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Summary: T h e  effec t  of  a sco rb i c  ac id  a n d  lac tose  on  t he  i n t e r a c t i o n  b e t w e e n  i ron  
a n d  e a c h  of  z inc or c o p p e r  d u r i n g  i n t e s t i n a l  a b s o r p t i o n  was  s t u d i e d  in  n o r m a l  a n d  
i ron -de f i c i en t  rats .  

I t  was  f o u n d  t h a t  a d d i t i o n  of  coba l t  to t he  i r on  dose  i n h i b i t e d  a b s o r p t i o n  of  i ron  to 
42 % in  n o r m a l  ra t s  a n d  to 46.7 % in  i ron  de f i c i en t  ones.  T h e  p r e s e n c e  of  z inc w i t h  
t he  i ron  dose  also i n h i b i t e d  a b s o r p t i o n  of  i r on  to 34.6 % in  n o r m a l  ra t s  a n d  to 32.2 % 
in  case  of  t h e  i ron  de f i c i en t  ones .  

T h e  a d d i t i o n  of  a sco rb i c  ac id  to t h e  c o m b i n e d  dose  of  F e  + Co e n h a n c e d  absorp -  
t i on  of  i ron  b y  f ive t i m e s  in  n o r m a l  a n d  in  i r on  de f i c i en t  rats.  In  case  of  t he  
c o m b i n e d  dose  of  Fe  + Z n  t he  e n h a n c e m e n t  was  four  t i m e s  in  n o r m a l  ra t s  a n d  s ix  
t i m e s  in  i r on  de f i c i en t  ones.  

T h e  a d d i t i o n  of  l ac tose  to t he  c o m b i n e d  dose  of  e i t h e r  Fe  + Co or  Fe  + Z n  
c o r r e c t e d  t he  i n h i b i t i n g  ac t ion  of  e i t h e r  coba l t  or  z inc on  i r on  abso rp t i on .  

B a s e d  o n  t h e s e  f ind ings ,  i t  is r e c o m m e n d e d  t h a t  a sco rb i c  ac id  a n d  lac tose  b e  
a d d e d  to t h e r a p e u t i c  m u l t i m i n e r a l  p r e p a r a t i o n s .  

Zusammenfassung: D er  Einflul3 v o n  Ascorb ins~iure  u n d  L a c t o s e  a u f  d ie  I n t e r a k -  
t ion  z w i s c h e n  E i s e n  u n d  Z i n k  ode r  K u p f e r  be i  d e r  i n t e s t i n a l e n  R e s o r p t i o n  w u r d e  
a n  n o r m a l e n  R a t t e n  u n d  R a t t e n  m i t  E i s e n m a n g e l  u n t e r s u c h t .  

K o b a l t  h e m m t  die R e s o r p t i o n  v o n  E i s e n  be i  n o r m a l e n  R a t t e n  zu 42 % u n d  be i  
E i s e n m a n g e l r a t t e n  zu  46,7 %. Z i n k  h e m m t e  die E i s e n r e s o r p t i o n  zu  34,6 % bzw.  
32,2 %. Z u s a t z  y o n  Ascorb ins /~ure  zu e ine r  K o m b i n a t i o n  y o n  E i s e n  u n d  K o b a l t  
s t e ige r te  die  E i s e n r e s o r p t i o n  be i  n o r m a l e n  u n d  be i  M a n g e l t i e r e n  u m  das  F t inf fache .  
Bei  e ine r  K o m b i n a t i o n  y o n  E i s e n  u n d  Z i n k  s te iger te  Ascorb ins~ iu rezusa tz  die  
E i s e n r e s o r p t i o n  be i  n o r m a l e n  T i e r e n  v i e r f ach  u n d  be i  E i s e n m a n g e l t l e r e n  sechs-  
fach.  Z u s a t z  v o n  L a c t o s e  zu d e n  K o m b i n a t i o n e n  E i s e n  + Z i n k  o d e r  E i s e n  + K o b a l t  
n o r m a l i s i e r t e  in  b e i d e n  F/ i l len die  E i s e n r e s o r p t i o n .  

