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I n  the  p a p e r s  b y  DROZDOV-TIKHOMIROV a n d  KIKOIN s 
a n d  b y  T u  a n d  FRIEDERICH 5, t h e  I R -  spec t r a  of copper ( I I )  
complexes  w i t h  Guo (and Ino) were  s t ud i ed  in  t h e  solid 
s t a t e  (nujol emuls ion  a n d  K B r  or  KC1 pellet) .  T h e y  f o u n d  
d i m i n u i t i o n  of t h e  ke to  s t r e t c h i n g  b a n d  i n t e n s i t y  a t  
1690 cm -1 b y  t h e  f o r m a t i o n  of t h e  coppe r ( I I )  complex .  
W e  r e p e a t e d  t h e i r  I R  m e a s u r e m e n t s ;  ou r  resu l t s  are  in  
ful l  a g r e e m e n t  w i t h  b o t h  p r e v i o u s  works  a b o u t  t h e  
coppe r ( I I )  complexes  of Guo  a n d  Ino, so t h a t  eno l i za t i on  
of Guo,  d G u o  a n d  I n o  by t h e  c o m p l e x  f o r m a t i o n  is possible .  

B u t  in  ou r  op in ion  i t  is n o t  jus t i f i ed  to  t r a n s f e r  t h e  
r e su l t s  o b t a i n e d  w i t h  complexes  in  sol id s t a t e  to  t h e  
d i f f e ren t  p rope r t i e s  of  a n  aqueous  so lu t ion ,  as h a s  been  
done  b y  t he  a u t h o r s  c i t ed  above .  T h e  i n f r a r ed  s p e c t r a  of 
t h e  D20  so lu t ions  of d G u o  a n d  I n o  (Figures  1 a n d  2) are  
in f luenced  b y  t h e  coppe r ( I I )  c o m p l e x  f o r m a t i o n ,  b u t  

n e i t h e r  a d i m i n u i t i o n  of t he  ke to  s t r e t c h i n g  b a n d  nor  a n  
increase  of a n  enolic  b a n d  a t  w a v e - n u m b e r  smal l e r  t h a n  
1630 c m  -~ a re  obse rved .  Only  an  unspeci f ic  b r o a d e n i n g  of 
t he  k e t o  b a n d  a c c o m p a n i e s  t he  copper ( I I )  c o m p l e x  for- 
m a t i o n .  Accord ing  to  MILES 1~, x~ t h e  enolic  b a n d s  of b o t h  
Guo  a n d  I n o  are  to  be  expec t ed  nea r  1615 c m  -x. T h e  I R -  
spec t r a  of Guo  in  d i m e t h y l  sul foxide  in t he  absence  a n d  
in t h e  p re sence  of  coppe r ( I I )  ions  also d e m o n s t r a t e  t h e  
ex i s t ence  of  t h e  ke to  fo rm in t h e  complex ,  for  t h e  1690 
cm -~ b a n d  r e m a i n s  u n c h a n g e d  b y  t he  a d d i t i o n  of c o p p e r  
(II) ( m e a s u r e m e n t s  of DROZDOV-TXKHOMIROV a n d  
KIKOIN 6). These  r e su l t s  y ie ld  s t r o n g  ev idence  a g a i n s t  t h e  
eno l i za t ion  of Guo,  d G u o  a n d  I n o  by t h e  f o r m a t i o n  of t h e  
coppe r ( I I )  complexes  in  solut ion.  Therefore ,  i t / o u r  mode l  
of t h e  DNA-copper(II) c o m p l e x  t h e  g u a n i n e  res idues  a re  
in  t h e  ke to  fo rm 9. 

Zusammen/assung. D u r c h  in f r a r o t s p e k t r o s k o p i s c h e  
Messungen  wird  bewiesen,  dass  Guanos in ,  D e s o x y g u a n o s i n  
u n d  I n o s i n  bei  der  B i l d u n g  yon  K u p f e r ( I I ) - K o m p l e x e n  
e n t g e g e n  f r i iheren  D a r s t e l h m g e n  in wiiBriger L 6 s u n g  in 
de r  K e t o f o r m  vor l iegen.  

