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Al (Aluminum: 7L =7 A)

CKD (Chronic Kidney Disease : 18 [#5)

DMT1 (Divalent metal transporter 1: _ffi&J@A 4 b7 AKR—%—1)
Dcytb (Duodenal cytochrome b : + #5055 b7 v —2Ab)

ESA (Erythropoiesis stimulating agents : ILERE I il K - HLA)

FDA (Food and Drug Administration : CK[E) & MmEIKMLE)

FGF23 (Fibroblast growth factor23 : RRMEZEMIMELE K+ 23)

HD (Hemodialysis : MRZAT)

IDA (Iron deficiency anemia : #k/KR.Z M2 i)

IRPs (Intracellular iron regulatory proteins : MIENSGRE &~ o X7 H)
La (Lanthanum: 7 > % V)

MDA (Malondialdehyde : v a2 Y7 /LTt K)

ND (Non—dialysis : FEBHT)

PTH (Parathyroid hormone : EIF KRR /LT )

RBC (Red blood cell : FRIMER)

TBARS (2-Thiobarbituric acid reactive substances : 2-=F 4L &Y — LERIEHEYE)
TIBC (Total Iron Binding Capacity : #&kf A HE)

TSAT (Trasnferrin saturation: b7 > A7 = U L AafIfE)

UIBC (Unsaturated iron binding capacity : A~EAFIELHE S EE)
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SUMMARY
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<«

Bl1E oA

7 T PR BRI, AT 1957 E DRI E LTHWSL, KEIZEW TS
FDAIZ KD, T RICLZELFEO BILHWE] (Substances Generally Recognized as
Safe, GRASYH) LREINTWD
(https://www. accessdata. fda. gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch. cfm?fr=184. 12
98), FEio. BRAMKITAEERNICEZFIEL, ~EZ B E OS2 E L L TAEBRIICE)
CERITHFETHY, H< B VBEHAETLHIZEDHLNATWS, —FH, @@aha U %
EHRIOWEROBLENG, SEEED Y VBEOHEMRER N bR S L fafikh oY Uik
AFREDREIL, TORBOY UL ONEIEKEBICKRINDS EEX D, U U
B BRORFRE OV VA AR, AEICAENICHEET 2 8B O T H FFICIRME A
AL, FUEIETH D U s —8k M0k X0 BIES VU o200 U7 1S
=ULLRETHD, LEBR-S T, H 80U VL OWRIEEENBEFED U W5 O
RSy T D La 0 AL ERISFICE WS EAVRIBEND (R 1), T72bL, 8k (31Hgh)
TV VREAIORSE LTEEND Z LICEY, BFERROY U EHEENTREA L T
BIEOILEM Z TR L, U v OERNRIEIZ 5 2 EMEESND, ATITB W TIE, &b
WD 7 = RS 8k L TR 2 MEEEZ WD Z LIk Y| REEDP K E B
DSHWRHEZ G2 7 = BRSOk (U A8 250mg) MSBAFE STz, T D7 = U
5 SR ONWT, BALE Ty RROBARET LT v b E W IERRIRRER ISV T,
U UWRIHEIER &g U R FERA RSN TS (M1, Tida et al., 2013),
Fio. FHEEKHABRICBWTZOREMEN RS (K2, Ganz et al., 2019; Yokoyama
et al., 2012; Fishbane et al., 2017; Block et al., 2019; Yokoyama, Akiba et al.,
2014) . PRIFHIO CKD BF b &7z MEMBIMREE ICB T 2@ Y v liE) ORFkE - 2R T
KRS, U VAR E L CERBESG CTHOW LTS,

7 T PR RN ORI AT ARG TH D) Ui, B ORIEIIIMB DR T
b, INTTLEIIINS RaF T2 A e LT, 2O ER> TS, &
7o, MR oY Vb a bEEE TR F BN b MHERK S THDHZ &b, ERIC
Lo THEARR RIS TH O . D 85% 0Bk, 14% A HARRR. 1% 2SMAaN ., Hifash
R ORI AFAE LT D, AERINTIRMTE U IR E IR — ISR S TR Y | £
OFEHR TFIZFICETMY > BIFREALEY (PTH), ©4 22D, fibroblast growth
factor 23 (FGF23) 23ZIF HiL, FEpldas & LT, Bl FIFWRR, &, BERE0EE
LTW5 (Kraft, 2015), HCTHEEREHMHEROMKE L LT, W2 Y AR L78
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A HRDNTBIRAE D DY PR AR S WD 2 & THHE A S e  IE Y LR A
FFJ 2 HREERNICIi > > T D (Segawa et al., 2007),

Z DY v OEFE VR BRI R O R B A S TR Y | BIROBENMET LTS
CKD BHEIZBWTIEIRFID U > 2 BRSNS 2N MR T LTS Z 2 % 5, 2
DY OERNETREIE, CKDIZRBIT DA EREIHETH VD . RAEAIKIES, OIE A~ b
FOFEE Vo ERR Y ATZICERD, 72, MU VIIESE EX IV DIREKTIZE - T
AT S AL D TIRPERIFUR I RE TTHEE 13, BIFVROEIZ AL & PTH ORI 72 & 5l OV s % £
W, BRI E 25 X 29 (Block et al., 2013; Vervloet et al., 2017; Kestenbaum
et al., 2005; Bellasi et al., 2011; Zoccali et al., 2011; Isakova, 2013; Vervloet
and van Ballegooijen, 2018), L7-23 > T, @&V VIfE & Z ki< EE LA DHEDHEST
YT H7m0ic, @Y VIUEE R T S CKD BEITRFFREITMA TV P WERERIET S
WERHY | U WERIOEREDO—>E LT, 72 UVBE _SPHOLEN TS,

—J7 T, CKDIZRBWT, AT FEEREIED —DIZZET 65, BiflHEITHAD
3D 1TDOABRBREELTND ESbil, ZOREMOFROEL XZ PEIIHRZIZE DD
EIND T LMD, MR/ DA b HIRA L ERMBE TH D (DeLoughery,
2017), BRRZITIX, BN OSRORPRE DM - F578 L TV 2 et gk R 2 K e
& HERERICER ORI LA IH STV D HERERIBE R ZIREEDR H D L Sh T 5
(Lopez et al., 2016), CKD BHFIZHENTH L OBENEHERZMAM (IDA) Z&H LT
BV, F0OIE¥E L LT Erythropoiesis stimulating agents (ESA 84K . #1080 O8EH
B SITWD, SAIE G OBLEND 7 = VRS Z8ROIER & Rz & 2 A, o KD B3
TORKRBRICIBNT, 7 = VERE ZSKImEmE Y VIEZ SET 57217 T, ~E7
BE UMl hT AT =Y AIFIE (TSAT, transferrin saturation), M OM{E 7 = U F
MED ESH-ZR LT (K3, Yokoyama, Akiba et al., 2014), J72bbH. 7 T U 8k
I U MESKT T B Mg U R TEA S e BisEER b AR o T REME DS
BADND, T2, ZoMig ) CREE TEM & AdcEER L CKD BFIZB W TR E
LWbDThL—F, EFRERELZRD, ARNY &R LT IDA B ITR W
TiE, AMEEERHOLNEE LWMERTH D, 7 = U H 8% IDA BEIZB VT Y AR
BWEHRBHI L TED L) RERMZRZTONIMA LN E 2> TV, F7-—FH T, #H
BeHZBWTE, RSN N T AT 2 Y VEICHA LWL ERRE L CTERNICHE
FTHZELIZEY, LA ML RAZFHFE L, BaEELSI SR TLEEZEILNTEY
(Vaziri, 2013), CKD BFIZEH N THEESARGIZ L DBLA R L A ——D ER7N
WEEN TS (Agarwal et al., 2004), 7 =5 8L A L AIZRLTED X
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5 ER AT D DINIAHTH S,

