R E 48 Ann. Rep. Tokyo Metr: Inst. Pub. Health, 65, 259-265, 2014

BRERGIC LD~ T8 A T KT DENENRE

ZH =E, RE EEL, A e B BEL R dle
Atk B R OWEY, AR OEI, £H BER T K RS
ANBROBR IR, B X W] T, T N

WateF /R~ 7R B A NIk x 2RISR S VERSBE~OISHPNER S50, Z£OREMEIZET 5 i
RO TR RARZEMFMARD bND. —MIZ, B5IEMIC X 23 REUL, ERNICIT 2 3RRE & 5%
BCBIRT 2 & Sh, TOEBREL, EYMORIN, ENSAG, REEROHEHC LV RESND. AREFEL L, 72
PEEE D —Br & LT~ 7 R ¥ A FOENEIE R ORI DWW THRET L. F344% 7 v Mo, ~ 7% ¥ A F20ED
15.0 mg/kgBKED AR T, 1RRKERS L, 1, 3, 7, 20K OS0R %I, Mk, IR, 3, Il B JiERORMck
Fo~ 7 REA NHROERAEGHT Uiz, SREPOSKREL, HE5ZIAOM CRERELZRTL, ZDO%RTH E THK
FELHNIID L, 5 H2IAICE— 7 BEDIZIFIBOREL eV D% T 7 b=l Lz, liTO~7 %14 FD
AW TETEM S HEE SN D, MR, g, BIME OB N T, H5ZIANH50H £ TEHROWRED
RREMATES D, BB X D HMBBIE TR O Y LRI A ORI A R Loy s/ rn 7 7 — VDR
KO IR OIREDNRO DL, ¥ 7R F A FOM~DOILERRY U Ei~OBATH/RE ST, (R~ PRI R

LR LEICE <, BEZSORICBWTHENR Y OPRltRRO bz, R~0PiitiTb 2 Th o7,

X¥—U—NF: w7 XZA I, Fes0a, WeMET /KiF, (KNERE,

Xt ®»

F =T U T MR RV EE T 2 L bk x Ay
TIER SN, EHINZRHFEME LTRSS TS £
D—FT, I, 2100 nmPL T ORI (F-/ K F) D
EFERANER Sh, T/ WEIC L DRERENERS S
DN, TOLEEMIIEAT HHEMIRIEAR+ITHD. Btk
FIRA~TxEA N LTI x24T 2) 13, 1k
FHNCEE CHIRA R E 2t E2 /T2 2805, BRGRT
BRALIR, BEMEFLIRD 2\ IR - —7r PRk A FRICA
SHHEN, BERESCALAT 7 )0 0—05H~0i5 R
BISEH SN, BUEBARICENTY, BADIREEE:
YD WVIFTIRAFI DX v U T —NZE OFIABIRE S,
SHECRDIEADTIRINDID, v 73244 FOREM
T 2RO TR Y, RaRRMRH il RS &
N5, ’AFZINET TR A MOBMER OB RS
BiEt LR EHE L7126, <7 U 7L ORI
BT, T OAREE L RFICENEIEE RS EE /R
BERazRoOLE2 LN, 46, FadRRERS L~
T 2B A N OENENE & OB Bt L.

£ B F ¥
R, Yo X -0 E BN T WE RO

Heit, BREBS, F344%27 v b

UTIZBWT, F /=T U T OB T A EERE
KOG~ =2 7 /U ER Lz, BRIk, 7T
RE7R IR R G IER IR AT A KT A4 U NTHEC CTHEHE L,
RAEFRGIEICE LT, SGEOBMERMEO 720 O FFH
fiie LTORENELG0% ST

1. ®BRWE

WEE L LT, W ki~ 7R 2 A b
(Lot.100927, pH 9.1, if%5-15nm, HFMEFI122 m¥g,
FHIESASE, KR 2lne. Yt 7—ozxn
B HOUXHR Y e T4 & (Energy Dispersive X - ray
Spectrometer : EDS) {28V, Sk OWEHE L L
SORHY (o) ERHEHLRWZ &2 L.

B G RBOFERIT, el S U TRSEBR O RN S,
BB AT Y — (BRI 7o8iR) ORETAFEL,
RIERFEFEMA (Milli-Q, 182 MQ) THA %, 02M
HCl (BB BHIKIC TR TpH74-7.5 (T v N0k
RpH) MIZFREE L7z, SREICAWERRE e~y b
w TV S SEREFE A OME R LTz, i, %
WERE 2 @IEIRE Le o 2B, ~ 7 % A bR
BRI KD bRt -7 Th 5.

