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+3 asfer of 1ron froﬂ i (,proteln-bound form for 1ncorporation

;'1ntafprotoporphyr1n in tha process of‘haem hiasvnthesis.v;i

‘e_measurement oi irnn

A teshnlqueﬂh& hehh;_ lr
_wglncorparﬂtlng an?yma activity 1n:haemolysates of rabb*ﬁ bone marrow

| jiif;containlng a known number of red cell precursors. , mhe mﬁthod has aeen

‘di;. ﬂpp1iea§to m&rrows of normai and bled”rabbits..‘ In the- bleh animﬂl

‘:fﬁffffthe enzymic activity of a unit number ,f“cella was greatly decreased

iifiaa compared to normal but was inoreased by the adaition of reducing

Vﬁﬁ;#éubstances. This*would'indicatﬁnthat ﬁhe marrow resyonds to blood

’ jf;;iloss by an inerea a%in:the_praductlon of cells Iather than an increasad fff

”,f?bapaeity of each 9911 fbrm haemOglobin. ! The enzymio actxvxty of

':ffé;liver homogenates was al"Lmeasured wn noxmal and bled rabbits.

 i“_7thia tissue there was noﬂdifference in the enzymic aetivmty per gr&m

*deficient and ana@mic- here was an 1ncreaaa n iron 1ncorponation as

i?F-:r:f:m""f't!:r.xs, it is clear that ﬁrﬂﬁﬂ changea in the

mﬁ"compared to‘n rmal“?

“%:ﬁisize of. the iron pool will vitiate the:correct inﬁerpretation of resuli_

vffﬁon the measurement of haem Synthe”1s7using radio-iron as @ traclr-u

Nakao: t\a1 (1960) have Buggested‘that 1asma samples from a variety

'y

of ‘Henatological disonera possess a factor (or factors) sbimlating

. hom syntheais as compazed to normel plasma; | The 'hacm-stimiating




. i‘or the ws'ence of a g;peciﬁu haw’m-atimulating factor in humaz; plauma.

statiatically signiﬁoant aif{ mma m; been shmm between

"if.:_», the abaazptmn n mdio—-zrcn n-iven along with a. atandard meal‘,

Fi.-;"-,pa.timta m bh amd p:cesent :Ln th@ir *‘gaatric, juice an& patienta :withl‘a
, hi*s*t;amin‘:"" :.aeat achlothydxia. ¥ ‘mt '.‘0' “these re;roups cf patients wem

| :emaemit, and horr‘ ’aa zm abseme Qf A sstaim‘ble _'imn :tn 'bhe“bona marmw
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striking increase in the smowat: of iron absorbed from thi

nris converted 1o




o m*’amnta with +masg am} athar anawmias :Ln which haem i‘m*mﬁim may

6 N o T L e
A cen . - ’
» :
. e ;
X .
SO

(Dmum, S}mith Mita ama “'fallin, 1959, Hen.}.myez», 1959)
- mum ahvioualy bee of vﬂw ta aatabliah ‘a methoﬁ :i‘or the

- &eﬁeminatmn m‘f‘ hemm fc:rmtmn :in the han@ mm and blwa of

he impaim& at the atagra of iron incammtiom Ifmv:x.ous mtempts
o cgmpara the haem formtinn cd:* ?:he ‘bnne mmw ar ‘blcmd of one
| an:iml wi th zmother hwm sham comidemble vawi&tion (Galdbez‘g:
o . Cartwright, !
Ceb 'al.,r 2!.5’1,;6; bchwartz /omiﬁh, a.na &k ntroba, 1959) ‘i‘lwms (19}5)‘ :
' eempamd different mfemme at&n&arda maluéing fat fme dry
wesig;ght 'y nit:mgm eontant, hm -and mm content s *t:a’cal cell camita

~ and- ﬁiffemn’sial c:eli}. ccunta and, auvgesﬁed ‘hhat tha bast standar&

;ﬁ‘or cempariacm appaamd to be th& numbar af red uells»
Iron :z.nccrpomtion mta :9mtapox-pm:m my “also: be. a:t‘fac’caci

by the humc:ml :i'amtora mspanaﬁ.‘bl«e f«)r aontml of erythmpaie:sia. '

B The. amﬂy faf hmoml arythmpuietia factom ba.gan with the much

, qmtea pa;_:er b,y f}amot and Elaflandm, (190( )- das«:mibingg the resu}.ts
of *t;hair work on mt:bi'tﬁs s in whirn they biuﬁ a ::-ab‘bi.‘s 30wl a;i‘

,Jt"hla«ad on om s&ay- and cm. the naxt ,day bled the zmiml aga,m and

’ ‘mjecta& tma sarum intc a namal mbb:i.t. ‘i‘i?hea red r.mll caunt in . S

vt!rm rmeipmm maa m:vkedly wi"bh:i' »24 hcum.. A Buring the next

forﬁy yeam *bhere were mm:w m‘si:emyts to mpa&t *bhese f:{ndings 'but ':.

the msults wexe aonﬂict:img and incancluaiva, -

Dﬁ.mat avic]enae :f_‘ox- the mciatmce mﬁ‘ %mmoral faatom can%mlling







| necessary ‘b0’ deternine the




INCCRPORATICH OF ITIORG.IIC IRON INTO

PROTOPORPIYRIN FOR HAZN FORWATICN







'blood by the ‘Following method.

serum is .removed from
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1x1076 X105 X1~
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TABLE 1.

GSH and aaoorbio aoid contenta of three liver homogenatee

before and after dialyela agalmet eater at 4~ for 22 hr

_Ascorbic acid GSH

iixg-lg. of tissue) (/Ag./g. of tissue)
Before After Before After
dialysis dialysis dialysis dialysis

161 8 2200 400

177 6 2200 600

169 M 4 1800 300
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°/o UPTAKE
>9 Fe

30-
20- o

1O~

T |
X103 Ix 1O 2 IXIO

CONCENTRATION OF GSH (M)

iy »n Effect ef varying _o

tratians'af re&uaed | ;\” |

glutathione on the}iron incc:porating anzyme activity

- of dialysad rat 1ive[ homagenate at pH 7.4.
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CONCENTRATION OF DPNHYT(M)







errous

£

e .

id.

s

Y .
PR AN

tio

e

TR

n

A
cysteine o

¥

o el




TAMNLE 111.

Comparison of iron-incorporating ensyms aotlTitisB
of intraeellular oonstituents of rat liver homogenate in snorot
and the effect of ascorbic acid and reduced glutathione on

these activities.

Incubations were carried out under standard conditions at pH 7 4 (see Methods section) with 1/xc of ™¥eClj

and 20 “M-protoporphyrin, with and without the addition of ascorbic acid (2 mM) orj**H Control
flasks were made up in the Mne #ay as the test flasks but contained no enzyme souroei j
Uptakerof ®*Fe/ wet tuina (%
Py SR gl et tina (%)
Kxpt. J? Witllvi** Wlth
addition ~rbig * 8 # OSH
1 « .87t 84
Nuclei 12 o .
12-7 68
8and cell sap S'S 18
0-4 <0*1
381: 40
2-2 19
63 42
Mic: and cell sap 18 1 15

Control 0*2 <01
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TABLE V.

Comparison of iron-Incorporating-ensyme activities of
intracellular constituente of human liver hcmogenate in sucrose
and the effect of acoorbic aoid and reduced glutathione on these

activities™

Standard procedure” incubation was followed at pH 7 4 with [ nc of ~&e(l.,, and 20 /iM-protoporpbyrin
Ascorbic acid and GSH wvro added as indicated. Control fla > ' ... s0dium chloride solution in
place of a scyAaofenzyme.

tissue (%)

With
Expt. GSH
no. (6 5 mM)
I Homr _ 444
No enzyre zooree <0-1
Homogenate 109
S *t*ondria 28
# VSniayme source
flomogenate 153
Nuclei
Mitochondria AN 40
MicroiBBBB and o#B sap
No enzyme souifoe <01

* D-Ascorbic acid gave similar incorporation.



