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=Abstract=
A Study on Red Cell Protoporphyrin Concentration and Iron Metabolism

Kyung-Hwan Che, M.D. and Bum-Suk Tchai, M.D,

The relative state of human iron storage may be ascertained more reliably through determination
of the serum iron, iron binding capacity, transferrin saturation and absorption of radioactive
iron in conjunction with studies of red cell morphology than from the study of red cell
morphology alone.

Recent investigations have shown that there is an increase in red cell protoporphyrin
concentration in ircn deficiency anemia. The significance of the red cell protoporphyrin has
been discussed greatly during the years since its discovery. Two of the main factors which
appear to influence the amaunt of protoporphyrin are increased erythropoiesis and factors
interfering with the-utilization of iron in the synthesis of hemoglobin, and iron deficiency.

Recently Heller et al. have described a simplified method for blood protoporphyrin assay and
this technique could be used assess nutritional iron status, wherein even minor insufficiencies
are detectable as increased protoporphyrin concentrations.

Based on the evaluation of the relationship between nutritional iron status and red- cell
protoporphyrin as an index suitable for the detection of the iron deficiency is described in this
paper.

RESULTS

I. Hemoglobin Concentrations and Anthropometric Measurements.

The mean and standard deviations of the various anthropometric measurements of different
age and sex groups are shown in table ]. There measurements have been compared with the
Korean Standard. In the absence of local standards for arm circumference and skin-fold
thickness over triceps, they have been compared with the standard from Jelliffe. Table 2,3,
and 4 give anthropometric measurements and frequency (%) of anemia in children surveyed.

The mean height of the children studid was 10 to 20 percent; below the Korean Standard.
The distribution of height below 80 percent of the Standard was 21.2 percent, however, among
anemic group this percentage was 27,7 percent.

In general, the mean weight of the children was 10 to 15 percent below the Korean Standard.
The percentage of children with weight less than 80 percent of the Standard was about 35
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percent, But in the anemic group of the children, this percentage was 44 percent.

The mean arm circumference was about 15 percent lower than the Jelliffe’s standard. 61.2
percent of the children had values of arm circumference below 80 percent of the standard.
Children with low hemoglobin levels, this percentage was 80 percent. ’

The mean skinfold thickness over the triceps of the children studied was about 25 percent
lower than the Jelliffe’s standard and 61.2 percent of the children had the value less than 80
percent of the standard. Among anemic children, this percentage was 70,8%.

As may be seen from table 5, the mean hemoglobin concentration of the total group was
11.3g/100ml. Hemoglobin concentration was less than 11.0g/100ml, in 65(36.5%) of the
178 children. The degree of anemia in most of these children was mild with a hemoglobin
level of less than 8.0g/100ml found in enly one child. In general, the prevalence of
anemia was high in female children than male and decreased its frequency with increasing
age.

Relatively close relationship was observed between hemoglobin level and anthrophometric
measuremenis especially high between arm circumference and skinfold thickness and hemoglo-
bin but very low in height and low im weight and hemoglobin level, estimated by chi-square
value.

II. Serum iron, Transferrin saturation

(1) Serum iron, and transferrin- saturation

Serum- iron, transferrin saturation and red cell protoperphyrin concentrations were estimated
in sub-sample of 84 children from 1 to 6 years and 24 older children between 7 and 13 years of
age. The findings are presented in table §. The mean serum iron concentration of the total
group was 59ug/100 ml, However; the level incrased with age from 36.6ug/100ml (1-3
years) to 80,8ug/100ml, (7-13 years). 60 percent of these children had a serum iron level
less than 50ug/10ml in the 1-3 vyears age group and 31.4 percent for 4-6 years group.
These contrast with the finding of 12.5 percent anemic children in the 7-13 years age
group,

The mean transferrin saturation for the total group was 18, 1 percent and frequency of anemia
by transferrin saturation was cbserved same pattern as serum iron concentrations.

(2) Red cell protoporphyrin concentrations.

(2) Red cell protoporphrin levels of children: Red cell protoporphyrin and other bioche-
mical data are shown in table 4, The mean concentration in red cell of all children
was fround 46,3ug/100m]l, RBC. and differences with age groups were observed; in the
age group 1-3 years, the mean concentration was 59.5::32. 14 ug/100 ml, RBC; 4-6 years,
44,1422, 57 ug/100 mL. RBC. and 7-13 years, 39.0--13.56 ug/100ml. RBC.

