reported a length of intestine 
was cut into small segments which, after mixing, could be divided at random into two 
groups, so providing control preparations. 

METHODS 

The animals  used were white ra ts  weighing from 15o-2oo g. They  were s tarved for 18-24 hours  
before the  exper iment  in order  to reduce the solid ma t t e r  in the small intestine. The animals  were 
anaesthet ised wi th  ether, the  abdomen  opened and the small intestine, excluding the  duodenum,  
was  cut  a t  the  upper  and lower end, leaving the blood supp ly  intact .  The small intest ine was washed 
th rough  with  w a r m  saline and then  removed.  After dipping in w a r m  saline to remove blood, the 
isolated intest ine was  placed on a wooden slab and cut  into segments  of approximate ly  o. 5 cm length 
with a scalpel. The segments  were washed for 5 min in Krebs  bicarbonate  buffer under  the incubat ion 
condit ions to be described. After washing  and thoroughly  mixing, the segments  were dried wi th  
filter paper,  divided into two equal groups,  and t ransferred to the  incubat ion  vessels which contained 
2o ml of Krebs  b icarbonate  buffer containing o. 5 % glucose and either L- or D-histidine HC1. The 
incubat ion  was  carried out  in a cup-shaped glass vessel of about  5 ° ml capaci ty  wi th  a sintered 
glass floor (No. 3 grade) connected to a glass tube  th rough  which 5 % CO2 in O~ was  passed. The 
sintered glass dispersed the  gas into fine bubbles  which served to sa tu ra te  the  fluid around the 
segments  of intestine. The vessel was immersed for two- th i rds  of i ts  height  in a cons tan t  t empera ture  
ba th  at  38°. A s topper  wi th  a small hole was  placed in the vessel to  p reven t  loss of sp ray  carried 
by  the escaping gas. 

At  various intervals  of t ime samples of the fluid were Withdrawn for es t imation of histidine. 
At  the end of the  exper iment  the  segments  were removed,  dried with filter pape r  and then,  depending 
on the informat ion required, were ei ther dried at  i io  ° for 5 hours  to obtain  the dry  weight or were 
homogenized and analysed for histidine after  precipi tat ion of the protein  wi th  5% trichloroacetic 
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acid. The amounts of histidine taken up by the segments of intestine were expressed as /~mole per 
gram dry weight. The wet weight of tissue at the end of the experiment was about 2 g; the dry 
weight was between 18 and 23 % of the wet weight. 

Histidine was estimated by a modification of the method of MAcP~ERSON 4. The optical density 
was read at 498 m# in a quartz spectrophotometer, Beckman Model DU, 3 ° min after colour de- 
velopment. 

RESULTS 

In studying the uptake of histidine it was more convenient in practice to estimate 
the loss of histidine from the external fluid than to estimate the amounts actually taken 
up by the intestine. In many cases, however, the intestinal segments were analysed 
for bistidine. The representative figures quoted in Table I show that  the uptake by the 
segments at the end of an experiment as measured by disappearance from the solution 
is in good agreement with the figure obtained by direct estimation of the histidine 
content of the segments. 

TABLE I 
~25 

A G R E E M E N T  B E T ' ~ V E E N  D I S A P P E A R A N C E  O F  L - H I S T I D I N E  .~ 

F R O M  ] E X T E R N A L  F L U I D  A N D  A M O U N T  R E C O V E R E D  F R O M  .~ 

I N T E S T I N E  
too 

Initial comn. Amount disappearin~ Amount recovered "~ 75 
in external fluid from external fluid from intestine 

#mole per ml pmole #mole 

. . . .  ~ 50 
5 22.8 23.6 

io 3 o. i 33.5 ::1. 25 
15 37.2 43.8 
nil nil 3.9 

Fig. I shows the rate  of uptake  of L-histi- 
dine f rom solutions of var ious concentra t ions  

using intes t ines  from different animals  for each 

concentra t ion.  Each  curve is the average of two 

,b 2b ~b *b 5b 68Mi..g, 
Fig. I. Time course of uptake of L-histidine 
by intestinal segments. Curves from below 
upwards: initial concentration of L-hist- 
idine in fluid 5, io, 15, 2o, 3 ° # mole per 
ml. Ordinate: L-histidine disappearing 

from fluid. 

exper iments  on segments  from the same piece of intest ine.  The curves show tha t  the 

amount  of L-histidine taken  up by the intes t inal  segments  var ied  wi th  the ini t ial  

concent ra t ion  in the ex te rna l  fluid. At  the highest  concentra t ion  the uptake  curve 

became irregular  in shape. Such irregular  curves at concentra t ions  of 3o ~ mole per 
ml and over  were repea ted ly  obtained.  

Fig. I also shows tha t  af ter  a certain in terva l  of t ime an equi l ibr ium was established 

between the histidine in the tissue and in the surrounding fluid. As the concent ra t ion  

in the externa l  fluid was raised the concentra t ion  of histidine inside the tissue cells at 

the equi l ibr ium point  was also raised. At  equi l ibr ium it  is p resumed tha t  molecules  of 
hist idine are lost f rom the cells at the ra te  at  which they  are taken  up. 