TABLE VI.

Iron-inoorporating enzyme activities of samples of spleen
from a case of haemolytic anaemia and Arom a case of myelofibrosis
and of samples Aroa two kidneys; effect on the activity of these
samples of dialysis and of the addition of asocxbie acid and reduced

glutathione to dialysed and undialysed saaples.

Tissue samples were homogenized in sucrose and incybated with 1~ of “FeClj and 20/xM-protoporphyrin
under standard conditions. Control flasks containing no enzyme source gave an uptake of ®RFe into haem of less

A

i a t .. Up&iknx)f>f!?,Fe/g. of wet tissue (%)
_ With With
ascorbic acid GSH
Case (014 mm) 65 mm)
Haemolytio anaemia > Spleen homoymat» 13 IB 27
Diaiyaed spleen bomogenatO 0-1 20 12
Myelofibrosis SApEﬁ’\heEE%enate 54 128 151
Dialysed spleen homogenate 12 19B 3M
Nephrectomy (renal calculus) SMp#y homogen%ote 0-7 57 422
Nephrectomy (renal neoplasm) fiSney homogenate* 13 40 12-8

* Sample obtained from non-tumour-bearing area.
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) ‘-and rat tissues.» D:Lalysls _ﬁof‘ tissue homoqenates not only, caused"a

B“"bs'tmééé” Me.zur, Baez Shorr (1955) have su{'{rested th&t ascorbic S

B acid and G H"'mi oysteine mobiliae fermtin iron for haemoglobm

o aynthes:.s a.na the present atudy has certainly nonfirmed ”s" e‘ im'_pormn R

hear:l.ng Of ascarbic ae: d ,’” i GSH and cysteine on the mechanism cf i

T <~4_,“:'iron incorpomtiom




NCORPORATION OF PROTOIN~-BOUND IRON INTO

PROTOPORPHYRIN FOR HAELD FORWATION



’. 5 gcy’coohrames. 'I!he remainder of‘ t_h‘ bod;y‘ ircn ia ei’aher atored
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MECHANISMS of IRON TRANSFER

GSH ' ‘
FERRITIN | mmmmmmm— ), « . orbic Acid" Fe+
Cysteine
Fe ++ Xanthine Oxidase

GSH

NM
v

Ascorblc Acid PROTOPORPHYRIN HAEM
i ATP —~~ 3

Ascorbic Acid Homocysteine
DPNH

S _ TPNH

Fe Ascorbic Acid

GSH
SIDEROPHILIN

Fe #+

-

1 y QA. Swmary of previous studiea on the mechaniam ef iron

transi‘er 1;9 and from proteins and in{:o protoporphyrin.




""V.ftl'{.i‘houra at 4°G. in or&er to remov- any unbound mdioiron. '

.......

- and 2 5(}0 units of heparin. . Af‘ber 1-1-;5 houm the animla were oo
N anaeathatised with ether ancl k:r,lled by exeanguin&tion. 'l‘he 1iver ;. Sl

‘ms perfused through the portal vein with ?0 ml. .9 pez- eent

sodium chloride to remove trappad plasma‘ .-“-,'-“The org&n{ &3;

= exoised and hcmogenisad in"""" ca-coll | OvREMsucroae to a 20 per‘:aent"‘

,‘ homOgenate. Thia was dialynd against :lm -.fren vater for about ",20 -

"?-"speciﬁc activity of tha homogene.te aftar &ialyuis v'a.s »ab,out 0

05 E.LG -‘

L :per g. of tissue. ;‘ One-fs.fth vnlumo of TRIS buffer O.

. .as then added to t‘ge homo,genatm \

' A}Iuman semm. i L

Human serum v’as incu'bated wi’ch radio-iron for 1 haur at room

temperatum. ’ The serum :lz-on concentratloniand total iron-binding

| "r‘ca.pacity had been detemined (Ramaay, 5':1957)._3*'e.nd enough 5915’;013

(apeo;.i‘m actl‘ 5'-3' uc. per?'y.g. of iron) waa added to the aerum

_‘_Ai‘sample t‘o fully satumto the iron-'binding protein.
' Each sample uf sarum and dialysed 1:tve:r homogenate was ultra-

| filtered (GOIdberg’ 1959) for 3"6 h‘mm a.t 76 cm.. IIg- pressure to o
ascscrtain that all the radio—iron vas“p;fotein-bound. , In no caaq was

| :m"z‘e then 0.5 per Oent of the iron vlirafidteale, I

Serum namples wex-e aubjected te ;paper electrnphofosia forr 3.6

' houra at 1.2 milliamps current m & ba.rhitane buffer pH- 8.6 and the

paper strip ‘WS scanned fo:c radioactivity. : The mdioaotivity xwesidod
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RADIOCACTIVITY

c.p.m. per
0.5 cm strip
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2.0-
i
[+ ]
w
L1}
X
S jo- .
D
o ! -3 ' 2 ! \
i x10% 1x10 1x10 1 x0T

Concentration of Ascorbic Acid (M)

e

’ﬂh@ ef:i’ect m varyinar concentra*hiona c:t‘ aacarbic
,*aeld .on ‘the incorparation into protqporphyrin of

iron bound ta human siderophili,n.‘

TR




et e M S et e m e =

1
| -
| %% o]
UPTAKE %( 3
59 Fe '
20
B
10- |
1 1 [

-4
1x10

-3 -2 ~1
1x10 1x10 1x10

Concentration of Ascorbic acid (M)

L Pliupe 1240

The effeat af aryingr cencentmﬁwns af aacor‘bic

acic'i on the 1ncorperaf;ion into protoporphyrin of

iron hound to mt liver prctein. L




UPTAKE

%o

59 Fe

1
1x10

1x10 2

1% 10

40—1

30

201

10

1x10

GSH (M)

Concentration of

e

Vgl




4-0
L 1]
mh- 3.0
1]
[ 1)
5
a 2.0
>
=
L)
[+O-
-4 T T
1x10 i%x 103 | xj0™2
Concentration of GSH (M)

I -
1x100




%, Uptoke 9re

0—0 GSH & 5x15°(M) Ascorbic
+—+% Ascorbic Acid Acid

Gy GSH

|
1x10% 1x107°

Concentration of GSH or

1 i
1 x10? 1x10°
Ascorbic Acid (M)

' humAn’ siderophilin. .
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s gFe

*le Uptﬂ ke

-3 | S <
1 X10 1 x1G2 1 x16'
Concentration of Cysteine (M)

E&gggg;gké. - Effect of varying concentrations of cysteine on the
o inparﬁbration into protoporphyrin of jron bound to

 rat liver protein.. R




s
3
-2

°/e UPTAKE
' 59Fe :

6_

I 1
1x1073 1x10°2 1x1071

Concentration of Cysteine ( M.) |

| Bffect of varying concentrations of cysteins on the

incorporation into protoporphyrin of iron bound ¥o . .
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Concentration of DPNH (M)
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TABLE VII.
Effect of izteremming oonoentxmtione of adeonoelnc triphoophato

on the relcaaa of iron bound to imt llvar protein and to eiderophilin

for incorporation into protoporphyrin.

ol From FroiVi '

ATP VMO rat livefl» huitnmi b/v

.n iarglc” £I t .aysfpphllin . tn.
5-9% 104
2 10J
1-8 X 10 3

yath — FitOTsr w
T A

ANAe2 X 10 2
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TABg vni.