(b) Normal protoporphyrin values in adults: It was observed that in 10 normal adult males
studied here the level of protoporphyrin in red cell ranged from 18 to 54ug/100ml. RBC.
and the mean concentration was 47. 514, 47 ug/100 mi, RBC, Other biechemical determina-

’ tion made on the same subjects are presented in table 8.

(c) Red cell proteporphyrin concentration of occupational blood donors: The results of
analyses for red cell protoporphyrin as well as serum iron, transferrin saturation and

-hemoglobin in the 76 bloed denors are presented im table 7 and 8. In this experiment,
donors were selected at random, however, most of them bled repegtedly because of poor
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economic situation, I doubt.

Table 9 shows the distribution of red cell protoporphyrin concentration and hemoglobin con-

centration of cccupational donors. The mean hemoglobin value for the total was 11.9 g/100 ml,

When iron deficiency anemia is defined as a transferrin saturation below 15%, prevalence of

anemia was 47,4 percent and the mean serum iron was 27. 1ug/100 ml, and red cell protopor-

phyrin, 168.3ug/100 ml. RBC. However, mean serum iron and protoporphyrin concentation of

above 15% transferrin saturation were 11,6 ug/100 ml. and 58.8ug/100 ml. RBC. respectively.

The mean protoperphyrin concentration of non-anemic (above 15% transferrin saturation)

donors was slightly higher than the results of normal adult males.
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Table 1. Anthropometric measurements of preschool children by age and sex
Arm Skinfold at_triceps.
Age (year) Sex, No Height (cm) Weight (kg) Circumference mn 0, at_triceps.
(cm) \mm)
1 M 18 67.7:4.02 8.441.28 14, Oio. 94 8.4+1.56
F 20 70.2-43.90 8.1%1.30 14.4:£1.12 8.71+1.82
5 M 17 76.8-2.85 9.921.15 14,61, 05 8.5:1,21
F 18 78.94:3.58 9.7+1.7 14.6+1.21 8.3%1.80
3 M 16 81.0%7.59 11,441, 30 14.3+1.02 8.142.30
F 15 86.140.5 12,3:£1.32 14,541, 20 8.1:41.42
4 M 16 91.94.55 14,0-+1.43 15.0=£1. 35 8.2:+1.60
F 10 93.7+6.20 13.242,02 14.841.15 7.3x1.60
5 M 16 99.4-£5.10 15.8+£1.65 15.2£1.32 7.8+1.54
F 11 99, 245,02 14,3+1.42 15,0%1.24 6.8+1.62
6 M 11 106.316.16 16.9:1.64 15.3+1.16 7.811.62
F 10 107.2+6.21 16.8+£1.58 15.3+1.20 8.1+1.70
Table 2, Compared height and weight of preschool children with korea standard (sex combined) and
proportions of Hb. levels
% <ues | ues | 1zex | 13g%<
Stan- No. %
dard No ‘ % No % | No l % } No %
Height 110 4 2.3 — — 1 25.0 1 25.0 2 50.0
100 39 21.9 14 35.9 12 30.8 11 28.2 2 5.1
90 96 53.9 33 34.4 37 38.5 20 20.8 6 6.3
80 37 20.8 18 48.7 10 27.0 8 21.6 1 2.7
70 2 1.1 — — 1 50.0 1 50.0 — —
Weight 110 23 | 12,9 3| 130 11| 47.9 6 | 26.1 3| 130
100 34 19.1 11 32.4 16 47.1 6 17.6 1 2.9
90 59 33.1 24 40.7 17 28.8 13 22.0 5 8.5
30 43 24,2 19 44,2 10 23.2 13 30.2 1 2.3
70 14 7.9 5 35.7 6 42.9 2 14.3 1 7.1
60 5 2.8 3 60.6 1 20.0 20.0 — —_
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Table 8. Compared height and weight of preschool
and proportions of Hb. levels

children whit american standard (sex combined)

<ues | uew | 12e% | 1e%<
% Standard No %

No ’ % No l % l No l % No ‘ %
Height 110 1 0.6 ; 1 |100.0
100 11 6.2 3 | 27.3 3 | 27.3 4 | 36.3 1 9.1
90 101 | 56.7 36 | 35.6 38 { 37.6 22 | 21.8 5 5.0
80 62 | 34.8 26 | 41.9 18 | 20.0 14 | 22.6 4 6.5