169-0073 U AUERHTTE X A KT 3-24-1

* BRI TR v — SRR BRI S R

b HUERERR L B o — BRI BR B R A TR

o HVREERIKFE (4K
204-0004 F AT IE WA T PR 2-522-1
4 R L AT o F — SRR R



260 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 65,2014

2. BROEESRME
HEDF344/DuCrICrljs2 7~ FSPFE##)400L %, HATF ¥
—LA - DN S (R KV SEETAFEL, 2
HBIMEEE % 10 # CRBRICA W, SEEOBEI20
VEE L, BHBMHOEREEZ D L1, KRERIELEIEZ
HIBIC X VBT 24T o 7. BIME R OSBRI (R
— VIR A REHE I O24IF 2 5R <), Ehiix BBk K
FEEME AV NREFWO 2T o L 2R — ]

EFOUNAE L, ML (CE-2, AAZ L7 kst
W) LM AR AR S B KEKE B BICER S,
NRYT =Y 2T ANOFBERIZT, Eid23+£2°C, WHE
5510%, HAKUEIEmERE10ME], 120FRI S YT IO S0 T
THE LT

3. BERUGOHTE

10JEEROF 34427 » M, =—T VBT, <~ 7%
S A MEEI A0 GHERE ; A FEMAK) H5E15.0
mg/kgRE (5 OFE, 1.0mLkgREORET, &
KB IRIAEFELEE  (IA-1B, Penn-Century, Inc., USA) %
WTIRIREREA T L—#b Lz, #5%1, 3, 7, 21KQ
50 H DFNEN24RIATS, SR EHr—y (2 ¥
ARUA - MC; AXY~5 Yy, ) IZIETDINEL,
24BFMR L OFE A BRE UT=. R OFEDORRE., e —
— T VR I REIRD SRR M R U, JFIe, s, i
KO 2 UEERIE U= BT L. mikix
EDTAZ Nz CiRFN%, U L7z,
FNENOFENT, MEE, RICOVWTIE, —EREE
U, Milli QKT2[E, WEHLHE (77 2F v 7 3R ERE T
IENRAZECIEE 5 L, BEE/ AR TS ML LTtk
3,500[E145 T304 i OB L, BB EFR<) Liz. ik
TR & [FERRIZMIll Q/K C2EIPEELEE L 7= 1%, Milli Q/KIC
X OV A X HIZ3EH Y IR LT, #IF40°CCT—WhRL
BBEEELZIEL, 2EAZASTHR LY —ICLEE—E
BEHIL, MilliQKDR DY ICEDTAWK T3[EIFa4LEE L
7. P, e & OKSREIIMRE% —ERA BRI, il
O HTAMDKRE DT AP —% AV THRE DA XEMilli
QK TC2EEFMIE LTz, T b L= EnEh D
WEHI= % /) =V CRRER S 2R %, KB Y U L%
MZ N0 EINBGEFE L, w008 LT EEBEERWI-1, 7%
W& Milli Q7KIZ & 0 2[EIEFALER L, 20%fHEE CONES S ik
%, HEET T A~vEREOWEE (ICP-MS ; 7Y LY
r7500ce, 7YV bk T ) ano—KESt, NE
T) ISR OERAEGHT Uiz, b, SIEE & A 56 m/z
L, WIEBEREMEICA v N oA GIEE &289 m/z)
ZRV, 2 Pa/ )Ty a AERIGH AN T A
A LHER, NEEEECRELFHE LZ. 205
HFIZL A~ IR EZA NHOSOENRIE, Mik68.6£11.9%,
JR62.9+8.8%, #£70.6£7.3%, AThH67.8+10.1%, EhH
67.2+10.7%, Mi66.7+4.5%, fX62.9£7.5% CTH o7 (n=3).
BRI, T v FOERIRRC, N ENARELL

Z— T VIR T R RS L, PIIRBLER 24T\ M
T % 10% THERE T A L~ U IR CEER, B
CHEVRT T g L, AN R RS Y v =Y
YA RO Y YA () L, EEBMEE T T
B L.

4. FEERIARAT

AR, ST oxIREE L ~ 7 2 X A NGB
M CHESHMOMEZITV, FEBOLGEITAREE, £y
BOBEIIT A T 2 VFOHRERIT o712, HEHLE
¥ —/VidStatLight (Yukmsthaltth, B Z M.

5. fREEmE~DELE

AW, Yt ¥ —OSREZ B R OB R E
BRI L 2FEEZT, EREBYOEI P ICET Bk
H, HAKROHA R A TR TTo 7.