SffiMt of aooGOEblo acid, gltttathicna, oyatein» and
raanood dlphoapbopyridlno nuolaotido on tha inocvpcnmtion into
porotopoxpl*Mrln of Iron bound to xnt livor protein and to

aiderophllin, for Inoorpozntion into haem in the preaeooe and

aboenee of adanoaine triphoapbita.

Svpe
Addition,,,,.2- » , M)
Siderophilin
Ascorbic acid
1y 10-

o« A
A

4-8 X 10
1 X 1Q2M

y H DPKH ]
3"¢"> 10 3M <F

Aat liver
homogenate

Ascorbic acid
3 X 10 3M.

GiutalhiMK
110 2 10 4

1 C\}Sltﬁs%#:






\ dei,mt dwent incorpomtic«n ei‘ fe.z-mc mxm im:o apoferritm but

'Eeufp snd La.yer (1955) h&ve demonatrated ﬂxe airect @take in vitm S

\t l

N m‘_‘ fe rmua imn ‘by apcsferr:l.tim Amorbi "'m:ic’i ’ham bz;,a:m Jcound

} By Jr'mc*bem-a: Kaabekam ami Loema (19;9): ._. <> be o h:lghly sneoiﬁc

:iwim:*,.m:r uhe npm};a mrx’: :mmmn:m mmﬂ‘ imn :Lntc ape:faermtm» ,_};;‘_f

Ho m;im:f: phyaialw-ical mdmim» aubatanca m&diatad thiu incargcmtion o

' (i’mamm ana E‘inebem, 1957) Thta inct}:t'pomtian of plam :L:mn inta

; hcmaticz mm-itin mquimn aescorbm mid and ATP ( llazur et al. 1960,
~dn the jpmamt atudiea A’l‘? pate}mmted the releaae o:!“ ircm bound

o czidem"phil:m For ham bioaamthe :13 when adﬁed to the syatm alone ’
and it inera&sea the. pcxtentiation pmf;iuaea by the addit:ton of aacorbic;

| vaeid, ZW‘HI and tc e. 1esser extent, oysteine ’ (Tahlca VIII) A‘I.‘P diﬁ -
not, however, potmtia*be tha releaae mf imn bcund ta mt l.ivar | - LI
prouein t'nd wshen aﬁdeﬁ tc the system alnng with ascorbic aci&, o
{flubath&me or cyai:eine - it eauaéa a slight deerease :’m 1nccxpomtian 2

':!-‘(Tahle VIII) &uimugh M?L has an impnrtant mla in the uptake oi imn,f’.-.f .

frcm plaam pmteina intg wrri‘ﬁin ( azur et &1- 1950 196}) and 'i.nto ‘ o

hmm it dcea not Appesr. to bo cmnc:‘emcd,f*:m the:: rolease of i:mn fmm

: ferr:w]n for ha.em fomat:ion. Nishiéa and Labbe (1959) have i‘urthar

= ahovm tht mP haa m; eef:t‘eet tm tha incc:rmmtim oi’ imrp&nia *Pemic
imn mta haﬁm. ‘.“L‘hca other suhsmnooa ‘tsmtsd aseoﬂmc amd, GSII

‘ cya Leim, end DM’IH were a11 ei‘faz:tive in mleasinr irfm from it"z R




MECHANISM of IRON TRANSFER
for HAEM BIOSYNTHESIS

FERRITIN J=c=ccmm s m e e e b m e eaam s Fe +

Fe 4+ \ /
x Ascorbic Acid I

AR GSH : :
. N Cysteine ! i
. . DPNH -
I ~
[} N ~ .
1 ~
: N |PROTOPORPHYRIN
1 A N
1 “
1
FetH Ascorbic Acid
SIDEROPHILIN | == _ © SH N
ysteine o)
D:{_“: Y| Fe ++
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MEASURELENT OF' TRON INCORPORATION ToT RELATION

TO IIARROY CTLLS AND LIVER TISSUE I THE RABBIT
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. '; then dried at 110 C for 2 hours. . The glaaswa.m used waa’wtre&tcd

‘"ff?".j':::i"f:%:mefé;iz'f‘,‘ rta of . syringes s"fto inbi .it” enzymic activity di‘ blood

. "E.‘«ancl marmw- tissue. "ﬁThe b@ter?thmughout was deionised by passage




| :,_I-‘Bm tme: undar presaure thraugh K _ ,ﬁainlens satael mmh (size' AQQ;

appwx:im&tely 9.686 ‘M swﬂm) In *uhe; maumim &uﬁpenaﬁ.nn tha et

o ma:m:*aw c::el:!.s ware seen harhes mammtamm sy e&hmpa ef tw o i:hréa

“ e&:ang. : ’I.‘ma.l aell : 'tmts, -bet&l nualeateﬁ c.erll comts emd 'bna

_ mmem"uage }retﬁ.culocftea

m-e ﬁstimatﬂ&, tming 0.4 )0.6 ml. ei‘

'\,thia mmow auﬂymaion., ; he nell auspmaian wan aga:i.n apun a*‘s 200 g




PREPARATION OF RABBIT BONE MARROW
All steps at 4°C

]
]
o
h!
|

Total available marrow
from 4 limbs

DIFFERENTIAL COUNT

) Marrow suspended in 10 ml
| Hank's solution

S o ! Suspension forced 4 x through
. coarse steel wire mesh size 40

. Suspension centrifuged
1 200 g 10 min

! SUPERNATE AND FAT /

. | DISCARDED
Cells suspended in IO m!
Hank's sclution

Suspensijon forced 6x through
fine wire mesh size 200

TOTAL CELL COUNT /
RETICULOCYTE COUNT
; NUCLEATED CELL COUNT Suspension centrifuged

200 g 10 min

SUPERNATE o/scxnam/

Cells haemolysed in HoO 5 min
TRIS added to isotonicity




f1utio" 1 vas. added o aalutioh g,.% y ’l‘he
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65 70 75 Q0 85
DH

Fifiir# 21. Effect of pH on the inoorporation of radio-iron

into haem by a haemolyaate of $0 z 10 rod cell

precurcorce
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Figure 29,  Effect Qfl'iﬁcreq\sing_mmiiérs of v‘réd‘f qell"pi"e'ci;x:aoi:fs RSN S
. "~ on the incorporation of radio-iron into haemi: . -
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°/e UPTAKE

1x10

1%10°°

1x10

Concentration of Protoporphyrin (M.)
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haemclyﬁate'nf xed cell precuraerz

§
:

5

hane marraﬂ

incorporating,




. Haem fom&tion is proportional to the amount of

_protoporphyrin added ’ up to .2 xl 10 5 Lﬂ prctoporphymn. Thie

concentmtion waa ugaad ;m subsequent experimenta. ‘l‘he :cesulta
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o _Vof the'marmow reticuloqyt

Incorpomation ofuradmo-iron 1nto haem by marrow cells.

*‘Resulta are‘expresse&,as‘the pernentage of added radio-iron

._"‘yis x‘;ioE

':ZV}*f Whlch was incoxyorated into:haen. immature ved cells. Q;?[v5:+:§;f'

::ffect was measured o ;varying concentrations of" asoorbio acid

'“:glutathione

and* oysteine_on the per cent uptake of radio-iron ffff};«5r-
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°/e UPTAKE

59Fe / 50x10° Cells
15

10

| T 1
1x 102 1x10°4 1x1073 1x10°2

Concentration of Ascorbic Acid (M.)

LY
L

Lj‘fect of lnweas}nn aemontmtlon oi‘ qscarbm a.c:id

on the ineorpomtmn of mdicv-z,ron ‘Lnto huam by

R bbi bone Inz “:mw haemolysate.