ARELFHLTIE, FTE 2 RCBNT, BAET v NHWT, 7 = VB 8o
3 HER & U AR DER Z R HET L, AR L 0 U ARG & BRI T2
RBERE LTz, BV THE 3 EIZBWT, H2 EOMMRESE I LIZHEZ VT, #
RZMAEIMT > b & HOTREERORET 24TV, 7 = 5 8RN ) RN ET 2 L
<, BAMdEEERZA T2tz r Lz, £z, F4EICBWT, BLET v M2V
T, 7 U RO A N L AT D B 2§ EA & [R5 Z LISk D
AL, 7 = s SR KR IR SERF (2 T8k AR BRAY 22 W R A 2 D = & T kR b
LAD ERESI &I SRWATEEMEI U RIB S Tz, SO OREEND . 7 = VRS T ERITIE
WIEHREE AT ASRZEAMT v MZBWT, U ARBHIHET 5 Z &< Al EE
MZaRL, BBEA R L RAD ERABE L DN LRI,
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# L

&Y CERE ORTIKIRIE T COE Y VEEA A U IRE

BAFAEP D e O
i | 2m UvBiE | UvEAvRE | RRERC ) RRE
(mol/L PO,) sp wth
0L (Fk) CrPO(green) 4.90X10° " 2.40X107%
S SRy LaPO, 6.08X107"2 3.70x107%
£ (1) FePO, 1.14x107" 1.30X107%
FILI=YH L AIPO, 1.14X1071° 1.30x107%°
A Pb,(PO,), 2.99X107° 8.00X107*
i) Cuz(POy), 3.29x10°® 1.30x107%
% (m) Fe,(PO,), 4.95%10°® 1.00X107%¢¥
. ALY L Cay(PO,), 2.28X1077 2.07X1073%
AREY L Cdy(PO,), 2.37x107’ 2.50X107%
L Nis(PO,), 6.83X107’ 5.00X107%
E&/E SN Mgs(PO,), 3.59X10°° 2.00X107%
AULSFN Bay(PO,), 252X107° 3.40X107%
. FRYY L NasPO, 1.03 31.6
h)o L K;PO, 2.42 51.42
iR B, 2014 XV fisH
D OET AR AbREE BRI (1993) KLY
2 FFNIARE 100g FIZE ENAILEMOE /g

) AT AR

S

(2011) £»

Y CRC Handbook of Chemistry and Physics, 84th Edition (2004) L ¥
¥ Nag0 : P205=3 : 1 DIEIRIZ OV T
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X 1.

359 [ Monitoring period
- [ Administration period
'g; 30 —"
g T 1
c 25
h=]
©
g 20
©
o
=
3 15+ ok
E
s 104
€
=
g 57
G T T T == T 1
Control 0.3% JTT-751 1% JTT-751 3% JTT-751 3% calcium
n=9 n=28 n=9 n=9 carbonate
a n=9
124 [ Day -7
@ Day 8
104
EE
ook
= 8
g
a 64
E
2
b
7
0 T T T T
Control 0.3% JTT-751 1% JTT-751 3% JTT-751 3% calcium
n=19 n=28 n=9 n=9 carbonate
b n=9

Tida et al., 2013 X v #iz#.
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= O= Placebo -
—@— 1.5 g/day
2.0 - =h—3 g/lday |
—i— 6 g/day

0.0 T T T T T 1
SCR -2 -1 PRE 1 2 3 4

Week of treatment

Serum phosphate (mg/dl)
(2]
o

—@— JTT-751
10.0 - = O= Placebo

6.0

4.0

Serum phosphate (mg/dl)

2.0 ~

0.0

SCR PRE 2 4 6 8 10 12 EOT
Week of treatment

2. IM¥E Y REORERFIZAL
a ; MEENTRE SR 5 11T AHHECRER (Yokoyama et al., 2012 XV #5#H)

b {R1FEH CKD BB 23R (Yokoyama, Hirakata et al., 2014 XV #5#)
EYIE SRR AR 7=, SCR - #1122 (washout) BRAAAH. PRE : £ 5BA4A H . EOT : £ 5#& T EE.
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X 3.

Serum iron (pg/dl)

SCRO 4 8 12 16 20 24 28 36

Week of treatment

400 -

w
(=1
(=]

Ferritin (ng/ml)
N
=}
o

100

||||||||

400 -

TIBC (ug/dl)
N
]

100 -

o +—F——FF—F—F—"—" " 7T T T T
SCRO 4 8 12 16 20 24 28 36 44 52EOT
Week of treatment

80 -

SCRO 4 8 12 16 20 24 28 36
Week of treatment

PRBAH A E ORERFAOHER, (IS B TR K& G-5R)

a; MyEEk (peg/dl), b; MiE7 =V F > (ng/mL), c; TIBC (ug/dL). d; TSAT (%)

PEEARAERZE. SCR : BIERBAAAH . PRE @ FH-BALA A, BOT @ 58 Ty,

Akiba et al., 2014 1 Y chZdiid)
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HoE I URE _SOBMRE LN RGNS 2 B
(IEALE T N aBR)

arsie

1

=
il

7y bW 2 OB SR ) CRIGENHEERICOW TR, TTICREEATED .,
U T U SR S K3 ) R RO E o 72 V) CIRINE DR, R Y R
BERHRE SN TS Z b, VU RIUNHEERNZz A3 5 Z LR ST (Tida et
al., 2013), —H T, Z20O U U RPOWFTOBT, BATH D 7 = LV BEHE _SRPEARHH KT
LTEDOEITEEL TCODIDERFT STV, 22T, ARl EidERo HES
B\, BALE T o NHWT, 7= U SROSMRHEIC T A ER & U oREHC T A 1E
MZFRIRFICHRFT L, HREI L 0V ARG & BT 2 82 Rt Lz,

Hof MEROTE

FBRIZIIHEVE Sprague-Dawley (SD) 7> b (AARF ¥ —/L AV —/S—fR) &M=, 614
B CART L, % - BEO%, TEEICE O TR Z B Lz, BMIXRINRERE S -k
WK B OY CRF-1 By KAk () = Z VEEREER, 13.8 mg %, 1220 mg U >, 810 mg B /L3
v A100 g B A B mERSE, 12 B O E Y (B8] 0 8~20 Kr, KEH] : 20~8
RF) . IR 23+3°C, MR 55 15% (CBREEHUE S L7 B B 2 CHERF L7z, BRI 3IL & —
ICTT Iy Nr—UTiToT,

Day 1 QREFHGHHAAH) ICIREZ I 18 6 PS> 3 BEIZEES21T L, Control B,
0.3%ferric citrate & (0.3%FC &), 3%ferric citrate Bf (3%FCAE) ZRE L7z, 2B,
0. 3% K% O 3% 7 = e SRR GEEHIE N ZNETEL 100 ¢ 72V FE L L T65.1 mg KV}
526.8 mg & A TS, CRF-1 ByRAEL, 0.3 XL 3%D 7 = Ve 8% &43 5 CRF-1 #
RETEHZ THAEE 2 BAAA L. Day 12 £ T 11 HH, REFIC TR G- 2flkkt LTz, Day 7756 8 I
BOWTRE T —VICTEBIEE L, BRIRT 22 EICKVIRY V%457, Day 1, 8, 12
ICJREAR L v BRI L. iR TR, iR O~E S e B R RBC S 4 B Ehif
ERECHEHEE KX-21 (2 A v 7 AM) ZHOWTHE L, £72, gy 7159 10,000
Xg, b LHBET 2 2 LiIC kv iiE AR L., AL AE s (Model 7180, HZ
BUERT) (SR MRV CRREE, M IRV T MREE G R LT =
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VIBE . MIETPOSPEE . unsaturated iron binding capacity (UIBC) ZH|E L7-, ILiE
intact fibroblast growth factor23 (iFGF23)1Z-2W\CliE, ELISAJEIZ XL W HIES ~ h & H
WTCHIE L7z (A J A%E), Transferrin saturation (TSAT)IZOWTIE, IMiEELIEEE &
UIBC LA N Oz W TR L=,

