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Abstract: Iron-based nanomaterial is made of nano—sized iron, iron oxide and ferroalloy by nature product or artificial
synthesis. According to different structures and compositions, iron—based pharmaceutical nanomaterials can be classified into
super paramagnetic iron oxide nanoparticles, magnetic iron oxide microspheres, magnetoferritin, magnetic iron oxide lipo-
some, ferroalloy nanoparticle and etc. Iron—based nanomaterial has remarkable size effect, surface effect and quantum
effect, especially unique magnetic properties, which makes it be widely used in magnetic resonance imaging, bioseparation
in vitro, magnetic hyperthermia and drug delivery. Moreover, quite a few products have been approved in market or under
clinical trials. Ideal iron—based nanomedicine should own important characteristic including definite structure, stable physi-
cal properties, uniform distribution, scalable production, safety and effectiveness in vivo. The drawbacks that confine medic-
inal application of iron—based nanomaterial depend on oxidative stress induced by iron ion and toxicity by iron overload in
body. This article reviews research status of iron—based medicinal nanomaterials and the facing opportunities and challenges,
and gives a prospects for the development finally.

Key words : iron-based nanomaterials; medicinal application; preparation method; clinical research; development pros-
pect

1 81 &
S HHA: 2016-10-18

BETE: EHE A AR IS EERS 1 A5 H (61420106012) FOLRAMER D& &  Baml iz, KIEDSRERE

F—1EE: B 1, B, 1987 4, WA AGGid, 2 E D

WRAERE: B T, B, 1964 44, I, AR, HRUEASRR, HATE408, ﬁﬁﬁ% VM@‘T
Email; guning@® seu. edu, en BEE FAE G AR oA e g sk, WCEIF SR M (E &

DOI. 10.7502/j. issn. 1674-3962. 2017. 03. 08 FEHTR . 25 FHERIEG R MR TS DL KR 3N Tl 45 15 2]



212 Hh AR

%536 &

K RSB Bk . R A A R Bk G 5 nT T T A 9 =
5 I RETEA R 25 BRI 0 KA e e BRI 4 0 A
DIREVERRIPIRHR 73 M B, BR2H 73 F2 B WA 0D Bk
SFASBRAERT, TS RE R BRI LE 4R R AR A A
PSSR R E R, SRR IR, 5
HABZKABAHLL, 25 FHBREE AR BRI R AT RS
VNI TS VAL S e RS QIS X E DT G N7y /S /S N A
B, ARREE R S e Ik s A ) e i A
TERA IR 2 AR, LR R iRtk . Ho
RERRIG G AL R TRE T L PR AL L (R LR
JBEAE o AH2 FBRIEAN KA LAY T e — LE 45y 7™ F 1) 1R Y
JO7 FH I, o 240 0 N A 30 B ) 52 RS S, BRI
PRS2 A S L 8 B A B AR 2 TR A il

PR 6 FDA HEfE BTl AR SE 90 K 25 W BT
IR AR VFTE I R - Bl 7 T A R 40 K 25 W) {UA Feru-
moxytol —Ff1, Ferumoxytol K ELA B4, CHE
g “ Off Label” 254 |32 i 1] T 4 AE 968 DX Il 4% 1) Wi
PRI o BOR B R A 25 FHBRIL AR B RHE A i 2L,
AR H TSI 5 24 S i A 5T IR AT T
gk, JFRE T HR AT

2 ARABEMNKMBNSXRESETE

i HBIEAOR PR B A LA, B AE A S5 1
R AR 7 T 4 o TR A B 94 KBRS (SPIOs ) |
REPE RN ISER . Bt 1SS BURL . /AR 4%
PAEAOR S A4 (LI 1) %

FEI1 JURRZS HIERSEAR AT R T BB () REPERORD, (b)) BREFERAIA™ , () BEAD), (DR/MAT, (o) UTiEE

il 45 ORI M SR e AL

Fig. 1  Electron microscope photographs of different pharmaceutical iron based nano—materials: (a) magnetic microspheres
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(b) Mn-Zn ferrite nanoparticlel*] | (¢) ferritin
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) and (e) SPIOs prepared by co—precipitation
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Iron-based nanomedicine approved for clinical application and clinical trails

ko
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Product trade name

Product composition

Product function

Market years or research status

Feridex®

Combidex®

Feraheme®

CellSearch®

Epithelial Cell Kit

NanoTherm®

Clariscan®

Resovist®

Supravist®

NanoTherm AS1®

Abdoscan®

Gastromark®

Dextran coated SPIOs

Low molecular weight dextran coa-

ted SPIOs

Modified dextran coated SPIOs

Reagent kit containing Iron oxide
magnetic fluid with surface modifi-
cation monoclonal antibody

