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SUilltARY 

The SlCllartty between cobalt and tron suggests that 

the two metals eight share at least part of n coa=on 

lntestinal trans,:ort path~>ay . This hypotheslS has , 

however , never been tested in the hunan subject not e\en 

1n disorders of iron metabolism. 

The intest1nal absorption of cobalt and 1ron was 
• 

determined in 18 control subJects w1thout disease of the 

ali•ontary system , Zl pat1ents wtth portal c1rrhosis of th~ 

liver , b pat1ents with alcohol tnducod fatty tnflltr:aion 

and degeneration of thu liver , 4 pnt1unts with 1d1opath1c 

hBC:DOChrOIIOtOSiS .:lnd 2 patlents Wllh refractory uh.IC:IIU and 

cxoaenous iron overload froc ~aultlplc blood transfusions and 

1ron mcd1cation . Tire subJects lnvostiaatcd were further 

subcltrssifiod on tho basis of tlroir tissue 1ron stores 1nto 

Iron normal , iron dcfici~nt ond iron loaded subcroups. 

The intestinal absorption of both aotnls was censured 

by a (u~cal rucovury muthod. A tochru.quc taploylne non 
Sl absorbable aorl.en Cr c1 3 ond Cul'1111n ... rt.d was dc\'lsud to 

ensure complutonoss oC faocol colluctions . With th1s 

tochntquc it was also possible to supnr:no 1nto three: 

components , the process ot obsorptlun of the orally 

udo1n1stcrod t~st dose; namely tht llllt&al uptol.o by tho 

11ucosol cell , the scquostrat1on by the cell and the hnal 
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transfer to the body or net nbsorption. 

Four test doses of cob3lt ench contolntnt 20 ~ ol~s of 

COC12 togged ~tth co57 and ~ test doses of lTOO ~ach 

contatntnc 20 ~ coles of FcC1 2 tagg~d with Fc59 ~~rc 

consecutively administered orally to each pauent o\'er a 

four day pcnod. The non absorbable aarl.ers were gl\'en or11lly 

as follnws, Cr51
c1 2 with the 8th dose, and carctne red two 

co.psule~ (2 graas) two hours after the 8th dose. 

Body retention of cobalt ,mcnsurcd as the percentage of 

tho administered dose not recovered tn tho faeces and urtnc 

in ten doys, wns detonuncd tn ll paucnts wtth normal 1ron 

stores (5 control and 8 pattcnts wtth li\cr dtseasc), 5 tron 

deficient subj~cts (3 controls and 2 pattcnts ~ith liver 

disens(l) and in 3 patlonts with idtopatJu.c. luu:e~ochrOCIIltOSl.S. 

In 12 control subjects wtth norgul tron stores the 

intestinal uptnl o of cobol t was greater than 01 iron btnng 

4S.b pur cant and lb.2 per cent rcspccttvoly. Tl1u dolnycd 

excretion of cobalt was lc::.s (cobalt 2 per ccnL iron &.b 

per cont) , but tts net absorption was groator than thot o£ 

iron (Co . 43 . 6 per cant , Fo. 27.5 per cent). TI1c rllsults in 

the patients wtth portal ctrrhosts of tho ltvor and 111 tho~o 

with olcol1ol lnducud fatty infiltration and dugunurnt1on of 

the ltver but with norool tron store~ were sioilnr to tho~o 

in control subjocts. 
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Iron dcflclcncy enhanced tho 1ntcst1nal uptnt~ ~nd net 

nbsorpt10n of both cobalt ond 1ron to SlDllcr lc\cl 1n 

control subjects Wlthout l1ver discosc ond tn patients ~1th 

portal c1rrhosis . The delayed cxcr~tlon of 1ron vns reduced 

1n 1ron defic1ency but that of cobalt was unaftect~d. The 

significance of the delayed excretion 1n rcgul~t1nb the 

1ntcstinal absorption of the two cetals is d1scussed . 

A d1rcct corrclat1on was found bct~e~n tho 1ntcst1nal 

absorption of cobalt and iron over the rans~ ot values ~here 

iron absorption is normal or increased. Th1s obscn·auon 

demonstrates thot cobalt and 1ron share at least part of a 

common :tbsorptivo pnthwoy . llowo\•cr, 1n tho two patlunts w1t.h 

exogenous irou overload, the intost1nal absorpuon o£ 1ron 

wns reduced whcroos thnt of cobalt was unaffected. Th~ 

oxplon.ltion for tl11s discrepancy is d1scussod. 

In a total of 27 subjects a direct rolnt1onshlp was 

present botwoon intestinal obsorpt1on and ur1nary excretion 

of cobnlt. As n rosult of th1s, no u1fCoronco wn~ observed 

in tho overage body retention of this metal in tho lron 

nomnl , 1ron dcflcicnt or iron loadud 1:roup:s . Also , o d1rect 

rolntionsl11p wus foun~ between the intcst1nnl obsorpt1on of 

iron and urinnry cobalt oxcrct1on 1n 18 subjects. 
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Iron d~f1c1ency enhanced the intcstinol uptake ond net 

nbsorption of both cobalt and iron to a s1m1lor l~vel in 

control subjects without liver disease ond in patients w1th 

portal c1rrhosis. Th~ delayed cxcrct1on of iron was reduced 

1n iron deficiency but that of cobalt was unaffcct~d. The 

signihcanc~: of tho delayed excrct1on 1n rcgulot1ng the 

intestinal absorption of the two a~tals 1s d1scussed . 

A direct correlation ~as found between tho 1ntestinnl 

absorption of coblllt llnd iron over the ran&u of valucs ~here 

iron absorpt1on is normal or incrcused. This observation 

demonstrates that cobalt and iron share at luast port of a 

common 11bsorptivc pathway. llowevor , in tho t~o pat1cnts wlth 

exogenous lTOil overload , th~ intestinal absorpt1on of 1ron 

was roducod whereas that of cobalt was unaffected. Th~ 

c xp lan :n ion for this disc roponcy is ducus sud. 

In a total of 27 subjects a direct rolationsh1p was 

present between intest1nal absorpt1on and urinary o~cret1on 

of cobalt. As n result of th1s, no t11fforonco wa~ observed 

1n tho avcrago body retention of litis metal 1n the iron 

normnl , iron dcfictent or iron loodod groups. Also , n d1rect 

rclatlonsltlp was found betwoon the intust1nal obsorpt1on of 

iron und ur1nory cobalt excrut1on 1n 18 subJects . 
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Froo the ob;ervntions, it is proposed that the 

mcnsureoent of urinary cobalt follow1n~ 1ts ornl 

ndninistration n1ght provide a siople indirect mcnsuroocnt 

of the absorptive capacity of the 1ntost1nal oucosa for 1ron. 
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IIISTOR I CAL BACKGROUND 

- lZ -

INTRODUCTlO!~ 

Coba lt l1as been used to co lour glass and pot te ry for 

cen t ur ies . The blu<. of t-ling Chine and Venetian glass o~e 

t hei r br illiance to cobalt salts . Cobalt has ~lso found 

wi de application in modern t echnology ; Rlloys of t he ne t al 

or e used in t he manufacture of jet engines , roc~e t no:zlcs , 

gas t urb1nes and permanent magnets for high-fidcht y l oud 

spooke rs ( 1) • 

tlowcvor, it 1s on l y 1n the last four decades that tl1e 

bio l ogi cal 1aportnnce of cobalt , espcciallt in an1cal 

husbandr y, has boon recognised . In 1934 , 1n Southern 

Aus tra l ia , the expcrimuntal invcst1gat1on of Coas t D1scasc , 

a co l ody of foc t 1ng sheep and cat t le grazed on c~ rto1n 

res tri c t ed posture~ , revealed that thcsu animals were 

su!fc r ing f rom d1eto ry cobalt dcf1cioncy . The colody was 

cha rac t e r isod by onoom1n , loss of oppctit~ and seve ro wc1ch t 

loss . Inte res li nr. l y , it did not affuct non- ru1unant an11:~a l s 

li ko t ho horso (2). Tho response of the afCoctud an 1ma l s t o 

o ra ll y ~dDinlslo red cobalt was drn•atic ; tho anooc1a was 

co r rect ed , appetit e impr oved and the re was wc1ght ~a1n . 

llowcvo r , t he odm1n1s t ration o! cobalt by injoctton was 

w1thout effec t ovon though bl ood and t1ssue levels we re up 

t o t en l ioc:s t he lovols in normal S)ttsup (l) (•) . 
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Th .. nvXt najor lnndcar l: in t h ... lucld:: t ion of tl .... 

b1oloc1cal inportanc_ of cobalt 1n aninnl cnc nuo~~ 

:'hySlo l ocy was t he discov :ry iu 194tl (5) (6) th:lt t n 

O~ t l -.~rniCl 'US anow::!l3 factor in llVCT ... xtractS {7) was 

Vi tut1in D 12 , wh1ch uas lilt C. r shoun to contain t: cobol t 

ntotl in its colocul.., (8) . Subs qucnt invosticntions 

donons trntud that th~ nutritional cobalt dvfic:l ... nc:y in 

1\lninants w:~s duo to \'ita..,in n12 do..flcicncy (9) . Th 

Vi ta~11n is synthcsiz..:ld in tnv rua~n froo di.Jtnry cobalt by 

intusttnnl b:~ct(Jrin (10). Thus ca..,e thu ·x: !:motion for 

the onrly obscrv~tion (3) (~) that !OruntLr al cobalt 

:~dmin1strut1on \Ins 1r.o££oct1VC 1n corructinc tho aunon1u 

of Coost Disunsu . 
• 

All ntton,, ts to :' roducu JJ:uufustntious of cobalt 

d~fic1~ncy by d1utnry du1rivn t ion of 1nor&an1c c~Lolt in 

snail lnborntory nninal:.. such ns thu rot and tnl> rabbit havu 

b.:un unsuccessful (11) (12) (13) . Those 01ninnls , ns w.:lll as 

non-runinonts , roquirc Vitutllll a12 lliNctly in their di ot s 

a.ntl , provided t his is nvniloblu , n diutnr)' deficiency o£ 

1nor ganic cobolt Joos not pr oduc" symptoms . Til .. mn1n sour c:os 

o£ nn t ur nll y occur ring Viton1n BlZ nr o nicro-orcnm.sms {1-1) 

on' t he rot !U\d rnbbit hrl! ... l)' DOct lhui r nuuds by corprophn&r · 

FollcwinH t ho discovery t hnt cobalt was u : otcnt 

e ry t h r opoie t ic ngcn t in l:tborn t o r y anicn l s and in nnn , (su~ 

Gr o1 t nnd Roo t (15) for n conp l o t o roviow) at t cnp~ \Wu r o mnd~ 
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t o treat anaec1as associated with 1nfect1ons , burns, 

ktdney d1seasc and refractory anaectas of adults ~1th 

large doses of cobaltous chlorid~ {lb). o~rl ct al. {17), 

found that 300 cg . datly doses of orally adm1n1stercd 

cobaltous chloride produced a rettculocyto respons~ and 

an increase in the r~d cell count 1n norcal subjects and 

in occasional cases of refractory anacc1a. Holly {18) al~o 

found that suppla111enting a duly dose of 0.8 to l.Z gm. of 

11n tron salt with 60 to 90 mg. of coboltous chlortdc 

prevented a reduction of cean ha~coglobin and pocked cell 

voluac in soce pregnant women; but the oda1nistration of 

70 to 100 mg. of cobalt alone to another croup of pregnant 

women foiled to prevent a decrease i11 hucmoglobtn and 

hncmatocrit. Thus it appeared that th~ crytllropocttc 

potency of orally adr.~inlStercd cobalt v~$ linl.v. w1t 11 iron 

ndaa nis t ration. 

TI1c nde~ini~tration of large dose~ of cob3lt salts to 

hunons has been assoctatod with toxtc stdc effects such 

os gottre and deprcsston of thyrotd functton {1~), 

pertphcrol neuropathy , and renal tubular dama~c s1c1lar to 

IHlson's disease dU< l LOpp~r potsoning (20), The addltton 

of saoll quantittes of cobalt salts to dralt beer to 1~provc 

the stabtllty of thu Coon led to the dcvclOpllcnt or a fom of 

cardiocyopothy tn Quebec , C:-cd~ (21), tl1o Unttcd States (2Z) 
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to treat anaeo1as assoc1ated with infect1ons, burns , 

kidney disease and refr actory anaeaias of adults w1th 

larRe doses of cobaltous chloride (lb) . s~rk ct al. (17), 

found t hat 300 o~ . da ll y doses of orally adm1n1stercd 

cobaltous chlor1dc produced a reticulocyte response and 

an increase 1n tht red cell count 1n noraal subjects and 

1n occasional cas"s of refractory anaecna . llolly (18) also 

found that supplcmentlii!J a duly dost: of 0 . 8 to 1.2 Sll · of 

an iron salt with 60 to 90 mg . of cobaltous chlor1de 

prevented a reduct1on of aeon haeaoglobin and pockud cell 

volu~c in some pregnant women ; but the admin1strat1on of 

70 to 100 "r · of coba lt alone to another group of pregnant 

womon failed to prevent a decrease in l1uo~oglobin and 

hae"'atocnt. Thus 1t appeared that the erythropoctic 

potenc;y of oral l y ad~inistcrcd cob:~lt ~~~ liulo. ... w wit11 aon 

.1doi nut rot ion . 

The adainistration of large doses of cobalt salts to 

hu·nans ha:. b~l!n assocutud w1th tox1c Slde effects such 

a~ ~o1trc Jnd depress1on of thyro1d functton (1~) , 

pcr1phurol neuropathy, and rcr1ol tubular damage stmllar t o 

Wilson's disea~t due to copper poisontng (ZO) . The addition 

of sma ll qu;lntitlcs of cobalt salts to dralt beer to improve 

t he s t ab1l1ty of tho loan led to the dcvclopocnt of a Cora of 

corJtomyopnthy in Quebec , C~-td~ (21) , tl1u United States (22) 
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(23) and in Belg1uc (24). Thus, the h1gh 1nc1dence of 

tox1city Wlth therapeutic doses of cobtllt led to a d1scont1nuatl~r 

1n the usc of cobalt salts in the treatment of annccia. 

IIUI-IA.~ REQUI REHENTS FOR COB AI. T A.'\D VITAM HI 8 l2 

A human requi re~:u:nt for cobalt as such 1s unproven as 

1s the need for cobalt in non- rua1nant aniaals (25). 

llorp ;md Scoular (26) reported that the. total daily 

cobalt intake , froa coopos1to food~ ond a1lk, 1n solf-sulucted 

d1ct~ of 23 school g1rls ranged from S.b3 to 7.79 ~g. 

A Sl~ilnr range of cobalt intake was reported by Cartwr1ght 

(27) ond by llubbnrd et ol . (28). Engel et ol . (29) reported 

n dn1 l y coba l t 1ntake of 17.4 to 42 .8 ~g . ond recommended o 

doily allowance of lS ~g. to maintain the body in pos1t1vo 

cob a 1 t bo 1 ance. 

Schroeder et ol. (1) taployod both CQ1SS1on and oto~1c 

absorption spcctrophoto~etry to dettrainc the cobalt content 

in the diets in a hosp1tol and from on institut1on . They 

roportod a range of 140 to S80 ug. of cobalt per day per 

diet . The hij!hcr values 1n thlS study as compared to tho 

others nay be due to the rliffcrcnt technique of cobalt 

determination . lho~ ~~asurcmonts wcro by color1actr1c 

ccthods whi.dl aro known to give l owur v11 luus. 

Tho cob:llt content of co~~~mon food .:.tuffs have lH .... n g1vcn 

by Schroeder cl 41. (1). Sea foods oro vcty r1ch 10 
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cobnlt whereas vegetables, fresh ~d canned frUlts , dairy 

products, cents nnd olcoho l1 c beverages contain very 

little cobal t. lntemedutt- :1QOunt :; :1re prc..sent 1n 

cereals, nuts and sp i ces . Out it is of interest to note 

th at the recoomendod die t ary sour ce:; of \'1t:uun u12 , such 

~s liver and meats ore not food 1tem~ rich 1n cobalt . 

Herbert (30) hos proposed 0 .1 JJ&· of Vitru:an s12 as 

the minuaol doily require 11;nt neccss .. ry to prevent 

deficiency of the v1toain in t he adult aole . Hoc~atologicol 

iaprovcaont has boon rcporu.d follo~·1nr thn odainistrotton 

.,£ os little os 1 ~8 · of V1tom1n o12 to pot1ents w1th 

pernic1ous anaemia (31) (32) . 

Since cobalt constitutes only 4. Si by wc1ght of the 

vi tlllOiin 0 12 molecule (33) , and since 1t ho~ !Jccn shown 

that coba lt is f1rmly bound 1n the ,olocule and docs not 

exchange with inorganic cobal t (34) , it i!i cndcnt that 

the dally intnl.ll of the e lwunt is f.1r in excess of the 

n•quiremont s fo r ntamin o12 • Ungcl ot al. (29) hove 

e~ t1motod that of the total do1ly 1ntol.o of cobalt , tho 

11coun t that con be accounted for 111 vnorun u
12 

1~ lc:~s 

than 1\. 
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ntE ABSORPTION , txCRLTlat. ~lO TISSUE DISTRIIIUTIO~ OF 
~On AL T It! AN l'~ALS : 

Studies with rad ioactive cobalt l1ove deaonstr1t~d 1n 

the rot (35) (36) (37) ()), 1n rabbits , sw1ne onu roung 

calves (39) , in cattle (3~) , and 1n dogs (40) , tl1at orally 

adlun1stered cobalt 1s rendJ ly absorb~d ond l!xcrctcd c:unl)' 

in the urine . When .ld~inistcred porentorally, the e101n poth 

o£ cobalt exc,rotion is also the unnc although a smoll 

ocount is excreted in the facc,cs. That bile 1s the ao1n 

vch1cle of cobalt excret1on into th e gostro-intcstinnl tract 

has been demonstrated in r~ts by Greenberg et al . (37), and 

in dons by Loe ond Woltc rnic,k (40). In these studies , tht 

s1te of QOXicuc c,obolt obsorpt1on was not dotorm1ned 

~!though Lee and ~oltcrnic,k had previously reported SO\ 

absorption after d1rec,tly in)octing cobalt into the luacn 

of the second loop of tho duodcnuD 1n the dou (~1) . 

l·o llowlng oral or parenteral odmlnlstrotion, ~obolt 1s 

w1dcly distributed in tho t1ssuns. Tho highest c,onctntrotlons 

arc found 1n the 11ver and ld.dnq•_ ,md lossur :1aounts nrc 

found 1n the punc,roos , tho sploon ond othur organs (lb) (37) 

(11) (42) (43) . Tho cxplanntion for the high conccnll:lllons 

of cobalt in th~ liver end the Lidneys a1gl1t be lhot l hcy 

proVldc the mo1n fl:llhwoys for ils cxcrcl1on by way of the 

b1lo and unne rcspccuvel)'. 
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THE ABSORPTIO~ . EXCRETION ~~0 TISSUE DISTRIBUTION OF COBALT 
HI IIUJ.IAN SUBJECTS: 

Earl y investi gat1ons of cobalt absorption 1n man wore 

directed towards establ1sh1ng the acount requ1re~ to 

ca1ntain the body in pos1tivo balance by tho gcosurcaont 

of the cobalt content of diets :md dn1ly excreta. l.cnt cni! 

McCance (14) reported a total oxcrotion of cobalt in th~ 

faeces and urine of 1.25 ~g. in one wee~ by a patient on a 

hoSpltOl diet , This 11as increased to 4.1~ cr. during the 

followinp week , after 13 og. of cobalt hod be~n alVcn by 

intravenous injection. Seventy- four per cent of the totnl 

cobalt excretion wa~ in tho ur1nc . Cortwrir,ht (27) found 

that normal adults on o sclf-solcctod diet containing a~out 

S to 8 pg. of cobalt per day absorbed 73 to 77\ , and 67\ 

of the ahsorbcd cobalt was excreted in the urine. Other 

cobalt bol~nce studier. in man arc tho~e of Schroeder et al . 

(1), llubbenl ot al . {Z8) andEnpol ot al. (29) . Tho results 

o£ these studies all indicate n hicl1 faecal and urinary 

excretion of cobalt but they do not ~akc d~finitc ~otco~t~ 

1n the nature of the 1ntcst1nal o~~orption of cobalt 1n oan. 

Usint cobalt togged w1th a rodioact!Vc isotope, Parley 

ot al . (45) reported thot 10\ of an orally odolnistc rcd 

dose of 1 og . of cobalt was ob:Jorbcd und excretion of tht. 

i'otope w~~ chi~Cly by the ~idneys. 
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. 

Tho s1te of naxicua cobalt nbsorption 1n a~n 1s 

unknown , anc it hns not yet be~n Lcaonstratcd whethe r 

cobn l t is excreted in the bi l ~ , ~- 1n expc riccntal 

an1cnls , or secreted d1rcctly into th~ gastro- intestinal 

t TBCt . 

Analysis of human t1ssucs for cobalt indlC!lte thot 

the element is present 1n almost every organ. Ynaagota 

et nl. (46) , eoployint ~spect rophotometric aothod , cstiaatcd 

from 46 accident cases thnt the total cobalt content 1n the 

human bod}' was 1.1 my. The hiehcst conccntr01t1ons were 

found 1n the l1ver , bone with aarrow and in s~olctnl 

muscle . Parr ond Taylor (47) , ce~ployin'! neutron octnat1on 

onnlysis tcchniqu~ , olso found the hlgl1cst cobalt 

concentration 1n the l1vcr, so, of wh1ch wos cstiaotcd to 

be present in Vita~1n B12 . The l1vcrs of newborn 1nfants 

h11Vc s1gniCu:antly lower cobalt content th;sn those of adults . 

llubbard ct ol . (28) , usinn o spuctrophotOIIIctnc ~:~cthoJ , 

we rt unuble to detect any cobalt in c1thcr wt1ol~ blood or 

1n serur.~ but Th1o:n ot nl . (48) ~<llh a sunilor technique 

reported cobalt concentrations ranging fron 0 .083 to 

0 . 29 IJI! · per l.p, . whole blood . Porr onu Taylor (4S) rc.:ported 

serum conccnt r ation5 rong1ne fr om O.OU to 0 . 58 u9 . ptr l1tro , 

ond cstlaotou that only S to 10\ o£ ~t rur.~ cobalt u in 

V1tacln s12 • The blood cobolt concentrations rcporlou by 
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Koch et :11. (49) wt:rc higher th:m tt.ose prev1ous l)' r.-:ported 

but they showed that washed red blood cells contain~d aor~ 

cobalt than either whole blood or plnsmn. What :111 these 

studies showed was that blood cobalt '-'liS signlfic..ntly 

nuch lower than the levels in tissues; u:~illl) liver ond 

kidney . 

Cobalt 1s tr:~nsportcd in the albuain fract1on of 

b lood plnsme by non-spec1ftc bindinp (SO). A sim1lnr 

non specific bindtng o£ the cobaltous 10n to piasa~ 

transferrin has boon dcscrtbed (Sl). 

TilE lti:LATIONSHlP BEniEEN COBALT i\.'10 1 RON 

Cobalt and tron belong to tl1c first scrtcs of the 

trons1tion clements in th~ portodic table. The trons1tion 

clements have been def1ncd as those, wh1ch 1s elcaonts 

hRve partially filled "d" or "f" shells in th"ir orb1tnl 

electron confi&uration (52). The physical one cheaicol 

properttcs of the transition el~m"nts ore adequately 

dcscrlbell in stonllorll texts (52) (53); but with1n the 

croup ~f tr:~nsitton el~ncnts, n closer s1a1lnrity in 

physic:~l and chemical properties uxtsts porttcul.uly 

between cobalt , 1ron , nnu mnn~oncso than b"t~"on thea 

ond the other members of thu group , n3Jilcly scond11n , 

tltontUf.l, vanodiun , chrooiW!I , ntckd , c:oppur 11111.1 unc. 

A coaporison of the phyuc:nl propcrtlc~ of cobalt ond 1Ton 
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Tablt: 1 

COMPARI SO~l OF Tltl: PHYS ICAL PROPERTII:S OF COBr,LT AND lRO.~ · 

Atomic Weigh t 

Atomic tlWJbor 

Number of o ltct rons (3d) 

1 two outer shel l s (4s) 

Covalent Radi1 

Ion1c Radii 112• (t.) 

til+ (A) 

Atomic Volume 

Specific Gravi t y (Z0°C) 

Common Vo lunci~s 

Solubi lit y of Chlor1dc Salt 
(r,t. litru at IQOC) 

1-!cltlng Po1nt 760 nc . llg . 

Boiling Pn1nt 760 ll!ll , llg . 

COBALT 

58 . 94 

27 

7 

2 

1.16 

0 . 82 

0.65 

6.7 

8 . 9 

2 and 3 

I RQ!, 

ss .ss 
2() 

() 

l.lb 

o. 
O.bl 

7 . 1 

7 .85- 7.111. 

2 . 3 and o 

40 7 

1SH°C 

3000°C 

' Dntn taken froo llcslop and Robinson (53) ond from 

llodg11111n (S4) . 
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15 given 1n Table 1 (page 21). 

One characteristic of great biolor.1cnl 1aportance 

which is common to both cobnl t ano iron 1s thl! tcndc:ncy of 

both mct~ls to co- ordinate with b l1~nnds to fore ~ouplexes. 

Ferrous iron forms a large number of complexes, oost of them 

octahedr al. On~ of the most important of all 1ts complexes 

is the porphyrin complex , haec , wh1.ch oxists ossocutcd with 

a globular prote1n in haemoglob1n (SZ). Other 1ron 

co- ordination compounds of b1olog1col u1portancc oro: the enzymes 

cytrochromc c , the catoloses and the p~oroxidoscs (SS) which 

co tal yse oxidu tion reduction reactions. 

An important cobaltic complex which occurs 1n noturo 

is Vit1min a12 . TI1o ccntrnl port1on of th' vtto~in H12 
~olcculc consists o£ (our reduced and substitutod pyrrolc 

rinp~ surrounding o sinLlc cobalt atol'l. Thu control 

strucl.uro , known as " "corrin" ring systca , is :>1ci lnr to 

the hoemoporphynns 1nth tho dlff~; rcncu th:lt two of thu 

pyrrolc rings (I and IV) arc joined ~ircctly rather than 

th rough a ~inglc aothonc carbon (Sb}. Other co-ordinate 

cobnlt compounds l1ave been described (S7) but tl1cir 

phys1ologtcnl iaportonc~ is as yet unccrto1n , 

TilE SPlCl FICI TY OF TilE lNTlSTlNAL TRANSPORT SYSTI!!I FOR 1 RON 

Pollock ot nl. (58) hnvc donon~ t rntod thnt r~ts TOIIdcrod 

1ron dcfic1cnt either by bleeding or by o deficient d1et 
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absorbed increased ~ounts o£ both cobalt and 1ron. Tnis 

obscrvauon sugccsts that the Lntcst inol trMsport 

ncchnn1s~ for iron n ight not be sp~c1£ic r~d could be 

shnrod by sinilnr elencnts iuclud1nc cobalt . Tnere hove 

beon no prt 1ous ~tudio~ of cobalt absorption 1n 1ron 

defi· icncy :.tatcs in ::~an , and the signHLC!lnco of the 

findings of l'ollocl. nnd co-wor •. ors aas not IIcon fully 

explored. 

ALTURATIOIIS 
11Ei' ,\DOLlS:\ 

I II COUI\LT ADSOP.PT lOt. 1,1 D ISOP.IJERS Ot= 1 ROH 
• 

1. Idiopathic lloouochronotos is 

1\lthoueh the results of iron absorption studies 1n 

Ldiopnthic ltoooochro,otosis op?ODr contradictory, it is 

generally nccopted that tho oxcess1vo dopositLon of irou 

in the th:;ues s n d1rect cons ,,ucmce of i ... l!ipropnote 

absorption fro:1 tho cut. 1 r one occopts the pos tulotc 

of Poll;..cl et :11. (SB) th:lt cobalt :md iron snlrc 'l 

CO'l;lon ob:.orpt1vc path\")', ono 111;;,t anticipate LncrollSed 

cobalt absorption in idiopathic hac 1oclm:IL\utosis. llowovcr , 

thl•ro hov .. boon no stuu1es of cobalt 1bs.orpt1on 10 

il.lloputhic hae.tochronotosis. In tuv stUdLo:. of ilut t et .tl, 

(9-{~, w •• ich used a spect rocheoicol :JO t hod , cobol t was not 

detected in livers of 10 patients ltit11 1d1opoth1c 

llBonochrouoto:.u , nlthougn tho iron content.!# wcro vory h1gh. 
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2. Portal C1rrhos1s 

Althou~h 1ncrcascd absorpt1on of iron has been reported 

1n lO to 100\ of plticnts wlth portal ~:irrhosis (6o - 66) 

1n1:rcasod deposition of iron 1n the l1vcr and otner t1ssu~s 

has been found 1nfr<!qucntly (67) (68). A reVlCW of the 

En~lish l1ternture reveals that only 11 authc11t1C cos~s of 

hacmochro•atosis sct:ondary to portal c1rrhosis l1avc been 

reported (b9 - 77). A sum11ar)• of thcsl case reports is 

g1 von in Tab lc 11 (page 2S) • 

The discrepancy between the reported 1ncrease 1n 1ron 

absorption nnd the r .• rity of \Ton overload coaplltlltln!l 

portal curhosis lllPht be cxpl :uncd by the fulure to 

exclude 1ron dcflCLoncy by du!1n1tlve tests auch as bone 

narrow nspirat1on !or stoLnoblc 1ron Ln nony of the stud1~s . 

Cobalt nb sorpt 1on ha:. not buen prcVlous 1 y invest icatcd 

in portal cirrhos1s but measurement~ hove been ~nde ot cobalt 

concont r Jtlons in the 1 i \'cr . llunt ot a 1. ( 711) , by ncut ron 

activatlon analys1s technique, found ~L&nlftcantly lower 

cobalt concuntratlons 1n tho 11vers of ctrrhottc po!tcnts 

than in control ncc1~cnt v1tt1ms . Worwood ~tal. (79) , 

us1nc the same actl1od, found no sigr1iflcant d1fforcncc 1n 

11ver cob11lt concentration botworn biliary and other types 

of liver tirrhosu . TI1ou !>tullics dld not howrver coamont 

on the coaparison w1th no~als. 
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STATEIIE:n OF ffiE !•ROIJLCIIS l NVt;STIGAII::IJ : 

A U\S AI: D OIJJ LCTI \'ES 

lt has been postulated t hat cobalt and iron, on accoun t 

of th e ir structural :mu chcmic~l sialihrity, cicht share s 

common ~ntcs tino l absorpt iv .. pathway. Support for thi s 

hypothesis has been prov~dcd by Pollnc~ c t al . (Sd) wl1o 

&ho~ea thnt ~ron deficiency in r ats cnhnnced the absorpt~on 

o( both cobalt ~nd ~ron . The S l Pnif~cance of th1 s 

obse rvation t o tit .. hUI:Ian subject hl!s not been fully explored. 

There have been no tuo1cs in can of cobalt absorption in 

conditions 1n which 1ron absorptlon is c1thcr 1ncreascd or 

ducroas~d. Jt lS .1 l so not kn~wn whcthur ~ncruusv~ coba lt 

llb:.nrp tion 1S compl 1cotod by ~ncr"ascll Lody ro::tt~ntion 

of coba lt. 

