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Introduction 

T h e  r a t e  of  i n t e s t i n a l  a b s o r p t i o n  of  a m i n o  ac ids  is of  m a j o r  i m p o r t a n c e  
in  n u t r i t i o n ,  p a r t i c u l a r l y  ~he e s sen t i a l  ones.  M a n y  f ac to r s  o p e r a t e  a n d  
a f f ec t  t h i s  p roces s  of a m i n o  ac id  abso rp t i on .  A m o n g  these  f ac to r s  is  t h e  
i n t e r a c t i o n  of  o t h e r  d i e t a r y  cons t i t uen t s  as  c a r b o h y d r a t e s ,  f a t t y  acids,  
m i n e r a l s  a n d  v i t a m i n s .  V i t a m i n s  in  p a r t i c u l a r  p l a y  a m a j o r  ro le  in  s e v e r a l  
m e t a b o l i c  p rocesses  in  t h e  body .  A l t h o u g h  s e v e r a I  s tud ies  w e r e  p e r f o r m e d  
on t h e  e f fec t  of c a r b o h y d r a t e s  (5, 4, 7) on a m i n o  ac id  a b s o r p t i o n ,  l i t t l e  
cou ld  b e  t r a c e d  d e a l i n g  w i t h  t h e  effect  of v i t a m i n s ,  p a r t i c u l a r l y  t h e  
n a t u r a l  fo rm.  

Tt is  f e l t  of  v a l u e  to  s t u d y  h o w  f a r  t h e  p rocess  of i n t e s t i n a l  a m i n o  ac id  
a b s o r p t i o n  is a f f e c t e d  in  p r e s e n c e  of v i t a m i n  C o r  c a r o t e n e  as  d e r i v e d  f r o m  
a u t h e n t i c  o r  n a t u r a l  sources .  

Materials and methods 

The present  s tudy was carr ied  out on normal  white  a lbino ra ts  of body 
weight  ranging from 140-240 gm. These animals  comprised both sexes and to 
ensure the  absence of nut r i t ional  disorders,  the i r  blood haemoglobin concen- 
t ra t ion and p lasma total  proteins  were  es t imated (see table  1). These animals  
were  categorised into 18 groups each of 5. 

Table 1. Body weight,  p lasma to ta l  proteins,  and  blood hemoglobin of ra ts  
used in this experiment.  

Groups Body weight P lasma proteins Blood H b  
g .% g .% g .% 

1. Glycino 151-235 6.40-8.12 14.04--17.82 
186 ~ 7.28 7.06 -4- 3.03 15.43 -}- 0.43 

2. Lysine 140-221 6.16-7.83 14.04-17.55 
173.5 -4- 8.8 6.83 ~- 0.18 15.53 -4- 0.34 

3. Mothionino 150-240 6.10-7.50 13.77-17.55 
205.7 ~ 7.65 6.71 ~ 0.22 15.92 -t- 0.39 

479 
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The ra te  of absorption of three amino acids namely, glycine, lysine and 
methionine was tested alone and in combination with  either ascorbie acid or 
carotene derived f rom authentic or natural  sources, as orange, parsley, or 
pepper juices. 

Rate of intestinal amino acid absorption was evaluated by giving each rat  
an oral dose of the tested amino acid equivalent  to 0.5 grn./rat. The elevation in 
the level  of plasma total  amino acids was followed during intervals of x/z, 1, 2 
and 3 hours following the orally administered dose. To test  the effect of added 
vitamins, 50 rag. of v i tamin  C or 0.2 rag. of carotene were  added to the amino 
acid dose. Carotene was given dissolved in corn oil. When vi tamin C or carotene 
were  supplied f rom vegetables or fruits (orange, parsley, and pepper), 5 ml. of 
the juice was given twice to the rats before the day of experimentat ion.  Another  
5 ml. was given with  the dose. 

Hemoglobin concentration was estimated as described by Wong (8). Plasma 
total proteins was done according to the procedure of Wootton (9). Total  free 
amino acids was estimated by the method of Ya Pin Lee (19). 

