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Effect of coating materials on MRI signal intensity and relaxivity of magnetic nanop-

articles micelles
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[ Abstract | Objective  To analyze the effect of coating materials on the magnetic resonance imaging
(MRI) signal intensity and relaxivity of magnetic nanoparticles ( MNs) micelles. Methods PEG-b-PCL-Mn-
Fe,0, and PEI-b-PCL-MnFe,0, MNs micelles, which were MnFe, O, MNs coated with PEG-b-PCL and PEI-b-
PCL, respectively, were examined by MRI. The MRI signal intensity of MNs micelles solution with different
concentrations was observed, T, and T, relaxation time were measured, r, and r, values were calculated, and
the effect of coating materials on the relaxivity of MNs micelles was evaluated. Results  The MRI intensity of
PEG-b-PCL-MnFe,0,and PEI-b-PCL-MnFe, O, solutions changed almost identically. With the increase of con-
centration, the signal intensity decreased in T,WI and T, WI, and the signal intensity of PEG-b-PCL-MnFe, 0,
solution decreased significantly compared with that of PEI-b-PCL-MnFe, O, solution. The signal intensity of the
two MNs micelles solutions increased firstly, and then decreased in T, WI. At the peak signal intensity, the
concentrations were 0. 2 mmol/L for PEG-b-PCL-MnFe,O, and 0.4 mmol/L for PEI-b-PCL-MnFe,0, , and the
signal intensity of PEG-b-PCL-MnFe,O, was lower than that of PEI-b-PCL-MnFe, O, at the same concentration.
The r, value of PEG-b-PCL-MnFe,0, and PEI-b-PCL-MnFe,O, was 186. 4 ( mmol/L) " - s' and
83.3 (mmol/L) ' -+ s™', and the r, value of PEG-b-PCL-MnFe,O, and PEI-b-PCL-MnFe,0, was
0.95 (mmol/L) ~" « s7" and 1.09 (mmol/L) ~' - s™"| respectively. Conclusion Coating materials affect
the MRI signal intensity and relaxivity of MNs micelles significantly.

[ Key words | magnetic nanoparticles micelles; coating materials; MRI; relaxation
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T P 4 K Ki ( magnetic nanoparticles, MNs ) /&5 4
MR TR SRR B, BT BA &1 RSP
RUNE R TN, PRI SRk, & o iR 401
G RITFTE G T FE B TR B AR
R, MNs M2 A 3 g mie i~ o HRT, 8 ikt
B2 AL R 53+, R R FLIR TN 2 R
BRAEN . WISk Be L W A5 20 1 P R I 5 A S5 K
FEREBRE B — R 0k 2 B W, T KV W v ) Wk B2 3k
SN S AR LB, BB [ 22 B LA SR K BOR 722 i
IKBOARZ A IR o SEARTE B N A% RBAR 7 b 45
A AR TER Y BT, SR K PE 0 52 )2 i R AR 4 dth 3 R
KRR . R T (PEG) (R LA WM (PEI
R C R (PCL) &7 3w I SR K MR R R
PEZ Y, HAARGF 0 LR AR S VRN A W A, p
EAEmMMr PR BB RO /RN
(PEG-b-PCL) Fl5 45 W %/ 2 C NI ( PEI-b-PCL) 7£
HYERRARTIRC AR Tz . Ak,
A WFFEN G e 6 5% AT, G T
B —EHE MNs IANK I, AN RE A AR A4 Y 1) 1
PRI IE] , 3 BE AT A MNs 290 K Jise o 14 il 7 20k R 4 24
A~ MNs AARKAHR R " o BFSEE AN IR B 9 4%
BOILRYE AL 5 MNs , AT IR MR N LS5, (1
AR PR E i B SR ) B 1) MINs 40 Kb 5 o 22 (1] 7Y
X LA 58 B AN [] A 4 A R0 1 Pk 8 K i R MRT {5
5 RISt TR A5 RE 5 e (Y B 5 v B B . R T DL B
W, AN B & P/ B & N g (PEG-b-PCL) Fl 5
g/ 5 8 P B ( PEI-b-PCL) & 1ii 1) 2k 2 £ ( Mn-
Fe,0,) AR E AT MR {5555 s UR it 8% BE 47 %
FEARSE , JERH AT ML A THR 1) o

1 HRSHE

1.1 ZZRXAREE

PEG-b-PCL-MnFe, O, il PEI-b-PCL-MnFe, O, 44 K %7 52 5,
BRI (89.25 £11.12) nm H1(30. 98 6. 20) nm, g P4 JI|
KPR UG B B R 2822 v1 ( phosphate buffered
saline, PBS) >4 H il ; MR 1% 15 % 1 Signa EXCITE 3. OT i 4%
454X ( GE healthcare , 5[ ) .
1.2 MR &A%