°le UPTAKE

39Fe / 50x108 Cells

10—]

1x 103

1

I

| R 2
‘])(10-4 1)(103 1x10

Concentration of Cysteine (M.)

) ,.Ef{'m’{; y(}i‘g :imm&

: ,the :maarpomtms ' of‘ md:i o-iwn mic ghmm b'y* mbbit

el mn:;‘bra,in ol of cystaine ~on’

"br::ue narrm ha‘emclymte. . .




°/e UPTAKE

S9Fe / 50x106 Cells
75~

5O

2:54

| T |
- - -1
1x 107 1%10°3 1x1072 1%10

Concentration of GSH (M.)

: ,@‘,‘_,%Puw o ol i‘fect oi‘ 1noreztsi~1g coneen'hmimn Qi‘ redw::ed

lu*haﬁ;hione on ’bhea maorpomtmn of" :cadio-:wc)n :i.ni.e SRR

"'haem by m‘bb:z.b hcme mrrow haemolyss.te.




TABIZ XI.

Inoorporation of rmdio-Iron into boom by hoomolyootoo of
bone aarrom from normal and bled rabbit# and peripheral retionlo-

oytea of bled rabbit#. Roonlt# are ezpresoed a# the mean vain#

- standard deviation.

No. of R% substance  Per cantt incorporee
Tissue sanplés I tionof "Fe par 30

million cd,

Bone marrow of normal rabbits- 12 12 +0.8
12 Cysteine, i.0 57 £26
6 Ascorbic acid, 0.5 9.8 +3-9

4 Glutathione, 7.5 55 +24

Bone marrow of bled rabbits 6 0.06+ 0.03
6 Cysteine, i.o 25 +1-5
6 Ascorbic acid, 0.5 52 +2.4
6 Glutathione, 7.5 19 £ 1.1

Bone marrow of bled rabbits given i 0.17+0.07
ascorbic acid 3 Cysteine, 1.0 45 +1-4
3 Ascorbic acid, 0.5 9.7 +7-2

3 Glutathione, 7.5 26 £14

Done marrow of bled rabbits given 3 0.15+£0.06
cysteine 3 Cysteine, 1.0 0.8 +£0.6
3 Ascorbic acid, 0.5 05 +05

3 Glutathione, 7.5 0.6 £0.35
Reticulocytes of bled rabbits 6 02 =01
6 Cysteine, 1.0 12 *o.y
6 Ascorbic acid, 0.5 25 *o.y
6 Glutathione, 7.5 12 £0.5

Reticulocytes of bled rabbits given 3 .- 0.26+0.07

ascorbic acid 3 Cysteine, 1.0 19 £022
3 Ascorbic acid, 0.5 37 +1-5

3 Glutathione, 7.5 21 £0.7

Reticulocytes of bled rabbits given 3 B 0.14+0.07

cysteine 3 Cysteine, 1.0 03 +£0.08

3 Ascorbic acid, 0.5 0.36+0.09

3 Glutathione, 7.5 0.3 ib.oy



UPTAKE OF °Fe PER 50 MILL. CELLS (%)

b .

ASCORBIC | CYSTEINE GLUTATHIONE -
REDUCED SUBSTANCE ADDED TO HAEMOLYSATE
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'mbbz.ts vero respeotivelv P‘?‘ 7 - 13 ug- pt‘x‘ ;0 * 11(’!"‘3 cc‘llm and :

», &;.3 ;.ipg /)O x 10" aolm. ; ‘Elm mean asearbm ac:m c:ontent of

: mmow cmm of 4 no:rml ami 3 blea rabbits were npectively

‘ * o) 1(}6 ealla emd 0.8 ¥ (3;235 ug./ﬁﬁ x 106 cells

| "_g ven 50@ mg. ‘ascorbio acid intm-musculnrly (:c.*m.) after elmh vme-‘ s

o aect:’; {m ami on the day oi‘ the ex;m::iment. '“”;The other thme rabh:lta

were. given 10(} mg. cyateine in‘bmvenounl;y‘g(l.‘f ) ané 100 mp;. ;E.%E. R

a,f'ber each veneaer.,tim and 100 my. .V. on the day of the experimcnt.~ -

«.‘-.;‘i?lm msulta in’ theae mhbi‘bs am_"_recordea :m ‘:ﬁabm‘f

"f'.i'-’f,‘pating the signii’icance of the di:f.‘ferenca of meams bntween the

: ;,kg,ﬁineorpomtion A'f’ i‘xon -int

ey \'o'f the m cd 'animza'given aseorhic aoid, 'ana “those whﬁ.c‘h a1d not

:receivo ascorbic a.oid ':ga.ve p ) 0.4. ' 'l‘hiux_shows thn.t thexe is no _

ﬁaen 'she tvm eaﬁs ai‘ msultsa. Carrying'j”

'_..‘out the qame sta.tistics on' the mean iron ineoxpomtim :mto haem | |
;b:,r bone mrm, haemolmtea oi bled mbbita gi'\'ﬂn Gy‘stama, and, by

~_’jmbb1ta whﬁch dm not mceive aystaine, gave ? ) 0s5, which is not

. simlificmt. e .«5;;:' :[}'j«.-:--‘;i

. mtoparphyrin‘ " ‘f»bone mrrow haemolmteai_{i R
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Fjgure 29. Conoentzmtien of reduced glutathione «and aaoorbie

aoild in marrow celle of noznal and bled rabbitse
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°lo Uptake S9re / gm. wet weight

NORMAL BLED BLED,iron
deficient

/ Y .

N\

NN

f_‘ homogenates from ncmal, bled and"-'ironw

i .’v"-‘anim&ls. -

geficient - .




. resnlts J.or anima,ls given 50 mb. t,of’f Imferon and‘;,}he no

.genates when reducing su'bsta.ncea were’ added (Tab}.e XII Fig_Bl )

.2 (S Do = 1.45) » and in those given 3@0 mg. Imferon ﬁha per cent |

‘ .uptake was :_04 per cent (‘3 D. - 0.7)per gram wet weigh’c:, of 1iver.f,ij"f‘{'-:

estmg the significance of the difference of the means between the’l; i

eave P ‘.:<"':O_.10 while the same tatmtics on the reﬂulta "for animals";"

given 300 mg. af Imferon gave p & .01, : 'I‘here was no‘ i__fcreaae in -

the per cent uptako of radio-iron _:mto haam by ’ ;hea‘e liver homo.. _- S




]
vvvvvv

NORMAL

+50 mgs. +300 mgs.

IMFERON | IMFERON

o 25
E / . .
=
T 204
-
W
2 °
e 157
< o
o
O':‘- 104 o
Vp! ' e
_&) [
O 3 s
= .
D .
2
o
No additions [///)] + Ascorbic acid - +Cysteine
' I"--;gg rei.':";z . Effect: of- asaorbic aeid (2 % 10 ff ) and cysi:eme

-(7 7 x 10 3M) un the enaymio activit;jr of liver
‘ homogemtes :E‘rom normal ra.bbita and :t:abbits dosad

,.v:with 50 and 300 mgs. Imfernn.»




Brevious attempta to compare the haem fam’cion of the bone :

| "E’Vf‘zlljifﬁ,ma:maw oz blood af one animal with that of another have shmm oon-' Cre

= gl“_sidemble varia ion (Goldberg et al- 1955; S"h““‘" et al 1959)

V.«;'f'l‘homas (1955) compared differentfrpferenca st;andarda including fat

'""‘/""-*",-i”:.;‘fx'ee dry waight; nitrOgen ncntent; »\TA and:'DNA content, °ell

counts 'and“:differential" c_o ;ts and suggestad tha.t the :;"est sta.ndard '

o ,,lfo'r comparison appea.red to”be the pumb_er of red”cells ;_ ‘5 i_

e may be explained 'by increa.so in the s:l.ze of 'bhe iron puol with

-’fiiresulting dilution cf ﬂhe mdioiron.‘slhen incx-easingg &Iﬂﬁllntu ‘of- Facl

Crgtly o
5 . Y

f: were added to a systemf, containing )O X 106 cellss, there uas a ‘
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12 16 2C
ADDED TO SYSTEM’ (>jg.)