TSAT (%) = MLiEEkIRAE -+ (MLIESRE +UIBC) X100

FAHERRITIZ, K /3F A—H 2OV T, Control #£, 0. 3%FC . 3%FC BED 3 BFElZHOW

TEHETOMEEIT-T2, T72Db, Bartlett’ s test (ZX VS BIEZMEGR L, &0
MERTEFR I N 7-3E 121 Dunnett’ s multiple comparison test Z{TV), 25 HEUMENSHER X
N> =35 121%, Steel’ s multiple comparison test Z1T7-7-, pfE<0.05 A& &
L7z,
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B

5 3 1 ES

BALE S v NERWT, 72 UBE 80 U AREBIEL ST 2 — 2 K OBRRHIRTE T 2
— 2R DB A R LT, M. SUFC BEICR W T, MyF Y REROYRF Y gt & o
AERET, MFD VY MREOHER EAMHEE SN (K 4), E7o, Ml iFGF23 J=EE
t 3UFC FEICB W THBEIZIK T LT e, S 51T, 3%FC BECB W T, JRTF ALV o AHEIERED
AERBMDBRD LTz (F£2), 0.3%FC FECHWTIE, Mgy e, JRP Y o HEiE, M
THEH LT APREE MG iFCF23 IREEDNWT LD /8T A — 2 THI B R EITRD Hive
ofc, Flo, FEICEHL TUIWTHORIZE W THBERZITRD bhieho iz,
PRACEHIBE ST A —Z 2o T, WO 7 = U SR ERICBVLTYH, R
ONEZ 1 EAMEICHA O EITRD b o7z (K 5-1), —J7 T, 3%FC #EIZR VT,
MERIREE O TSAT O & 72 E5-. UIBC OFERIR T2 O Hiv/zny, 0. 3%FC BEZHU T
TZNE DT A —=ZITH B NREGITRD bivigho7z (K5-2),
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12

=
© o

Serum Inorganic Phosphorus
(mg/dL)
o0

T

-
N

-
=)

o

Urinary Phosphorus excretion (mg)

$$ 6
4 =O-Control 4
--0.3%FC
2 -=-3%FC §§
ol 2
0 0
2 3 4 5 6 7 8 9 10 M 12 Control 0.3%FC 3%FC
Day
c d
12 400
10 l: ‘.\—2 § _
= Q_ -]
§ £ 300 |
o
E s g
E &
S ™
-6 200
2 g
g =O-Control ko] =0-Control
£ 4 ]
2 -4-0.3%FC £ 100 | -4-0.3%FC $$
g £
P 2 --3%FC ---3%FC
0 0
2 3 4 5 6 7 8 9 0 11 12 1 2 3 4 5 6 7 8 9 10 1M1 12
Day Day
X4, T UPRE SOV AGHEIE AT A — XI5 2 D (BALE T > iR

a; Serum inorganic phosphorus, b; urinary phosphorus excretion, c¢; serum calcium,
d; serum iFGF23.

Data are the mean & standard deviation.

iFGF23, intact fibroblast growth factor.

$$p < 0.01 (Dunnett’ s multiple comparison test), vs. Control group.

8§p < 0.05 8§ §p < 0.01(Steel’ s multiple comparison test), vs. Control group.
Tida et al., 2020 J ¥tk uina;
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F2. MFERTIAVT LR (BLET > FEER)

Urinary excretion

Body weight (Day7 - 8)
Calcium
(9)
(mg)
Day 1
Control 3198 + 127 -
0.3%FC 3212 * 8.6 -
3%FC 3208 + 8.0 -
Day 8
Control 3585 + 13.0 1.0 = 0.5
0.3%FC 360.7 * 16.2 09 = 0.5
3%FC 3545 + 145 27 * 04 $$
Day 12
Control 3741 = 10.7 -
0.3%FC 3804 + 17.7 -
3%FC 369.7 + 16.0 -
FC, Ferric citrate. —, not examined. Data are the mean * standard deviation.

$$p < 0.01 (Dunnett’ s multiple comparison test), vs. Control group.
Tida et al., 2020 X Y kA isH;
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18
__ 186
=
3
) W
c
o 14
]
S
£ -0-Control
2 12
o 2-0.3%FC
3%FC
10
1 2 3 4 5 6 7 8 9 10 11 12
Day
b
800 ¢
600 |

-O-Control
=-3%FC

RBC (104/uL)
S
S

N.S.

1 2 3 4 5 6 7 8 9 10 11 12

X 5-1. 7 U _SROBMRBMBIE N T A — 2T 52 D58 (BAE T » FERER)
a; Hemoglobin, b; RBC.
Data are the mean + standard deviation. N.S. means not significant.
RBC, red blood cell.
Tida et al., 2020 XV ckZ8iind
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C 600
=O-Control
-#-0.3%FC
) -&-3%FC
©
S 400 §§
=
c
o
—
£ {’#ﬁ
2 200
[}]
(77
0
1 2 3 4 5 6 7 8 9 10 11 12
Day
d 600
=0-Control
-2~-0.3%FC
-&-3%FC
T 400
3
[
2
(8]
o
D 200
0

S
=
Py
(/2]
=
-0O-Control
20 =2-0.3%FC
-B-3%FC

(X 6-2. 7 = UPEE SROBMEEE T A —ZIZ 52 D (BLET v FAR)
¢, serum iron, d; UIBC, e; TSAT.
Data are the mean + standard deviation. N.S. means not significant
UIBC, unsaturated iron binding capacity; TSAT, transferrin saturation.
$$p < 0.01 (Dunnett’ s multiple comparison test); §§p < 0.01(Steel’ s multiple
comparison test), vs. Control group. Iida et al., 2020 X V) 2 in#H;
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FAH B

Pl

HALE T > FRBRIZIBW T, 3%D 7 = U "SRR EIZL Y iE Y SREXORF Y
VHEBOAERET, MiEH Y AEEORE R ERADHER S, 2D OZB{LITBER
DU = URE S ERWERE R TH 572 (Tida et al., 2013), U &hnv v
X, ZOEFEEEZFBICHERINTEBY, £L LTER. B, /M BIFRRSBHES TV 2
(Kraft, 2015), Zh b U ARBICPHEGT DIEERD 5 6, EHEIEEHERTT 2 DI &K b HER
e XBRTH D . 1 B 6,000 mg DV 2 DSRERATUEE S v, 59 90% A3 IRABE T FFEIL
END, FHRID S B, K T5% TR T, K 10% 25T ERMAE T AR
THI5~10%, LAET2=3%D I U PEHEININD, BENSD U ARROE I T
DOV CHRI AN S, U AR OBINEEWRIE B3 % (Yokoyama, 2016), F7-,
U > OEFEERERFCE LT, o) VBEO EFIX, oA A bsniz sy L
FEERETEE, ZOA 3 ALH N U LREOKTIXEIFHRRALE S (PTH) O
T 5, PIHIZY &I T LDENG DRI, B TOINT T LIS U Rt %
RET D, T7obb, AEICL >TOU URIESHEM LIZBI2IE, —Fe e U R
FEDEHEZN LT, BN CHEESEM L, U S RIE D L7z B o o
DV PRSI TH L LD (Kraft, 2015), ABEHERICBOTIL, BliEN»S DY
VHEI AR Y T B R ) PRI RN B L TR Y L U S WRIEAN D U TR R A i LT
boLEZOND, £z, MO iFGF23 JAE S 3%FC IS W TR LTz, FGF23 [3F
MR S ST, RIPA~D Y Ol 2R3 K7 Th Y, PTH & [AARICHEF IR 172 U
VHREFTHD (K6), T72b5, FOF23 X RME FRIN & | JHMER v & 2 2 D3 &k
Pl % L7z IR oM & v o FEE L T2 OO TG VIREA KT ESE5
(Quarles, 2012), U »HEMHRIER T T 5 FGF23 BMETF L7722 &1, U U RINE DR %
IRETDHDTHY, 7 VRS _HKIORRKRBR TR I Tng (X7,
Yokoyama, Hirakata et al., 2014), [EIFRFIC. REICEEE /R ENRD LI oT22 LoD
b, BEEOWADRSICLDIbDOTIIRANEEZAOND, TNHLDI NG, 39D =
RO EIZEY U UINENED L, ERAEKB LT I X T VRO LE RO by
b DERBINT, 0.3%7 = BEGRFITIIWNTINONRT A—=ZIZH DB HIvT,
[F] BT IELE T~ MTR W TR Y RIS T 2 e BT ENWHETH D LB B
Do