A u f g r u n d  d iese r  B e f u n d e  w i rd  v o r g e s c h l a g e n ,  Mul t imine ra l s to f fp r~ ipa ra t en  
Aseorb ins~iure  u n d  L a c t o s e  zuzuse tzen .  

Key words: i r o n  a b s o r p t i o n ;  zinc;  cobal t ;  a sco rb i c  acid;  l ac tose  

Schl~sselw6rter: E i s e n r e s o r p t i o n ,  Z ink ,  Koba l t ,  Ascorbins~iure ,  __Lactose 

Introduct ion  

I r o n  d e f i c i e n c y  a n e m i a  i s  o n e  o f  t h e  m a j o r  n u t r i t i o n a l  d e f i c i e n c i e s  t h a t  
a f f e c t  a l a r g e  s e c t o r  o f  t h e  p o p u l a t i o n  i n  E g y p t  [1, 2] a s  w e l l  a s  d i f f e r e n t  
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par t s  of  t he  w o r l d  [3]. A l t h o u g h  the  q u a n t i t y  of  i r on  p r e s e n t  in  cerea l  b a s e d  
food  c o n s u m e d  in  d e v e l o p i n g  c o u n t r i e s  m a y  be  sa t i s fac tory ,  ye t  t he  bio-  
ava i l ab i l i t y  of th is  i r on  is in  m o s t  cases  c o n s i d e r a b l y  low. T h e  b ioava i l ab i l -  
i ty  of  i r on  is i n f l u e n c e d  b y  the  p r e s e n c e  of  fac tors  t ha t  p r o m o t e  i ts  
a b s o r p t i o n  s u c h  as a sco rb i c  ac id  or r e d u c i n g  suga r s  [4, 5], also of  i n h i b i t i n g  
factors  s u c h  as p h y t a t e s  [6], t a n n i n s ,  or  p h o s p h a t e s  [7]. I n  a dd i t i on ,  t he  
a b s o r p t i o n  of i r o n  is a f fec ted  b y  t he  e x i s t e n c e  of o the r  m e t a l s  t ha t  c o m p e t e  
w i t h  i ron  d u r i n g  a b s o r p t i o n  [8]. T h e  p r e s e n c e  of  t hese  m e t a l s  i n  food is 
u n a v o i d a b l e  s ince  t h e y  are  e s s en t i a l  for n o r m a l  m e t a b o l i s m .  There fore ,  it 
s e e m s  u s e f u l  to m i n i m i z e  the i r  i n h i b i t o r y  effect  on  i r o n  a bso r p t i on .  

I n  the  p r e s e n t  i n v e s t i g a t i o n  the  effect  of  r e d u c i n g  a g e n t s  s u c h  as ascor-  
b ic  ac id  a n d  l ac tose  on  the  i n t e r a c t i o n  b e t w e e n  i ron  a n d  each  of  z inc  a n d  
coba l t  d u r i n g  a b s o r p t i o n  was  s tud ied .  

Mater ia l  and M e t h o d s  

White albino rats (Sprague-Dawley), body weight 150-180g, comprising both 
sexes were used in these experiments. 

Measurement of iron absorption was done in tied-off intestinal loops (jejunal) of 
rats in vivo. The rats after an overnight fast, were slightly anesthetized with diethyl 
ether. The abdomen was opened, and the tested dose was injected in the tied-off 
jejunal  segment (20 cm, starting from the flexura duodeno-jejunalis). Rats were kept 
for 10 minutes at room temperature. Blood was then drained by heart puncture and 
the liver was separated. The intestinal segment was then removed and the lumen 
washed by perfusion, twice, with 20 ml isotonic saline phosphate buffer pH 7.4, to 
drain all ~gFe not attached to mucosal surface. 

The 59Fe activity in each of blood, liver, intestinal segment and the rest of the body 
was measured, and corrected for the background. Measurement was done, using a 
7-counter (Nuclear Enterprice SR 5). 