Fjgpur# 32. ~ffeqt of increasin® mmountm of non-xadioaotlTe iron
on the inoorpoTatioB of mdio-lrom into boon lsj o

haoBoljaoto of 50 % 10" rod ooll proonroora of rabbit

marrow.
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-‘bound by cell membmne receptors o:E :mea‘bure red cells of bled '
:",f' ra.bbi hs. '~ !l.’his possibility was exoluded by the fcallowing experimen*t. -
R Incree.sing amounts of non-mdloactive ferric chloride wete added to

haemulysates af 50 x 106 'innnatum mrrow cells oi‘ bled mbb:i.ts to S

..satura’ce these "receptors" prior to’the addition oi‘ md:l.oiron ’co t S

“to 48 timaa greater than the synthesis byvea.rly reticulocytes. -j

'A ’; V[ost Btudies on the aniymio ‘ncorpora" ion of iron into pmto-‘;’“??}i

".iporphyrin :i:n the fomtion of haem have usea a aystem conta.ining i

"protoporphyr:m s an enzymic sou:me and 591 Ta. - In a’ few studma

| '? 140 Mbelled glyeine has been used. ’Ihen 40 labelled proto-

porphy:rin and 5 9£‘e have been used simultaneously haem synthesis as .
-,"ealeulated on the basis f 5 93‘8 has fallen far short of %;hat

. calculated on the baaia qf the utiliaation of hbelled pmtoporphyrin

‘ (Bannerman et al. 1959)




°/ UPTAKE

| ‘;.on the inaorpomtion of mdia-iron ini;o ha,em b;r a\v

50x10©
cells

0-2

01
I 1 T
5 10 15 20

mgs Fe™ added
| Pigire A 5, Bﬁ‘ect of inareaa:lng amunta of non radio-acbiﬂ :lron :

-- haemolygatg nf 50 x 106 :ed “11 PMuraars from_,, .

o mrrow of a ‘oled rabbit.




the iron pool. In such”cases x-~the“use Of‘yc'_t labellad protopormyrin

.‘::ment of iron incorpom'bing enzyme activity.




IS THORE A HAEL-STILUL.TING FACTOR IN HULAN PLASLA?




f' pr, ronflicting -reports re{rarding the effect oi‘ plassma on

Lo haemoglobin formaﬁlon as mGasured by the uptake oi‘ mdin-iron into

s ‘5—'?;2’?‘haem. Uaing on haemolyﬁate of Ohicken “"1 "9'“8 as’the. "“z*’"m"‘

R : soﬁme and g-lvcjne aa ﬁnbﬂ’cmta . Golﬁberg et al (19" 6) failecl to

By shov! t.my dif‘ference in the uptake m‘: mdz.o-imn into haem between I -

o .;‘-»f‘depmteimﬁed plasms.s of normalu chickens and o:f chiclcens made anaemic S N

L '!;‘fW emther bleeding or phenylhydmzine. 1‘-1-‘he u_pta.ke o:f mclic-lron in’co RN




em\-‘-rsfimula{};ing; ctivity was .eb_ta,znad’."' .

above authoys neasured th




Phe,. 0

fe;:ﬁ‘eet of these fa etors on im.incorpomtion i.nto haem were :

,"-:"Z-"*‘"'l;_assessed by (1) the addltmn of human ;plaama of known total ircm B

| '"--binamg capacity obtained in & variety of haemtological diﬂorﬁeﬂ,.f

. -,{jr‘:_aliquot of plaam.a whivh thua modii‘iea the rasidua.l imn-binding

L .'.:,Qa,pacity as we‘ll a.s the total 1mn pool of tha plasma. e

}&THOI)

Five ml. chicken red cell haemolysata prepamd by the method

af Dmsel and B’alk (1954) ,Sa.mino-laevulic acid (4‘1 x 10 M) and

o 71 ue mdio_imn (593@ec13), specific antivity ahout 2 ua/;igo) were

LYY W

; .cuba.ted with 2 ml. oi‘ humn pla.sma aapa.mted fmm hepa.riniaed

‘mino-e-hydmmethvlpmpane 1‘ *:?3 diol) The "mixture

; vsa.a incubated with conetant shaking s.t '*7 0 for 3 hours and the

: described. p The total number o:f counta;present m the ha.am “3

| ""-?obta.inad by multiplylng th.e countﬁ PGI‘ milligmm °f haem by the total.
- fmmﬂaer o:t‘ milligrams a:f‘ ha.em presant in the farigiml haemolyaate-
- \":'._’f'%he mgu]_ts are expmsaed as the percentaga of the ad&ed mdio»—iron

":"uhich was. incomomted into haem‘f ” lThere is. somo va.rlation in the :f':,-

:.imn..imomomting activi’ay of different chicken haemolmtes

.:“f.-id 3 (2) by the a.ddition of incmaaing amounta of iron to a standard;

ek The pH was maintained at 7o by the addii;ion o:f.‘ 0,45 uw tria 5T e

::{reaction stOpped by the addition oi‘ 1 ml. M sod:.um t:yanide» Ca:rrierf. SR :

,,.:haemoglobin vas then added and haem isnl!.atedn_,by the method previoualyi‘ e




(frolc'ibarg et al. 19,)6);. = or th:!.s: mson ml. salinn was substitutad
- for 2 ml. p?aﬁm :in ? cemzml flaaks in aaeh czxparimant anc’l t}m
'eimnm:incorpnmtion intn haem wi%;h emh plasm sanple vwas mlai,ed o

thes alﬁne contmls in the o'.!,lovcim way:»- _

Arf&mmm i:ron- mc@rpnﬁ lsian

(‘a‘.{irsu*i%eu iron= - b Ac%iﬁxi “drohe
8f a1l saline controls

-inompm*mim v iNCOrpoOTE tion

mth p‘mﬂm& samnla with plaesma ST ,"mr::nmincmrmwmw vith
. o IR respecfive saline com:ml.
ff}he .aemm :i.mn concsentmiion and tntal imnwbinﬁinw G& bity

: -;(31 -:alﬂam ?mre mmmmd b; the mnthcd dnscm}md by Ramsay (1957)

- l"







TABIf XIII*

Effect of planaa of varying raaidual iron-binding

capacitioa on tho Incorporation of zadio-iroa into faaam®

Total Residual
iron-binding iron-binding Calculated %

Case Hemoglobin Serum iron capacity capacity uptake of
no. Diagnosis (G%) (lig%) (/ig%) Fe'"
1. Lead

Poisoning 9.9 65 489 424 28
2. Secondary

Polycythemia 16.4 10 336 326 .03
3. Idem. 18.4 60 378 318:- .02
4. Mybcardial

Infarction 15 72 384 W% .26
S. Idiopathic

acquired

hemolytic 10.6 70 308 238 .04

anemia
6. Mild

Staphylococcal 14.8 36 270 hv 07

Infection
7. Essential

Hypertension 15.7 20 254 234 31
8. Hematologically

normal 14.8 98 326 228 .10
9. Myocardial

Infarction 13.9 78 300 222 .03
10. Duodenal Ulcer 14.2 76 274 198 .08
11, Cerebral

