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In ~vo ~nef i~  of mucos~ uptake ~ ~min~ ~Fe  2+ by fled ~gmen~ ~ norm~ mouse duodenum a ~  
ch~a~edsed by a K m ~ approx. 100 ~M and a Vm~ ~ ~ appro~ 9 pmd/min  per mg w~  weig~ ~ ~ s f i n ~  
These v~ues were de~rm~ed ~ pH %25 ~ the p ~ n c e  of excess sodom ascorbate. Sm~es ~ ~min~ 
Fe 2+ concen~ations of 100 pM revel: (1) u~ake ~ rdafivdy ~dependent of a ~ o ~ e : F e  ~f io  and 
~min~ pH and (2) u~ake ~ potently ~ d  by 1 mM Co ~+ or M ~  + and large ~ m ~  NaCI 
concen~ations hut not [y C~ +. 3 days ~ hypo~a (0.5 atmospheres) yiel~ no ~gnificant increa~ ~ 
subseque~ ~ t ~  mucos~ u~ake by ~ ~vo fled ~gmen~ while uptake ~ ~gnificantly reduced by 
sem~a~af ion .  Quanfi~five compadson of ~ v~o mucos~ uptake wi~  ~bsequent de~rm~afion ~ 
~olated b ~ s ~ b o ~  memb~ne ~Fe  2+ ~anspo~ ~ ~ d u ~  mice ~ve~s  a po~five co~e~tion (P < ~01) 
between the two parameter. These ~ s ~ t ~  ~ c o ,  unction wi~  s~d~s  of ~ d ~ e d  mou~ duoden~ 
b ~ s h - b o ~  mem~ane (S im~o~  ~ J .  ~nd P ~ e ~ ,  ~ J .  (198~ Bioc~m. B ~ h y ~  A~& 81~ 381-388 and 
(1986) Bioc~m. Biophys. A~a 856, 109-11~ sugge~ ~ ~ e  Fe 2+ ~anspo~ properti~ ~ isol~ed 
b ~ s h - b o ~  mem~ane ~ e  quanti~fively adequa~ ~ exXOn ~ ~vo mucos~ u~ake ~ norm~ and hypo~c 
m~e at Fe 2+ concen~afions up to 100 pM. 

Recently, comparison of Fe 3÷ transport by iso- 
lated brush-border membrane with in vivo mucos~  
Fe 3÷ uptake by mouse in~stine [1] suggested that 
whi~ Heal mucos~  Fe 3+ uptake is expl~ned ade- 
qua tdy  by the p r o p e ~ s  of the ~olated mem- 
brane vef ide~ an extra uptake mechanism, loca- 
~sed to p r o ~ m ~  in~stine and not observed in 
preparations of brush-border membrane vef ide~ 
was necessary to expl~n in ~ v o  duoden~ Fe 3+ 
uptak~ The rdafive fignificance of Fe ~+ and Fe 3+ 
in d i~ary  i~on absorption rem~ns  to be du~- 

dated, consequently we wished to extend our stud- 
~s  to include kon  in the divMent form. 

Iron absorption in ~ v o  has been e x ~ n ~ v d y  
s tudie&parf iculady in normM and ffon-defident 
rats [2,3]. In this papeL in ~ v o  Fe 2÷ uptake from 
fled off segments of normM, hypo~c  and control- 
fed mouse p ro~mM in~stine was investigated and 
the resul~ compared with those obtMned in stud- 
~s  of Fe 2+ uptake by meuse brush-border ~ e m -  
brane veeries ~,5] and in ~udies of Fe 3÷ uptake 
[1,6,71. 

MmeH~s and M e ~ s  

Abb~afion: Hepe~ 4-(~hydmxye~bl~azine~hane-  
sdphomc a~d. 

