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=Abstract=
Determination of Serum Iron, Iron-Binding

Capacity and Transferrin Saturation in Health.
B.S. Tchai, M.D.
Department of Clinical Pathology, College of Medicine, Seoul National Universtiy, Seoul, Korea

Nutritional anemias are an important nutritional problem affecting large population groups in most
developing countries. Many reports on investigations of nutritional anemias have been published and
there is good evidence that prevalence of iron deficiency anemias in vulnerable groups is high in
many areas of the world.

However, there is a general lack of accurate data on its prevalence throughout the world. Methods
used to measure different factors have been variable and often of poor quality. Furthermore recent
comparison of values obtained in different laboratories have shown a much greater discrepancy in

iron binding capacity measurements as compared with serum iron determinations. Since the major

cause of these differences appears related to the technique employed, the efforts of the central
laboratory will be directed initially to standardization of methodology. My laboratory has been joined
interlaborafory compatison of WHO studies of iron standardization.

The determination of serum iron, iron-binding capacity and transferrin saturation was done on
healthy adults, 79 males and 20 females, who visited hospital for health certificate from January
to July 1970.

The serum iron was determined by the method of modification of Bothwell and Mallett and total
iron binding capacity by Ramsay method and Bothwell and Mallett method.

The results of this study are as follows;

1) The serum jron concentration of seventy nine adult male by the method presented is 131. 5--37. 3
2#g/100ml. (range 52.5~225. 0pg/100ml) and of twenty female adult is 108.53-40. 24g/100 ml
(range 45.0~202. 5¢g/100ml).

2) The adult male level of serum iron-binding capacity is 330. 9148, 9:g/100ml and adult female
is 291, 2::55. 24g/100ml.

3) The transferrin saturation of healthy male is 35. 6+12. 8% (range 15. 1~18.0%) and of female

as 25,4312 49 (range 10.1~60. 0%).
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9 BT RES Bkee KB B3 gz Hamn,
BmERE, HhEFRESEY 28 gddA mES
BRE A= Y-k

el mMESEE S M BLEE 2HERNes
AP el el A EBEES M, Eik L ik
ol 83 HRor TR gek. WHO A = 1968 W3-
] EAEFE EiktE £S5t International Comm-
ittee for Standardization in Hematology &] Expert
Panel on Iron 3 BHF RS Zz HRsdw g
o} FEZ o]P5ed —Bor MBFRRMEY E ELE
B4 Atz gdor mET BkE HHes WHO
o4 FAF Jde FREHELE aEl 2 mE
BEAESE WEstY #@iEse alolok

X®8FE

MfiE#e] E&-S Bothwell & Mallet? 85S¢ F A
o MFERE&ENES RamsayPise] k3] FeCly
7}, MgCO RS- 3148 Bothwell & Mallet B#pzo 2
HEsH o}

EHRY EAYE 28 A% BARS 8 #vs

& BREY B2 A9 FASY S EASE H)
Br q4 ERYEY HEKR EA #ANEt

DHE R
AT KB BHKE WEBREE skel 1970 17

5 6 A7X] HBEBES w1 Hd kET B#ET B
F 7943 AT 2048 HEow g

2) BE:

i) 2NHCL

i) 20% TCA: Hims Fe 3ol 0.005% Ll Lol
W FelfMiciE S frfsls) FEA #REsH

iii) Saturated Sodium Acetate 2. 5M:

iv) Sulfonated Bathophenanthroline 0. 2%: SIGMA
it 3l Sulfonated Bathophenanthrolined i figle] 0.2%
BrkS e 100ml ¥ 1ml 49 thioglycolic acid &
me A B ERstg Tl o) BEKE 2@EART AR
JAslste A

v) Iron standard solution: ferrous ammonjum sul-
phate 2 s BHEFF Hydrolysis € Byikats] H3
o] 1pg/ml, 2 pg/ml, 3pg/mld] REEZ FHER:
0.005 N-HCl & #ERs9i vt

vi) Saturating FeCly solution: anhydrous ferric chl-
oride & s 5po/mlBES HEW kU B
FeCl-6H,O & {HfIstd Mgk 44¢ HBsd
£CA nystz 2 A= @M FERNG

vii) Light MgCOs: magnesium carbonate, basic &
FAskgl e}

3 HE%
M ERE

Table 1. Workform for an Analysisk of Serum Iron and Iron-Binding Capacity.

