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Abstract: In this study, magnetized microneedles (MMNSs) that contain herceptin conjugated to iron oxide nanoparticles
were manufactured by low temperature process technology and its effects on magnetic resonance (MR) molecular imag-
ing were investigated. The results showed that after the MMNs were manufactured, changes in morphology and magnetic
properties were not observed and more than 90% of the skin permeability and cell viability were confirmed and dramatic
signal intensity changes of MMNs containing herceptin were confirmed more than 30% on magnetic resonance imaging
measurements. In conclusion, it is expected that MMNs containing kerceptin have an essential role as a base technology
in the field of MR molecular imaging, which can diagnose and therapeutic through transdermal drug delivery system.
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resolution) ¥ T3 (contrast)’} Fou}t HolA Azt
< S8 T2 ARE A e JAegr]7]olnh P B3], Q1A
o] ERFLY G710l dojt AR S =2 AgxR 7
& 3lom, Xrays AMgshe THE @74 Aet 98 7]7]0

]OH 140l Fall/do] =of Rt 5 7oA de] A =
of XA UATH! A7 FE P WA E FE5S T A=
F&E Fal FoHH = °§XJH T T1 Z29A19F T2

AR FHEE T 23749 745 =3 vlaLste] G4
1 8k (bright or positive) "]EEJ%(contrast effect)S UERN
3, T2 ZGA= o F3(dark or negative) 215 & 7H(contrast
effect)S YERN o] ZH2} o4 Z 9] (positive contrast agent)
o} 24 Z9A (negative contrast agent)= =2]7|% Stk &
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A A== ZG9A= Gd-DOTA(macrocyclic gadoteric acid)
9} Gd-DTPA(gadolinium(Ill) diethylenetriamine pentaacetic
acid) 5 ZsIgHEA el T1 29A|9 Akskd v Yxie} 2
& 2AE He BEQ T2 2947 F2 ARHL 9
o HZ AFEFEE 294 B0 543t 29wt
S HE] ts75sE flg i 3719 Hle| -
A& 7IRke 23 Yiesto| He|=elQ) o] g4 B 2JAE
BAuE Faete] daste SAdstel] de okt A7
7} ghdks] ZdFoln, SAA AP AHES Holal Uk

53], 2k 2gA 9] sHAE St AHFeE 22
2 Zol 7§ 9= T3 (probe)IAE 712 A A%
st EARGA| 71eE Eds] AFELL Qi) &S50 A}
71 Gd AR A VA AkskE S e
A Hol] A%E A = Exldte] Auje] I
of FYE 5, A S wEhA et 32 AWAES] &
7 F8Aol AgstA =W AER-elelM Z2gA] F4290
St A o] @Al ol AR A-ele] txETt
F7kete] @AM AHS HED 5 A Ho, T EA
271878 ARGl AEs TS SolF o= A el
Al MRES: &3l 98 7 A =3, B1IAE T4 84
Azglo g 3l A vhE-E o8 HH, XId-EA] A&

2= 13,17,18
=

St

FTUEAR] A & o] o] d=2 AR Aol A
L33 = 5L A2 A4 (Herceptin, Trastuzumab)
2 A& oA @3 s = HER2/neu receptors 5]
Aoz RAT F e ddFEIA ot At A+A e
A 2247 AR e Ak s ddskal AEei A i AR

= HEshet 3, A58 AR sAE S U e 19
ol Z%H(conjugation)dte] Dol 24 FAshs FAAEL
2 Az 5, FARGAZE] 7FAEE FRIEATES o
o AT AFEE 7INEO R E AfofM = fHldelx]
%]+ HER2/neu 8- (receptor)E E-o]8 o2 x4 3)sl=
S F 220 A El (mAb, Herceptin}2 ©3IAAIE AT
gk 2o AkskE W= HmADb-SIONs)E $Hrdh= vt
0|32 YE(microneedles, MNs) FN%| A& A|Z38}$93L, 7
HFTAIEH S T3l THAE F2= AEste] F/Alse]
HslE gRlsint.