--/k/k. 
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Fig. 2. IR-spectra of inosine (15 m~TI) in D~O. Curve 1 : V~rithout ad- 
dition of Cu(II). Curve 2 :75  mM copper sulphate added. Curve 3: 
300 mM copper sulphate added. 
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E f f e c t  o f  E s s e n t i a l  A m i n o  A c i d s  on  A b s o r p t i o n  o f  

I t  h a s  been  k n o w n  for  some t i m e  t h a t  l euc ine  a n d  
m e t h i o n i n e  can  s t i m u l a t e  t h e  u p t a k e  of lys ine  a n d  argi-  
n ine  b y  t h e  i n t e s t i n a l  m u c o s a  1-4. These  are  some of t h e  
f i r s t  of t h e  a m i n o  acids to  be  re leased d u r i n g  t h e  process  
of d iges t ion  of p ro t e in s  in  t h e  g a s t r o i n t e s t i n a l  t r ac t .  I t  
was  also n o t e d  t h a t  t he  essen t ia l  a m i n o  acids  were t he  
f i r s t  to  be  found  in a free fo rm d u r i n g  d iges t ion  b. I t  was  
the re fo re  dec ided  to s t u d y  t h e  effect  of these  a m i n o  acids  
on  t h e  a b s o r p t i o n  of p h e n y l a l a n i n e  b y  t h e  ins tes t ine .  I t  is 
poss ib le  t h a t  these  a m i n o  acids  m a y  release some m e c h a -  
n i s m  in  t h e  mucosa l  cells, t h u s  s t i m u l a t i n g  t h e  a b s o r p t i o n  
of t h e  a m i n o  acids  re leased  l a t e r  in  d iges t ion.  

Materials and methods, Male W i s t a r  r a t s  we igh ing  200 to  
250 g were  used  in  all  e x p e r i m e n t s .  I n  e x p e r i m e n t s  in  
v i t r o  s e g m e n t s  of r a t  i n t e s t i ne  were  p r e p a r e d  acco rd ing  
to  t h e  m e t h o d  of AGAR, HIRD a n d  SIDHU 8. A l e n g t h  of 
i n t e s t i n e  was  c u t  f rom t h e  r a t  u n d e r  anaes thes i a ,  i t  was  
w a s h e d  w i t h  phys io logica l  sa l ine  so lu t ion  a n d  t h e n  d iv ided  
i n t o  sma l l  s e g m e n t s  w i t h  a scalpel .  T h e  s e g m e n t s  were  
t h e n  i n c u b a t e d  a t  37°C w i t h  5 m M  p h e n y l a l a n i n e - U - C  14 
in  K r e b s  b i c a r b o n a t e  buffer .  I n  e x p e r i m e n t s  in  v i v o  20 m l  
of 5 m M  P h e - U - C  l~ (Phe*)  so lu t ion  in phys io log ica l  sa l ine  
was  pe r fused  t h r o u g h  a closed loop of i n t e s t i n e  for  a pe r iod  

P h e n y l a l a n i n e  by  Rat  I n t e s t i n e  

of 1 h. U p t a k e  is expressed  as txM P h e  abso rbed  / g t issue.  
The  essen t ia l  a m i n o  acid m i x t u r e  used was  t h a t  of Rose  
i.e. m g / m l  T r y p t o p h a n  1.25, P h e n y l a l a n i n e  5.5, Lys ine  
4.0, T h r e o n i n e  2.5, M e t h i o n i n e  5.5, Leuc ine  5.5, I so leuc ine  
3.5, Va l ine  4.0. The  r a d i o a c t i v i t y  a b s o r b e d  was  m e a s u r e d  
in a l iqu id  sc in t i l l a t ion  counter .  

Results. Tab le  I d e m o n s t r a t e s  t he  effect  on  t h e  u p t a k e  
of p h e n y l a l a n i n e  of a n  in j ec t ion  of 2 m l  of t he  essen t i a -  
a m i n o  acid m i x t u r e  in to  t h e  s t o m a c h .  S e g m e n t s  of in tes l  
t i ne  were r e m o v e d  e v e r y  20 m i n  a n d  i n c u b a t e d  in K r e b s  
b i c a r b o n a t e  bu f f e r  ( K B B )  for a pe r iod  of 20 m i n  in t h e  
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presence  of 5 m M  Phe* .  There  is a gradual  increase  in 
abso rp t ion  s t a r t i ng  40 min  a f te r  t he  in jec t ion  of t he  mix-  
tu re  in r a t s  fas ted  for 1 day  as c o m p a r e d  to  t h e  con t ro l  
animals .  Af te r  2 days  fas t ing  the  ra t s  showed the  same  
increase in abso rp t ion  when  t r e a t ed  in a s imilar  way.  