Amino silane coated SP10s

Oxidized oligo—starch
coated SPI0s

Carboxyl dextran coated SPIOs

Carboxyl dextran coated SPIOs
Amino silane coated SPIOs

Polystyrene coated iron oxide nan-

oparticles

Amino silicone coated SPIOs

Magnetic resonance imaging of liver injury

and some tumors

Magnetic resonance imaging of liver,

spleen and lymph node metastasis
Supplement of iron for iron deficiency ane-
mia in patients with chronic kidney dis-
ease

Recording circulating tumor cells, assess-

ing the survival rate of patients with meta-
static breast cancer

Brain malignant glioma hyperthermia

Blood pool and hepatic angiography

Liver magnetic resonance imaging

Magnetic resonance imaging

Magnetic resonance imaging
Gastrointestinal magnetic resonance ima-
ging

Gastrointestinal magnetic resonance ima-
ging

FDA approved in 1996, withdrew in 2008

EMA withdrew in 2007

FDA approved in 2009

FDA approved in 2004

FDA approved in 2004

Phase Il clinical trial

FDA approved in 2004, withdrew
in 2009

Phase I clinical trial

Phase Il clinical trial

EMA approved in 1993, withdrew
in 2000

FDA approved in 1996, withdrew in 2012

K2 STIRREIH RS ESN YIRS ZE R SRE AR

Iron-based pharmaceutical nanomaterials for preclinical research and animal experiment

Table 2

Product name

Product composition

Product function

Research status

FeraSpin™ R

NanoDX SPI0s

™ Iron oxide magnetic fluid
TNT" AntiEpCAM . . .

coupling with antibody

WIN39996 Super paramagnetic microspheres
VSOpP-Cl184 Citrate coated SPIOs
FeO-BPA SPI0s
MION Monocrystalline iron oxide
Magnetofection™ Cationic polymer coated magnetic micro-

TranMAG-PEI

Carboxyl dextran coatedSPIOs clusters

spheres

Polyether amide coated SPI0s

Animal imaging in vivo

Magnetic separation

Solid tumor magnetic hyperthermia

Animal experiment only

Animal experiment only

Preclinical research

Gastrointestinal magnetic resonance ima-

ging

Vascular imaging and cell labeling

Vascular magnetic resonance imaging

Magnetic resonance imaging

Gene delivery into cells in vitro

Gene transfection into cells in vitro

Animal experiment only

Preclinical research
Preclinical research

Preclinical research
Animal experiment only

Animal experiment only
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& B MRI () SPIOs RSF7E 10 ~200 nm Z[f], —Jk
BEART 4 wm 10 F0R 2284 B, 200 nm ~4 wm 5§
L 4 B 2P A% 2 B 75 (MPS 258), /DF 7 nm
£ U0 5 A - 0 1 O T 6 o RO 9. R R
10 ~200 nm {4 FORELE K 4 7 B A % A Reso-
vist. (62 nm) MRKTESSIG , 2 MRAEIRIG & 4 T IFIE Y
FUAR Y B 250, SR T2 R TL ARG S 15 510 F R
TS £ JFF R0 X 806 AS 4 5 MPS 4 i, R4 5]
Resovist &4, B 5 1F % K= 28 715 5 B w5 ) 22
S, UL E MORALE ), Feridex (50 nm Z547) Bk
e LT TSR, WA/ VRLAR Y Combidex it
1T TR LS, RS AE I L 4 7 T AR
LeilE AL RS PR LA L 3007 T 2 R B AL 19 1 B
W rp ' Feraheme™ (30 nm) Af Ho L ) B 5 04 K6
DX 48 T Sk BT B 0 AN Ok, G I R A5 B 4R
(NCTO01973517) .,

I FE 7 8 A W b B 16 43 F- 45 4 SPIOs, figig B3
PR MR ZCR . Lee' ™ 254 T i A My AH 25 M 1) 3 20 3
ML d L 2 AL BRI, 267 i 5 Ferumoxides AR HLAEL I
REALT B R 15 110 emu/g Fe, TERNAMSZE P @R R
WF BRI LRI, A TS g I TR R
3.2 HNEMHE