MNs= 33 2Hd3-0] 790l mlo]A2 =7]¢] njA| vk
2 24 vAlgt THES Fo] 2 PHMg TEE o83t
o SRS EHF o E Adsle WA oR 7|Ee] ok
EZDA)2-H (transdermal drug delivery system, TDDS)]
AN 7Tl olgt SHELAAY SHE Heste] 558
FUE AR HZ MNs 7€ &3 SPHE A
of A3 thefet A7Eo] FE o] A AL AUTEEH FAL AL
wale] Z4gee okEe] dease s A A
3l o|57]so] ot ATHRA7E FEL B %E T
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| 1@ o] EAlgH=E HARES 7t
AAL QUTkP ol gk W Ft ¥l E w] MNs AP 7S o]
3k AY WA A orEo] BH-E Tl dgEo] YA
O 7 vhzol gk aLE}le] HAghe] JFA o R Ag
& = 7lsoltt. A A IR=itoll A AEsi Al
2} 3| ¢F-E4Hhyaluronic acid, HA)Z} 712 EA| WA EZ-9-
Z(carboxy methyl cellulose, CMC)E F-A| = AM&3l] %
A 9] AbskE U= AH(SIONS, Superparamagnetic Iron
Oxide Nanoparticles)g ggH]ol wel 33k 24713 mlo]
=2 YE hyaluronic-acid superparamagnetic microneedles

Y

(HA-SMNs)$} carboxy methyl cellulose-superparamagnetic
microneedles(CMC-SMNs)E 7}z A| Z3}3L SIONs7F MNs
AF Qtell Pl E4kE]o] SMNse] S§40] A== A
< RIS ol g AP} 7S 7Rk R AellA
£ N-succinimidyl ester functionalized Z/JAd <] 4ks}d 1}
=YAKSIONs)ol| S E S Aeste] mAb-SIONsE A %3}
3, HAS FIAZ AH&-38lo] mAb-SIONsE FHi-ahe A
ulo] 2 YE (magnetized microneedles, MMNs)E A 23}
o] MMNs®| ¥ RZEF22|9} 2o SAS AL, 7]
AA 54e RIsk] sl ARz} =253 (porcine
back skin)S- F3 MMNs2] T 3% (permeability intensity)
= =4ste] BTt 3, AL7] 3 A A (magnetic
resonane(MR) molecular imaging)® 22| H2 $3] MRIZ
53 MMNs ABQ| jn vitro ¥ in vivo ANZH3} BH71E
o BAzARe) 48 /isqel B A7E S
o, & AF7E B3l 3= MMNs X gt 7id-&
Scheme 101 VFERHSATE.

Al |

Mz L AlSF. MNs2| polydimethylsiloxane(PDMS) &+
=ro] 422 98] ELASTOSIL® RT 623 A, ELASTOSIL”
RT 623 B 128]3L AK 35(C)= Wacker Chemicals Inc.
(Wacker Chemicals Korea, Korea)oll A -¢13l] A3l 2,

MMNs
{Magnetized Microneedles)

5

HER2neu

mAB-SIONs
(Herceptin-SIONs)

: / ) Breast E:

Scheme 1. MMNs patch concept containing mAb-SIONSs to appli-
cation as the MR molecular imaging contrast agent.
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Figure 1. (a) Photomicrograph; (b) dimension of microneedles
(MNs) master.