The nulls onrl objuctivcs of the stud1cs to be rcportct..l 

in this thesis oro ns follows:-

1. Tn cor.~pnro th~o intostinal absorption of coba lt 

and iron in ~ubjtcts with no~ol 1ron sto res. 

II. lo 1nvcst1~nt~ whether nl tvr~t1ons in coba lt 

lhso r ption occur in conditions in which iron 

l\bsorpt1on u inct'I..OJI.. or ccroosct..l . 

(n) To dotoraino whcthur 11vgr Cl rrhos1s JH: r 'lu 

nltcn tho lntostinol ob5orpt1on of cobalt •s 

hn5 boon reported fo r tron . 
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(b) To ftnd out whether cobalt absorption 1s 

increased in idiopathic haemochrogatosis. 

(c) To •lc terminc whether cobalt 1s rctainod in 

the body in condit1ons 1n wh1ch its 

nbsorpt1on is incruns~d . 
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HATUR I ALS AND IICTIIOOS 

l. TECIINICAL ~IETilOOS 

1. ll a~;l!log lobin •~a!: estimated by a cyonoaetnacmoclouin 

me t hod (80) . The normal ran •c of vnJ.ul!s arc 12 -lb 
) 

j'T" . /100 t1 l. for females and 14-111 £rl . /100 ml. 

for male-. . 

Z. Packed cell volu:Jie {llaematocnt) was measured by a 

m icroh~cnntocrlt tJethod (81) . Tho noraal range of 

values a r c 3~- 47\ fo r females and 40-54' for males . 

3. Rud ce ll count WRS measured by an electronic 

Coulter counter (82) . The nornal ranee of values 

nr o 4 . 2 - 5 . 4 ail l ion r ed cells per cu .aa . for 

females and 4 . ~- 6 . 2 milliou po.:r cu . l:llll. Cor moles . 

1. Reticulocyte count Tho method onployo<l was as 

tloscribo<l by Hialo (83). Noma! ranee of vn l uc~ 

h 0 . 5\ - 3 .0\. . 

5 . ScrUJ:I protein nnd e l ~;ctrophore~lS Thc totnl suri.Q 

protein uas dotcnnined by the IHurot rcact1on (jj'IJ 

and o s t 1ndartl oloct r ophorotic technique wns l.up l oyc:J 

tO t.St l 11Clt c the .1Lbw.1in und £01:'Da (Jlobulln 

C nc t ion:J ( 8 5) • fho ron J!C o C noma 1 vn 1 uus 

arc - t o t ul sene prottd11 C.-8 cm . /100 nl.; 'o ru 

o lbuc1n 3 . 5- 5 . 5 gJ:~ . / 100 al. and r.oorao globulUII'l 
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0 .8 - l.Z gn/100 ol. 

IJ. Scrun biluubin This wns t!ctemlncd by a 

nod1 ficat1.on of the Method of Evelyn :m.J 

Hal loy (86) . The nngc of normal values is fron 

0 . 1 to 0 . 8 or . /100 Ml . 

7. S"rum .:LlLlhne phosphatnsu Th1s wns o:~casurctl by 

the DcthoJ of Bodansky (87). The norool range of 

values ore 1.5 to 1.0 lodansky un1ts/lOO mi. 

8 . S.G.O . T. This was detcra1ncd by thu octhod of 

RL1.tman and Frankel (~~) . The normal runge of 

v1lues nrc 4 - 40 units/100 nl. 

9. 8 romliulphthnlc 1n retention This Has de to nn1nud 

by the. muthod of ScllfiSOn ct al. (90). Tho noT!Ilol 

retention of the dye 111 tho plusmn at 45 m1nutus 

1s loss tl1un 6\ of tho 1njcctod dose • 

10. Scru~ 1ron and unsaturated 1ron bind1nr cnpUCltY 

llensuroocnts we-re mode by the mutho .. dcscr1bod by 

Schade ( !11) • Tho noma 1 muan vn I uc for sc run 1 ron 
• 

• 

1s 100 IJP . /100 ml. w1th a roncu of 55- 165 ~p . /lOOcal.· 

tor un.Jaturutod iron buuHnu c:tpoclly ZSO '' ./lOOm I. 

wuh a ranee of 185 - 335 I-IC./100 ml. 

11. CLIIUCAL !!VALUATION or litO~ STOIILS 

1 . lnt TO<IUCllOn 

The usefulness ond the li~:~itutions of olVIlllDIJlo 

me thod~ for tl1c cllnicnl cvoluution of lTUII stores 
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hRVC been :1dcquntcly revlc\icd (91) (92) (93). 

Thu absence of sta1nablu irort on histolosicol 

uxaoinntion of the bone anrroY hns b~cn cla1oc~ 

the best ~:~uthod nt prosent for the diacnosis of 

1ron Jefic1cncy (94) (95) (96) (97). SuliJcCts 

w1th normal 1ron st.or ·s have stuinnblc iron in 

the bone morrow . The haeno~lob1n conccntrotLou , 

packed cell volune , bloo~ smear , scruc 1ron and 

uusa~urated iron bind1nc cnpacLt)' m4)' b" '-"1 thin 

normal liaits cvon though the bo~y iron stores ar~ 

depleted (98). 

~ttcmpts hove been mode to coaporc the iron 

stores 111 Jif(orcnt indlVldUals b)' &rBdLn& tile 

stainable 1ron present in the bone morrow (99) 

(100) {101) . There is a conshloroblc overlap 

between normnl subjects ond those with 1ncrcoscd 

1ron storos as usscssud fro• h1stologicol grod1ng 

uf bono aorrow 1ron (102); furthemorc, 1n onacm1us 

other thun lron dcficlcncy thoro 1s a slt1Ct of lTOI 

frurt the red cells to tlssuu J ron storus wh1ch l!l 

reflected 111 lncrcasud aorrow hacmos1donn (103). 

!Iukins ct ol. (10·1) cl:.J11:1 that tlu: moH 

accurate ttuthoJ of dctcna1n1nc 1ncrunsud llody iron 

stores is by the acosurcmont of 1ron Ln blood 
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re~:~ovcd l>y multipl" venesections however, this is not 

nl'":lYS pncticablc an<! cannot be justified in the 

presence of anaer.1in. In this s itunuon , estimation of 

the stainaulo iron 1n a uol.(l 1:.1·ro· :s:•!.r . t c is ~tore 

SlltlSfact o ry and pr"sents no g r~at practic31 probl"CI · 

In thi s study , iron deficiency w,1s cstublishcu by t lu: 

absence of sta1nJb l c iron in the bon~ marrow . A diagnosis 

o f iron ove rload was made by tl1~ iindine of cxcess1vc 

s t a inable iron in n liver biopsy spec1men or stornec iron 

in excess of two u rams by phlebotomy. According to 

Haskins ct al . ( 104) 1 ml. of pacl.ed uryt h rocytcs contuns 

1.1 ne . of elemental i. r on . Removal of 500 ol. of blood 

with a pnckcd cull volume of 45\ result s in depletion of 

total body iron by 1.1 x 225 Cl~ . of \TOn. The nomal uJull 

ma l o hns 1 .Z to 1. 5 c1·ncns ruobil1snulc 1ron . 

Z. Techn1co1 details 

(n) Dono r.~arrow was nspirated (roc Lhc ihUQ and 

smcnr s from the a:.p1 rat~: were sta1ncd tor 1ron w1 th the 

Pruss1on b l ue ronction (93) . The blue :. t oi11inL 

hacmos1dcr1n granule., 1n the roticu l ~,~~;~ co lls were exom1m:d 

by 1 ir.ht microscopy ond graded nccordlnc to the follo k'int 

c riteri a~ 0 , obsc11L ; 1•, 1-ZS per cent of hi&h power 

!u:lds (500 tiaos mncnificatl on) contclnud stn1noblc iron; 

2•, 26-75\ of h1uh power fields; 3• , 7b-l00\ of held:> 

l1nd e rnnul cs in tl1om; and 4• , d~t1nil~ blue stn 1n1ng 
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vis1bl c upon nalcd eye li&spectlon of s lid~s d u~ tu 

larec clumps o£ hncmosi~crin 1n rct1cul~ c~lls and in 

uxtraccllular foci . lhis classification condcns~s tl1at 

of previous workers who crndtH! stainable iron 1 to 6 and 

also showt:d a correlation bctwt:cn chc .ical cstimntll.lll of 

iron nnd histolop,icnl sta1ninp (101). 

(b) l.iver biopsies 11ero te1kon "'ith a Vim-Sllvurccn 

nccdlo. lhstolosical sections stained for haumos1derin \o'llh 

the Prussian blue reaction were exagin~d under a licht 

m1croscopc an•l proded on an increos1nr 0 - 4 + sca l e uslr&g 

criteria similar to those of Bnlcc.nal c t al. (99). A 4+ 

stainable iron 1n the livor biopsy ~o.os con sidt:n.d an 

abnornnl 1ncrcnsc. 

Ill. Sl:t..l:.CTION AND Ct..ASSI I'ICATIO:\ Of PATILNT., 

TI1e subject:. were sol<:octcd froc patients referred 

to the Dlvision of Gust r oun t erol. •y Ill th · li.int s t on 

Gt!nurnl llospital. All invcs ti •oti,ns w~ro cnrr1c:d out ill 

the Special lnvc ucotion Unit of the hospi.t31. OCl tCllS uf 

the cr1teri a for thu sc lcction and clossihcatlon of the 

patients aru as follows: 

1 . Control subjucts with no1'11l" l 1ron stores 

Tw~;lvl. llOti~;nts who had no pn·VlOUS history or 

oxccss1vc alcohol 111tol..~: nnt! WIJTC not suffc rlHr. fro~:~ 

disuosc o{ the: llvur, pancreas , thu gnst ro-1ntust1no 1 t ruct 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 33 -

or the.: hacoopoietic systcc served as noro~l control 

subject~ . There was no history of blooJ lo~s or 

ocdtcati.on with 1ron or blood tr.m:.fusions Juri'rtf, the 

preceding two years . Then: were f1vc fca:~les , all post 

aenopausal, and s~vun ~al~s . The subjects rang~~ 1n eP,~ 

from 29 to 83 yea r s. Tit'- blood cr•unts , serum 1ron anJ 

unsatur ated iron bind1np capacity and l1v~r function 

tClSL~ were within nom:ll li~:~its (Appl.lndix 1 , paec 114). 

All the pat1cnts ltod stoinab l u iron in their bont [ Jrrow 

a~pirat~s within th~ rJf.c 1+ to 4• r eported 1n norcal 

subjects (100). 

2 . Control subjects wi t h depleted iron stores 

Iron tlcplctlOII wns es tabluhud on the b~s1s of 

~bs~nt sta1nablo 1ron in bone m ~ rrow aspirates (94) (9SJ 

(9o) (97). ln otn•· , respects, the crlturia for sulcctln£ 

the patients in thb t•roup were si111ilnr to those £or trw 

uonnal contro l group. Thurt' worc s1x put1cnts , thruc 

£cmulcs anti thrut: m.tlts , aged froa JS to 72 ycurs , non" 

ot "hom wns blcudlnt: a t the tiac of study. Tho Nsults o£ 

the blootl counts , serum 1ron nnd iron bintline capnciL)' uno.! 

liver function r ests ~re ~iv n In Appcnd1x 11 (pauu llS) 

Overt: nnacmia wus prusont in two 11atiunt .. and in Ll1c o~hu rs 

tho hncco Llobin concentration wns noranl. One patient 

(II.A.) hod c slicht 1ncruaso in BSJI rutuntion prcH~~:~ably 

on nccoun t o( the con~:cst ivc: ccrd1oc fat lure present in tho 
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tine of stuc.!y . Another p.st1cnt (G .II.) had .1n urs\:XplalnutJ 

c.lccrcnsc in sc r~,~;~ nlblll:lin concent r:n ion . 

Liver b1opsics wcr~ not taLur1 fruu subj\:cts either 1n 

this group or in th~ prccc~ing control group . 

l . Pa t ient s with alcohol induced fatty infiltrat1on and 

deecn~rJt1on of tl1c liv~r 

nu: six patient> 111 this group were all mules ugcd 

~S to 67 years . A history of excess1vo alcohol 1ntoLo w~s 

oLt.'lincd from all of them but livor histology revealed onlr 

fatty 1nfiltration and deuen..,ration without cirrhot1c 

chnngcs . The alcohol tntnl.u was JDnlnl)' dist1llo::d SJll ri ts 

"llld beer and thcro was no oviduncu of ~ooinc consumption in 

cxcussivo ~ounts. Alcol1ol l1od been w1thdrawn frou the 

pJllcnls at lca~t Civ~ day~ before absorpt1on stud1~s 

wcrL carried out . Tiac stois1oblc 1ron 1n the borsc morrow , 

in each patlLIIt was l •, anll 111 the l.lvcr it raugo::d 0 to Z• 

Cor the whole group. TI1o results o( blood counts , suru:J 

i r on nn' unsoturntcd iron his•d1nc capacity , and liver 

function tests ore eivcn in Appendix I 1 I (po~tc 116) 

L l'at1onts Hith portnl cirrhosis o£ the liver 

The llioenosis o£ port1l cirrhos1s ~ros cstnbJ1shod 111 

each coso by ltlstologics&l oxamtrlDLlon of liver btopsy 

:~pcciaons for tho charoctunstlc changes 1n portal 
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ci rrhos1s (l OS). There ~as clin1cnl ev1dcnc~ of portal 

Cl rrhosis , such as asc1tcs , hepatosplcnoncgaly , puJIJar 

crythcon untl jaundic~: in mos t of the pnt11.11ts. f11u lot.tl 

nw:~bcr of 21 pot1ont:o wt.-rc subclass1 f1eu 1nto three groups 

accord1ne to their cstiauted 1ron stori!s . Patients \Oiao 

presented with portnl cirrhosis but who were actlvcly 

bleeding were exclu,led from thb study. 

(o) Portal cirrhosis with non1al iron stores 

The nine patients in thi:> croup consisted of e1ght 

moles nnd one fcnalcs. They ranecd in ace from 48 to o7 

ycnrs. Ch r onic alcoholisn was n:spon~ibl~. forth~ c1rrhos1$ 

in tho tlt:ht ~:~nlo patlonts , but 1n the funolc subject the 

aetlolory of thu discnsc was unl..nown. TI1o pattern of 

ulcohol sonsumption diu not differ froa that of th\l pat1cnts 

with fatty infiltrntlOII and doconcrlltlon of Lhc llnr 

described 10 tho prcv1ous group . 

TI1e ~tain1bl~ iron 1n the bone marrow nspiratc, JTUdcs 

1• to 3• , was withira tht. ranee obta1nod 1n thu corttroJ 

subjects wHit non:~.d 1ron stor s. In lhl- hvcr b1upsy 

spcc1aons , the QQount of stoinnblc 1ron rongcu froa 0 to 2•. 

The patients wlto '''d no stainable 1r011 i11 tile laver land 

ddcquotu amounts in th~ bone ~arrow, ar•d 1n none of tl1u 

pot1unts wns incrodsc,J lrun , ·•. • found 10 the 1 i vc r. Tw" 

Jlntulnts (t'.ll . ond N. S.) hn~.o h ·' ;·ortocovol shunts 2•1 CIOnths 

3nd b con t hs rcspoCt1voly before tho :.tuJy was undcrtol.cn. 
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!lone of tile patients had been treated w1th 1ron o~d1C0t1un 

in tht: prcccdinc two years. Occult bloou was absent froL: 

the stools at the t1.o~: of study in all the patients . The 

n:sults of the blood counts , scrWJ irou and Ullsoturat~:c.J 

iron b1nd1ne cnpaclty one! llvcr fWlction tcl>tS arc sho~o~n 

1n Appcntlb. IV (pa8c ll7) . 

(b) Portal c1 rrhosis with dcph:tctl i rora stores 

Iron dof1cioncy wos cstoblished in each case by 

the absence of stainable iron in the bono marrow ospiratcs . 

In odt!ttion , none of the paucnt.; had s tainable iron in the 

liver btops)·. There wen.: eicht patients in th1s vroup , 

51x malus and two fcmulos , whose ag~s ranrucl frou 40 to 

67 years . ln seven of tho pntumts chronic alcohohso ~.·as 

r esponsible for the cirrhos1s; 111 on.., of tho.; , the 

u~.;tiolocy was un~nown. 

Two 1•ut1 ~nts (P . I!. and .l.tl.) had hod porto-Ca\'ul 

onasto~:~os~.;s , 18 11onths and II months r cspccttvc: l), . ar 

b lecdin!l varices bufort: study. The r '-'sults of th1.: blool! 

counts , serum iron , :u~< 1 uns .. turntcd 1ron btndlll£ cop3Ctly 

nnd li\Cr furtCtlOII tc ! ts arc a •v~n 1n Appendix V (pace 11~) 

(c) Portal cirrhosis with lncruoscc.l irun stu1·c:s 

The four potiunts in th1s group "ore soloctod on tlu. 

basis that both portal c1rrhos1S onc.l iron over load ,.c:rc: 

prusent rlurlnv tltc cottrsu of tl1oir d1sc:nso . Port~! 

cirrhosis wns estnblish~d by t lto usual cr1tcr1a (lOS) and 
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tron ov~rload by th e fin~ln£ ot 1ncrcoscd stDlJlablc 

1ron , 4• , 1n tloe llvcr biop5y spcciccn . In three pnticnts, 

V. D., J • .• , nne f . U. , iron overload wns corofirr:cd br 

sto r~•cc iron in .. xccss of 2 p,racs by plllcbotom}'. The 

values obta1ncd ~ere 2 . 2 , 18.5 and 15.0 trams of Jron 

rcslleCtlvely . The fourth potlcnt , R.t •. dicd four wc:oi.;s 

after study and at necropsy uxtcnsivc t!uposlt5 of iron 

were present 1n body tissues. 

Iron overload 11as precudad by portal ctrriiOSlS 111 two 

pot1cnt5 (R.to , and V.O . ) and in the otl1cr l~o (1 •.•• anw J.~.) 

the sequence of cvuntc: was not l.;nown. The,; case h.1.storics 

of the four pat iont !'> wlth porto 1 c1 rrho s1s a ud 1 ron over locd 

nrc br ic: f 1 )' swnmu T1 sed . 

R. W., born in 191 , bcg~n drinkinr. ~ninly beer and 

sp11'1ts ut the URC L f 20 . J>ortal Clrrhosis of the liver 

w~s cstublishod by op'11 b1opsy in 1947 but the: h1stology 

d1d not show 1ncrensc·l nmounts of sto1nnble iron in the 

11\cr . o\n cn\.1 t o side porto-covol nnosloi.IOSlS was pcrformo.;cl 

1n 1964 toJ control blucding uu~ophotcnl varices; l1vor 

l•istolory shohcd a •· r·c:ninc of the c1rrlootic process ~ul 

tho sto lii.Jb lo iron 1n the 11 vo1 ..-os not 1ncrcosud. I he 

pnllcnt d1ud tl1ruc yunr5 later 1n 1967 111 hcpot1c coan 

f'lllowin • an ocutc Loout of ulcohollso. At necropsy, incruo:;t." 

depos ition of iron ~os prus~nl 1n tlat. l1vur , SJ•luur• , ~iJnuys , 
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~drcnnls , pancreas and the testes . 

v. 0 • • chron1c alcoholic, h~d liv .. r C1rrt10SlS 

cstnblJ.sh~o.~ by pcrcutoncous llv .. r b1opsy 1:. 19tll. 

A JlCI'rtoca\'U 1 anus t omos is wo:s pc r fomcd in 19b.. L o con t ro 1 

b lecdinr from ocsophazcal var1ccs. Liver lnops1cs token 

1n 1961 and 1964 showed only norcal acounts of ~to1nu~lL 

iron . In 1966 the scruo 1ron had 1ncrcoscd 197 pg/100~1. , 

with full Lransforr1n saturation ond tncreased amounts 

of stainabl~ 1ron were nrcscnt 1.1 the. liver b1opsy. 

A course of ven~soctions were started to trent l1cr 1ron 

overload , nnJ 2.2 em. of excess 1ron were rcmovud ~1x 

months b~foro present investigations wcrc curr1cd uut . 

J .S. , a chrontc :1lcohol ic, ~ "' portal C1rrhos1s nnd 

iron overload diacnosod at cmur 1.1ncy port ocr1VDl ~hunt ~urc•H> 

fAr blccdinr. ocsophugunl vnricc5 111 1)63. Gross cxn:11natloll 

of the :~bdominal orr.un~ durin& the opcrution shOIII."d 

brown1sh ducolouration of the panc reas Gnd the 11\'ur. 

llistology latur conrirt~od portul ctrrhos1s with 1ucruuscd 

depositton of iron in the llvcr. 1\ totul of 18.5 cc . of JTO~ 

hod been r ... movcd I·~ venesections fro~ hls body tron stor ... ~ 

but the suttucncc of uVt.'llts bclwcen the (tOrLlll 1.:1 rrhosts ~nu 

1ncroascd iron slorus remained uncurta1n. 

R.B. hns uccn ubsteMlOU!i '111 his hfc. l'ortol ctrrhoSlO: 

wtth incronsod iron stores was d1ognoscd at lapurolomy for 
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cholecystoctooy in 196C. Incrcnacd stainable 1ron, ~ ·. 

\lCS p roscnt 1n tno llvcr biopsy and alt•lOugn 15 r.IJ . of 

iron h~d llccn renovcd £ror.1 tnc body before nusorp t ior. 

studies were carr1cd out , 1t rcoa111cd unccrt::.:.n Hlle:t.ho::r 

the portnl cirrhosis Hn:; the preceding ovo .• t . 

5 . Patiunts ~~t~ idiopcthlc nu~uocnro~ntusis 

Th .. four pat i~.:nts in this group cons1stcd of throe 

nalcs and one ft.'tl.-lc . Tnt;y T3nc .. d in ngc f r oo S£ to 

66 ycnr:> . The u:.suoption that 1ron overloud 11a.s t•lC 

pr inury t:Vont was based on tho liw.liug of extcn:.i\•c irou 

deposit. out of proportion to t •• c degree of liver dan~g"' 

i n nll f then . One of then , . l.r~ . had n posit1vc fa·ul)' 

histor · of iron overload . Tllonty-fi\•c and Jl r.r411S of 1ron 

w"rc ro;.ovcd fron V.C . ;md l.G . rospect1Vc..l), ...nd histolo&lc.:.l 

changos chcractcristic of hae.tocllro:lat osls HTC present 1n 

J , II . nt necrop:>y dospi to tl1o fact that C gu . of 1 ron hod 

bcun runovcd fro 1 Ius storos dur1.111: lifo. 

6 . l'at ll>nts \ i h 1ron ovorlood due to c:~o:ogcnou, 
i r on ad5ln i~trnt1.0n 

Iron ove r load in the two potionts .111 tlo1s croup 11.15 

duo to tno .1dninutr::tion of oral 1ron :md blood 

tra~fu5ions . Th :>t>tlnnblL iror. 111 tuo llvor u. !lotn 

pl1t icnu wns increased , 1 •. D.tl. , u 61 yoor o l d aolc wltu 

portol c1 r rhos1s due t o nlcoholisu nlso hod a rofr octor y 
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an11cnia which hat! been treated with ornl iron <1nd blood 

transfu!lions fur eight months before study. Titt: s~cond 

patii!nt , '1.1 • , a 67 ycnr old female had ro.:ceivt:d or31 irou 

ao1d a tot al uf 94 pints of blood O\'Cr the preceuins year!> 

for aplastic nn:1cnin . The l iver biopsy showt:cl on l.istolucy 

only ~ild fibrosi~ aroun · th~ portal tracts but increased 

'lmounts ot ~l innble iron lierc present in tnc Kuppfcr cell!. 

and the hvcr purcnch)'llln. 

The blood counts , and l1vcr function tests of the 

patient with 1ncrenscd iron stores nrc sltown in 

~ppond1~ VI (J'n~e 119) . 
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1\' . lU.ASU:tc!iEt:T OF IRON ,\tiD CObAL'a Ai!SORPTIO.S 

1 . lntroductlOil 

Cr osby r.:1s rcv1c\-led the vnr1ouo: t.cchn1qu...:s for tlu. 

measuromeht of iror. nbsorptiora :~.n cxpur ... ~oo~crata1 anicals 

and in !J3n (Db) . Three r.cthods ut1li:1ne radioisotopes 

of iron , at presenL 1n co~oon usc , are the whole body 

cour1ting techn1qut (107) (103) (109), tl•e double isotope 

r~d cell uptake ~etl1od (110) (111) , and the faecal 

recovery aethod ( 1.!.2) . The results o1 1 ron at.sorotion 

studies WJ.th thu throe tochniquos lanve not been too 

dive r gent although Lunn ot nl. (113) ruported u Juc.re1•nncy 

between thu n sults obtoJ.nud l•y the 1occol rocovury 

tocl•niquo and tlae otner two . Uiscrcpanc1es b~t~ccn tht· 

fllucol recovery net hod onu the douh lc: isotope tuchnJ.quc 

l•uvc Leon reported by ritc.hor ct ~1. (111) and oct~uer1 

the focc.o1 rcc.ovcrv ,etl1od 011d the ~t._1e bo~y cowltlll£ 

technique uy Call<:udcr ct ~1. (10!1) . TI1o cn1n source of 

e rror 1n tho foocol r<Jcovery rncthod &T'J.SC"' frotJ .ncotaph:L!: 

Coccal collection~ u~pccio11y whon nbsorption studios nro 

earned out 1n ecneral :•o:.t•ltlll •Mrds . It !>lloo:ld , 

hOWCVI:T 
1 

IJe !'Ointcd OUt thut the doub lc lSOtO"C I:U.•thod 

assur.~uso thnt tht Tlldl.c("tron adJ:Iinlstcrctl orally 15 handled 

in lht' 511!10 WilY ir, the ulood St T' nc 3!l tho lSOtOpc 

ndc1nistcrod intrnvenou:;ly. TIIIlt t111 nsosuoart.1on 1:: not 
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nl~nys v~l1d , ~nd cou ld lead to e rroneously low 1ron 

1bsorpt1on r esults , has been dcoonst r utcd in studies 

shO\Jing t 1•at v.hon tho p lasm~.: tr tnsicrrin 1s fully 

~aturatud , or nearly so , cost of tnu newly 3oso r bed 

iron froa the gut 1s deposited in tl•c 11ver at its 

flrst passnec (114) (115) (llo) . 

J:hc faecal recovt:ry ~D thod nas IJecn ea1 loycd 1n 

th1s study to lOusur~.: the int~:sl;inol absorption o1 IJoth 

iron ant· cob;.lt . This GICtnod 11. vuhd only it ll•(; 

c l ement under invcst1get1on is not r -c.J(crctdd 111to the 

..,:\s tro lnt.ostlnal tract J{tcr dbsorptlOI. . Th1s nas been 

shown to be valid for iron (117) (118) . 

1o ~:stnb1ish 11hothc:: r cobllt 1 .. r e-excretuu troc 

the body 1nto the (!Ds.tTOlllt,.~tinol lT/I.Ct, -0 u;..oolus of 

cobcltous ch l oriJc (CoCI 2• t. ·zo) lll££"~ 11tn l iJC . of 

co60 in S nl . 11as 1njcctod intrnausculnrly into the right 

thi~h in six control subJects . Surface countinc \11th a 

S inch llal cryst .. l ( tluclcar Chicago Co . ) dcconstrntud 

that li.O\ of the inJeCted cobalt wns absorbed fro:n t.hu 

1njcct1on ::ilc Wlth~n SlX hours And 90\ wttnin 24 hour s . 

ln t1vc dnys on ove rncc of 4.4 \ o£ th~ lnJO~t~u ~os~ 

nppc urcd 1n t..10 fnocos nncJ l.n 10 tlnys th<l avcrncu fJ.,cot 

cxc rct ior. 1 ns S . li\ . 'lhc OVC T:l£0 unnnry pcrcuutn&c <;OI.Inlt 

xcrot~on 111 f 1vo dnys nnd tcr, duys ~ns 52 nnd Sti\ 

ruspec ttvely . The scoll perccutnat. fnccal cxcr tion 1n 
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f1vc days provided proof tl1at rc - cxcrct-on ot cobdlt 111t0 

the r,ostroJ.nto;StJ.nnl trect 11as sno 11 and th~ f:ll~c:ll 

rccon: ry octhod wn:; a valid t ecl.niquc for oeasuring 

th~ intc5tinal absorotion of cobalt J.n nan . 

2 . Preparation of tc:;t solutions 

The tc:;t solutJ.on of iron contained 20 IJI:l 0 .l " ::; 

(nboul l r .> of 1r011 , 1 .. tile fol"Cl of fcCll 4 .I, C 

d1s::;olvo<! l.n lZS ul. o! 0 .01.1 . Cl prcpar~d fro= 

conccntrntod tiC I onu 10n- !:rcc dlStlllo)d 1 :ltcr. The plf 

of the solut1on 110:. 2 . Tht te st solut1on 1111s labelled 

wlth l S!l uc . rc CI 3 (S.A . 20-ZS uc./uc . t 1/2 4~ days) 

ob tlllned frow. tho tluc lear Chc~icn 1 ln&lnc.e nne Co"'pCn)' , 

C<1t1l r1dgc , :'assachusett , U. S .A. 1\n cxct.ss vt ascorbic 

ncid , ~oo ).L.,olos (about 14 ':lr, . ) uas oddod to the Lust 

::;olut1on to koop the 1ron in solut1on (11~) . 

The test solution or cobol t a l so contlanod 20 W'lOlos 

(about 1 Dj:!.) oi cobn lt in the fom of CoCl 2bn2o 

dissolved in lZS cl. of O .O.H ICI. TI1e test solution 

• ~s lnbcllod with O. S ~c. of ro57ct 2 (S .~. b , Z ~c . /ug. 

t 1/2 2C.7 days) obtained Cro· the :.nee o~.:rcc ns the 

rot'io 1ron. 200 uncles o! sscorb1c nc1d \,as a!so 

ddcd to the c1x turn to l.oop tho coba lt i11 solut1011. 

1ne oil o! tl.e :.est solution was 2. Thon:..on ( 120) hos 

~c onatrntod t•~t ooco rb 1c oc1d in excess acounts 
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• .. -
prevents the prcc1p1tnt1on of botn cobc.lt an..! 1Tc.1 

\tl t:h lOCTeaSlO& pll . 

After thorough ~1xin1· , standard ,,as prepared 

froa each te~t do:;c . fl\t> ol. of tr.c 12!1 cl . solution 

\fDS ,.: tndratm into n lltre size rlostlC cor.to1ner and 

oadc up to lOO ,1. Hth ion free dlstlllcd water . The 

rcr.~tnninf! 120 ml. of the test solut1on llllS nu..linistcrcd 

to the po1ticnt . 

fhc diluted Jtnndord was counted for radlooctivity 

1r. n well type go~:~on scintillation countct and the 

rolliocctivity ad•uni.:;tercd to tho pnllor.t 1 as cnlculnted 

u:. r o 11 o\ls : -

counts per cinutc 1n stolndard (5 ol . of 

orig1n~l ~olution) • x. 

rotnl counts p~r ninutc 1n one 120 ~1. 

oose • 120x 
s 

Tiu: standorrls ucrc counted nt tnc saoo tl.UC os tho 

fnccos in order to correct Cor losses of rudl.OilCllVllY 

due to natura, ducoy of tho isotopes . 

