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(57) Abstract: The present invention relates to a diagnosis system and method using a contrast agent used in a photoacoustic image
diagnosis and ultrasound image diagnosis, and more particularly, to a diagnosis system and method that analyze a correlation
between a size of a contrast agent and a frequency of an ultrasound emitted from the contrast agent, and discriminate and selectively
detect an ultrasound emitted from each of a plurality of the contrast agents, so that the diagnosis system and method can obtain a
plurality of clear photoacoustic images.
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drg syl 2 gt AR, o] &
A, 2] A H AT o)l

<AA 4 1> =23 A 3} 2] o] AZH porphyrin-lipid2] A &

porphyrin microbubble 2] subunit$! porphyrin-lipid+= lysophosphatidylcholine 2}
pyropheophorbide 2] acylation ¥F-5- 0.2 A 2= 1t} T 4, 100nmol <]
1-palmitoyl-2-hydroxyl-sn-glycero-3-phosphocholine, 50nmol 2] pyropheophorbide,
50nmol 2| 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, 25nmol 2]
4-(dimethylamino) pyridine & 50uL-2] N,N-diisopropylethylamine-&- 10mL 2]
anhydrous dichloromethane®l] %<1 $-, Aol A x}3¢k e} & argon 274 o] A]
48A] ZF F o HE-S A Z T}, o] & & solventE A A W o] E-2 thin layer
chromatography(20x20cm pre-coated silica gel plate with fluorescent indicator, 1.5mm
thickness) = “J A 5} o] 0 thin layer chromatography 2] retardation factor(Rf)7}
045 T8 ME= slo] &3 A o2 GA|5H% . A A| HH -2 diol modified
silica® ©]-8-3}9] chromatography & 3+ 3 2% %} 5%2] methanol©] 3% o] 9l &=
dichloromethane 2. % E-55-2 A 7] 8} 22 8% 2] methanol®] -5 o] 9J+=
dichloromethane &= % A 8} 31 t}. A A ¥ pyropheophrobide-lipidi= 1pumol 2]
%22 H-FSFAl nitrogen gasE S8 F 2 A dry Al A argonH7d ol A -20°Cel] A
R #3591t 5% % porpyrin-lipid 75 = high performance liquid
chromatography 2} mass spectrometry(Z%71 : Phenomenex Jupiter C4 column,
0.4mL/min flow from 25% to 95% acetonitrile followed by hold 0.1% trifluoroacetic
acid, compound eluted at 32min, observed mass : 1013.1)= A8

<A d) 2> 3388/ %23 Z 94 A (porphyin-microbubble(MBs)) 2] Al 2

1) A A] ] 10 4] A 2% porphyin-lipid 2} phospholipid 2] & <!
1,2-distearoyl-sn-glycero-3-phosphocholine(DSPC) 77} -8 1| Q1 chloroform®l]
=tk

2) chloroforme®l] <5} %1 3= porphyrin-lipid 2} DSPC Z}+7}o] 96nM, 480nM ©]
H 25 HrE vialoll 23-gko)
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[63]

[64]

[65]

[66]

3) ©] %, nitrogen gasE & 2] 529] chloroform= 5-%A] A lipid thin film 3 B} &
Al 2FgE o] 2, vacuum 7 Ef ol A 304 ©| /4 H.338}e] chloroform& $+% 3]

%-9FA] 7] a1, phosphate buffer saline(PBS) 990uL 2 14 <1
polyethylene-40-stearate(PEG40s) 10uL. H 7}3+c}, o] i, PEG40s= & <& & H] 0]
10%7}F & 7 Q=5 v g A4LE 55 (2mg/mL)E 71 gho),

4) vial ¥ Al &A% porphyrin-lipid thin film-& &-4FA] 7] 7] 9] 8}e] 70°Ce] &<l
13-3F &7} porphyrin lipid9] phase transition temperature(55-60°C) ©]/d29] & 5%
A A1 A =31, bath sonicator(40 kHz)E ©] 83} 303 &<} sonication$l & = A
porphyrin-lipid thin film-& &4FA1 1T}, 9] porphyrin-lipid filmS £+71 3]

WAPAI 7150 i d 3)etr] st 919 #3788 3 HEE$H S 2 4 porphyrin
liposome(X] & 1) &4 gttt

5) ©] %, perfluorocarbon gas(+- 2 & ol] 4 = perfluoropropane gas)”7} %1%
porphyrin microbubble = A| 2} 35} 7] Y3te] WA, smL2] A& 10| ©7 vial
70°CZE f-#] ¥ = water bath®l] @7} 255 FX|A|A F3L, o] 31 -& pin-type2] ultra
sonicator(UP400s, hielscher, Teltow, German)©ll %] -&3}¢] perfluoropropane gas &
ol FS2IA| 71 gas% Z 718k = WHH 2 ultra sonicator®] pin £ l"%l"%oﬂ
perfluoropropane gas& =511, pin®] #FHw-- A& 1 &2 T FiTo
HAAA 71, = 57F70°CE F-AH A5 18NS ultra somcaﬂon?}giyﬂ
perfluoropropane gas”} % %! ¥ porphyin-microbubble 1 W %] 3(A| & 2 W #] 4)&
A8k A