MRI %A &S 913 N-succinimidyl ester functionalized
ZIAMd AkskE =R (900041, avg. part. size 15 nm)et
F3E £242 13 trypan blue(0.4% solution) Sigma-
AldrichAtellA] 8k 2= o] ARG glo] AHg-st
Rom, AR EAR] 819FEA (bio sodium hyaluronate,
MMW, molecular weight 1.3-1.8 Mda)2 SK H}o] @ # =04
Tste] BEe] AR glo] ZE ARSI

T3, mAb= ARE-SH 34 €l (Herceptin)g ATk )=}
sk %}-"43—}?% 587 s AFA)olA Fofutol ARg-st
AL, QA 5 2194 (Phosphate-buffered saline, PBS: 10
mM, pH 7.4), RPMI-1640 medium, 4> Elo} B3 (fetal bovine
serum) % A A -8+ (antibiotic-antimycotic) &S Gibco
ZRE FUste] AME-E9 2 n, HCC1954 Al E& ATCC
(American Type Culture Collection)?lA Q43I Th the &

E 38t £ Aok A5 H(analytical grade)S /‘}%O]'
Oi‘:]- 3 (master) MNs ZZ22X]:= £°](height) 750 um: =
(width) 250 pme] Aspect Ratio 3(3'1) Hl&2 AABIHAL, o
I 948 9HL2 9152, UE 99 9742 $122, MNs pitch
750 umZ 3] EHWA Diamond Ltd.(Korea)oll A |2}l
AHEEF S MNs 93] 3D EEZXA9} o]u|X]= Figure
1ol YRRl

OfAE & 2o AL MNs B4 2o #12He 93
MNs ?l-d'(master)— A3 ] HETH (¢35, petri dishyell
o] A7l 3, ELASTOSIL® RT 623 A, ELASTOSIL®
RT 623 B 22|32 AK 35(C)2] Aloke- gl we} RT 623
AS} B AE H]ES A:B=90:102.2 v&3}L, AK 35 C
IS Ag B Al % Tl tiste] 30%= H7tsto]
EE &S Azt

s Y¥H(master)o] T4 wW7pA] AzE SGPES S-S
ol A F, ZFW1 (550 mmHg/30E)oN A 7] EA) A
(degassing) 39S 3Pt &, 60 °Ce] LESINA 6A17F 9]
7} 13t TS Fagitt S=E 39S} o]F MNs ¥
Fmaster)el M BEE HFH R o|Fste] FAT TAHE
=5 A&t MNs §H3E=7F U5 hardstA EthA o]

Alol] 52 7 2% (bending fatigue)®] FFOE BAAEE
7 £ FE o] AFA] Fort D asitt e EE A

(a) (b) (c)

Figure 2. Photograph of (a) regular shape; (b) top view; (c) cross-
sectional view (750 um height) of microneedles (MNs) mold.

2k AR E ol =S Fhxste] A& stk Alxd
e 2o mEZ 229} TS Figure 29 YERNSITH
mADb-SIONsE &R#5H= MMNs HMI=. mAb-SIONsE &
3= MMNsE AlZxsl7] 918t 33k 75l SIONs 1%
E H7F 223 E4F7]7](sonicator, 360 W/60 Hz/5 min,
POWERSONIC405, HWASHIN, Korea)= #AFAI71 3
mAb FAE! 02%S A718k] 442 °C #2374 3l wwk
(200 rpm, Digital Electronic Overhead Stirrer, AL0728,
Korea)dl2l, 7L &Y o] HAE 5% == 373l mAb-
SIONSE st 898 Azt #A|z2E 892 MNs B4
BE glog 07¢8 E¥8l, EXE SN WA W & =
ZE golo] 7| ZA AL} EHS 23] MNs 3jEdol] 297
floH A (550 mmHg/20 min)e} 41821711000 rpm/
1 min under 4-8 °C, Labogene 1248R, Korea)2 ©]-8-3l¢] #
LEXFAS APt} gHo] =¥ H SAEE=E desiccator
(RH20% ©]3}) Aol Yo overnight X233 2133}
A8, 438 E mAb-MMNsS B E=22E 2] sl
mAb-SIONs 1%E &-3-3 MMNsE A3t} B3, in-vitro
£ 53 MRIC| thgk A3 2] 543 A MNs®] Al E54
< A7) flal 719 SAHY FEE FHCE mAb
7t AR ¢8-S SIONs 0, 0.25, 0.5, 1% T2 E3H3F HA-
SMNsE A5t H]aL 418135, MMNs®] A4 34 =
9} MMNs®] ©|u]A]E Figure 39 YERSITH 28 MNs2|
A2 ool MR =S FEate] A 2.0