70 3 1.7 2 | 647 1] 333

“Weight 110 7 3.9 1 14.3 1 14.3 4| 57.1 1 14.3
100 12 6.8 2 | 16.7 58.3 2| 16.7 1 8.3
90 28 | 15.7 9 | 32.1 11} 39.3 7 ] 25.0 1 3.6
80 62 | 34.8 21 | 33.9 23 | 37.1 13 | 209 5 8.1
70 49 | 27.5 23 | 46.9 14 | 28.6 10 | 20.4 2 4.1
60 20 | 11.3 9 | 45.0 5 | 25.0 5 | 25.0 1 5.0

Table 4, Compared skinfold thickness, arm circumference of preschool children with Jelliffe’s standard,

(sex combined) and propertions of Hb levels

<uex | ue% | 1e% | 13g%<
% Standard No %

) No ! % l No I % , No I % ' No l %
‘Skinfold 110 1| 6.2 3| 27.3 3| 27.3 3| 27.3 2 | 181
Thickness 1, 7 | 96 6 | 35.3 5 | 20.4 6 | 35.3 - —
90 35 | 19.7 10 | 28.6 11 | 34 11 | 314 3| 86
80 52 | 20.2 16 | 30.8 19 | 36.5 12 | 231 5 9.6
70 35 | 19.6 19 | 54.3 10 | 28.5 6 | 17.1 - -
60 28 | 15.7 11 | 39.3 13 | 46.4 4 | 14.3 — -
Armcircum- 110 5 | 28 — — 2 | 0.0 2 | 40.0 1] 200
ference 100 3] L7 — — — — 2 | 66.7 1| 33.3
90 61 | 34.3 13 | 213 17 | 443 16 | 26.2 5| 82
80 92 | 5.7 4 | 446 28 | 30.4 20 | 217 3| 33
70 7| o5 11| 647 4| 235 1| 59 1] 5.9
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Table 5. Hemoglobin concentration and number
and percent of children with low hemo-
globin concentration by age

Hemoglobin
Hemoglobin fﬁ)};centra-
No | (B8/100mD tpelo
11.0g/100ml
Mean SD| No Percent
“Total group 178 (11.3041.15| 65 36.5
Male 94 |11.33%+1.08 | 33 3.1
Female 84 11.284+1.20 | 32 38.1
1 year M 18 | 11.24+1.13 7 39
F 20 | 11.3-41.20 7 35
2 year M 17 | 10.7%0.95 7 53
F 18 | 10.94£1.02 | 10 56
3 year M 16 | 11.0:£1.15 6 38
Iy 15 | 11.341.13 6 40
4 year M 16 | 11.841.20 4 25
F 10 | 11.3%+1.15 4 40
5 year M 16 | 11.74+1.18 4 25
F 11 | 11.9+1.21 1 9
6 year M 11 | 11.841.28 3 27
F 10 | 11.4+1.12 4 44
1~3 year M 51 {10.9%1.18 | 22 43
F 53 | 11.2%+1.25| 23 43
4~6 year M 43 | 11.8+1.16 | 11 25
F 31 | 1L.8+1.22 9 29

Mk protoporphyrin e 245 HH 1784 644
= EESPT T~13R8] BE 244 2ol HEIY
Lo, 2 RES % 83 2ok

& ERlA EAT Bme 2EAREE 1968F WHO
o BEREETMEMERGY WMEDH Bigder ma
FE2 6/ ~637HA = 11.0g/100 ml £, 63~
ABFIAR L 12.0 /100 ml kHEe £4 BmakE
2 Eeryth =3 2ERREAA miEES 50 #g/100
ml K-S, ZLelz transferrin saturation -2 15% %
4 &% AMmEEER SR

@ MmiFEss 9 transferrin saturation

RS 135718 28 REY nFgEEYd F
¥ 59 #g/100ml, 1~33%+ 36.6 £g/100 ml, 4~
6% 59.3 #g/100 ml, ZEx 7~13g%= 80.0ug/100
ml 24 2N 2 KpBRFE(~6) AT} BET~
13309 mERS el EHeM(E 7). A mEE
4 BmREMEY SME 28 1~35%7F 60%, 4~6i
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Table 6. Correlation between hemoglobin level and
anthropometric measurements of urban
slum preschool children

Hemeglobin (g./100 ml.)