1L PBS A% 5, ¥ PEG-b-PCL-MnFe, O, fil PEI-b-PCL-
MnFe, O, 44K I AU H B8 (M + Fe ) BEIR YR B A T4 BE A B , 159
Fl|(Mn + Fe) JBEJR¥E B4 0.0. 01 0. 02.,0. 03 .0. 04 0. 06 .,0. 08,
0.1.0.2.0.4.0.6 0.8 mmol/L ffj 12 NI FERARE, 43 W2k T
12 2 1.5 mL EP & p PR FEST S H BB 1 PR 0T € +
EP 48 |- A E E 471 EP E4NRE T2H PBS il K
TR B OR PBS R 45 EP B L4, ¥ EP
EETRCT RMLE N0 2D £ 2 MR 1R, 4%

(FOV)16 ¢cm x 16 cm,ZJ52 ~3 mm, )Z[[]fE0 ~0.5 mm, BZ)F5
FIZH Y FSE T, WI( TR 280 ms, TE:6.8 ms) ,FSE T, WI( TR ;
2 000 ms,TE:43.7 ms) ,GRE T, WI(TR:400 ms,TE:12 ms, &
41 20°) ,4 [0l T, mapping( TR :150 ~1 200 ms,TE:9 ms) ,
16 [A]3% T, mapping( TR :1025 ms,TE:2.4 ~60.5 ms)
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PEI-b-PCL-MnFe,04 PEG-b-PCL-MnFe;0,

1 ARREHRMRER EP EHRBFTEE

1.3 HK4EREFBG S

B H PR RS E MR 34 AW 4.4 TR, Phik
P50 B dec AR 2 10, W AN [R) EP A5 N IR 45 T B IELE
{5 53R EE , ROL 2y 10 mm? o ) FH T3 A7 50700 e 5 VY
T BN ToAE o X AS RV B G AR I SR Y B B T 1) T,
T, (H AT LA A, 15 3 B2 W RR 8 SN v (8 (R it
BAakne) Mo (6 (A i igakne) o
1.4 %04

K JH SPSS 13. 0 FRAEXEAR I TA0HT TR BRI x 25 R
I AT 25 5 HUARE SR P A ST PR AR o R, 1 0 KL 7
EOETENE & @i aa =N o e D=

2 R

2.1 WmASKRER kR T,WLLT,WI &2 T, WI {
R HAZT T

PEG-b-PCL-MnFe, O, I PEI-b-PCL-MnFe, O, 4} > %7 Ji2 o %5
I T, WL T, WI J2 T, WI EUR KI5 52t sh DR 2 & 3,
PR MNs IS I MRI (55 22 f @ A 5 A — 5, 76 T, WL, [l
BRI K AR5 EWHg, I — NS F5IFET
R, PAAD MNs Ji2 ot A5 5 W {8 1Y) #k 2 AN [l , PEG-b-PCL-Mn-
Fe, 0,7 0.2 mmol/L, PEI-b-PCL-MnFe, O, & 0. 4 mmol/L, 7£ #H
i T, PEI-b-PCL-MnFe, O, [1){Z 54 i & F PEG-b-PCL-Mn-
Fe,0, 7€ T, WI J T, WI, Bl He B (4R, Wi MNs JEER9
{55 R BEHR I Wi KA , AH R ¥k B2 i) PEG-b-PCL-MnFe, O, %5 PEI-
b-PCL-MnFe, O, 15 5 A%,
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A:T,WL;B.T,WI; C.T; WI
El2 PEG-b-PCL-MnFe,0,#1 PEI-b-PCL-MnFe, O, 43
IR RIA R MR E 5

2.2 R R #E PEG-b-PCL-MnFe,0, #= PEI-b-PCL-Mn-
Fe,0,8 T, T, 14
WiFP MNs Jie o 8010 T, 40 b6 5 i B 100 18 i 2% ¥ e
fik,{H & PEI-b-PCL-MnFe, O, 1) T, {H FEAR T S W] i, PEG-b-
PCL-MnFe, O, #1 PEI-b-PCL-MnFe, O, [ T, {145 Fifi %5 v B 10 T &5
M HH R 2 A REAIG, 4 [H] & 82 119 PEG-b-PCL-MnFe, O, % PEI-b-
PCL-MnFe,0, ) T,{H K. W3E 1,