The ~ ~ ~ ~ n  of S9Fe uptake was 
p ~ r m e d  as ~ [1] except that the ~ c u b ~ n  
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media and wash s ~ m ~ n s  were prepared as M 
ReL 4. MMeriMs were obtMned as described pre- 
¼ouMy [1,6,7]. M~e w~e  6-8 weeks ~d ,  mM~ To 
s~Mn and c o n ~  ~ e ~ n g  w ~  p ~ r m e d  ~ ~ 
ReL 5. Data were a n M ~  u~ng Studenfs vtest 
as the ~ f i b u t i o n  of the ~ ~vo  data did not 
&f~ r  fig~ficanfly ~om ~ e  normM ~ r i b u f i o n  
[8]. D~M~ of a~mM &ets, induction of hypo~a  
and mucosM ~on ~ m i ~  are W e n  in Re~. 
7 and 9. Reticulocy~s were ~Mned ~ t h  m e S S -  
ene b~e.  H ~ m o # o b ~  w ~  ~ ~ d  ~ ~ e  
cyanom~ derivMNe u~ng a C o d e r  ~ o ~  
(Luton, U.K.) h ~ m o ~ o b ~ o m e ~ r .  

A series of experiments were p ~ r m e d  ~ t h  
& ~  normM, c o m r ~ - ~ d  or hypofic mice (see 
~ .  4 ~ d  5 ~ r  d~M~) ~ w h i ~  b ~ s ~  
memb~ne  v e f i d ~  were prepared ~ 1 o ~  M ¼vo 
f ied-~f  ~ gm e m up~ke  ~pe r imem~ A ~gmem 
of 6-10 cm ~ uode num p~s  pm~mM j o ~ u ~  
was prepared and ~ e d  as above ~ t h  90 ~M 
Fe z+, 1.8 mM ~ u m  ~ m ~  0.1 M N a ~ ,  0.1 
M m ~ ,  20 mM Hepes ~ H  7.25). Afte~ ~ -  
cubation for 10 rain, the ~gmem was ~moved,  
w ~ # e d  and washed as in Re~ 1. Counting of ~ e  
gut ~g me m  ~ r  59Fe w ~  p ~ r m e d  ~ t ~ n  5 rain 
in a coded  chamb~ counter (Beckman ~-7000, 
B~kman  Ms~umems ~ ,  F ~ ,  CA, U.~A.). 
The gut ~ gm e m was ~ e n  used to prepare b rus~  
bo rd~  memb~ne  v e f i d ~  as d~cribed ~ ReL 6. 
The vefide preparation was coun~d for 59Fe ac- 
f i~ f f  and t~s  was used to correct subsequent 
~Fe  2+ uptake experimen~ p ~ r m e d  by ~ -  
pore fiRrafion as described in [4,5]. Enzyme and 
p r o ~ n  ~ r m i ~  were p ~ r m e d  as in ReL 
6. 

G d  ~ a t i o n  an~y~s of ~ ~  and 
~ F e 2 ÷ / ~ c ~ b ~ e  me&a w ~  p ~ r m ~  on a S ~ -  
h a d ~  G-25 c~umn ~5  × 1 c ~  ~ f i b ~ m d  and 
e ~ d  ~ 0.15 M N a ~ ,  10 mM N a H e p ~  ~ H  
7.0) at 6°C (flow rate 0.3 ~ / m i ~ .  Fractions (1.2 
~ )  were co~ected and counted for 59Fe or 5~Cr as 
~ p ~ p f i ~  

R e s ~  

Ha~ato log~ l  pamm~em ~ r  exp~m~ta l  mouse 
groups 

Table I ~ s ~ a ~  haemo#obin vMue~ ~ticuM- 
cyte counts and duodenM mucosM iron Mvds for 

TABLE I 

HAEMOGLO~N LEVEL~ RE~CULOCYTE COUNTS 
AND MUCOSAL IRON IN NORMA~ HYPOXIC AND 
CONTROL FED MICE 

Blood was obt~ned ~om mice by ~ r ~  pun~u~. M ~  
iron was ~ r m i ~ d  by ~omic a~o~f ion  ~ o p h o ~ m ~  
~ ~ Refs. 7 znd 9. R e t i c ~ y t e  ~ounts ~ere obt~ned by 
counting 1~0 c~s.  Data are mean± S.E. ~ r  (n) mice, 

AmmM ~ood Reticdocy~ DuodenM 
group haemo#o~n count muc~M ~on 

~ / d l )  (%) ~ m ~ / m g  
~ 

NormN l & l ± ~ 4  (~ 1N±~4 (7) 5~4±1.8 (~ 
Hypo~c 1 ~ 6 ± ~ 2  ( ~  a 5.8±&6 (~  ~ 7.56±0.72 (6) 
Con~N-~d 15.1 ±0A (6) 1.3±~2 (~ ~02±0A6 (~ 

a p < ~001 compared with con~ol-~d and normS. 

normal, hypofic and conUol-fed mice, It can be 
seen that reficulocy~ counts and haemoglobin 
levds are enhanced (p  < 0.001) in hypoxic (com- 
pared with both norm~ and conuol-fed) mice, 
reflecting enhanced erythropoiesi~ No fignificant 
differences (p  > 0.1) were observed between con- 
trol-fed and norm~ mice in any of the parameters 
reposed  in Table I. 