Ischemia 15.7 60 222 162 57
12. Hypoplastic

Anemia 83 130 288 158 .62
11. Monocytic

Leukemia 8.4 157 237 80 ; 1 .045°
14.  Aplastic

Anemia 5.9 208 276 68 voALls
15. T*fyocardial

Ischemia 15.4 176 232 56 e fu .
16. Hemochromatosis 14.8 160 198 38 2.08

MNXIMUM UPTAKE OF RADIOIROX OF ALL SALINE CONTROLS = 12%



I”
Iu

G ©

RIHDURL IRON IINDINC CARACITY IRON «DOID IN IXdtl OR
TOTAL IRON RINDIHa CARACITV
OR RLAIMA — Ri */«

£1fiCtiQL2d*  Effect of incraasin” amount# of added izon on fa<

ognnthoai# of normal plasma.
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HISTAVINE-FAST ACHLORHYDRIA AND IRON ABSORPTICY




The assoc.iatn.on oi‘ gastrzc mphy wz.th iron def:x.c:. yanaemia i

‘nas been mcmgnised for flf‘a ‘_:,Ayears (}-*‘aber 1913) it ‘I‘we views._j;é;xfé‘v -

held, onn , Lhat the gastric muansal chaqrgves are ’chei .reault\‘?cf th

| :won d@i"iolency anaemia, (Badenc)ch R E vans & RJ eha:cds s 3.957: Rt

_otnc,r;;:dhwervam' believc tha’c they

Davidson and I\Iarkson 19)'5‘)}

predcnﬁ&-i‘:ujndpaxe an aeticlo -:x,eal‘ iaetmr

‘”;"a’]jthe developmeni: ffi the

a.memm . (M\eulengmcht ’ 1932; OTivm: andﬂ?ilicinson, 1953,'

and Hosem*bhal s 1958;; Bawson z.md Rosenthal,' 1960) ¢ Ac

toa, . _m’*' m 10:1@; 'beeu;:consideretl-;a.,__'fund&menta.l :L‘ea:bure 0:? this
| anaemi& ' whic:h xas named by '\f»it‘cs fm 1930 - aimple achlorhydric

anaemia

B @.denoch et al- (1057) and J oske 5 Finckh and Waod (195))
fomd a, good eorrelation be‘cwaen uhé“ severi n.y of the gastric mueasal o

chsmgos and ,e mcidance of histamme-iast achlorhy&ria. - “‘hey-

o al*o showed that‘ac:hlo:rhydria was tmce aa comon m patients with

iron del‘icieney am@mla as in normals, and i‘our timea as cmmnon in

patiem"’ mdel‘ JO :v‘ears-

haemoglobin response o :

p&"ol en*ss with iron
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o 5Be iy

pa*tlents wi th ashlorhydria. had e. dimmished absorption oi‘ radio- '

i ,;imn ( .ﬂe) maorpomted m braad. ) On thes o%.her hand " B:mmmer

5'-'( 19 )O) cmﬂd not find any comelatian between haemoglobin levels
.:and g;& L.e:ic ao:.dity :m 100 '«omen of 20 to 60 years. I*aore (1955)
: r'ould not increasa the abaorpt;on co{‘ radn.oiron ineorperated in “

' by %he, ad&ition oi‘ hydrochloric a,cid suffic:en’c to reduoe the pH of

mc, mo& o 145 P:lrzio-Bimli, Dothwell and I«‘inch (1958)° found

remn.saiono .

| ""’Gallanﬁarl(1961) have racently o

_rw si{rmf:.cmrb dammnutmn in irﬁn absorption in 4 sub;jects with

."'nistamine fast achlorhydria, all pemicious anaemia aubjecta in

I‘P; ahould be noteﬂ, however, tha“b none of these 4

o -upat:.ents wae anaemifc:; or ircm deficienﬁ ""’%Biggs 5, Banneman and

e that pat:i.erﬂ;a with aohlorhyﬂria .

. .~.':"_?absorbed“ 10, ‘1eas of.‘ a dose of radioiron given aa 59}."3---1&:&)elled j

V.Foe;,l.obm, than compamble au:ba“” Sy _’both iz-on defficz.ent o,_

. deficient withnorm:tacidsecretiom the addition of aem gastrie"' 5

- '.f,gtuce 'to the ’cest dose did not ron a.bsa:'ption.

In v::.ew of ’chese conflicting' x-esults iy the absoxptim of :chon has

:bcen cmnlmmd in ’5"’9 s'mups of p&ti@n*hs & cne in whieh acid. was present

:*"‘--;in th' ragtrie ;juicc e ‘she othar :m whmh there was a hiatamine-:f‘ast

,aohlorhvdria. . There is evidenc:e t‘ns.t bo’bh 3.ron dei‘icxency and marmw




”hyporplama, can st:i mulate ﬁhe absorption u:‘C iron from the intestine °
;(Pl:mlc-—iﬂ iroli eL al. 195&3) 5 and *hhat sheatormoea ig associmad
'mLh a. dapmased absorphion u:E Lmn (Bmkmmh amc‘t Gallxmuer, 954«).

' ._F:;ar L}wso TeaBONs y the paﬁienﬁg m hmbh greupa vers ma hahe,d in
':r:espmt of! their. haematnlegical tates. SALL h&!d ‘iron c{ei’mmmy;
,,Mw Lwc} £Toups | wem aq‘mlly ﬁnmamia; nc»ne c:f the pr@tienizs h&d

:stc»atorrmeat ' Al’li cf hha pation‘m wen:er v«nmean.?9f‘f‘ '




M }‘H()Ib

- '03'31';3.0&1 dotmla of eaaes.;

| T‘vitem f&malo casen were investigated (’I‘able XJ’V) All had

I’wan ﬂai’im ency aﬁsoaim,e& wi th mencrrmgia or with a pm ioua hin%:c:,mr
'1:0:23 nwnm:ma gie and multiparitya One patimﬁ h&d haemcmhams. Any
.fpa*{;n mb with steamrrmea ws nxcludf,d i‘mm tm sariem L&eﬁ 0; tha

o _:' pntvmm hez.d i‘aaml fat ostim\xi.ims -:m collec:tiona takeﬂ. i‘mm ’i to 6

- dvyfa.. “l’hc IESN dail;«;r Rsaea}. fafc vsm mt p“reater thtm 5p . pow chy in

_any ﬁma. f&f“{,e?‘r an. aml aose o:f‘ wlome 1he 2 hmm a:mm :ry?c)g# 1nvel

k o hw 5 hmnﬂ ummw wemtﬁan 01" mrlbae \ms namal :i.n evaw wage L
| (Cirmmﬂin amﬁ Btmnatt, 196 ”) i 5 ‘

“ "t‘h@ d‘i‘%f’ﬂeﬁ’iﬂ of imn dof‘i mem:)r waa estabhvlm& in a.r*ch; case on

' ,!' tho ‘bmis m Mocc‘i lindings? :bz.-:encu oi" stain&"nle imn i:n the bone

R ‘.mr:v r»mx nc? a chﬂmatwﬁ mic wmm amn nnd imn h:imnn cmpaeuty

- “;nm:* {,he rmimbla mrm jron wm &mar&mmd; thae &i&gno'ns of ix'on
c‘mmi@my wkx, however, asmwa by - 'bh@ ymmnee of a me:an corpuscular
| hac:mog]ohin connent;mmon m ?9 per cent and by the :r-iae m“ the haemo-
"{}Z!csb’izz m mmﬂ‘l levela after i:r'on thempy, a mbult als.o obm.}.ne& in : |
ell mheﬂ: pmimm. | | o o |
2;}‘-7_:’-?-,(3”3“3&1&-& o | . . .
Y The 13 mtimts in thm ,gmup had aoid 1n {aheir ga,strie auiae, that ‘

' ,m the gﬂ of tha juice vas lm m: t!;an 3 S,either bofom or a.;f:ter(ﬁaaes 5. .