The given dose was prepared in saline-HC1, 0.01N solution pH2, containing 
500nmol iron as Fe C13.6 H20 labelled with 59Fe obtained from (Radio Chemical 
Centre Ltd, Amersham, England). 

The dose measured about 100,000 cpm within the standard calibration of the 
measuring instrument.  

Each of cobalt and zinc were added to the iron dose in a concentration of 
500 nmoYdose. 

Experiments were done on both normal and Fe-deficient rats. Fe deficiency was 
produced in animals by bleeding from the tongue vein (2 ml blood, 5 times during 
2week~). Rats were kept on an iron-deficient diet during that period [5]. 

Blood hemoglobin concentration was estimated following the eyanomethoglobin 
method described by Betke [10]. 

Statistical analysis of the results were made according to the Student 's  "t" test. 
Significance was assumed at P < 0.05. 

R e s u l t s  

As s h o w n  in  T a b l e s  1 a n d  2, t he  a d d i t i o n  of  e i the r  coba l t  or z inc  to t he  
i ron  dose,  in  e q u i m o l a r  ratio,  c a u s e d  a m a r k e d  d rop  in  i ron  a b s o r p t i o n .  I n  
n o r m a l  ra ts  (Table  1), i r on  a b s o r p t i o n  d r o p p e d  to 42 %, d u e  to a d d i t i o n  of  
coba l t  a n d  to 34.6 % in  case  of  a d d i t i o n  of  zinc.  I n  i ron  de f i c i e n t  ra ts  
(Tab le2)  the  d rop  was  46.7 % a n d  32.2 % for coba l t  a n d  zinc,  r e spec t ive ly .  
The  i ron  c o n t e n t  i n  the  i n t e s t i n a l  s e g m e n t  (Table  3 & 4) was  m o r e  or less  
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Table 1. Whole body 5~Fe content (epm) of normal rats, 10 minutes after the 
administration of the test dose in tied-off intestinal segments in vivo. 

Dose No addition With ascorbic acid With lactose 

Fe 11,051 ___ 593 24,972 ___ 1,389 6,746 + 1,320 
P1 0.01 P1 0.01 

Fe + Co 4,669 _+ 524 25,936 _+ 2,281 11,456 + 1,004 
P1 0.01 P1 0.01 m.s. 

P2 0.01 P2 0.01 

Fe + Zn 3,848 _+ 366 14,649 _+ 811 11,843 _+ 760 
P1 0.01 P, 0.01 n.s. 

P2 0.01 P2 0.01 

P1 = Significance from Fe alone 
P2 = Significance from Fe + Co or Fe + 
P 0.01 = highly significant 

Zn 

n o t  c h a n g e d  d u e  to a d d i t i o n  of  coba l t  to the  i ron  dose  e i the r  i n  n o r m a l  or 
i n  i r o n - d e f i c i e n t  rats .  A d d i t i o n  of  z inc  to t he  i ron  dose  c a u s e d  a n  i n c r e a s e  
in  59Fe c o n t e n t  i n  the  i n t e s t i n e  of  n o r m a l  ra ts  (52 %) (Table  3), b u t  n o t  i n  
i r o n - d e f i c i e n t  ones  (Table  4). 

A s c o r b i c  acid,  a d d e d  to the  F e  + Co dose,  e n h a n c e d  a b s o r p t i o n  of  i ron .  
The  w h o l e  b o d y  u p t a k e  of 59Fe in  n o r m a l  rats  was  5 t i m e s  t h a t  of  ra ts  g i v e n  
Fe  + Co a n d  m o r e  t h a n  twice  t h a t  of  ra ts  g i v e n  i r o n  a lone .  I n  i r o n - d e f i c i e n t  
ra ts  s imi l a r  effect  was  n o t i c e d  (Tab le  2). 