'cnsurccuntr. of 1ron absorption iu indiviJual 

nntlcnts follo•1nr oral ndcin1strnt 1on of sinr.lc tc!.t 

dosl'' • rc subject to dny to day physiolof.lCill 

vor · c~ t 1- ns ow inc to chnn,:JOS in cot illty Dlod soc ret 1ons 

of tho cnstro intc~tinal tract. n, rosults ob t n1nod 
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• - .... -
l) t'CVcnt!> the precipl.totlon of botn ~obult and 1rc.1 

Wlth lfiCt'CaSln& pl . 

~ftcr thorough c1xing , a stnndord 11:1~ prepared 

froo each test do:.~. f1vc ill. f tl.e 12!1 1. !>Olutlon 

was ~:.thdraun into <1 lltre s1u plastlc co .. ~ulner and 

made up to 100 nl . with ion free d1st i llcd water . The 

rco:uning 120 :o~l. of the test solut1on 1:11s n!Uinistcrcd 

to the pnticnt . 

The di lutod !'tondord liD!> counted for rnd1ooct1\'1ty 

m o well type glllllln scint1llot1on countct nnd the 

rndiocctivity adainL~tered to the patle~t 1ros calculntud 

n~ (olloJs:-

counts per c1nute 1n stond3r· (5 1:1!.. of 

orig1nnl ~elution) x. 

Total counts p~r 1:11nutc 1n one 120 al. 

close • 120x 
!. 

Tho stondar.ls 11erc. counted nt. tnc. sa1:1o tUJO ns the 

fncccs in order to corr~ct for lossc~ of rddaoactl\'&ty 

duo to natura1 ducny ot tho 1sotopos. 

'c:lsuroocnt:. of iron absorption iu indl\'i.tuul 

patients follo,inr oral ndnin1strntion of !>lnrlo tost 

doses , nrc subject to dny to d::1y rnt~iolo9.1CO.l 

vcr1at10ns owinc to changes Ln oot1l1ty 011d sucrclion~ 

o£ tlu c~atro intc~tinBl tract. TilL results outo1nod 
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n::ly therefore , not bc rcproducilllc when 1ron 

:llJsorpt1on i!'. repeated ;!t a l:~t.:r dote . Aoor.g severn! 

subjects there oro ol~o bioloeic .. l vnru:t1ons thnt ony 

aff~ct cocpnrison of results . To correcr fo~ these 

vano.tions , !Snsc and llnllbcrg (!21) lntroduc.:c the 

nult.lplu •lose techn1quc 1n uhich S doses "uc.r of ~c50 

and FoSS 1a:re adrlinlStt:rc<! to a llroup of poLicnts 

~ver a ~ day per&od . uy this tcchn1quc the cLsorvt1on 

o£ each 1sotopc W6s froo Losts done on tnrce scpnrctc 

doys . The 1 r rosu 1t:; showed th:lt tnt. dny to day 

vnr1ntion &n iron absorpt1on coulu bo reduced by norc 

than half. 

llo~·t.v<: r , t.uh 1 c..t al . ( 122), later sholh:d that 

the: variability observed in 1ron nbsorpt1on from 

multiple do::;es was s1m1lor to thnt llith sincLo tost doses. 

lllll oultiplo tost dose techn&quo hnJ been stnrted 

upon before Y.uhn c:t al . reported thc1r \fOri.. Thcr.: ore 

no prcviou~ studlc~ on the varinb1l1ty &n absorption of 

oral test doses of cobalt. 

l. hdn1nistrotion of the tc:;t dose to tho rntu:nt 

Pour Lest dosuu of tlru olencnt under lnVLStl&Dt&on , 

cnch ns 120 cl. oi r.olution , 11erc tl.crut"orc , ad:.nnistcrul 

over o ~;~criod of t\to dcys. After ur, O\'crn&crt i.ost , the 

f&r t dou • ual!o ndalr.Jstcred nt 7 n •• and fnst1ng 

contlnu<ld until :.1 o.c. when bro:~l..fou. ~tor. scrv~;cJ . 
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lo fcod or drinl. \1BS then cllo1 cd , the secona ~.;osc \: :; 

ad. 1n1sterc:d at noon; :u.d ::ftcr a furt .• t;r t\.o llotir fast , 

nor~:ll fccdutg routine 'as rcsuccd . 11ns ptocudur~ 11as 

repeated on tl1c second duy for tho rcca1n1ng tuo doses . 

1'1 o grnt~s of camine red we re Cl\'Cn 2 hours J.ttcr the 

last tc:;l dosr.: . TI,e SlgniflcBilCl of carc1nc T.:?d lS 

1.hscusscd in a suuscqucr.t scctlon . Each test dose 'IHl:. 

well rin!;cd ~ath di:.tillcd unt:!r nn1! counllng for 

rndl'"lCtlvity sho\Jcd very llttlc unadoinlStcrcd 

res 1 •1ue. 

~ . Co llLction of fa~c~s 

.. ach ~tool sp~cig1.:n was collc:ctud 1n :1 l1t r" s1:c: 

plnstlC conttnnc:r of the Sllllhl su.o t hnt 11as u:;ud to 

pr<:pnrc the stnndards. The pot1untc ~:cr.: cur~fully 

instructed to nvoid contocinctinc thuit stools wlll• 

urino . Stool colle:ct1on 11ns continu~:d until a 2-l rtour 

collection contained less tlt&n 0.2\ of t.1c total 

TlldlOilCtiVlty ingt:stcd . Tt.J.o:: U~unll)' occurr.:cJ U•HIIoun 

tim lOth nnd l~th dny of study . n t: 1ndiv1dunl Hool 

spcCltluus 1 uro cou~ttod sopnr11t1.ly ut cnch cour.tanc 

s ssion together 11i tb the :;tandards . 

S . I ensurcmmt of rnulODCtlVllY 111 tho faLcu:; 

The collllo 5Ciutillntlon oquipuont for countlnp tnc 

r dio clivlty ( luclunr <.hicu17o Corporation) 11, lin. !. cu:. 
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conststcd of t\,o th.llliuo ac t1v::.tcd sochu.J 10u1dc 

cTystnls , each llto3$ur .. ne 5 inch~..s 111 dt;o.:JCtcr , plocud 

end to • nd \- i t11 o 1nch space behccn t hew for 

inserting the stool containers . By nujusttt,e the 

pulse height on the scaler ~~ ··~s possible to count 

t 110 different isotopus ot th~ some tl to . Ease of 

scpnTatc couuttn& of the isotopes \IDS cnl .. nc -' by the 

different rad iation cttCT£ics of~ 59 , u[v (Y 1 .0) ; 

Co
57

, oL,· (Y l.S(); Cr51 , n[;\· ( Y < . 3~J , rcspuctncl) . 

Countinp wn~ continued long enour.h .... to ensuro 

count1nc error or loss thnn 3\ . Corrccttons fur 

diffurunccs in p,eoncl ry due t o d1ffe rent volw~cs o! 

tho stools \Crc ~uue loy dtluting th~· stonoonls to 

volu.1cs that corresponded to those of the stools bcin~: 

counted . 

6 . Calcula t ion of results 

11ae intosl inol absorption oi iron \nvolvcs Lhn~ 

stngcs (Fie . 1, pace 4C) . lnit1u lly Lao r c iro11 as tal:on 

up by tla~ ucosnl cell than is required by t1ac body; o 

p r oportion 1s transferred to the body and tlau 1r011 thot 

is not tr3n!oforrod as ton?or:aily sequestered in tl.u 

cell nnd subscqurJUlly lost witla non<u:l oxfol1nt1on of 

'-he 1ntestinr:.l op i tlwl iun (123) . It is not l.nuwn 

w!o t hc, r n !:i'"'ilnT J stnr.c process i:: involved 1'' tltu 

inl stinal a~sorption of co~olt . 
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DOSE 

at~:osr. C£LL 

• 
TRAN<>FER 

DAY I OAY? 

IIARK(R 

UPTAKE 

DE LAT£0 ErCRETIOI( 
DR 

SECUESTRATin~ 

• M£A$U~EO AS l,t T tJISOAPTIOII 

l I GUnt. 1. liiTfiSTHIAl. AIISOnPTIO:I or 1!10N 

(Adnptcd fro~ Conr nd nnd Crosby (1Z3)) . 

• 
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ic dete rube the delayed excretion of bot h ~:-on 

and cobalt , an unabsorbaiJle ... arl.cr, can.1nc rcu, t:as 

g~vcn to the lllll.lCnt n! tcr t he la:a t est dos1.. Tltc 

disappea r ance of t l1o unrtcr !roa the faeces, os~u~sed 

by vi suo 1 inspcc t ion , \las us• d to 1ark t lu: po1n t at ~~~ 1ca. 

l oss of r nd1oactiv1ty due t o dcsquacct1on of tlu.; 

l.!pithcl iu ~ cot:.~enccd . The uf£1<. 1cy of tt.c c..: thO\> l.S 

IJnsed on t 1-1o oS!lWlp t ions: Hrstl)' , i:norc is no s1gnificant 

scpar:lt ion of thu r odiolctlvity and the onrl cr ns the)' 

JH\~scd Jo1m t ho gnstro-1ntcst1nc.l tract, and sccondl)' , 

tho dlsappc3ronco of camino rod 1dcntihcs t!.1. point 

at which dc l nyec.l excretion of the clcaont duo t.o 

dcsquaPnt ion or tho opilhcliu., COn:Junccd. The \' lllldl.l)' 

of t hoso ossUMptlons \HIS tc!.tud with the cnabsorbnLtlo 

•ubstnnce chrocic chloride . A solut1on contn1ning 1 . .: 

W.lolu!.> o£ Cr CI 3 ond 1 uc . o! Cr 51ci 3 (S.A . 13-1!; !JC . /Ul' o 

t l /2 27 cloys) cl1ssolvcd in 12S nl . ot 0 .01.1 ttl:l 1 as 

ClVcn by nouth in 4 to~t dPs~~ Fol l n~u·l 2 hour~ lstcr 

by o c.ITr.\lnu red mn~ur. In 10 ;oubjuct , t ho cujority 

of who!JI hod llt luoSt 001.. bou .. l ..lO~ion .l duy , t:l.o oo r l.or 

nrpuored in en nvcrngo of 3 days ( 1 to b day$ 1 01a.gu) ot11J 

d isuppoorod 1n on ovuri•Ril or 7 dnys (4 to 9 Jay rnngu). 

Arr nvcrnec of 98\ (91 to 102') of thl rudioncti\lty •os 

pallscd 1n tbo focces with tho uorl\.:r dcwor.s trn tlnll th ut 

th ru wos no :~ i rm1f1cnnt scrnration of tl.u rndi..,a<:t1Vlt)' 
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nnd the nrl.cr as they pn:;sed dolm the gastTOlntcsun:~l 

tract . ~n cvenr.e of Z. 4\ (O .z :.o S . 7\) of thCJ 

radlODCtlVlt)' \IllS CXCTCtOG 10 tho (oecus aftt.:r the 

cnrker disppcarod , in~icating thnt v1sunl insncction 

of the stool ~·ns adequate for 1dent1!yiun t:lw p~~r.t 

ot which the nnrLr t.hsnpoearcd. 

The total rndloactl'llty 1n the i:ldllluist~r~.~ test 

doses wns ta~.en as 100\ . The percentage; of the test 

dOSE: transferred l:.> tho.; UOdy , or tlac IIUl absorption , 

wns Cwlculatcd as 100- total radlODCtl\lt, ~ cr.:tcd 

in the stool spccliJons. Th delayed cJ.cn.tiuu wus 

the perccnta"c. of tlac test do.-1.. c.lcrettH• nftcr the 

dLsappcnrancc. of tl1c QDrkor fro t JC foccos . T1oc 

intestinal uptn\..u 1105 ~:.ooputod as 100 - tl1c porccntoge 

of tlae test dose oxcrotcd pr1or to the dLsnppco rancc 

of tht: narkc r !roo tho faeces . It u; DP'P'lTcnt £1 or.~ 

Fq~ . 1 thnt the intestinal urtuht.. LS tht. :111.:1 

dcln.yod excretion nnd tl•t.• p"rc ... nt .. •c tr:utsfcr 

o! the 

(net :~usorption) . "Absorrtl.On" is usod to co1'<:1 11 

three stnr,es 1nvolvod 1n t .. &. process nlthough reports 

in tl11.: llluroturo U!:O tla tcrl tU UOSCrilJe Wll!ll lS 

referred to us "net ub:H r} t1on" 1n tr.is tncsl!;. 

The dotn prost:ntt.H.I in thtJ tho:.is \/<He obttuncd 

f ro pDLlCOl~ ill who.~ recovery of tlac Cr!Jl Cl, \.Us .. 
renter t'l n '.18\ lndicoth1g coupl<~t~:ucll& of fo~oc:~l 

co llccu onn . 
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\ . IE!..SURE .EtlT OF ~OUY II~ fL,ITIO .. vF COuALI 

1nc cost d1 rcct ccthod of ncasunn!i !Jour retor.t1o1. 

of cobn 1 t 1.s to usc a ~-:hole body countc r to aet.: r. i ne 

the pcrcontagc of :m oral test dc~c rct:uucu 1n Uae 

body at :. giver. tiDe . l.holo body count inc .:quin;.~lint 

was not ova1labl~ at the tine these invcst&cotlons 

were conductt c. 

As hos bCJ<.n point.: a out in tho review of t 10 

literature , tho ma1n excretory routes for cobalt ore 

the urine and the fauces . To dt:temine I ody rct~·ntton 

of cobnll tla r~> fore , 24 hour urinos \rcro collected 

separately for 10 days at thu sru1.: t1ce a~ th~ 

!ncccs wore boinc collecLud (or cobalt nosorpllon 

studic . 

An aliquot of thu test solut1on was d&lutod to 

SOO 11 . to prcpnrc il starou..iru an<! SOO cl. s~plcs 

fro1n Z4 )lout urinu collection Hcru counlcu for 

rnclionct1vity 1n the gaoun scintillnt1on counter. 

Tire ndntntsterod cobnll wa:.. tol.cn ns lOu\ , wao 

tho body rctcnL1on al tor1 davs wnR calculated dS 

"' 100 ;.porcontntc ~Jxcrot ion 10 tOl the unno unJ 

thtJ £:~occs. 
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VI . STATISTICAL VUifOUS 

(. 

Student's t es t ( 124) v.as used t o evaluate 

t he difference llct ween results . The cqc:~llty ot 

t ne var1ances was t c~tcc by the r tc~t (124) and 

wheneve r a sicnific:Jnt dif!cr~.:ltcc ,,as 1our11 .. 

botwcon tlte var1uncts tl1c Cox Cocn runu correctlgn 

was appliod (12S) , In tlac study of tl•c rclationsh1p 

between 1ron and cobalt absorption the f d1s tr1but1on 

test 1 ns carried out to dctcro1nc whether tile 

rugrc~s ion wns sutfic1cntly l inea r to enable a Vd lld 

cs tiraatc t o be oadc ( 124). t heu the conuutcd 

F -distribut 1on was stot1Stlcally sicn1f1cant tic 

coefficient of co rrcl:~tiort ~as cnlculnt~d . 

The crude data wuro transfu r roll to punch 

cards and 11ere procosst:ll by an lllfl ~!oJcl .SbO Cooputor . 
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G.ESULT'.; 

COBALT ~ID I Rml ABSOr.PTIO.I 

1. STOQCS 

(a) Con t rol subicct s 

The avc ra~c intt:stinal coonlt uptake uas b . Ci pcrc .. mt 

uitn a range of 33 . 7 to 60 . 3 J:CT cent . tuc a\,.r..Jg .. dtdoy-." 

t:xcreuon of cobalt. lt:ls 2 per cera (Tan&' 0 . 0 to 4 . .. 

:;JCT cent) and tilt: oean net ausorpt1on W(lS . ., .c. pcr .. -.nt 

witn u range of 31.., to 5b . 2 pcrct:m . (Tabh III OB£c.: s .. ) . 
The avcrucc.: 1.1t~.oJt1nal 1ron uptake W!IS 311 . 2 percent 

With a TIIHJ:e Of 31 . •1 tO 41 , 3 per COOt , Tioc OCUli dc layod 

excretion of iro11 110~ 8.6 purCUIIt (ran~c 4 . 5 LO lS . b pcrcwrtt) 

and th1. 'IVc.:rnr.c net obsorpt1on wn:. 27 . S p~:rccnt with o 

rnnr.u of 16 .9 to 3o.O porcont (TDulc I\' puco SS ). 

TI1c utd1vi..!unl results for the control suujccts 1 ith 

nor.:tol iron stores an.t f11Vcn 1n /,ppcnc!ix 1 (pore 11 .. ) one 

pat.lont , . 1 itl not oartlClpote in thu couult 

obso r pt1on 5tu1ics . 

Tioc ovoruMu iJttcoLlllDl upL.kc of counlL , ~S . b purcor1• 1 

uns !llgnlficnnll}' treater tr•rt:t that of 1ron , Jo.l P'-re;uut 1 

(p 0 ,001} I UUt tfiU (lQ0 llelayoll C~CrellOII , 2 pUfCI:I\t I 

,~~ Sl£nlflcnntly loucr thun thnt of 1ror1 ~ . o percent 

(p 0 . 001) . noc ovcro~:c not .JIIt~orptiofi of colonlt , 
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CO!IAL.T ABSORPTION IN SUBJECTS WITII NOJU.tAL AND DEPU:TED UI.ON STOR£5 -
~--------~---------r----------r---------r---------:P;E;a;CE;;HT~~~o;:c:Oo~r~OORRA~L~TiE;SMTrttHJK):SI~:--------~ 
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n L COBALT Al'\:o;QRPTION IN 5\ n.n:CTS Wrfll NOilJ,lAL AND D£PI..ETED lllOf• STOJU".S 

GROUP 

-__ , 
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i$UoJ&CT5 
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~ IRO!l A=RPT1011 IN f>U 1\.lT.CTS \1i M H ~ru.tAL AND 

--
~.OF ACJ: JtEl.tO· 

GROUP SUaJI:CTS ., ..... , OLOBIS 
D\e&o aDd Cr;m. /IOOml.. I 

- I'&D'CI 
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43,6 percent, uns Sl~nlficnntly ••renter t lta t.~ 

nven·c nl t 1 ron ;1bsorpt1on of Z 7. ~ pc recut 

(j! , 0 .001) . 

n.c results arc ~r -o •lcally rcprcsc~ted 1 0 

flu . 2 (pn"c S7) . The delayed cxc rot 100 of 1r011 

a~ountc~ t o an ovcr~ae of 23 . crctn.t of i :. uptnKc 

w~1lst the ~olaycJ xcret1or. of ccb~lt wus o~ly 

~ . 4 pcrco.:nt of uptul.t: . T 15 Jecousttatcs t .cc 1n 

CO"llTOl !iUbJCClS llilol IIOTtloll 4TOio SlOTC~ th" l nt CStin DJ 

aucosn scqucstrct~s a tre~tcr proport1on 01 1ron Ln~cn 

up trOtl the lU!J;.n than lt do~;s lOT COut.lt. -IIIC 

~lPnlflcancc of Litts 1S discus.cd later. 

Titc result~ of t he o~sorptlon stud1u~ 1 11 th1s 

•r oup of pntiont!> nlso dot onstrnt~ thnt 11hcn 

equ1ao locular o~uunts of counlt ond 1r on lro 

nd inistcrctl to cont rol subjects Wlth uorcul iron 

st ores siont flcuntly norc cob It thon iror. is t o.l"u 

up by tl1e ucosal c~ll; loss is to~por~r&ly ~tored 

1n ti c cell; nnd ns n result , tho net nLsorpt1on of 

cobnlt 11 vre t er . 
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10 

- 57 -

'ICRUSED ROll STORES 

wo• 
I>Qjll -

li CURL 2 • CODALT ,\ :n I RO'I AU SOl l'T I o:. Sl 01 !!.... 11.1 !:SrI !.AI. 

UI'TAKI; , llLLAHU l.XCRIITION A'•ll '.L 1 SO!ti'TIO: •• 

KLY: llntchcd ::~roBs: !let Absorptlon of I r on 

Sti.plcd arcns: :let Ahsorption of Cobalt. 

Open srnccs nbo\•o Ollth column show de l.Lycd 
cxcrctl.on of the 11ctnl. 

• 

• • 

rrcco•lctl h) l'ort n I C1rr 10 1 • 

tq I t. of ~ l'lt U t'Tllllll, 

TO 

• 0 
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- ( -~ .. 
(b ) Patlcn t s ~ i th 3 l cohol 1nuL.L~ fat t y 

l n fil t r:ltlon anc: L'el:c:,c ratl oh of tilL l1ve r 

T11e a ver age int cst1na l uptnkc of cobalt \' :. .)S/ , 7 

pe r cent ( ranee 36 . ~ t o 42 .4 pe r cent) , t he ccnn delayed 

exc r c t ton 111es 2 . 3 p(; r cent (rn•lf~C l. S to 3. 6 pcrc::ntJ •• d 

t he c vcrap,e ne t co~n l t nbsorpt 1on ~1• 37 .4 percent 

( nnge 34 . 1 t o l!l . fl po r cc11t ) . (T.ol.du III onge s.; ) . 

lhc nvo r nec intcst1nal uptal.e or 1ron ~lS 33 .5 po r c•n t 

(rnn ~;c 26 . 4 t o 42 .0 n• rcel't ), the .lVcrnce dul:~yed exc n: t10n • 

~'ns 9 . 7 pe r cent (rftnpe 3 . b t o l!l . l porce11t) Blld the 

nvennc net n on nlsor pt ion \IllS 23 . o percent (rllltgl 

70 . 5 to 26 . ' pcrc~nt) . Tlu l ~ I V pogc SS ) . 

Thu tudividuol result !> on cnch pnticu t ar• g1 vcn in 

Appcnd u I ll (Pilf't H (i) , onr. pnlicnt , W6 , uid uot 

parttcipllt~ 111 tnc cobal t a'llsorpt1or stud1cs . The twan 

lll t OS t lnD l tOl•Blt urtak< 1 3' . 7 percent , WIIS Si£1liflcnn tl )' 

h t p,hc r t han the noon iron upt11kc of 33 . 5 norc(lnt (p "-' 00 . 5) . 

TI1c doloycd xcrction of cobal t , 2. 3 n~ rc t , w1s 

s i cnlllcnnl l )' lower than of iron , !1 . 7 percent (p<: 0 . 001) . 

Tho not n\Jsorp t 1on of cobalt (ur:·•n .n . 4 purc.cnt} wns 

stcn t f lc •ntl y crca l ur thnn tl1nt ot iron (moan 2~ . b pc rcur1t J 

(D-' 0 . 00 1) , 

s in t ho con t rol t•roup wlth norunl n on storos , t he 

do l ny"d u.crct um o£ n on 1n tllll $'-bJc;tU 1n t las t; roup 

re pro .. nt t>d n h t ghc.:r propor t t on of t , o lll t o:a lnul upul.u 
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~har: the delayed excretion of cobalt , z~.~ p:: ret: Ill as 

co pucd to S. b p!! rccn t (S~.:t: F1c. z' p. cc 57 ) . 
1\11 Ot tf.C: fl .!in •s 3n s tD.l.l.l r to tl.ol>e ou~ervcd 

tn the cortrol Sl.:l.J<;Ct~ . 

(c) Porto.l Cinho!.is 

The :n•t:roc~ cobnlt uptnl,c wus 52.9 pcrct..:1t 

(rongc 36 . 5 to 61.0 vcrcent) , th~ nvcr:uc del~yed 

excretion was 1 . 2 percent (ran,,:c 0.-1 to 1.11 rcrc nt) oud 

the ooan r:ot cLsorntion wol> 51.8 percent (run~~ J~.9 to 

60 . 1 percent). (Tub lc I I I , page s.: ) . 

n,e averacc int~stinal &ron unt~Lc was 3t~ . ~ percent 

{ranrc 29 . 6 to 52 . 9 percent), the nvcroco dcloy~d oxcrct1on 

was 7.6 porcont (ranee 2 . 5 to 13 . 4 percent) nne: tnc uouu uet 

iron aosorption was 28 . 4 p~rcont (rnngo lb.9 to 

37 . 9 pcrccut). (TaLlo IV , page 55). 

0ltl ll\'6r3J!C J.ntcStlnhl CObalt U('ltlikC 'IllS S1gniflC3ntl)' 

crentcr thon llu.: 100n 1ror. U?tnku (p ._ 0 .001), the dl!lllyuc 

cxcrution of cobalt w:1s l~ss thon of iron (p' J.OOI), 

nud thu net collull nbsorpt1on ~o~os ••roo1tor than t11.ll of 

!rOn (P 0 . 001). 

The irdtvir\unl results oro :ivcn 1n llppundlX IV 

( rc. 117) nd for the 1\ IOlC group lhcy nre fT phiC.llly 

houn in Fl~ . 2 (Pil iiC 57 J • niT~< pntl •nts (JII , CS , nnd !>} 

cH :~ot to I ,nrt 1TI tl1c; colin It Lsnrpt ton st u<lio!;. 
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Th1. dcloy ... d excretion of cobalt OCI;)Unt ·d to onl> 

2 . 2 percent of tl.c u.testlnnl uct:~kc wh1lst l.•e 
• 

delayed uxcrction of 1ron ~ns 21 . 0 l'trccr.t oi 1ts 

up t:1l: ~ • 

Tho results in this croup were s1 1l.1r to ~ho~~ 

1n control subjt!cts and pntu:nts ~rlth ulcol.ol inJt~< .... c.l 

fatty infiltr t ion nnd dcccncr t1on of Lho li\cr. Tncy 

i111.:ica t e that 1n patients with norrnl iron stor <.- , 

nssociotcd liver disease doos not oin:ctly influence thu 

handline of either cobalt or iron by the: intestinal 

·,ucosn. 

z. DATII:NTS IIInl lJtPLLT!:O IROl• SIOI!cS 

(a) Control Subjects 

Tho avera 1ntcst1nnl cobalt u;JtaLc 72 . 3 percent 

(r:~n!!c bl.l to ll7 .J. p.:rccnt) (T:~blc Ill , pncc 54) was 

• 

· i 1ilnr to the uvornP<' intestinal 1ron uptnku b!> . b pcrcc11L 

(unec 55.4 to 7 . > n11rcont) (Tobh IV , pnsll !>5) . 

TI10 nvorat- ..!"l.1yc:rl oxcrCitlOII of cobalt 2 . 2 purccnt 

(run8e 1.0 to 3 . , purcbnt (Table JII, pou~ s~) wns 

Sltlllnr to tl•c nvt rn1" delayed cxcrutior1 of 1ron , 

:S . !.l ne r ctnt (rnnee l.O to 7 .0 pcTC(nt)(Tnhlc • ,, c" s s) . 

The n\•crllrc nut llbsorotton or cobnlt 70 . 1 p<.rcont 

. ' .,orcc nt) wn si tlnr L t .. Jt of iron 

bl . IJ JIO TCOTJt ( r-11 • !J . 0 to ~ 4 • 2 pu rccu t) . 
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I n cooparison wlLn th<! resu l ts in toll. control 

e r oup with nor:.H\1 1 ron stor ..:s , t ac 111t~·:;t 1n.-l uptnl.c 

.1nd nt.:. nbsorpt1on of both ___ It <l •• t! 1ron wet<-

sirnificlntl~· increased (p• 0.001 111 each cusc) . 

The .id .yecl excretion of iron uns sq•nlficanuy 

reduced ( o O. C'!.) Lout tile ch::lnyca.l cxcrotlon :~f 

cobclt 1-'llS simJ.Ltr to tlull 111 controls tllh a)r 

1.ron stores . 

lhc indiviJuul rosults nrc g1vun 111 Appcndl~ 11 

(pll[!ll 115) , unC. Ql"c cra.plllCall)' presented for thl.l w .. o lc. 

~r~up J.n fiu ~ (pace 57 ) , 

These fuadi~ags d<!uon~tr-Le t ant. Hi 1ron dcfic1oncy 

the uptok.: of bott. cobn l t and 1ron arc 1ncrcased . Titti 

increase in 1 ron urt ol;c is nccoopa.nJ.cd D~ o a.llcuau tiot. 

1n i ~ s tlcluyc d cxcrct1011 on!! the result 1s an 1ncrcasc 

tn tl1c not nbsorptlon of 1.ron . In co11str ~t , tic 1ncrunsL 

111 colnlt uptnLr is not ncco~pnnied by n ~~.ere sc 111 1Ls 

d. lnycd uKcrotlon , and tho r1ot absorption tends to 

pproXJ.Dcte lo tho uptnl.c just n~ 1n thl control 

!lulj cts ith norr '11 tron storcc . 

(L) P~rt 1 Llrr1o~i~ 

n uvLrt•(l lntostlllol uptnlo o£ cobalt 

71 . 1 pcrc~1 · (r~nco ~J . 4 to bl . 6 J'Orccnt (1n 111 , 

, 1 1 ilor to the; av"ru• i JLcstunl 1ron 

J u ( 1.1 P" ' ' t t{rn II' 42 . 1 to li().(J ptorc Ill) 
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(Table IV , pncc ss ) . 

The ~elaycd ~~cr~tlon of cobalt , mean 0 . ~ percent 

(range O.Z to Z. S percent) KBS olso sim1lnr to that of 

iron, mean 3 . 7 pc rc~nt (ranct 1 . 1 to 7.b norcent) . 

The averaf.C net cobalt absorption 70 . 1 percent 

(ran~e 52 .4 to 80 . 7 pcrccr1t) was siMll~r to that of 1ron 

-:~oon 57 . 5\ (ranee 40.0 to 84 .1 perceut) . 

In cocpar1son with tl1c results 1n the control grOUJI 

w1th norr.ol 1ron stores , the 1ntostinol upto~c and not 

obsorotion o! both co~alt an d iron were sign1f1cantly 

incrcuscd, tho clclaycd excrct&on of 1ron lOS redutLd but 

th.at of cobalt 11as Slr.til.H . 'lllc results ue rc S11ulor to 

thost' 1n 1ror. dcf.&ciunt cont rol subJt~Cls , but t hL;y sho~< 

1ncrcascd absorpt1on 1 hen cor:1pared with cirrilotlcs wllh 

nomal 1ron stores . 

lndivldaral results ore sho~n 1n Appcnd1x V (page l l b ) . 

The results thus show that 1n pnt1c11ts 111 t h coplctcd 

iron stor s there 1s an 1ncrcasc 1n tho 1ntest1nal 

absorpt 10n not onl)' oi iron but of col!alt ns well . The 

dcgriU! of 1ncreasc 1n the absorpt1on of both c lcrcnt~ is 

oi i 1 r !n con trol subjec t s and thos wlth f.vrtu l 

cl rrhosh (sec Fig. 2 , "ll&O 57 ) • Ll\itlf duonsc 1n 

t e a ron • oplLted subject se as not to a!foct t!oc 

~LI &nil r fUl4ttin t.hL lntustinRJ llkJ&o rptlOn Cll th 5ll 

ol r t • 
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I'ATI L:ITS Ill Ttl lNCillASEIJ 1 r.o:l STORI.S 

(a) Id1opnthic lluenochrocat osis 

Titc ovurncc 1ntcstlnnl cobalt uptn~e wns 

85 . 7 r•·rcunl (rnnne 70 . 9 to J2 . 4 percent) , tho overage 

de 1 nyc tl c x c rot 1 on 1 -' s 0 • D\ rccn t (ran l! 0 • Z to 2 • 0 

Jl' TCc;nt) nnd thw nvcragt net couolt obsoq.tior. IHIS 

b4 . ~ percent (range 79 . 4 to ~2 . 1 percent) . 

ln cocpar1son 1dt11 th" ro:.ult.s in thu coutrol subjects 

uith noraal tTOI, .tor-. .. , both the tnt~.;Stlnol uptal;c :111d 

n t ~baorption of cobalt were Significantly i11Cr~ascd 

(p & o.or 1 tn each coso) but the delayed excretion liDS 

siniln . 