: ;(mam }EIV). ~In msm ? nmi;hcr ’rhe:s semm imn nm:{ imn ”b:imlim cxa,panity;ﬁlg'f{-f'j R




TABU: XIV.

Clinical, bieoheaioal and baeamtologloal dataila of

patienta with aoid in their gaatrio jnio# and with hiataaine

fhat aohlorhydria e

Mean
corpus- Total Xylose
Haemo- Packed-  cular Serum- iron- Fsecsl Dietary
Case Age globin cell iron binding Marrow fat iron Other causes of iron
no. (yt.) (g- per volume globin (Uig. per capacity iron (g. per Serum Uri (mg. per deficiency
100 ml.) (%) concen- 100 ml.) SP . per day) (lig. per rine day)
tration 00 ml.) 106 mL.)  (g)
(%)
Group A
1 52 120 40 30 95 570 Absent 20 65 38 6
2 36 67 32 22 ok 4-0 52 47 16 Menorrhagia
Hamorrhoids
3 28 76 32 25 10 416 Absent 20 39 31 12
4 34 70 28 27 20 510 Absent 33 46 69 17 Menorrhagia
5 62 73 27 27 16 455 Absent ZIg 66 71 11
6 42 81 32 1 28 30 400 Absent 31 4-0 5 Menorrhagia
7 24 10 6 39 28 20 500 Absent 25 50 46 10 Menorrhagia
8 37 8§80 m 28 25 25 510 Absent 1 43 65 6
Group B
40 73 34 23 23 350 Absent 10 46 46 6
10 41 115 40 30 45 248 Absent 3-0 41 78 9 Menorrhagia
11 ' 41 78 32 26 28 450 Absent 25 45 67 10 Menorrhagia
12 50 85 28 29 16 360 Absent 35 54 65 9 Menorrhagia
13 41 87 31 29 22 400 Absent 35 1 55 43 8
14 64 10 6 38 29 25 370 Absent 50 ¥ 57 36 8 Multiple pregnancies (8)
151 42 80 32 27 45 380 Absent 20 1 36 40 11 Menorrhagia
Norma

range 32-36 60-190 300-400



andi 6) the aciministm umn o:f‘ histamme :m accorﬁance with the a.ugmen ed

‘.f,‘if_«-lug uam:me tost mea.l oi‘ K&y (1‘753)

S.g.x of the seven patients m this gmup ha.a a. histamme-—fast

4

:,ﬁ' achlerhydrm af‘ber the "*augmentea hi*atamina‘:‘?teat _mea.l; the pH of ’she

:'m@al and oonfimed theﬁi‘mdimc;i-‘ni'

o haemomlobm ¢1e.wels in G’rroup‘Af ere "',59.4 years % and».A

14 ‘“'ffkahe mean aga a.nd?""f o

g par cent msape

'tlvely as c:ompared to 45.6 yea.rs and 8.9;59;. par cent in Group B. '

t":'_'Imn absorption was measumd hy a tachnique modif:.ed 'from' 'bhat of' o

JiffngirziodBiroli et al. (1958) L:'Th ffaﬁt‘meal °““51“ted °f 100 5+ comed.

‘;heef, 100 o apple sauae;\aoo ml. tomato_Juice, 5 g cocoam”nd_15 g. of

h c,x'eam omekers. B ']‘hn

tota.l ﬂron '.content ._oi‘ the mea.13?

waa found to be 12.5mg"'7

e tmcer dose of 5 'uc. 591 9613 wa.s a.dminiatered h&lf—way "throﬁgh




TABLE XV,
Conperlson of Bgmm and haemoglobin level# of patient#

in Grotq® A (aoid in gastric juioe) and Group B (histamine fast

aohlorhydria)

Haemoglobin level at time of

Age **Fe meal
(yr.) (g. per 100 ml.)
Group Standard Standard
tandar tandar
Range Mean deviation ~ Range Mean deviation
A 24-62 39 4 6-7-12 2 8-0
B 40-64 456 7-3-11-5 89 +1-5



*bhea mpa,l. , The utilisatiﬂn for haemoglobm aynthesniq oi“ abfaorhed N
»Mm vag detemﬁ.ned 14 daya after tha meal was aaministerad b;y ccuntingr '
th@ mﬁimat:witv in 35 unit sample of bloqd ancl by measurd.r:g tha bland

53k9315 mas’ then ingeetea TV and tha uxaliaation

T volmxe. 'I'en ;Lc. of
/ af‘ wm mdim.mn waa thm detemined :m the same vmy 14 ﬁaya later,.

'J.‘hrz par cent radioim a’hsm’ocd from tha meal was calculated as. follou. : -

CPep c:ent absarmim | 100 i -"f L Per cmt utiliution;: -
of mﬂaoiron P ‘per cm’c md:loixon ?’ - of radioiron. after
L util:laation after 2_!;.?, tha ?9}:“ mea.}.,

in;jm:t,:! m m’.‘ 59}?‘

‘ }31ooc'i volume was meaeured hy the Lvan's blue tecimique (}\zulﬁamey |
1%7) Ea@mtal%gical msi.ir 2 'z‘f ﬁnn e:@re dbne hy xatandard metho&s
(T)aoiﬁ, 1956) o ‘ I | .

M,,..

The pnr cant absorpt‘mn of 'r'adioiron fmm the mal in a&eh case SR

in mwa -j,n {mbg,e XVI and Mg. 35 &‘he maan ahuoxption of mdioimn in.
Group .fl mv 57;3 pcr cent and J.n Group 33 was 1&3.5 per cent. .: he» :

di:tfﬁreme in theﬁe two; gmupa :m atatiatioully uigniﬁcmt (p ( {2..01).
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59ce  ABSORPTION (%)

F_:j,&gr }5 IPer cent n‘hsorption of maia-viron taken alon{r xth
Z_,ﬁ- a e ‘: ‘8 mea). in 8 patiania with aeic? in bhe gastr:ic *uice

) an& 7 paﬁients w.ith o hiatamine faat aahlorhydrin.




"'-_‘:i(;-given along m:tth a meal. B J:'t"-_is clear f‘mm Pl‘e"i‘m“ "°1'k ‘m i""

Can L‘abgorption that :Lt ishmpértant i:o give ‘the: t::acer doae of rs.diuiron

‘.iinorganic radio:lron m.thoutla.'meal, failed t‘f’ fiﬂd a aigmficantii

. 7,,,,{;;f%:,',malabsorption of iron in anaemic patif"nts with a partial @rg;emtamax::'l:‘E ay,

‘-alang vith & substa.ntia& cal. Thus amith sad Mallebt (1957) using

.....

:‘"‘jalthough Bas,ra,ana wi:.aon (1958) ana Stevens' (1959) def:med such 8 .




"a‘omm-ption and muat ba e. impowt&nt mcﬁar in the i‘urther dw&lopment

: ”‘M{blmﬁ and’ take‘ a; amt porm in :lrpn.