REVERRSEGOR R AT 78 S A 0L 30 v 7R 3o 2 A0 i
EFRIRI RN, 1 PR L T A G ) 3R 1 K 5 T B
Bo TR RO B4 B i AR B 5
T SBURMERS, T AL BRI 1 — MR 9 5 AR
T SO (% 2R G O T REME Ok AT TR A8 43 B 1
PERECH . B FE m IR bR BT S
B P 46 5 4 4350 10 40 M o 2 0 SR AP B, 3 e B 2 R
WL, SN A A K 40 K
PRI T oK. RTRE FDA SHME 0k SERE 1R 10 1A 4 43
BILWI RGN CellSearch” . 1% % 55 i LA R 414040 i
W PR SR TR, 4 B STRE R
BT, T AR AR G 0 40 B U A I
VR P T e R AT, % S B AT A
@I, TN 7 40 0 A 7 1 00 3 35 R
AANML, LA U LB | 5 I B 9 A S R
RIS L R AL, BT, KR
FAL, DR R EE S BT AN ES, REE Rk
PRAAARHE TT T2 A0 A2 4050 7100 DNA | 2 115 Rl
SNBSS . Kl 5 464k, GeneMAG—-DNA 96/Blood i
FoF SR REREPE TR 71 5 o5 A0 43 188 4 Ak i Y 4
Jirf i) DNA, Sy PCR 475 45 A 1 I AR At 7 )2
3.3 FLRERST

RETARPYT BOME N ZEANMJZT , B0 R 40 i

ST (42 ~52°C) RREPE 3 gk 2k R — a2 i) Al
TRBEMRT , B N PR SE 2 s KPR s, BT
HEFUEYE, Jra AT, DX R A ET 28 A 0T
MEH A e RE R L2, 7 THE R
JRFRIRAEE ) pH . FETE AN SRR O AR s, A
ISR . ZHOR EZN TR S . BT T
BN LA JEL I 14 o v 98 R 55 S AR o SR P A K DR 3 47
PIT PR R SE H BUZE Jordan ™ (1 TR A ME TA/E R, 14t
SEACBRBE R AT 10 24 I S R B Ar, 4 S8 AT
6 YCHFEE 60 min FYHT, VLA A B e il B 2 557 C,
1717 Ji] L B2 DA 40. 2 °C, 2010 4F b B 245 b 4 BUR) St o 1
— P T A A 2 1 ST 4 K JBURE NanoTherm™
ARG R B, T TR P T S RV T A
W BRI o AT R G AL AL ERLIR (Nano-
Therm™) ,

BEUKAE (NanoPlan®) 53845514 4 (NanoAc-
tivator® ) , Targeted Nano—Therapeutics (TNT™ ) System /&
ATl PRETHSEH) — ML R RE Y R g8, W4 T R %5H
G5 B WS SY, FErh BRERER 23 1 T T S 2% v By G
ALY 40 nm RF A9 E AL BRGIK BORL, 12505 7T 5 b
AN SR G R AE' . Hauff %P5 T X 52 %
PEZ IV TR #E AT SPIOs i Uit A #7 1) mI A7 Mk A 52
Yo SRI7ERNTOIRBE R IL 44.6°C, A AJER
HIRIER . o858 50 & LA A YT o i A A S A A
BisF|23.2 N, BEUGE T RIBITFHM 14.6 A,
Le 22 R0 T 1k SR A N A PO i A A P,
R EMC~DPPE b SZ AT (A4S 21 3 3l 48 [ 1) 0 1 i o
7, PR RN A 60% fe i # 1n) J5 B9 A e, AR OR 42
e TR iR AR S B SR
3.4 FRRKAMK

BRERMEZT I i T AR N BT 3R AN 2 B )
SECLLAN N AR B AR, A TSRS R P R A A
fEEWRK, ZRTELMILE, InK F 326 0 Rke
RO HIAMER R BEATIRTT o AR SR GE R AIA 1L,
SiMtesE . BB T A D M ER L RN RETEAR. ORI R R
Ferumoxytol (FMT) J& H i M — b T4 Jhy b4k 57 Y 2k
YOKFORE, T 2009 4EAE FDA L7 T TI697 02 M B s i
BB, FMT AT — PR R T4 17 mL JF4h 58
510 mg £k, BA R 0R A A 3h ) 2= B B4t
Powell AIFFELH T A 7 — i e 30 A1 BRAG i ) K 4 9 oKk
BAZRAE N 2 ~3 nm, (A5 E HE R R 7E 60 min 4
RIAT S A B K B -, R Bk i R USSR B R T S 0L
ZZ, VAR R 0. 2% 0 44 K Bk 0] 1) R M S AR 2, AT B
HAARCRME, [ RE R Gk B e 1 Y Ak B
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R TBW SIRITHIE R . 2908 A R T vk £ B
FRIEEY . B b, R FRNERAZLILE
RIRGETE AR A Bk, BEJEWE6 H SPIOs 5 R /)M 1 R R
MZIEIKR RS WS (R B SR %)
F B[R] T G B S 407 (BB, MR S ek
&) IR R AR B X e 42 S T RE,
T %o g f v A0 375 R AR BE AN IR sh R ey, W T H
RIRIBFFE s (B 2) . Kaittanis 265" DL FMT S 2544,