A d d i t i o n  of  a sco rb i c  ac id  to the  F e  + Z n  dose,  c a u s e d  a n  e n h a n c e m e n t  of  
i r on  a b s o r p t i o n  m o r e  t h a n  4 t imes .  T h e  w h o l e  b o d y  c o n t e n t  of  59Fe in  
n o r m a l  rats  was  s i g n i f i c a n t l y  h i g h e r  t h a n  t ha t  of  ra ts  g i v e n  i ron  a lone .  

I n  i r o n - d e f i c i e n t  rats ,  t h e  e n h a n c e m e n t  of  i r o n  a b s o r p t i o n  d u e  a d d i t i o n  
of  a s c o r b i c  ac id  to the  Fe  + Z n  dose  was  m o r e  t h a n  6 t i m e s  a n d  a b o u t  
d o u b l e  t he  v a l u e  o b t a i n e d  f r o m  ra ts  g i v e n  i ron  a lone .  

T h e  59Fe c o n t e n t  i n  the  i n t e s t i n e  of  n o r m a l  or i r o n - d e f i c i e n t  ra ts  g i v e n  
a sco rb i c  ac id  w i t h  the  F e  + Co or F e  + Z n  was  m a r k e d l y  l o w e r  t h a n  t ha t  of  
ra ts  g i v e n  i ron  a lone  (Table  3 & 4). 

Table 2. Intestinal ~gFe content  (epm) of normal rats, 1O minutes after the adminis- 
tration of the test dose in tied-off intestinal in vivo. 

Dose No addition With ascorbic acid With lactose 

Fe 23,533 + 5,589 6,447 + 392 13,084 + 2,015 
P1 0.01 P1 0.01 

Fe + Co 23,757 + 2,625 9,031 ___ 916 20,877 +_ 1,082 
n.s. P1 0.01 n.s. 

P2 0.01 n.s. 

Fe + Zn 44,924 + 2,080 5,411 + 250 14,398 ___ 2,484 
P1 0.01 P1 0.01 P1 0.01 

P2 0.01 P2 0.01 
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Table 3. Whole body  ~gFe content  (epm) of  iron-deficient rats, 10 minutes  after 
adminis t ra t ion of  the test  dose in tied-off intest inal  segments  in vivo. 

Dose No addi t ion With ascorbic acid With lactose 

Fe  20,979 _+ 936 

Fe  + Co 9,823 + 498 
P1 0.01 

Fe  + Zn 6,766 + 851 
P1 0.01 

39,791 _+ 6,654 15,334 _+ 6,389 
P1 0.01 P1 0.05 
P2 0.01 P2 0.02 

40,261 _+ 1,898 6,693 • 567 
P1 0.01 PI 0.01 
P 0.01 n.s.  

A d d i t i o n  o f  l a c t o s e  to  t h e  i r o n  d o s e  i n h i b i t e d  a b s o r p t i o n  o f  i r o n  in  
n o r m a l  ra t s .  T h i s  w a s  a s s o c i a t e d  w i t h  m a r k e d  d r o p  o f  i n t e s t i n a l  59Fe 
c o n t e n t .  

T h e  r e t a r d a t i o n  o f  i r o n  a b s o r p t i o n  c a u s e d  b y  t h e  a d d i t i o n  o f  c o b a l t  w a s  
c o m p l e t e l y  c o r r e c t e d  b y  a d d i n g  l a c t o s e  to  t h e  ( i ron  + coba l t )  d o s e  in  
n o r m a l  r a t s  w h i l e  i t  w a s  p a r t i a l l y  c o r r e c t e d  in  i r o n - d e f i c i e n t  o n e s  ( a b o u t  
1.5 t i m e s  t h e  d o s e  o f  F e  + Co), s ee  T a b l e s  1 & 2. 