Reagent Blank(R.B.) - Standard (Std) Serum Iron (SD Ir‘m'Bindiug(:C:ztpacit:y
(TIBO)
Serum - _ 1.0 L0
Deionized water 0.5 — — —
Std. — 0.5 — —
—_ — — 1.0
ie(;ia . £CO Oost‘and fro 15 mi?.
ight M, 3 —_— — -— 200 mg mix, centrifuge
(1500 G. 15 min.)
Supernatant - —_ — 1.0
2NHCl 0.25 0.25 0.5, 0.5,
’ stand for 15 min.
\ 0.5, 0.5,
20% TCA 0.2 0.25 Mx. centrifuge - BOOMix centrifuge
(1500 G, 15min.) (1G. 15min.)
Supernatant - : — 1.0 1.0
Saturated NaAc 0.5 © 0.8 0.5 ) 0.5
0.2% Sulfonated 0.1 0. 1 0.1 0.1
Bathophenanthroline

Read the OD. of RB., Unk., Std. against the water-filled cuvette at 535 nm with

Beckman spectrophotometer. Mode] B.




miss REL EF 1:1.59 FEHE #ipstddo
RKewd fmE 1ml S Mk 2 NIHCL S 0.5 ml sk
o BRME 1053 mEsd oot 20% TCAE 0.5m!
a8t parafilm o 2 #fstx Wl |ESZ 150G
<A 15 0M ELSENY nEESS BRET® LF
¥ 1ml S Exsls] #8F0 sodium acstate 0.5mlE fn
ko] Hafaske] & #% sulfonated bathophenanthroline &
Inste] B2zl % dol= 1050 HES # 285H
Al EE 535 muo]4] Backman B spectrophotometer
£ Al FE®AKE blank 2 s}ed optial density
£ fiEatgd ol

MHFBIFSAERE

MEBMESS HEY mEe Wl 5pg/mligE
4 FeCl %S st EE 1640H HEstz Mg
«CO; 200 mg & A3 parafilm & & #Hslx EEsES
BT A 1500GAA 1558 mosEst BRe
Fe & BrEkdol. EHES Wk miEgpErRe 3
& EHE 3l optical density S BIFESS FHEE
kol 255k Fo}

4) & :

BB 4 & Unknown, Standard, Reagent Blank
4 O.D.F ch&9 Rell kb BES FE8A U stan-
dard curve(FRHEHIG)E FiAste] Retg ok

= Fe Concentration of Std. (ug/ml)
O.D. of Standard —Reagent Blank O.D.

SI(pg/100mD={x(0.D of Unknown—O.D. of
Reagent Blank) X 100
TIBC (ug/100 m)=£fX (0.D. of Unknown—0.D. of
Reagent Blank) X 100X 2

Table 2.

Serum Transferrin Saturation(%)

Serum Iron(zg/100 mD)
“Total Iron Binding Capacity(ug/100 ml)

100

RnmR

1 iR

AEBA A AL BHuR mFE WEES She R
29} e}, #Eol 59.14:4.8kgolx HRo] 166.0%
3. 4cm 3l BEYL BT 7949 miBEBEY FHHe
131. 5437, 3 #g/100 ml o] = BBEo| 52.1%2 4kgelm
SRl 16141 7em 4l BT KT 20 B4 mEHE
ZEi{EE 108, 5540, 2 £g/100 ml Y v}, MiFBREES
SAS 3 BTE 52.5~2250pg/100ml o SEE]
AfiE el 9l o 100 pg/100 ml AT7F 20. 2% 2 3 AT
= 45, 0~202. 5 ug/100 m] o] #EEE] S 1001g/100ml
LT 4024 Hgick

