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(Dihydroethidium) Zeft i & 2 ZRMfiIC BT A — /18—
FER Y PEADHMA L (K2), LEX b, - 5
JRIFE T IV =7 AIZBWTDFO Z W7 8kikic L b
HENRIE DM E ST & A EfE RO 5, B
ORRIIIH SN, TOF L LT, SBREICLLE®
LA ML A, 7077 —JRE, KEETA M A Y
OHHNC L Db DLEZ SNz, BB NT, BRI
FLUARRIEEY A A A v OMEI~vIsOT 7 — VR
HEITTESE, 2555 RIHEIER - BH &L v o 728
EREMET 228, BRI ENEHHITELEEZD
i, SREVEIASIERS - MERIEORELBIS O LA D 2 EAY
e S 7219,

2) MEPRIFIETEE AR 23 2 SR IUHI BR O 305
BEDRIRIE, MNREZE, PROVE - OFREZE, PHZEIEBDIRAE

LI 2 EDRIMAE RS & B FEE - M - MfERE 2 &

D/NEREEZ GO 50 %0 THHERIFIEEE LT

FMYI077 —2#((um?)

- 200
] i s
_'i’ :é)_- 100
il &0
a
Wehicle  DFD
TNF-a
MCP-1 mRNA
mRNA -
15 1.5
1.0 1.0
05 * 05 *
T
0.0
Wehicle DFO Vehicle DFO

2. $BRFEET 7 a3 3 2 (DFO) O OEIHZNHE (Tajima and Ikeda, et al. Am J Physiol

Endocrinol Metab. 2012725 51 H%).

G sET =Y



16

5 ERMEAEICENENPRLEL b HEIRIFHEE
DEEANZE > TEEDOEMHFED ML THB Y, 19984 L

B3 DD E O FENE AR E DL L %o TV B,

SR, s OS2 e 2, BEkeE L IX
O 7 & DI 2R E & A 0F 4 A EE SR 2 A L C,
FhEHE LB OWS N E ko T BERIE
PEEREDTSE - HRICII S T ST R BERISEAMICHEYS
T2EMBEINTEY, BILATINL AL ZD—DTH
B0, 37 v b YRS DL A N L ARELE % il

B 572012, $RITMRILA L ADY — 2 & L THIRWE
PEREDWTREIZ D G- L T B RN D 1, SRIEAUH]

FRICK DERIEA b LA %A LT, BERIGVERHE O
T & DR SD B o F T CHEPRIHIEEE (R4
B SABRUHIBR DR H N2 DN T, BERIRIEBHE S RE £ 7V
& LT 2 BB R IR E 7V db/db ¥ 7 A %, W<
AL LTATO db/m XY AWK L7, ¥
MR (ND) EHEASHE U TH 0 #E A =D AD1055

it E e

w/IIWEMLTHY, 458, SEMGEBRICIIZLRLHE
MHEDEIN%Z 07, db/db ¥~ ALIDEETIIT VT
I VHEE OB INTIH S 7z, db/db <7 A ND B
T, SRERRAEAR, A4 ¥ 25BN, 257>
N7 470t 7F v SN EEEAED A b2 D8,
CNHIZLIDIZ& o Tl E N7z £72, db/db <
A ND OB BAME <13 DHE e lc X 2 A — 83— F ¥
TOREAEEIL TWwiz28, LID #ETidZ o ik
a7z (K3), Diban, SIEEUHIRIEER{LA LA
WATE, BERFEEEOEEINHNCKIENTH S Z
EDTRBENSD, Lo L, BiESEEEE db/db ~ 7
A& db/m TR EERIR LN o l2—TF, IRPEPE
& db/db~ 7 ATHIMEZRED -2 &Eh b, MR
BHEIC B BB Y F) v & ggs 20
BRIIODWVWTEHES LR IHEDPLETH S,