A d d i t i o n  o f  l a c t o s e  to  t h e  d o s e  o f  F e  + Z n  c o r r e c t e d  t h e  i n h i b i t o r y  e f f ec t  
o f  Z n  o n  i r o n  a b s o r p t i o n  in  n o r m a l  r a t s  b u t  n o t  in  i r o n - d e f i c i e n t  ra t s .  T h e  
w h o l e  b o d y  o f  n o r m a l  r a t s  g i v e n  F e  + Z n  to  w h i c h  l a c t o s e  w a s  a d d e d  
c o n t a i n  r e m a r k a b l e  a m o u n t s  o f  59Fe w h i c h  e v e n  e x c e e d s  t h a t  p r e s e n t  in  
r a t s  g i v e n  i r o n  a l o n e  (Tab l e  1). 

Discussion 

T h e  r e s u l t s  s h o w  t h a t  t h e  p r e s e n c e  o f  e i t h e r  c o b a l t  o r  z inc  w i t h  i r o n  in  
t h e  f o r e m e n t i o n e d  d o s e  l e v e l s  r e t a r d e d  t h e  a b s o r p t i o n  o f  i r o n  in  n o r m a l  
a n d  i r o n - d e f i c i e n t  ra t s .  T h e  i n h i b i t i n g  a c t i o n  o f  c o b a l t  o n  i r o n  a b s o r p t i o n  
w a s  p r e v i o u s l y  r e p o r t e d  b y  S h a d e  e t  al. (1970) [11]. I t  h a s  a l so  b e e n  s h o w n  
t h a t  s e r u m  i r o n  d e c r e a s e d  in  h u m a n s  g i v e n  an  o ra l  d o s e  o f  z inc  as  z inc  
a c e t a t e  a n d  t h a t  f e r r i c  i r o n  in  a d o s e  o f  2:1 F e / Z n  r a t i o  r e d u c e d  t h e  p l a s m a  
u p t a k e  o f  z inc  ( S o l o m o n s  e t  al.  1983) [12]. T h o s e  a u t h o r s  m e n t i o n e d  t h a t  

Table 4. Intest inal  59Pc content  (cpm) of  iron-deficient rats, 10 minutes  after adminis-  
t rat ion of the  test  dose in t ied-off intest inal  segments  in vivo. 

Dose No addi t ion With ascorbic acid With lactose 

Fe 28,448 • 4,225 

Fe  + Co 31,678 _+ 5,683 
n . s .  

Fe + Zn 27,854 + 4,225 
n . s .  

18,670 + 1,727 39,620 + 2,660 
P1 0.01 P1 0.01 
P2 0.01 P2 0.05 

13,518 _+ 731 27,752 _+ 1,790 
P1 0.01 n.s. 
P2 0.01 n.s. 
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the i r  resu l t s  are  m o s t  cons i s t en t  w i th  a c o m b i n a t i o n  of  an  i n t r a l um i na l  
c o m p e t i t i o n  of  the  two minera ls .  In  our  expe r ime n t s ,  the  h igh  SaFe con ten t  
in the  in t e s t ine  of n o r m a l  ra ts  g iven  F e  + Zn ind ica tes  c o m p e t i t i o n  be- 
t w e e n  i ron and  zinc on the  t r a n s p o r t i n g  agent  in the  in tes t ina l  mucosa ,  
n a m e l y  m u c o s a l  t r ans fe r r in  r e su l t ing  in a c c u m u l a t i o n  of  i ron (E1-Shobaki 
& R u m m e l ,  1977) [13]. 

Our  resul t s  show tha t  add i t i on  of  ascorb ic  ac id  to these  c o m b i n e d  doses  
of  e i ther  Fe  + Co or F e  + Zn is ab le  to s top  the  inh ib i t i ng  effect  of e i the r  Co 
or Zn on i ron  absorp t ion .  This  occu r r ed  in n o r m a l  and  i ron-def ic ien t  rats.  
I t  has  been  s h o w n  tha t  add i t i on  of  a scorb ic  ac id  to a so lu t ion  of  fe r rous  
su lpha t e  + zinc su lpha te  d id  not  inc rease  the  i nh ib i t o ry  in te rac t ion  of  F e  
on Zn, whi le  ferr ic  ch lor ide  s h o w e d  s ign i f ican t ly  more  inh ib i t ion  of  Zn 
u p t a k e  in the  p r e s e n c e  of  1 g a scorb ic  ac id  at  the  same  rat io  of  F e : Z n  
(So lomons  et  al., 1980). The  i nh ib i t o ry  effect  on zinc u p t a k e  was sugges t ed  
to be  d e p e n d e n t  on the  ox ida t i on  s ta te  of iron. 