6) porphyrin microbubble 1 W 2] 3(A]| & 2 W] %] 4)¢] = 7]%= ultra sonicator2] pin®]
AA G 71 A& LAY 7]= F 82 273 7 sonication ] A7 = 24 E 5= =)
porphyrin microbubble 1(X] & 2)9] 7 §-o| = <F 0.52mm 2] 2] 7 & 7} 4| = tube &
o] g5} o perﬂuoropropane gasE W =3} 2™ amplitude®} cycle- S ZH2} 100%,
12 A3 =2 F 11T sonication$F 2. 2= 4] A 25} S T}, porphyrin microbubble
2(MN & 3)9 -7 0.83mme| A4 & 7R tube & ©] &3] 303 Ft
sonicationdr . Z A A 21515 o o) H A A& 3k 100% 2] amplitude} 19]
cycleZ A 74-g ¥ 9t} v}« 2} S 2 porphyrin microbubble 3(A & 4)9] 75 ¢ <}
A3 0.83mme] A4 -& 7FA= wbe & o] -&-314] 103 F<t
sonicationd O Z M A 21515 0 AL-8-¥ A 4E-2 80% 2] amplitude 2} 12
cycleo] T}

<Al 3> P E et 2EAS A7I(AE) 2

F4, 5=

ol

1) Dynamic Light Scattering 'S 0.2 Al & 1 W #] 49 Z17] # X & &7
1of] YRR AT

2) &= 1'& #2394, porphyrin liposome, porphyrin microbubble 1,2,32]
713 % 1= 717} 216.07+22.180m, 0.46228.73um, 1.59+0.62um, 2.80+0.35um ) <
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[72]
[73]

[74]
[75]

[76]

[77]

[78]

[79]

<A 4> 2 Su) Azl A% Ful oo B
ZGA el A0l thE & A Fapar B Al w o] A7 A

D AdH 3 2GA A B e= AT Ao HES Al A E =
23 M3k} ltrasound transducer) C5-2/60, L14-5/38 X 1.40-8/12 7} 7} 2]
gk = af2 £ 1 =] 30MHz "¢ el A Sgste] 19 29
e AT 2 i—c’*«ﬂr A7 A= 5 A= T3 " A7} overlape| ¥+
A& Hasztstr] Asto] HE &2 A8, 42 259 WA} ke
@%% zpolel ofaff AT = Q= AT A 719 Aol & BA S 7] 9 8hd
715 #slsto] 259 Wk} 1he] A5 Al 7] o] Zpolof T gt
E/\Fg} S At Ao P A4 <l pulse-echo testE &3]
o] Fo] H o, 488} =] o] 9] = pulser-receiver®} digital oscilloscope & ©] -85}
MNEE W OE = DEO}C}j\qﬁ
2) porphyrin microbubble®] =17] 3ol th g H 4 o] F9}= 229 3
F0E A2 5= Q= 1) 9] S 19 9 &) AFEE gl o, porphyrln
microbubble 1 W #] 30] 7}4] 3L Q)3= parameter b5 Y 3F 2 M EE8lo] 19
2] YERH AT

J
SR

1 [3yp, . 25,
fes - 2JT. pr2 + pr3

(A1 714, v : polytropic gas index(1.06), p, : ambient pressure(1000kgm3), p : density

of the medium(100kPa), r : radius of the porphyrin-microbubble, Sp : shell
stiffness(5.32+0.43 N/m))
3) 8- 3} W 3kA} C5-2/60, L14-5/38, L40-8/12 Z}2+2] A& = Q= 3=
2 1.8-5.1,4.0-11.0 2 9.6-202MHz & #HZH .0, Al & 2 W #] 40f] T 3t
Ao ¥ Fuk=E A A3 A 3= 742 100MHz, 23MHz, 10MHzo] 1t}
ey, Al 3 D 4= 247 A7) 259 fEA) Sl A 140-8/12 2 L14-5/38°1 A
H A o Aol 7he e =&kl

<A ol 55 BE A 2
D AE 1WA 49] F5-3F 3-8 & 5317] 9130 function generator(AFG3252,

Tektronix Corp., Beaverton, OR, USA)” | ¢1°4 ¥ Q-switch Nd: YAG laser excitation
system(Surelite [11-10 and Surelite OPO Plus, Continuum Inc., Santa Clara, CA,
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[84]

[89]