The ov~rngc i••tcstinol uptake of 1ron was 

73 . 7 percent (range . o 90 . pcrcert) , tnc average 

delayed ClXCTCtlOn IIOJ b . 9 l!C.TCCnt (ranr,o 2 . 5 tO 20 . !> 

ne r ccnt) end tltc ovcr •. go n~t iron obsorrtton wes 

64 . 0 percent (range 37 . 7 to ~ . ~percent) . 

In coopor1son with the rLsults ir1 l~e cor.trol croup 

w1t h nomnl 1ron stor" , t 10 average intcstt.nol uptnlw 

and net nbson•tlon oi iro were uoth s.l.t:nlf.r.cnntly 

1n~rc:uod (p \l.OO I ln both C&!l0!01 • lh OV(I rncc 

delayed u~cret1on of iron wos slo1l2r to that 1n con~ roJv , 

""" vo r , in t1 o pat icnts who hun llccn t rented by 

• t1ons ('.C. t 1 . ~.) tha vnlucs , l . ~ pcrcortt and 
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2 . 5 percent rcspcCtlV~ly , ~ere 1t.1n t 

lTOn ~efic1ent subJ cts . 

n.e 1nd1vidunl results arc g1ven 1n A'lptn~u \1 

(pllt'C 11!)) :mu &rnphicnlly for the I h'lle group 1n 

Firt . z I (1'3CC 57 ) . 

(b) 1 ron Over load .:>ucondan to rortc.l C1rrl.osu 

The intestinal upta~c of cobalt 1n the t~o nut1unts 

~ere 90 . 2 Jnd 71 .0 purccnt rcsp~CtlVLly, thu [Clayud 

excretion o.z and 0.1 perc~nt respuctlvely , anu toe 

net cobolt 3l..sorpt1on were !10.0 1mc! 70.!1 percent 

roSpllcllvely. 

TI1c intestlnnl uptake of iron ~urc 77.8 and 

49 .0 percent rospuctively , the dulayod cxcrut1on 

l.b and 1.4 pcrc..:nt ruspectlvoly and net at sorpt1on 

7S.Z and ~7.6 porcont rcspect1vcly. 

lhc values for the intestinal uptake and net 

ohsorption of t.oth oouls were increased u. c.ogpnrl!.on 

with corre:;pondinr. voluus 1n control subjucts ulth nom.ll 

iron stores n111l ~o~uru sinilar to those wlth non 

def1c1cncy or 1d1opnti11C haonochronotos1s. 

Tht. resulu s'low th'll nn lODJ'propnntc 1ncrcr.sc 

10 1ntustLnnl nbiorptior• ol iron ha' otcurr~o 1n the5~ 

'lllt.cntq hccnuso tho1 r 1 ron Horo were not d1n1nuht:d . 

iheltc findln&S IIUili!CJt tiiDt tncru Is IIH nunornallty 111 
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the lnt cstinnl ccchan1so rcfulatln£ cob:~lt dnd 1ron 

:sbsorption 1n t •. c:;e pat1cnts . Tho: f3.ct th.lt .uv~r 

d1seasc had b~~n :>hO\ln 1n tne pr.:nous gruups of 

pati~nts to b.: \ 1thout direct effect on t •.: c~Cn3nlS~:> 

regulntiliB the inte:>tlnal absorptton of co11ult and 1 ron 

indicntcs thnt tl1e disoro r of 1ron n~tnbol1su Qay 

reside in the intesunal mucosu . Tito: curhotlC proc~ss 

scetts tc exert no influence on tl1is. 

(c) Portnl C1rrhos1s 3nd Iron Ov~rload 
(Sequence of events uncertain) 

The 1ntostinal uptai.C; of cobol t 1n the two pnt1ents 

woro 8~ . ~ nnd bS.l p~rccnt rcspcct1vely; delayed 

~xcrotion , 0 . 2 and 0 .5 percent ruspectlV•ly , Rnd no:t 

nbsorption US . Z ond b4.b percor1t ruspcctlv~ly. 

T11c intu•tinal uptol.c of 1ron 1 1• the two paticltts 

wore 80 . 2 and 74 . • percent rcspcctlvcly, dclayc~ 

c~crction Z. 9 one l . 6 p~rccnt rcspcct1voly :~nd net 

absorption 77.3 artd 71.9 pnccnt respectively. 

In co:nperison Y1th the results 111 the control 

subJects with nom 1 iron storus the intustinal uptnl.:e 

i Of both cobnlt nnd iron were 1nrl net ~Lsorpt on 

sirn 1 ficnntly increased . TI1~ delny~d excrot1on of 

cobalt was similar to tho volucs obto1ncd ln the controls 

i 1 On Stores but tl c oelnycd excretion o( uon 
w tn no rcn 1 r 
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~as reduced to s1 1lar levels outa1ncd 1n 1r on 

dcflC1ont subj cts . 

When these t110 patic1tts were invostLncteo toe 

. 
uon stores ~-:en. Lncrcnsed . One of then J . ~ . w •• osc 

iron stores :\all II en dMlcted by If; , !, crn;~s of iror. 

st1ll had increased auou~ts of 1ron 1n I11S l1wer 

l.11opsy ( 4 + depo!.l t1on) . The ether Plltll)nt , r. ." ,, 1110 

hnd not bct;n trontud nt the tuJe :\bsorption stuo1cs 

wurc co.rriud out subsoqucntl)' hn1t 15 crans . of iron 

TOtiOVOI.! froo hlS Lody StOTC5 . 

The results in these pat!cnts dcnolstrGtto in 

appropnnto incrcnso in iron al>!.orptlon w.lich 1s closely 

rcfloctlld by incrunsud cobalt ausorpt1on . tne patt.:rn 

of absorption points to a chsord r 1n the llllDSt.t.nol 

occ!tanisn rcculnt1ng t.tc absorpLLon o1 tncsc a~tals . 

It 15 suecostctl lllllt ln·or C1Trhos1S 15 not l.il.dy to 

bl resronsibl tor tl11:. . 

(d) Exoccnous !run OvLrlond 

In 1 • • , tu•J rusull for the inl\ !lllnnl uptnl.c , 

de loy c! c:: ..... rv LOll nnu net nb!>orpt1on o£ cobalt '' rc 

fJi).4 , 1.3 nne! ~9 . 1 J10rcert resp:cti\'oly. 1h" corruspund1n 

vulu .. s for iron 1b.• rot ion rosults 1 urc 2!. . ~ , 7. 4 nna 

21.0 percent res cctively . 

In co-pari 01, w1th t1 results ~n t11~ cu.trol 

gr OU1 "ltu r.ornnl iron storus , lh VIIIU li for tJ,Il c..Ob ll 
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absorpt ion ... tud1cs 1n U. 'l . ~ere sirul r. ( .e:w vnlu~s 

1n cont rols :- cobalt uptnlc , S. b percent , dc1uycrl 

excreuon - . · <:rccnt , net ab:.orrt1on '.J . b pcrce.1t) . 

TI1e 1ron tlbsorption r esults ir. tl . t . wcr" ~cithir• tut 

louo r range of values obs\:rved 1n control subJects ..-nil 

no n111l 1 ron store:; . 

ln I . J ., tnc results for the lntcsn:anl uptnl..e , 

dclnycd cJ.cr._tion and net Jbsorpuon of cot..a.lt wcrc 

22 . 2, O.Z and 22.0 percent rcspcct&vely . The 

corrcspond&nc v:~lues for the.: iron nLsorptton results 

·~ere 9 . 0 , ,4 ano Ll rorccnt rcsp..:ctlvcly . 

In com1 nnson wlth the results in tuc control 

t•roup with nomnl irhn stores the uptnko and net 
h 

absorption of both nt..tnl.s 111 tn~e-twe pnucnt? 

• as du.1irsho.!. 

n1c rosults 111 tl&csc t~o pnt1ont~ &nalcntc n 

lowcnn~: 111 tho lnt..,stinnl l.l!torpt10II 01 t.oth .... tals 

"t.c11 body 1 rnn stores nrc oxoccnousl)• lncrcns\<d 1n 

contrnst to result~ obtnun:d iu pOl1t:"t!: wlllo lilcr as .. a 

stores £roo cudDI:l"nous c,1US.:''i . 1 ron olsorpt1ou 15 

lowcrc.J to a r,rcutcr deere~ than cot.nlt ot.sotpllou . 

lL scncs t 1kely Lhnt body iron sLoros wh\!n urt1JlC:lDll)' 

oxnllJl~od oxc rt c greater control ovc r tlw uehonu s 

T CUI t1nr, the lntcsllnOl nbsorpt1011 of ltOn thnn 

'I! cobnlt . 
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In s~,nry , cobalt ana 1ron absorptJon stud1c~ 

were carr1cd out on a total of ten p4ti~nts ~lth 

1ncrunscc iro11 l>torcs . In two of the p:Hl~r.ts, tu~ 

1ncrunsc in body iron stores 1111s a r<:sult uf 1ron lll.l111& 

1ntroduccLI into the body 1n the forr, of blooc! transfus1on 

and iron meu1cation . rne intestinal a!Jsorptiou of 1ror1 

was roduccJ in the two p~ucnts. Cobalt absorpt1on was 

no mal in one and lowered in the other. 

In the rctHuninr dfht p::tients consist1nc of 

.; cases of 1diopathic hucnochro tosis and 4 ccscs of 

1ron overload dnd portal c1rrhos1s , cobalt 3bsorpt1on 

1:ns 1ncrcosed 111 all of thee. lron absorption uns 

incro.1scd in <;(von out oi the cigh[ JlUllCnts . Th11 

ot.scrvt!tion of a consistently raisc:d cobalt ausorpt1on 

11111 be COD~CIItCd 011 l~ter . 

CORRllATlONS lit I I:.E,I Tttl INTI:STINAL AilSO <1'110., 

OF COBALT A~O IRO~ 

I . lntcstinol llnul.: 

1\ laichl)' Slgnificont daect corrclnt1u11 wos 

Jlroscr.t but~<ccn tho int.:sl1n.JI upt•alc of cobalt and 

1ron in tho control subjccts wHh nom1l uoa. slorcs nnd 

iron rlcplottort (P 0.001). Tito correlation cout hcicnt 

"as ),t3 ~itn the intercept on the cobnlt nxts t 

20 norcont (sc F1g. 3 , PAge G9 }. 
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the in t estinal uptal.u of cobult .111d aon 111 the: p3tH:nts 

Wlth ~ntty inf1ltrat1on and degen~rat1on ol tl&e live r 

and port3l cirrl&051S (p 0 . 00 1) . Thtl corro:l at i en 

cocfflclcnt was 0 . 72 w1th the inturccpt on tl1e c~b:l. 

nxis at 7.7 . l pc;-rc.:nt (sec fig . , · ~o[C 71 ) • This 

represents n<. sir.ni-lClnt d1Hcrcncc in the r-.&russion 

coo Chcicnt and 1nlt- rccpt between tho patients witn 

liver d1scnse nnd tho control subjucts. 

lhc rccrcssion line for the cooblncd results in the 

control subjects , P"tll~nts >~it.h llv<.r d1~casc and 

idbpathic hoomochroL10tosis is givuu 1n (Fig . ~ . pnn .. 72 J . 

'lllc rclntionsh1p bctiNOn the intcstwal upl.ll." oi cobal~ 

and lT.,Il in all tl11: pouonts wns l11gul)' Slt:ndlcont 

(p '- 0 . 001) . Thu correlation coeH1c1ent wn~ 0 . 77 aud 

the 1nturcept on thu cobalt ux1s was at 2b . O purcent . 

TI1osc ro ults dotonstr~tu tt1c ~xist 11Cu of u 

diroct ro l nt1onsh1T' bctwcun the uptake of cobJlt and 
• 

Hon an 11ld1catc thnt th~·se oltoent s shore part o£ a 

cn~on uptake st011 1n th~ intestinal cucosn. 1.1vcr d1scnsc 

<locs not npoear to 'lffuct tl.1s rt lntlOU:;illJ·. 

2 . let ,\bsor phon. 

A hq~hly significant direct corrfllllt l on 11as prcsunt 

b t1 con t ile n<:t ab!IOrptiOJ• of coLalt ond 1 ron 1n the 
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control subject!: uith nornal iron stor"s o.nd iron 

depletion (p - 0 . 001) . The corrclat1on cocff1ClCDL 

\I:IS O. C$ ~11th the 1ntcrccpt on tilt' coltolt axis :1t 

2S . 4 percent . (Sec flic . 6 , p:~~:c 70:). 

A Sltlil:IT direct currclntiolo was observ~d 

be tween the not obsorpt ion of coo:~l t ::md iron in t .. u 

pilticnts wlth btty inhltr:lt10il .1Hd dcgcner.:ltlor. of 

tl1u liver and portal cirrho~1s (p 0.001). The 

corrolut1on cocffic1unt wos 0.76 w1tl1 the 1ntercopt on 

the coltolt a~is at 31 . 7 percent (sec F1g. 7, pogo 75) . 

An nnolyslS of the cocbinod rllsults in the control 

sultj<'cts , p•tionts with llvcr di:.cnsc Qlld 1d1opath1c 

hacr:~ochror:ultoSlS rcvcuh sirular results, the corrolot1on 

coorficit.nl 1/0:i 0 . 83 with t:lt inttrccpt on tho cobalt 

ox1s nt 29 . 4 porcunt (F1g . 8, pu~c 76). 
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Ill • BODY RETtJ,TIO .. OF CODAL T 

A direct corr elntioll wns pnncnt bot1tccn tho 

not percent age o£ tho test do:.c of cobalt tha t 11as 

absorbed and tho pcr ccutngc excreted in t ho un.no of 

subject~ ~1t h nornal 1ron stores , iron dcf1C1oncy or 

cndogoJaou.:. uon over l oad . (!icc f l [! . !l , pngc 7C) . 

An avorago o£ ZO pcrct:nt of the rad1o actl\'H.)' \IO..S 

rt:ta1ncd il. the bod)· 10 days aft"r ncbirnstrntion of 

t he labu llud tos t dosu , ru.d no s it:l.l flcnn t 111 ffe renee 

11ns observed bct\leon tho results 10 S"JbJCCts wlth 

no mal iron s toro s and tho sc 11 ilh c ltnur non 

dcplotlOII or i ron overlend . (Suu l1g. 10 , page 79) . 

In additlon , it 1 as fow1d to111t there 11as no 

sicni!lc:mt <hffcroncc bct1:con tnu body retention 

of rndluactld.ty in cont rol subJ.:cts nnd tllo:.c with 

cirrhosis. 

In sun::~ary , t"ICJ r.•sult:. lrllllC"to no differences 

10 t ho rolntionshlp bctlloon cot.nlt and iron nbsorption 

in control subjects uithuut livur cllsvasc. nt1d in 

. t lth liver diS(JilSOS :mcl 1d1op:1thic 
(lllllCII " II 

hncnochrono t o&is · 
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t:\! SC''SSI" I 

~:n equinoleculBT arourts of 1rurra 1C co'alt 

a~ 1 iTO"! 'err orally a rlt:.i .isterc~ t o s1•l ; · • • cts 1 1 t . 

-or"ll tron <;tore ~ SJ.II'IJifica: tly ncr col,alt • a! take 

U'l' fro:-1 t c il tcstinal lu:"cn. y,.ry l.ttlc of tno 

cot.alt tnkon •Jp 1•as sequostratod .. ,, the lntostlnal 

QUCosnl ce ll. As n result o£ tlais ard tlac c rent~r 

untakc of cobalt froo the lumen , tlu: net nL:.o r pt1on 

of co alt uas significantly greatl·r tan, th3t of 1ron 

(Fir. 2 1 !HH'I:I S7 ) . Tire: r eason for th1s 1s not clear . 

'lne .,ossil·illty ho\'OV!lT 1 is t hat l'herons t•e ctcha:d.:.•• 

for iron el.osorotion is nost e£ficient 1n t .. u 

c!uodl'num , tl t fo r co~alt aLsor"ltlOn is otfic1c:n 1n 

• • e ~uo•'c.:nllr.l I'S ucll as in the lover sn&Jll intestine . 

1 olov 1126) , by cor.narinr pe rccr.taro lTOn 

a' ~oTDtlon froo an orallv ndninistereu test dose wit: 

Qhc;orntlOll from c.oson ~ites 111 t of scoll .o~el 1 

rlononst r nto<l t at iron wa!. alosor l c! l11rOt;&'' Olit the 

l onp t h of tlou sr:all !low:l . The occhnnl!ir.l £or iron 

at.sorpt ion lliiS mosl cffic1ont 111 t ,u ri:Joduni:.U lol!tlh. 

iron 1'85 \li octly instill into liiC prodmtil jcjunuo 

its olo:;or.,tion •n:; r educed y so nc rcunt . 

ev ~~un carrie~ out in ~ n; c1 ever , 
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-O'"l OTI et a l . ( l 27) , U!>i'l· isolate Vt: 

s ~ n in t~e rot , t'aat cobalt an~ 1r~1 ar~ e~uolly uc:ll 

a' so rb,.r! irt t'ae duo!' ~n~.:~ , 1-ut ua 1 t'dition , co\.alt 

a"sornt ion is prcotcor t' a'l t t of i rora u: toe lo1 cr 

scall inte!:tinc. lt is lil:cly t ,Pet in tho hll!lan su!Jjec~ 

the m~chonisn rup,ul~tinv t ta 1nt~st1nal au~orption of 

both oota ls l.S sicil~r to t~aat 1n l.hc: rat. T .. o ilTeator 

intestlnal uptol.e of cobalt tha n iro~ in car. coul~ , 

therefore , 1 e a result of efficic:nt e.bso rntion cv.: r a 

greater nnntonic l area of the: soall 1ntust1nc . 

T1 c sipni£1car•ce of ~ucosnl eel! sequestration in 

t~o regulntion of the intestinal absorntion of cob~lt 

nr: l iron i!. not fullv und,..rstood. Conrad and Crosby 

(lB) rro- rluto-rudioprophic stUt11o in the rnt 

pro~>o:;e•l n n'ldl'l for the: nUC'lsnl JChanisns rcgulatinl' 

t c in:e!ltllanl llb'-OMtion of iron. Accord!.nr to t lus 

ro !e 1 iron nl• rpuon is rcgul o1.4!rl pnno rily tur t:j•!a 

the colW'lnllr u!Ht 1t;hl.:l:l u£ t..Cl scall intosti111:. In 

nonal , iron replutu subjects tlae uucoso l ctdls cay 

conto
1
n 

0 
vorloLlc: aoount of iron suppliud frog tl,u 

bo1!y storo . Tlae ..Jcnos 1 t r•• J:Uh tu!J - 1 ll.hin hmL s -

h r ron tl ut cJn cnt•·r t ho cull [row 
t a quant1ty o. 1 

t c lntc~tlnnl luoen . 
Aftvr tlau iron has ent~:~rell the 

,.All it .• into tho lo•IY to f-ulfill n """' cey n roceu .. 

AltcrnotiV' 1 •, port1or or the irou nay 
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L•co·p f1xc~ ~·1 t '•u e~!t.clJ.el c tft~l·s ·o e 'os· .,,... .. ' "" I .., ... 

er t ae cell is sloupl1ed at t !1c en. D• its 11!~ sp n. 

l 'l iron- ::f1cicnt sut jects tnurc: au near s to l.le httl~; 

or no ·~chaniso to inl.ibit ~nt"ranct of 1ron or :o 

rotun i t the V ill o~::; epithelial cells . n.us cict.!ry 

iron readily n roc~cds into the body . In i r o: loudcd 

subjects a sir,nificnnt aoount of t .. c body 1 ron is 

inron>ornted in t!te Vlllous cpithclln! cells , wh1cl is 

ovc!l tually lost •1itl. !>louphinf'; t.ut c!urinl' the life 

S!lC.n o f t ht: cells its .,re., .. nce i.nhib1ts the entr<1ncu 

o! iron i~to tho cells . 

Tl,~ rc!:ults of the iron :1 sorption studies u. tlus 

control nationts wit'l non1al iron !..t?ror. t o avo•Bil 

d~layc~ excr etion of iroP ISS P.bo~L 9 percent oi tho 

ornlly ado:nJ.st<:~rcd dose 1\nd a'Dproxiolltcly Oht: q~:nrtor 

of t:l t uptal.c froo tho I un~on . The results in pat1c11t:. 

wit• alcohol inducod !otty inf1lt uJtJ.OI of t:,~.; liver 

an' J:Ort nl cirrhosi~ 11ith nomal i r on storos wore 

Slrilor to those of control sttLjcct~ · Tloi ncans tlu1t 

out of eve r y 4 -onrts of iron ulnn up !To the ll.4lc, lv 

t he nucosnl cell , ono nRrt is scqu ~t rntcd and t hree 

PBrt s nra transferred to ~ ~ ~ody. 
T (' nve r.nro in to r.tln d unt 1 of iron IDs l ncrrns,. tl 

to 5. rercC'nt Jn iron M !Hi .. t controh an to 

Gl.. . l p rc nt i• irol .~cflcient cJrr ho ti cr; . 1 ,, tlo l<tyo 
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~xc r tion • as 1 o1cvcr reduce•! fro~ a ~oan of about 

0 rc r ce .t in suLj~cts with norrnl iron atoro to 

noproXii'OIP.t •ly 4 ncrc~nt in iron dcficlc cy . he 

clcla}'etl CXCT"'tion of iron in iron • ehc1 .. ,,cy 

th•refore aoounled to nLout 7 nercent of the in1t1al • 

IJT'Itl!o e fron the luotm os co"lp8T!!d to 25 oercent it• 

sut.jcct:; ~·it" nomol iron stores. Thc:sc observations 

con!ir:J Conr ad ond CrosLy' s hyootloosis tloot in iron 

dof!cicncy tbore LS littlu or no oeclronLSil 111 tl•e cell 

to inhibit entrance or iron Lnto th villous epithelial 

cc 11!:. or to r et11in it ( 123) . llo~rovcr , t ho fact that 

•'iour.llion in iron SCOUOrtrlltLOn :!.n the DUI:OSD ill iron 

tlcficicncv nccotmts ror only e SIJ411 1 ronortion of tho 

increase in net iron t.sor'ltion surgusts tll 'lt srouestration 

of iron is not o pT1'1C !actor in t .u: coutrol of iron 

~t':lsorrt 1on . 

Furtlo~more~ , in uxogcnous iron O\t-Tlood , the roductior. 

in intestinal u'tP.I o HOS t!.c cain foetor responsiLlu !or 

thr. reduction 1 11 1 ror o\l!lof!!tiou llocnu .. o tnc I!~ hl}'Cd 

oxc:rc tion was \/Lthln t he ranee observed in non:a l subjocts . 

TI1is ollscrvation is n dorHITturu frou the nodcl of 

Conra~ and crosly bcc~usu t ho delayed excretion of iron 

wns not inc r oasrd . 
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ln i.!ionat hic hacnochr oor.tosis , ant: u. pal icnts 

with 1 ron overlo ,, assoclntcl! 1:ith ponal cirrhosis , 

the i n t estinal Ul"'tal•c of i ron w:1s incronscd in all 

t he natirnts . T' e uelnyed excretion of iron howcv~:r, 

covered o 'ide rattl't . In two trcatotl n tients with 

itlion t ic l;fi'!':IOChrorlllOSir. , it liDS sil!lil r to th t 11 

i rot ~o ficienc.y anu in t:,, unt ruRtud •J l iont:> ll 110:; 

11i tl.ln t!.e rn1 ro obst•rvuc 111 control ~uLj cts 'itll 

noT::JA l i r or !. t ons (Anr~:ndix VI , PU!iO U :J) . Tl o tldayuu 

cxcrotior. tillS alsc. sinilar to tnat in Lon duflcioncy 

ir the 4 .,&tioul!O witi1 nortal clTrhosis ossocir.tod 

w:.t iron overload. T.\C reason for th~ vanat1or. in 

tlte sequcstrntion of 1ron 1n tno uuco~a of tl•e 

subiocts 1•ith iron overload fro~' !!,dopcnous causus , is 

ll'lt clrnr . The siailority of the rusults in 3 pntionts 

("'' , V'J on" J " ) 11i t • rorto- cuvol shunt to thoso 1n 

(1!11) •11t't n co ml\r.nLle dof'TI:C of llv r dist~IISC ul not 

"Vidunc.• :Jf no.:-tnl hV'!DT'onsion surP.osts t 'lt thu 

s' untin of 'lloo 1 nroun•1 the l1ver ••oes not have a 

inet heari:~ or• t.,P n· ount of iron soq,ucstrated ir. 

t lucosr.. il e rc:• uct ion in do 1 Y ~ excretion u tue 

trl'!at " nati 
11
t" lands s\S1lrort to : o '•rpothcsh , tit t 

t ~c~roc o£ soquostrntion of iro11 in t.1c cucosc is 

r 1 t 
to tl. ca~r1 1tu e of t he 1Tora stores. Port ps 

• .ari t.loli w tl (' lnt stinol upto o nnd aoqu strot ior• 
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In i~ionatJ,ic l•aenocl• r onatosis , or1~ i~ pat ients 

wlth 1ron overlo~tl ussoc1atel! l'itl• po r t.nl c1rrhos~s . 

the i n t estina l u"tale o<~' i ron Has incr.onsed in all 

t ht' natil'nts . T'·e c.1 l yf'd excretion of i ron how~:ver , 

covered n •lide ran('t . I 11 '~o trcntoc\ n, ticnts with 

id10n t ic hfl.,'JOChTOI"IlLOSL, it 1105 sioil T to th t 1'1 

i ro1 r!eficiency an..l in tll• unt rcatctl • tit•nt:. 1t was 

wit'.ln t!.e rorro observe~ ir tontrol ~uLj cts 1itl• 

nor~R l i r o1 sto r es (A~rtndi x VI , or•~O 11 ~l . Tlo dLlaycu 

excretion trns alsc sinil•r to tnot in irun d~fltlOI•CY 

in the 4 'latie11t~ wit•• nortal c1rrhosis nssoci~tcJ 

w~t . 1ron overload . T ~ reason for t~• var1at1or. 111 

the sequestrntion of 1ron H• tne DIOCO' a of the 

sub~octs 11itn iron overload frou cndoponous causes , is 

l'lt)t cll'nr . The siailarity of the Tt~sults in 3 patients 

("'' , V a:-.~ Jo:') uit' rorto-coval shunt to thoso in 

(1'11) "u'
1 

n co')'lliT&Lle dcr.rce of llvnr dist111Se JUt not 

~videnc• :~( oo:-tc.l loV""IlT' onsion sur('usts t Bt thu 

s'UJitin of ~loo' nroun~ tl•e liver ~oos not have a 

ir ct heari~ on t~ n ount of iron sequestrated in 

t ,. 1ucos . il e re uction in c!ol Y ( excrollon u t .. o 

r r"otc1 n ti 
11
v· londli sunnort to ~ c ''ypothcsis , lll11t 

t rlo~roo of sequestration of iro11 ir1 t 10 cucosG is 

r 1 t tO t.J
1 

oanu 1 tu C of t nt lTOII 5\0TCS. POTol ps; 

t ari t.1ou 
111 

tl (' lnt ttinol upta nnd soqu stratio•• 
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of i rc. ir. t ... s c nnticnt"' v1t: lTOn ov ·rlo c ir:J-

~ntopenour C3Usus i s du. to a c 1ff~renc~ in tn~ 

a :tio l opy of t ht: iron ovorlo . . Tn on~ gro1,p of pntlc:nts 

lh-:: intestinal Ulltnl:c i.; lncrt.asc. ~rhilst dcl-::yed 

excretion is rt:ducud; in t ht: ot cr prouQ th 

intestine! uotake is i~creased 11~1lst delayed excrtition 

is within no~ol linits . Furt~cr s t udios involvinr. 

(!TCBtt•r mnb r of :"'&t ients e re Tt!quirud to eluclo.lllt.C 

t!,is ap!'Rrc·nt difforenco . 

Th.!) r eason for the failure: of t~o: inteo;t:inal cocusn 

ro sequestrat e o sirwii'l.cant pro?ortlOT o ·: co t tnlen 

up f r on t .to l\.'!ll'll in huonr. subjects l!. not .. noLn . Sc:hadt. 

o t al. (12C) rod" o si011 l rr oi.JS"TVIltion 1n t .o rat. 

n.~y cl nrly dunonstrnted a~ ir1c rporation of o 

oroport1011 o! orall y adn\ni...tt.r.: 1 iron into t ·

fcrrltir, in tl•o intestinnl muco~o but nohe of cobalt . 

It is possit.le that cobalt once t al.cll up by t .. tJ cell 

rnpidly diffuses throllf!~ i t into t .1u loo" st r ,..oc r..ul 

t he re is no oxporincr1tol LVidence for tl11 ~ nt prbsont , 

n,e !:tudics of !;chn•'u ant! co- 11orl.ers ( 120) also showud 

t hat tl c cot:non nat lnray :for d c intoatital nbsorp t ion 

of co" nl t nn<' i ron l!J not 1- rri t n uhicl, :a•t•I:'S to L 

Plftyinp a role only in t uonorary scquos trntio1. of iron 

rat 
1
or tJ. n 

11
, nrin r y r cpul nt1on of 1 ts ot>soTpt lon. 

n.c oL~cncL of corrolat lon ~tli OCtl ncL iron bbsor tio•• 

r~,. t h de l ycd c¥:L rc l10n it t •ill !'I. vy lonr s suppo n 
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- e increase ln ~e · at.sornt1o o• iro·. 1n scbjcct s 

1it~ dcnleted iron ~tores is in ~··p1ng lit previous 

re.,ort£ by :>ot \'ell ct al. (H') and Pi rz.io- :iroJi el al. 

(13Q) . In 1ron dcficHncy t . 1s stun' J.as s .01 n t 1at t c: 

1ntes ti nal cn1 t .ella l eel ls are 1n sooe unknoun oanner 

ca~e to a lter t he hondllng of uor>. The aoc."'8niso 1nvolvet' 

l oa ds t o i~craaso in the 3Ucosal uptake nnd transfer of 

iron to t-te body uhilst less 1ron lS scquc:strated in th~ 

11ucosa. This l!lecJ.unisn also leau:. to enhnnccd cobalt 

absorption v.h i cl has been shon1 to IJe di rcctly pr oportl on11 l 

to iron absorption (r1r . 6 , pare 76 • This sur. ests that 

cot•nl t and iron hnrc .lt l eao;t I'IITt of n coonon nLsorpt.ivo 

!)nth11ay anc! t' 1\t accclorl tlon nf tho1r transport is 

~'~roLnbly rover.~n<i hy t:hc sane cchanisn . 