= LT mEGHNEET 579 nEgeEs
vl okl HmMBEES) 50 xg/100 ml LT =& )
= BFE gloy ZTE 194 1A= 55%7F 8
sich

2) MHESHEARE -

BEYD BT 78 43 #ET XTF 1849 MEES
&8 WEEY BL ofie £33 2es BT m
WHS A - FfEE 330.94:48. 9 4g/100 ml o]= %
Fo fESE e, FEe 291 2455, 2 ¢g/100 ml ¢]
=5

miEEgE) sl L7 mFEEAES B
T E@EsEaErt ¥del. BFY mEaed
S#ie 260~467. 5 ¢g/100 ml o] FEERAI ) o= 400

Serum Iron

“Total
number

Proportion(%) of cases with the following serum iron levels (ug/100mD)

e Meam SD X 20080~ 60~ 80~ 100~ 120~ 10~ 160~ 180~ 200~ 220~=240

59 79 99 119 139 159 175 199 219 239
M 79 131.5 37.3 — — 1.2 101 89 139 241 20.3 127 5.1 2.5 1.2 —
F 20 108.5 40.7 — — 5 30 5 20 30 — - 5 5 - -
Table 3. Iron Binding Capacity
‘Total Proportion(%) of cases with the foilowinthotal serum iron binding capacity(ug/100 ml)
number Mean S.D. 149 150~ 200~ 230~ 300~ 4350~ - 400~ 450~ 500 550~ 600~ 650~_>700
ofcases 199 249 299 PO 1 449 499 549 599 649 699
M 78 330.9 48.9 — — 1.3 244 436 20.5 8.9 1.3 - - — - -
F 18 291.2 55.2 — — - 5.5 167 333 27.8 16.7 - - — -
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Table 4. Transferrin Saturation

Total Proportion of cases with the following transferrin saturatfon values(%)
number Mean S.D. (~ 10,1~ 15,1~ 20,1~ 30.1~ 40. 1~ 50. 1~ 60.1~ 70.1~ 80.1~ 90.1~ >100 15
cases 10 15 20 30 40 50 60 70 80 90 100
M77 356128 — — 52 143 271 362 10.8 39 26 — — — -
F 18 25.41 2.4 — 5.6 222 38.9 16.7 5.6 110 — — — — — 5.6
/100 ml Bl & 10.2% °lglth ¢ fistm glzh Peters et al'®L [ BTH=E

HFS 72 295 0~485. 0 pg/100 ml &) FEA SH thioglycolic acid & #Ffsta glovt R BHEL-

=) 400 £g/100 mi [ ko) 44. 5%y = 3ick
3) & Transferrin Saturation.

BE BF 774 9 &F 18 89 mipp Transferrin
saturationn {H¢] /LG HHe 4Pt BFI F
e 35.6+12. 8%l XTF4 FiHlEe 25 4%12.4
% °19ek 1B%BUTE BTaAE flar ZFe el
AE 5.6%Y HYvl. SHEEE 21 FTFA 1561~
80.0%, T 10.1~60.0%0% FHisle] gt

£ #®

BEAA AmT Y BEEEsd 22 BRZER
m 2EI SR BEL tlale RRERR %
BTR, FERRMES £8 KBS &2 2 B
BT 918 mEsty TH mFERE BEHEe |
2 ExsEa glch

MESREES 477 Warburg®sl] {&al #9] &1k
By Fgee] o)o]A 19374 Heilmeyer & Plotner?7}
WEES BED LK Kitzes, Elvehjem & SchuetteP ik
Trinder®#:, Balkan & Walker”#:, Bothwell & Mal-
lett?}E, Peterson®;, Ramsay 3:5%20, Peters et all®
% ko] W7EE]e] $ivl.

ol E mFFWERES ER g4 FEFR =B
B, Bl 1) transferrin © 283 Fe & 522 #EEAZAR
2) MFEERE BEsta 3) EAA7 L HEss BRF
= JEEAYOI U 4RSS RER] dEltR] HRE #
et glvh e FuEE oL o] AR ER
3 2o Sl AR BREQ nERES WE
A d 4= st Y Aolxlk