USA)E o] -&3dto] Aol YA & F0 o A-&3td &3 G717 E ol 8381
Fde 58T AR 1WA 400 598 32 porphyrin©] H A o & F3st
T A= 421 700nmE- ©]-8-3F 2 10Hz9] pulse ratio, SmJ/cm?2] Al 7| &
o] &3t o, Al 1 WA 4 ol e B3 2au AV 7ol F2HE
Z2- 9 ¥ 32} C5-2/60, L14-5/38 2 L40-8/125 o] &3}e] A5 & 5359}
8] 53l 41 = MATLAB code & ©|-&35}o] 19, Aeks}slar, 48 5L
AsNA Fol o8] e whA] &= tygon tube S 2] T o] A XA T,
Fxo) 257t ol v ZF RN AR B AR F Gl J5E 7 Us
Aol e 2&u "R E AAA 2, 449 tygondl] AR 1WA 45
Fol gk o] = 7 25 %%X}Oﬂ 3le] o AT E 5890} 5
AT 7 2L v WAl tsle] AlA e A HE k4 oo et
MERhe G R e Az o] M7 E A Es AT

2) A= 1WA 40 i F S AT E Ao 259 %%X}Oﬂ/ﬂ AEstar
o] & o] gate] & AAg Aol Ao AV E =3 H 40 YEFHAT =

o]

345 B, 2539 HEA C5-2/6000 4 A= 5 I+ 1.8-5.1MHz9] 53
el A= Al 2 E 39 A 5ol i= Ak vl a7 sHojvbA] i 7
TALSE B T E 7 AR 40l A= Ao dibaaT Holds &
ATH 53], A5 49 HA 37 Fabprt L8 250 WAL L14-5/380 A =
A &2 " 39 A9 B4 intensity 7} Bl =8 Al A1 7F ¥ = 9EA, Al 5 49] G4
intensity+= H] 9F4] 0 & Z7}5 ow Y x| G A(A 82 H 3)e FETF
Az b vl alske] of 3u) 9] G4 intensity 2Fo] & YERA AL 52 & UTH
T AR 39 HA T8 F e FANS o o o = 7 = 259 W skt
L40-8/120 A1 = Al & 39] %4} intensity 7} A 14 0 2 SZ A 55 & 5 9
ueba, dukA o' W o] FutrE 7= 2 29 A
JEJHJ S ghel A = —%‘rloﬂﬂl(i"l g ol A W el 7]

rum e L mlo

O]”Q“O}Oq 54 Zvﬂr‘roﬂj‘i SRR o;,_ /\]EE S E A7 4271 ) ., porphyrin
microbubble®] 17|24l & s}o] Ys)= F 49 ]

s o 0 P
AT RS LT A

&9} ¥ 3 2H(L14-5/38) 1) A
i} 2 A (AN & 5)9F, 9.6-20.2MHz 2]
A 7HE Ast A5 5 YEh =
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[90]

[91]

[92]
[93]

F
as

o

= S 2G AN R 6)F A A o 20 HAH A2 H o2 Fh| g
AzE A= 5262 7242 3.1740.53um 2 1.9240.21ume] 17| ¥ x5 7h
3y A= 5 R 62 FHFEea 2GA ol tistel el A4 T =

(o

N
)

u

A~
T=

2§7) 84 10] 2ABke] o] E4LS AALRLE o] F AR 5 6] B xS

o] B FobeE 29402 AFe] 95to] 4-20MHz o] F3h5

1o 4 05MHs U712 2 2ol 458 BATHSIT. 285 e Sishel
= % =

4-15MHz ¥ 10-20MHzZ
o] &3l o, WAIF 2 &ue] AT

i
)8 4= 9)3= hydrophone& ©]-&3}o] &

3t 4= )= single element transducer S
=517] A8t A Fa49 2595
TR 20 AT E A &

mtm
}L
iy iy

FAEE R PN A7) Fapold WwEehs 2o A7) 2
FAaA 2287] gleke] 0.5MHz AR WE el 28 5e] AV E 54,
A e, Beu R e 2 Aol Fol o F 2 oA EE

A3 Hske] smgle element transducer®} hydrophone A}-©] ¢l| agarose
phantom-s- ‘?45‘] N EAR= LHToﬂ JJF*O*&/X 239 Z2GA & FUolo] F&ute}e]

2) A% 64%ﬂ&m£41wﬂ4ﬂiﬂﬁ 3755 Al 59 A5
15.2-21.0 MHz«] R S 744 17 7MHzo A A o] 3 Faps
LERI T S Al F 69 78'—°r684 11.4MHz9] &7 53 th & 7HA A 8.62
MHzo| A & A o] 2 FatrE etk 2 5= 323/ E253 2949
A7) gk ol B4 H A ¥ Fulr t & BolF = 1 Lo, & 5(b)=
AR5 D6 AH TY FART APH 0T Bel T 1Y), o] £ 7]
AALsE Axlel 28 o7 AZd Auli= v ek kAol AR E KB ol gt} o)
A E 4ol BolFE BeF NE7 b A AFHAN F oG
AAstaL vk =4 H 59 A S F/ 2 §to], FEF AT TS

k

Ao, E AN BB o] nhgA @ A B2 A BGIAR, o)sh e
A EE Boug el 7% AE TS A WA ol B g
7148 AP T@shz 3 oful g W el = Sg e £ 2 g o] gl
3= A o= & Hojof gl
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