%1 ZRERE PEG-b-PCL-MnFe,0,#1 PEI-b-PCL-MnFe,0, i

T, 70 T, {8 =)
TofE (ms) T (ms)
WeJE (mmol /L)
PEG-b-PCL- PEI-b-PCL- PEG-b-PCL- PEI-b-PCL-
MnFe,0, MnFe,0, MnFe,0, MnFe,0,
0 4798.76 £54.07 4780.00 £71.92 6 340.85 +19.02 6 350.85 +33.16
0.01 1298.12 +32.63 1 005.50 £36.52 5949.20 +38.16 5 332.40 +47.64
0.02 653.58 +14.76  504.99 +20.86 4 952.60 +32.49 4 858.85 +38.40
0.03 283.04 £5.61  347.52+9.73 4 830.25 +22.20 3 842.30 +28.00

0.04 208.62 +£7.94  254.11 £10.39 4 565.80 +£26.34 3 286.45 +21.11
0.06 74.08 £3.09  153.37 £13.49 3 640.05 £29.61 2 806.05 +19.02
0.08 68.35+1.93  101.77 £1.61 3 199.95 +£30.09 2 749.00 +29.61
0.1 62.83 +1.31 87.37£5.16 3 165.20 £28.41 2 506.05 +30. 19
0.2 33.44 £0.22 65.95+0.84 2350.10 £5.94 1959.10 +12.30
0.4 14.27 £0.06 30.53£0.31 1611.15£25.53 1494.80 £5.94
0.6 8.98 +0.06 20.35+£0.24 1231.60£10.75 1 238.85 +26.09
0.8 6.72 +0.07 14.44£0.09 1131.25+7.28  873.95 +38.42

2.3 PEG-b-PCL-MnFe, O, #= PEI-b-PCL-MnFe, O, #)
I‘] \rz/fﬁ

PR MNs JEURY 1/, F 1/ T R BE A W BE ) AR AR T AR AL , £

600

28V 1E4H 3¢, PEG-b-PCL-MnFe, O, fI PEI-b-PCL-MnFe, O, f#] 1/
T, 5He B 2 RG34 0. 98 (P <0.000 1) F10.96 (P <
0.000 1) ,PEG-b-PCL-MnFe, O, fl PEI-b-PCL-MnFe, 0, ] 1/T, 5
W POE ZE R 0.99(P <0.000 1) 58 1F £ B 515 5
#J PEG-b-PCL-MnFe, O, ] r,{&4 0.95 (mmol/L) ™' + s~ PEI-
b-PCL-MnFe, O, % r, {2} 1. 09 (mmol/L) ™" + s~ PEI-b-PCL-
MnFe, 0,9 r, & F PEG-b-PCL-MnFe, 0, ; PEG-b-PCL-MnFe, 0, [y
r, {5 % 186. 4 (mmol/L) ™" + s~ PEI-b-PCL-MnFe, O, [f] r,
83.3 (mmol/L) ~' + s™' PEG-b-PCL-MnFe, O, [ r, {ti B i & F
PEI-b-PCL-MnFe,0,, L& 4,

L4 L pBLb-PCLMaFe,0,
1.2} *PEG-h-PCL-MnFe,0,

1.0

0.1 02 03 04 05 06 0.7 0.8
KA (Mn+Fe )¢ (mmol/L )

. 4 PEI-b-PCL-MnFe,0,
1.4} ¢PEG-h-PCL-MnFe,0,

12
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208
S 06
0.4
02

0 0.1 02 03 04 05 06 0.7 0.8
AHKAL(Mn+Fe )¢ B (mmol/L )

AR EVR A R ARG 1y 5B R RR S R K S R A 1,
B4 RERE PEG-b-PCL-MnFe, 0,1 PEI-b-PCL-MnFe, O, i)
iR EE

3 it

MR RGO A= P 1A A TR 2L R AR SN 5 14
VERTT P2 A IR B L R A 5 R AT AR, R 5 i

o PEI--PCL-MnFe,0, 4000 O PELb-PCL-MnFe0, 1600 8 PEI-h-PCLAMnFe,0
sool " PECH-PCLAMaFe., 2500 B PEG.b-PCLMnFas0, . : PEG-h-PCL-MnFe,0,
2=}
3000 1200 ¥
400
j?.j (2500 1 1000
i o o
o 300 = 2000 =800
x > it
200 L& 1500 & 600
1 000 400
100
500 200
0 L& 0 0 LW ©
1 2 3 4 5 6 7 8 910 1112 1 2 3 4 56 7 8 9101112 1 2 3 45 6 7 8 9101112

AR (Mn+Fe ) ¥ J% (mmol/L)