Resul t s  

T h e  b lood  h e m o g l o b i n  c o n c e n t r a t i o n  r a n g e d  f r o m  13.77-17.82 w i t h  a 
m e a n  v a l u e  of 15.63 g .%.  P l a s m a  to ta l  p ro t e in s  a m o u n t e d  to 6.1-8.12 
(mean  6.87 g.~ 

O r a l  a d m i n i s t r a t i o n  of  each  of  t he  amino  acids t e s t ed  r e s u l t e d  in an  
e l e v a t i o n  in  t he  l e v e l  of  the  to ta l  amino  acids r e a c h i n g  its m a x i m u m  at  
1/2 an  h o u r  i n t e r v a l  in  case of  lys ine ,  at  1 h o u r  i n t e r v a l  in  case of g lyc ine  
and  a t  2 h o u r  i n t e r v a l  in  case of m e t h i o n i n e .  This  w a s  f o l l o w e d  by  a 

Table 2. Fasting plasma total  amino acid level and its values 1, 2, and 3 hours after 
the given dose of glyeine either alone or with different compounds. 

Compounds Plasma total  amino acids (rag.%) absorp- 
t ion 

fast 1 hour 2 hour 3 hour index 

1. Alone 45--77.5 60-175 75-140 50--137.5 
59.5 ~ 5.68 122.5 4- 18.2 98 4- 10.6 101 ~ 17.78 2.1 

2. Ascorbie 30-75 67.5-140 145-180 67.5-155 
acid 51.5 W- 8.5 108 q- 12.6 162.5 • 6.0 115.5 • 16.2 3.1 

> 0.2 > 0.3 > 0.005 > 0.3 

3. Carotene 40-65 70-195 80-202.5 52.5-75 
49 q- 9.5 137 • 24.7 134 • 22.5 62.5 -{- 5.7 3.0 
> 0 . 1  > 0 . 1  > 0 . 1  > 0 . 1  

4. Orange 40-67.5 220-290 100-290 45--100 
56.2 • 4.2 255 4- 15.6 182.5 -4- 36.4 69 q- 9.4 4.5 
> 0.4 > 0.005 > 0.025 > 0.1 

5. Parsley 30-62.5 65-122 35-135 37.5-85 
44 ~ 5.55 95 q- 11.7 77 q- 19.6 56 • 19.6 2.1 
> 0.05 > 0.2 >- 0.3 > 0.3 

6. Pepper  40-67.5 62.5-220 60-70 60-97.5 
57 W- 4.9 112.5 • 28.6 64.1 • 3.0 84 W- 12.1 2.0 
> 0.4 > 0.4 > 0.01 > 0.3 
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Table 4. Fast ing plasma total amino acid level and its values 1, 2, and 3 hours 
after the given dose of methionine either alone or with different compounds. 

Compound Plasma total amino acids (mg.%) absorp- 
tion 

fast 1 hour 2 hour 3 hour index 

1. Alone 30-37.5 82.5-115 102-120 70-107 
34.5 -4- 1.8 97 • 7.4 111.4 -4- 3.1 92.4 • 8.1 3.2 

2. Aseorbie 30-67.5 113-200 107.5-200 60-140 
acid 50.5 • 8.3 160.5 J: 16.9 152.5 4- 19.1 103.5 • 15.0 3.2 

> 0.1 :> 0.005 > 0.025 > 0.3 

3. Carotene 45-65 47-62.5 62.5-82.5 40-45 
52.5 :t: 3.5 53 -4- 8.8 72.5 -4- 1.0 41.5 -4- 1.0 1.4 
> 0.005 > 0.005 > 0.005 > 0.005 

4. Orange 47.5-67.5 70-102.5 65-100 60-92.5 
53.5 -4- 3.8 83.5 • 6.1 87.4 i 6.7 72 J: 5.9 1.6 
> 0.005 > 0.1 > 0.005 > 0.025 

5. Parsley 32.5-70 70-125 97.5-135 30-100 
51.5 -4- 6.4 78.5 -4- 14.8 122 -4- 8.3 62.5 :t: 14.1 2.4 
> 0.025 :> 0.2 > 0.2 > 0.05 

6. Pepper 35-55 65-142.5 80-192.5 52.5-140 
46 -4- 3.3 90.5 -4- 13.6 188 • 20.3 78.5 -4- 16.0 3.4 
> 0.01 > 0.4 > 0.025 > 0.3 

d e c r e m e n t  in  the  level  of to ta l  amino  acids t i l l  i t  r eached  a va l ue  s o m e w h a t  
h ighe r  t h a n  the  fas t ing  level  a f t e r  3 hour s  f rom the  o ra l ly  a d m i n i s t e r e d  
dose. 

