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The Accumulation of Amino Acids by Various 
Preparations of Dog Intestine 

In  a previous  paper  t, t he  amino  acid abso rp t ion  of t is-  
sue p repa ra t ions  f rom a surgical  spec imen  of h u m a n  small  
in tes t ine  was d e t e r m i n e d  by  in v i t ro  incuba t ion  of  the  
p r epa ra t i ons  in a solut ion of  rad ioac t ive  amino  acid. The  
resul ts  ind ica ted  a h igh  up t ake  of amino  acid by  t h e  
in tes t ina l  muscle,  even  when  s epa ra t ed  f rom the  mucosa .  
CRANE and  ~ANDELSTAM 2 h a v e  ob ta ined  s imilar  resul ts  
w i th  h a m s t e r  t issue.  In  th is  c o m m u n i c a t i o n  the  amino  
acid u p t a k e  of isolated in tes t ina l  muscle  is cha rac te r i zed  
to  d e t e r m i n e  the  degree  of ac t ive  t r a n s p o r t  exh ib i t ed  b y  
t h e  muscle.  

Methods.  A leng th  of small  in tes t ine  was  ob ta ined  
f rom a large dog (30-50 kg) unde r  n e m b u t a l  anaes thes ia  
(30 mg/kg) .  The sample  was  t r ans fe r red  i m m e d i a t e l y  to  
steri le  saline. The in tes t ine  was  p inned  to  a board,  opened,  
and  the  mucosa  gen t ly  s t r ipped  f rom the  muscle.  Frag-  
m e n t s  of muscle  and  mucosa,  of we t  we igh t  approxi -  
m a t e l y  25 mg, were  i ncuba t ed  for 1 h in o x y g e n a t e d  
Krebs  buffer  a t  37°C. The  buf fe r  con ta ined  low specific 
ac t iv i ty  amino  acids. Af t e r  incubat ion ,  t h e  t issue was  
r ap id ly  washed  in buffer ,  weighed and  dissolved in 0.1 ml  
of 30% K O H .  The solut ion was  coun ted  in a l iquid scin- 
t i l la t ion coun te r  as p rev ious ly  descr ibed  x, and  the  ac- 
t i v i t y  c o m p a r e d  wi th  t h a t  of t he  incuba t ion  m e d i u m  to 
calcula te  t he  accumula t ion  of t he  amino  acid. 

Results .  L-phenyla lan ine  abso rp t ion  and  i ts  inhib i t ion  
b y  2 :4  d in i t ropheno l  (DNP) by  the  in tes t ina l  t issue 
p r epa ra t i ons  are  s h o w n  in Table  I. "Whereas the  mucosa  
concen t r a t e s  t he  amino  acid aga ins t  a concen t r a t i on  gra- 
d ient ,  t h e  muscle  alone is unable  to do so. The abso rp t i on  

Table II. Separation of muscle from mucosa after the incubation 

Incubation medium Mucosal Muscle 
concentration concentration 

5 mM L-phenylalanine alone 0.932 4- 0.139 0.441 4- 0.035 

5 mM L-phenylalanine and 0.492 4- 0 .055 0.380:1:0.057 
5 mM L-methionine 

5 m.~I L-phenylalanine and 0.531 4- 0.031 0,367 + 0.033 
1 ram DNP 

Incubations of whole tissue in the solutions stated is carried out. 
After the incubation, the tissue is divided into muscle and mucosa, 
and the concentration is measured in each separately. Concentrations 
given in/,M]100 mg tissue (wet weight). Each value is the mean of 
six determinations =~ one standard deviation. 

Table III. Inhibition of the uptake of L-proline by L-methionine 

Preparation Absorption % 
used Proline alone Proline with inhibi* 

methionine tion 

Mucosa alone 0.592 ~: 0.031 0.378 4- 0.019 36.2% 
Muscle alone 0.376 :L 0.013 0.348 :]: 0.012 7.4% 

Fragments of mueosa or muscle incubated in 5 mM L-proline with or 
without the addition of 5 mM L-methionine as competitive inhibitor. 
Each value of absorption (in/,M/I00 mg wct tissue) is the mean of 
six determinations ~ one standard deviation. 