Characteristics of m Ovo ~gFe2+ uptake by mouse 
duodenum 

The inifiM t im~cou~e of totM mucos~ ~F e  2+ 
uptake by mouse duodenum at two medium Fe z+ 
concenffations and a constant ascorba~ to Fe 
ratio of 20 : 1 is shown in Fig. 1. Also shown is the 
uptake of the marker 5~CrEDTA. This ex~acdlu- 
lar fluid marker [1~ was confidered to be ap- 
propria~ for ~udies with Fe 2+ as uptake of such 
markers shows some dependence on m ~ e c d a r  
fize [11] and 51CrEDTA was found to dute  in the 
same pofifion within the included r e ,  on as Fe 2+ 
ascorbate on Sephadex G-25 chromatograph~ It 
is noteworthy that, as was pre~ou~y no~d  with 
~F e  3+ uptak~ the permeation of 5aCrEDTA is 
much lower than that of ~Fe  2+, e s p e d ~  at 10 
min incubation. Correction of mucos~ ~F e  2+ up- 
take with the 5~CrEDTA leads to reasonab~ fin- 
ear tim~course~ f imihr  to those obtained in ~vo 
in studies of mucos~ 59Fe3+ up~ke [1], thus M- 
lowing an estimate of the inifi~ rate of mucosM 
uptak~ 
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Fi~ 1. Tim~course for mucos~ ~Fe 2+ uptake by mouse 
duodenum in ~vo. Tied-off segments (1-2 cm) of mouse 
duodenum, immediatdy distM to the bi~ duct, were prepared 
under anae~he~a [1]. Segments were seMed after injection of 
appro~ 50-100 ~1 of 0.1 M NaC1, 0.1 M mannitol, 20 mM 
Hepe~ ~Fe 2+ and 20-fold molar excess sodium ascorbate 
(finM pH 7~5). After incubation, the segment was remove& 
opened and washed with 20 ml of ~e cold ~1 mM Fe 2+, 2 
mM sodium ascorbat~ ~15 M NaCI. After blotting and re- 
movM of connective and pancreatic tissu~ the segment was 
w~ghed and counted. The mouse was kil~d and coun~d for 
~Fe  as in [1]. The counts in the i n ~ i n M  segment and mouse 
were use& Mong with the w~ght of the segment and ~s ~ngth 
before and after removM from the mous~ to cMcula~ totM 
mucosM uptake of ~Fe per mg (w~ w~ght) of intestine as in 
ReL 1. Medium Fe 2+ concentrations were 400 ~M (~) and 100 
~M (~). Also shown are d~a for uptake of 100 ~M ~CrEDTA 
(C)) in the same medium lacking FeZ+/aseorbate. 

up~ke by normM mouse duodenum in fivo. TotM mucosM 
uptake vMues w~e obt~ned from ~ ~vo tied-off segmen~ of 
duodenum incubated for 10 min wi~ ~1 M NaC1, 0.1 M 
man~mL 20 mM Hepes (pH 7.25~ c o n t ~ n g  ~e  indicated 
Fe 2+ concentrations and a constant ascorbate: Fe 2+ ratio of 
20:1. VMues were corrected for permeation by non spedfic 
mecha~sms with ~CrEDTA (see M~hods), The curve is a 
hyperb~a charac~rised by a Vm~ x of 9 p m~/ mg  i n ~ i n e  per 
min and a K m o f  1 0 0  ~ M .  

the ascorbate :Fe ratio by a factor of 20 or sub- 
stituting isoascorbate (D-erythrohex-2-enoic add,  
sodium salt) have ~tfle effect on initial total 
mucosal uptake of ~F e  ~+. This observation is 
similar to that made with 59Fe2÷ uptake by iso- 
lated brush-border membrane ve~cles [4], that is 
uptake rdates to ~F e  2+ rather than to the 
Fe~+-ascorbate complexes which may be present. 

