2 i 2lxfe] HEfE SMofl ups
Ty, T, Olgh AlZke] w3t &5

oA
40
02
ro
0k
lon
Ho
A
0o

5 : & AT F ve dAE 53 T4 7ES MR 25 94 714
Theragnosis 7idell W3k 7| 2AF2 F Ve Ao 54 9 Al =

82 AT5et,

71l wh& MR ¥

CHAF 2 Hh A AA] Az T3 whfd] & vhe YRS ARgslgich. 73 dxb= 34
WP AESE (stirring speed: rpm)E WTE ARSI, 2HoiE dA= A7k 7 A
Ao ks WE sto] 2715 vkl | vie GRS 2% obtE= Aol 1012 &9t
o 914& 1.5T MRI A|&=®lollA AxE #5silar, T3 Ty o]$HAI7He] 4 Slsll TR
TES 2dsislel. Y53 dgo] skl A% Zwg ol geto] AR £ZESOI= T)7 T,y

il

S| AR, B BA o2 FAAE ASHI
S

2ot 7 QiR FE T, ke 1.86 + 0.04%, g2 HT 2.08 £ 0.04%E whigo]
o AA A=A, b G5 Ty 2h2 783 e 4 57 £ 2.4 ms9F 3545 £ 0.1

msZ 7% vz AllA | 2] S5 9
ZE 7 v dRke] HeiE 54 Y Az 2ol e M
S st 5 vhs A o]-€3 MR <
z71ell whZ 23k TR} TER 2 38hd 4=

e, o

= T & Ao 7]

rr
1

pd

N = k24 (Quantum Dot, QD) (3),

(o]
<

R 34 w5 T2 Ty o|$kA|7He] W
Q0] S8 A F e Al Hehs) Az

5535 4ot gty Bl AR 4= aARE
A2 (Metallic

Nanoparticle) (4), A4 =942 (Magnetic Nanoparticle,

MNP)(5), ¥t& Yx=FH(Carbon Nanotube, CNT)(6) 5
1 9}, o 33t

W 277 H%le o, o3t

% A& (Therapy)9 ¥ (Diagnosis) 9 Aol
theragnosiseh= Al7ldol EQEWA A5 Fo] AAREoR 3} 28 10~200 nme 27|12 Ze
A8 4745 MR 9402 BUEY & § 9l Ao gt # BEo| A52A ¥ ojf&
Alol F538ka otk dA) theragnosis Hobs Wieo]d Hof = A U2 AL 2 67 ot} o5 oA 2&
& AFE g9 A9 AP glon, ofgfdh yroshy e

N2l gt HEAA ANRA ohrlet herlE] £29 2 Ash & A 54 g 98
3

= s =
718 7H B e 22k vge =84 gk A dig Ak, ol FgH 5EA4E
A 9= olg|ol 227)&0] Dasth(l, 2). YA} 744 (Hyperthermia)oll o]&& <= gl

cHEkxt7 | 32| ntets]| x| 15:48-56(2011)
'AA T o] E-5Eat
291 Al UHRC/FIRST
7 o= Sk eAte] FHATFAA DAY (No. 2009~0081195)2] AD-& o} =383}
A4 20109 119 59, 420109 129 279, A & 20104 129 274
FAAA L EAE, (621-749) 7 Al ol s 607, QA o] 858k
Tel. (055) 320-3297 Fax. (055) 327-3292 E-mail: mcw@inje.ac.kr
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o= gFEE A3 (Fes0y) Ye@AE T2 o] &30,