Anthropometric Below 11 Above 11 chi-suare
measurements No. % No. % value
Height,
below 80% of 26 14,6 39 21.9
American standard X2=(, 325
above 80% of 39 21.9 74 41.6
American Standard
Weight,
below 80% of 53 29.8 18 43.8
American Standard X2=271
above 80% of 12 6.7 3519.7
Amesican Standard
Skinfold thickness.
below 80% of 46 25.8 69 38.8
Jelliffe’s Std. X2=1.30
above 80% of 19 10.7 44 24.7
© Jelliff’s Std.
Arm circumference.
below 80% of 52 29.2 57 32
Jelliffe’s Std. X?=13.9
above 80% of 13 7.3 56 3L.5

Jelliffe’s Std.

Relatively close relationship was observed bet-
ween hemoglobin level and anthropometric mea-
surements especially high between arm circum-
ference and skinfold thickness and hemoglobin
but very low in height and low in weight and
hemoglobin level estimated by chisquare value,

oA e 36.4%, LA T~13Fe 12.6%=2A 1~3%

FhEAA Bz ERme] FEL Ad w9 tra
nsferrin saturation & 232 ZEi5{E = 18.1%0] = trans-
ferrin saturation o] 15%3KiHiql fFlv 28 884 32
#(36%)0] = FlENE 2 I~3%s] A 7+
F & gme HEEG%)E detilz glor 4~68%
A A= 36.4%, 2o T~13KY EBEL 12.5%24

Alel ot} transferrin satuaration 8] AE@FC| wh
2 by mEdEy mEEs 2ol Fihe] #Hinddl

wtelAl & T woklz EmEEMAE RO
o}
@ sk protoporphyrin
a) REtBERE 9 B JRME protoporphyrin
FRi1ER protoporphyrin & Z:B2 TEifit 46.3 pg/
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Table 7. Hemoglobin, serum iron transferrin satura-
tion and red cell protoporphyrin, and
frequency of anemia by age groups(l~13

years)

ll~3 year i4~6 year ‘7~13 year

Table 9. Distribution of red cell protoporphyrin of
occupational blood donors (78 cases)

Number studied 20 44 24
Hemoglobin (g. %)
Mean 10.9 11.9 12,6
Sh +1.18 +1.09 =0.74
Below ilg% 8(40.0%)) 9C2L. 5% 4(16.7%)
Serum Iron (ug %) |
Mean 36.6 59. 3 80.0
SD +17.83) £25.8Y 422,21
Below 50 ug% 12(b0. 0%)|16(36.4%)| 3(12.5%)
Transferrin Sat.(%)
Mean 10.9 18. 9 23.2
SD 34,47 +8.91 +8.19
Below 15% 13(65. 0%)116(36. 4% 3(12.5%)
Red Cell
Protoporphyic pg%)
Mean 59, 5i 44,1 39.0
SD +22.14 +22.57 *13.56

Table 8. Red cell protoporphyrin and other bioche-
mical data of 10 normal adult males

Hemoglobin (g/100 mb) 15, 030,52
Packed Cell Volume (%) 44,241, 44
Mean Corpuscular Hemoglobin

Concentration 33.8::0,84
Serum Iron (ug/100 ml) 125, 74-6. 88
Iron-binding Capacity (ug/100 mD) 357218.56
Transferrin Saturation (%) 35.24-2,87
Red Cell Protoporphyrin (ug%) 47.54-14. 47

100ml RBCol = 4EipfEel @ekd 2 3ol samatyd
oh Bl 1~3%%E IR protoporphyrin 9] ZifEst
747 dolA 59.5 #g/100 ml RBC o], 4~65% 44.1
pg/100ml RBC, Z#x 7~13#% 39.0 pug/160 ml
RBC 24 BES Rm# protoporpyrin s AQ
vogken o ghd A AL FEHE 2yl 1~3
%Y IR protoporphyrin Wil 7T~1385eL HAESH
a1 BRSA 2de<0.01). £l 92 FmBE
protoporpyrin &S] #k: o3 BN BERE
I wastglend 1~3% 4£RBEAAY & HmE
protoporphyin B.& @BEEZ &Gl ER A 24,
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Hemoglobin | [\fean of 1b.| protoper-
2% g% phyrin
2%
60 ~ 69! 32 6.1 384,7
7.0 ~ 7.9 4 7.5 402.0
8.0 ~ 89| 6 8.6 308.9
9.0 ~ 99| 10 9.5 197.7
10.0 ~ 10.9] 7 10.6 131.9
1o ~ 1.9| 7 1.3 1.8
120 ~ 12.9] 10 12.5 74.3
13.0 ~ 13.9] 10 13.3 15,3
4.0 ~ 149) 10 14.2 38.9
5.0 ~ 59| 10 15.3 36.1
6.0 ~ 16.9] 2 16.5 24.5
Mean of Total 1 ) 1.9 102.0