Fﬂ E‘ :Ln imn a‘bsomtizm im"‘siuhﬁ.aua'

“Thg aoﬁml mld m: m imw a3

msmf haa any airmt" effect, a}thoup*h Bmck :.md maymr (19354) mmd

. .ﬁi;h&t the m vitra dialyam trt‘ imn i‘mm i.:mn amonium ui‘tmw tq mm

‘s;aa inc}reased 'by' the presence oi‘O.JN hydrochloz'ic: aci&. B 2xiichaaitides

;.;j;nmi I’hilis (195 ) suggested_ _’t tmm is & x'e&m:mg' agem m noml

#fgaatmc ,jui.ce wmch 13 neca&saxy )ﬁ‘or the aasimila.tion cf iron It nay?.,f o

L :"f\ba that the absorptive defeat\ exists :&n the ahnoml gaatric mucos 3

L ,assoeiated with a histam:lne-fﬁat achlarhydx‘i&- I”* Pemi"im“ mmm,{-

; :'v'whem th@ pathalogieal-" otmnges :m‘, the stcmch are similar, the acid

'aecretion ia alearly a ccino , m‘bal, 'but m a direotly‘ mlﬂﬁﬁd fﬁOtW “

e _vin the develcpment of the mcrocytiﬂ anaemia

t ~oﬁ‘ mon deficiemy ammia"-’ espeamlly :hf -bhe patian-b continuas tu laaegf

| szm tho, work m: Z’aom (1955) it aenms unwwly that: hydmahlorm aoid




‘Phe results of the present studies he.ve some relevance to the

‘ _;_.eam,xoveray as to whether ’che mucosal changes msult from or precede

in thce g&strm mucosa.l pattem and retum bf aei& ta tho gast:‘ic ;micc

may oocur ai‘tcﬂr tre&tment of the fanaemia (Badenoch et al. 1957)

":_._Q.fi_‘_,j]‘Ievertheless there is more wldence tha.t in establiahed casea of

7 ever effect the a'naema ma;y have on the gastric mucoaa. 3 an LE ~V

S ,}('abnomal mucasa " sufficient tc: cause 8 hzstamine-faat ac.hloz;hydma, .

AR ;the- inereased inc:ndencp':’:uf ﬁﬁh“ mrhydrm ‘With ﬂg“' (Vanzant ei; 'ﬂ’ 1932)

' f';may“ac:count ’ in part at_ﬁleast, fo:r the incrcased %ncidence off.f:Lron

- "def‘iciency anaemn.a :m the mle ovax- the

'I.‘here 1::3 :rec:ent evieiance which aumests_ that tho gastria;‘mucoaal

. ohﬂmgms in pemicious anaemia such as’ lymphocyte and plasma:cellq:-'

. lmfiltra*b:ian as well as atrapby, may ve due tc a pmmry defect zof B,

) -?.imxmme tole:mnce (Irvme, Daw.ea ’ Dala,more and Williams ,1962'"' '

_Roitt I)on:lach, Gouchman am} Shapland 1962) There is also samo
R ‘ evmence that the gaatrio changes fomd. ;m imn deficienoy anaemia, are

SR aa,soomted with an aui;c-—mmune process (L‘arkson and Hoare » 196?)

:'fﬁ,'"’-ﬁ;,jhowever, such a primary mechanism s responsible for the pr ducti n - A

:1=1 clearly a ,E‘actor 3.n the developmen‘h of the ana.emie.. Furthemorc Iy |

a ;em,d provoks the anuemia. There is ‘no doubt that occaszona.l improvament

'age :-Of 65 yea.m (Kilpatrick,l%l).; "

\Tay]or . L

ﬂ‘:of gastrio a.tr@phy of a degree insufﬁcient to cauae pemiw ous ane.emia,




‘o_’,,-'_

 These conside 5%/ that where tron detd

mtlons , éugééé

eiency

i’ development of’ the







fractlons of human and‘rat”liv" ishoned that while thexe uaa

'i;**_‘vsome activity lﬂf&l: fractmonsmthe mitachqndrial fraction waa the .

”f ﬁmast aetive ””' |

{'Dlalysis of ti; ue}homogenates 1edfto'a 1033 of enaymic

7fia&tivity which cuulg_be'restored y“the addition of ascorbic aoid,

f?'fﬁ?GSH: cysteine and DPNH. .The effe¢t of thase subatances was not

}fi;entirely due to an effect&eftreduction of the ferric 1ron since

' iﬂpoi“,@}:ﬁ;}q'hj on: Of aeti‘vi‘hy re "te‘ A.when these Subatam}as ware added:j.;“

- ”to 58 system oontaining iron‘in the ferrous farm., nﬁ»'“"

Obsemvatian% have also'beon maae_ﬁ_”tha in vitro hiosynthesisg"

iof haem from protoporphyxin andiiron baund to siderophilin or te

w*!?rat liver homogen&te. Rat 1iver homogenato or a preparaticn framq¢[*i

- ;aamh@ xeducing substancea namﬂly-ascorbic acid, GSH’ cyateine and DPNH

'. which were effective in “ncrﬁasinp th_,incorpcration of inorganic

{¢f;ferrie iron alsa subatantiﬂlly incre&so& the transfer of protein—bound s

'ATP enhanned the transfer of iron bound to‘“

'iron fcr haem biosynthesisjy

y‘Qsideroyhilin for incorporation into protoporphyrin but had no effect'nn,iron ~4'w

"ﬂbouna tn rat liver protein:fi, : this it]is clear that physiological i




S 'of ea.ch cell to forxn haemoglobm .

' reducing substances :play an mportant role in thc» transter of ‘

e iron from itﬂ protein-bound :E'orm for 1ncorporation into proto—;

L ';_:porphyrin :m the procesv of haem biosynthesas. 4:

A technique has been eatabllshed :E‘cr the measurement of

J,;‘i"'."J.I‘OIJ. incorpomtmg enzyme acﬁwz;by in haemolysatea of ra'bbit

. A"h_.bone ma:m:'ow containing a known number of red cell precursors. -

E"EI‘he method has been apphed to marrows of nomal and bled rabbits

o In the bled animal, the enzymic aet:wity of a. unit number of
;L ‘.neells was groatly decreased as. compare& to namal but wan
increased by the addltion o:ﬁ reducing substanaes. '.I.‘h:i.s would

.fmdicafte that the marrow maponds to blood 1oss by an :mcrease

L ,,m -bhe production of cella rather’ than an incmased capacity

; ‘l‘he\ enzymio activity of

L 1ive3:- homogena,tes waa also measured in noml and bled mbbits.:p'}:‘,‘?V .

per gram of 1iver between the nom&l anc’i the bled an:i.ms.ls- L

'i?here was , however, a mazked decrease :m 1ron mcorpomtmn by i.:':f

1iver cells :f‘rom animls which had -been m;jected with 300 mg

'A‘_Imferon. :rn two m‘b’ﬁxits made :mm defacient an.d anaemic there

S ::fv:“‘ﬂa.d an increase in iron incorpomtion a.a compared to noml. R

j_-‘.'pool will vn.tia,te the correct interpretation of results on the

s _measuremen’s of ha.em synthesis us:mg mdioiron as a tmcer. ‘

Nakao et a,l (1960) have suggested that plasma samples i’rom

: ’f.:In this tissue there was no dafference in the enzymic activity : f,'_;,,_‘, ERR

- "ﬂrom this 11‘ is: cleax th&t gross changes in tshe siza of the iron .




com.luc‘ic»d that 'no

’deﬁml’oa evmdance\haaf et been"obtained for the

presence ei’ a. specific haem-stimul&ting; 1actor in hmnan‘l?plasmaﬁ

A statxsticall:f significant difference has be" hown h&tueen ‘I_..f'ﬁ"f s

Lhn mbu@vptian of radioirnn givan alonp with a‘stanaard meal, __w;'

o o 'bestween pa.t

S

ients “‘ith aciﬂ presenﬁ im thnir gastric ;juir:e anci

‘hpatients with”a histamine-faat’achlorhyﬂria.., The patlents in both

'. St

2 ‘1'{‘ (1 -
gmups ge:l ‘t:firan Gafiaienoy lhe.m{,an absoxption from the meal 0:{‘

i the mean absorption .of _th()aﬁ patlentq with hietamine-—fas b ach] ox=. i

,',A;:hycima wa.c; 18.5 per"eni;.

& th@ mtients wi th acld in the:i,x' gast:cic 'm:u:;e vas: _;7.5 pcm eent whﬂe" . .
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