I t  s eems  tha t  the  p re sence  of  i ron  in the  fer rous  s ta te  p r even t s  the  
c o m p e t i t i o n  exe r t ed  e i ther  b y  coba l t  or  zinc wi th  iron. This  is p r o v e d  by  
the  a p p r e c i a b l e  inc rease  in i ron  a b s o r p t i o n  f rom the  c o m b i n e d  doses  
(Fe + Co or Fe  + Zn) due  to a d d i t i o n  of  the  r e d u c i n g  agen t  a scorb ic  acid. 

Lac tose  is a d i s accha r ide  p r e s e n t  in mi lk  and  has  also s l ight  r e d u c i n g  
p roper t i e s .  I t  is va luab l e  to inves t iga te  i ts role on a b s o r p t i o n  and  in terac-  
t ion  of  i ron  wi th  e i ther  coba l t  on zinc. This  is i m p o r t a n t  pa r t i cu l a r ly  to 
infants  w h o s e  m a i n  food is mi lk .  The  p r e s e n c e  of  l ac tose  wi th  the  combi -  
ned  dose  of  Fe  + Co or Fe  + Zn s u c c e e d e d  in co r rec t ing  the  inh ib i t i ng  
effect  of  e i ther  coba l t  or  zinc on i ron  absorp t ion .  The  effect  of l ac tose  in 
th is  r e spec t  is less  t han  tha t  wh ich  occu r r ed  due  to add i t i on  of a scorb ic  
acid.  I t  is w o r t h  m e n t i o n i n g  tha t  a d d i t i o n  of  l ac tose  to the  i ron dose  a lone  
i nh ib i t ed  i ron  abso rp t ion .  I t  was  r e p o r t e d  tha t  l ac tose  con t a ined  in mi lk  
feeds  g iven  to infants  d id  no t  affect  i ron a b s o r p t i o n  (Ziegler  & F o m o v  
1983) [14]. A l t h o u g h  the  r e d u c i n g  capac i ty  of  l ac tose  is m u c h  less than  tha t  
of  a scorb ic  ac id  it has  in a d d i t i o n  che la t ing  effects  on mine ra l s  i nc lud ing  
iron. The  che la t ed  i ron  seems  to be  p r o t e c t e d  f rom the  i nh ib i t o ry  ac t ion  of 
o ther  me ta l s  such  as coba l t  and  zinc. The  less  m a r k e d  effect  of  lac tose  on 
in t e r ac t ion  of i ron  wi th  e i ther  of  coba l t  or zinc in i ron-def ic ien t  ra ts  is mos t  
p r o b a b l y  due  to the  e n h a n c e d  ra te  of i ron a b s o r p t i o n  in i ron  de f ic iency  
tha t  m a s k  the  effect  of lactose.  

A l t h o u g h  the  resu l t s  we o b t a i n e d  in this  s t u d y  are  f rom shor t - t e rm 
inves t iga t ions  and  a d a p t a t i o n  m e c h a n i s m s  m a y  have  cer ta in  impl ica t ion ,  
t hey  r e p r e s e n t  the  ac tua l  i n t e rac t ion  of  these  i ng red ien t s  in the  gut  du r ing  
absorp t ion .  

On these  bas i s  we r e c o m m e n d  to add  ascorb ic  acid  and  lac tose  to 
m u l t i m i n e r a l  p r e p a r a t i o n s  con ta in ing  i ron wh ich  are g iven  to infants  or 
adu l t s  to cor rec t  m ine ra l  def ic iencies .  
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