Table 10. Mean concentration of red cell protopor-
phyrin and transferrin saturation of
occupational donors

Transferrin Saturation
below 15 percent}above 15 percent:

Serum Iron :

No 37(47.4%) 41

Mean 21.1 112.6

sD +8.77 +28.5
Protoporphyrin

No ;Y . 41

Mean 168.3 57.8

sD +83.8 +45.3

b) E#E FA BT FmuE protoporphyrin

Y WAST 1048 FHm*R protoporphyrin B
A LN RAERERL # 8 gox] peaFEe 150/
100 ml, hematocrit &= 44.2%, M.CH.C.: 33.8%,
MG 125.7 #g/100ml, FEEBIEEEEDE 357 ug/”
100ml o] 3 transferrin saturation - 35.2%0°) 91t}
ol IEEASY MM protoporphyrin o FHiEE
47.5 #g/100ml RBCol= 1 HiELE 18~54 pg/
106 m! RBC o}l =}

S W% FRm*X protoporpbyrin B

BEGmE 7659 nokEE A, trensferrim
saturation B iM%k protoporphyrinBiEE 3%k 9 B

107} e,
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BEHmE megpge] 28 THE: 11.9g/
100mlol= 6~17g/100ml ¢} HEfA HHislgon
7844k 364(46%)-< 12 g/100ml ko] ¢l vk

g MR protoporphyrin BB 2882 FiHiE
= 102.0 #g/100ml RBC(HHEE 15.2~353.1 ug/
100 m! RBO)Gch,

BERMESD SREHEANY BES
saturation & = Jpelim 15% Kol 47.4%=2 AL
2829 ol HA o] BmBEMEA FHEd de
HHE mFEEI Frifikk protoporphyrin JEL] i
83 &4 27.1pg/100ml 2 168.3 ug/100ml RBC
QArt. @ transferrin saturation o] 15%[L F9] B
Mg mEEERES FHET 112.6:428.5 4g/100
mle[=] FRm%k protoporphyrin ¢ ZEi5{EE 57.8 ug/
100ml RBC flu #me] obdl BRFEBmEs miFEH
% FRitER protoporphyrin #EEE IEHKA BT F
BB AY 2ok

transferrin

V. £ B8

EERBIA L —#ivo 2 FifER 9 ## proto-
porphyrin 8] EEL12 o v (1 mole/20, 000 moles of
heme) @BRZHEm, B LAz oa AY HAm
& mel A& FRMIER protoporphyrin o] Finzl s}
Porphyrin {38 2. [l B¥ o2 {14 erythro-
poietic porphyrin, 7%, H2E BERERM
& =3 RMIHY protoporphyrin B Bins v},
o] KHAEL BT ARs Rffititel g o= porphyrin
B —%kHel REiEE EESE A 2oy ot
JEHY.C B = erythron marrow o] MEESE SELEA4]
4 RE2= WA FHifIk protoporphyrin B 3§
huElete Aelch porphyin & Hoe #bEd @t
A} $%3F porphyrin &) /LB Wiw A8 BES
¢} porphyrin &R¢8] e A9 BHKA HHAA
= g,

Porphyrin 8] &p-2% glycine 51 succinyl-CoA 7}
#E&Ste] f-aminolevulinic acid (ALAYR s B/E
A FE #AEE o] RIEL ALA-SREER e
A B