& S

1. RERUBREEE

~ I REA NRERFOYMIATE, IR ORERE, &
541, 3, 7, 21500 0, 24FRIRE, 24 &
(W1%) M OMREHEREZTable IR L2, ~ 7 3% H Ak
BeHRETIE, SRR OB TRG% 14 OB H OREIAE,
BH5#%1A0EEROMIRER, H5%3IAOFIKERICH
BRBAODBRD NIz, &E51%1, 3, TRTUS50H Do
BIZIIARREMPZD b,

2. MK, R, BEROFEHROKBE

~ I3 EA MEREREHOME, R, EROWRETO
BRI & Table 21078 L=, £, HEREOSEE LEHEH
5 R D BRI B TP 2 25 LS\ 72 fE 2 Fig. 1R L=,
MR TIE, BHHIAICHVEEZRL, ZO®%BDT DM
MR Uz, JRCIE, SHIREE S ik L GRECRB I B8R
BEDLEANZEALERDLNT, BEHSORIZHOT R L
ADBRH LNz, FETHE, MREZBWT L0 O8R
ERREENTED, BERETEERE%S2IAEZ/BRNTETO
WFAC, SPPRBE L b LS pg/ebh B EH-2R0 7. AT,
B ORI BN THE, BG%1IE 25508 £ TEORE
M EFRTAHEEBED b, B TITRE%50H 12,
KTFRRE & R LA B ER RO biz. MiCixeTors
FIZBW TG TRV ERRE 2R LTz,

FZ 331 2 BRIR BE ORI 72 HERS & Fig. 2010R Lz,
HROROSIRE X, #H5H%1ACKEEEZRL, FO%KT
H ¥ CHEAGEHECMICHD L, #5%21 BICE— 7 FEDIE
F3OREL 7D D% T T b—ICHER LTz,

3. JREFEAORER

IR IAT > 2 IRBLZRIZ IRV T, v 7R A MR
DOfiTIE, &EGH%1A P LHERME L Ebh 5 REWEO
A ERERAFRD b, HEH&S0R £ Taplisiiobhr.



Y

i’ Z M ' 4 O, 65,2014

261

Table 1. Initial and final body weights, urine volume, dry feces weight and absolute organ weight after single

intratracheal instillation of magnetite

Dose of magnetite ~ Postinstilled period (days)
(mgkgBW) 1 3 7 21 50

Initial body weight (g) 0 (control) 231.74£5.4° 232.947.2 229.5+7.3 232.0£10.3 230.845.4

15 226.2+7.2 219.0+5.9 220.3£12.2 222.249.5 232.1£7.3
Final body weight (g) 0 232.6+4.9 236.8+9.2 239.749.3 266.0+16.1 297.1+5.9

15 216.1£7.7* 214.5+9.9%* 221.8+6.7 244.4+5.8 302.9+15.8
Urine (mL)" 0 10.3£1.5 12.0+2.1 8.8+0.7 9.542.3 8.5+1.0

15 8.3+0.7 8.9+0.7 7.6+£0.4 9.5+0.7 8.6+2.3
Feces (g)° 0 3.4+0.3 3.4+0.1 3.4+0.3 3.2+0.6 2.8+0.7

15 2.4+0.4%* 2.7£1.0 3.2+0.5 3.7+£1.9 3.5+0.7
Absolute organ weight (mg)
Liver 0 8239.8+265.0 9135.2+192.5 8639.7+436.8 8627.3+1619.3  9751.9+502.0

15 6787.6+28.0* 8382.9+£1007.8  7937.1+681.8 7646.8+1083.2  9719.4+443.3
Kidneys 0 1591.7+28.7 1656.6+65.4 1673.5+86.9 1774.7£116.8 1973.2+225.3

15 1552.6+51.8 1454.4+54.2* 1574.1+£58.2 1629.1£51.7 1915.3£16.3
Lung 0 827.4+27.6 784.6+11.8 817.4+53.0 873.3+42.6 840.9+£34.5

15 945.1+33.9%* 968.4+42.0* 1033.5+38.8* 898.1+44.1 934.94+24.8*
Brain 0 1926.3+£10.8 1894.3+15.7 1894.3+15.7 1948.4+51.0 1967.0+23.1

15 1899.5+15.9 1866.2+26.3 1866.2+26.3 1916.3+£22.9 1977.5£11.5

#24-hour urine volume
®24-hour dry feces weight

¢ Values are means+standard deviations (n=3).
*Significantly different from the corresponding control values (p <0.05, ¢ test).

Table 2. Biodistrbution of Fe content in blood, urine, feces and organs after single intratracheal instillation of magnetite