Table  II ,  der ived  f rom the same exper iments  i l lustrated in Fig. I, shows the 
equi l ibr ium concent ra t ions  in the externa l  fluid and in the total  water  of the intes t inal  
segments  (es t imated by loss of weight  af ter  5 hours at IIO°). I t  can be seen tha t  as 
the concent ra t ion  of L-histidine in the ex te rna l  fluid is increased the equi l ibr ium 
rat io of intes t inal  concent ra t ion  to outer  concent ra t ion  diminishes. I t  may  be remarked  
here tha t  if the amino acid is concent ra ted  in only a par t  of the intes t inal  wall, 
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presumably the epithelial cells, the ratio of concentrations between the active region 
of the intestinal wall and the external fluid will be higher than the ratios quoted. 
Moreover, it is possible that  not all the intracellular water is available as solvent. 

T A B L E  I [ 

RATIO OF CONCENTRATION OF L- AND D-HISTIDINE BETWEEN EXTERNAL FLUID 
AND INTESTINE AT EQUILIBRIUM 

Initial Amount taken Conc. in water Final Ratio of 
Isomer used external conch, up by intestine of intestine external conch, intestinal to 

l,mole per ml pmole per g I~mole per ml I, mole per ml external eoncn. 
dry weight 

L- 5 45 .2  11.3 3 .82  2 .96  
L- IO 57 .9  16.5 8 .0  2 .06  
L- 15 80 .9  18. 4 12. 4 1 .48 
L- 20  113. 4 23 .6  17. 7 1.33 
L- 3 ° 126 .3  31 .6  25 .9  1.22 
D- 20 29 .5  6.3 18.4 0 .34  

The equilibrium in concentrations of L-histidine between intestine and outer fluid 
was further illustrated by experiments of which the results presented in Fig. 2 are an 
example. In this experiment segments of intestine were incubated for 30 min in a 
medium containing 25/~ mole per ml of L-histidine. The amount  of histidine contained 
in the segments was determined from the amount disappearing from the solution. The 
segments were then washed and transferred to Krebs solution without added histidine. 
Samples of the solution were withdrawn at intervals to follow the release of histidine 
from the intestinal segments. After about 5 ° min the histidine in the intestine reached 
equilibrium witb the outer fluid (upper curve, Fig. 2). At equilibrium the concentration 
in the outer fluid was 3.69/~ mole per ml. The lower curve in Fig. 2 shows that  the 
same equilibrium is reached from the other side. In this case segments from another 
piece of intestine were incubated in Krebs solution containing 5/~ mole per ml of 
t-histidine. Equilibrium between segments and surrounding fluid was reached at nearly 

oJ 

~ 10G 

- . . ~  

~ 2  

I'o 2b 3'0 £o 5b 
Minutes 

Fig. 2. Attainment of equilibrium between 
L - h i s t i d i n e  in  i n t e s t i n a l  s e g m e n t s  a n d  
e x t e r n a l  f lu id .  T h e  s a m e  e q u i l i b r i u m  is 
a p p r o a c h e d  f r o m  e i t h e r  s ide  (see t e x t ) .  
O r d i n a t e :  L - h i s t i d i n e  c o n t e n t  o f  i n t e s t i n e  
d e r i v e d  f r o m  a n a l y s i s  of  e x t e r n a l  f lu id .  
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Fig .  3. C o m p a r i s o n  of u p t a k e  o f  L- a n d  D - h i s t i d i n e  
f r o m  f l u i d  c o n t a i n i n g  20 /z m o l e  p e r  ml .  U p p e r  
c u r v e ,  L - h i s t i d i n e ;  l o w e r  c u r v e ,  D - h i s t i d i n e .  O r d i -  

n a t e :  H i s t i d i n e  d i s a p p e a r i n g  f r o m  f lu id .  
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the same uptake per gram dry weight. The final concentration in the outer fluid was 
3.64/~ mole per ml, or almost the same as in the previous case. 

The uptake of L- and D-histidine was studied separately in two experiments using 
segments from the same intestine. Fig. 3 shows that  at the equilibrium point the 
segments take up about three times as much L-histidine as D-histidine when the initial 
external concentration is 20/~mole per ml in each case. In addition, the slope of the 
curves shows that  the rate of uptake of L-histidine is much greater than that  of the 
It-form. I t  can be seen from Table II .~_~ tr / 
that  D-histidine is not concentrated in ~ ~o 
the total  water  of the intestine. ! 60 

In the presence of lO -3 M cyanide 
in stoppered non-gassed vessels the ~ o ~  / ° /  
uptake of D-histidine was unchanged. ~4 
The uptake of L-histidine, on the other 
hand, was reduced almost to that  of ~ 20 .a 
D-histidine, the equilibrium ratio of a. 
intestinal to outer concentration being 10 20 ~0 ¢0 ~ 6b mnu,e,'s 
o.51. Fig. 4 shows the effect of 2. IO - '  M Fig. 4. Effect of 2. lO -4 dinitrophenol on uptake of 
2:4-dinitrophenol on tile uptake of L-histidine from fluid containing 2o/2 mole per ml. 