ALA-BREERDE
idoxal phosphate’® 5 g KE=z el por-
phyrin o] AL MmABMHOR —~FBTHolng 2
B B BiRe ALA-SRE#7: porphyrin &
RY mEERstn 44=d A5 HBRWY por-

mitochondria & glo= pyr-

9

phyria JiZ8e] BERE o] FEL FRE Fx gk

Kaplan®el] fkal= 2069 #o] o2& Yola FKimEk
o) ERWAA ALA &4 (AT stgom
Vabra® = Fhmbkell 4] -2 mitechondria fiH ) 4
2 mlE 0.01mg 9 #EigE-r ALA &R F9s
vha HEstgeh =T Vogel¥L @itz dl w4
o2 RMERE I R glycine o] protoporphyrin:
L2 FIESE AL @5 Ak ALA 7} protoporphyin
ME HEAHE e AL ERolstn HEstdrh

ol 2} 2L EEFER - ALA &Rl SlodA #el of
o REE el AL FRe v o= Bk
Zhpol] A7l /DERE EAEZEK FERT BR &
g protoporphyrin & &Rl v mEHd =
% ZETchA porphyrin 9] B2 WA= gt
3 AAL 4 9vh. 1P 22 heme ARAE FAR
gl dvix vk, § 2 sl heme SREE RS
(ferrochelatase) s 9 4Relm & e heme
GRS FETES o) d B vk A 4he). B
$E @ﬁﬁéﬁk&ﬂg WRiERe ALA 4R phEe
B} SRz EAR BERy 48 ifﬁmﬂii "
EFRE %% Lichtman®4:.& ALA 7} uroporphyrin s}
coproporphyrin 2 2 &S £ Aol BAIAHRL A
SRt B MKEPS 90t @& protoporphyrin
& WA feed back inhibition & ¥ BEER:e) o
v HEs g

= Watson®®L- gk bk & fnhy sRfuER] proto-
porphyrin £-& &= v ¢Arb3gsl porphyriaw s
3k porphyrino] HESHA BinsdE RBE R
2= protoporphyrin 3+ coproporphyrin £-2 —g2.
# reticulocyte Eoll HHIRcta st gck

Cartwright® % FimIk protoporphyrin EE: &
PrziEAm Eindvtn g9 Goldberg &2 Frimik
738 porphyrin B8 HBine HRmREAS RSz
FRIIER protoporphyrin ¥EF = EiZ Al KA
Wik va shae.

FEe SV K2 RES BREHAMS 2
gl o BAHES AEslided ARE REY 85
ESRRBE mERA BN ik ¥ Adfy %
#2934 FRMuFR protoporphyrin B4 HEEtg k.
KRER A Iggiel 1357134 o] glel 8 FHmEk proto-
porphyrin B¢ 288 THEE 46,3 pg/100ml RBC
o] 9},

2ol 15gARS] HES PR protoporphyrin
Bl ¥ | Sturgeon®®sl Hsia %76 g3l 4

—
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R R Aol Fgol B 4 gt

Sturgeon®?d] kel kel 3~10 RE 1849
FrMER protoporphyrin JBEES) FEiGfEE 50 xg/100 ml
RBColgl om ol & $&e miE®, miks 2 trans-
ferrin saturation-& 25 wsghela giel, & FEhOlA
FRMER protoporphyrin = F@fEd #el &R
dolos R M, miFE 2 transferrin satura-
tion o] BET Ftol E 4 Yo 1~3% o™l
#RiiBk protoporphyrin S} A4 EobA 59.5 ug/
100ml RBCelglom 7~ISikell HBsHa HESMA
F9eHp<0. 0. -

Langer'®%el fkatw sRmBebe] Wt protopor-
phyrin grg% transferrin saturation o] I5%L T4l &
EA AL EmArts de, o] B Bl HiEs 192
B8] HBRE 49 BES 9.0 Rk protoporphyrin
I % =X transferrin saturation ol &= F3kqy
= HERBIGRE ok ¥ 4 dolod zY Ame] #
BE7t Hal A5 RmEk protoporphyrn BEE #UEM
Loz @At @Estdclk Aek ol E #Ee &
fie] EsAA weld] erythropoietin #fiRo] #ins]
o} Epuhst BEES BE MES HdXA e
AL wees £ '

A BB AE RENCE Bilshs BED B
d B A FER BEEH AR BRE BE
3lo] B fEFR Langer o)l {k3to] #iiesl uled ol 3%
1%k protoporphyrin 8| WL T o wHelA i
RE> FESA BT '

d BMEEES] traneferrin saturation 15% %%
<] A FRf¥R protoporphyrin BEE #Ehsldm 15%
koA ETF= gk