Fabrication far
MNs mold
\Iuld solution

Filling with mold selution

= *‘.. :.' -‘ ]

MNs array master

. \'l%

containing mAb-S10Ns

® 5id o

Hereeptin -

MIMNs array containing mAb-S10Ns AIMNS Pateh for ..u,_, ccular imaging (mAb, Antibacy)

Figure 3. Process flow for the fabrication of MMNSs containing
mADb-SIONE.
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ZEZX A AN sS4 2M. AXT MMNs®| ZEZ
29} FAEIE E45171918] MMNs arrayZS 5 mm x 5 mm
AHOZ A AFEte] 450 il Jigell F-2e &, MASARE |
7d(scanning electron microscopic, SEM, S-4800, Hitachi,
Japan)E ©o]8-3to] &7 Rttt gk, T F-Fad &l
S 913 MMNs®] 7IAIREASS A8 S8l Az
h(Strat-M™ Membrane, Millipore)Z} =] 5 3] F-(porcine
back skin, Micropig® FCM, APURES Co., LTD)°l MMNs
array= HE 71918le] AlASKL, EARIZD} porcine back
skinol] thet FA=E SA sl ZIAIAEAES SRl &
AE 93 A B SRS ol ERE =2 x
ato] K8 apint. >

MZEM 2 XY S 2M. MMNse I35 HF F2
Ho] W3S F3l TR HeHER AEEA FIRE
A& S8l AR st B Ao AlxsA ¥
7} MTT-assay'H & WST-1 assayH 2 F3f &Rlst o,
AR el 7, AESAY B AAA 9] kAol 4 A
o] sAlRlo] AEA] % SIONs 0%, 0.25%, 1%+ 3
$Hek HA-SMNsE Alxste] A 254 H71E sttt
MTT-assay 2 53+ Al X 54 Hrke] 745, Ago] A=
A= RAW264.7(3HF Al ZF28)) A2 E A3l o
RAW264.7 A= vupg-2=9] tha]A|3zo|t) AlEE= 5% CO,,
37°C ¥]%7](nb-203XL, N-BIOTEK, Korea)oll 4] 1} 3},
HIA 2= 10% fetal bovine serum(FBS), 1% penicillin-
streptomycing $H1-¢t DMEM HIX|E ARE-81SIT). A= 3
Aol gk ¥ Zolglom, et AlE7F 80% °1d
A2} phosphate buffered saline(PBS)Z Al 2 3ted At wll
WS AIES BT Al 532 200 pl(1x10* cells/
well)2] M| EZ gAY S 96 well plate®] 7} wellol] EF &,
CO, lg710A 24117} B2t AlEE F2AFL o] F, 0, 25,
50, 75, 100, 200 pg/mL F=2] SMNs £ 20 Lo} FBS7}
SHEA] 22 DMEM HiA] 180 pL= $H7l 244)7F wjj kst
ATk MY T ZF wellell 20 uLe] MTTEH (5 mg/mL)yS 3
7}8Th LRl YR 96 well plateS 7L 4X]7F St
CO, ¥i%F 71 SrollA REEAIZTE W8 $, DMSO 200 pLs
A7sted 10%7F F3] MTT formazans Sofuio]
microplate reader(N10588, Thermo Fisher Scientific, USA)
o] 54 570 nmold FAEE SAsle] BAeT. B,
WST-1 assay¥a 53 Al2Z=A4 7ke] 739, Al E= NIH/
3T3(mouse fibroblast cell line)E AH&-3t3A 3L, SIONs 1%E
33 HA-SMNsE A g 702 3lo] grjthz7 DMEM
+10% FBS+1% A.A(Cell culture medium(®A])), Yozt
Polyurethane film containing 0.25% zinc dibuthyldithio-
carbamate, =3 3=+ High density polyethylene filmE 2]
HHEH S &8l Plal 2480tk NIH/AT3 cellS 2x10°
cells density®l] 945 Seedingdle], 24A|7F SO ulj < wjX] &