Upper curve, control; lower curve, DNP. Ordi- 
L-histidine from a solution containing nate:  L-histidine disappearing from fluid. 

20/x mole per ml. I t  can be seen that  
this compound reduces the uptake to about one-third of the control va.hle. In this case 
the equilibrium ratio was o.31 in the presence of the inhibitor. 

DISCUSSION 

The absorption of amino acids is one of tile functions of the intestine and it has 
been shown that  isolated perfused lengths of rat  intestine will t ransport  some amino 
acids from tile lumen to the peritoneal side against a concentration gradient (WISEMAN 1 ; 
AGAR et al.2). This finding makes it likely that  one of the first steps in the overall trans- 
port  of amino acids across the intestinal wall is their uptake by the epithelial cells. 
The results presented in this paper  show that  the uptake of L-histidine by intestinal 
segments takes place against a concentration gradient, that  this process is specific for 
the L-form of this amino acid, and further that  the process is inhibited by cyanide and 
2 : 4-dinitrophenol. There are therefore close similarities between the processes of uptake 
and of t ransport  by the intestine. Further,  it has previously been shown (AGAR et al. 2) 
that ,  at the end of an experiment on amino acid transport,  an appreciable amount oi 
amino acid is to be found in the intestinal wall. 

If  it is assumed, on the basis of these similarities, that  the uptake process is a part  
of the transport  process, then a hypothesis to explain the overall mechanism of transport  
can be made. The hypothesi s suggested involves the further assumption that  the 
mechanism for the transfer from the extracellular to the intracellular environment is 
asymmetrically distributed at tile brush border surface of the epithelial cells. If  this 
were so, then amino acid molecules would enter the cells against a concentration gradient 
from the lumen side, be distributed inside the epithelial cells and then diffuse out of 
the cells down a concentration gradient. The net result in such a system would be the 
transport  of the amino acid across the intestinal wall against a concentration gradient. 
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SUMMARY 

The uptake of L- and D-histidine by isolated segments  of ra t ' s  intestine was studied. At  about  
5 ° minutes  an equilibrium was reached between L-histidine in the intestine and in the  surrounding 
fluid. At equilibrium the L-histidine reached a higher concentration in the total  water of the intestine 
than  in the surrounding fluid. 

D-histidine was taken up in less amoun t  than  the L-form and did not  become more concentrated 
in the intestine than  in the surrounding fluid. Cyanide and dinitrophenol reduced the uptake of 
L-histidine approximately to tha t  of the D-form. 

I t  is suggested t h a t  the uptake of amino acids against  a concentration gradient by intestinal  
cells is an impor tant  step in their active transfer  across the intestinal  epithelium. 

RI~SUMt~ 

Les auteurs  ont 6tudi6 la r6sorption de la L- et de la D-histidine par  des segments  in tes t inaux de 
ra t  isol6s. Apr~s 5 ° minutes  environ s '6tablit  un  ~quilibre entre la teneur  en L-histidine dans l 'in- 
test in et sa teneur dans le liquide environnant.  A l'6quilibre, la concentration en L-histidine est plus 
61ev6e dans l 'eau totale de l ' intestin que dans le liquide qui l 'entoure. 

La D-histidine est moins absorb6e que la forme L- et sa concentration n 'es t  jamais  plus ~lev6e 
dans l ' intestin que dans le liquide environnant.  

Les auteurs  sugg~rent que la r6sorption des aminoacides en prdsence d 'un  gradient de con- 
centrations par les cellules intestinales consti tue une 6tape importante  dans leur t ransfert  actif 
travers l'6pith61ium intestinal. 

ZUSAMMENFASSUNG 

Die Aufnahme von L- und D-Histidin aus isolierten Segmenten von Eingeweiden yon Rat ten  
wurde untersucht .  Nach ungefiihr 5 ° Minuten wurde ein Gleichgewicht zwischen L-Histidin in 
den Eingeweiden und in der umgebenden Flfissigkeit erreicht. Im  Gleichgewichtszustand besitzt 
L-Histidin im gesamten \¥asser  der Eingeweide eine h6here K0nzentrat ion als in der umgebenden 
Flfissigkeit. 

D-Histidin wurde in geringerer Menge als die L-Form aufgenommen und erreichte in den Einge- 
weiden keine hbhere Konzentrat ion als in der umgebenden Fliissigkeit. Cyanid und Dinitrophenol 
setzten die Aufnahme von L-Histidin ungef~Lhr gleich s tark wie die der L-Form herab. Es wird ver- 
mutet ,  dass die Aufnahme yon Aminos~uren yon den Eingeweidezellen gegen einen Konzentrat ions-  
gradienten einen wichtigen Schritt  bei ihrer akt iven Ober t ragung im Eingeweideepithelium darstellt. 
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