—J7, SMCHBIEL N T A —Z (2O T, 0.3%& 3%6WNTAILD 7 = RS g BRI )
Th. RMERFL OANE T 7 EAEICH B2 BT3RO He o 7oy, 39D A Iz

19/61



T, MIHEERES TSAT O EH- UIBC DR FARO bhic, O EMnD, 3D HETITME
Wi 7 v MZBWCHAERNIZH 2 —EEOSHARN I N TVDL D EEZX BLDD, il
(Z 3 IR B DEPRIL SN TWARWATEEMEN B D, F Tz, 3%D 7 = VRS gk 1 kv |k
A U7z iR, TSAT 1 Day 8 TERILLTBY | $EEEATHL F T AT 2 v
DOFIFNEE % 773 TSAT NEFALT D28 M & U T, AERICIZREEI 72 8k O g 1 X -
TWRNZEBRBZOND, Thbb, 7T UBBE GOSN RS- Z &Ik ik
NOFRENTEE L, $kOWIUZIBIT 57 4 — RNy ZHHEIC BT, RN~ ORI E DMK
TLlewEZEX D, ZID 7 4 — Ry Z L 5D - IE MR 31T 2 8k oW I
EZBWT, IBEMIEA~OEROEY AZIZE] LT IRPs & hepcidin 2SEHEE 2 %E| % F7- LT
W5, T 6, IRPs X, IBEMIINOER L~V B Lo & I @B A 4 T v
AR—=5—1(ONTD) o+ F8I5 b7 m— 24 b(Deytb) DFEHZ D S, BHEML~DERD
v iAZ a4 % (X 8-1, Pantopoulos et al., 2012; Frazer et al., 2003), —J,
hepcidin (X, MIEHFDOERL A EH Lo & SICEORBAHEM L, ferroportin 150
hephaestin Z 41 L 7 & MR~ & MK~ DERDOB A LA 2 2 & 1C & 0 SR kf
L CHIHIICAER T 5 (X1 8-2, Ganz, 2007; Ganz et al., 2019; Pantopoulos et al.,
2012),

UbDZ &t BAET v MIBWT, 7S 8o 39O HEIT Y BRIk
ZINHEIER & [RIRFICERD I &2 79— 5T, 0. 3%D FHEIT Y A & ST AR 7 /BRI
RETRNH D LR S LT,
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KREAN =
| &
FGF23 l : e |
# / E»; W
» | &mu>r-a
man UL EEVN
NaPiIT b ‘ i
f — TokmiaE ﬁ
1.25(0H),D,4 — 2aki@gcigE -
.l. FGF23
| Klotho -
FGF23 ,'ja;,??u
NaPillc | F—— PTHR1
PIT2

X 6.

B2 FGF23 U EBTHOONRHER/UT\D
DB EEBSF b)Y LKTEY bS5 2 A R—% — (sodium-dependent phosphate
transporter: NaPi) I3FDEEN S type 1, 0, MICHMEN, FORTE type I (NaPi IIa
BEUI) F"EERPICEELHRNEE LTS, REABTO) VERNEERICRBRTIO
IIRMEE) BRNEE (TmP/GFR) THd., ZOHRTE PTH & FGF23 I3FERICENHL) >

FRAFTHD. FGF23 I3 = 2 D OEELZNFT S,
FGF23 : R FMBIRMEAF 23, NaPi: V2 OBEEBS T M) OLEKEE SR~

&—, PTH: BIFRKBRKRILE, PTHR] : PTH 2811
(3t 21 KWaE)

FGF23 1T E M &3 W S % U U FIRIAT- T 5
Yokoyama, 2016 J ¥ fizd#;
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t\ll ]
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L 400
200 T
0 T T T T T T T 1
SCR PRE 2 4 6 8 10 12 EOT

Week of treatment

X 7. FGF-23 OFRKFIHER (PRI CKD g % 4eikBR)
OufiEi, IQR. SCR : #1%% (washout) BAMAH. PRE : #5544 H . EOT : & 54& T HE.
Yokoyama, Hirakata et al., 2014 K V) chZ8#gd,
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FE(I) @
@ .O FE(N)

Ferrireductase

Dietary iron absorption

Q o Iron utilization
._/ Skeletal
Ferroportin muscle
reqn Diferric transferrin
Y4 e

29 / » — all tissues
[ 4 ’, ® o FE () \
Hepcidin ®e .
- \3 3uloplasmln 4

Erythroblast

Iron regulation

Hepatocyte

Ferroportin
Bone marrow

Spleenic
macrophage

Erythrocytes

Iron recycling

8-1. EREH O EIHEAE
Deytb IZ &V Fe*lZiE e SN -8kiE, +HaMMIcdH 5 DITL 2 LT, NS b,
WY S 7= 8k1% ferroportin 2 i@ - T hephaestin IZ X VL IN/-E T, T A7 =
VAZHREAR L, 2 ZERT 5,
Pantopoulos et al., 2012 X ¥ di5#.
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R Fe* Fe" Intestinal Lumen
oxygen
ke Dcthg C:) DMT1
= =
Y
Ferritin Fe2t Duodenal
/ Enterocyte
Fe* g@’\d\
b
Ferroportin g I-Iephaestin
S &= P'asma‘
Hepcidin Fez’ Transferrin
8-2.  kULULHEHE

Deytb |2 XV Fe* Tt U728k, + $8iMilailc® 5 DMTL 4 LT

IR EN D,

W”ﬂéﬂ’bﬁ_fﬁi@**ﬁ W+ FEGHIEN O ferritin EREE T A CRFE SN D, AEHNIZ

WIS %5

ZiE. ferroportin

7\7IJ / ;;ﬁ%/\b\ iﬁ%/ﬂﬁﬁ%j‘éo

T, BROWIPUTIHIIZIER T %,
2019 XV digd,

Ganz et al.,

%18 C hephaestin (X Vb ST, F T

—J7C. hepcidin IX ferroportin #if|4 5 Z &
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o

B K

BEALE T v FERBRIZIW T, 39D 7 = U SO 52X MiFY) SIREKXKOIRT Y
VHEHBOAERET, MiES LY T MEEORE R ERASHR S, U CHEIMEER 1T
&% FGF23 AR T L7z Z &b, 7 = s 8k 3% AL U o WIumibil /e 2=+ M
BTHDERBINTz, Fiz, 0.3%7 “UBERERHIT) VRFONTHONRT A =21
FALRRD BT, BALE T » MZBW TR Y RIS 202 ER 2 R SR VWART
bHdEBEZ LI,

=7 SRAGHBIE N T XA —=Z(ZOoWNT, WO 7 = "SR GHICRE VT, R
KB O 7 1 B UAEIZH] 6 032 28I DI ie o 723, 3%D FHEIZI ) TO A1k
RIS LSS TSAT D L5, UIBC DIRTRGRH G2 Z &b 3O HEIZIBWTIE, AEENIC
oD —EEDOENPRININTNDEHEDEEZ LI,