YKL (Mn+Fe ) ¥ (mmol/L)

AL (Mn+Fe ) 3 FE (mmol/L)

1:0 mmol/L; 2:0.01 mmol/L; 3:0.02 mmol/L; 4:0.03 mmol/L; 5:0.04 mmol/L; 6:0.06 mmol/L; 7:0.08 mmol/L; 8:0.10 mmol/L;
9.0.20 mmol/L; 10:0.40 mmol/L; 11:0.60 mmol/L; 12.0.80 mmol/L
A:FSE T, ;B.FSE T, ;C:GRE T
3 PEG-b-PCL-MnFe, O, 1 PEI-b-PCL-MnFe, O, 4k 4k MR & F 55 SBET @R
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JEWM FEESHCA T, s B[R] T, 5th 35 (8] #1575~ %5
B T, FE SR 0 RN K55 R EL 5 R
1R R O, I TR AR X 34 T, 5 AL SR &R /N
AR S EA S It LM X A 1 R R ALk
(superparamagnetic iron oxide, SPTO ) 44 & 7 EL A #8 )i
e TERC5 Y SMEE S ] ARAS AR G R, 35 2R 4
FALRE S AN S A R 1) S BT - S AR A, B
WAL T H, FEAR T, WI (555 B2, 59 R X L
TR MnFe, O, 40 Kb —FP 25 T4 B 710 &
A I AT G 82 R TR ER , FLA BN L i 4% 1) S
Ve, ARG WAL, 1 HA AL 6 SPIO 78N Y H:
ULk R 2 A B R A (G A LA oy

T3 IR 0 KR REAR S b 35 T LI )
B B T K, W Z Hi, W 23R AT K B
WD IR Rl Aok B AR A K
FAE YA A A A BB R i . 2R & —Fh AR 4y
PEHATRL, B AMERER DAL A KIS 1, iR e
ANARLHR AR 18] 5 ) AR AT e 5, iR 98 KR 7 7 57
HH Y IR P, 38 iy A KA 3 T 1 4t DR 2 1) D) g s
AT T MR B R YRR T
Hh [ i & SRR RIE IR B B — Rk 2 R W, 7K
PRV b 21k B2 Tk B i 5L ROk BE I, BE A% B 4H 2B
NUIGEKBORTEIE G K BOAZ O R R . T
FENRVER N AL BEAR U M 45 G N Ve I B9 ) o, SR 7K PR Y
FEIZ ML RBAR A 20 B KV W TR) Ao 2025 i 1) 400
K ERk#EE RES 248, H A5 EPR ( enhanced permea-
bility and retention ) %N , PN 5 1% B 3L 3 W A BHF 98 4
AT BT R e A S ik B R 1B M Y
MNs FEZK 7 W HH BB 19 4266 FURA 7 L A2 1Y) 290 DK L G o
(10 ~100 nm) , AALEEf MNs HATREF 1K, 1
KARNAEIRIS (8], 38 RESEIE LAY MNs J5E o 1Y) il 75 4% RE
B MNs AR o

5T Muller 25 (B8, MR X LE 57 (19 38 58 20007 32
BB TS HE R A 1) 5t BRASCRE (v, ) IR [1] 5t R
(1) "5 XF HCR st Ak e SR A S DL
FUIr T ARG R T ] A 5, S G R E JC
WA vy FEHT X LR 0 G AR B 1 B e
ST A TR A S B BER% 5 ¥ 00 o - I R] SR, 5K gy T
I T A 114 P 5 B X6 b 7 ) 2 T ARG L 5 v, DU I
e TR ORAR , RE SRR FU R A A g 3 1) 1
AT SFEOREBHEA A SR GE ) ARSI 25 R W
7, A R B e BE R PEG-b-PCL-MnFe, O, %% PEI-b-PCL-
MnFe,0 ffj T, WI {2 E-{il., PEL-b-PCL-MnFe, O, % PEG-
b-PCL-MnFe, O, () T, WI {5515, @& 75 T, {5 F