3) WG EAEFIZBT 2 BOBE

D1 THhLEEEEFR (LID) 2/E L THW7z, db/db AR, A D B ERA (Prax=7) A% b
~ 7 A% ND#, LID #1241 T, db/m ¥~ 7 AIZND Yo7 bgoTwh, MiJMETIIAHAT - We T2 EDOHE
#5270 L7z, db/m ¥ A LT db/db FERTICo %25 EIHEDBEDOEALICKRE S5 T 5,
v ANIEBFGRICB T, BRIZRM 7 VT I VPRl 2070 IR 2 HERE S A 72012 b BAREE OMERE
R7INT = kS

% a5 o—o  dbim with ND

|1 ——a byl with KD

I 3] o—ao dudbwithLID

A

Do2s

e )

B Et#ﬁ i *aa:i-.‘t

"o o 4 B ()

BiRE{EA MLX

H&ﬂf*ﬁ@#ﬂﬁﬁ

PAS Ei TN :

b Ll .

o -.-
7#“‘”’}.-!

with ND with ND with LID

wemen 2 -

ab/db db/db
with ND with LID

m
with ND

3. HEEGHIRRIC X 2 FER R EE O IHIEh . (Ikeda and Enomoto, et al. Am J Physiol Renal

Physiol. 20137 %5 | %),

G : SEkIR



FERIHNZ BT % gkt

BEERFENTH 5, MIRFEZIZBVTIE, FEH
JRIBEZ LB L CTH IV IR TERENT L2 JER
FRHBREEECLI N AR TAHRRIEECH L 2
RN I NI, — T, WA 55 =

(B axr=7) &, EHEOHR, I ITRZT DA,

FNENHEMTHET AL LD A VA VRGP HEES
B2 W mA TR RE, ®IE, SIRMEZ &2
R v 7 SEBEREOERRIEAEINT B 2 L AT S AT E
n72® , FEACHICBE D 2 ds (B8, FRIR, Pl
W ERHY, Z09) HLEEHV RS EIGAAR R LN
B, HERIE TIE BN ORERGAA DL T 5, ZD7:
O, FEHEORTIIHEAH B S5 2 & THRIRE
ZDBNblnwz b, £oT, BEEIZBIT AR &
ZOTFHEL GO HIMEEEHERD b G L
TwWwheEzoN b,

B L BDBRICOWT, EANEE & BB
BOMBEEAELTWDL I EDHREENTVEY, bivb
nd, 2FHERBETIV~ A (db/db ¥ R) HH
SRR DS~ A LI L THML T 5 2 L % ff
RABLTWVWD (RERT—%). 2O Lnb, BHH=
HEFFICBWTEHDOM S D GATRBREINL b, 2D
ENIARWTH - 72 BEGIEERHESETH Y, o5

HEREAREE & (mg)

150 1
140 1
130
120
110 4
100 -

Veh Fe
Day 7

Veh Fe
Day 14

B{ERA ML A (DHEZ)

Q = N W & G

Relative fluorescence intensity

“Vehicle Fe
Day 7

160
150
140
130
120
110

17
e BHDONT AL > TERHERER STV
IR HERIFICB I A2 L aR= T ORFEICBWT, &
BT EERE ST bR TwWb Z Enb, b
DIUIERFBRE I & o TERTHEIMEAE S LTV B IGEH
%72TT, BEMZEMICBT 23O E & ME L7,

8 A D C57BL/6] TURITRANT gk E HK
5L CERBEIREEIC LGA T, BHES, v I A8,
W%%%@E%ﬁﬁTMﬁ%ﬁﬁﬁ%ﬁ%%ﬁﬁ?%o
72o B NI GRICEG T AIEXRF YA KL ED
ORI CH 5 Akt-FOXO (forkhead box, sub-
group O) ¥ 7 F WIZDWT, $h#EE~ 7 A12B\WT Akt
& FOXO03a @) v ERAbIZ#NH] & 1, atrogin-1, MuRF
lEwoaexF ) 5 —¥ ESEEFREOHEINZ R
D720 TNIEEEAD AKt-FOXO03a Hifill /L T ¥ ¥ F
) — Y ENFUACIC & B Y vy SRR ST
LI ERRLTWAE,, ghlfH <Y ZDEHEHIZBNT
FRALA b L AIIASRRO bz 2 L s, PiBLET ~