UEDZ Lt BAET v MIBWT, 7 U 8k 3D &L Y RISk
DIMFEIER & R8O 27— T, 0. 3%D BT U S ARE & SAREN AR B I
IRIRNE D LRI ST,
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F3EW I URE ORI E Y RN S 2 D
(kR ZMEImT » FikER)

=
il

2 1 i

B2 ETORMERNS, BAET v MTBWT, 7= VRS 8o 3%0 ARIL Y VI
(b3 D BHIER & RIRHC Bk DI Z 7”3 — 5T, 0. 3%D &I Y ARG & SR BIRE 72
TERIFIRS b O LR S iz, SROWIIZIBWTIL, hepeidin 23R DR L~/L3 |
A L7z E EFICEORBNHM L, IHEMALD S MK ~DOEDRA M LA IET 52 LI2kY
GBI 6F L THHIBNTIER T 5 2 L3 b TS (4 8-1,8-2, Ganz, 2007; Pantopoulos
et al., 2012 ; Ganz et al., 2019), E7=, S WEE TRV HENND LT, RIERFIZITZR
JEMEY A NI A 2K D hepeidin FELOHNMNZ ST L 7= EkOWIN & FIH O A3 F ST

RIEMEIRBFREOE MO A[REMEDO O E D LB X HD (K9, Fraenkel, 2017), ZALHD
ZEIND, RIEEEDRVERIRZIRREICB W T, £ 9 LskOWIUmHI SN 7R S h T
WHEBZOLND,

HLE T v FRBRORER & LR OBRIIGRHEIREL S bETEAL L. 72 VBB _Ho
0. 3D EIT, EEAE T » MTBWTIBRBNEEZ RIS R o7y, SRR ZMER MIREE
(ZFB W TIEERR IS kT 2 IHRE PR S D Z L IC k0 . SRR S 4L, SRR 2
B ZDAREMNR D D L E X T, T T, ARFHIEWTIE, SRZIREEICHIT 5 0. 3%DH
BTOY T UMBH B ENEBRAEICE 2 2B E ) VRN 2 558 L RIRHC G L7z,
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INFLAMMATION RESOLUTION OF
INFLAMMATION

hepc

. Fpn l)
" “Ifon
m

storage
|hepcidin

in erythroid
lIL-G iron uptake

/

]erythro-

N oieitic
I \ d grive

lhepcidin

| erythroferrone

Figure 1.

Inflammation stimulates increased production of the iron-regulatory peptide. hepcidin, by
hepatocytes and the pro-inflammatory cytokine. IL-6. which suppresses erythropoiesis.
Hepcidin binds the iron exporter. ferroportin (fpn). causing internalization and degradation
of both proteins and decreasing delivery of iron from macrophages to developing
erythrocytes. This impairs erythroid development and leads to anemia. Increased
erythropoietic drive stimulates erythroid progenitors to release erythroferrone. a hormone
that suppresses hepcidin expression. When inflammation resolves. hepcidin and IL-6 levels
decline. allowing iron to be exported to from macrophages to erythrocytes and promoting
erythropoiesis.

9. RIEIC XD hepcidin OHIIMZ A L 7= 3 i amiiaess
Fraenkel, 2017 X V) iz,
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HoH MERUTITE

SR I HEVE Sprague—Dawley (SD) 7 v & (AARF ¥ —/L R Y —3—R) Z Wiz, 61
B CART L. % - BEO%, TEEICE O TR Z B Lz, BMISRINREE S -k
TE K KON AIN-93G ¥y Rkl (AU = Z UBERERR, 3.5 mg #%. 160 mg U > 500 mg 771 /L3
75100 g fAE A B mERSE, 12 RO (B8] 0 8~20 K, KEHT : 20~8
RF) . IR 2313°C, MR 55 165% (CBREEHUE S L7 B B 2 CHERF L7z, BRI 3 IL & —
ICTT Iy Nr—UTiToT,

Day 1 (ZREE 2 F5(Z 6 PCOD Normal #E (AIN-93G ¥y REVEL 2 456) ZaE L. 70 OEic
PR Z A (AIN-93G (Fe-) yREEL) A fafE L7z (1X110), $EKRZ AL 7 H#% D Day 8
12, ~NEZ O UEEZIEEIC L BEH T2 6 PLo 2 BEICRESYIT L, Control & 0. 3%ferric
citrate B (0. 3%FC ) &% E L7z, Normal BEIZIZF] & e & AIN-93G ¥y RETEF 2 #AEH L,
Control Ff & 0. 3%FC BEICITZZ AL AIN-93G (Fe-) ¥y Rkl 7 =% 8% 0. 3% TIRE
L 72 AIN-93G (Fe-) By Kfi £t & Day 8 235 156 £TO 7 ARG L7, 7233, 0.3%7 = UERH
TR A AIN-93G (Fe-) By RETEHIETEF 100 ¢ 72 W k& L T51.3 mg 7 A TW5, Day
1, 8, 15 IZRFARE I L, iKY > 7%, E7-, Day 14 205 15 IZBWTR#7
—VIIZTREBIEE L, 8RTDZ IR VIR TN EGT, 52 5 2 i &[RRI MK
PONEZ v B RE, RBCEZMIE L, MiFH o 7V RORY & 7z O W TR B
BIOMEIC LY G RTY ARE M IRTATT MRE, g RT 7 VT T =
VIREE. MIEFOEKIREE, UIBC, i iFGF23 JREE A HIE L, TSAT (2 oW THEM L7z,

MEH RN I, &/ A —HZ |22, Normal # & Control #, Control AEL 0. 3%FC
LT ZIZIRBN T, 2BERIOBEZFEM L, pE<0.06 zAEE LT,
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Normal Bf AIN-93G G £)
Control BE AIN-93G (Fe-) (BEKRZE)
0. 3%FC B¢ AIN-93G (Fe-) (BkKZR) 0. 3%FC & 745 AIN-936 (Fe-)
1 8 14 15
Day

10, FRBRAEEL
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B A R

BRZ BT HZEIZEY, Ty MESRZHAEMREIZ L BT, 7 VRS 8k
DY ARGHBIE T A — X R OEHBIE T X — 2 1Tt D B A i L, $ikZR%
THBS 25 Z 12Xk, Normal BEICHAT Control BFEDA~NTE 7 1 B UENARZITHD L,
RBC 3 m 2 m Lie (K 11-1), $ARZEAGEE 7T A X0 7 A (Day 8726 15), 7
T UBRE k% 0. 3%D A EIC TR Lk Z A, ~F 7 1 B U llT Control FEIZHART
BRI L, Normal #f & [FFREIZE CHIME L7z, RBCH, MIFRE, TSAT 2B\ TlRIER
OEMDFED HAv, UIBC IZBWTIHE T AR bz (1 11-2),

—J. U ARHBI#EOMIE T A —ZIZBI LT, 0. 3%FC BEZRB W CTHE R AR b
otz (MFY AR, MIFV /LT AREE, MK iFGF23 IR, K 3), JRNNT A—HITE
WTh, U UdRitE, DT APEERICH OB ITES ) g2 LT F=URERD
R 7 L7 F= Rt R, KREICBNTH 7 U@ SIS X2 BT b
Motz (F4),
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18
>Normal -<O-Control 40.3%FC
3
2 16
£
S
E= - % #H
o
B
-+ 14 *
*%
12
1 8 15
Day
b
800
=
2
S
: £\ Ig
i) 700 %— _V O *
2
¢Normal
-O-Control
4-0.3%FC
600
1 8 15
Day

X 11-1. 7 T UFRHE _SkOB MBI T X — X (Zx)d 5 2

)

(BkxZtaEmZ v b

a; Hemoglobin, b; RBC. Data are the mean £ standard deviation.