ZaH, Al46d A6%, 20221

223

8w

WAL Well TG2] xS PPz, SR, A
S (SMNs) Al S v X]8}e], 24A]17F v ol Paraform-
aldehyde® 73k %, crystal violet &2 Haslo] Dry
% Hu)7(BX53MRF, OLYMPUS)S %3l #&3c). A9
A2l A3 i 2407 F ArP e g Al JEE g6
S ™, crystal violet staining ¥l SDS elution %13} Multi-
reader(VARIOSKAN LUX, Thermo Scientific)”] 71 & 3|
E4= 590 nmellA] 43I WST-1 assayH> 1S010993-
5 ARA7IES 7o 2 AR S aey] Sl ddet
WY 5771 FAE ()l SMNs AlE-S 2g]sie] 2
it

MMNs A|ZFol| = 27] SIONs®] /g2 AE540] &
AH=AE &21817] $13] SIONs, HA-SMNs, MMNsl|
sjo] Z}zte] 213k (magnetic susceptibility)yS- superconducting
quantum interference device-vibrating sample magnetometer
(SQUID-VSM, 300 K, MPMS3 in KBSI)Z 7IX2 =4 3}o]
Agel B4 vlaL B sk,

MRIE &8t In-vitro &8 4. MMNs®| 271578413

A4S 918 mAb7E A¥E= %2 SIONs 0, 0.25, 0.5,
1%5HS- 3283 HA-SMNsE 712} A|Z31] Figure 40 YE}
W ZAA7 agarose gel 719+ in vino H71E 53] MRI 2l
SHbgoll gl feasibility 8 7HE T A 41, 0.6%

agarose gelE 4 cell culture slidedl|A] 3|3 2 $]o] SIONs
F(0, 0.25, 0.5, 1%)°]] wjg} AlZ3 HA-SMNs arrayS =
T2 T, 020X 1208714 158 A 0' A7k nhe
1 mm depth® 2 mm depthol 48] MRI A1 &35 =43}
o] SIONs7} Al7Fel] wh} release™ = 42 B7F 46131
31, MRIZA A] Coronal2 RARE, TR: 2000 ms, TE: 22.0
ms, FA: 180 deg, SI: 1.00 mm, FOV: 500 cm XS =&,
Sagittal> RARE, TR: 26004 ms, TE: 22.0 ms, FA: 180.0
deg, SI: 1.00 mm, FOV: 7.00/2.00 cm ZA2 2 ZPE| 3o
™, MRI= 94 T Bruker 20 cm X.¢{(Biospec 94/20 USR;
Bruker Medical Systems, Germany) %= MRI A]2=8 o2
40 mm W7 A28 RF ZY(RF SUC 400 'H M-BR-LIN
ROAD, Bruker Medical Systems, Germany)°] “&21e 2102
ZA} Rl8)ste] SAAT
MMNse| Ap7|SHEANLY S8 4. MMNs| tumor
bearing mice modelings &3t in vivo AHEAS 913l 57
H 7 F=vR-2(male athymic Balb/c nude mice, Orient
Bio, Korea)S £ ©]%°]2] (tumor xenograft) Aol A&
Aot vk EoE AE]olA] micro-isolator cagesoll X
FERNeH AAgk 17 B fl8l AFE AlEE]
Aol Ha 157 & A 25, 2, F55 Y
oA B HAL, PFFAE 2% isofluraneC = WFH S 5 29-
gauge needleS AME-S1] 6x10° HCC1954 A XE Q2% 5
HAJof| o)At} BE AP A= At e 5



