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i'HoTOCOL IWR sTuL)TES OF IRON ABSORPTION IN 
HUMAN VOUI!fEZRS 

L 

UCKCIRUUMI: --c 

Qn thp phys io loq  of lron absorption. Most of the work bas been done 

wlth animals and much worthwhile informetion has resulted (1-3).  

studic:: 11:ive given inYormstion on the site, rate, anu control of iron 

: ibouqt ion .Ln the gastrointesttnal tract i n  rats. Simi;Lar information 

is not. nvxila.blt .  for humans. 

For the past 4 years we have been involved with studies 

These 

In keeping with cur misoion to conduct 

b a s i c  and clinical research projects i n  the areas of nutrition and 

?astrol.ntostinal physiology ve propose to conduct th i s  study in humans. 

In order to carry on t h i s  investigation we will need to study 

The procedures to be employed have been used n o m a d  h m n  volwitecrs. 

by others ("") and are accepted as being qaite safe. The study does 

require ysc of radioisotopes of iron but in amounts veU. bel& the 

maximum permissable body 'ouzdens. It l a  anticipated that the ex- 

perinents w i l l  yield valuable InPormation on the pbysiology of iron 

aboomt ion.  

Person in Wge: 

Attending Phy sicisn: 

Lt Col Micbael P. Dacquisto, Md: 

mor Munsey S. Wheby, MC 
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L The S t u d y  Involves 2 Parts 

I srm OF ~ O R F T J O N  

A.  DESCHIM'ION - 
The basis for t h i s  part of the study is the 

z t w i i c n  on iron absorption i n  man using two rad 

by Brisr:  and ~ d l b e r g ' ~ ) .  Iron absorption frm. 

method fo r  cornparat ive 

oi rvn  sotopefi described 

different. compounds, 

or, d l f f c ren t  sites i n  the e c t r o i n t e s t i n a l  t r a c t  can be compared in 

t h e  :;illl)le individual with t h i s  method. 

that irot-1'9 and iron5; can be assayed separately i n  the same blood 

The, method is  based on the f ac t  

snniple. Wc are currently using t h i s  technique successW& (15) . 
In the pruposed study we will give on alternate days, for 6 days, 

ironS5 and iron59 mixed with an  identical c a r r i e r  of non-radioactive 

i ron .  One isotope w i l l  be given by mouth, t h e  ather by a Cine tube 

placed i n  the small intestine, spec i f ica l ly  t o  bypass a selected area 

of gut. 

be taken and the  ra t io :  o r a l l y  administered isotope - tube administered 

L. 

Two weeks a r t e r  the  last dose of iron, a blood sample w i l l  

isotope will be determined. 

iron absorption, of bypassing the! particular intestinal site selected.  

This ratio w i n  reflect the ef fec t ,  on 

Since the absorption of each I s  

on J separate by;, dny t o  

cm tests done 

ion for each 
t i t i ; .  - ~ . -  - .  

. individual is greatly reduced. 

study, the large variat ion between individuals is elblnated. 

Since each individual. is a canplete 
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B. IEllALLED MEPIOD 

Uay 1. Routine blood counts, serum ironland unsaturated iron 

binding capacity are done. A #160 polyethylelle tubing with Croeby 

cup attached is passed. Assure the position of the cup by fluoroscopy 

or X - r a y  and then tape it to the skin t o  secure tubing when position 

is satisfactory. Flush tubing with saline an3 air, and seal it with 

neat t o  preverk backflow. 

nay 2, 4, 6. Either Fe55 or 

isatope and the route of administration 

tematic error. 

my 3, 5, 7 . Either Id5 or Ee5’ is given ora.Uy or by tube depending 

on what was given and by what route on b y  1. Carrier iron - 5 mg of 

Ferrous Iron. 

Doy 21. Fif ty  (50 )  m l  of blood are taken t o  determine ratio of orally 

rrdministered isotope to isotope given through the tube. 

c. 

is given orally or by tube. The 

Le varied to avoid aye- 

Carrier iron - 5 mg of Ferrous iron. 

Tube is removed on Day 7. 

NUMBER OF sucQ?JssEuL m m s  To BE Dam. 

’5  - Bypass- St-Ch. 

5 - Bypass i ry ;  duodenum. 

\ , 

~atal I&* - 45 microcuries. 

Total Iron5’ - 15 microcuries. 

U s i n R  * 5 mU-fip.am carrier, only x) per cent or lese of the doee 

is usuriUy absorbed (7’8). This WUJ. neul4 in a t o t a l  body dose of 



approximately 120 miLlirads which i s  within tine accepted safe l i m i t  (9.13; . .  
I 
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ERLimAted t o  be absorbed - 9 u;?. 

Estimated i r 0 2 ~  to be absorbed - 3 UC. 