EE A FYpEal - transferrin(Iron-binding globulin) 2.
2469 Feilfffie Bkl (oH 5 LT) HE)
o] %617 v Barkan®o] fifste MEY HCIME
0. 2~0. 35 N)ol| A &= Fe jtfiert F5e2(75~80% 2 E)
#+9 01} Barkan & Walker 8} Schales!V¥ Reducing
agent & HCl3} 3bo] BHRAIZI R4 Feltffs] 52

thioglycolic acid Zto] % BTHl HFHSE hemoglo~
bin o246 ¢ Felff#E BARE 37t kst o]
9 {Em% Bratm Ak BmRk ¥ &70deolk &
#3190 HCIEBEE I~6 NEEE BIA slnz
# e PiLE B8 2 B9 ¢rEst pEs
71e i Fed. E2¥EEEE AFA4 vtz Ik
Bothwell & Mallett? = ':Pﬁaiiéﬁs‘-]‘ e HCI RS
BEsa gt). Barkan & Walker?el] 3 HiIEEY
Ramsay®%2o] {k&= Higd HCIERE FEI|e
Heilmeyer & Plotner?s} Hgghd & 34 Joxm gl
t}, Z#E L International Committee for Standardization
in Hematology ¢] Expert Panel on Iron o] 4 F3 8+
& mESNEES Eild 2NIHCl & AEHBAA Fe
ol S Qe AL =¥ WHO ¢ technical:
group o] 4] B#Est3 gl Standardization of Method~
logy on Irondl % ALgdx g Aol '

EARA R Bad PpESE nBEEAREE Hi4
Schade®: MmEEEE WEAZIA 3 pHe ol 4
ascorbic acid B sl MFEES BEdn deo
] Valhlquist'® ¥ ultrafiltration ¢ & MEESE K
%}, Ramsay?®i hydroxylamine & /sl migE
B BEey) WBe s KE S22 hydro-
xylamine %% sulphite & R{E»W =24 REE A
A & 4 gdekn g

Peterson®-& thioglycolic acid & fEfste] MmMEES
-% B3 7 Kitzes et al®3} Trinder®+ TCA £} in#h
2, Kochikawa?®¥ hydroxylamine 3} In#i-g ff Asted
AEESS BhEstn gokh FEe FERAAN 20%
TCA & HAstd MFEEST WRAA REsgs

=3} Ressler & Zak?& <7leit: pHOlA %Y
thorium & fRAAIA miF EAsl #HEAA BRESL
9. |

A el BBl A olwl7hx1 & thiocyanate,
a-a'-dipyridyl, terpyridine, O-phenanthroline ¥ batho-

~— 144 —



Table 5. Pubished Reports on the Normal Range of Serum Iron, Iron finding Capacity and Trausferrin Saturation

Serum Iron Total Iron-binding Transferrin
(ug/100 ml) Capacity (ug/100 mD Saturation (%)
Moore, C. V.27 70~180 300~450 30~45
Beutler et a]% 50~180 300~400
Davidsohn & Nelson?® 75~150 250~400
Hagedorn? 60~150
Ramsay3? 30~40
Heilmeyer & Plotnert 126
Brendstrup®® Davies and
O‘%erholzer,33 Frederikson3 120~146(133) 300~340
Higberg, Peters et al?
Bainton and Finch® 30~40
R S AY 114:+£2. 48
JeoBEE A= A% 107128
ww (B 131.5+37.3 330.9:548.9 35.6212. 8
€9 108. 5-40. 2 291, 2+55. 2 25.4%12. 4

phenanthroline & fi i gkc}. o) FdA *= a-ao'-di-
pyridyl & Ramsay%2V4s0] £= {#fgla Peterson o]
BPlgye = Ry ¥-& 4 7-phenyl-1. 10-phenanthro-
line & A G o) B ko] 214 isoamyl alcohol
611} n-butanol, n-hexanol &< {# B 4] |l ok &
WA zge] glgort, Trinder®7}h 29k MEES}; R
A Z#kq) sulfonated bathophenanthroline & wbEe] {f
Asleed FEkel & ol & ¥l Atk vk o)l
% Warburg®~} #2235} cysteine & {# 1A 1} Budtz-
Olsen 8] O-tolidine fifie2 Fed] ELE Yo7
catalysis & Fifigld BES 29 ¢ 4 Ik