Fig. 2 demon~ra~s  that varying the Fe 2+ con- 
centration at constant ascorbate:Fe 2+ ratio re- 
sults in a saturable dependence of uptake on 
medium Fe z+ concentration. Note that this curve 
is obt~ned after correcting for the uptake of 
5t CrEDTA, which was found to be fineady depen- 
dent on 5~CrEDTA upto 1 mM (not shown~ This 
d e p e n d e n c e  is qua l i t a t i ve ly  ~ m i h r  to  the  F e  2+ 

c o n c e n t r a t i o n  d e p e n d e n c e  o f  ~ F e  2+ u p t a k e  b y  

m o u s e  d u o d e n ~  b r u s h - b o r d e r  m e m b r a n e  ves ic les  

as r e p o s e d  p r e ~ o u ~ y  [4]. 

T a b l e  II s h o w s  the  r e s u l ~  of  an  i n v e s t i g a t i o n  o f  

the  e f fec t  o f  va ry ing  the  r e d u ~ n g  a g e n t  ( a s co t -  

b a t e )  on  i n i t i ~  in  ~ v o  u p t a k e  w i t h  a ~ n ~ e  c o n -  

c e n t r a t i o n  o f  ~ F e  2+. It c a n  be  seen  tha t  va ry ing  

TABLE 1I 

EFFECT OF VARYING REDUCING AGENTS ON 59Fe2+ 

In each expefimenL uptake was de~rmined a~er 10 rain 
incubation in an in vivo t i e ,  off segment as described in Fi~ 1. 
The ~Fe 2+ concen~ation was 100 ~M and ~e  redu~ng agent 
was added as ~e  s t r u m  sMt. 

Reduong agent Ascorbate : TotM mucosM 
Fe 2+ ratio uptake of 59Fe2+ 

(pmol/mg inte~in~ 
mean ~ S.E. for 
(n) determinations) 

0.5 mM ascorbate 5 563 ± &5 (4) 
2 mM ascorb~e 20 443 ± ( 5  (1~ 
10 mM ascorbate 100 5~7 ±&9 (8) 
2 mM ~oascorb~e - 35~± ~5 (5) 
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Effe~ of hypoxm on ~ ~ivo mucosal 69Fee + uptake 
by mouze duodenum 

Table III shows the effect of expofing mice to 3 
days of hypofia or of c o n i c  ~eding prior to the 
determination of 59Fe2+ uptake at 100 gM Fe ~+. 
To t~  mucos~ uptake shows no fignificant change 
in hypofia compared with normM mice. Prewash- 
ing the intestin~ segment had no fignificant effect 
in norm~ or hypoxic animus and, if anythin~ 
obscures any slight increas~ There is a striking 
2-fold increase in ~9Fe2+ transfer to the carcass in 
hypof i~  accompanied by a drop in ~gFe ret~ned 
in the gut segmenL This observation pro~des 
further strong e¼dence that the uptake and 
~ans~r  s~ps in ~on absorption are sequenti~ 
s~ps in the overall absorption process (see ReL 2). 
When mice are fed the same daily quantity of d~t  
consumed by mice exposed to hypof i~  a fignifi- 
cant~  lower mucos~ uptake is observed (p  < 0.01; 
Table III). The reduction appears to be effected at 
the uptake step as both gut and carcass ~9Fe ~vds  
are reduced compared with norm~ a n i m ~  These 
changes in to t~  mucos~ Fe z+ uptake agree with 
our studies of ~ F e  2+ uptake by normM, hypofic 
and control-fed mouse duodenM brush border 
membrane verities [4,5] conducted with fimflar 
media. 

Inh~ition of Fe: + uptake 
Table IV shows that Co z+ and Mn ~+ are p o i n t  

inhibito~ of Fe z+ absorption while C ~  + has no 
fignificant effect. The effect of Co z+ and Mn 2+ 
appears to be at the inifiM uptake step as totM 
mucosM uptak~ transferred radioiron and mucosM 
radi~ron all decline roughly in parMlel (Table 
IV). The inhibitory ef~ct  of these ions on iron 
absorption is wall documented [2] and inhibition 
of Fe z + transport by isolated mouse brush-border 
membrane verities by Co z+ and Mn 2+ has been 
recorded [~ though the effect was less than occurs 
in ~vo. Ca ~+ has no s~nificant effect on Fe 2+ 
~anspo~ by ~Cated brush-border membrane 
vesicles [~. 