RBC, red blood cell.

*p<0. 05; **kp<0. 01 vs. Normal group.
##p<0. 01 vs. Control group.

Tida et al., 2020 XV SZ5tis
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400

¢Normal -O-Control -4-0.3%FC
300

N "
200

100

Serum Iron (ug/dl)

—Q *x

%k
0
1 8 15
Day
d 200
800
700 " *ok
< 600
3
Ez 500 ‘L
Q400 P _—49_‘
m
= 9 #H
2 300 !
< seNormal -0-Control -4-0.3%FC
100
0
1 8 15
Day
e 100
80
2¢Normal -<O-Control 40.3%FC
< 60
5
40 i
20
*k —O **
0
1 8 15
Day

11-2. 7 = U _SROAMPBE T XA —ZICxtT 58 (BRZEEmT v MR
BiR)
c¢; Serum iron, d; UIBC, e; TSAT. Data are the mean * standard deviation.
UIBC, unsaturated iron binding capacity; TSAT, transferrin saturation..
*%p<0. 01, vs. Normal group.
#p<0. 01 vs. Control group.
Tida et al., 2020 XV Z5tia
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#3. T UMEE SOMIERNT A—FIZXT 5

H7Y
oA

(B R ZMEE M T > b EER)

Serum parameters

Inorganic Calcium iFGF23 Creatinine
Phosphorus
(mg/di) (mg/di) (pg/ml) (mg/di)
Day 1
Normal 97 + 04 99 + 0.1 2481 + 70.3 042 + 0.13
Control 101 + 0.5 99 + 0.2 250.2 + 88.0 043 *+ 0.11
0.3%FC 10.0 + 0.7 10.3 + 0.1 ## 2488 + 57.2 044 + 0.14
Day 8
Normal 85 + 0.7 99 + 0.2 2629 + 48.7 0.78 *+ 0.56
Control 81 + 0.9 9.8 + 0.6 2205 + 29.0 0.55 + 0.20
0.3%FC 78 + 0.6 98 + 0.2 2540 + 83.1 0.35 + 0.08
Day 15
Normal 79 + 0.3 93 + 1.0 266.0 + 53.7 043 + 0.12
Control 79 + 0.6 10.0 + 0.3 303.1 + 110.6 0.59 + 0.35
0.3%FC 76 + 0.6 98 + 0.2 336.5 + 78.3 0.41 + 0.06

FC, Ferric citrate; iFGF23,

Data are the mean =*

#fp < 0.01 vs. Control group.
Iida et al., 2020 X v 2Z5tis;
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K4, TR EROEEKRORANT A =TT 5528 (BRRZMEAMT » HiER)

Urinary excretion (Day 14 - 15)

. Inorganic . o
Body weight Phosphorus Calcium Creatinine
(9) (mg/day) (mg/day) (mg/day)
Day 1
Normal 3395 + 147 - - -
Control 3556 + 16.8 - - -
0.3%FC 349.7 + 253 - - -
Day 8
Normal 3671 + 21.6 - - -
Control 3904 + 23.6 - - -
0.3%FC 3846 + 36.7 - - -
Day 15
Normal 398.0 + 257 57 + 2.2 0.88 + 0.38 9.7 + 24
Control 417.3 = 35.7 6.6 + 4.8 1.0 £+ 0.28 109 + 23
0.3%FC 418.0 = 39.0 40 + 20 1.0 £+ 0.38 1.2 + 2.0
FC, Ferric citrate. —, not examined.

Data are the mean £ standard deviation.
Iida et al., 2020 kY 28k
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FAH B

Pl

PR ZHREMKRED T v MEAERIL | 7 = U kORI T » MBI 28R & U 1R
HIRTT DB T D10 hTc» T, ARRBRIZIB VT AIN-936 By RERH 2 EH Lz, 8
RZ AT % AIN-93G (Fe-) KyRENEL & DR D 7212 AIN-93G My R K 2 EH L T v |
IEALE T~ NERBRIZB W TR L7z CRE-1 My RERE & I3 N 72 5, 18 O E & T
BT, WEEHEE TOT v FOU AAGHBE T X — 2 R OGKEE T A —Z (T 57372
ZIFIMNT LD CRE-1MREIEN 2 A L 72 ALE 7 » hakBiad ARRBR O3 1 7 v FakBR
EERD T EITREREEITENEE R T,

KRBROETRANC, BERZAEEZHBTSHZLICEY, ~T /0B fl, RBC K, Mikek
JREE. TSAT 2800 L, UIBC A#INL7=Z &n, BRRZMERMRIEL 225 TV D Z & 3R
WE XA, [EMREBIZ 0.3% 2 Ul —#a b LIt 2 A, SIRZBICE VD Lo~
7 MER EOFRBIE NG A= PNT RGN LT 2 L, 0.3% 7 = I 8N E
1M A ARHE U7z Z & AR S 47, HEALE T > MZRW UL, A RIS T A — X (12H]
BN AR 52 ol 2 e b SRERIAE U < IXFE R RFITIEER O W il B 8 < B
REDNPR R ZIRRETITMAIR SN TR Y | BRIINEED LA LT D 2 ENEZLND
(Pantopoulos et al., 2012; Frazer et al., 2003; Ganz, 2007; Anderson and Frazer,
2017),

— 5T, BRRZMERIMIREE T 2 ARRBRICTIBV T, 0.3%7 = U 8% 503 U RS
HEOWFTNONT A=k L THBEERER 2R SR o7 T LI ELE T » Mk & (R
HThol, £, BO—BRESCEMIEDTEIE L 2 2 KH, MF2 LT F=vRE, R
F 7 LT F=VREOWTIUC OB E RIRpoTo 2 L, WHEE & FERICY V%
JELTIREE T, 0.3%7 =B — 8k ) VRSB Lo EBE X b, 72D
H. 0.3%DHETD Y = R 513, SRZMEEMRED T v Mt LT, U ARG

RS D Z L SRENCEH L, BMEREZRLIZb D LEZ LT,
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=S

B K

PRZBEARET D22 LICRD, ~EZmE A, RBCHL, MIEPIRE, TSAT 2384 L,
UIBC S L 722 &b, BRRZMEAEMARRE L 70> TV D T &R S LT, [ARREIC
0.3%7 UM _gka G Lt 2 A, BRRZEBIZX VD Lic~E7 m v Ml70 & DB
HRXTA—=Z PTG L2 Enb, 0.3%7 = U gk A et Lz 2 L 2VR
e X,

— T, ARBRIZIBNT0.3%7 = 5 8%, U UREIBEEOWT DT A —F(C
L TCHBFEICB LS ERholzZ &b, 0.3%DHETO V7 = U S 513, $kkZ
PEREIMRIEICIW T, U ABHCR RS 5 2 L EM/ER Z R afett i v mg Shiz,
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AT U T EOMLA b LA~ — T — kT D

arsie

551

=
il

FHESAIR G L0 JTE L72BR b R b L AT, @SB E OBREEH LR OERIZEET 5
AREMEA D D . RMIBIZRMETCIE, FH OFHEBAR IR 5 RN 2T & NIE T IEALE T 2
TR L OMERAE E D 2 L AHMEIN TS (Weiss and Goodnough, 2005), F7=, &
8] CKD FBE 2B W T, FHESAIR GIC KV B(EAR P LAY —H—D 1 D ThLHIMFEFH~ =
YUTATE R (MDA) JBENEINT S Z EAMBN TS (Agarwal et al., 2004),

AFRBRCIE, BAE T > N & AVT, FREEA] (SREmER) Z#IRNES. HDHV s =
VR BRI A R DR G L2 O LiE P MDA JRE & F AL Y — LR OSE (TBARS)
BELLTHEL, TOEBZMG Lz, £, FRCMIESR, Fafigkisame (UIBC) O
Bz Et Lz,