I r on absorrtion 11!15 rerd ted by l ody 1ron stor es 1n 

a recinrocal oAnner i n aost of t l1o patients 111tl• l1vor 

dlscase on~ in tt1c control ~ul•JuCt~ t at uc r e stud1~d 

(sue Fif.. 11, oarc 8 7 ) . llow•vc r, the ro 1 ore four pat u1nU. 

with inoppror•riato ir1crease in absorptlon lnsp1te of nn 

1nc rcase 1 n ~ody iron stores (4 • sLa1nablo i ron 1n 11ver 

l. ioi!sy) . In t l 0 of tloo p11t1onts V. D. ar11.l I' . 11 . t he hvor 

rlheiiso ante-dated iron overload whoroll5 1n J.S. nnd k . tl ,, 

~ 110 pr~sontod 10 thu late s t 11gos oC t hoi r discn:>o , 1t 11as 
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not clear 1 1ch · :::; the pr1:u1rv c\'ent. d ... s '::s po1nte 

out 1n t he r av1e1 of t . e l1terat~re, t e r e have b e~ 

several T~"ports Hhich t ended to suesest t a t !1ver 

disease pe r se d1rectly influ~nced ttc 1ntcst~nal 

~uco:;a to 1~crease i ron absorrtion 1n so~c cases of 

J'OTtR 1 ci rrhosi:; . "urray and Ste1n (131) I18VC reVll •ed 

t~e nec!tanlSQS tlt rou~h ••lticll liver cirr hos1:: ni~ht ellt.nce 

inte~tinal iron ahsor~tion . ~oonv thesP r , liver 

d&'::lc>e , '1'\nCr!..ati c i:!St•ffic1ency , ha .. no1y· i! as reflec t ed 

hy c·· 1· cr ease in nlas~a 1ron turn over rate , V1ton~n u12 

~tflcioncy and folic aci~ ~cficicncy . Ualccrzak et Al. 

{13Z), r·~a rlt on cl al . (133) bnv• sho1n that 1 ~ t.tc 

Pbscncr of 1ron defiency , pancrcat1c 1nsuff1cioncy ,,ad 

no ir.fluenr:" on iron ab~orptlon . Also , 11ver daaacll such 

nz: in 1nfective l. 1 ~tlth • os t;eun shown not to aftcct 

iron absor llon iu th o at;sunc~ of 1ron dofic i en .. y , (Boa) . 

n 1s r~rort, and the lac! of corrclatio•• betw~on 1ron 

alisorpt1on and itu\iccs of liver functJ.on such as SGOT and 

nso retcnr ion in tte st~dv , ·presented in t~tis thosis 

indicnt< thnt llver ~n.,O,I!Il hy itself docs not ohr cctly 

l.nfl ~tonc• the into:;tinal hanr'ling of iron . Tito affects 

of livor rli!Jouo folic ncid cleftc1oncy, vilMin :i 12 

'c!iciencv and t: ') nlas~a iron tum over rnto on i ron 

a ~o~tlor 
111 

cor•rol suljr.cts nd patl nts And pat1ontn 

it liver i onsc t111vo 1 en pr viot sly "tud1cc! • y 
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!at mLosun ~t al. ( 135). It was snohn t ut t. ese 

factors had 'flO d1rect 1nfluence on 1ron l'b!.OTfllon. 

It still rcnains unclear 14hat nechilrusm uas respons1lllo 

for tho inappro~riate 1 crease 1n 1ron nbsorpt1on 1n 

the four oatif•nts l'ith iron overload a~soc1ctcd l"itn 

portal c1rrhosis !lut it is unli':cly to bu due to llvcr 

discn~e ncr s~ . Titl~ is also sunoortcd by t ne i~creas~ 

in cobalt a~sorptlon i~ tnesc patient~. There is no 

lnown ncchani~~ r~Aulnting cobalt oe oLol1sn i~ the hucan 

ho~y sinrA t ~r 1~ no r~qu1renent for 1t cs a nota!. 

n · 'lir."' corr<·lntlon bot• cc11 t .e aiiGon tion oi coualt 

an' 1ron 111 uotl""ltS \lltl llver llisoaso , and also 1n 

control suLircts 1ndlca1tcs thot tl.o 1ncruPs1d cobnlt 

absorption is a reflectlon of aro altcrntion 1n 1ron 

octoboliso ar.d not to liver rl1soosc . It also lends 

support to t lou t!tosis thnt tho nochnnncs rogul11t1ng 

the 1ntostinnl ollsorotion of t Jjuso octals 1aru related. 

lot\-liths tandinr tho sacdl nunt.or stud1od , the. 

consistently obs ,.vod 1ncrcasc in cobalt al sorpt•on ha 

hae::~od rooatosifi in!l 1cntes t at collalt nil orptlor. tost 

n v lllcly ~rove 10 leo usefu 1 test fort~· ~tu~y o! 

•hn mdurlyintr nbnomnlitY in intostinnl ol orpt on 

ln t 1 !l disna"". Colon lt ct. so :puon 1111' 

11 four llllti nt'> rtudillrl end in J •• 

oltnoroo 1 in 

P •• tt:Z:l 
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lot JnLosur. P.t al. (135). It. was sho\.n t tilt t. ese 

fnctors had no d~rect 1nfluence on 1ron cb:.orrt.ion. 

It still renains unclear •~hat nechanlSm was resoon!Hllle 
• 

for tho ina~pro~r1ntc 1 crease 1n 1ron nbsorpt1on 1n 

the four oati nts ~·1th iron overload a~soc1~tcd ~itn 

portal c1rrhosis !lut 1t is unlil.cly to bu du.;. to ll\•er 

di sca!le ,.,cr s". TI is is also sunpo rtcd b)' t ne i .. c :ea s~ 

1n cobalt absorpt1on i- t .rsc patients. There is no 

Inc~~ ncchanis~ ro~ul~tinf cobalt neto~ol1so in the hugon 

horly sine~ t~~ re i• no rnqu1rene~t for 1t cs n ~et _, 

nc ~ir'• corrPlal10n batweer t.e allsor•tion of coc_l~ 

1nd 1ron ua -.,ntl , t s 111th llvrr t!isoasc , and also 1n 

control suLircts ir1dlcatcs tnot tl.c 1ncro~s1d cobnlt 

absorption is n reflect1on of an alteration 1n 1ron 

ootobolisa ar.d not to liver disc, • lt :also lends 

support to t!.u thc:;i!l thnt t .. e r:~uch ... usos rogulot1ng 

the intestinal nbsorntion of t iJoso ~ot~ls . ro related. 

lotllithstondinr tho smrdl nuaLor stud1od , thCt 

consi!ltently obso .. vcd 1ncreasc in coholt al sorj't•on in 

haeooclronotOSlS in~1COlOG t at COuOll DU orptlOO tost 

~~v lilcly ryrove to bon us~fu' tost !or t.le study o! 

tha \lndorlyinr nllnomnlitv in intostinnl nusorption 

l L i Cola a 1' ot.so rnt 100 \IIlli obnomo 1 in n t .. r. dio;t!8'1". • • ,-

11 fnur ~nti nt o; "tudit~d ~nd lh J ·1 • 
P , • ttltts 
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"llnt mlosur. et al . (135) . It l'as snoun t at t. esc 

fnctors l ad no d1rect 1nflu~nce on 1ron ~b~orption . 

It still renainc; unclear 1~hat neclaan1s~ 11as respons1!Jlc 

for tho inaupro~r1ate 1~crease in 1ron absorpt1on 1n 

the four oati~'nts 1 ith iron overload a::socu:tcd wit .• 

('IOrtnl cirrhosil: !lut it is unli!.cly to bo due to hvcr 

dlscnr.e ner se . Tl is is also sunoo rted by the 1~cr~asc 

in cohalt absorption i-n t hese patient'>. Thor~ is no 

lno~~ ncchanisn rc~ulntin~ cobnlt netabol1sn in the hucan 

horly since t he re 1~ no r~qu1rcc~nt for 1t cs ~ net8l . 

Tho 'hirn correlnllon botHccr t .e nbsorntion of cobalt 

:ln d 1ron 1ra llDtlont s •atl llver disonso , and also 1n 

control su' jocts iJtdicatos lhnt t lao incr•:.std coba lt 

absorp t1on is a r efloct1on o! an altcrnt1on 1n 1ron 

notaholislll ar.d not to llv• r rlisoo1so . It also Ic:nds 

support to the thc:.is th.1t tho ncchn:Hllii3S regulating 

t he intestinal ab::orntion of t ltcso a~ tnls ft r u re l ated . 

'otlliths tontlinl' tho sma ll nurnLor stut11od , tho 

consio;tcnt l y obr. rvod 1ncroaso in cobalt al .or, r 1011 ira 

ltlle::~ochro1utos;is intllcnt es t nt cobalt :1!.1 OJ7tlor. tost 

~ v l i~elv n rovo to be n usofu' test for t •tu1y o! 

•b., •andbrlyinr Rhnomnli t y in intostinnl 11 orpt1or 

ln t h is dlsc 11 oo . t;olanlt ahsOTJ't ion IIR:l !lbno'Tt'lul in 

11 four .,ati " ., :;.ttdi.,ll end 1n J . l . ? • . t ests 
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r eneated u~in~ tho follo~lnf 12 oonth~ s.o•ed a 

pers1~tcnt inc~~3sr . Tho finrl~nr ere of a rather 

hir.h percent.nFe of i.,crcaso in iron l!l.:sorfltlOn in 

hael."ochronct'lsis :.s i•• cant t 1 T3S •1tl reports by ~th r 

aut ors \ o hove .} o m t'!tat :. ron nbsoT"'It 1on ::sy bo 

nol":''ol 1n 1dionatl.i,. •• ,,.,..oclt'ro:'leto!>lS ( llb). Thus 1 

study of iron absorption alone cny not bu c ouyh 1n 

rOV'lalinR tr.o nature of the d.noroallt}' 1n 1 test1nol 

Dl.!.orption in ht>c.,ochro::~ntoSlS. 111 conflr-ouon of 

tli:; pro' ob1ht.y aust 8\ a it further stuchos 1n .:.ncreascd 

nunbor of oa·:.ents. 

Tllis study hi'S :;ho\ln a par~lltll.LS;:'I oct11oon tho 

i test inwl tl.sorpt.ion of cobalt nnd .Lts excretion in 

~he ••rine (Fir. 9) uhiCt cxnlnins hy iucrcnscd 

not n!Jrorotion isLoccoCI•• r:aod IJy .1.ncroosot' body rutentlon 

of t:ob lt. llunt ot al. (7C) 1•crc unnl.tlo to <'ctoct 

incri'Jn~v liver cohnlt c:oncPJI rations 1n SO"lr> rnu nt·. 

wltlt vnriOU" t)'TIOS o! cirrhol'i:;, ns co::morod to occ1dont 

Vlcti.,,. 
1

t out liver c'lsan5e. llowevt.r, n fe1 oft .. 

pntio;,t:; l , H:d by •unt cl ol. · r d ot.Homnlly h1c, ln•cr 

cobnJ t concontrt~t.ion:J. Tlli!. 
:. t. oue. t to be dut to 

ill' vious 111t~111 
d

12 
od~inl truLion. Thus tho lllt:asurcccnt 

gf COblllt lO clinlCGl d1Rf005iS nU!il he bosod ou o study 

or lu It l,ns Leon sho1m i t.h1,s study liHlt 

ol'!'t 10n. 
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net cobalt iibsorption 1s 1.ncrc:ast:d 111 du>e3so.; st. .. t"s 

of increased Lody iron storAs not due t .. o c).ogenous 

causes and 1n controls and ctrrhottcs ~.Hh oephte ... 

1ron stores . 

ln conclusion then: are two clu ical ap1•llcations 

of th~; result<; presented 10 this the~h . F:~.rstly , evc:n 

thouph tht: numller of cases of 1dioputhic haeaochro atos1s 

av•ul-lbl< .. for study wa~ snell , tuc result sutrgcst that 

acasuromcnt of cobnlt absorption .:nght orovi.dc: ... aorc: 

sensitive index than iron of the intestinal aucosal 

abnomnlitv in th:~.s disorder, s1.ncc a nwaiJcr of the:.c 

plt u:nts oay bo uX(H:ctod to h_vc no mal 1 ron aiJsorpt 10n . 

Secondly , n purtllolisc exist~ bctw~:cn Hon absorption 

and cobalt uxcrut1on in tuc ur.inu (rig. 12 p .. gt 92 ) 

which su~uosts that the ClCasurcaunt ot collult 111 tuu 

ur1nc following dO oral test dos~ migl1t provlut: ~ 

sinplc technique for dctuCtlOC con1hliuns in wn1cn 1ron 

absorption 1s increased, such as HOn dcfict~ncy unl! 

It ta~es a ~1ni2ua of ten . 
id1opntluc hoomochro Jatosu. 

days to carr) out nn iron absorptlOII test !Jut d cob1lt 

cxcrcl ion study con l.lc cor.~plotcd withtn 24 hours. !lost 

•s uxcn:t.sd wllhin b .. our:. 
or the cbsorbcd cobalt • 

followlnf. oral ndtainlstrnuoro ol tho test dose. 

v lb rP Olotunbosun , Ludwts 
Prcl1n1nory studius by 8 u p i 

and Co rbett 
-• tlal thts aay be so . 

( !37) rc:voalcu ' 
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3CJ , I 51 - 16o, l ~b7 . 

6CI . FRII:O M~ , D. I ., J . t" . SCIIAFrtR , L. SCIIIFF . Incrcnsud 
59 

1 ron ~bsorptlon 111 ru t ionts wlth hepatic 

cirrhos1s . J . ~ucl . ~cd ., 7, 594 - CJOl , 1906. 

67 . rtucDO.IALD , . A. Tissue iron ~"'' homochronatosis . 

COIIf'IOrlltl Vc studic!> in Oonvu r and Uoston . 

Arch . Pat h ., 8~ , 543 - S~l , 1%7. 

61! . SCrii:Ut R, I' .J ,, r.. t,ILLlNI:O , ' · ' . •UlR . .lopot1c 

lu tology in rclatl\'CS of pathnt s Wlllo 

ltcuochro:~atosis . J. P1t~ . U;~ct ., Sol , 53- 6~ , 

I %2 . 

69 . !luHachusutts General llospitl l. Hccl..ly 

clinico-pat ho l o~ical uxurcisc~ . lluw [ng . J .llud . 

235 , 798 - so1 , 19-lo. 

70 . TUTTLE , S . C. ., . G. FIGUilROA, and U.I. GROSS!IA.". 

Devclopn~nt of l•c~ochroootos1s in pnt i~nts u1to1 

Lnonncc's cirrhosis . Aoer. J . J . • b . 

655 - o!.S , 1959 . 

71. tfOFFBAUER , r .. Pruaary bi l1 ory 1rrhons. 

!li.Jsun tlon~ on thu natur11l cuurso of tltu 

uuooso in twonty-flvo wouon. Ar.lcr . J . Dts. Ua . 

5 :sn - 382 , 1!160 • • 
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72 . TISO,.l.E:, . A. Par enchyual sHlc:ros1s in palit:nts 

IHll. Cl TT,,Osis aft ,T fl rtasystc ic shunt SUTI!t:Ty . 

r:uw Enc . J . lied ., ZIIS , !128 - !132, 1961. 

73 . SCIIAI:H.R , J • • , C.J. A:IIC!; , Y. 01t.A•II o..utl !. . Sud H. 

l'hu dt.vcdopucnt oC hc:IIOCnru lUl.osis follow1ng 

portocaval anastuno~i • . Gnstroortturolo,.r , ~z . 

1111 - ldll , l!JIIZ . 

7 4 . SAttES I:l , S . '1. and !. . D. TIIO lAS . I' 1 tl!nchy.Ja I 

siti~TOSlS in f1Ul lent~ with pru-uxisting portal 

Cl rrhos1s . G3st rocntcrology, :6 , 477 - lBS , 1964 . 

75 . GRAC! , .n . :mtl J .A. OALirH. llcoochronatosis 

76, 

assoc1atetl w1th cnd-to-~nd nortacuvnl 

nnQstornosis . llucr . J . D1• . Uis . 11 , 351 - HI!, 

l96t> . 

NIXO~, L.o. Spontaneous shunt ~idcrosis . AW~:r. 

01
9

• Ob . 11 , 359- 3Ci6 , 19t>6 . 

• 

77 . ECI:E:I! , J .A., P , }... GRA) , J ,!., ~lc!.lTTHlt.- , ll.lt. Ultl\SO • 

Tho dcvclopEJ""t of post :>hunt lu.:cuch ro.Jatosls

pnrcnch)'tlnl sultrosu 111 pnticuts wllh curuo>n 

0 curnnc nftt:r port ,~ystc uc !.hunt surccry. 

A r~v 1 ow of the llturature and ruport of two 

oddttionnl cnses. ADcr . J. r.nstrucntcrolosr , 

50, 13 - 29 , 1968. 
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7s. HUIT , A. I., ll •• P'RR , ~ •• IAYLOn um.l •• G. •JtOTT. 

:lc l ut1on l.t"e-n tlrrh_sls und trace .u.:tal 

content of tho liVI.JT ~lth spcCl..ll reference 

to prinnry biliaq• cirrhol>l!> uud copper . 

8ril. led . J. , 2 , 14911- IS I , 191>3 . 

79 . 1-/0RWOOU , /' ., 0 . 11. TAYI.OR und 11. 1 . illltiT . Coppllr and 

onnronusc .:.oucon t rut ions in ll1l inry cirrhosis 

of the liver. Oril. .1d . J ., 3 , H~- 341> , 1968. 

80 . CRDSUY , W. ll . ilnd D. ll . IIOUCIIlN . Prop~Tl'lf solut1ons 

of cyowu:theco~1 obin . l!lood 12 , 11:52 - 11311, 

19 ~7 . 

81. DACll:, J . V. and 5 . 11• Lll!: IS. ProctJ.~;al ,fcuatolo!)Y · 

J. nnd A . C 1urchill , Londun , 3rd oditlon , 

42 , l!lb!J . 

82 . A:IUERSO~I , t: . P . ,\n u1octronic red and whl t e cell 

counter . Ccn . J . lted. Tech., 23 , 9~- 1011, bill. 

83. MliiLt: , J . II . Laboratory tcd1C1ne: llumatologr . 

l: . V. losby, SL Lou1s. 3rd cd . p. IllS , 19b7. 

a~ . II('IRY , ;> .J. ClinicJ l Che~cisl ry Pnnc1pl<:s and 

T~ochniqucs . llarp~r nnd Row , llew Yor/... 

lrd edauon . 182 - lbol , 1965. 

IS. J:J<;IILP. SCI£: ITlFIC LIIIJTI.D. Gcluon procedures, 

t cchuiquos oad oppcarotus fo r clcctrophorcsls , 
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Sb . tiHlTl. , r: .o. and D. DWlCAil. l'hoto'ltH nc studies on 

the renct1on for scrun b1hrub1n. Cor •. J. 'ell. 

Sd ., 30 , SSZ - SbJ , 1952. 

87 . llODJIJ: "' • A. l'ilosphotasc studHs: d<.tor.linat!on of 

s rwJ phosplaotaso.: foctors influcnc1nc the 

occur ncy oi the dct~lnllnctiou . J . ll1o1 . Clw.• . 

101, tiS - 10<1 , I!JH. 

88 . :mntt,\'1 , '.i . ond 5 . FR•\II:Ll . A colori 1ctnc nctr.od 

for tl•c d LCI"I"i111llon o! soruo:.~ r,lutno1c 

oxolncctlc lei end clu t QillC pyru\"ic 

trunsmunase . 1\llCT . J . Clih . p t• •• z~ . 

Sb - 6l , 1~57 . 

89 . SHIGSO!I , D., J . 1!1\RUlO and E. DOUSOtl. Det t.:min;niun 

90. 

of Slilpllobronopl•thnlcin in scru~ . Cl1n. Cl1on . 

J , 6Jb - 6-lS, 1!157 . 

SCIIADf: , A. L. lict hod~ in ~.cJ ic ,, 1 I\ usc arc:, . 

ri.D . urunur !:.d . Ycor Boo._ Pullli::hers Inc, , 

ClucllgO . vo1 • 8 , p . !>l , 1960. 

!11 . llEIJTlhR , fl . Cllnicn l ovnlu tlon ot tron !iturcs , 

,J~;w Lns . J , 11c11 ., 2Sb , 6!12 - 1197 , 1957 . 

2. IUTLLR , L., t.J. RODSO'I nnd 1:. llUTTEriHJt:SS!il: , 
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99. 8ALCERZAt: , S . P . , t.P . HCSTCR.IA!. , I!.T . Lcl anu 

A. r . OOYL(; . Iaioon.tl.lc 'coochro.Jntos1s , .1 

study of three fnnilies . An J " •o "r . . .ca . , ~ , 

t:S7 - 873 , 1!166 . 

10\). SCOTT , 0 . 1: . 11nd J . ;.. PRITCIIAR J . Iron ddicioncy in 

!u:allhy co11t:i!c 1/0ilh:u . J .A.'I.A. , 1!19 , 

1197 - q o, 1967. 

101. GALt , 1: ., J. TOIIP.AtlU and T. r:OTIIl.ELL . fhe quont 1t wt 1 \' O 
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Llllr r ot . J . C1in. lnvc t ., 1 , 10711-10&2 , 1SII3. 

102 . FI:JCII , S . C . and C.t\ . FlNCII . 1diopnthlo.: !u:uochroo.~otos1:. 

a11d iron storogc d1scJsL . :.;ll;.;:c;.;:d:.::l.::C:.::i-"n""c , 3 • • , 

381 - 430 , 1955. 

10l, H/101 , C. A. , '1. IIECSTCD , 1.0. r.ltlNEY , L.D . l'IIO~I;.S , 

C. !!. rtf, Til , 0 . liAS~ • • FIll C".l nnd r. . r.. FL Uit ARTY. 

Irorl cctnbo11~9 · Tn~ r tllophysiology of lTOn 

stor:~gc . 3looo , S, \Jill - 1008 , 1950 . 

104 . JI/,SKI IS , n., A. R. SlllVENS, S. f!IICII ••nd L.'• · fltiCII. 

Iron nutnuolisu . I rou :;torus 1n •tr.n a 

nlasu r cd by p.a l cbotOll)'· J. Cl.in. 111\'0:il ., l1 , 

su - 1 
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Prococdincs of the fitn P::m .'.::lcncun Congress of 

Gnst rocnterology . llovnnn , Cube. , ~eport of 

the Loord of c l nsslflCOtlon and r.oocncluturu 

of Cl rrhos1s of the hvcr. Cnstrocnterolor:y , 

31 , 213 - Zl6 , 1955 . 

lOb . CI\OSuY , \1 . I. Iron absorptlon 111 elonubool; uf Pnyuul<lSY· 

kJ_Tlcon Physio1o~1C01 Soc1cty . Nosrlln£ton , o.C. 

Section o , All..o~ntan· canol. Vol. Ill. 

pp. 1553 - 1570, 1'-1 • 

107 . VNI tiOt:r. , 1 . and JI . E . COIIRAD. Iron nbsorpt1on: 

I!OUSUTC: tt;nt of ingested i ron 5~ t.v n hu 1!10 llho1c 

body liquid scintllln~ion countur. J. Chn. !nv .. .st. 

40 , 1153 - 115~, 1961. 

108 . PRIC£. , D.C . , S . tl. COliN , t..n. t1ASSEIUIA!I , r.G. nLIZI: • ..,TU 

109 . 

llo • 

and c.r. cnoru:ITL. T1"1 d.:t..:r. 1not1on o£ uon 

b 
· ~ 1 ~ )'whole body coue1t1ng. 

n sorpt1on on•• ->~ 

IJ1ood , 20 , ~17- Sll , 19CIZ . 

CALLCIIOt.R , s . T., L.J . tiiTTS , G.L 11.\IUilR ant! IL OLI\'~:.IL 

Thu uso of o shpl I./hole-body countor for 

houuotologic:tl inv,.:.t.lgllt.lllllS. ~ut. J. H:a• .. l ., 

12 , Z76 - :!SZ , 19bb . 

5 1\Yt.Qn , 1. . nnd C • ,\ • r 11101. 
Octc r.Jinatlon of iron 

· 
0

c
1
'nn two 1!>otopos of iron. i\o:ur. J. 

obsorret 1011 - .. 

l'hysiol. , 17Z , 37Z - .no, 19SJ. 
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111. PITC. ..... , C. . ~ . , h . S . \ llLlJ-., ... , ., PJ...~J. SJ. and 

r . . \ ILLlA. '5 . rue ncr.surc. 1c .. t o£ Lro •. 

11J::;orpt .. on uy t •. o ouolc 1sotop tt:ct .. ..J.quc . 

Srlt . J •. l:wuat ., 11 , 63:i - oU , l!ltiS . 

ll2 . DUIIJ\C, , . , CALL!.ll~' , . I . E . a11c:.: C. V • • OO!U •. Sludll!~ 

1 iron tram; o:rtat on rmd nc>t !Jol s. . l\' . 

Al>sorpt;oa of r :tdioaCt l VC 1ron u: .--~-- .. -5 Ult~o 

fcv~r ar1d arJaoJin of var1cd ~et1clogy. 

loo ... , ;, .6 - 540 , 1!.14~ . 

113 . 1., , .!'. ., J . ,ICd.,:>tJ, J.iJ. 'iLii'.,Q,, , J , J , 1-LIWh I!Il~:o 

P . TO't'hlul. . .0:'1!'UTlSOio :.rCt\ICO:t tllTC.J rnc;lOlSUtOr ~ 

ncthous 10r .wnsurli•C 1ron uiJ::;oJ"!'t.ion . 

:.lTl t . Jll d . J • • J , :S.'il - :s .. .) , lJ67 . 

11<. I •cJY , 11.5. :tnl .. . c . J 1111..!> . !lulo of tr:msforr111 1n 

1rou o1Jsorp~10.1 . J. Clu .. tnv• "· • , 

1007 - 1016, 1963 . 

11' 'n!•-JY 1 '- d G • PILIU.. 1.1fcct. of trans{cran or • ... ""' • . .. . nn . .. . 

116 • 

1ror: nh!torrtion 1n 'lUI• · I~\' lin!. • J. d . 

271 , lJ~l - 1 ~ . I 6C . 

I'A •:~o.l , • • • 11 . S . LC I.L. , I . llLLYC.:0\1 t. MU 

T. : .(.Jtl . lcpc.tic ron dOJIOSitlOfl .10 huuonG . 

1. 1 irst- - pn .. s •• opctl ... opo::1tJ.on -01 .1.. t st h. 

10 
urL.. 1 ron in paticmt .. 1 1t .. 1 '' •lnr.;,, 

l~tcrt 1TOn· ulnd1nC C~~CClty . nloo. , ~J , 

17 - • I 6 7 , 

11)' 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 111 -

'1" • I • tWt 4, I . j • • · F • JA.LE. , r. . •I. H"' T'i I G, , • • !:A th.H and 

G • . • '.,.,,-
•• • • r &...o.. • l.:ldlo::ctl.va 1 ro:, dlt. 

c::cretion 1... .. r.u.c , oll" 1111'' £ c ~ u ..! '4CS . 

118 . COP!, , Li& . ani! D •• C ::•·tlnl:RC. A tr.-:cer study ot 1r011 

ICtOvO li-~ • 11. •• •udionCtl.VC llOa. . I. a:tnOUl> , 

~bsorpt1on and oxcrct1on of irort . J . JJ1ol. ~ .• o.l . 

16tl , 377 - )1.1 , .J(6 . 

ll!l . co.rw , •Lt: . ::.nd ,:, . C. . ::.Ct.AlJl: . .:.col'Lilc :~c1d ct.clulc:~> 

120. 

121. 

122. 

12 3. 

u. iron abscrptlOII: rule of ,,ydruc..lor .1.c .:cid 

aud b1 lc. Ga::trocntcro o~y , !IS , :SS- •tS, l!l6U . 

THO. ')OJ I, A .1.1. n. The o Hcc t of p•l nnd ascoronto on t.so 

so luui lit y of uon and cotlnlt . (Ur.publis.•cd dntn) , 

1!>69 . 

llRISL , 1i. , 1. . fA!.LD!:RG . J ron nusoljlt J.Ot. :studios. 

KUHII , 

I I. /, ,1nthod £or co~p.:rotivo stuJ1cs on i r on 

nllsorption 1n nan us inc t1:o rncUo 1ror: 1sotop s . 

Ac.ttl , rod . Scan . :;upp . 376 , 7-, , lJ6Z . 

I . I . , I • R. lOll!;- I , J. j) . c 10 •• ' IIIU 1../\ . lhl-11. 

Iron .-b l"pt ion la\ ma .. • J . L b . cu ... ,c,J . ' 

71 , 715 - 721 , 1:~6r. . 

CO tRAD, I. .t. . '101 CkO!.ll't' . lut os tiunl uc.osnl . . • 

I i tr 11 ," • 1ror. n\J .... or. tlon. 
'lOC ulol S.l5 "'"" <.I .... ,b 

1\lcuo. , 

406 - 415 , 1%3. 
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...,;h: • .... Ll . l!l.~n •• ts c£ Stcllstl~s . • r\;ut~'"" •. oill ll.c . 

l:.r.ch:uoo Cll.f£. cu J r .. oy , pp . 1 6 .. , z_,, .!1.-. 
240 , 1961. 

Scicnco!; . Jlinchnrt , lie' Yor , 

126 . 'm:ny, . . SHe of I ron ,\bsorpllon Jr 

.. 7, , 1 54 . 

lo.ll • • 

127. 

LC-.1~ . J . a~.~~ ., 7, 56- 52 , 197~. 

ioiOISO.I , t. . 
• • • • ·HAV ll , .. • JO IuS nd L. S . VALu .. J.G. 

S1nll".1 ~, ..... port noc .• n."\is !or t.lC: .!usorpll?n c. 

iron ond co!lclt 1n tho ret . 1..11 ••. :.cs . 17, 

u•::~ , 19fi9 . 

lZ~ . SCHJ.11t. , S . r. ., ! .r:. Jl!lL&t,Ei', , G .. l . u .. r.IIIET!, nn. 

I 
' • u . CJIIr.AU . IJ.turro1ntlons.alp of cob:1lt onu 

1TOJI .1bsorpt1on . J. L .. . C.ltn. u:d ., 7~, 

435 - 441 , 1970. 

129. D0irf\1LLL , I . I • ' l . a'litZIO-iiiROL1 and c,l\. FIIICh . 

13) 
• 

J ron nllsorption, I. Fnctors 1111 lucr.cir.& 1 ron 

ou:;orption . J . J.aL . Clu • • cd. , S1 , 24-56 , l!>S , 

Pl'!Ziv-u!Jl()LI , r . • • DOTI!HflLL nnd C. A. H,,cH . 

I ron nus Ot'i' t 1011. II . Tho 1 b:; orp t 1 on of 

r oio-1ron nJnlnutorcd \litb e stnnd·:-d o aJ 

ira 1nn . J. Lnb. C1ln. loll •• !11 , 37- 41i , l!ISo. 

l31. UI!R. y , J . :1nd ,I. STLlll. lhe ccso for inct :1scd 1 ron 

1Lscrpuon ir. li\'or d~sc.oto~.: . 

nlt~or ) ~s . ~07 - !112 , 1D66. 
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133 . L'IVI I , h . I • • .l • .!l!..TO • • JAC:.l ... S , ·" G lJ .t.l , 

J . tJ , iOR.!A,!C[. :ml I . ' · . .Jr,: !l.L!.. ..if.;ct of 

t .. o oxocr i nu pu •• cr ... <J t 1c :.r.:c rut 1ons o.t 1 ror. 

ubsor ptlolL . GuT ., t. 1 !. C. - !Jc.4 , 1967 . 

134. JOLI I , T . 1 and A. L . '• \I • 1 ron ub'sorpuo .. 1n 

ir.fcctious .1cpnt1t1s • .1\Jtor . J . 1g. Dis., 

ll , 16 - 20 , 1968 . 

ll!l . OLATUIJLQ.,IJ , u., J . UID:HG , U. l: . COKDLTT , J . R . SIIIo:, , 

and L.S. ·~LUbRG . S1cniftcunco c. ult~rntions 

1n iron cbsorptiou i n putionts uith !IOrtnl 

cirrhosis . Gnstrool\torolr.~ 1 , :.!l , 10o-1!1!l , lJ70 . 