Addition of large concentrations of NaC1 to the 
incubation medium had a pronounced inhibitory 
effect on mucosM Fe 2+ uptake (Tab~ IV). 
Lowering the pH of the medium from 7.25 to 6.55 
had no fignificant ef~ct  on mucos~ uptake (Ta- 
ble IV). In~rpretation of these resC~ must be 
influenced by the complefity of the in ~vo sys- 
tem. In p a r t i c u ~  Mter~ion of the luminM pH 
does not Mter the pH dose to the brush-border 
membrane fignificanfly, due to the web known 
capa~ty of duoden~ mucosa to neu~alise a6d  
[12]. RepoSed vMues for the pH a~acent  to 

TABLE IlI 

EFFECT OF HYPOXIA ON ~Fe  2+ ABSORPTION FROM TIED-OFF SEGMENTS 

U p m k ~  ( p m ~ / m g  ~ s f i n ~  mean±S.E.  ~ r  (n)  d ~ m i n a t i o n O  were d ~ m m e d  aRer 10 m ~  incubation as described in F~. 1 
with 100 #M ~Fe  ~+ and 2 mM ascorbate ~ 0.1 M NaCI, 0.1 M ma n , t e l ,  20 mM Hepes (pH 7.25). Prewashed ~gmen~  were 
prepared as in ReL 1 by gent~ pum~ng  1 ml of warm (37°C) ~15 M NaC1 ~rough the ~gment  prior to i~ecfion of ~ e  ~ F e  2+ 
s~ufiom Hypo~a was induced by ~ a ~ n g  mice ~ a hypobafic chamb~ at 0.5 ~ m o s p h ~  for 3 days. Except for the a~mMs w~ch 
w~e c o n ~ - ~ d  (~e M~hods) food and w ~  w e n  ~ven ~edy. 

Experimem ~Fe  in gut ~Fe  ~ carcass T ~  mucos~ (n)  
~ F e  up~ke 

Norm~  mice 22.1 ± 3.0 22.3 ± 3.6 44.5 ± &5 16 
Norm~ mice, 

p~washed ~gment 18A ± 1.7 26.7 ± ~3 45A ± ~2 8 
3 day hypo~c m~e 8.5 ± 1 ~ ~ 513 ± 5 • ~ 5%2 ± 6.3 18 
3 day hypo~c mic~ 

p~washed ~gment 11.8 ± 1.9 b 44~ ± ~1 ~ 55.7 ± 5~ 11 
Cont r~-~d  1~5 ± 1.7 a ~9 ± 1 ~ ~d 2~5 ± 3.3 ~d 10 

a p < 0~1 compared to normS. 
b p < 0~2 compared to normS. 
~ p < ~05 compared to nerm~ p~washed ~gment. 
d p < 0.001 compared to h y p o ~  
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TABLE IV 

EFFECT OF DIVALENT CATION~ pH AND NaCI ON ~ F e  2+ ABSORPTION IN VIVO 

Incubation m e s a  were as described ~ r  Ta~e  II ~ o d ~ m  a~orba~;  2 mM) with additions as described. Data are expressed as 
p m d / m g  in~stin~ m o n  _+ ~ ~ r  (n)  d ~ m i n a t i o n s .  

Experiment ~ F e  in gut 59Fe in carcass Tot~ mucosal 
Fe z+ uptake (n)  

Control (pH 7.25) 
(no addition) 22.1_+3.0 22.3 _+ 3.6 44.5_+ 4.5 (16) 

+ l m M C a C I  2 14.4_+2.2 22.7 _+ 3.5 37.1_+ 3.6 (5) 
+ l m M M n C 1 2  3.8_+0.9 b 8.2 _+ 2.1 12.0_+ 2.7 ~ (4) 
+ l m M C o C 1 2  6.4_+1.3 b 4.6 _+ 0.9 b 11.0_+ 1.8 ~ (8) 
+ 1.35 M NaCI 15.2_+ 0.4 ~ 1.33 _+ 0.29 b 16.5_+ 0.6 b (4) 
pH 6.55 15.6_+3.8 36.1 _+ 10.1 51.7_+10.9 (6) 

~ p < 0~01. 
~ p < 0~1. 
¢ p < 0~5. 

brush-border membrane in vivo in rats are not 
fignificantly different from 7.25 [12]. The high 
NaC1 concentration used wi~ have marked effects 
on water flux and the vasculature of the mucosa 
was viably affected in these experiment .  It is 
noteworthy that NaC1 was inhibitory to brush- 
border membrane veficle Fe z+ uptake [4,5]. 