MRI(Magnetic Resonaance Imaging)9] 294 3t oy

g} 95 2o 93 WF ol wE dolUAE o] g3to] o

AEZE Sole 2EA 5 &8 4 Qth(7-9). o] o &

7NES ol g3t dEAGEARY &8 ISt Fof, )
I

Hr ool b
c
b9

ol &3t yHoR Ad 4 4 7|&& B3 14

A5 7t AWS A 8she S AR %S MRI &
Y 3} theragnosis 975 $3 7| 29+2 & Y ¢
Zke] A W A7)e mEk MRIS S8 94 Wl Ty
3} Ty o] At WA= W3S FA8te] 1 84 g &

ofH 317} adct,

It 2Lz Xt 5

B Ao A= 78 (Sphere, Seed) ¥ =& (Rod) ¢ F 7}
A= Y Y2 FHE ARSIt 78 7 e 9= Al 7L
A,y 5 e A @ 7k e R st
2 A8l Algw g 34 g3ty g B4 &
Aos FREY, 384 F9H2 CTAB (Hexadecyl -
triethylammonium) & 7] FE=Z djA 33} %S Hrtst
o st Wela, B4 WS FetEA A AH
Chloroauric acid (HAuCl, - 3H,0)Z ¢l &oo] d& 7}
ato] FAste Welth(10-12). FAE & Ui dAES 10
w2 g3k & ] 28] =(Carbon Film on Copper Grid)
el A 24072 B9t 112 A7 F, A28 W) (Transmission
Electron Microscopy, TEM)S o] &3le] 1 Jed 54
gl

1) Sphere(#d) & L= 4%}t &

FPo 2 FAE = Y= A= Al Wt synthesis 1
~ 39 A FFE UFAIL o5 thA 7HE Al aikE e )
2} label & 29 F 6 7 & Ux 9AE 38k AL
43519t} (Table 1).

Synthesis 1 : 10 mM<2 Chloroauric acid &<l 10
mM¢®| CTAB &9& #H7istar &oie] Ao] gamow w3l

C
Fig. 1. Rod type GNPs produced by adding by different amout of sphere GNPs.
(a) 1ml, (b) 0.5ml, (¢) 0.25 ml, (d) 0.125 ml, (€) 0.08 ml, (f) 0.04 ml

B L= ixfe| #elz] Sdoll w2 Ty, Ty 0l2 AlZt2| Hal ZH

mM¢| Sodium borohydride &4 %
Atk Mol gl Moz Wik AL g g, Y
Hhg-o 2 WAe JhaE WEAZI 2 AR Tl AREEH
(Table 19] sphere 1).

Synthesis 2 : 1 mM2| Chloroauric acid £ Hot-
plate Aol A 7kdstat SAJo] wrketHA FE WA 7tk
. Chloroauric acid &9l 1%<] tri-sodium citrate &
10:1¢] H]&2 AolFAAr} A&H o= 7tE 3} wnks &5
A 108 Ak 7ivke]al g9 Mol HA He As Glstd
o}, wdk £% 150 rpm, 300 rpm, 450 rpmell thEke] Table
1914171 sphere 2, sphere 3, sphere 4% Z}7} F A5}

Synthesis 3 : 0.25 mM¢] Chloroauric acid &3} 0.25
mM®| trisodium citrate €& uwbs|FHA E3g $o
10 mM2] sodium borohydrides ©&jz=t}. 30%7F o st
3 = 5, 4N o AREERgit k=S 150 rpm, 450
rpme F 7FAZ Uro] Table 19 sphere 59t sphere 6%
gHdska

rE o ot

2) Rod(&tthsd) & L AR} A

0.25 mM¢] chloroauric acid 100 ml &<l CTABS}
cyclohexane, acetones 38kl 10 ml¥ vhro] @2 4,
Table 19] sphere 6¥ £9& Figure 13 o] 7+zt 1 ml,
0.5 ml, 0.25 ml, 0.125 ml, 0.08 ml, 0.04 ml® 4o}
k. d e FrO] 10 mM9| silver nitrate €43 10 mM
9] ascorbic acid £9& 2ol Sphere 6 §9<] ol w
gt Al59] Mol wglsl= A& Felstdint

Table 1. Synthesis Conditions of GNPs

Category Label Material RPM
Synthesis 1 Sphere 1 CTAB* N/A
Synthesis 2 Sphere 2 Sodium citrate 150
Sphere 3 Sodium citrate 300
Sphere 4 Sodium citrate 450
Synthesis 3 Sphere 5 CTAB + Sodium citrate 150
Sphere 6 CTAB + Sodium citrate 450