AVHEAGY $8-2 915 A vlolaz g Ao

EX23% 2 AME-$]9 3] (Institutional Animal Care and Use
Committee, IACUC <QI¥3: 2019-0072)2] 512 vk 7}
ol=gflel whel JPH Uk, vhe-L 9ol mAb-MMNs 7
A5 F2e T, 0ol 1208714 1587 M2 2 MRIZ
S7gste] TF o] 2lse] Wsts Elanh AlT-A e
2, T2-weighted MRI A& 94 T Bruker 20cm X.9]
(Biospec 94/20 USR; Bruker Medical Systems, Germany)
FE MRIAIZHICE 40 mm W7 AFZF RF 2 (RF SUC
400 1H M-BR-LIN ROAD, Bruker Medical Systems,
Germany)°| 2 202 ZAMEUCH, F= MRIY 735
nkE7E 3%E FEERIL 70% N,08F 30% O, EFHEolA]
2% olaEFFHORE FAHAY TFTE 4% F= 357
(& 1025 2% F= ZUHY B A’ AJ=H; SA
Instruments, Inc., Stony Brook, NY, USA)Z RUEHIIHN S
), A& FEY THE 53R A Y=o
AT (MR images: Coronal T2-weighted Rapid Acquisition
with Relaxation Enhancement(RARE, repetition time[TR]=
1800.0 ms, echo time[TE]=22.2 ms, slice thickness=0.30 mm,
acquisition matrix=274x200, FOV=2.50x1.80 cm, FA=180.0
deg.), T2 relaxation time: Coronal T2-weighted Rapid
Acquisition with Relaxation Enhancement(RARE, repetition
time[TR]=1800.0 ms, echo time[TE]=22.2 ms, slice thickness
=030 mm, acquisition matrix=274x200, FOV=2.50x1.80
cm, FA=180.0 deg.)). MRIE 53 2& & Agddx= 4
At o) est FERS 3 AR 93] (JACUC I
3:2019-0072)7F Flgk A FERS 9 AR U3
(IACUC)?] 7tel=gRlel wa} g =] ATt

2y o =2

MMNsQ| BREZX| ¥ 7|AN S It AJA=THZF
SIONs¢] &3 geld o= 1s MMNs EH} Top
sharpness®] $do] TAE == 9lo}, mAb-SIONsS $H+-5}
= MMNs9| ¥ BEZX]E SEMOE gRIeh A3} A%
34 T SRR A Ao BEEA W 1Y
elo] "islgle] AXEUeS 1T 4 AUt mAb-SIONs
o] ShR7E Fode] sl J3e A e AoE drkEnt
A Z¥ MMNs9| vj&o] w2 SEM imageE Figure 4] 1+
ERA AT

Figure 4. SEM images of MMNs.

B 787

(b)
Figure 5. Optical microscope images of (a) permeability on the
polymer membrane permeability; (b) porcine back skin with MMNs.

T3, 7 EAQ1Z2 Porcine back skinol] TH3h ¥H T2

£ S74st] MMNs®] I3 3T 738 wrtste] 71A1A
AEE gl ARz gk B3-S WA g
o138t 3 W5 37(-25°C)ollA] BE#E porcine back skin(1.2T/
20 mmx20 mm)E “FatolA H5Q1 -, x| FH 7R
S Haslslar, 71 BAEE FoldA o] wuge A
EE Hdg fAlst] 2A| 95 23 fARE FEIE FH]
SIS MMNs arrayS 22te] Bt 9] 5-9lo] HEeto 5
kgfe] o= 10z 5 7Iekl MMNsE AAT 5, XA
U F dvlsle] T8 75 gt A At
olzutol| th3k TS Figure 5™ 100%2] T2
< BRItk o) A wo] FH I v ] Wi 3
gk MMNse] BHRaE 98 223 71418 AEs 7 AL
ATHL & = Qo 9] FH I W2 AR A
ol tigt F3d-S ERISH] $13l porcine back skinoll %= &
A3t WRHOE MMNSE 719tsted AAgE 5, AMAI2F trypan
blue 0.4%(ww)E 58 £ holef-& FMsl £ 4=
= Folsle] 45180t} Figure S(bRIMAZE 90% olde] &
&L B in vivo B7HE 918 MMNs9] 7AIRZ AL &
& A= Aok}, IEARIZZF porcine back skin®l]
&) Tl tigh xfol= zzte] v Al 540 R Qg
o FHe] g Aol 9 iR ol ek wAlg fo
A2 MMNs7} @9] 089 71liAle 27] 719K Aol 2 o
it @ o 2 ddE, olefdh A EdE B UE
9] FFe digk B4 dA+e o B2 A7 18 g
Al Hekd Havt Qo] o] Fagel tigk A AFE AlE
e Aoltt.