T AEH4 SIGMAft# sulfonated batho-
phenanthroline & Z2&HE 23 glo™ o] & unstable
st 2 thioglycolic acid B a4l 2&5R%E] stability
£ Fd5F40

U b3k o) EiAtA) BB mEdx v
Ramsay: 298] #YVe|4 Trinder®}:, Ramsay Big
modify ¢ Fulton??#:, Ramsay®??: % Bothwell &
MallettVES HErEER3 &5 Bothwell & MallettPk
o KT FHREAL 2 AVEA EEY RESRE
wrha(p=0. 0D #WEshx gl

B A B RIE k] & Peters et al'®9] jon exchan-
ge resin & F| fi 81 resin method 7} 9)&#) ferrous ion
(ferric ammonium citrate fiFH)E I0de] saturated
serum ¢ 8 3l {Fe] FeFE anion exchange resin

(Amberlite IRA 410)2.% HEEAA HEde FHist

Rath & Finch®e¢]] #3% optical method 7} gl =} Resin
method 2 3L 739 HIE(EE optical method B v} oF
7t =t

M TIBC JiE-S miFe] #HEEs KREHER, Eo
2 [\ By B B A, density ol HEE )
= BEES #EA H 22 optical method 2+ ITEHE
3 BEL 4 vk

Beutler et al®¢]1} Moore, C.V.20¢] ket E#
MEEE, mFESEEM ¥ MF transferrin saturation
£ &% 50~180 pg/dl, 300~450 pg/dl, 30~45%¢]z}
I HEsd

RERNA BEY BRE 2 B5eR Sdoed E
#ES) HiE = fle HToT 91.2%, 83%, 63.3%
olx HFE 90%, 77.8%, 22.3%7% dAFH:. 28
e @EAP BOEEEY 20%RE e AL &
Banukgt gelvh. AEE A o-& BEEAY mEHE,
m¥E TIBC, In{E transferrin saturation & T}§ o
B ATEY BiEES HEel e & 59 2

=g BT 479 & BEEs A= s w2l
Bysl k¥R =2t

B W

BEA BEET BxE BRoR mE#E, mEEES
45 8 Mm¥% transferrin saturatton & WHO A F3
3t Bothwell & Mallte #j: ¥ Ramsay ko 2 JHIE
T #RE e 2ok
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D BEY 57 nHER WEEs THE: 1815
#g/100 ml o) = SFAF#EEE 52 5~225.0 o1+ FE¥sfEE
= 37.3°19}. = mBREsE WEEe] Fhfe
330.9 4g/100 ml ol . FHEEEE 250~4567.5 ol £
EEEE 48.90

2) BEDY X7 miES F9Ee 108.5 #g/100 ml
o] i SREIEE 45.0~202. 5012 FE#EfFEL 40.29]
d3 mIEEESEE THEE 330.9 #g/100ml ¢l 2 5
HREE 295.0~485. 0]  E¥EFEE 55. 2919

3) R BT transferrin saturation FHfEE
35. 6312, 8%0] 7. T A F9 transferrin saturation
FEigfEE 25,412, 4%°1 v}

4) T mFR WEE B miER - AEE
2l ggket

5) MmiEHS BmMEESL 50 £g/100 ml LITFe =
e Brdle gloed ¥+ 5.5%7F BEAL

6) IiEEEEREC] 400 4g/100ml Bl k] BF & 10.2
%019 o} & 44.5%7F RE= Aok

7) % transferrin saturation o] 15% L) Tl fREs
£ BFe g XTFY 2% 5.6%7F ME=EAS
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