TAE & W r, # 1, {5 7%, PEG-b-PCL-MnFe, O, %
PEI-b-PCL-MnFe, 0, [ r, {5k, i PEG-b-PCL-MnFe, 0,
# PEI-b-PCL-MnFe, 0, 1) r, fEfF . X5 MNs KRB
AT BEAS TR 25 VAR O, P 25 ik B L R ) 2 h SRk P2
R SRR Z B B A M, TR K IR B K
JEHCES , B T AR 1) 2 W o 1 25 A 5 3R IH
VT A N5 23 D B2 N B S o N S 0 @77
HIE 1 40 oK B SR A R A N A 2 i A AR K ) 22
2B RSz SR 9 PEG-b-PCL 1 PEI-b-PCL H
A AR IR g K i , AHH R 7K s A — 4, 23 31 o PEG F
PEI, PEG B—FH AR LR A MR RE Y, 78
KT h S, BT R T, Re s iz i &
H L IEK Y 57 F . PEL & — Rl 2 A 7K M
oA, K E R R IER M, 7TEKEw S
EIEH PR PEL-b-PCL A1 B HE 5, RAENL S0k, RS
i T PEL f43 12 Lt PEG {4/, PEI-b-PCL J& 5 1) 44
KIEH L PEG-b-PCL JE B[R RLAZ /N, fif 2 MnFe, O,
gk i/, PEG-b-PCL-MnFe, O, [ 57 £% K (89. 25 +
11.12) nm, 7 2 5 2 1Y MNs, 7EAME AR TR 77 A
BER IR, T E0UR B T 58 AN 54 v, (3 5%
4% PEI-b-PCL-MnFe, 0, B . [RIAS, A8 A 490 K i TR o
R TR R AR, 3G K T K37 A R B,
S3H: r {H F# % % PEI-b-PCL-MnFe, O, B it . PEI-b-
PCL-MnFe, 0, %745 >4 (30. 98 + 6. 20) nm, faf 2% 4 /0 19
MNs, 7= A= T 58 4 A0 I i I8 AL g el s

AL R [ Fh MNs JB o Bl 25 9 B2 A 34 m, T, W
O S ST TS R B OBURE AR, AT RE R PR A B U
FR3 5 , MINs JREHE ) T, F1 T, 4007 8Ok BB i, Y i
T RN , G bt i BUE S A ek ; 3F 3 24 5k
IG5 B 5 sk, X Rh T, 800 23 98055 , 24 AN
SR >3.0T I, X RPN ol LA Z AT . T, W il
T, WI{F 59 FE Fifi 5 MNs Ji¢ o0 ik B2 A 385 O T 8 ¥ e
1, 32 F AR T, 2800 5 98 AR ) v B 5 1A
P GO A A S AR LS SRR TS
YORBLA B PHEA X R0, 8 575 Bk S 80h
KM FR B HE R 3751 180° ik fa] fiff 2k AH A7
(1) B ER% TSR, LBRIEIA AN S0 S ik BE B2 1T
TERSBE 11138 5] v [ 3 1) 77 A= AR T 6 B i 3 1) 7%
e, NAFAE 180° ik vk, WG AN Y 00+ Rk

ZE TR PR R LB b BHE I 1Y) MNs B SR AE
BFH G5 A bk 35— 30, Bl 5 vk B2 A 3 R, P A
MNs JEHR) T, WILT, W {555 B #2 Br B4 A1, A m] v
J¥# 1) PEG-b-PCL-MnFe, O, }t, PEI-b-PCL-MnFe, 0,5 5 5
%o T, WI {5550 B 52 S T I B8 1) BUAH Bl A, A ] v
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() PEI-b-PCL-MnFe, 0, # PEG-b-PCL-MnFe, O, {= 25 .
PEG-b-PCL-MnFe, O, fil PEI-b-PCL-MnFe, O, %] r, 73 %] 5
0.95 (mmol/L) ™" + s 7'FI1.09 (mmol/L) " «s™" r, 235
A4 186.4 (mmol/L) ™' + s 'F183.3 (mmol/L) ' +s7',
FLBOR BB I 32 PO I SR A 290 AL 174 i 28 i A 2 ]
FYGMINT MNs J5E o1 il 755 e 7™ A= W1 Sl 52 e, AR T
PEI-b-PCL, PEG-b-PCL £ 8 i) 4 KL o v, 5t R AL AE
TSR o ARSI Xof T ol G, e B ARk ) 0 P 90 AR e R
MR {55 55 ORI 5t QO RE AT 1 8 4 T ) 4 A F
FE AR M IR ALRERR , B 7# PR RERAF RO REMEA K
RIEHR, R4 Ja AR I R 1] 73 AR BEE T —
JE T S5 A, S0 A A ARk X P 20 KRB AR MIRT
5o ISR RE R W HEAT TR, A FE AR R B
MBI PR 1 SR A . B2, AR S8 HOX P Al
P SRR B R YA MNs 3647 16 FUWT S s R &
TS AN AL R A T RSN AE ) 27 T I S R A I
JAGITIE o ARG i — 2D IR ABIETE PR A KL
SROGT 248 L A= 40y 2 T P P 52 e A P g S ] MR 3
AL

Sk -
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