As shown  in  tab les  2, 3 and  4 and  as r evea led  f rom the  ca lcu la ted  
abso rp t ion  index,  add i t ion  of ascorbic acid caused  e n h a n c e m e n t  to absorp-  
t ion  of the  th ree  tes ted  amino  acids. Ca ro tene  affected the  abso rp t ion  of 
these t h r ee  a m i n o  acids va r i ab ly .  I t  h i n d e r e d  the  abso rp t ion  of me th ion ine ,  
did no t  affect  lys ine  abso rp t ion  and  e n h a n c e d  the  abso rp t ion  of glycine.  

W h e n  pepper ,  pars ley ,  and  o range  ju ices  we re  success ively  added  to 
each of the  amino  acids, the  effect  on abso rp t ion  was  var iab le .  Orange  
ju ice  m a r k e d l y  e n h a n c e d  g lyc ine  absorpt ion ,  wh i l e  i t  h i n d e r e d  m e t h i o n i n e  
and  was  no t  effect ive to lysine.  P e p p e r  ju ice  e n h a n c e d  abso rp t ion  of 
m e t h i o n i n e  and  g lyc ine  bu t  no t  lysine.  P a r s l e y  ju ice  exe r t ed  s imi l a r  effect 
on  i n t e s t i na l  amino  acid abso rp t ion  as pepper .  

Discuss ion 

The  choice of these  a m i n o  acids was  done  to r e p r e se n t  essent ia l  as 
lys ine  a n d  me th ion ine ,  the  f i r s t  be ing  a basic  a mi no  acid a nd  the  l a t t e r  to 
r ep r e sen t  s u l p h u r  a m i n o  acids. G lyc ine  was  selected to r ep re sen t  n o n -  
essent ia l  amino  acids. 

I t  was  observed  t h a t  the  m a x i m u m  of abso rp t ion  was  reached at  dif-  
f e r e n t  in te rva l s .  This  m a y  ind ica te  t h a t  these  th ree  a mi no  acids are  
absorbed  at  d i f f e r en t  sites of the  sma l l  in tes t ine ,  a nd  tha t  lys ine  is 
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absorbed more near to the proximal par t  of the small intestine than other 
two amino acids. The tolerance curve of lysine showed that  the maximum 
is followed by a gradual  decrease till the second hour, then the level 
elevated again. Such behaviour may  indicate that  this amino acid is 
absorbed in more than one site of absorption in the intestine. 

As indicated from absorption index (maximum level of plasma amino 
acids/fasting level), ascorbic acid enhanced absorption of amino acids 
tested part icular ly methionine (tables 2, 3 and 4). No previous data could be 
traced in the available li terature illustrating the effect of ascorbic acid on 
amino acid absorption. However,  in 1957, Huisman found that amino- 
aciduria was markedly  increased in scorbutic infants. He reported that  
vi tamin-C therapy could correct such state of hyperaminoaciduria.  Later, 
in 1969, Bares et al. considered that  data  they obtained concerning the 
excretion of free amino acids and ammonia to be indicative for some 
degree of general aminoaciduria in scorbutic guinea pigs. According to 
Milne, (3), most routs of amino acid absorption existing in the renal tubules 
are similar to those in the intestine. The process of hyperaminoaciduria  
results f rom failure of absorption of these amino acids f rom the renal 
tubules in scorbutic subjects. Similarly, between renal tubular  and 
intestinal absorption of amino acids may suggest a similar role of ascorbic 
acid in both sites. Recently, Scott and Friedenthal, (6), found that  one of 
the mechanisms responsible for t ransport  of neutral  amino acids to the 
cornea is markedly  stimulated by ascorbate. They found that  leucine 
t ransport  system is coupled to an electron t ransport  system that  utilizes 
ascorbate as substrate or electron donor. 

It  is wor th  to note that  addition of ascorbic acid to each of the tested 
amino acids shifted the maximum to the two hours interval in case of 
glycine and lysine. This may  indicate that  the effect of the added ascorbic 
acids is not  only restricted to its enhancing action, but  also to prolongation 
of the extent of absorption. 