K=& o TERIC L 2 ERHZEMHAHIHTE B 052K
ﬁbtoT/f~W’l©%ﬁ%°l%ﬂ%%%ﬁ¢&
5 N2 atrogin-1, MuRF10:#E{EFFEBE NI HIH & 1

7o (K4), k&, sRERIIMIA L A-ZEFF

COH—EREEN L BRGSO RET S I LI

HFAERE R IR (um?)
1500
1200
& &

800 o
600
300

. Veh Fe \ieh Fe

Day 7 Day 14

HHERAE R (mg) B RS RATERS (um?)
*1: sr* 1200 ,2 Ii|

1000
800
600
400
I 200
]

Vehil:lle — iempclll
Fe

00 {ehicie — tempr:ul

4. $kI12 X5 BN L PRI X 2 EimiflzhE (Ikeda and Imao, et al. ] Trace Elem

Med Biol. 2016725 5 [FHIZ)



18

IoTHrax=T7#5l&RITEEZ LN, HRFEE
P aRZT DR RO —DIZHHEH~DOHRERE O M G-
RSNz,

BEbWIZ

MEEBFEROPL, FEIRHRPZOEBHEDREC

BRILA P L ZAZ A L TG THEE26N5 (M5),
W, BRICEE T A RBIIBRZEAMDS L W L 9D
BxZz] BEHESND 00, [#aH] 33V H
DN TR VEDSH L, LoL, #id7=v b
FOG % il TR LA b L A Z AT S I L0 5 HaEE
WCOWTHHETLLEDND Do FEEICERE L HIER
HIRRIZ AR PSR 2 A S8 5 2 & THEkROMAL A +
L AHIHNC & o TRRBLEERD R CREIRFRIE ) A 7 KT
PHITECE 2%, SRRZHEAMAE GO 7-EEH D720,
PRER LR BRHIR 2 & OFLEAT 9 OB S V), HiAC
BN EHEHT 2 DERALED 5, HERIKE G 7B
BEHICBNT, ZREEZOAL LT GO ME
KEZOBEEREICIOVTEHHRE S & 2T 3 AE
PP EINDZET, SORLAANERSN, HHO
EEREANORR - GO Rd b 2 s,

it moOHE R

X ®

1) “PH28E [ - ] JEAa7@A.

2) Grundy, SM., Benjamin, L], Burke, G.L., Chait, A.,
Eckel, RH., Howard, B.V., Mitch, W., Smith, S.C., Jr.,
Sowers, J.R.: Diabetes and cardiovascular disease :
a statement for healthcare professionals from the
American Heart Association. Circulation, 100 : 1134-
1146, 1999

3) Giovannucci, E, Harlan, DM, Archer, M.C., Bergenstal,
R.M,, Gapstur, S.M., Habel, L.A., Pollak, M., Regensteiner,
J.G., Yee, D.: Diabetes and cancer :a consensus re-
port. Diabetes Care 33 . 1674-1685, 2010

4) MR, TEE—R, RERSE RS L ASh
kaBEITF. MEIRIE, 56 © 919-921, 2013

5) Zacharski, LR, Ornstein, D.L., Woloshin, S, Schwartz,
L.M.: Association of age, sex, and race with body
iron stores in adults : analysis of NHANES I data.
Am. Heart J., 140 : 98-104, 2000

6) Torti, F.M, Torti, S.V.: Regulation of ferritin genes
and protein. Blood 99, . 3505-3516, 2002

7) Kakhlon, O., Cabantchik, ZI.: The labile iron pool:
characterization, measurement, and participation in

cellular processes(1). Free Radic. Biol. Med., 33 :

5. BRICLBERALA b L AL - BERRAN, EPRWPEEHE, AAEHERAICE ST 2 8E



10)

11)

12)

13)

14)

15)

16)

FERRIR 2 BT % gkl

1037-1046, 2002

Nakano, M., Kawanishi, Y., Kamohara, S, Uchida, Y.,
Shiota, M., Inatomi, Y. Komori, T. Miyazawa, K,
Gondo, K., Yamasawa, I.: Oxidative DNA damage
(8-hydroxydeoxyguanosine) and body iron status:
a study on 2507 healthy people. Free Radic. Biol
Med., 35 : 826-832, 2003