Comparison of 59Fe 2+ uptake by duodenal m~cosa 
m v~o and by ~ o ~ d  brush-border membrane m 
vitro 

As noted above, there are quahtative fimflari- 
ties b~ween to t~  mucos~ uptake of ~Fe  2+ in 
fivo and ~ F e  ~+ transport by ~olated brush-border 
verities (see Re~ 4). This agreement (little effect 
of varying ascorba~:  Fe z+ ratio, of substituting 
isoascorbate for ascorbat~ of Ca z+ or h y p o ~  
inhibition by Co 2+, Mn 2+, NaC1 and con~ol feed- 
ing) though not exach sugges~ that the kinetic 
properties of Fe z+ ~anspo~ by isolated brush- 
border membrane verities may be nearly adequate 
to expl~n Fe z+ uptake kinetics in ~vo. It has 
p re~ou~y  been demon~ra~d  [1] that this is ~so 
~ue for Fe 3+ uptake by mouse ~eum but not 
mouse duodenum. 

The striking difference b~ween Fe 3+ uptake 
and Fe z+ uptake by ~olated duoden~ brush- 
border membrane verities is that the latter is 
much more rapid and extenfive (Re~. 13, 14 and 
4 compared with Refs. 6 and 7). It would not be 
surprisin~ then, that a comparison of Fe 2+ uptake 
by mouse duodenum in ~ o  might show an ade- 

quate rate of brush-border membrane veficle 
~anspo~. 

In order to test the hypothesis that in vivo 
mucosal Fe z+ uptake rates are explained by the 
properties of ~olated brush-border membrane 
vesicles, the comparison of these two parameters 
with individual mice was attempted and is shown 
in Fig. 3. 

The initial veficle transport rate was taken as 
the difference between uptake values determined 
at 90 ~M and 9 ~M Fe E+, in order to correct for a 
binding component of the uptake process (see 
Refs. 4 and 5). 

The po~tiv~ ~gnificant correlation (p  < 0~1) 
between veficle and in vivo uptake further con- 
firms that the Fe 2÷ ~anspo~ properties of mouse 
brush-border membrane veficles are related to in 
vivo mucosal uptak~ at least under these condi- 
tions. It can be seen from Fi~ 3 that all but one of 
the data points indicates an adequate vefide up- 
take rate for the in vivo rate. Both in vivo and 
veficle uptake show some variability from animal 
to animal (see also Refs. 4 and 5). Fig. 3 dem- 
onstrates that some of the variability in veficle 
uptake data reflec~ real in vivo variability. It 
should be noted that this vafiabihty was not ob- 
served in fimilar ~udies with Fe 3÷ or 51CrEDTA 
uptake in vivo (see ReL 1) and therefore may not 
be a reflection of the techniques employed but of 
real inte~animal variation. 

Some determinations of veficle Fe 2+ uptake 
have yielded very large values (see Refs. 4 and 5). 
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Fi~ 3. Co~eh t ion  of in ~vo  ~ F e  2+ uptake rates with brush- 
border membrane vefide ~ F e  2+ ~anspo~.  Tied-off segments 
of duodenum plus pro~m~ jounum 0ength 6-10 cm ~arting 
dist~ to the bile duc0 were prepared and incubated for 10 rain 
as described in Methods (medium Fe 2÷ concen~ation 90 ~M). 
A~er counting for ~F~ the gut segment was used to prepare 
brush-border membrane verities as described in ReL 6. The 
verities cont~ned only small quantifies of ~Fe from the tied 
segment experiment and were used to determine ~Fe 2+ up- 
take (90 ~M and 9 ~M Fe 2÷, incubation time 1 min, media as 
in Fi~ 2) by Millipore filtration as described in ReL 4. The 
vefide ~anspo~ rate was taken as the difference between 
uptake v~ues at the two medium Fe 2÷ concentrations (see 
Refs. 4 and 5). The acfi~ty of the brush-border marker enzyme 
Zn2+-refistant a-~ucofidase in the two preparations was used 
to express the vefide and tissue uptakes in equivMent uni~. 
Broadly speakin~ this represented multiplication by approx. 
20 mg in~stine/munit enzyme [1] for in ~vo dat~ and multi- 
plication by approx. &l mg proton/munit enzyme [~ for 
verde dat~ In ~vo total mucos~ uptake is expressed as a rate 
assuming a ~near uptake fim~cours~ M~e were ~ther norm~ 
( ~  con~ol-fed (~), or hypoxic (~) Gee Methods for d ~ l ~ .  
The line was obt~ned by finear regresfion (r = &7Z p < 0~1). 
The very large vefide uptake v~ue was not included in the 
regresfion an~yfi~ 