The addition of carotene to the amino acid doses brought  about variable 
effect to different amino acids. Our finding in this respect is difficult to 
interpret. I t  is assumed that  carotene may  be either of no role in absorption 
of certain amino acids as lysine or it m ay  form a complex with the amino 
acid that  hinders its absorption as in methionine or it may  be participating 
in one of the stages of absorption and transport  as in glycine. 

The effect of the three juices used towards different amino acids was 
variable. Addition of pepper, parsley, or orange to the lysine dose did not 
affect its rate of intestinal absorption. Pepper  juice enhanced absorption 
of methionine in contrast to orange and parsley. The effect of pepper 
juice in this respect may be due to its high content of vi tamin C and low 
carotene relative to the two other juices. This goes parallel with our 
finding in the authentic samples where ascorbic acid enhanced methionine 
absorption while carotene hindered it. Orange juice, which contains less 
amounts of vitamin C, and higher amounts of carotene relative to pepper 
inhibits methionine absorption. Parsley, the richest in vi tamin-C content 
among the three juices and markedly  rich in carotene, hindered methionine 
absorption. It  is suggested that  the hindering action is at tr ibuted to its 
high content of carotene. 
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Table 5. Fasting level of plasma total  amino acids and its values 1, 2, and 3 hours 
after glycine dose alone or with citric acid. 

Compound Plasma total  amino acids (mg.%) absorp- 
tion 

fast 1 hour 2 hour 3 hour index 

1. Alone 32-40 120-128 100-128 96-136 
36 124 114 116 3.4 

2. Cit~c 32-40 184-240 136-232 104-104 
acid 36 212 184 104 5.9 

W h e n  the  t h r e e  ju ices  w e r e  added  success ive ly  to t he  g lyc ine  dose, the  
mos t  p r o n o u n c e d  e n h a n c i n g  ac t ion  was  o b s e r v e d  in case of o r a n g e  juice,  
w h i c h  is r e l a t i v e l y  poor  in v i t a m i n  C. O r a n g e  be ing  of  t he  c i t rus  f a m i l y  is 
k n o w n  to be  m a r k e d l y  r ich in cr i t ic  acid  conten t .  This  d r e w  our  a t t e n t i o n  
to tes t  t he  e f fec t  of c i t r ic  acid  on g lyc ine  absorp t ion .  A p r e l i m i n a r y  ex -  
p e r i m e n t  was  c a r r i e d  ou t  in  t he  s a m e  w a y  as p r e v i o u s l y  descr ibed.  T h e  
resu l t s  ob t a ined  p r o v e d  t h a t  c i t r ic  ac id  a c t u a l l y  e n h a n c e d  g lyc ine  absorp -  
t ion  ( table  5). The  m a r k e d  e n h a n c i n g  ac t ion  of o r ange  ju i ce  to g lyc ine  
abso rp t ion  m a y  be  thus  a t t r i b u t e d  to its c i t r ic  acid  content .  

A d d i t i o n  of  ascorbic  acid  to amino  acid  t h e r a p y  is r e c o m m e n d e d  to 
e n h a n c e  t he i r  i n t e s t i na l  absorp t ion .  Aga in ,  ascorbic  acid  or  i n g r e d i e n t s  
r ich  in th is  v i t a m i n  are  use fu l  for  b e t t e r  u t i l i za t ion  of  pro te ins .  

Summary  

The effect of v i tamin C or carotene ei ther f r o ~  authentic or natural  
sources on absorption of lysine, glycine and methionine was evaluated. Results 
revealed that  max imum absorption of these amino acids was reached at different  
intervals  from the orally given dose. Addition of ascorbic acid enhanced amino 
acid absorption and this effect was max imum in case of methionine. Carotene 
brought about var iable  effect to the three amino acids tested. Pepper, parsley, 
or orange juices did not affect the extent  of intestinal lysine absorption. 
Pepper  juice enhanced absorption of methionine in contrast to orange and 
parsley. Glycine absorption was markedly  enhanced by addition of orange 
juice. 

Ascorbic acid suppelementation to dietary constituents is recommended for 
better  utilization of proteins. 
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