* Hexadecyltriethylammonium
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0

74 2|

Lt Xp|=5 Al
MR dlolH g5&2o2 Y43 (uniform) Fejo] AlAE vt
E7] 98 2% o7tz = A(Agarose gel) I & U YA £
S 1019 vERE E4e A e A FHleksh 74 u
& gk 2uteh ] f(n=4)¢] AES F=hjske] 7 9] 24
well-platedl] Vo] Hol & 48719] AlH| s AgS 48
otk MR 945 95317 98 944 1.5T MRI(General
Electric, Signa) 49} Knee coil ARE8IIx, zF Al#u}
t} TR(Repetition Time)3} TE(Echo Time) /\]71_}% o2 A
d7gste] S 58Tk T oAt S48 HsiA TEE
7.6 msZ ¥4 FH, TRS 50 ms, 100 ms, 200 ms, 400
ms, 700 ms, 1000 ms, 3000 ms, 10000 ms=Z 243}
283 Ty o] A7 24S 9eiA TRE 2000 msZ 1A 3}aL,
TE A7+ 10 ms, 20 ms, 30 ms, 40 ms, 50 ms, 60 ms,
70 ms, 80 ms= A4t FAE F531%

Ct. Alsof =x2|
53 942 PCE &A% ¥, MATLAB(Mathwork
C , USA)& o] &ato] A4 Algd ~ZEGo] Za2azjog

T FAYE AT 7 U g TREE 43S A
7]% Jarstet H, vy A
Marquardt ¥ 2 (1)2} (2)
O ZH T3 Ty o] A G

i

Hol Levenberg-

Bl i

tH(13, 14).

M, = M, *(1-(1+ f)e—TR/Tl) ........................... A (1)

M= My* eTETZ oo, 2 (9)
M,: Equilibrium Magnetization
M,: z-component Magnetization

M: Signal magnetization
f : Adjustment factor (ideal=0)

2. EHEN

AFdA S T3 Ty ol¢hAI7HS SPSS(version
12.0 for Windows, USA)E ol&3lo] FA4 &4& 33}
Ark. 242 g el meE 7 Y=9AEY T34 Ty 573
groll diste] it EFAAE o] &8 7EEAE AAEHAT
e (Sphere or Rod)ol W& Fo4 HES Al s=HERE
t-TestE AABIAL He ol ZF 4 e 2 o4
one-way ANOVA test@ 2o} gtr}

flo

oL

Z

It L= IXIo] HEfE EM =0l
the kel el e Pe Wk Seldt] ggte) &
A% FAYAL T Qo] TEM AS 22 Figure 33
4] JERNSITE Figure 3& £ato] 34 whiel] whe} v ¢
Zbe] Fee} o1 o] WislalE A& SlskAth. Synthesis 2
A%, Az weE e QY] FrRE Folbyon

o H
$ BF ok 20 nm A7]9] YAEe] # LElc’iO“i 371

o 2 2 o,
A2 >
> ® rlr
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Fig. 2. Phantom and MR image of
gold nanoparticles

(a) 2% agarose gel phantom with
GNPs

(o) MR T,* image of GNPs
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3 th gixte] Seis SMol KE Ty, T, 0l AlZte| Wt 53

Lt LKz gIXto] SEHO) [HE T;, T, Al2t 58 2 & 78 Yxglah Aek Wol A Sphere 2 9AF MlmA 2 T,