Dose of magnetite ~ Postinstilled period (days)
(mg/kg BW) 1 3 7 21 50
Blood 0 (control) 0.189+0.065>" 0.348+0.066 0.222+0.028 0.124+0.019 0.140+0.012
15 0.188+0.075 0.468+0.108 0.261+0.070 0.150+0.030 0.196+0.108
Urine 0 0.272+0.281 0.193+0.049 0.273+0.039 0.440+0.089 0.535+0.087
15 0.154+0.105 0.169+0.066 0.226+0.070 0.396+0.089 0.587+0.026
Feces 0 140.7+5.933 158.4+9.708 160.7+11.49 209.2+45.45 222.1+2.697
15 148.4+2.906 170.0+28.48 175.7£16.75 213.4+20.64 233.7+10.63
Liver 0 4.059+1.400 2.823+0.184 2.534+0.488 2.598+0.929 2.951+0.622
15 4.905+0.996 3.876+0.748 2.783+0.878 1.804+0.631 3.440+0.517
Kidney 0 3.831+0.162 3.427+0.050 3.322+0.581 3.57542.132 7.164+1.911
15 4.022+1.008 4.111+0.930 3.615+0.277 3.364+0.489 7.5514+0.957
Lung 0 13.25+1.506 11.27+1.305 7.909+1.592 5.069+3.906 9.699+1.305
15 1564.2+79.01* 956.6+£136.4* 723.4+150.5* 453.9+78.69* 461.1+43.23*
Brain 0 2.159+2.005 2.309+0.297 1.813+0.313 3.315+0.437 1.974+0.653
15 2.590+0.479 2.416+0.735 1.613+0.355 2.963+1.350 3.736+0.612*

*Fe content: blood and urine (ng/mL), feces (ng/g dry weight), organs (ng/g wet weight)
® Values are meanststandard deviations (=3).
*Significantly different from the corresponding control values (p <0.05, ¢ test).
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Fig. 1. The biodistribution of Fe content in blood, urine, feces and organs after single intratracheal instillation

of magnetite. Data are presented as values of dosed rats minus those of control rats.
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Fig. 2. Fe content in lung after single intratracheal instillation
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Fig. 3. Gross views of the lungs (A, B) and parathymic lymph nodes (C, D) from Fischer 344 rats treated with the single
intratracheal instillation of magnetite on day 7 (A, C) and day 50 (B, D).

Fig. 4. Histology of the lungs (A, B) and parathymic lymph nodes (C, D) from Fischer 344 rats treated with the single intratracheal

instillation of magnetite on day 7 (A, C) and day 50 (B, D). Hematoxylin and eosin; inset, Berlin blue.
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Particokinetics and Extrapulmonary Translocation of Intratracheally Instilled Magnetite Nanoparticles

Yukie TADA?, Norio YANO?, Hiroshi TAKAHASHI?, Katsuhiro YUZAWA?, Hiroshi ANDO?, Yoshikazu KUBO?,
Akemichi NAGASAWA?, Tkue SAITO?, Mariko TSUKUDAUP, Hiroshige SHIMIZU®, Akio OGATA?,
Akiko INOMATA? and Dai NAKAE?

Magnetite, a magnetic nanoparticle, is used in various fields, because of its super-paramagnetic characteristics and high catalytic
abilities. It is expected to find applications in the field of medicine, such as drug delivery and hyperthermia. However, information
about the potential risks of iron nanomaterial is limited and hence, safety assessment is required. Generally, toxic effects depend on
the concentration of chemicals in the action site, which is determined by the absorption, distribution, metabolism, and excretion
properties of the chemicals. The present study assessed particokinetics and extrapulmonary translocation of intratracheally instilled
magnetite nanoparticles in rats.

Ten-week-old male Fischer 344 rats (N = 40, n = 20/group) were exposed to an intratracheal spray instillation of 0 (vehicle) or
15.0 mg/kg body weight of magnetite. After 1, 3, 7, 21, and 50 days, 3 rats from every group were housed individually in
metabolism cages for 24 hours, and feces and urine were collected. The blood samples were collected via the abdominal aorta. The
rats were killed, and the livers, kidneys, lungs, and brains were excised and weighed. Frozen blood, urine, feces, and organs were
homogenized, and processed, iron was detected by using inductively coupled plasma mass spectrometry (ICP-MS).

Twenty-four hours after the instillation of magnetite, a high concentration of iron was detected in the lungs. The concentration of
iron in the lungs decreased promptly till day 7 and thereafter, gradually decreased. It was estimated that the biological half time of
magnetite in the lungs was about 7 days. The rise tendency of iron concentration was detected in the blood, liver, kidneys, and
brain.

In the histopathological findings of magnetite-treated rats, infiltration of brownish-pigmented macrophages, phagocytizing
magnetite, was observed in the alveolar lumens and walls of the lung. Moreover, infiltration of magnetite phagocytizing
macrophages and the deposits of magnetite was observed in the lymph nodes of the dosed rats. It is thus, suggested that part of the
magnetite was translocated to lymph nodes. The iron concentration in the feces was higher than that in the urine, and the excretion
of magnetite in the urine was very low. However, magnetite was detected in the feces 1 to 50 days after the dosing. Thus, it can be

concluded that instilled magnetite is mainly excreted in feces.

Keywords: magnetite, Fe304, magnetic nanoparticle, particokinetics, excretion, intratracheal instillation, Fischer 344 rat
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