Wofli RO

EER T ZHENE Sprague-Dawley (SD) T v k (AAF v —nL 2 Y ——@) ZH-, 77
BT AT L. BB - B, 11 I 5\ TR 2B L. SIS e G IR & L7
AR R ON CRE-1 BEJRAREE (U =2 4 VBERHIR, 13.8 mg $%. 1220 mg U >, 810 mg /L
7L 100 g ikl A HBERSE, 12 R OB E Y (B 0 8~20 K, KFH) : 20~8
) . IR 23+£3°C, MR 55 15% I CERBEME S N - B = THERF L7, BRI 3IL/ 7 —
DT T Ty Nr—IU T o1,

L BES T2 5 VR0 4 FEICEEAESICRET L, RROBEARE, 7 = U BRtH 8k, BEmiA
BE, SRR LB 2 3% E Lz, BROBHARLE LCO0.5% A F b —AKEK (MC, £ hr
— X SN-1500, (FEALE T, 7 = B 8k LTy = B SRR (U A6
250mg, HATZIXZEEHEM) &, MHEBURL LT 8% N BESR OXEMEE s, REERUE
1)\ HEERIH & L CEBERR(LER (7= 22 R 40 me, HIETHD) . ThEAVT,

Eio, BHAOBEGARCELTE, BTFOLY CHE L, T72bb, U4 T 4 250ng
(AATE 2 FEEIR) . 7 = 2 HE domg (A THR) ORBEIRA 24 Ca—7 4 — A7
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WOMKICBIT D 1 HERRKHEEZZEIC, KR (60 kg) TBRL THE L7,

XU T R SoKFNY (U AT e8E 250mg) DERKH &R OVHIE ¢

ME@H. ALY =% 8k LT 1,500 mg~6,000 mg Z 1 H 3 RIRHEKREAKS ] K
R

7 T PR K LT, 6,000 mg / 60 kg = 100 mg/kg

KEWERILER (7 = ¥ v offiiE 40mg) DOERRAELK OCHIE

gk LT, @A 1 B 40~120 mg % 2 53 LL B2 Thhe ICERIRNTEST ) L0

ke LT, 120 mg / 60 kg = 2 mg/kg

ERBREHEICHE, SEARGIEEUTOLIICHRE L, Thbb, 7= U 8ok
IO TR, A/ 3Lk R O Z T 0. 5%MC KIRHE T 20 mg/ml L7225 X 5128
W L7z (5 mL/kg, 100 mg 7 @ % “#KfM/ke), Fiz. BFERLEIZOVWTIX, 7=
Vet 40mg & KEHER 5% CAN L, #kL LT2 mg/mL 725 K5I LE (1
mL/kg. 2 mg #k/kg).,

7 PR KR it O A L <ITERERR SR A BRIk G L2 T v O RFRIR K
D RRIFAY (BRGAT. 5547, 304y, 1 RFRH. 2 WERE. 4 BERE. 24 Refflf%) (THRIL L7z,
By BEALERIZ K0 (i A 4B L C g TBARS JREE4 . TBARS assay kit (Cayman
Chemical Company) % FHV T, MDA % Standard & L CHIE L7z,

Flo, SREEANT A —ZBEDT D, FRLABEEIIRNC, VT T A MiEE L Tr = s
BAKFDRE & SR D 2 BE (BBEAPD) ZBINL, kRd & RERICZ = VU ERe —gkokFniy &
GRERRLER A G U ORI (R GRT, 5520, 3040, 1 MR, 2 BRR. 4 BERD, 24 HRR
%) ICHM U7, Do BELERIC X0 & D2 iyE o TS onW T, B R BV AT R
(Model 7180, RSZEERT) 2LV METOSKIRE, UIBC ZHIE L7z,

FERHEMRENTIC DWW T, S8R GRE & TN E N OBREE L DHIIZ SN T, RRFNIZE(LE
BRETT 272012, FHET — X IZOW TR GBI L . BGOSR, WER SO
NI OB Bk & ITE R A D58 HAEF OfiRhit & i L7z, B HREOEBHE THY | #h
BEEMEREOR AR B AR CThH o2 HAITIE, FRAICEB VT FREOR RIS LT
Student @ t #iE., # L <% Aspin-Welch @ t i€ % Hl W CHEGRER Ok Z LT, 72
B, BEHODRECTHEEDPRD Do AT, #5HMICAEERLELE, &
BFKAET 5% L LT,
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Gt

5 3 1 ES

O BERRACERREE & EE AR 2 LR U7 R, 185 5 40 ~1 RFEI#R IRV T, I 1 TBARS
BEOARERBMBRD b (K12), Zhuxt LT, 7 = U FREE T8 & /& N R EE %
g U7/ Tk, 85 5 /0 ~24 el 2 O3~ Tl a8 TIiEH TBARS IR EE IS A e A 1)
TR Lo T,

WIZHT T A FEEZOWT, MIESLEE S OV UTBC 2 JI5E L2k SR, SHEmLeki 5-1E ©
(3# 55 53t L0 SR MIEEIRE O LA ARD S, 2o LFITRRRGE & L bIZEE
L. 2 R IITIZIER GATO LV ETRA L7z (X 13-1), UIBC TIdR 5 5 43~24 FifH]
BIZBNWTIZE A EEERRD bR oT, TS LT, 7= UfE 8iE i, &5
30 73tk & 0 MYEEKIREE D LA D v, Z o bL5RIE 4 RERITR £ TR L 24 IFRITRICIZIE
B HRTO L~V E TR L7, UIBC TiXf5 30 0tk L VK FARH DI, ZOMKTIE 4 FE
Mt % TR L 24 BRI IR GRTO L~V E TRIE LTz,

WIZ, AREAICER T D MIEERRE (CEEME) & UIBC CE¥ME) OfEA LiF#HES 7 7 TR
T (X 13-2), 7 = EEH 8RN F GRS, TEEk+HUIBC) 121Z & A EEE N e h o
TS, ERERRA LR OFARN AL S IE, MBS E OB R EINSRD STV 5555y
Be~1 B2 ICIBW T, TiLiFEE+UIBC) DA FE D Tz,
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-0 BOMKE e BEITIR(KEE
—0— ) L UBAE KBt —k— SHEBLERE

N
}

TBARS (Delta, pmol/L MDA)
N

o
i

0 1 2 3 4 5 24
Time after administration (hr)

12. 7= UPRE R OVERERRILEROIRIEA N L A~ —h —IZxT H1EH
fMiE~o Y75k K (MDA) JEEOE(VE.
RE AR S, AR RREE & g LT, #, $p<C0.05.
VDA A F AL e — VIR OGWE (TBARS) AL L CTHIE L7
B A, 2014 XV oSG,
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600 4+ -0V T UBME_#KH
—A— SRR #kEF
-5 400
K
(o]
=
()
L
200 +
0 Ll Ll Ll L) Ll L) L) L]
0 1 2 3 4 5 24
Time after administration (hr)
b
600 + -O-JIUEAE
—A— S EERL 8K
= 400 A
E /&
()]
=
Q /.
o
= 200
0 . . ; T . T : :
0 1 2 3 4 5 24

Time after administration (hr)
13-1. 7 = UM B R OGRS OB T A — 216t T H1FH
a ; MIFERIRE ORI, b; UIBC OFRERFZAL.
EEHAR AR 7S, AT RREE & beie LT #, $p<€0. 05.
BHIR ., 2014 X 0 LR,
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~ — AN
1000 - 7 T UPREE 8k ) ZrERR bek
1000
900 - 900 -
b=
800 o 800 - A
uiBC UIBC
700 - 700 -
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Summary

Anemia is present in about a third of the world’ s population, and has been a
serious and global public health problem that affects maternal and child mortality,
and physical performance. About half of the cases are due to iron deficiency. Thus,
iron deficiency anemia (IDA) is the most common, and fortunately also the most
treatable of all anemias. There is an evolving understanding that iron deficiency
can lead to symptoms independent of anemia and can be associated with a variety of
diseases. For example, iron deficiency and iron deficiency anemia (IDA) are
important signs of gastrointestinal hemorrhage. Two main mechanisms are known to
exist in induction of iron deficiency. One involves absolute deficiency, and the
other pertains to functional deficiency. Absolute iron deficiency means that total
body iron stores are low or exhausted, and functional iron deficiency is a status
of functional failure in iron supply. Functional iron deficiency can be induced in
several chronic inflammatory diseases, including chronic kidney disease (CKD).