137 . 

CIODOS 1 R. n., J.f. . ROSS , • , • •'O.Ll'CO\ I. nnd 

J . /': . '" . rlALi:ETT. . T.1 .Jllw.Jill.!..lfl ..1£ rud.1c 1 ron 

1 '!be llcd foods .1.1.d HOll luuc1led foods 1 ••« 
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I.l\'ust. , 36 , 314 - J2~.o , l~u/. 

V/, LDLRG , L, S . , U, OLATUIIIlO!..U.J , J . LU~ill G u.n<l 
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ADDliNDU:I 

tHI.:CT OF ALTtRATIOIIS Ill JnOII tlcTAIIOLISn 

011 TilE ItiTESTliii\L ADSORI' r 101 or 

ltAIIGAIIESL I 1: • tAll 

The work reported in this addcndua dcsc~ibos 

studies o! intorrolat ionships botwoon tho 

int estinal absorption o£ Manganese ond Iron . 

Tho t hroe metals cobolt llangonoso ond Iron arc 

chc:licoll)' related . 
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Sl.JI.IHAitY 

An intestinal pcrfuslon tcchnl·qu•· 
~ 'IMS used to 

oaasurc: tho rate of absorption of noncancso tnacod 
S·l 

.In f r o·" the duodonun anti proxinul jujunun . In 8 

cont ro l subjucts 1nth nornnl iron storus :m nvuroco 

1/lth 

o.:. 2 7\ of tho infused dose was token up froo ono nl. o£ 

t he infusato por nin . The r 1t~:; of uptol:c , 67\ , 11ns 

Slgnificantly increased in 6 pat1ents Wlth ir~n 

dchcicncy . Increased upt:'lko was also found in 3 

P:ttlcnts IH th endogenous 1r on ov<l rlood who were 1ron 

dcfi.cicmt at tho tioc of study whoTo.Jas th" rat.: was nomal 

tn ono patient 11ho had re-developed iron ovurlood 

fol&~.owi nc prov1 ous, venusoctlons , In ·I pat1 onts th" 

at.ldition nf ~ltl HOn to thL infusotc lud to a 1 ronpt 

decline in nancanos" uptake . Althouch tho intestinal 

llptol:c of nanconcst ttns increased in iron dc!iclcnc:y 

t ltc proport ion of un ornl test doso retained in the 

body 10 days afte r ndoinistrotion was n1ailar to nomol 

t'lnt rols , lt was nl!-o nomu l in patients 11ith i r on 

avor 1 oad , and 

ha-t llll offoct 

noitl~r ?ortal ci rrhosi~ or fjtty llvcr 

i f tho u~so. Thu result~ 
on thr lrntonl~a3~ ~o lncrcasod iancanosc absorption 

ll so ' 
~ b. h . d 1• rnn nbsorptlonA antl the)' l~>n" 

t at 1n non incro3SC u 

!ur th L. y thn c n3ncancsc ond iron 'r support to tho t ~or • 
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s.1~rc at lcus t port of tl"~ san':! lntostinal nbSOT}Jtlon 

pothwn)'. The ubsunce of 1ncr <H.cd body rutcnt1on or o 

t est dose of radionctivc nanconcse sucnest.:o ti!Ql 

increased clinination of 'lnncnncsc cffoct1vcly 

co~pensntcs for the 1ncreascd absorpt1on . 
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I :rrnooucno.: 

/.1 t cratJ.ons in 1ron uot.tbollsc aif.:ct u:mgnn.::..: 

octaboll:;a . Iron do.;ficu:ncy 10 tt1'- rat <:nua.nccs tut 

intcstinnl absorption of nangnn~osc and lTOII ovcrlo:u! 

dcpr· '- s•·s 1. t , 1 • 2 · -i 1 '· ·1 f · ~ .. I 1C tota uouy 11al -lltt~ of r ac.lu-

nar.gan~.sc 1 r<aluccd in iror. dcficit:ncy , 2• 3 :md a study 

Of the proportior,ality between the .:\..sorption of lrOO :llld 

nangancsc in r.tan suggests that tho nL~orption of tl1.:sc 

nctals is linkc:d, 4 • Dt:causc rnn~:nncsc 1s <:xcrcted ooiuly 

by wny of tl1~ b1lo into the intcStlr,u5 inv<:st1~atlo& of it:. 

absorption is di{ficult anll dut:ct ucosurcmcnls of till) rot..

o£ intestinal ab,urouon have not bou11 rl:portod previously 

Ut non. 

Th~ present study 1ras corr1u!l out to inv.:st1gatu tlac 

effect of alturntions in body iro" stores on the uttc:stulal 

allsoq,t ion and t..odr retention uf c:lllgonosc . 

!.!.llhSUilC:tniiT Or 1 LhiiGMLSt; AilSORPTIOII 

t cclmiquu6 us 1111' il douul~: 
fin int~stinol perfusion 

tube was cnployod 

1bsorption CrOll :1 

Proxicnl jojunuo. 

t 11
., rlltli of aOJlf an~>)'-to nonsurc ~ 

.. ·s en • 

llftor 

Of tuO Juo!lcnUO :tnu s cr,nor.t 

ar' ovurnight Cut' til..- pat itJnt 

tunuh 
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sv2llowcd a douLlt luncn ~olyv1nyl tu'-~ 

r u~ t 0 lllllC., liDS 

attached a ocrcu•y bng 7 · ' b 11 d 
• ~ " oon wn:; mcorpore~tt. 

1n t o the tube as described by Pnllhvs 1 nd ~UO!!trshllc 

t o p revent reflu x of flu1d proxinnl to t:ac lr.fuHo:J sa~ . 

The collcctin~ dev1sc on th~: d1Stnl end of the tUL.(. wos 

perforated Hith uultiplc snr~ll holes :md it 11as vL'utcd to 

tho OUtSlde by a _,oly~;thyl.;ne tube to fncilitotc drauaacc9 • 

Under fluoroscopic control , t &e tub 11os pusit1o~cd ir. 

tho duodonun ami pro.Xlc .. l JI..JUnuc so t l:n t tile lllflatcd 

balloon occluded the flrst part of tho duod.:nu':l. /, s~.:conC: 
tuLo was passed 1nto the stonacl1 tl.roueh ~·u1c .. (!:J:>tnc 

sec ret ions drnir od . TJ.~.: pes ill on of t11c tulle:; wu:; 

connnnt ly chucl.~.:d dur!ng t •" u .. l Stu-')' b)' flucrc.scony and in 

none o! the 5 l..udics w:~.s thoro upjlrOClLllllt novuuc11t of thu 

tuol , In all oxcupt one subj~.:ct nogllgllll" anounts of 

j _, fr•·o th~o: stca!ltll, J.ndicatinr. t a io~ctivity wo1·c rocovoreu • 

tll.!l t the b:~.Uoon offcC ll.VOly prevented th~ sprend o( the 

infusntc in ll proxiocl dlr~CtlOO 111 tliCSC VlltlCOt • 

Th ln \then apprcclolllc rd lu_ e results 1 n tho patient 

occu r rod won• dJ.scordod • 

i:.ach 1000 nl. 

'langou~;sc labolled 

contlalncd 9. 1 ~nolcs of o! infu:.ot t.. 
S4 d !) 1 '-L1vlos o£ cnrooiWJ ti "n 1111 • r 

Wl I r ' 10 11. 

taggcrJ vi th Cr 51 ns n 

n. 
LXnct coopo:oit1on 

Nl of 

r cov., n:d 

t ho infusot o 

fluid v:1 ned 

poorly nbs~rvpwl- corker , 

15 giVIJn 111 Tabl~,: I . of thc tnfusote 

l o c,,S and t uot of t••o 
11115 6.4 

6 . !> Gild b , 0 , butwoon 
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svallo~o•cu u douLlo lunon polyvinyl tut."' t o wh

1
c .• WO!> 

attached n nurcury Lag 
7 

• A llolloor. 11u:; lllcorporut~tl 
lnto the tube US ucscr ibod b)· Jlhilllps 'lOU !.UO!l\.TShllC 

to prb\'tlnt r eflux o( flu1d proxinul t u the infusion site. 

TI1c C:Olloctinr, dt:\'l5Ci 01\ t hl! distul und o( tit" lUI, \JU!i 

pcrfor:tlcd 11 ith uultiplu snnll holus nnd H u,ts vuut~;c.l to 

!) tho outs 1do by u l)Ul)•cthylonc tubo to fnci ht:llc clrnuauco • 

Jndcr fluoro!l c:op1 c con t ro 1, t hu t ull 11os !JUS it 1onocJ iJ, 

th duollcnu."l nnu proxicol j"junura so t l~ol t tho ln!lotod 

b~lloon occluucd tho hrst uart uf tho cluo&J.;nun. /, soconcJ 
• 

tuLc Was passed 1nto the stomach ll.rouula H.dc •• t;a:.tnc 

socrcttons drnJ.ncu . Tlu: positlon or th~· tuucl> wus 

Con 
l S t.u-'v by fluorc.scopy and 11• s tnntl y cl•ccl.l!d dur1ng t•~ u, 

con of t '" st.udios W:lS thort appruclulllu nov"·"'•• t of thu 

lull~ , J SU'J' •Ct nO"ll"liJlo; i!:IOUIItS Of ~· n oil excep t one u w ~ ~ 

radlo:~ctinty wore recovered froa tlu: sto:tnch, lndicntlnJ' 

t ::It the b:tlloon cf!~;ctlVOly prevented tho spread of tho 

lnfus.ntc ln ll OTOXlO!l1 dlrCC:tion lfl tltllil' I' .It 1Cnts • 

.1 ·n uhoa apprcci alll c r cfluJt r sults 1r the patient 

t:~rr d " r discarded . 

c 

t 

t 

1000 nl . 

lnbcllcd 

contuinod 9.1 ~ol~s or Ol .u.!u .. ou. 
S4 nd 9 • I ~til OS of c:uroaho 

'lith ~ ' ll 10, 11. 
absorbabl rlur poorly 

1 c I • 
it tor. of tb tnfu t 

;. • tO 6.~ wa u.q 

u gh n ln r 

d t ~.»t oi lot 
t. .i u t 

n 6 . • .o. 
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The tc. st solut1 on -' o ' wamou to J7 C, IIOS punp .. d I 1tll 

3 l.nn•ntt\ 1!'\(11'•101 1lllrt(1 nt J cor.sotm.t rotu lttto tu~.; 

duouc.nun Jll:it L .. yor.J t!lc. llnlloun nl o t.lt' ~ ot 7 .~ nl. 

10 u::otubll.sh ,\ stonily Hntu , pllrtU!>loH 1 11 .. 

st.lrtod onJ contlnucu for l!i run . lJutoru snnpl~.;li uun 

obtn incd by s 1phonogu nnd occ!IS twu l QtJ11l1o suet 1011 . 

The offluunt wns continuously culluct"d 1n H Llln . 

S:ut!llcs, for ono to two hour:; . 

,.scorbic ncid , 36 . 4 pnolvs 11\lr lll1" , ~u. nddod 

t o t ho lnfusnt£1 to o1nin1t0 prccipll.ltl 11t _m, dolny the. 

fomnt1on of insolubl~> conplcxo!. of uithc.r nnncant..sc: or 

c!•roniun in n.n nH:nlino codhU1 . Tho.; solu!J11ity of 

n:1ngnr.osc nnd chronll.lt'l in thu 1nfusatu and effluent wo:; 

Sl d d b . f 12 • U lc y llilJh s,ood CCJ\ttl UIJRliOII 
Tl.t: ph of L .t. 

lnfusatu wns adjus t ed to 4, s. 6 nnd & ttll•• ll·•ur hl.l 

or H:10;I. J,o nltcrouon tr. solu!J11lt)' of c:H,.cr nlll•gunost.: 

or cJ,rl) 1un occurroc over tillS pll roucc nnd uotn c,tnh 

r Ccotrlfuc
ntlon of t .. <. ufflUOiol 

D!llnud in soluuon . 

follotanr perf us 10n of tlu: duo~d nuc pr uuc~d nu 

?r cip1tnt 1 n £ oitl1ct nct1l . 

T osulJliSh the vnli IllY of cnr :1ltrl Oil n p rly 

~rtc.r 11\ p tl~~ts with 
y Tl tl r ll irc..n 

s r bo 1 
tlth tr

51 

lC:S of ~ 2cro4 t31: J I 

rptl z () Jt: 
' ctluunl nt 

u:t f sodnc oat r l 

r lly l 
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t o 2 subj~cts Wlth noroal iron stor~~ . one 1ro= dc£.c1cnt 

patlcnt , end 3 !Jiltlcnts Wlth cndogLnous nor. overloud . 

Bot ,l\:cn !)S nnd 100 !"Cr cent of t '" rnd1oactn·uv uns 

rccovcn:d fro..:~ tuc faces in 10 duys aho nt:£ .. t gibl !li!IOW.ts 

of t he ad:'linist.:rt:d c\os;: were found in tta: urir.~ 11. S d.&)':; . 

To cxcluuo tl•(; possibility t11ut the l:~udlcc nancOJ.t.:.... 

absorbed fro.1 the int.Lstinc rc-llnturcd t. c .Juoc!o!luo 

dunnc t•lll pcrfus1on period , ttu: infusntc wltllout t.at: 

tl&roniun nnrl.l•r wns &lVCn 1r.travcnously to onL sulljcct .. t 

t!to sanu rntc ns t:•c llnS·l wns absorbed frun t.~~ intosuno 

1n a pr~!v ious study . At tile s o.tHJ t 1n.: , Lh duodonua w:ts 

per fused 11 i th nornnl _,alUIC:: , Thoro was no d.:tcctnillt 

radioactivitr 10 the Hula rvc.ovorod frou t:ll.; duodOIIUQ 

in 2 hour s . 

Rnd1onctiv1ty in tho snnplus and appropn:1tc 

d v dlffcront1ol St d d l VOlU!IO WQS ntMSUTO u, an nr s of OI!UlVIl ont 

countinr. 10 n loldl-typc sclntill:ltio• count"r . 
t liiL Jlltualllla l We re countod for u nin1nun o1 lO , OOO coun " ' 

Up t I 54 c"lCtJllltOd (To 1 n .u of .In 11os .. 

. 
th~ u1ffurchCl 111 

m.d d'Cluunt 7 on\1 
rnd1oac t 1vity l>utttct:ll tnu infusot 

of chu infusnl.: us shoHn 111 
Xpr~sscd :s a porcont 3CC 

followinc fomuln: 

thC. 
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• tll c: per :'11. • 100 x 

1 m!usuto 

, cr ::nn . 

- 1Z7 -

The values for the ind iVldual 15 mn , pcnods ltc:rc 

lYcragcd so t~1C results f!lVCn represent llO 0111 . contu • .sous 

tollcctlOII tinus for each study. Tl.c results w~:re 

reloltivcly un1forr1 over tui!i pcnod ani! analysis of t ho 

indlvidual pl!riods led to s1mlor conclus1ons . 

J.EASUt\tlWI' OJ: DODY IAilGANI:SI! llliTDiiilOll 

A fecal recovery nctnod sioilor to t. ,at prcv1ously 
l3 

reponed for ncasurcoont of HOn obsorpuon 11ns coplO)'Cd 

to noasurc runcoucslJ rotontion. In br1of , 4 test doses of 

ancancsc were adnlnls tcrcd to a 1::1t Hint o\'l r a Z dny ponod. 

~ch dose cont:uuod zo p.nol~,;S of llnCI 2~.tlO t.lllJ~~:d 111tl• 1 pc 

Of tn~ 4c1 2 and zoo ~uul<~s of o~scorblc acul. For cooporuon 

iron re t ention was ncasurcd in n :.i::'lllnr 1' • Four tol.t 

dos~s 
0

r 
20 

lt. 
59 c12 and • ~molus of PcCJ 2411z0 \11th 1 pc 0 

Z()<J u~s~orb ic 11cicj d 5 Th .ln/!llll<ISu am 
r·Ol cso~ert~ r,lVOII O\'CT Z uy • w 

iron s t udi . 1 out 10 succoss1on and tuc cs wore carr1o1 

'ldiollc ti vlty in tho feces wns ocosurod by dlCfcr~:ntlnl 
oulltln C • St""dnrds 1,roporcd £ron the. t ~~ot 

C o tao 1sot opos . -· 
dose, nnd rccoli 1 ore counted ui th 

and SIJOtincns of u r 1no 
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to. parable econe:try . T.ac rctcntlon of aJngane .. ~.: nnd 

uon vas cnlcul.ncd fron t.at: dlifcrt:ncc uutwc.:-n tao: 

.u..1inistcrct! roi.!J.oactivity :md tnat excr eter<! 1n t!a~.: 

f. cos . Uri. ~ory ~..xcrvuon of both rad101sctopcs wus 

uC£1igibl". In S control subJ e.;cts :md om. pat1.:nt ~.1t .. 

cndogcnou~ iron overload t he,; pt:rc~..r.tug~.. ... t~..ntlon of a 

sinclc dose of 20 pnolcs of nangan u:; c lono~ 11:1s 

no~surcd ui th a II•IOlo body counter • 

_i.LtCTl OJ OI' I' AT II: In'S JJm 1\SSI:.SS: lf::IT Or 11:011 STOP.LS 

Tilt nothod of assassin 1ron stores by I11Stolog1cal 

&rldinc or thLl stainable 1 ron 1n the bone narro" and i1 

. l lS. hvor biopsies has bcon do5 cnbcd in dct:lll prov1ous )' 

P · selected on toe bos1s 3 lt ont s 1P1th iron dohcicncy ~tore 

or an nbsonco o£ stolnJblc Hen in tho bono nnrro~ 

15 • 1ron overload 011 th~ basis of Plrnto , ::tnd tl.osc ~·1tn 

4 Putl~nts 11itaa 
• 5to1nnble,; 1 ron 1n tht livor b1opsy . 

no runt iron 

tho Darrou. 

1 stollo~olc iron tn s t ores land ~rcdos l• to · • 

Stat u tical 

Prcvtous lyl3 ' 

1 lor to those tluscuocd uothods llcro s nl 
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P..CSULIS 

I tT .. Silllht UPT AJ:L OF lA.!IC!UII:Sf. 

or.ml control:;: In & control sub J ccts wn:, nom:~l 
tro1. stores an nvcracc of 27\ of tnc 1niusud doso was 

tnl.en up fron 1 nl . of infusat ... ;~or mn. by tnc 

ir.tcstinol nucoso (Table 2) . 

lron deficient :.uLjects: Tho average rate of uptal:e of 

.n., mcsc fro:-r ue 1nfusato , o7\ per nl. cf infusatc por 

Din. was significantly !11~n r thi!Il 1n controls (. < .001) 

(F1c. 1 nnd Table 2). The r:!tc oancMcso uptal .... w .... 

increased 1n thu 2 potlcnts with portnl cirrhos1s :md 

iron overload , 11ho ;~s a rusult of pn:v1ous voncscction:. 

were irou dof.lc 11.mt :tt the tlllC of study . 

f:tr .. CT OF litO!/ Oll TilE ltATl! OF . iA::IiAULSI.: Ul''a',\ .. L 

To invosticutc the offoct of iron on onc.lucsc uptul .... , 

91 J-Ulol~:s of fcHous chloride (roci 241120) oncl 162 ~J;:~olc~ 
of d d 1000 nl. of 1nfusut..:. sodiu, ascorbate Hero ad o to 

In each of the 4 patients studlccl this lod to a pronpt 

d uptol.c (fig. 7). 111cn 
Oclinu i11 tlte rate of ~oncnnoso 

th to Ll•c or1ginal 1ron-froc 
11 infusotc 11ns chanced bacl: 

s 1 rose ccwnrcls its oricinol 
0 ution tho nnnconos~ uptnkc 

f lit 
• 

h l the decl1nc 111 
To exclude tho posubllllY t 

11 

tofnct duo to lron £oratng 
uptnl.c \IDS on or •n~;nncsc 

inaotub 1 c cooplu:xcs 
tnc~os~ or cnronl~ , 

Wltla ~,;it•ICr [1 
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• t,, the lnfusnt.:J nnd e fflu~o:nt v~rc ccntufuced Jt •ach 

sp.cd as des cnhcd earller . p r~Clpltatlon of ci tner 
. c:llrcn1un or canr.:mcs.: vas obso:-rvcd u 1 1n Clt •• cr t.,L 

1nfusatc or the tfflucnt tO WhlCh cold iron 1ICC u.:cn 

1ddcd . 

The effect of incrcns1nn body 1r~n turLs on 

OllOJ!lUICS(: Upt.,),C; liaS StUdlcd in .:1 lTUI.l ul.;tiCl"nt ~atll•Jit, 

fhc r ate of uptnY.c; 87\ of the infu~cd dose per Jln . , 

declined to sn t\10 tr.::d.s nftor trcotacnt llitt: 1.: ... . 

of parenteral iron (lnfcron , Bcnecr Labor~torics , Toronto). 

1-!AUG.\Iii:SE Rt:TCIITI Oll 

In 8 control subjccts an avcracc of ::\ wit., a t·nncc 

of ·~ to 13\ o£ the orall)' adainistcNd ,nneonoso 11ns 

rotninod 1 r. tho uody 10 10 dnys oftcr tho tost uos., , 

(Tnblo .3) . /.lth th C vhol c body COUll tlnC tuchrllqUC , 

the OV~.ol .. Cw retention m anotuor !. control 

11 s · 1 The oc~n \'olut for 1TOr. rut..::ntion in 
1111 ar ranee. .. 

t~o control subjects ''a~ ZC\ with a ranee 

I • 1 · ro• cv" rlond n uoth iron de he u:ncy ant 1 • 

a£ 2 2 to .> . • 

thu rutcnt 1.111 

r 11as 111 U11n t.h~.: rancu 
0 tho t ost uos1, o! nnngnncsc 

(Toblu .3) , dcspltv tl.\: 
ollsc rvod 1n tho control croup 
£ t lon voricd widulY · Llvcr disooso 
net t bt iron rotcn 

in tho Corn of cit ~r fottY in£1ltrut&on or portal 

ctr rhoosu 
tCJllOn o£ tl1c l OSt JOS • 

hnd no of!oct on tho ro 
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DISCUSS I · 

A double lu..,"n perfusion srs t cn ~DS C<:iplO}'Cd to 

ce:~sure o:mcnnese upt.!l·c in twc c!uodonUI:I , lllucu 1s the 

Dl)Or sltc of 1ron a!>sor pt1on . Jc:causc the 1nfusotc 

lS l:nown to spread 1n a proxioal direction 11ith thh 

tochn1quc 
16 

an 1n Hated balloon was us J to occlude 

t he fust i)llrt of the duodcnuo, Tlu: absc:nco of 

raJ1onctiv1ty fron the gostr1c ~p1ratc 1nd1cotod that 

reflux of the infusat~ 1135 necli:1blc llo tao pat1unts 

i nc luded 1n the study . 

Tho results sho~o. that in onn uacrcnsod 1ron 

a!lsorpt ion is os soc in ted w1 th 1nc rcosoJd oongru.esu 

absorption. The in!libltory oHcct of 1ron on t he rotu 

of oongano ..... :-absorpuon sugccsts that oongrutoso JJld 

lron conpcte for n coMOn absorptive patn11ny 1n tho 

lntes tinnl nucosn . Cobalt also 1~11bits 1ron 

lll\d non • nnncnncso and cobol t probobl Y shore 

Plrt of t lac sn;,c patllllllY · 

cbsorptlon l:S 

at lcust 

Although moncnnosc absorp 
tlon 1ros olovn t~d in 

1• • d otcntlOJI o! nn oral dose 
ron do fie toney , tht\ bo Y r 

llali not incn.l" •d . This is probably c:tpl.atnud by th\. 

d
. QJIIIOnCSU !rcr.l thC body 111 

Increased CllnlnOtlOn of ro ~~ ~ 
snt o• for tH" 1ncronscd z j 

Iron doftct~ncy, ' 

Abaorpt ion . 

\linen conpcn " 

• 
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iho l~t sti 1 nc u.tekc of ~&cncsc . • ro the 

' .. -:. 
verth~l~ss tl~ nornnl r - lt~ntlOr. of t • orml tos~ ln 

~ ~nt1unt ~itn thls a d lsor ~r ~ugccsts thnt ~1tLor 

nbsc.rption fro. the cnstrointostlnol tr~ct "' -S :l. i;llOl ~ 

lS not lCplll: , or it is reduced and tloi..ril 1s a 

CO::JpLnsotory _J.....;.nation 1n tnl duun3tlon of 

Ldio:lnncanoso froc the body s1c1l r to t.lct oos ... rv .. d 

1n the rat 111th Hon ovcrload2 • 

The 10tcrprut1nion of tlu; 1ncroascd oanc:l.,o.:sc 

aLsorpt1on 1n cndoe~nous 1ron ov~rloc~ is c~pllcoc~..u . 

In 3 of the pol.:lonts , body l ron storC!I .uad boi.n dq1lct>~d 

II) VorJuscct ion:; and it ill not posublc to discurn 

\lhothur thu incroascd nnnnunoso uptol.c 110. du" to 1 ron 

d~ficioncy or to thL undorlyinc disorder 1n iron 

11Lsorpt ion . In 000 put 1cnt , [,G. , 1ho hcd rodtvolopcd 

lro,, ovorlonl fol l owing uiscontlnuctlOn of vcncscct1ou~ 

l yoo.rs JHOVlOusly , thu r ate of nnn:;nnosc absorpt ion 

Was nornnl. l'ho oxplunnuor. of this !1nd1n& 1s wtr.no'llfl 

D ~• ' · fO S \"IIi {lCOJICII C.lll lliJ ltu lt requires con£lruutton uc r " 

lllt3 h d T',tO £ailuro tO find lOC.rCQSOU c o t o 1t. 

0Jrtcnndsu54 rctoJltlon 111 t lto pottolltS vlth lncrao)cd 

ab l ll~ d b• lOCrCJ5CO UXCTOtlOO 
sorpti on 1s l'ro~ubly uxp 01 1 

b 
·'y • 1 1uor ~o th ot ol.osorvcd 

Of the t OS t doGe frotl t hO Ou ~ • 

ln iron llcfiClOOCYJ , 
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B:Jtt me' co-worl:ors 17 md J1lst.!tt ct al.lC ~ _ou;._ 

an avera~ o.: o~pproxl!.o.tcly 0 . 4 ov. 'Jcr 100 gn. dr) 

ClLht of no.nt;ru,"sc 1n tl.u 1 ivcr c.f patter.ts u1t .. 

ldtop!Hhic hcnochronatoSls. T.u;: fom.:r !ttnbutc.a no 

)l.:nltLc:mcc to t.1is b.Jcilusu smil:~r lc\·ols 11~ro pr~:. er.t 

1n puti..mts \IJ.t.l various ot ..... r dLst..u:..:~ 1nc!ud1n., 

ClTThOSlS, ti0\1'-V\!T, t!J~o l.ttt<.;T COCSlUI..T .. H .. [,,._ l .. V~ols 

aonornnl buc.!us~.; only on ... half as !lUd; oo.ng::.n.:s .. •tas 

found 1n thv llv"rs of a coutrol grou!l of pllti.J.ts 

dyLng of oyocordial infarction. In coopar1son to 

1ron lu'lvls , tnc dtffcr~.~ncc. b .. twuon o:mga.n..,sc: in th~ 

two groups is :; lt~ll, und unlll.uly to b.:- of any chn1cnl 
. 
Lnportnnc . 

Tl1u r~sults of tl1i 

Ln both nan11 • 13 • 15 una 

study and JIT VlOUS lOV ... StigOtlOOS 

1, 2 , lJ • l2 indicate thnt thu rat 

1 nst vart of J s1a1lur uon, cobalt ami nongun.:su shnr;; ct ... 
• L r sn:~ll intuStln\1 . h01 ever, nt..sorptivu ptLthltay 1n t .. o upp..: 

1 nd 100c of ~xcrct1u11 t ro.1 
tilL TUCUlOtlOO Of body l~VO ~ O 

t!n.: body lS qu1tc dlff..,Nnt . Th .. cop1c.lty 

J.t on 1s nl:clir,illlo and 

l lli t &d in thu body by 

ls naintnu .. d 1 it••1n 1ron 

tro l of 1 ntcsttnnl 
triO con 

oorrllll 

ull~orpt ion21 · 
.,xcrctlOII plllY!> o onJor 

lr• contrust , 
r.l .. n~•lcon~sc luvols. 

Part in thJ cor•trol of bodY 
..,xcr~.;torr routt> 

constitutus the noln ln t cst innl luncn 
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tissue levels arc kept corast:mt prinuily by 

of c:xcr\;tion of man:;:mos.. in the! b11o 5• 

' tlu: rate: nt Which l!l:l&f!Mt:SU C:ln la: cxc:rctoJ 

froo tnCl bouy is lini tc:c.l nnc.l nnncuncsc poisonin;: 11as 

been roportoc.l in nir • ..:rs c~posud for long p .. nods to 

DIUlg:~nosc dust 22 • The l:idnor u t.a~o D3JOr ro~.:tc for 

tile oluun::tioh of cobalt H but sunll :J.:~ounts nr" 

0 d b - I t 1 t rnct13 0 xcreto y '40-Y ot t 1L gnstro1nt .. s 1na 

Unliko bot~ irun and oan:nncscJ, neither lOn!c: .Jr 

loosely-bound inorcnnic cobol t appcJars to bo r.:quir ... d 

in tho bodyZ3 :1nd it is doubtful 11hothcr tho luvcl 1n 

tho body is roculatod by tho control of 

absorption or oxc:retion . 

either 
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tATIION IN CORAI.T ABSORPTION IS PAT1F.:'Ii 
DISORDERS 01-' IRON MF.TABOLIS;f •. '"' 

I " \ u-..:, \1 D, M N. I R <: 1• W.o...-,) J Lo.o.o: ._
11 

D O .. n """ " M H H s 

r~u. .. .,. I 0.... "'--<ro.\:>c) and ·'l"'<iall'll.ni&IO/IUI I "'""''"" r;......., 
""•l'ltaJ ondthdNpv!,wu f Mtd ,. Qy..,. ''"""'""' 1\"V't"" 
fltUJJIW. ( GIOCdo 

In 12 normal control liUhJ~t.. gJ\m fllUr oral do; of 20 ..molrs 
of rad1oactl\l! fcrr<IY!& chlondc or an C'fjlltmobr amount of radsoactl\r 
e<1balt0tu chlonde follm•-vd b\ nn una~rboble tnllrkn, tM ••rrorr 
ncrrtlon ot radloettl\1h tn thr fC«'S praor to d~S~ppc.3.tlUICt' of thr 
marl.rr "'llS &4 and f>l • rt>prdl\t'l) An a\rr~ of 9 of lhr- mm 
and 2 nr th• rot tit "'-' lou 10 th" fi'«'S nfl~r thr marbr '"M 
IIA""t'd l'hr ' ~ .:r absorpuon of 1ron 27 • .,._. uputirnntb II'M 
than thr ahu.rpllon n( cobalt H l'hr rt'llltlt.l IU~ dull th• rn 
tnttnal 111<1 I <Jptok nf cooolt '" alr~:hth· ~:rent~r than that nf 
trnn , ant! ' b I unlakr tnrn 1 nut tCIIUntcrrd tn the muC'Qi3 nnd 
t.ltl~ur ntl) I t wnlc dt <tUnmnturn crf thr mtollnal rprthrlrum 
In 11 pnt trnlr , orun dallcrtnr), tht llHrnt:r ah><•rption ol 1ron and 
cobalt, tiO nrl r pQ<tJ\tl) \\a.• 511(nlllcnnth• mcrr&M<J A da 
rcct e<Jnt tt o~rd t!C't\\l't'n th~ alw>rpUon r f tl'tlfl and 
rohelt 111 lh I nntl tron dahrlt'nt auhJffi• In (• llllllrn!A "1th 
n0£rnnu j rl d thr 0\ ~rlll:l.' pcrnnta,;r absorption or lrun 
10' ,. 1r r !1ucrd ,. hr reA• thr ab.orptlon of n>belt .... 
wuh'lll th r "rd an cnntrol &;~hJrcU Th~ a• tro~ •boori~ 
lion of both l coholt ,. rnnrn rd m 2 p:mmll "lth rtrrhooH 
&Moesaltd ul d and Ill 4 p4llrtlb ,.,th tdtOfJGihtr hrm~ 
rhromatu• lu d mi Ntmtr thAt cob:• It abinrpuon ,. "' 
tJXINI\" 1 ,~, ~ ml.'<'h.•n 5 thnt t~c •lOri •""=~ 
lion but n that mhrhlt 11 

tltnnrn <'flnh/!Urotl n ntl 
er. vny tlaac Each , m· ,. I 

eiert~Qno tn thr wt~r h II and 14 
U tltctron.. '""'P«ilnh. tn th nnt 
lheU the iotltt rntlu o( Lt. lc ,r!'la 

,..,_, I ~~ 

\ I 

• 

II 

arC' ttmtl~r and troth trod to co ord.J\llt~ 
wrlh Ill& ll,:nnrh t" fnnn uctnhcdral C<'tn 

plnn It hm hC'C'n ehu" n r«rnlh tlurt 
thr lnte>IIMI a!M(.rpllun of cob.olt, •• u• 
urt\>td 111 rnt• rr•nd• rrd lffll drhctrnl In 

tOrlll"''"""" .. .... 