Table I. Inhibition of L-phenylalanine uptake by 2:4-dinitrophenol 

Preparation used Absorption Tissue Absorption Tissue Inhibition 
concentration concentration by DNP 

in absence of DNP in prcsence of DNP 

Mueosa alone 0.792 i 0.078 9.9 mM 0,394 4- 0.041 4.9 mM 50.3% 
Muscle alone 0,398 + 0.017 5.0 mM 0.403 4- 0.010 5.0 mM - -  
Whole tissue 0.529 4- 0.051 6,6 mM 0,395 -4- 0.017 4,9 mM 25.4% 

Fragments of dog intestine, either intact or divided into component muscle and mucosa, are incubated 1 h at 37°C in a solution of 
lightly-labelled 5 mM L-phenylalanine in oxygenated Krebs bicarbonate buffer (containing 0.2% glucose) in the presence or absence of 
1 mM 2:4-dinitrophenol. Accumulation of the amino acid in the tissue is expressed in/~M/100 mg tissue (wet weight). Each value is the 
mean of six determinations 4- one standard deviation. 

of pheny la l an ine  by  the  mucosa  is inh ib i ted  by  D N P ,  b u t  
t h e  absorp t ion  b y  t h e  muscle  is n o t  inh ib i ted  b y  D N P .  
A b s o r p t i o n  of t he  labelled pheny la t an ine  in to  the  muscle  
t issue is due  solely to  diffusion,  as th is  abso rp t ion  does  
n o t  p roduce  a concen t r a t i on  g rad ien t  nor  is i t  inh ib i t ed  
b y  D N P .  

In  t he  whole  t issue,  amino  acid concen t r a t i on  is less 
t h a n  in t h e  case of t he  mucosa  alone and  D N P  inh ib i t ion  
is d iminished .  These  f indings  sugges t  t h a t  t he re  is a h igh  
concen t r a t ion  of amino  acid in t he  mucosa  and  a tow con- 
cen t r a t i on  in t he  muscle,  r a t he r  t h a n  a un i fo rm concen-  
t r a t i on  in the  whole  t issue caused  b y  amino  acid di f fus ing 
f rom the  mucosa  in to  the  muscle.  In  a second exper imen t ,  
whole  t issue was  sepa ra t ed  in to  muscle  and  mucosa  a f t e r  
incuba t ion .  The resul ts  are shown in Table  II .  I t  is seen 

t h a t  the  amino  acid c o n c e n t r a t i o n  is m u c h  h igher  in the  
mucosa  t h a n  in t he  muscle .  

I f  two  amino  acids share  t he  s ame  t r a n s p o r t  s y s t e m  re- 
qu i r ing  energy,  t h e n  each  amino  acid inh ib i t s  t h e  absorp-  
t ion  of t he  o ther .  In  Table  I I I  t h e  resul ts  are  shown  of  the  
effect  of me th ion ine  on the  abso rp t ion  of labelled proline. 
Meth ion ine  inh ib i t s  mucosaI  abso rp t ion  of prol ine b y  36% 
b u t  t he  muscle  abso rp t ion  is r educed  by  on ly  7 %.  Act ive  

i j . w . L .  ROBINSON, F. TAMINELLI, J. P. FELBER, and P. ~VIAGNE- 
N~T, Med. exp. 10, 157 (1964). 
R. K. CRANE and P. MANDELSTAM, Biochim. biophys. Acta 45, 460 
(1960). 
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transport is therefore involved in the mucosal uptake of 
proline but is minimal or absent in the isolated muscle. 

Discussion. The experiments reported here show that  
amino acids are not accumulated by an active transport 
mechanism by excised dog intestinal muscle. More sur- 
prisingly, there is a barrier to diffusion of amino acids 
from the mucosa into the muscle when the two tissucs are 
incubated together (such as that described by L I F ~ O N  and 
PAR SONS^ for sugars). After an hour's incubation, the 
amino acid, accumulated to a high degree in mucosal 
tissue, is found in lower concentration in the musclc cells. 
This is in agreement with our previous findings that the 
concentration in the muscle is the same whether it is 
separated from the mucosa before or after the incubation, 
but contrary to the results of CRANE and MANDLESTAM*, 
who found that for sugars there was free diffusion from 
mucosa to muscle but amino acids were absorbed by the 
muscle against a concentration gradient. There may bc 
a species difference (these authors used the hamster) and 
the hard thick muscle of the dog may present a severe 
barrier to diffusion. 