Bsheh GANS gE ol date]l A AAE AZEYOlR A Ty gho] FAHNL weE Rt SRR T3 T, S84

Zy A Tyt Ty o8N Zhs SA5 %tk 349 e Eo] o= AL Bl Synthesis 22 43 Sphere
S

2} =44
tjste] 24 FAUES Algste] T3 Ty ol AIZES 4bE3) ynthesis 302 §4 3 Sphere 5, 6 & W= YA
= o]

ol WS 7 ke Q4 AnEel A8eel A5E T3 = 2 @Mel QUE T T, o9 uE wuEe] o
T, O 9AZ Gke] NS EATE Table 291 39 247t VeIl & 484 BaE warh W v v dae] 7 olgh
o 22 Rod 19 Rod 28 A9512, $8 3 e YA} 0.125

A9 A3, F the 9ol B4 wel mek Ty olgAke miol W7hE Rod 3% Hrhao] zadtel wet Tio 2aal

1.826£0.029 ~ 2.147£0.1904 sec, Ty O] A7 27.3% = A%S B3 79 Y 4R Ty Rod 15 Al9jsta
0.30~60.3+0.46 msec®] WSS Hethdth 7@ 429 4 Rod 2 FH= ASHoR fFashs 4EE AT

(@)%e o
]
ot ]
L
e @
“*
. 'y
-
, ™
s
£
L]
f 4
100 nm P
a
& ™ :
(o) (d) s S
[ - & :
© ] 5 *
8 : e
& . L ] ° .. % % - x
a <
@ @ ® .
* . H
[} 5 £
» : -
® * '
;0.2 pm & ™ 100 nm i
C d

Fig. 3. TEM images of sphere type GNPs (a) Sphere 2 particles in the category of synthesis 2 at 150 rpm. (0] Sphere type 3
particles in synthesis 2 at 300 rpm. (C) Sphere type 5 particles in synthesis 3 at 150 rpm. scale bar = 200 nm. (d) Sphere type

6 particles in synthesis 3 at 450 rpm.
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B2 o
4% T3 Ty Azl 97 ste] o] ¢k (Relaxivity) & A Ct. SH A2 Zz}

Z3l9tt. Sphere 29 Rod 494 7H 2 Ry #2115 YER e 91#ke] def(Sphere or Rod)ell whel vebue= T3

3L, Ryt Sphere 17 Rod 6914 7H =7 vebsth Ri# Ty o] $hA7He] ho]& dolr 7] 93 5%‘“% t-testE 4

2o A 7 iy 2% ¥F #AUE 47 £0.011 @ A Ty Ty oJShARE BE {9 0.01914 felet A
mM1S1, +0.008 mM1S12 & 74017} WA o, 9 017} A= Aow yewt 3 %‘Eﬂoﬂ Hlske] whef e o]

o Ry 7t ¥ WAE £0.736 mM IS, i@ Ry gkl Ty ol¢hAlzke] o 71 Wb, Ty o] $AZRE U] Avke AdE 9

J T A

x5 :L A= +4.753 mMIST1o 2 Hwd R E & Aol &

vtk 7 FoAE Seigel R, gtel £7 A7 4 2
gouz nyye] 254 e T, 29 a3t e F o
e Qg vigtel] 44 Arka @ % 9,

l"_n.,

t-test A3 Vi=iAbe] FEjzt T3 Ty ol AR 3
Aoz yeton® 74 zte] fejol thato] g
G (rpm) 7F T3 Ty o] A7l ofH &3HE
2R (one-way ANOVA)®H I Scheffe AFE

2N o u° m°"
e A 4
Bl
Bl ool
rE

= oox oot
)
ne
rdo,

C d
Fig. 4. TEM images of Rod type GNPs. The amounts of sphere type GNPs added are (a) 1 m], (b) 0.25ml, (C) 0.125 ml and
(d) 0.08 ml, respectively. Scale bars are shown at the southwest corner on each images with 100 nm size.
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H
%JH“«] ﬁa}i Flgule 59]
a)oﬂ T ]9}"]7}4 A3, Figure 59 (b)oll Ty o] Az
z+ JeRgiTh. Figure 5ollA] ?“ﬂ U9 ate] 49
= 4 (Synthe51s oA Ty o] $hAI7HE o545 0.05
oAl Frol ARl Aol 7t = Ao R vheh Rl wet T
o] defA= A& skt o]o} Z& Apol7t ofrjol| A fit
RS A= %}O}Eﬂ 9ato] Scheffe A A S AAEE A3t
AN 1WA = frolgh zfol 7} il ot W 29 3R
A frelg Apelzt e Al WEB}E”% T2°ﬂ/‘1t A
of W& fogk Aol & A %(rpm)9] 74
o= T3 Ty o]$hAIZF BF %—46& 74017} 9lt AoRE
Efstth. Scheffe AF$474 A3 T o4+ 150 rpm¥} 450
rpmol A o g Aol7t e SR YEhgow, TydAe