Healthy vascular =
endothelium

Tumor vasculator
endothelium

Tumor interstitium

TR 3 T A 4 A7 TR A1 522 3o A 490 K L 1 e o, R
T FRF BT K T 25 40 46 A B2 30 B0RE . RSk MRIL % B T2
(G SR RIENE R, IR TR TLIR A
B, XTSRS WIS TS i . Sun 220 75 40 bR
aifl R/ MA TR B RS Ry TS5 /MRS
gty BN 22 ISR A0 M/ SR 09RG % 5 B 2 2 0
¥, HEEALRCNEREME, Fuchigami 57 fff F kK #4
AT — R0 AR 2 B TRk R K S e, S Fe/Prgd
Sl A b B TSR (5 Ak ) W
Tk 72 P I AR, , 08 P A e A VA P P B 2
WU ARESE I A FLIE , B b 0 B RE f 25 it
B, (ERHES T AT a4 A B A R SR IR AR

Arterial feed
to tumor

Vs

Nanoparticles

P2 By iU 0 g o5 e JLR SR B3 AN RO AN (), A1 RS PT 42085 AL R A DR AE JHoR X R SR 4R (b) B

Fig. 2 Tumors leaky vascular and their enhanced permeability and retention (a), and presence of an externally applied

magnetic field can increase the accumulation of the IONPs in tumor area (b) [34]

3.6 fAEiRIE. TESEE

25 RSO RITE R IMER T A Bl B4 1) 40 M,
PPyl 3 MRI R AT SC B 297 H . Mya %67 %
JIF% . k2 5 Ferumoxytol 1 A — & i HPF & &
Yy, FRCA TN, FTAMRE . Karussis 50 #5031
T Ferumoxides FRIC I 75 T4 (MSC) Byl Rk %,
TERE AT INA 2 B R B ¥ MSC 5 Ferumoxides I 7
24 ~ 48 b, X G S A A S B S AR SR A A
P14 7% S 2K 0 M T BT A A S B 22 M
BESH AL, [ I 2 DR I 20 7 e S A Sk R TS A8 2
JREKIK . Richards 25777 D)6 Feridex #Ric A A SR
MR, o R R UL P R 0 O TR
RIVEFTH B, T7E AT SU (5 S AR, B ARIC IS B0
2 0 P P2 A T EL LA S B R 8 6 0 K B T Bk
(NCT00972946, NCT01169935) .
3.7 EMESEELE

SR REA K R ELAT A BB T, AL
HMeEs, TERAN AT LA R R IR TRk, tURR 4N

Ko RIS, DARFEGUORBB AR, KAk Y e
FERRLZET, T SNSRI e 2 R E A M. Fan
SR RS B A Aok (M=-HFn) 5 W 40 2 11
i FAR IR R R IR R R ST, LA M=HFn 5K
SRR AT AR AL T P, A 3 S8 AL A7 7R AL
T ARG ) IS ke A B B N, 50 ) MR 2 2 T
ALK, Chen' ™ 257 % Bl SPIOs H A7 pH K592
i SE AL 2 A R AL TS, B R B
ik (pH £y 4.8) vt SPIOs kit 25 40 L J5t (pH 24
7.4) W, K pH A9ASIL, BT S G VK 5 g
it EACE R, ¥ H,0,50% 8 H,0 5 0,, M
WA MG K B 350 . Zhang 257 il 4 T %65 5 4
RGO IBURL, & BLAEARR] pH BREE o 1 4 Bt 285 6 4
AWy A B 0V R, T 37 R 0 DAY 1 8 P o - ol
FAT RAFRIHLRAVE . Deng 5" IR IE T —Fhbr BA%
ZER ARG AT ARk MR, X IR 1 LA SR I M
SIS, B W AT GOk S T L S R
T 15 s SERILER AT, AL B T I R A
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mR N, HAEEMAHT K.
3.8 BN NRBRETE