Patients with CKD frequently develop many complications, including
hyperphosphatemia, ectopic calcification, secondary hyperparathyroidism, and
anemia. Among them, CKD mineral bone disorders (CKD-MBD), including
hyperphosphatemia, are associated with an increased risk of fracture,
cardiovascular disease, and death. Therefore, CKD patients with hyperphosphatemia
require treatment with phosphate binders to restore phosphate balance, in addition
to treatment for anemia.

In such a treatment environment for CKD, iron—containing phosphate binders are
used for hyperphosphatemia. Among them, ferric citrate is an iron—based compound

with distinctive chemical characteristics and a mechanism of action that render it
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dually effective as a therapy in patients with CKD; it has been approved as a
phosphate binder for the control of serum phosphate levels in adult CKD patients
treated with dialysis and as an iron replacement product for the treatment of IDA
in adult CKD patients not treated with dialysis. It has been reported that ferric
citrate improved hyperphosphatemia, and increased in hemoglobin, transferrin
saturation (TSAT), and ferritin. Based on the clinical results of studies in
patients with nondialysis—dependent CKD, ferric citrate could be a safe and
efficacious treatment for IDA. From these clinical results, there is a possibility
that ferric citrate could exert not only phosphate reducing effect, but also
hematopoietic effect in advanced CKD patients. It is expected that, in theory,
successful treatment of hyperphosphatemia and anemia in patients with CKD could
help avoid adverse clinical outcomes; however, with the exception of renal
replacement, no interventions have yet been proven to improve outcomes

As mentioned above, IDA is common not only in CKD patients, but also in patients
with other diseases. In such IDA patients with normal renal function, although it
is possible that treatment with ferric citrate could improve iron deficiency anemia,
ferric citrate might also reduce serum phosphorus level by inhibiting phosphorus
absorption. However, actual clinical usage of ferric citrate for IDA patients has
not been reported vyet. Therefore, whether ferric citrate can improve iron
deficiency anemia without affecting phosphorus metabolism in IDA patients with
normal renal function remains unknown.

On the other hand, from the viewpoint of iron repletion, it is possible that
ferric citrate might induce oxidative stress via excess absorption of iron. In

general, it is thought that administration of iron agents can result in excessive
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iron existing in the body as unstable iron that does not bind to transferrin, etc.,
leading to oxidative stress and organ damage. In addition, administration of
intravenous iron has also been reported to increase oxidative stress markers. Thus,
the overall effects of ferric citrate on oxidative stress also remain unclear.

To further understand the potential of ferric citrate as treatment for iron
deficiency anemia, we examined the effects on anemia— and phosphorus metabolism—

related parameters and oxidative stress in non—treated and iron—insufficient rats

[Non—treated rat study]

In this study, we examined the effects of ferric citrate on both anemia-related
parameters and phosphorus metabolism—related parameters in non—treated rats. Non-—
treated rats were fed a diet containing 0.3 or 3% ferric citrate for 11 days. The
effects of ferric citrate on iron status— and phosphorus metabolism—related
parameters were evaluated using blood and urine samples. Regarding anemia-related
parameters, serum iron concentration and TSAT were increased by 3% ferric citrate
treatment, although no changes were seen in hemoglobin or red blood cell (RBC)
levels. Therefore, it was considered that a portion of the administered iron was
absorbed into the body, and that 3% ferric citrate treatment could affect iron
status. Regarding phosphorus metabolism parameters, serum phosphorus concentration
and urinary phosphorus excretion in 3% Ferric citrate group were significantly
decreased. As an additional investigation regarding phosphorus metabolism, it was
shown that 3% ferric citrate treatment significantly decreased intact fibroblast
growth factor 23 (iFGF23) level. These results suggested that 3% ferric citrate

treatment exerted phosphorus—reducing effects and supplemented iron into the body.
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On the other hand, 0.3% ferric citrate treatment did not induce any significant
changes in serum iron concentration, TSAT, hemoglobin or RBC level, indicating
that little iron would be absorbed due to the homeostasis of iron in this normal
condition (Non—treated rat study). Furthermore, 0.3% ferric citrate treatment did
not show significant decrease in serum phosphorus level or urinary phosphorus
excretion. Taken together, it is possible that 0.3% ferric citrate treatment would

not affect phosphorus metabolism in non—treated rats with normal renal function.

[Iron deficiency anemia rat study]

Next, we examined the effects of 0.3% ferric citrate treatment on iron status and
phosphorus metabolism in rats with an iron—insufficient condition. Iron deficiency
anemia was induced by feeding iron-depleted diet to rats (Day 1). Seven days after
starting the iron—depleted diet (Day 8), 0.3% ferric citrate was administered for
7 days by dietary admixture (Day 15). Iron status— and phosphorus metabolism—
related parameters were evaluated using blood and urine samples. The results showed
that first, iron—depleted diet induced reduction in serum iron concentration, TSAT,
and hemoglobin level, leading to anemic condition; next, 0.3% ferric citrate
treatment increased parameters related to iron status and improved anemia (serum
iron level, TSAT and hemoglobin), but did not show any apparent changes in
phosphorus metabolism-related parameters (serum phosphorus level, iFGF23 level,
and urinary excretion of phosphorus). It was thus shown that 0.3% ferric citrate
treatment could exert hematopoietic effects without inhibiting phosphorus

absorption in iron deficiency anemia rats with normal renal function.
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[Effects on an oxidative stress marker]

To examine effects on oxidative stress, rats were given intravenous administration
of saccharated ferric oxide or oral administration of ferric citrate, and blood
samples were collected via tail vein to measure serum malondialdehyde (MDA)
concentration, an oxidative stress marker, as thiobarbituric acid reactive
substance (TBARS) concentration. In addition, serum iron concentration and
unsaturated iron-binding capacity (UIBC) were measured at each time point. Serum
TBARS concentration was significantly increased from 5 minutes to 1 hour after
intravenous administration of saccharated ferric oxide (2 mg / kg as iron). On the
other hand, no significant change was observed from 5 minutes to 1 hour after oral
administration of ferric citrate hydrate (100 mg / kg, 20.3 mg / kg as iron). In
addition, serum iron concentration was increased rapidly 5 minutes after
administration of saccharated ferric oxide, and it decreased to the level before
administration 2 hours later. UIBC was not changed significantly throughout the
experimental period. In contrast, when ferric citrate hydrate was administered
orally, the serum iron concentration was increased 30 minutes after administration,
and decreased to the level before administration 24 hours later. UIBC was decreased
from 30 minutes after administration, and recovered to the level before
administration after 24 hours. The above results obtained using serum MDA
concentration as an index of oxidative stress confirmed that an intravenous iron
agent could induce oxidative stress. Most of the serum iron increased by oral
administration of ferric citrate hydrate would bind to transferrin and would be
stable, whereas most of the serum iron increased by intravenous iron administration

would not bind to transferrin, resulting in induction of non transferrin—bound
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iron (unstable iron). As a result, some unstable iron might cause oxidative stress

In conclusion, ferric citrate could have hematopoietic effects without affecting

phosphorus metabolism and oxidative stress, and could be a potential option for

the treatment of IDA in patients without CKD.
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