—BEHo 2 SHHEY £ ERd HES BES
Zr}. B¥E porphyrin ) WL HXAe 5¥kE
FHES S ot RS R Rk B
Ae REE Josix grk. BRESTES 5IEEEHE
2} 10085k BREZE Fov 3 oA HEE
ulky] f+},

o] 2§t Wil & Fol FE¥E sRimER protoporphyrin
FEs AIKEE FEHSTGE porphyrin & B
B(oH Dol 4 4] Bk, FIl 400~410 nm, 540
~560nm, 572~582nm o 590~603nm-E zZti ¢l
v}. porphyrin & Wik spectrum -2 pHel| {&s)A iF
S 29 £ el porphyrin Bk o}
Vet fifa$, bilirubin 4 porphyrin sl & fHife]
BlkE 77 el Bk '
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Rimington 5} Sveinsson'®.2- o}z E¥K|A por-
phyrin B FOMES MBS BEE #ASY R
e Hiks @Es Ak o] FEEE steroid 47 o)
A= Allen HFEs 22 Aojo With™® 8 Rim-
ington 3} Sveinsson!®s] {£3 A porphyrin FEe] Fi
A5l or & ERAAE 1289 HEE Ao #HRS
4ivh. porphyrin & pHel fkal4 e B B 1H
= 2{59 o) go 24 i wWlA HAY B
HEE T BSEMEMS MRSEE KA HRHS
2 5EEY 4 9wk HiE porphyrin &) Sl glolA
743 wo] FES HEEES ether 8} ethyl acetate
oltt. olAL T REiS @] gow ether
uroporphyrin ¥ coproporphyrin §£9] ZHike] 9o
A ethyl-acetate Bx} ot 1 i & Bele &
el kA A et wetA K BBl AL acetene
ethyl-acetate 9} formic acid: diethyl ether & {#F &
Avl. BREYCZ Hiigel ST protoporphyrin &
0.5 N Emersure] fithished PR 380, 407 =2 430
nmmeo A L5NERBEKS BHLE st ZXXER
®ow WwEstych & EBAAL & ERAA BkE
BE orl fd FE mE&stE EAstY . BkEXE
R At .

BT A AR 2HRYA ARGREMET
Hz glen s REEE e BRA 4=
I BEEECT v 19666 0= Y B
HERS AmBHEE: 50%(E%E 10.58/100ml EITFD
gha shg.om, 19684 WA AW Bl B
E19] 46%(E#E 10.5g/100mDE Amoletz #H&sh
Arl. 19685 EHF H{%PL B By 13.8
%(F:¥ 10.8g/100mDe]lx ﬁ%%}ﬁf_% 19704
sl FEE® 9 BEGS REPVY HiEl &
el SR REd AnAEs mEaFERY AmE
#g 11.0g/100ml 2 Fopd £4& 38%sk 45%°1%
o, @ ERAE 1w 1~ A 2e 1 EEst
ZobA 50%7t HlgloH EY FHBME RRER
£ AMEES 2 EEs £ T 213&‘4. h- 20| VN
EBol A 1~3%S] miFE 2 transferrin saturation
Lo ERpEac 1 FHfEsl For AmKESE
%% 60% D 659013 19704 EEis: TEEY B
ol wjst BEE Aglth ol TR 4(LEBHY GE
ERE 1~3 %58 HFmIR protoporphyrin JREE ]
#wine BEE dae Eviz 4480

obA WA FRMmBR protoporphyrin SHTE HAREA
Figel 2A D et o Wi FHikel Wl B
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ool A&7 wlFel g}

a2y E— #5% RMmI protoperphyrin HI5EH:
o] EERBELA FB s BT BRS =
TRELE KT HoEEIARE Binsl ARMEk protopor-
phyrin &6 238 A Lohdl = YA = Aelgln
-2 23},

FriiBebe] HE protoporphyrin 9] Hinel
BRP-L oA WISk heme HELS] BBl HESH
= B9l heme AREERY #HE L B4 #E
TRELE HESE Aol P A4t

el A& FRfuBk protoporphyrin &) @EE & M
By 2 A LEBRY S} o) EHEslel uel FE
3 FoEEREE FEE ¢ Jde Fhoezm A4l
o,