These results clearly indicate that considerable care 
should be taken when interpreting the results of in vitro 
experiments on amino acid uptake because of the barrier 
which may exist to free diffusion between the component 
tissues in the samples. Whenever possible, such cxpcri- 
ments should be carried out with pure mucosal tissuc, es- 
pecially in the cases where the tissue comes from a large 
animal, where variations in the proportion of mucosa to 
muscle can lead to large errors. The major advantages of 
the accumulation method of AGAR, HIRD, and SIDIIU' on 

which this method is based, arc the simplicity, the repro- 
ducibility and the possibility of using multiple parallels 
to increase the statistical significance of the results; these 
advantages are easily lost if allowance is not made for the 
properties of the muscle tissue in the fragmentsb. 

Rksumk. On a sbparb Ie tissu intestinal en muqueuse e t  
muscle, lesquels ont BtB incubbs in vitro dans une solution 
d'acide aminb marqub; ainsi on a pu etudier l'absorption 
intraccllulairc de l'acidc amin6. On a trouve que la muscu- 
lature intestinale nc peut accumuler un acide amin6 
contre un gradicnt dc concentration. I1 semble qu'il existe 
dans le muscle une barribre contre la diffusion dont la 
significance est discutbc. 
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Uber den Einbau von AnthranilsPure in Peganin 
Zur klcinen Gruppe der Chinazolinalkaloidc gchorcn dic 

Pyrrolidinochinazoline vom Typ dcs Peganins = Vasicins. 
Das von H O O P E R ~  in dcr indischen Acanthacee Adhafoda 
vasica Nces gefundene Vasicin (11) ist bishcr in funf 
Pflanzenfamilien nachgewiescn wordcn : Acanthaccac, 
Zygophyllaccac, Scrophulariaceac, Papilionaceao und 
Palmae. Bci den Zygophyllaccac kommcn die Chinazolinc 
vergescllschaftct mit 8-Carbolincn vor. 

Als Baustein dcr Chinazoline im Pflanzcnrcich ist dic 
Anthranilsaurc (I) vermutct wordcn*. Wir konntcn vor 
einigen Jahrcn zcigcn, dass Anthranilsaure-(14COOH) von 
steril aufgezogenen Peganum harmala-Pflanzcn in Pcgn- 
nin eingebaut wirda. Die grosste spczifische AktivitYt 
fanden wir in den Wurzcln. Wir habcn damnls kcino 
Positionsklarung der Radioaktivitat durchgcfuhrt, so 
dass nicht bewicscn war, ob (I) als Ganzcs zur Uiosyntlrcsc 
von (11) Verwendung findct. Es bcstand noch dic 1IIBglich- 
keit, dass Anthranilsaure dccarboxyliert und das CO, 
unspezifisch in Pcganin inkorporicrt wurdc. 

Wir haben das Problem crncut nufgcgriffcn und An- 
thranilsaure-(I4COOH) an bewurzeltc Blattcr von Adha- 
toda vasica Nees vcrfuttcrt. Das gcbildctc Pcganin wurdc 
isoliert, mit inaktivem Alkaloid verdunnt und in Anlch- 
nung an SPATH und NIKAWITZ~ abgcbaut (Figur). Dic 
Ergcbnisse zeigt die Tabcllc. Das cingcsctztc Pcganin 
sowic die durch Abbau erhaltcne Anthranilsaurc habcn 
praktisch die gleiche spczifische Alctivitlt. Somit ist bc- 
wiescn, dass zumindest von Adhatoda vasica dic An- 
thranilsaure dirckt in Pcganin cingcbaut wird. 

Experintewlelles. hnthr~mils~urc-(~0COOH) wurdc nach 
dcr Vorschrift von Munscrm und S C H ~ ~ T T E ~  hcrgcstcllt: 
o-Nitronnilin wurdc tliaroticrt und mit eincr 1,iisung von 

111 R = COOH 
IV I2 = COOCH, 
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