Ford, ES, Cogswell, M.E.: Diabetes and serum fer-
ritin concentration among U.S. adults. Diabetes. Care,
22 . 1978-1983, 1999

Jiang, R, Ma, J., Ascherio, A., Stampfer, M.]., Willett,
W.C., Hu, F.B.: Dietary iron intake and blood dona-
tions in relation to risk of type 2 diabetes in men : a
prospective cohort study. Am. J. Clin. Nutr., 79 : 70-
75, 2004

Fernandez-Real, J. M., Lopez-Bermejo, A., Ricart,
W.:Iron stores, blood donation, and insulin sensiti-
vity and secretion. Clin. Chem., 51  1201-1205, 2005
Dongiovanni, P, Valenti, L,. Ludovica Fracanzani, A.,
Gatti, S., Cairo, G, Fargion, S.:Iron depletion by
deferoxamine up-regulates glucose uptake and
insulin signaling in hepatoma cells and in rat liver.
Am. J. Pathol., 172 : 738-747, 2008

Cooksey, R.C., Jones, D., Gabrielsen, S, Huang, J.
Simcox, J.A,. Luo, B., Soesanto, Y., Rienhoff, H., Abel,
E.D., McClain, D.A. : Dietary iron restriction or iron
chelation protects from diabetes and loss of beta-
cell function in the obese (ob/ob lep-/-) mouse. Am.
J. Physiol. Endocrinol. Metab., 298 : E1236-1243, 2010
Minamiyama, Y., Takemura, S., Kodai, S., Shinkawa,
H., Tsukioka, T., Ichikawa, H., Naito, Y., Yoshikawa,
T. Okada, S.:Iron restriction improves type 2 dia-
betes mellitus in Otsuka Long-Evans Tokushima
fatty rats. Am. J. Physiol. Endocrinol. Metab., 298 .
E1140-1149, 2010

A © Clinical Trend A% KV v 7 K3/ &i%--
EIEBEBOH L e & 20, HARK,61 : 1837-
1843, 2003

Iwasaki, T., Nakajima, A., Yoneda, M., Yamada, Y.,
Mukasa, K., Fujita, K., Fujisawa, N.,, Wada, K., Terauchi,
Y.:Serum ferritin is associated with visceral fat
area and subcutaneous fat area. Diabetes. Care, 28 :
2486-2491, 2005

17)

18)

19)

20)

21)

22)

23)

24)

19

Orr, ]S, Kennedy, A. Anderson-Baucum, E.K,
Webb, C.D., Fordahl, S.C., Erikson, K.M., Zhang, Y.,
Etzerodt, A., Moestrup, SK., Hasty, A.H.: Obesity
alters adipose tissue macrophage iron content and
tissue iron distribution. Diabetes, 63 . 421-432, 2014
Tajima, S. Ikeda, Y., Sawada, K. Yamano, N,
Horinouchi, Y., Kihira, Y., Ishizawa, K., [zawa-Ishizawa,
Y., Kawazoe, K., Tomita, S., Minakuchi, K., Tsuchiya,
K., Tamaki, T.:Iron reduction by deferoxamine
leads to amelioration of adiposity via the regulation
of oxidative stress and inflammation in obese and
type 2 diabetes KKAy mice. Am. J. Physiol. Endo-
crinol. Metab., 302 : E77-86, 2012
DAEDBEEFREOR. RN AR
B &
html.

Yiu, WH., Wong, D.W., Wu, HJ, Li RX, Yam, I,
Chan, LY, Leung, ]J.C, Lan, HY., Lai, KN, Tang, S.
C.:Kallistatin protects against diabetic nephropathy
in db/db mice by suppressing AGE-RAGE-induced
oxidative stress. Kidney Int., 89 . 386-398, 2016
Ikeda, Y. Enomoto, H.,, Tajima, S., Izawa-Ishizawa,
Y., Kihira, Y., Ishizawa, K., Tomita, S., Tsuchiya, K.,

Tamaki, T.: Dietary iron restriction inhibits progre-

http : //docs.jsdt.or.jp/overview/index.