T P AN DR SR 1 A 2 7 92 B R Sl A A B R
KB HEDGE . BTN R BRI 1 4 K FB0RE 7] e
BT AMMAS RS R, T8 AR ) A A P
ARAHEIE, ARV T A% G e xfE LA 5 4= FH W g 1
BERBRE ; [RIRHZ AR ZEAE SN 38 A8 G 37 WA F R 3 ]
FRRERRRIAAT o Chung 255 i) 4 1 25 B BRIV 1 5 B B R
Tk, sk S I 28 0 FH T R BT PG 22 S i A 0 B
FkHb, A% R e R W B ek B R ER R T 18
Qiu 14 I A PR AC T T A IR T — o 2 i 2 2
el ek, EIEWUR BT, AE R P9 ) T R A
e, TN T MR i ZE R AR . 2 TR 4 KA R
R SE T ¥ A I PR 3 3 2 47, Magforce 2% & € K
MFH300F 71§ 8% )37 $77 HLEE 4 137 F] Resovist” 5 MFL AS
PR, R4 T IR e A 2E ALY o
3.9 ERE#ER

ST R BRIL AR L TE 25 W 3 A T T 1 R4 R
FLAE R AR SR A2 3 T Bk o SR AR B A 8 s 1k 44
KEPRL SRRy 456, KBNS E G A
SN, PRUESAEE Y, SCELPR T 5 B R R Y B
M. Magnetofection Fl TranMAG—PET J& Wi Fh {8 FH I 72 11
WERL AR, AT EZALHE CombiMAG F1 PloyMAG W Ff
YIRERBURL , 55 2R b Ik MU e 0 2 1) 4 A 8k & oK J AL
TN E (AR BEBHA IR  Mah 25" YR IIE 2 IR PR MOk 6
Tl 3 TR R A TR T 2 AR I L A S5 B 4 A i 4
EBOEEM, FW 20 2Bk N F DNA (1% 88 1] 33
%o WLHEA 129/sv] /UK P JE AR B9 5 6 C12s 21 fifL
R PR R T B E SR o Namiki 452 145 T Fe N,
FHES FRE B Kok, 5Bk DNA JRAI4E & 5 Yy A
Y, ARSI R Dt R B = 32K o
3.10 HALATHE

TEHLEE BT R, AR T 3D 2R M0k
JZI S RERAE G 2R PR I LRI, A T RO
LIRS, Takuro 25" il FT Atk 48 A4k B0RE R 2 /25 200 fd {5
ASCERIRERE o LI EE SRR B, R A A2 R AF R 5
RO ENREERR S| ARG, 7EREERR 5] P R IE
PR AR BIRER R 4 IR 2 R A
BiF PRt B 4 E 9 Meng 257 1] g b 2 22 B0 R 1 45
B SPIOs FYN K 7 G [ S 4R850, 1A A4 i 52 56 45
HRBIRZAK A YE R RE e (R E BB A Ak, AEACE
SR S PRI 5 e IR AE G 3 1O A T B R R AR
BB . Sun 25T (R 4155 SPIOs 15 3 /9 46 4
PRAFARME D ILR B R K R B B0, Rz A%

TRBENS 5 T AN AL Ak, Wang 25 BUBFIEE— 25 &
LA K 254 Ferumoxytol AEAE I 3k 1] 78 5% T~ 40 Ml i 1 15 43
1, ELICR I R0 5 0REAS B (2 M AR G . AT,
Han 25" % B4R A0k 40 K 0L AE N5 O LZR L =2 4] 1
B, Xiong % 9256 45 F W SPIOs HAT L WLEE D
FEMZEHIIGTE, AR RO WAL G B E . X R
25 Ly 24 VR0 KA T B T R R B A 15 2 40K 1
W RE T 387517

4 % i

2RI AOR M B AR, ROR R 2 1
s TE . IR, A AW, AR AR
SE, NG TREMACH . XS0 il FAE I RIS Pk
AR Mo BRI OK B ORLLE R NS 77 1 — 6 A,
ERAR PR T AR SRR N . JRAE S R R R
TE 2 M2 1T 25 B A 2 M G T AR L SRR L A
JE I S LA S I RE A 4 DRI 2 FH R K b
V189 5 R T S5 A PR G o A 0 A A 0 A 0 I f P 1 i
BT, M AR RIS S oA TR RE, R R w2
MRS R A PRI RE,  LATT % B 22 36 N7 i PR 4 1Y
e MERR A LMANE Z ootk . TIRE S fE
P42 THT AL B 245 VBRI ROR BT RERL T I PRAFE o
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