Ir
o

b

O

150 rpm@ 300 rpmolA #o]7k QAL 150 rpmI 450
rpmol A 28 ZFol7} e Aoz et}
Figure 62 93 & Yx=dxte] T, Ty o] hAZke] tf st

Table 2. Measured T; Times of GNPs

=

= Lz ixie| #efX Sdojl wWE Tq, T, 0l2+ AlZt2] Hat £H

A X ErHEA o AFtelt}, Figure 69 (a)& Tiid v
Az T ol kAR frej Al gk TR fodA7}
AA I AF (R, REM, H-REM) 0 E v A 89
g gl 7]—”“%4 ‘%EH iedzh 19, 29 5] BE
z 7HRoBR o] 37F4E Base group
2} .9 Base groupoﬂ et 2diE Y=gzt 3
W4, 6‘3‘101 7zt YA o R FORAE T As g4
3|

‘5‘__‘

P

Aok olgf st BAE Figure 69 (a)ol A FFol wpgt +
ato] FAI5HA

Figure 69 (b) L ZE= Ty o] A 71 fro)#AE YERH
o7, mfﬁa U dap 1H 3k fojg A7 YEhY

3

P

A oz Qste] Ty el Fel @A 2A F A
S0 A 0% el
& WA
24 e9Aast 2ol 1AL Bl AYe Amshs PEe
YA om AT Glot e H9lE ABe] oy uE

Table 4. Measured T; Relaxivities(R,) of GNPs

GNPs type T, (sec) S/D (sec) GNPs type R; (mM'S?) S/D (mM'S?)
Sphere 1 (N/A) 1.873 +0.0085 Sphere 1 (N/A) 0.534 +0.002
Sphere 2 (150 rpm) 1.932 +0.0320 Sphere 2 (150 rpm) 0.518 +0.009
Sphere 3 (300 rpm) 1.854 +0.0057 Sphere 3 (300 rpm) 0.539 +0.002
Sphere 4 (450 rpm) 1.836 +0.0125 Sphere 4 (450 rpm) 0.545 +0.004
Sphere 5 (150 rpm) 1.854 +0.0331 Sphere 5 (150 rpm) 0.540 +0.010
Sphere 6 (450 rpm) 1.826 +0.0299 Sphere 6 (450 rpm) 0.548 +0.009
Rod 1 (1 ml of sphere 6) 2.147 +0.1904 Rod 1 (1 ml of sphere 6) 0.469 +0.045
Rod 2 (0.500 ml) 2.054 +0.1636 Rod 2 (0.500 ml) 0.489 +0.038
Rod 3 (0.125 ml) 2.059 +0.1955 Rod 3 (0.125 ml) 0.489 +0.046
Rod 4 (0.100 ml) 2.057 +0.2048 Rod 4 (0.100 ml) 0.490 +0.049
Rod 5 (0.080 ml) 2.072 +0.2253 Rod 5 (0.080 ml) 0.487 +0.053
Rod 6 (0.040 ml) 2.106 +0.2417 Rod 6 (0.040 ml) 0.480 +0.056
Table 3. Measured T, Times of GNPs Table 5. Measured T,, Relaxivities(R,) of GNPs
GNPs type T, (ms) S/D (ms) GNPs type R, (mMS7) S/D (mM™S?)
Sphere 1 (N/A) 53.8 +0.35 Sphere 1 (N/A) 18.597 +0.121
Sphere 2 (150 rpm) 59.3 +0.36 Sphere 2 (150 rpm) 16.857 +0.101
Sphere 3 (300 rpm)] 56.8 +0.41 Sphere 3 (300 rpm) 17.599 +0.127
Sphere 4 (450 rpm) 56.1 +0.37 Sphere 4 (450 rpm) 17.818 +0.116
Sphere 5 (150 rpm) 60.3 +0.46 Sphere 5 (150 rpm) 16.527 +0.127
Sphere 6 (450 rpm) 55.9 +0.34 Sphere 6 (450 rpm) 17.882 +0.108
Rod 1 (1 ml of sphere 6) 37.2 +0.11 Rod 1 (1 ml of sphere 6) 26.882 +0.083
Rod 2 (0.500 ml) 43.9 +0.40 Rod 2 (0.500 ml) 22.768 +0.208
Rod 3 (0.125 ml) 37.9 +0.29 Rod 3 (0.125 ml) 26.386 +0.205
Rod 4 (0.100 ml) 34.0 +0.27 Rod 4 (0.100 ml) 29.435 +0.238
Rod 5 (0.080 ml) 324 +0.29 Rod 5 (0.080 ml) 30.866 +0.281
Rod 6 (0.040 ml) 27.3 +0.30 Rod 6 (0.040 ml) 36.701 +0.399
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£9 59 Azl e AWHE B 24 471 debda a1 A
HE T3 Ty Aol FopAAl Ho =M e tjxke] g4
S 45 F A F(15-17). B AT E 7 Y gAY
TRl WE T Tyg SAsAeH, FAT Amet 2
ute} hFstA debve S skt SA AgEiels
2GA= 2 7z wet e 4 a3t dekin(15-
17). 19 vp7HA 2 & vie §JAF 9A] FAReA 29 Als