In the series of exper iments  shown in F i ~  3, one 
vesicle p repa ra t ion  y i d d e d  such a very large up- 
take v ~ u ~  This  d id  not  c o , d a t e  with an espe- 
d a l l y  large in ~ v o  up take  hence this v ~ u e  may  
represent  an o c c a f i o n ~  a~efac t  of v e f i d e  p repara -  
t ion o2  a step subsequent  to i n i t i ~  up take  m a y  be  
ra te  de te rmin ing  in f ivo  in this case. 

Taken  with the small  differences between the 
Fe  2+ t ranspor t  p roper t ies  of  b rush-borde r  ver i t ies  

and  in ¼vo m u c o s ~  up take  (~ ight ly  greater  sen~-  
t ivi ty of v e r d e  ~ a n s p o n  to high ascorbate  con- 
cen t ra t ion~  lower sen~t iv i ty  of  v e r d e  ~ a n s p o ~  
to Co ~+ and  Mn 2+ inhibi t ion),  this sugges~ that, 
while quanf i t a f ivdy  adequate  to e x p l ~ n  in ¼vo 
u p t a k ~  other  steps subsequent  to the in i f i~  
b rush -bo rde r  ~ a n s p o n  may  ~ s o  cont r ibu te  to de- 
~ r m i n a t i o n  of  the ove r~ l  rate of  uptake.  

D ~ c u ~ n  

The f indings presented  above  cont ras t  with pre- 
vious f indings r d a t i n g  to Fe  3+ uptake  [1] where 
b rush -borde r  m e m b r a n e  uptake  was inadequa te  to 
expla in  in vivo duodena l  Fe  3÷ uptake.  This sug- 
ge s~  that  the p r e d o m i n a n t  in vivo mechanism of 
Fe  3+ uptake  may  be  different  f rom that  for Fe  2÷ 
under  the condi t ions  used for these ~udies .  This 
p roposa l  is fur ther  suppor ted  by  the f inding that  
in vivo Fe  2÷ mucosal  up take  is not  enhanced in 
hypoxic  mice compared  with normals  whereas a 
~gni f ican t  increase in Fe  3÷ uptake  has been ob-  
served [1]. 

Previous ~ud i e s  of  enhanced  Fe  e+ absorp t ion  
in hypoxic  mice and  rats  [15,16] repor ted  2-fold 
increases in rad io i ron  re tent ion  after oral  force 
feeding of test doses of rad io  l a b d l e d  FeSO 4 in 
hypoxic  compared  with normal  animals.  This re- 
tent ion pa rame te r  is more  closely re la ted to 59Fe 

~a ns f e ~  in tied segment  e x p e r i m e n t ,  than  to total  
mucosal  up take  and hence our studies are in rea- 
sonable  agreement  with the earl ier  work. 

It is not  yet clear what  causes the enhanced  
59Fe ~ans fe r  in hypoxic  animals  and  further s tud-  
ies of  subsequent  mucosal  processing of  ~on  are 
necessary.  The  molecular  na ture  of the brush 
borde r  membrane  ' ca r r i e£  is not  yet known but  
fur ther  ~ud ies  with ~o la t ed  brush border  mem- 
b rane  are wor thwhi l~  at  least for Fe  z÷. 

The  f inding that  distinct,  s e p a r a t d y  regulated 
mechanisms  of mucosal  Fe  2+ and Fe  3+ up take  
may  exist means  that  in te rpre ta t ion  of  absorp t ion  
exper iments  where the luminal  Fe  redox state ~ 
not  defined,  or  poor ly  con~ol led ,  in terms of  i ron 
up take  mechan i sm~  is difficult .  
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