ssion of diabetic nephropathy in db/db mice. Am. J.
Physiol. Renal. Physiol., 304 : F1028-1036, 2013
Kim, T.N,, Park, M.S,, Yang, S.J., Yoo, H.]., Kang, H.].,
Song, W., Seo, J.A., Kim, S.G,, Kim, N.H., Baik, S.H,,
Choi, D.S., Choi, K.M. : Prevalence and determinant
factors of sarcopenia in patients with type 2 diabe-
tes : the Korean Sarcopenic Obesity Study (KSOS).
Diabetes. Care, 33 © 1497-1499, 2010

Chung, H.S.,, Hwang, S.Y., Choi, J.H,, Lee, H.J., Yoo, H.
J., Seo, J.A, Kim, S.G,, Kim, N.H,, Choi, D.S, Baik, SH,
Choi, K.M. : Effects of Low Muscle Mass on Albumi-
nuria and Chronic Kidney Disease in Patients With
Type 2 Diabetes: The Korean Sarcopenic Obesity
Study (KSOS). J. Gerontol. A. Biol. Sci. Med. Sci. 2017
Srikanthan, P., Hevener, A.L., Karlamangla, A.S.:
Sarcopenia exacerbates obesity-associated insulin
resistance and dysglycemia:findings from the
National Health and Nutrition Examination Survey
II. PLoS One, 5 : 10805, 2010



25)

26)

20

Lim, S, Kim, J.H., Yoon, J.W., Kang, SM., Choi, S.H.,
Park, Y.J., Kim, KW, Lim, J.Y, Park, K.S, Jang, H.
C.:Sarcopenic obesity : prevalence and association
with metabolic syndrome in the Korean Longitudi-
nal Study on Health and Aging (KLoSHA). Diabetes.
Care, 33 . 1652-1654, 2010

Kim, T.H., Hwang, H.J., Kim, S.H. : Relationship bet-
ween serum ferritin levels and sarcopenia in Korean
females aged 60 years and older using the fourth

Korea National Health and Nutrition Examination

The role of iron, a trace nutrient, on diabetes

Yasumasa Ikeda

it

Survey (KNHANES V-2, 3), 2008-2009. PLoS One
9 e90105, 2014

27) Ikeda, Y. Imao, M, Satoh, A, Watanabe, H., Hamano,

H., Horinouchi, Y., Izawa-Ishizawa, Y., Kihira, Y.,
Miyamoto, L., Ishizawa, K., Tsuchiya, K. Tamaki,
T.:Iron-induced skeletal muscle atrophy involves
an Akt-forkhead box O3-E3 ubiquitin ligase-depen-
dent pathway. J. Trace. Elem. Med. Biol, 35 : 66-
76,2016

Department of Pharmacology, Institute of Biomeclical Sciences, Tokushima University Graduate School, Tokushima, Japan

SUMMARY

The nutrient balance is an important factor to keep healthy state in the body. In various

nutrients, iron is a most abundant trace metal element.

Iron-deficient anemia is often seen in the

iron-related disorders, therefore, lots of functional food, drink, and nutritional supplement are

widely provided and used to prevent iron deficiency. On the other hand, over iron intake induces

excess iron status, causing increased oxidative stress production via catalyzing Fenton reaction.

Recent evidences suggest that iron involves the pathological conditions of non-iron accumulating

diseases, and the role of iron is noticed again.

Diabetes is associated with poor prognosis to develop a variety of complications such as

cardiovascular disease and diabetic kidney disease (DKD) in addition to diabetic retinopathy and

neuropathy.

causes more impaired insulin resistance by diminishing glucose uptake.

Moreover, patients with diabetes often present reduced skeletal muscle mass, and it

Recent studies have

shown that iron content is associated with diabetic and obese condition, and high iron intake

increases diabetes risk. We have clarified the favorable effect of iron reduction on obesity and

DKD through diminishing oxidative stress.

and it was ameliorated by an anti-oxidant drug.

In addition, excess iron caused skeletal muscle atrophy

Thus, iron plays an important role in diabetes and its complication through oxidative stress

production.

Further studies are clarifying an important role of trace nutrient including iron and

so on, contributing to the development of new therapeutic strategy.
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