= ar

°l,

b5 ANOVAtest for T1 values of sphere type GNPs ANOVA test for T2 values of sphere type GNPs
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Fig. 5. Results of one-way ANOVA test for the variations of the T;- and T,-relaxation times according to the fabrication con-
ditions of sphere GNPs (a) T, values, *p<0.05 (b) T, values, *p<0.05
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Fig. 6. Results of one-way ANOVA test for the variations of the T;- and T,-relaxation times according to the fabrication con-
ditions of rod GNPs. () T, values, p<0.05 (b) T, values, *p<0.05
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Measurements of T,- and T,-relaxation Time Changes According to the
Morphological Characteristics of Gold Nanoparticles (GNPs)

M.Y. Jang', Y.H. Han!, C.W. Mun'?
'Biomedical Engineering, Inje University, "UHRC, Inje University

Purpose : The aim of this study is to measure the typical MR variables such as T;- and T,-relaxation times
according to morphological characteristics of gold nanoparticles as a preliminary study to perform therag-
nosis using local heating by gold nanoparticles.

Materials and Methods :  Two types of gold nanoparticles were used. Spheres were synthesized by various
methods and stirring speed. Rods were synthesized by adding various concentrations of sphere nanoparti-
cles. Gold nanoparticles were mixed with 2% agarose gel at 1:1 ratio and then signals were acquired using
a 1.5T MRI. For the measurements of T,- and T,-relaxation times, TR and TE were varied, respectively.
The results were acquired through T, and T, curves based on the intensities of MR image using self-de-
veloped software. And Statistical analysis was performed.

Results: T, times were measured 1.86 sec and 2.08 sec for sphere and rod, respectively. On the other
hands, T, times were measured 57 ms and 35.45 ms for sphere and rod.

Conclusion: The changes of the MR variables according to the morphological characteristics of the gold
nanoparticles were confirmed. Optimal MR imaging conditions can be obtained by choosing proper TR
and TE according to the type of nanoparticles.

Index words : Theragnosis
Gold nanoparticle
Magnetic resonance imaging (MRI)
T,-relaxation time
T,- relaxation time
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