' • 
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IN COBAI.T ABSORPTION IS PATIE!Ii 
DISORDERS Ofo' IRON )ff:TARO~IS;I .. '"' 

I ~ '-...,., \l ll \1 
D Outt ,.., , \1 Ill ,.. • It c I I c......... J ........... "" 

IJwuo"" tJ/( '" 
H...,..,.r ""d rh lk 
(11\14n ('a 

"<< 'p, ~ '"''"'~~<~~""' ""' '"'"'""' r:"""'Dl 1 Ud~tiiW Ql,.., • I \otc ,...,._, "'"'~ 

In 12 norm rol ub)Ktb Cl' ~n four ornl da;es of 20 ..molrs 
of rad10art1~~ ft rr ~hlond~ or an rquomolAr Amount o! rndoooctnr 
robaltous chlr •rd ~ II ,.ro by nn unabeorb:lbll' rnAlktt, r.hr 8,~'"'" 
acrrtlon of radi w !\ m thr f«n pnor to d~>ap~-Man« or thr 
mnrk~r "DS (:4 and M ro:spt:ctl•rb An anrozr or 9' nf thr 1run 
and 2 or thr r:<'h.-th ,._, ll'l<t in the f~t~ nfitr th~ mAlbr "llJ 

Jlll'll!ed Thf' .1\tr n!J.orpllon of lroD, ff' , ,..liS llgrttlu:antl) ln.o 
thnn the llh.llrptlon of cobolt, 14 'Ill~ rc:sul~ IUJ:t:~ tlut tbo tn 

t~stinaJ IOU j Jptakr C;( CO~Jt II WJ:hll~· t:rnllcr thnn that or 
uon, and tohilll unh~r 1wn, '' not ~CIIUt>t~r~ m tho muCD\Il nnd 
•ul~111rntl) I< I \lolth rh'I<IIIAmall<•n of thr mtoltl\41 <pllhohum 
In 11 pnlirnl "' tiJ uon drhtltOC)', tht' An·rn~r al:.!i!rptlon or trOll llnd 
cobalt, 00 anri I raptctl\ol}, "1tll "llllllt<anth IJ\Crr~ A dl· 
rrct rorrl'llltron " ohsr:-f\td btt\\N'n tht> ~th< .. nrptton of aron And 
cobalt m ttl~ , t" I nnd lron·dollclrnt .ullJC'ctA In h t18llf11U "1th 
nDJit'Oil\1' lrnn U\Uioatl the nHrllt:r ~rcmta~ nhsorptam of lrtm, 
10' , "-:u mar ~.:11 rcductrl "hrrc-n• th~ absorption of ro!Wt "'" 
WllhUI tho rur b.~rHd an rontrol oubJrcta Th~ A\C'fll(t' a!w>tp. 
lion or both , •I mbalt "~~' mer~ td Ul 2 p3Utnta wr1th torrho< .. 
IIMOCaated '* r ,,..crlo:ld nd '" I patlcnlA w11h 1d10p11th.c h~mo-
chnornatUII 1h rnulta dtmnnstrAII' th.~l rob.tlt a~rptaon u "' 
tJl(Jnll\., t• th" ph\ 1u!Ojtlcal mr<hanwn• I hot l'nhnn~ tron nbeorp
llon but nr tutho. 1hnt anlulnt 11 

llenron ronh""rnuon r anm ~nd 
1ft \'•ry ciON Each ~l~mrnl ha. 

in thl! OUIC'f hall Md 14 
tlectran., fi'S~Ivrb, 1n the- nt'l 

fll!ltiJ; the lnruc radii or thl.' cJrmrnLA 

,..,_, t It': A«.P.-1 Aur 

\ alborr. 

• 
I I 

.II 

err aam11Ar nnol hoth IC'nd to co ordtrulll' 
w1th au hpnds 10 Conn O(lllh~rdl rom 
Jllllt'B II luu btrn -'"'"" r«mlh thnl 
lhC' lntdtlfl.ll ni>M~rJ•IIw of roba.h 1o In 
CTrtuffi tn rnt8 rrnoltro d tron delic1rn1 1'1\ 

"" •ut~ .,. (Tab I Dr \\ • S ( ftr~l 
1 ~ aM tntr'1"f"'Ul t.11 lhf' b..61r m&:TI"• n 
and eht- In r llftd t Mr J ' rnL :t '-"P' 
.,.., m nl ,., f*"••aa:u •~ .u I~ 
l l!w d lA TbtY ., ..to 1 tbru Mn L • 

""" ~"' I .f tho "c>Ku.l .......... , • ..., l r.. 
11\c , y. - MW• """ Mn M \ltf 
aad ~~,. Jot \lntn I tbt ~ lftf 

1 #l)w I 

' I 

I 
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212 \:ALB!:Rr; ET ,\L 
I ill :Ill \ l 

bu 1 l...:tlnn;, ,. err coollnurd for a m1111mlim portod ~•thee hll':ffimg or dtet, I IJI\'f511Kt~ •on t>l 10 dll)'a nnd L;J t l.t dn\'11 or o? radiOo or rob:all nhoorpuon lw not heen undrr. 
h d lldn II) ,.._. drln-tablr m a otool IJl«<mf!l llktn Jllr'\IOUAI\ an p3llCDil> \\ll l'l• "I ht- ltliJOrll) O( the• pahtnu l:i>ro lbr lo...r 

(eden of 1ron meaboli.m nor ha:. the bt 1~ d<"C$ h:ld unt to tYou bu,.tl m1111ons cWl) 
OIOJ:tml MgDthC'llll<'e or the ob;tl\01101\~ an Had tC>artl\ll\ "' ' •l•!mlrfd Ill tht atedi 
the rat be(Ti rlucldattd ,.,1th10 48 hr, r~ htd muomum 111 2 In I 

The proe111 'llld)· \\U mrnt'd oul to d11, ... and th•"" d to lhcla rof •l•rro:s~ 
dctrrrntnt• whrthtr a ltmllar mechAnl m mall I.\ I' d 1[\ 'w<rn da)'lo ~ ~ncl H lbr 
IS IJl\'O[\eJ In tht hlJsorption or iron ollld rnthoach\·~ c<'b.~, I kl) ffll to lntli IIWI 
cobalt m mnn .>nd to di'Ct'm wheth~r altt•r th411 O.l daol d11n li nnd IJ on both 
nttun.• on cob~h nb,orpttcorl llCnlr 1n 1ron lhr imtHtph < ' 1 r n d~hcimt •UbJr<la A 
dthcorncvnntl on 11un o\·crlo!ld ••miwr lllth·m 1\td \\Uh r~dll4<liH 

oron m Iron <I cut 10 uon·trttlttr ub 
l\tethod!l J•~•• tl(rcuun I nnd m man\ lhrro 

""' a Nlt..-qu ~ I 1 In rl• nl I lo l 
l'tt'pGri:Uton 

1 

"'" Gild obo/t lt:!t wlu. d3ll\ bc.ot,.n11 ,1 nr! '' Thr owdoroctnt 
horu The tnt •oluttl")n of """' rnntaintd 20 1ron 10 lh~ t rn then drrlonrd to 
,.mol~ fabout I mal <•I ,.._, 111 thr form nl l..,d, I -tlum i1 "'e~n d!I)'O IOand 14 
loCI Ill 0 nnd I ,.c of h Cl1 IS,\ 20 2.~ ,.c The. ab,orpiiH• I "'"' mmt'd out 

10 P<r •t• dlw)l,td 111 100 ml or 0.01 ' IIC'I, pno lhr SJ'l'Ctal ln\M Unot or thr 1\lllptm 
pam! fnorn n>ncrntr"tt'd IICI find •mn fl"f<< llmrral tfco.p•IAI "' romplttrnr» ~ 
-~tu Thr roboh ICllutoon <Yinl&lllt'd ro ~~ rollt'C'IIuna I,, 1\ .d UrinAl\ rontamlM 
.molt,. nr rob•h 1n lht form ul Co<'I•·H.O lion ol IN~ th p:lbcnl.o ,..,. •d•is<d dlo 
and I oe ct {-., Cl, ISA 100 to :l.'iQ ,. P<• •ltl urtnatr pnor u d • n anol •J><-<oaU) e. 
"' r,o Cl I:-A n 2 ..c '" II&) cll<ool•rd on I(() "ftlll'd conunoor r •rrr u.-td I hat madr 
ml fl[ 0 Dl ~ HCI .\n f'~Cc;o nl 11Sc<lrb1r acod, ol dilh<ult for d, uuod• rrtmtl) P"" 
2100 -me~~. ""' addl'<l ln tilth uf th~ lltln and uri no onto thtfratl n '" "' 'Tha 
C<•hah «~ullono JU>I puur lo odnunutratoun In .\fo·uoutonrnl 1 o 11"111 111 frrn 
rnAonlaon thr rlemtn"' In tht n-ductd IIIII o Mldic.,<t 11 111 "' r 1 •hxol '110\"0mta> 

~d'"111UIIQ1 oon vf INI <Qia.horu, In lht 1111 ""' mtllnJrtd u , ,.rll-t\1
1
• o<onttU. 

llal lludtos al~~oorptlon I<'Slo "''"" cametl out lion dcltctur u , ><d prt\l<llu!).' Lo 
m b)l'<ta trlu, lad flliltd 0\<mtltht tW)tlc>)· lludoa tn ,.hlch I o( 11\lfl and ,"Qbsll 
'"' ...,. ~ nl lh• '"'' oolutoan NothlllJ: flu ,....,., Kl'<n atmull thr rltmtnlo "''" 

- - t'>tr .,.,.. IJl\<n ~ mouth lor 2 hr ~·<ul «>II~ dctmn
10

nt In dll I rountmj! in • laty:< 

lv.ao ""' t~nn,...ttd •hm ,.,. lhosn I 1'1 •-olum~ dottrtor ,or-:1 •llh '"" c.-indo 
Ll>. <i'~ ,.,.. fOW>d In two ronw-ruu,~ •PtO o11doum ludodrcl) 1 '"' 

n.. nu,o,.ty of 1'01 <nts lud ont r tao lj1"<11oon uf ,. 
1

11 In lhr t.1ud
10 

., 

""-d '-len> <lath and Lh. D>rrar;. duration ploy111,; onr lMt d tt rnult.o Ill< ~"'"~~w 
lrc; <dleonaon. .... 7 ~ .. ..,lh. '""'• or lh~ , .. ~nuace t'! lhr 'nd d...., ··=·~:'tour 

t 1 j ~ In 11\1~ Uudto four d~ r..,.,. In th~ CtiDlJIIcbm •e , ... , Ill ... ·~ IM 
tta ~ wbalt •rno ~''"" lo oub:J<'<t.l d""<s "<"' adtnmNrrrd wuh c111111ir>l' h rt' 

latl'd "'mudll AI 9 ~"and • t\4 lll'l rosultA ..,... npr._,.,..d loll"" (al I ~~~ thr 
IOC:U::::;.,, da)'l and a l.:ht rnral Will 1:1\l"fl ttnla•~ of tht: <>ral du..o nucltd JI'OOf I' .L 

111 II Ul C>!1 r. Pw a 1 hr • •' "'' 
In l rl'*-Pi'C'>I'Illle<' !II the IDAI~Cl [noon l _

11
,, 

1 

• ~ploy111C tll'lto If:! d,...,, lhr lhl lho Jl<"rcrnl4,:e or the d~ ncr••:, tt>l.al 
.,. • ....., .. rf lb. ~-tnt that ""' l•"'t by olr- th• markrr llnd (rl tJ,e I''"""~ 

rtctr1 duo to nonnat d-.quunatllon •••llnocttVltYr<'<Uitrnl'"lher ....... I lrN ,.ith ~~~~~ • tlld.., " noc td ·n,. P"'l"'ttlon of oron l1lld robot I huon .. ~ 
tho ltl toftich fuw lt'!ll de~ clt'lllfOJArnahon of the tnletiJIAl tpoth# I ill !}.# 

~rt'd ••th All unab r5llnutrd ''""' the nodiO!Ictl\11) 1<... llll• 
.,.. red 

1 
I) I IIYrn 2 r~ aftrr dWJppc-:or~ nl ''""' m•r ·~...,. 

do- ~ Ptl'Wntr of thr ollmatlon 10 '-'«! "" thrH "- nf !}.# 
r.,,... ., #»d IJY WJ11U.1J In (lilt lhn ...... no IJftll tornnt ... J.USII<Jil r-d 

rl lo radtmcuvuy lltKI th• msrhr "' ~ thf ~,::rr'>cl- d• nl .-. """" the P.lromt.,.lt!UI lr.tel Jrnurltd II:# 
- ed '•ul r.4 d I'I'<Arotw;P uf mnnmt rtd 1 
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M.TF.RA Ttn.V If> COBALT MlSORI'TIII\' 

... • wtnth delayed eumton of the ele 
- M to deoquamallon of lhl' eptlhrhurn 

?Rid and thtrd, thrr. .._ no mof~Cant 
·- ., tJo. fKfS or rad~C:~ctlvuy ko<~. 
._ 1M body uno lhe caatmonttollnnl tract 
.... th pmod Th~ ,,ltduy f the fli'R 
• 11 ompuon& WL~ ~•luatrd wotJo th un 
~ oub.tanr~. chramoC' hi d A 
•• rmtaonmg 1.~ nmoles of r( I nd 

r« ol Cr Cl , !SA 13 to 16 ,. 1 d 
dood Ill 100 mJ nC 0 .01 "' IIGI ,. by 
.0 ID four tet ~ CoUOWfl! l trr 
~ 1 camun~ r~d markrr In 10 lhe 
..,..,. ol •hom had at ~~ < 
u. doll) , th• marhr appeared 
<f <111)'1 II to G day tanl:l'l an I 
•., ..-.na~ of 7 dA)1t (~ to D da. 'cr 
lp ol &8 (01 to 102'" ) o f thr IIYII)' 
'1110 Fl " Ill the IKa woth the m rk r d m· 
-ntonalhat thrr" "llli no tltn '"-"'" (\('J>M'I· 
11:11 ol th~ nod.oacth II) and th rlcrr • 
"-Y P"•rd down th~ aa trot nal tntct 
"' "'"'on or 2 • (0.2 to 6 7 ntdao-
1<11Yll) .. .,. r:acrtt.cl m the f the 
aar\rr d~~~arr-.....t. ondaatm t • al 
...... ,1M or th~ atool - - od.-q•wt·•· dr:nli 
b-ee ~ point at •h~eh the m r d~aap 
'"-1 

'1'\o f1ror>c n wn ol '""' and < 
tala. up by th~ ontt"Su n nl m ..._lhorl as folio..-. 100 mtnuo 
._ h<h:wtMty nuct~d tn th 
dao...,.,r-.nce~ of the marker 
n.. .~""'Pt ..... of l.he t c:.t 
~ ., ~ lollowvt~: ••J 100 
~ ol tctal rad-ctonty rr .._ 
~- of .........., ... t-j ._,..t.o lul tW.cl thr loli<T*1nl! c. t 

...... at d-of o.hc bcmAt.olor; 
P'L:titat lt Of eut-r<nntftlinal 1\'!U 

• d.,..,. in oth4or ~. hrm 

th • ,..,_. 
..... dt-

ntap 
n r to 

..,.,C. ~ hk•>d N U cvunt and 

~ Dlliuoal f'llnt•. DOnna! a I= 
1\it ..._., m • bone mar,_ •P r r tv 

lr>d unoat rot~ tron bind ::-.=~ ... 
~ I>OnDDI ~ and n<.>m>A 

OUol ~ weu..~ mutmal h..wn: 
....__ •- ancJ Uf'I!\DtUrlll 
•U< WNm u- ,..d b) D 

>at.e1mc capeuty •tff' rn.-.s 
• -.~ iW"-....Jy dncrt!>rd • M-

el .,., .J~an>l wlo nU Iran ab
..._ ... I'IUblJt.lvd .... w t.a• c{ "" 

.... • I ' •bl• II'ClD Ill D t .. - ·rro: :;: 

...... .. •Jl the ~ &hr ~ 0dwn 
1 &,., •• ~and tn thr ' 

f.'rurl ' ., ,, c· >boll anto th<' 
• (;tJjUVJIII<'~IIIIDf Tract 

r cobllll from th~ •• -..~~ 
' 11Je rurrtlj;11~,naJ Intel "1l' •llldll'd 

10to thr ~uro b tcta aftrr th<' antr11mu• 
Ill 6 C'OI'It ml JU J f 10 mol"" of cobalt 
cuiAI an}ectlon ° C Co' 

11 
<.;urfocr count inlt 

IAI:I:~'d with I ,.C 
0 

!!(Y; of tht1 roblllt ""» 

dtmunst notf'CI ''h' C'Clton ••tr ,...than 6 
ornorbc-cl from 1 ~k~ u p ,...1h 111 24 hr In 
ht and 00' "''" of 0 _.., 11111olo appear..d 
r. da,,. an aun~., 6 2 ,.mole appt";:ored tn 

In the /<:«:5 an 11 In IO da) .. a total nl 
thto urana (tahle • fuund an th~ Cr«-S end 
0 •.S ,.mol"" wru ~~ In thl' wanl' I tar 
5 A ,.Ulol~ were "~r t h~ tnJt:dtd dCIIo m 
fc.nd In• of 4 " 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



244 \Ol ~. \ I 

T • I f. nlf IN 
,. • oJ 

I .... m~ I ~ I 
,., r "' tM·> ., .. 

tl/ t par " r a '" ' ,...,, ' •J 10 

... ._I 
I 

~tlo<lod-
I 

I ' 

··"l ,,1, •:! u n II d _u 4 I 

0 ~~ II II II 71 ; ; 011 00 I I 

1' "I I 10 .. - II :,, II II 6 ' • • 
• \1r&•• at d rar cr • f vahl 

thf' fKt'!l rn th~ h~l 5 dn\11 dtmon.,trlllb 
thot the laM Of co\11111 {rum lhP hody b~· 
\\~~ of the ff'Ces L" ~mall Md U.limllliOn 
of rad•onctl''ll\ m the ll'i:e. niter Ill\ intc 
nn oro! d~ of c:olllllt """ srles n 'nlid 
m~a.-urcmtnl of ~n.•t rolnte;tmol o~rp· 
uon 

c11lrulntcd tram th~ N cncc between 
duplicates' "~ 8.6 h n Md 1.4' for 
cob,,ll. 11w ogr.~mr 1 l\\ ~en the llu 
JlhCIIII'S \\'118 ~ood !'!XC< In 2 potrenl& in 
whom the r~ult& (or 1 1 ucrcl on dif 
feted b)' II lind IH , rt'5JII<IIV~I) 

F.tl• rt of A •C'OrbrC' Acrd on Iron and 
Cobalt ,\b•orption 

""'0 I<U~I~C lt I! tmp\0\'lnJC one lhl 
dD!M' \\Crt' cnrrl"<< 0111 \\llh iron nnd cob:llt 
111 control wl.Jt'C:lA nnd poltmiJi ",th trOn 

rlNil'ol'nC) and cndnJcnout tron O\'Ninad 
A">C''rblt" nerd 200 .,mol~. "Ill:> rnndnml~ 
addt'd to one o£ the tron and Ollf' o( tht> 
cobnlt t<~ It "'" bt >E-m 111 hgurc I 
thAI ft;.('( rhrt nctd CO!l.'t'tmtl) rcrluccd 
thto omounl of uon ncretrd 111 the ft'C"" 
In thr control EUbJCC:L& the o•crn~r. I'X· 
crrtaan WJU ~>5 ,.,,h Mct>rl11c acid and 
52 'vslhoul 11 Ao,corhtc octd hnd no OJ>< 
llfrClllWe rfrrct on the ff'CAI ncrtrtoon of 
cobalt w n•, m~:< oc.n:uon on the con· 
trul !'UbJ~ •'lb 60' wolh and tG "'llh 

>UI 1 ht' add Ulan ohhc' olamon 

Rrprod.ucrbilrt) oflrott and C:oboll 111 

Wh m fJnr Orol !Jolr- n·cu Gwns 

To ... alwur lilt- fi'JtffldUcll.tln~ o{ the 
tochntqur t•u IUttftllnr t~ "'"" a11 
r cd CJUI With oron llnd wbalt rts!)«tn dy 
an G control 111bj('da lind 4 pcsumu • th 
dtM>rdtn f r.ron ~.abo: m I'he R\t'nq;ll 

aart.ao f uta~ on th., t•m ~rc '"' 
tn the 1:""-'P u a •tJcA. • .W 

4 r 1>n:t « and IM D'<:r~c 
r u f c• bah •n~ 10 7 and 10 I 

Th <~I oC arut...., 

Ff>Cfll F.urrtron of /m; ond Co bnlt 
F'ollau me rour Oral /J t C:ll'..n 

u lth Qfl ( 'nn l»orbab \tarlirr 

r\'ormol ct~ntroL, . In 12 
the •1\CrRJ:e e:trrCI IOM Ol 
w1th thr carmine morkr r '" 
rcspccloHI)', and 9.0 of 
pnrcrl lo 2.0 ol lht lb. 
after the dye do~ppc •~ 
(P. ~ 0.011 (toble . I l'h 
thll' dtlo,·cd ncrclion uf 
srmtlor io the n\rtlll(l' \ 11 
tamed \\llh the una~ 
chmome chhmdr ThC' R\ t 

of oron, 2'1',, "'115 ai1:111h 
thl a""mgc o~rptoon 
CP 0.011 

ouol. ,ubJt<b 
.., d CCI bait 

1.>4 o.nd f>t ' 
< iron com· 

ns et.crtttd 
m 1 he ft't'"' 

"TIIIUdC of 
.0 ' \\0.' 

2 t• ob
rlemenl. 

nb•OfPIIPil 
• lrss than 
cobalt , II 

lron ·df/rcl(:nt ..ubJI'CIA In nopan-llll 
wnh tht ronln•l, th(• ll &r 1- d~fic•cnt 
r<ubJcc:lll ucrttrrl .;.lth thr mo er nn 11'd 
crog., of 37 of the oron t/' n Oil "" 
?i of lhl' cobalt (/' < O.Oll and thr 0'" 
~m~:•• ~crl'1oon folloWUl!: th e mtukrr "'~' 
3 o of the tron nntl 1.8 or thr C'Ob<l 

1 

ltahlf' 21 Thl:' O\era~:~ olnni'Jl l ion of tl'(ll\ 

nnd cobalt, GO Dll<l 71 • u,.J)K11\el\·, ~~· 
aognrhrnnlly u1crcn-ul IT' 0 011. r 
dolfN~ .. ht:l,.l'ftl thl! mrnn nb>ol'l'11011 

of uon onu C'flhah wa• JU•l Atltl~llcalh 
trgnlfi< 1111 If' o.u.o;) t 

F~o~:rnnw 11'011 Ill <'rloodt:d wl>Jt'C rd 
Thr nvrrngr ~rcrnlftl(f' ur non .. ~rrr1 
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I 

.\l.Tf:HATW\ I . .v rrmu.7 

100 

eo 

60 
PERCENT 

EXCRETION 
40 

20 

• 

o-
&dd.., ,.., 

I'' 
I~ ( ·•l 
Ill I l 

I lr 

( . , ... 
(. 

Fe & 
ASCOI!SIC ACID 

&)lh n.r\" 

LOI '*' ; 7 
!&l·f ., 

I .to; 6• 
,10•111 

"' t I ll 
Ill IOJ I 

r7J;tti 
;:_.. Ill 

.t:tll' 4 

I • 1? 
• ll ; 

r.J !-ii 

" :!:: i 4• 
II Ml 

245 
Co 

O~LY 
Co& 

.&.!iCOR81C ACIO 

··----
·----. 

\hera.a"" 

\Hl*-11 
lh iUI 

Juri.\' 
,u 3 I Ill 

J I i: I f 
en .! ..l n 

~Ot'!O 
I 0; 01 

I ~ -., 0 ' 11011) 
; I ;tc I 'l 

(6 0 10 0) 
1'1~11!# 

:I I : 71 

t.l * n ,,. 
(:'.'<-7'>1 

~~:t:,r• 

(H·fr'l) 
IRI .:t: ~ .~ 

(" l~l 

r-m ... ...-..c ·-" n....-rh1tr 

'li±tlh 
r.l.!UI/ 

H t; tt• 
r.u f.l • 

II 

-10 ~ '11ii ,... tlJ .t.. ~ J' 
z• 111 Ill 01 

'!) 1; ·= " • 71 .. 12 v ' 
(II II) Y> 1 

ro '*' o o- 10 -±: .) D 
... 1.1)1) (&a: 

~· t "f ' • J !t;; ; ..o-
1 I HOJ) (.1; ;,.,) 

I• 
I • lh 

I II \\ ~t'f' 6 4' and d r arfl tnH CUf'D IU •up:-,..4'1 pl• 

Ill" l' an•l tbf- .-ntJlJ»Altlfl' lfl".&h n.lur ft)t lhl- ("' nlrnl 

1 lc.r h 11 •n-1 r ~h•1t In thb ;ttollt1 Mrt not •laUitUC'•lh 

• ,. Cl I 

lt'A!I YaJUf" f f &I 

" r <on:-.. 
&.nt&! f-r r 

J:l' 'I' 11tt1J """' 1 Y•lutt lur C'ufiUnl (nnrntal lrun ~111r11nn• 
I' < or• atMI ~ hsh In t~• «f' ~I' i• t~Lalhllf'AIIt 'It £hlt1NU\ tl • 

(tnblr lll. The pt'rt"t'fllAJ:r of ai."N'IIIWI CJI 
c-ob:tll both ..,,h nn1l aflcr thr mukrr • 
.,mllar to the •'IIIUIS in the ccntrnl sub
J«U Thr P' rnlltt' 11b.<lrvtl011 o( Iron 
10' ... v u,:ruhmntly udu~ (I' • 0 Oil 
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wMrlll the abMoiptlan or cobUt -
IMII'IUl 

Allltm of acr«1011 of 11011 Gild cobolt. 
To lav11ttpte rwther the difl'ennce ~ 
tween the Intestinal handlln& or iron and 
cobek. the pattem or daily fecal aaetion 
of ndioedivity wu 1tudied in a ronuol 
IUbject and a patient with iron overload 
a.ociated wtth refractory anemia &iven 
ei&ht alternate d<.a of iron and cobalt 
over a penod of 4 da)'S followed b)' o rot• 
mine muker. The results depicted l{la ph
ically in f'I&Ure 2 ahow that m the ront rol 
IUbJtct the cumulative excretion of iron 
and cobalt m the feces WL~ •imilar up un
til the tame the marker du.appt'ared on 
the 6th day, but the ncret ion or aron, un· 
hke cobolt , rontinued for another 6 days. 
In the aron·moerloaded "uhject , !15', of 
the iron and 40' of the cobalt "'ere u . 
creted with the m1uker Dnd there. w M n 
delo)·ed ncretion of 9 anr.l 0', nf thl' iron 
a nd cobalt , r~aHiy. 

Rrlot10NI11p br tu r rn mucosol uploJrC' of 
II'QII and ~obalt . In 10 control ~ubi«ll< nnd 
6 aron·deficamt pollen~& in "'hom both iron 
and cobalt alx!ortlllon t~u •u re carried 
out 10o1th four lest d~. 11 lincor rrlotion 
t.h lp waa aboenC'd ~h•ren the mu('OI!.AI 
uptake of aron and cobalt. r - 0.&'4 (/' 

oOO 
""".. c:. 'OQ, 

~ 

eo 

\ 01 6tl, /'o o 2 

< 0.01). The mtercept nr the leut square. 
line was al 6' on the cobalt u is l fi~:. 31. 
The data on the pallen~ wath exocenous 
iron 0\'erload d ad not follow thiS rela tion· 
ahip . 

Rrlottt)tl.vup bnu em obsorplion of II'QII 

and cobalt . ln the 10 control ~ubjecu and 
G iron·delicil'nt suhjt"rtt., 11 lmcnr relat ion. 
Ulip wu also obscncd bcl\\llcn the Dlx!orp 
t ion of iron and rol h r 0.8..'13 I P < 
0.01). Thl' im rrcepl < 'lhC' ll'lt!>l aquons 
line """" ot 13' on VI lmlt 111i~ Tht 
~ulu m pollcnu "' ll:"nc""' uon 
U\'l'fiiiRd did nnt rolln'\\ thL r uon,httl. 

J.'('('Q/ Exc rt"llon nfl 
Folfnulfl,;: a ~Ill •t < 

Cobalt 
1/)().J(' 

N ormal ronlrob, In I ubJt'Clll the 
Dmount of unala..orhed ar n n the fi'Ce 
mnRl'd Crom :!t> to !12 wnh mrM ol b6 
a nd tht' amount or C'Obalt r mr:ed frmn 3'l 
to i2 "1th o mean or lil II hit :n. Thr 
&\trill:<' duration of fecnl collmaon lor the 
tron Md C'Obah testa Wll.'l ~•m lor, 7.0 Md 
6.6 da\ • ror~~:cll\rl\ . 11tr h 11er durll· 
tion uC fecnl rollrctaons U\ th tud~ fMJrd 
to pick up the.- ddn\Cd uet• t un of uon 
and tlus mt•~l.l'tl the Mgmhc-.:nt dttrfrt n« 
h•t V.l't'n Iron IUld cobalt 11 rpUon ob· 

ux.u :1.11 f";N Ott l U-i ---, 

---ro -of'""/._: __ ... ,~, 
r:-4 ell 

f 
• 

Ol"U' • 

· ~ r · . ·--~(.miL· 
~ 

Q • -.. ---- --- ~ .. ' • 1".) ll 
0 .. 1 

,. I 

'" Joe- -- $--.1 obo!t •tho ....... • • .... ~,.... ~ o.....S. ""'-.Ill 
.., •• .,. .-d I~ O"liW Pftl •VI Ufta!.11babl.r m..at'-tr 
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IN COJIAL7' AIUOIU'TION 

10 

10 

0 • 

, 

• 

.......... d 

&he llludy (Labia 1 m whadl frrco~ 
far IOtD 14 ct. 