L 

A -  DESCRIPTION 

(h.w pmvious work i n  rats strongJy s-psts that *On is absorbed 

by a regulated process with characteristier; compatible with an enzymatic 

procccs(3). With what we regard to be p h y S i O l O g i C t d .  emaunts of iron, 

the absorptive mechanlism demonstrates 8 leaximum transport capacity 

which seems capable of regu2ating iron absorption. Information of 

this type should be obtained in humans aMf t h i s  is the second aim of 

the  proposed protocol. 

By use of a double lumen tube phced in selected intest inal  sites, 

thc? kinetics of iron absorption can be studied. 

is used for infusion of the t e s t  material, and the distal lumen located 

30 cm below the proximal is used t o  siphon f lu id  f’rom thst  site.  

a non-aocorbable, water soluble marker such 88 polyethylene -01 

The proximal lumen 

Wben 

is used in the inf’used t e a t  material containing changes in 

sorptive cells of the I n t e s t W  site being lmestQp%ted. 

test material is infused in a known concentr8tion at 8 knciwn rate, an 

When the 

accurate calculation of iron absorption kinetics per area of intest- 

can be made. This method has been used by &hers(’‘) and I s  relparded 

. 1.- .~ 
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From previous work(2) we know that all Iron exrtering absorptive 

cel ls  Warn the  intestinal lumen is not transpbrtcd t o  blood but a 

v a r i a b l e  portion IG ultimately sloughed back into the lumen. 

saqucntly, simply  determining disappearance of i ron  Prom material 

i n m e d  i n t o  the i n t e s t i n a l  t r a c t  does not accurately describe Over- 

all iron absorption. To canpensate for  t h i s ,  one aust, i n  addition, 

determ-lrie rate of en t ry  of absorbed i ron into blood. If samples of 

bled are taken during the time of i n t e s t i n a l  iroa inf'usfon, o m  can 

dctect entry of radioiron into peripheral  plasms. 

Con- 

Since the level 

of rtrllioiron i n  plasma, a t  any time, is a resultant of the rate at 

which iron iG enter ing plasma (inflow) and the rate at which i ron is 

Icavin& plasma (outflow), the  outflow rate must be determined during 

tne abccrptive period. This has been done by others(5) and we w i l l  

!.;::e a similar method. 

re ren t  -iron isotupe than the one being infused i n to  the in tes t ine .  

For these studies iron55 bound t o  the volunteer 's  p l a s m  will be given. 

When serial blood samples are taken each isotope is assayed simul- 

tsneausly i n  the sane sample 

It consis ts  of giving intravenously a d i f -  

( 6 )  

Since we w a n t  to study absorption f r o m  a limited segment of in-  

t e s t ine ,  and the d i s t a l  tube vill not siphon off a l l  the inased iron, 

saxe absorption could occur below tbe site being imrestigated. In 

: - m 4 y  p! Pp?* fl4ssr !k y!m: tube, e*nf-€i.-@tJiY .I- be- the 

siphon tube, w i l l  be used t o  infbse desferriacsmim. This material 

cunbineo with and prevents the  absorption of iron. Therefore, ab- 

sorpt ion should be confined t o  the area being investigated. 

. I  
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1. SubJect is fast ing.  L 
: I .  Pass tubing, locate desired s i te  by f1uc:roccopy or X-ray. 

1;. hit indwelling needle i n  right antecubikal vein t o  ubtuin 

baseline blood samplcs for serum i r o n  and unsatu%ted iron binding 

ca;iao 1. ty . 
1 4 .  

5 .  

In,jcct a u t o  plnsala l a b e l l e d  with 35 microcuries of id5. 

~ h i r t y  (30) minutes Later begin infusion of f ron soiution 

I nLo ;Iricctinc solutior,  t o  coiituin vrirying amounts of carrier ferrous 

i ron  but not  t o  exceed a t d a l  dose of 15 microcuries of iron''. 

G. k t  BXIW as #5,  begin i n a s i o n  of desi'erriomine i n t G  

i n t c s s t  irir .just djstnl to s i t e  OT study. 

' I .  Siphon off  samples of i n t e s t i n a l  fluid every 15 minutes for  

oc tc:mimtion of iron53 and p o ~ c t i v ~ e n e  g+ol Toncentratiun. 

L a. Draw blood scunplcc every 15 minutes for sJmltaneous dcter- 

niination of iron55 and i r o d 9 ,  sennn i ron and unsaturated tron bind- 

I ~ F ,  capacity. B e a n  sampling after #4. 

9.  Dincontinue 3tud.y after 2 hours. 

C. W i  OF SJCCESEUL STUDBS TO J33 DONE - 10 

i 
1 Total  Iron" - Not in excess of 15 Inicrocuries. 

Since the w i l l  be given Into the Intestine, it is estimated 

t ha t  not more than 20 per cent w i l l  be absorbed ( 3  uc). This w i l l  

result in R to t&  body dose of 245 m i l l i r a d e ,  which I s  within the 
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For both Part I and Part I1 only males Over 20 y e a r s  of age 

w i l l  hc studied 8nd, only one study w i l l  be done on any one subject. 
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