Table  I I  shows the  effect  of t r e a t m e n t  w i th  5 or  1 ml  
essent ia l  amino  acid m i x t u r e  and  2 ml  dis t i l led water .  
The  m i x t u r e  c lear ly  s t imu la t e s  t h e  up t ake  of pheny la l a -  
n ine  whereas  t he  dis t i l led wa te r  has  no effect.  I n  Tab le  I I I  
t he  resul ts  of an  e x p e r i m e n t  in vivo are given. The  seg- 

Table I. Effect of ingestion of an essential amino acid mixture and the 
absorption of phenylalanine (Phe) 

ptMPhe/g tissue 
Time of removal Control 
(min) 1 day fasted 2 days fasted 

0 12.0 4- 1.2 12.5 4- 1.1 12.4 :t: 0.9 
20 11.4 4- 0.9 12.8 -4- 1.4 12.4 4- 1.3 
40 12.1 4- 1.1 15.4 4- 1.6 15.8 ~: 1.7 
60 12.1 4- 1.3 16.0 4- 1.5 16.9 4- 0.9 
80 - -  1 6 . 0  4 -  0 . 8  - -  

100 - -  1 6 . 8  - t -  1 . 0  - -  

120 - -  16.6 ± 0.9 - -  

Injection of 2 ml essential amino acid mixture into stomach. Scg- 
ments of intestine removed every 20 rain and incubated for 20 min in 
5 mM Phe-U-C 1*. 8 rats/group. 

Table II. Effect on the absorption of phenylalanine (Phe) of two le- 
vels of an essential amino acid mixture as compared to water 

[zMPhe/g tissue absorbed 
Time 

5 ml EAA 1 ml EAA 2 ml HaO 

0 13.0 4- 0.8 14.3 4- 1.2 11.9 4- 0.9 
60 17.6 4- 1.1 18.9 4- 1.3 10.6 4- 1.0 

Injection of 5 ml, I mi essential amino acids (EAA} and 2 ml water 
into rat stomach. Segments of rat intestine removed at 0 and 60 min 
and incubated with 5 mM Phe-U-O 4 for 20 miD. 8 rats/group. 

Table III. In vivo measurement of the influence of pre-perfusion of 
phenylalanine (Phe) solution in the total absorption of Phe 

Time Control 2 ml EAA 2 mt EAA 5 ml EAA 
in stomach in medium in medium 

0 34.0 4- 2.1 35.2 4- 1.8 33.0 -4- 1.3 55.0 -[- 2.7 
60 33.2 -4- 2.3 34.4 4- 2.0 19.0 ~ 0.8 33.0 4- 1.6 

Absorption of Phe measured in vivo over a period of 60 rain. Ra- 
dioactive Phe perfused through closed loop of intestine, EAA, es- 
sential amino acid mixture. 

Table IV. Influence of an essential amino acid mixture on the incor- 
poration of phenylalanine (Phe) in the proteins of the intestine 

nM Phe*/g proteins 

Fasting 71 4- 3.2 
Fed 73 4- 2.9 
Fasting -b essential 78 4- 4.0 
amino acids 

Phe-U-C 14 measured in perchloric acid precipitate after perfusion of 
intestine for 60 min with 5 mM Phe-U-C a*. 

m e n t  of in t e s t ine  was  pe r fused  for 60 rain w i th  20 ml  5 
m M P h e * ,  t h e n  a 2 ml  sample  of t h e  amino  acid m i x t u r e  
was  in jec ted  in to  t h e  s t o m a c h ;  30 mid  la ter  t h e  s ame  
s e g me n t  was  per fused  w i t h  a f resh solut ion of 20 ml  5 
m M  Phe* .  As can be seen, the re  was  no effect  on the  Phe  
absorp t ion .  W h e n  2 ml  of t he  amino  acid mi x t u r e  was 
a d d e d  to  t he  per ius ion  med ium,  the re  was  an  inh ib i t ion  
of  P h e  absorp t ion  (Table I I I ) .  S imi lar  resul ts  were  ob ta i -  
ned  w h e n  5 ml  of t h e  amino  acid  m i x t u r e  were  added  to  
t h e  med ium.  