.ubl«t.e Tlw •• ra I 
"- and cobalt 18 and 
•••• en tamtl~ ,... 

IMA ... Ida CP 0 OJ ltabl• I ..,._lood#d .ub.t«l•. 
• ~ ....... ,. In lha-

,r;.1111• n d ct.d ina d» 

• 

• 

to · 
COBALT~ 

ond tt.l•alt 

• 

II 

• 

",; + 1... ..*h J..'l 
I + U J 1 J 

~~ T 11 
Jj>; 

• 

fr< •f tht' ' potfmll (P II Oil !Jut tht' 
aHrll co amO\ltll of rohAh rhnt ,. unah 

rhed wu •tmi!Ar 10 th11 at.<II'Jit ,,, 111 

nonnal contra (tablo :11 

f:R t CJ( Com<'rlron an 1h,. f<'Nlf 
&N'rlton of Cobalt 

nw rtf«C r ~ ,.moiC'J of aron on '"" 
fecal ftCft'tiM ( a !tndr lest ct<- f 20 
,.mol• of (ftbA!t In II ronuoleubj«ta and 
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I I ,. I 

o1 a vttamm tn dclaym • th f m~o 
ol inloluble tn•nletll lmn co plcx~ 

dlt lumtn nl the up)X'r I 1 
Cobalt an oontmst to t 

r•~~M~ 11'1 the dl\'alent !!.tate an 
llf IICUrbtc acid to t:nhnnc 

be npha~ble on th thAt 
('~'ltl!luciin&a~e~nt ~a not needed t maunam 

'fil Cllba1t •on tn a l'(lluhlc fonn m h 
•IIIStinal Wrt'\101\11 I ft(C 1) 

The fmdm11 ol nn ovr.rngr of f I of the 
~ lbe ol tron and 1>4 of cob;1h n:crtlWI 
• d f~es of the control ub 13 pr1or 

Mppectran~ of the rnrmlhe mDtkor 
~- 21 IUII~tll lhnl n(>prmtlm lt'h 16 

"'"' tron and 46 of thr 1 bftl "t're 
~up by thll tnlt!!lttnol mucosa In uldl 

k suu;at.a that lhc tnt unol uptAk" 
... l!llbalt ,..., lrt'.aler than thnt o{ lf'CIII1 
•-a ...Uu:hty uf tht conchJ.•t n b:t3cd '" 
~ '-' the -umptlon lhat lht' rod•<>
.. r....!.__tran&l•ned from thf' intC'lllltlt! to 
-..,.. ""'VY Ia not ocnted bnck nW the I:M 

lftlinal tnact And aubsrqucntb 1 .. t tn 

, ~ 11111ounta m the roo l'ht'ft' • 
•Jie ..-tdence that thlll A!Aumpuon IS 
.. ,..., far '"'" 1 Thr hndin,: of on A'"' 
::. ol68' of 11 J)ll,..nttorally ndmtnllll«"r•·d 

•~ol coball in the ICC" Wlth.n 10 dn)~ 
11 indtcata t'"·t only amnii amounl• cv'-•· ... ·- are acnted mto thr ttastroll\tt"l< 
'-' ll lh11 • t.alu•n mto con~ud!!rD 

lUge Ia that the a• eno&l! mucOIAI 
;:;~ot:.:oobal~~t W"M underftlttmatrd ~ ~ fY and at tn'J'IIItht1'1• th., 

Ullll th. mun-&1 upuak~ of co-

~- tJ.a trail 

249 

• t • II :::5 ~ 
1 bl •• I .. % I 

\\I l ... .. tho "' • ..,., I r 1 

II lt1 ltfu I' IU II t •tal 

I ..... , ' n t I"CCl •lat 1('.111 • 111 

Tho tnCrt'lliM! In (l!aiJ t!Xari.IOO or C'Ciball 
obsef\ ed "brn con au tran ,.._ g~nn •1th 
cobalt and a tunilar tncmuc tn the acre
uon or 1ron wbtn camtr coblllt """ ad 
rntnt$1l'tW \\llh 11'011 (liK ~~ ~UUot that 
Iron ond rob:ah m1ght compete lor a ~ami 
Jar uptake path"11) in th@ mlectUUII mu· 
C'O<'AI cell The mutual mtt'rfnTJJCr nr ab 
110rpt10n I l~f\W .,.,jth itOil ond cobnlt 
ma!lht bn l'.xplamul b) co-prt'Cipatotton 
but ahta IN'I'IU unhl<rl)' with the lo" con 
nntranon• thnt wfre rmpl~ ed 1111d tho 
comparat" rl} In "'I~ volume or J:Mtrom· 
t...,unnl H'i:rrtlons m "hich the clrmrnlA 
voould ht diluted altrr ndmmlitnotlon 
1-'urthl'rmor•. coi.Ntlt ..... are I~ 111••1> 
thnn ~ron to prt'CIPitatr Ill tho pH In tht 
amnii mteitllll' 11nd } ct tho mttrfrrenct' 
of 11~rptlon o~>un~d w1th tho '"~' clr
mrnta "''IU atmllar Somewhat ••mllar n'
aJlt~ were obl«'f\ rd h) Pollack and ro-

" 

tn th
e .,.1 10 .. tuch the adrlatton 

"or rn< d f S 
or ,.0 ,.molr:s oi Iron to 11 tel ""' 

0 

"mol~ ,,, cobalt produttd, on rincrrn;; ~ 
the n•·rna.:r cobalt ncrrt on rom 
84 In nruhrr thlli aturl) nor the pr....,nt 

hi tot dc.st' lar,e rnou!(h to t<U 
one ""' t t thr n~rpliH l)'llCIII Ill 

to ncAr a-n~ac~r«-!On'. onr cannot con 
thn mu~ crt.amt)" rrom tho mull• 
dud!' ;;;:,' ~ 1100 romP"•~ fur the aa•n~ 
thnl ro I 1111h It "'" bt"('.n pmnt«l 
UU!Up0rl pat ~~I IO \AI thl' abeorpUH 
out "J.o<owhrr;:..clt) .. -auld r"<<uir<' unph),.. 
A) tern to C11 d th" rrsul~ .. vuld bl' or 
1nlotllcAI rlOOC'!' llll 

dubiOUS ~~!UI" I .. .:rrliort oC on a• rrl>~r o( 
(lle d,.....)"' • A 
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IN CO&u.T AISSOaniON 251 

~~~~but the •"-P-
mCII'e d iatal tadne 

the raul 
of the 

f n~rl· 
'1l that 

rp
r ... a 

and 
.md 

rat .tlLch hav I 
lhAl take place m 1":m 

UUD deftdenc:y and r 
inclomlinal:ely in the d u 
~ion from the 
nat Inhibited by n 

•lmnltorw 
Ill 

lindin1 of an mae'a..."''d 
•• In clrrhoa• peuent 

overJo.d and m sd1 1 h 
.lllGI1ia IIUbJK\6 JlfOio'sd dtl'fft 

that the abnnnnRIIt n th tb 
smoc•• In thcs~ dl lfdl"' nul 

to IIOC'I . The r:nh.u 1 l:'d co boll 
m these condtt • r unhkd~ 

lead to C'Obalt 0\"erl d l the 
~~rap da1ly intake of co .00 

'-than 2.5 Ill per do\ <:ldt 
·11111. cobalt 18 eureted hom bvdy b)' 

klcln.y. How.-o er th 1 10 

• llmrt to tho rotc u! rs Ulble 
llld cobolt 11\'c.-n '" til.~ 1 doses 

1'· ••ll!d to toxu: c.-lfectA • • 
llt'.I'F.ICF.M I 

.... k 5 J N G~ I 
Kw'a"'• llftd \\ II l, 

...,..... "' - ' '"""" -lt· ...., J cw. INJ..S .. 14 

"'ah-

7 "- M ...S P D iol 1117 Q.~u 
IIMr dmlnn ~ • leal 
• .., ••- c "' A J n .- 1a1 

8 ~ J P J D ~. R. P C.1p ... 
P M McDo.-1 lt&5. Canliol•p•tr• r.i11n 
., '-' driDbn. J Lab. C'-' lolr4 Ill IOZl 
Ul'Zl 

9 S.... H ....S L. IWJborc. Ill«!. Elloct o1 -
be •id '"' '""' ~ Arr. Mrdwo 
s.lllfld 111 :mu 1 ~~e. 

ID !lctuoodn H A A P :S- ....S I II Tlpsm 
11167 f-tiol ln<e ...... "' - ~ 
Jo.-O..:lOilm..fOO 

II Out-to ll. C \ M..,..., and S Ca!!or>dft It~ 
!'.lud... In '""" u.._utrm and moubo
I"I'D. \'I 1M ncnt- ol""" • m....ml t., 
the ho<K- scdmlquc J lAb Cion \tnl <1$ 

tHJ fol6 
I! K~nr, t J 19.'o0 ~lUll•~ ..ul",. aod •!« 

rrnl,-11< onlut...,. lbr<nirl llrac• ancl c:;q.,. 
p~n;y, l"" s ... \'ork .. &::wJ p 

I 1"-<<n C A , Y. M uldtr J & Ibm J \\ad, 

.nd M C Vrrl<"'P ll!ffi '""' abo<"t''""' o=d 
rc1mtonn In....,., SOZ!Pr i~l !II I 

12:11 
14 Jm .. II () I ond 0 J !'u\l>a I 

crun bwl'"' of INmon t.-Irmn llm<~urt 
IIIJ)flh> . A• ra tro ~~ 1n 

HI. Whtb) M li lilt# l~lauon ol ~ oi"""J> 
tl"" (l<&ot,.-lrrvlao'.SO ~~ 

Ul \\ r ua h I II '' & c-ad. ond \\ II 
Cr<•lt\ IIIIU Tho .,.,,...._. o( itm 

.,. " 111 sh• ("OIItl'DI ol """ at-fPC 
~ I~ I 

Jl Cenrsd M t 
.;,.-.~>) 1\0 • 'Tho ...... "" .,. ~~..., 
\,_.,.. J Cl"' ltunl "' • • 

\I II 

C.Nd. M E and \\ II 
Ml -- . ....... 
..,. .... IUood 22 lOS 41 

C... J D , ond L S \'olMrr 19G.'I t alu•l""' 
... - of .~up rl-'"' oclnllll<tUOf I f PI"""' 
--,. J lA. U.n Mtd 01 .:117 I 

1~ llurn ll t J f \It •rm ond J 
·~ Sqoaral- ond dtl<f .... 
ml<JUI""" • .....,.to "' ...,_11 A... I 
J7 1'1'2, I T'll 

'-~ R T (, !lot Hcven •nd L " \.U.rt 
I* s.- ....., ....t ,,.., t.tndon• .-.~uy 
... a • loui>Jo<U C ~ " J I GIII-I ~ 

.... rhd. K F. 1110• A p<artksl"' -
1
"' 

• I I MA ..,.S """"" of ...-n-- ol;;:. 
.... ............, doO<nl'- ""'~ J 
~ 11161 668. 

ld wl ' '-· U O F. I 11(;1 c- I ..,boll p<>l 
P he ..... Nr4 J I M 4 M 

Ill \ \ Jwby Ill !< 1~ J Jo.- and W II C" 

11164 suodln ... '""' alooo "'"'"' 11\l 
rrcuJol"'7 oar<haah- J I "' I I 4 

• • ]3 uu. 
;.U U..t:Jbord U M f M (',.. ond J 

19(.11. l )tU,_ ..... ..,. ol (">bal1 "' au ond 
..,. leal _...... ",.II f)v .,.,. ",.!1 h c "' 
,.,.,. /J 1(0) .... 
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Alt.ratlon of cobalt absorption In 

portal dnhosls and Idiopathic hemochromatoala 

llA Ill 01 .\ 

'li ' " 
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Alteration of cobalt absorption in 

portal cinhosis and idiopothic hemochromatosis 

J),\VIIl OL.\TUNDOtH S \\ l :S OOilDETT J 1.1 D\\ 0, aol 
I II 'li A l.ll:EllO Ko 1 , Ootario C.a••d~ 

l-eu •h or n011 1~1:..! •lth fiGl ao I I '• r lh 1 tr. 
-II• IO .. 1 t I rat to aal I •I tJ' &A I bod]' rot tl a uf I 
_..,, I I 1 t~o rOClO• •1 of ra<llc-tl•lty n tha "'""' ..., I Ia 
fatttldllnh a f tha Uo r • T wtlh JoOI1al rr!loo" ..,_. a10o1 ..-.u. nor.,.: 
II r the anne• a!Aorl'(l n f '"'' .. , ..U.r 1 tb a\ r}ll 
IQ J«ta •lth a ru&J rna 11 rt• ID r 11ttaat c lGll a rpt 
""' ....... portal drr rt I l l. Iron ol 0 and 
•tth lroa d II lo10 1 ll wu alw> I r.....M a I J'4l lo wit 1 
" lh l~enout oroa u·rlnad u.t n t ""b ltl opoll. L.,o,•.larr 

rr.lahoa wu 1 t •• tb• a rptl o of lrn ani 1 Ia botll t 

I joo<ta and pott•to " IIi lh r <I -. Ualll•e 1r " L&l ,... n tru 

a I I • I 1 "' I of th ·~· I or 1411 ..... 1101 '"" -· Ia pat ... 
....,, rw: 1 abeort t P- Thr '" It• led .eat t l t a rJ • a 

I path ~~ o>JII"' ' and JV>•tal •rrb r Jllcal I hJ' 
r I~ ' " D 01 rl I n. .,.., ... 0 col II •"'<>rJ>II .. pot 

d .., •P-" to lle- r..bry to a •I otarbs~ Ia lzva a:cut.,u.,.,.. 

R.~~ Ill llllllh ""'I ItO\\ II lhnt lmn oltflt•lcne rubalt~ lh ., I II •• r 
rohalt In raiAI with U'OU <ll'fl lruey, l'ollao·k nruliL .... •o•:lal""' fou1 •I tl ah1ot1>IIOI> 
or c L.all dolort•lro -·~ m n 'I< I, •• ol \'aiiH rl( ., ol ....... \\(lrlc<'n nuulf' 1\ Jlllltlllr 
oJie<.nAlinu In Jrrulo n!AI with lrt;•H llrofl 1 tt..y 'llo rd .-ru ~· of tlob tlnollr• • 10 

rl1111 I oliJooT<I I'll an "lu h 11011 rtl ... 1111IH11 •• I urn: ., ol I ' > 1 I 11 uti,- "' 
t>lond. Th"' at ttly \\~ rr1 I httt to oh l<nrlllu wlrtlt r th 111l thul nlllllf'J' 
tlon or I It '\\ • lflf'l"<":' cl Ill rath lttflllrftllon Dlltl ch I!Cm nttloll o;oC '"" In. r, 
f>OrtAI rtrrl ""'" And 1 l1 J•atl1le I r rnt'hl't •r h ouol lO , ~.ahll~l wl 11 r roloh 

., 

tlllll<'l.i Ill tl ~ 1~~1 111 "''' dill• "" In "bi<'h IL• al I'JltlOII t• mtrc...,...l 

, 

,.,..""--'''" ... " ". 

• I rt 
lt.lt\.1'81 " (1 

1 r r.t 
al J1 11ul 

I f 
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•• IRA I I .... loin ' aln ... II ~· "I nal I 
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,,.. .......... .. - (Qa.J fO~I(JIJ 

r. 11111 
II, lt.UI 

li.W .... $1:U lD.t 
\'D. INT IT, F - lU 

lMO 11.1 

.rs. INT lill, :u I IU 
I Mil I I IU 

ILR. INS 63,!11 0 lU 
INO L.J U.l 
IHO 11:1 , ... 

...... ~~~~-... ,. 0. INT GO,F IU 
E.O 1H1' M,:U a: u.e 

10811 .. IU 
)LJL I Nil fll, p >-0 IU 
JW JH1 ~.)1 " 11!.1 

f1FME .. .. ..... 
•• furthtr •~tiona and inlennith:n~ bl ..... ling fmm a tluod lUll ul~~r 
lei) \o clf)lletlon of Iron lltol"aa ( Tahlo lJ ) 

Ia R. B tho •'-"l•lion of both ml'tala wu lncnaorolt•r~eor to ln:'llln• nt a111l 
clarbiiJ lherapeutlc nnNl'l!tlona. 

C...U alnorpli<nl '" t<hOJIIIIIuc lltmt>tllrumoltJril Thrl'l' '111111< lurn' Nl a! .. 
10rptloa of both bon ancl "''bait In 3 out or tlu .. 4 JIAtl~ut• ('raloll' II Ju lhr 
fuQrth, J, 'V, thl' abaoi'Jitlon o( robil~ wu raloffi, l111l Iron al..,rvtaon " ~ w1lhm 
liCII"'UI llmlta. 

B.liortMlp btlwt 11 cob<1ll alld tro" t~blo'1>1inn A lllahl) •I1J11ll1r nt dal'('('l 
eorrelalJon wu pl"f!!ll'nt t...\wf'C.'n tho hatei!llual al,..>rJ•tlon ur lnon and 1l ~It In 
1M ooatrol•blteta wlth nonnallron !'1oma and Iron ti<~J>Itotann (I' 01101) T11e 
41Gft'Glation C!Ot'meamt wu OM !I, and th" mit l"ffl\1 wu ::!:o Jl<'f ... nl on lh• ('Ol•lt 
••la. A tdmllar cUI"ft'l ~n.latlon wu nbwnC'tl hc\WN'n '"" at-rJ•llon nr in•n 
aad eobalt In Uta patlcnta with faU:r mRhntlon anti drfl'"Mrallon or th•• lh • r auol 
portal elnholi1. Tlae t'Orftlatlon ...,.melo nl waa 0 71>5, an• I lull n" rot wa.o :t~ l'"r 
eeaL aa tile eobaiL uiJ. The l'f'ptWion line for thn t•omlnnrtl ,...,.ult• in the eon· 
U'CilMlbjeelaud patlmtawith lh·rrol~ t.clnn lnl-tiJ I 

Jn tile patltula with Iron onrlt•d, Ill<' nwulta, with on" c 11'f'JIII•an, .1 W • 
tell aiiiiiC tile apro-r p.rt of llM! l'f'CT•elon lin eo rnurul In thr ront rol a11hJ,...,. 
IUid patleata with llwur cl'- llowawr, wh•n lh mndta w "' t"Ontlokrl'rl 
•1111nt.e11 tbllr relatlnnlblp wu not •tdiiPII'nllT llnr.r for nlltl ... umateo or """ 
If In I on to be maalt. .,..,,._,,.lp Hllfte~~ lit falullaol dtorplioo! elld 11naerw tzcr~ltoll o/ r11-
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S1CDIIP1CA~ OV ALTERATIONS IN IRON ABSORPI'ION I N 
P A'ti&N'IW WHB PORTAL CIRRHOSIS 

D•- o....n- W 8 1.1.-• .-.., lui T " 
.1-R s- •1 0 ""'DL s V 10 
0q.IMmto ,_..,., 

lnena.cJ ll"'ln • rpt 
rhcai. and hv r d 
raiMd iron b 11' 
quatcly I 
orlh~anr lr 
IIIPI~d Jlrun r1l 
nne of n r JK 
c:trrhtMt I 
and h• rr hwtt~\' 
pallmtA '"tlh po:rt>~l 
C:l8ll'd WJlh nr rn 

I 
rr 

tml IIUbJr< '" th c<>m'P-1'" 
amn abtorpl n found 111 1 • 
dertlrltd non I nd an JIJ r Jl 
th.-nt 10lth carr! nd 111 r I Iff I r 

omn 

10 

r 
r 

" d 
nd thr 

rpllan an 
I II II 

non!l 

10n.• In tnnt rn 1 An t!Uippror ra '• n r • b:nrJIII :> 
tl'Cted In :t palumt "1th portal clnl: o c mpllrotcd I 
and m 2 plltltml \\1lh canh011 an .... m II n~ t1 
h• u dtKA&e or lhco 1ron OH'rk:od '" lh ~nmnn • 
tolup wa.• fuund hd w n tJ, I"' I f ~ I 

~ thn..po II nc f 
tamm R lh r I\ r th r dc,c.loc 
ot a portiiM\ I <II nl l'ht r d 
llon 10 portlll 1rrh< "' I 111 
wtuch n P' lml I nnl 
rna nov. 
ere<~ d 
brraluo 
hut th 

1 I numbrr 
h nonr1 

• 

n rnr 
n rr 

urn I 
r 

rho 
r JY>'I I 

II 

•• I 
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I otw M.<r. N 
Ill u \ 

...... I I ~ Mr ( 

" \1,.. T•"Y trm 
" I \f•rp• 1• \lr f \tr• 

,_,... .... 
H.a, Q.r a I 
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VolU. No :r 

Jmr~ 
~ w the an. 

ol opeaauaa 
.. ..,...but no 

,_ lltar, at the 
bloply lhowtcl m

t.ion - CGmd at 

cantina to the following criteno· 0 abMnl, 1+, 
1 to 2li ol ht&h pot1tr r~tcb I X 5001. ~ 
t.oiAtcl atatnable non. 2 26 to 75 o( hich 
power faelda, :\+. 76 tr 100" uf fi Ida had JI"UI· 
ulea In thnn, 4+, dtfmlte blu .Utntnl ~iJlble 
upon naked e)O 111sp«t1on of 1dl'll due to 
larae dumpe or hrma.td~nn an ~I rulum cdJa 
and in nlraccllular foa i'::-:::::.thet the Iron cwertc.d ante

' t Ia the othar 3 .. tim.._ V. 
.ad M R. - bu11d on the flndtnl 

U.. ll&op.y ..,.dmm ol at_,. .. 
Gilt ol JII'CIPOftion to tM depee or 

NCurD ollnw fUDCtiua to normal fol 

Li11~r lhatoiiiiCIC:al Mrttl 
&p«tmm .. rrt ltAanr-d fnr hr 
thr Pru ... aan hluc- rnct nrl 
&nnalllftl 0 to 4 + I(IIIC' I 
thOM deoaahrd b} &k1!rul 
l),.lrm, 4 I "~adcrod ahn 

l ver blop.y 
rm with 

rlrd ~ an 
mlt.r w 
In thiS 

,_ Ill !:Cion t.hcnpy and tha at.mn: o( 
a ol chronic lllenhollwn Patient M R. 
W a palillw family blltory of h .. moc:h"tm•· ...... 

Al_,l"ftffml of tn.J Aboorp11011 

A t• dl. of 2D ,.moloa of fenoua aocorbato 
-linn at I - and 4 PM on 2 .. cc 1 "-e da~,. 
• d.crib.d pnv;cu.ly The ot-rptaan of 
the t.t t'- - cakuloted (rom the radaooc
drity acmod 111 the r-

Ollin M f'lhodo 

S.U.U uan and un•turtlttd 1mn-bandin1 
capedty wwn m-.rtd bv the method d ... 
ecribed by SchAde • The plaama 1ron clnr 
- nte IPICRI and tha plaaua '""' tumO\n 
n&• IPrrRl _ ... detnmhwcl h) tlw mflhod nf 
BodnNII ec aL SftWD folate ,.... mltillrt'd 
b)' a minobioloP<al -y UAII\I IArroborallut 
oa n • dacribed by "-"" •t al ' Thto nor 
.al ..Woe .,. ' to 1!> 111 pn mi.. t'olat• n>n· 

~~ bee•...., I and • .0 111 ~· ml '""'"" 
c .. ndfttd bordeiltn•. whe.- ••lu8 of 3 0 n1 
or 1.- _..,.. de("anately lnw Snum vuamln fl 
- -roc~ by tlw mlrmhl lot~laal m~t!Mid 
dRn"ibed by ~ :;tondard protftiur"" •tt~ 
........ ..s f<>r the uo......,.t'ftt of h•er functton 
wtlh tha bttcD -JphoMm lftl prt>Uin •Jc.nroah,..._ prodlrcablfl lillie and ..,.... baliru 

el\el- ph~'- and PuiAIIUC aul
U m•.-c 

Staruta al ~I II 

Studrnt'• l·tr&a" "" <I 1 
dirrorconro I>C"t•«"n rrsulla I II 
•·anances ,. u teaatd h~ thr f 1 I 
nor a llJlllfiCIInl daflrrtnt< ,. 
th" ""'""""' lh" Cm Cochran 
appbrd '' 

Iron t\bJorpt10n 

lnnl«' thC' 
hty of the 
nd •hen· 

'ld ...... Hn 

t :n -~ 

/"rrlll'nl.. u 11h olcohol1c fall\ 1 rr nnd 
norma/ aron Mar~. The OH ra uun tlb· 
R~rpllon tn the cuntrol ,;uLJ(.'(I "1 .!I! • 
"''"a rnnKt' of 17 tu 3.<;' N1 nlfiasnt 
d•fft't<'nN' wa• found IK't"( n H~mlt-
ab~rptaon an pallenta wtth fat h•rr nnd 
the control ~:roup (IDblc II 

l'atunl• 1111h portal crrrlu 
mal uon u '"A The rot;an 111 n 1 rJ>lion 
10 the Jlllttenlll "·uh ronal , arrl '' tmd 
normal arnn •t(ltt"' wn.~ •lmtllla to thlll in 
thr rnntrol ~:roup "'th comp.~mllh 1ron 
atorc-s ltllble ll Thl' roult m tho :! pA· 
ttenta w1th a ponamval ahunt w rc wathin 
the ran111~ 10 tilt- control eUh t<l 

flllll'nb 11 lila portal curh and dl'-
pl .. rrd 11 n run·• In C'<lmp!lrt HI ,.1th thl' 
rt"<UIIJO 111 the control <ttbJ ru wath normal 
tmn tOrN' lh~ 11\l'riiJ:I' nhiofTIJ)nn l f ltfll\ 

•"ll annriUC'd an both th n ntml• •tth 
Iron dl'fiCtf'n~ nnd lhl' PJIIIC'OI .. With <If 
rhou~ complicoltld b\ unn rh flrl~n~ 
llahle 1) The tnC'tt'd!H! \OB; equal 10 hoth 
puupe Aboorpunn m the 2 Ja.>ll~nl "'1th 
por1acaval ahunt ..... ha~~:h r than 1n thto 
cnntroo but •uthtn th" lrn-«"r pnrt of tht' 
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aaarkedly o~ on I 1 u 1 
CIOIIIpenMted nrrh II l1l I 
folat. ac:tovot) 'lnlll ' n II 
nlalion to the: lrvd ol 

Relatoorulup btt 

1 

• 

• 
• -
• • • 

tl d 
~rum 

lf!rUrro lllfQnloll 8 , t 1/0 rplll I 'l 

patornu u otll 11 rtr nl ' • tlrf,. ot m n 
•torr•. Paurnt r eli~ • 11 • '"" 
I"IUJI' one: .. nh nunn I 1 n t ~ •nd 
the otbc:r w1th oron drp '" II I J!.a..-h 
IJ'OUp WU W\xli\ldcd Ill!< b 1 " 
dermttel~ ro d fi nt 111'1 thr lr~;.;:r 
leNni folate: I th 
whldl .....,. fn'lat 
fGiate conantratl 

offtc 

1111 No R!laUonth1p 

• 
I 

~-- tht' wnml r I I(' In I 1 lh I 
~ of unn 11 1 1 1 I"IIIPnt \\ th 
lither normal w d 1 l 

No relatoundt•J• 1 wHn 
~ Yltamln B 1 1 

.... ption. but th 
~in pal n 
... biDIIM~ 
'&tbd .,_ aboorpt 

l)bcunion 

Uldw normal 
•ptl a 11r ncuJa d I 
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lrnn ab
o( bnch 

d C r lfTII'I. 

tnlloo&&nal Wl' 
unknotm 

195 

manner to enlwnee Iron ablorptaon and. 
whea Iron 1tora are replete. Iron ablorp
tion dtdfna to valuoa lea than normal • 
The re.ulta ol the: prwe.nt atud) ondocato 
that Iron dc:Ocien() 11 • rommon aaUit' of 
tna'Nitd Iron abeorptoon on cmhc.la 
Th&a probably nplaol\11 lhr diacnpan() 
bc!twc:c:n the: rommon rindln11 or onr~JUed 
tron al,..lrphon 1n th• d~rdrr and the 
mrrc:qurnt OttUITt'nn. or 1ron II\ arloull 1n 
corrhoaoa In ...nne: or our JNOllrnu the: 
1mn ddiclrllt:) •n~ ncnJlt and nnb llt'
r lnt' r\ulent \Oihrn tmn '" ~ m tha bont
rnnrmw \\"t'R' •- rd 

Ahhouah iron ohso11111111\ "'n rriiUinlnl 
on ph) ool0111<lll mnnnrr h\ rhc- 1u or 
IJod~ 11{011 ll>rt.':' In ffiii!JI nf thl' pjiii~OIA 
w1th JluttAI c1nh• I• thlll \\err tud1f'd, 
then: V.(lft' .a palltnl "11h nn uutppropn
nlt' lnnmJ<! on nbr.orpiiL•n (labl" 11 The 
J ulta of rum IrOn, Un...-slurnlc-d Iron 
htndmc NJliletl\, Pml and unn alloo111 
11 n 10 thr.<" paltrnb "''"' tn<h•tln 
lf\ll IJit frt>m th,_ 111 1~11~n1 wtlh 
1dulfl'lthl h<'morhromnlnw. l'hr nnb 
dorr rrnc(' f"und bc>t"rrn rhn t"o cond1 
uon " thr compnrutt,·rl) mall 1n 
en:, 1n 11on ab.orptton 1n I ol the pa 
lt nt.. \ D "'th K'CUnd!lfl Iron o>erlood 

The Crc-qucnC'\ or IIlli\ ...... rlund N><'tlCld 
r t 1 rtal cirrhtKu ~ uncrrtntn, hut 11 

lhr htanturr UCJ:l"! thnl 11 • 
WI ftnblr fll Therl' Jl~ I hi IJp 
1 \trnb rcportrd In th 1-J,III .!1 

1n "h m portnl c: rrh " 
nt~tr liw d""el"l•mrr•t • { 

1n: m. rl d nnd 1n I ur th• 1 lhc-
dmtn 11111100 of •ron 11011 hlood trnn~>fu· 
1 n rn11kr 11 diltintlr l<t n- lhe lrn· 

JJOJ'Iar1Cr o( mcrl':nrd 1ron 111 fJitlnn 10 
th da.elopmt'nl ro( thr «ndilloo In 

o( th ,..port • of iron '"rr 
ood ~phcuton,: nrrhc• it " nttl Jl< 1· 

hie to dt1rnntn• whtlhn thf' li' ~r dl-'<' 
h ron 0\ -rln:~d ,.., thf' muonl d onr 

( 1 I r I • _, 

drr b«Du..r th lC<JU('O<'t' '" 1'\ rnt.o •• nM 

cl~thoollh tht' rroulr• of thl• !>tudy do 
d a ddiniiiV. nplan1tlnn (Ltr 

not ""'" r" r~t• mrrf'll.., In arm .,.,.,,... 
thr ,,..I'V Ill' • ...,tlrnt• wtlh nr· 
t tlwtt occu,.. on ...a •-
,;:: they do lwlp to nrludl' • num'"'r 
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