V. #&

S

ke Bz me) BT PRy —BRen W
FHREpERES ERNEEA § BRELLDEE #HE
2.2 3] £ HEEFNA mEE, ML, transferrin
:saturation, 28] 3. JRifiER protoporphyrin EEES BIE
Sglom RIS =2 sRkmER protoporphyrin
BES #BLEE FHstd e 2 &R 29

L FHRRHBRES PHrEkd BEEREEY )

10~20% Eshom fEEEfHS] 80%KiES 2888 21.9
%ol vt MES KD MEEEMELT, 10~15% ¥
stor REEERES B0%KER 34.5%01% vk HES
BES EEEEEY BEE 28 2% dgon] 19
B0%KEQ Bl vS wol &% 36.5% B 77%°)9
1—4.
LBEES] FigfEe Jelliffe o] HiH(ER T Zpaiyo
2 I5%REE dgor [EHEY] S0%KWS 61.2%9
. 8 SEHHCAAY ST s EreEu s K
WE BYEE ko, FilEe 80%KE fi-
64.6%0°] 91},

2. REEERES mEREREY F5L 11.3g/100 ml
olw Z38e] 36.5%7F 11.0g/100ml skiFeigde}. —
Bvez Ame HEE Bract KT %ed 4
ol Fmddl =tebA debgich kEte B SHE
= & FEHWMEDT o FEEech 3 FuA o 9
o =g HmMBEEE LTS mEeRRES 713 fld
AT Ry oR £ FEIWET 2 Bk figs
FI7b ekt

3. mEREED FEM = HERGS 2ot & 4

glolon) sE, LHE 2 SHEGHAAAY 91T
= mEaREEd B NG doond Hel ki
B st HRBIGRS 2ol & 4 g glvi(chisquare
fE=13.9).

4. mEES 28 FHEEE 59 ug/100mlels 1~
350l A= 36.6 £g/100 ml o] 3, 4~63%el A= 59. 3 g/
100ml, z&lx 7~18g%al A& 80.0 p£g/100ml o] gl vk
B AR FENT miFESBREGO pg/100 ml K
FDY S 1~3dl A 60%, 4~6ixol Al 36.4% L
23 7~133 A 12.5%01 9k transferrin
saturation ] ZE¥GEE 18.1%019 1 ol 15%KM
ol Hle REES 6%l REtBREEe SRz ikEm
o R MIEEEEAA L) 2Fe] Aol Eindd =
24 Bo= Ak

5. KErEREme Ti#fRimER protoporphyrin JEEE
46.3 #g/100ml RBCo]x, Eppl= 2 1~3ggd A
59. 5 /100 ml RBC, 4~6g%s A 44. 1 #g/100 ml RBC
TElm 7T~13880 A 39.0 #g/100 ml RBC o] 3. FrifiEk
protoporphyrin & = EkSHERA M HE
L 1~3% A BES =3 (e<0.0D.

6. FERA BFY #FifiBR protoporphyrin & 9]
FiEE 47,5 #g/100 ml RBCo|aL = FfififE 18
~54 pg/100 ml RBC glx}. 3 o] &9 Measfe 15.0
g/100 ml, hematocrit = 44.2%, M.CH.C.%= 33.8%,
¥ 125.7 pg/100ml, RERKEERE 357 1g/100 ml,
18] 3. transferrin saturation-2 35 2%¢] 4tk

7. WELMES THmeREEE 11.98/100ml o
=] 12 g/100 ml - 28] 46%0]9lv}. transfeirrn
saturation o] 15%3KHa Bl= 47.4%¢]9 °1E4 M
¥i9) EifEE 27, 1 pg/100 ml o) I FRifER protopor-
phyrin jEp=e] 1L 168.3 #g/100ml RBC givh. =
#|1} transferrin stauration o] 15%[) el FRZEiG Mm%
&) MBS Sk protoporphyrin PEE &4 12.6
#g/100ml 2 57.8 pg/100ml RBCo|® EHABFR
o #HF 9k

8. Dld ##d RES F63 24 REFNRR
phEmEe £ FEEMEE kB2 Yo Am
9 FEEL E9vh fsl 1~3kd BYRAAL sk
ZHEZMmY EHET 2 A 5 F d4. 8 F
#L FRMiEk protoporphyrin o] WL meE, MmME
#% o transferrin saturation 3} ©Eo] EAHNREES
Pt QA HED kY shveln A
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