MEZSY 2 Y 54 EM. SIONse} HA-SMNsell ti g
MTT-assay = &3 Al Z5/dol gk B7kllA 25 mg/uLel]
2] 200 mg/ul FZ7FA] W) Zt(control) WHH] A3} cell
viability 7F 90% ©1’3%1 Zlo] ER1= 2™, Figure 6014 &
Q1 & 7 UXxol], SIONsE Z3sHA] o2 7%, 25 pg/mLel]
A 107.2%, 50 pg/mLol A 108.6%, 75 pg/mLoNA 109.1%,
100 pg/mLAA 107.6%, 200 pg/mLolA 102.8%2] A=go]
1E %o, SIONs 0.25%5 §H-4-3F 7%, 25 pg/mLollA]
102.3%, 50 pg/mLolA 1003%, 75 pg/mLAlA 103.5%,
100 pg/mLolA 97.6%, 200 ug/mLoll A 96.4%2] BEE-o]
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MTT-assay cytotoxicity test.
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after staining through WST-1 assay.
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Table 1. Reactivity Grades for Agar and Filter Diffusion Test and Direct Contact Test

Grade Reactivity

Conditions of all cultures

0 None Discrete intracytoplasmatic granules, no cell lysis, no reduction of cell growth.

1 Slight Not more than 20% of the cells are round, loosely attached and without intracytoplasmatic granules, or show
changes in morphology; occasional lysed cells are present; only slight growth inhibition observable.

2 Mild Not more than 50% of the cells are round, devoid of intracytoplasmatic granules, no extensive cell lysis; not more
than 50% growth inhibition observable.

3 Moderate  Not more than 70% of the cell layers contain rounded cells or are lysed; cell layers not completly destroyed, but
more than 50% growth inhibition observable.

4 Severe  Nearly complete or complete destruction of the cell layers.

*ISO 10993-5:2009(E), Part 5: Tests for in vitro cytotoxicity, 8.5 Determination of cytotoxicity, Third edition (2009)
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Figure 8. The magnetic susceptibility of (a) MMNs; (b) HA-SMNss;
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Table 2. The T2 Relaxation Time of MMNs (w/ herceptin and
w/o herceptin) by MRI on Tumor-bearing Mice Modeling

T2 relaxation time Relative T2 relaxation time

Time (msec) (%)
(min)  MMNs w/ MMNs wio ~MMNs w/ MMNs w/o
herceptin herceptin herceptin herceptin
0 75.2 118.0 100.0 100.0
15 73.7 120.2 98.0 101.9
30 62.9 122.5 83.7 103.8
45 62.9 125.7 83.6 106.6
60 54.6 1272 72.6 107.8
75 51.8 129.4 68.9 109.6
90 52.9 128.9 70.3 109.2
105 51.6 130.9 68.5 110.9
120 512 131.8 68.0 111.7
oM 1202F 5122 S43 A4 Wsks Sl 5 e
o, zx7] e WESZ 3Aislo] Relative T2 relaxation

time(%)S H]=LskA 1205 68%% 30% ©]F 7HAH 3]
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Figure 10. The T2 relaxation time of MMNs (w/ herceptin and w/
o0 herceptin) by MRI on Tumor-bearing mice modeling (insert pho-
tos are MMNs patch model).
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Figure 11. The T2-weighted MR imgages of MMNs ((a) w/ her-
ceptin; (b) w/o herceptin) through Tumor-bearing mice modeling.
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