Table  IV shows t h e  incorpora t ion  of Phe -U-C  14 in to  t he  
p ro te ins  of the  in tes t ine .  The in tes t ine  was per fused  wi th  
5 m M  Phe*,  a f te r  1 h the  in tes t ine  was removed ,  homo-  
genized, t he  p ro te ins  were  p rec ip i t a t ed  wi th  0.6 N per-  
chloric acid. They  were  solubil ized in 30% K O H  a t  100°C. 
The  so lu t ion  was  t h e n  c o u n t e d  in a l iquid sc in t i l la t ion  
counter .  T r e a t m e n t  w i t h  t he  amino  acid m i x t u r e  d id  no t  
s ign i f icant ly  increase  the  a m o u n t  of Phe*  inco rpo ra t ed  
in to  prote ins .  

Discussion. F r o m  the  above  resul ts  i t  is clear t h a t  t he  
f i rs t  amino  acids released dur ing  diges t ion have  an effect  
on the  absorp t ion  of t he  o the r  amino  acids. However ,  i t  
is st i l l  d i f f icul t  to  say  how this  increase is b r o u g h t  about .  
F r o m  the  e x p e r i m e n t s  in vivo one  can  say  t h a t  a d i rec t  
c o n t a c t  w i t h  t h e  in t e s t ine  is necessa ry  to  br ing  a b o u t  th i s  
increase.  An in jec t ion  of t h e  m i x t u r e  in to  t h e  s t o m a c h  
does no t  br ing  abou t  an increase in vivo.  W h e n  the  m i x t u r e  
is per fused  wi th  t he  m e d i u m  there  is an inh ib i t ion  of 
absorp t ion .  This  is to  be  expec ted  as i t  is due to  compe t i -  
t ion  b e t w e e n  amino  acids shar ing  a s imilar  carrier.  An 
effect  of exchange  di f fus ion v, s would  seem to be ruled out,  
since, w h e n  the  s egmen t s  are  r e m o v e d  f rom t h e  ra t  a f t e r  
t r e a t m e n t ,  t h e y  are  lef t  for  15 rain in K r e b s  b i ca rbona t e  
buf fe r  solut ion before  t he  incuba t ion  so as to  r e mo v e  the  
m a j o r  p a r t  of t he  non- label led  Phe  r ema in ing  in t h e  tissue. 

A l though  there  seems to  be no s igni f icant  increase in 
t he  incorpora t ion  of Phe -U-C  14 in to  the  p ro t e ins  in t h e  
in tes t ine ,  i t  is possible  t h a t  an increase in t he  n u m b e r  of 
carr iers  w i th  respec t  to  the  res t  of the  pro te in  would  no t  
be possible  to  measure  as s i mp l y  as this .  Therefore ,  i t  is 
sti l l  possible  t h a t  t he re  would  be a local increase in t he  
q u a n t i t y  of carr iers  in t he  m e m b r a n e  surface t h u s  b r ing ing  
a b o u t  an increase in absorp t ion .  

I t  is also possible  t h a t  the  amino  acids themse lves  
s t imula te  a m e c h a n i s m  s imilar  to  t h a t  p roposed  for 
insul in 9. P e r h a p s  these  amino  acids or one  alone inh ib i t  
t he  p roduc t ion  of 3 ' -5 '  cyclic A M P  mak ing  possible  a 
g rea te r  effect  of insul in on  th is  sys tem.  A possible  reason 
w h y  t h e  m i x t u r e  has  no  effect  when  i t  is n o t  in c o n t a c t  
w i t h  t h e  t i ssue  is because  these  a m i n o  acids are  quick ly  
t a k e n  up  b y  t h e  l iver  and  o t h e r  t issues,  for t h e  syn thes i s  
of prote ins ,  before  reach ing  the  s e g m e n t  involved.  

Rdsumd. L'e f fe t  d ' u n  m61ange des acid6s amin6s  essen- 
t iels  sur l ' ab so rp t i on  de ph6nyla lan ine  p a r  l ' i n t e s t in  de 
r a t  a 6t4 6tudi6. On a t rouv4 que le m61ange, s ' i l  es t  en 
c o n t a c t  d i rec t  avec  l ' in tes t in ,  p e u t  a u g m e n t e r  l ' abso rp t ion  
de  ph6nylManine .  Ces r6sul ta ts  son t  in te rpr4 t4s  e t  plusieurs  
hypoth%ses s o n t  4raises pour  exp l ique r  ce ph6nom~ne.  
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