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FEE WY WSC-DTPA KPR TR 758 WSC, — 2 =1 2 DTPA) 4Xki itk ss B9 /5 H
SR FH N- AN IS TS B e v s 46 AN ) 125 3 15 B f¥) WSC-DTPA 4kcki; MTT vAKALXS 6 Gy “Co y
SIS 48 h BRL 40 MUAF3G 3 520 36 4 e CAE RS % BRL 41 fa 3 FITC-WSC-DTPA K2 HRET
KtEol. SREW: RIERTHEEIESTESINN 92.7%. . 74.3%. 1.59%Ff) WSC-DTPA EA&H); WSC.

WSC Zikki LA ke WSC-DTPA 4Kki (RIS RN 92.7%, WEALE 6.25 ug/mL LLED, B 290 5 8 i,

BRL 40 A7 3% Z 34 10 2 v T sl U 2, 2200048 Gt XL (p<0.05), 1T i B 2 35 5 /09 1.59% ) WSC-DTPA
WK RSP VE ] IR T ARSI 45 B 7R 2 h 3 WSC 4Kki. WSC-DTPA #Kbifigfig it X BRL

AL, TAEGIKRILE) WSC-DTPA FA WL .

KR KBRS TEFREM (WSC), “4W=I1LM (DTPA), #Kki, BRL 41, &Y

hESH£ES R811.5, R93, Q2-33
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(POWERWAVE.XS, Z£[# Bio-Tek A #]); 540
TAEuE (Cel’R, HA Olympus),

2 RWHE
2.1  WSC-DTPA BE&#u54& Y

K N- LA S Vil £ WSC-DTPA S5
FREL 0.5 g WSC, A 50 mL 0.1 mol/L HCL ¥,
1E 30°CRFEEHE I EHEE WSC 7870 %@, K DTPA
PRI & (I 1D A 50 mL WSC i, 4%
Ja i pHAEZ 6, B I\ EDAC £ &9 JEi4 0.1 mol/L
YERGES AT, 30 CREEERE I BEFE N 12 h, %
J5 FH 2 851 7K. 0.5 mol/L NaOH ¥ ¢ 53 r2iifh.,
KB TR G RS )

2.2  WSC-DTPA B&4i55 EEatam

K H] TNBS VAT R Wi 2 o 5 . Ef
W 1.0 g/L WSC Fr#EVR 0 0.1, 0.2, 0.3, 0.4,
0.5. 0.6, 0.8 fil 1.0mL, 235 & T 9 MREh, &
BT/KAAZE 1 mL, 500 1 mL 4% NaHCO;
F11mL 0.1% TNBS ¥#%J,37°C ™ 2 h J5 I 1 mL
B TR EY, S N ER G 420 nm
MWESERE, G WSC e 5 WOG EEE 2 (] [ AniE
Mizk. B AFRCLEH & WSC-DTPA E AW E
B10 g/L HIRES, 3% Ry ikmlEmoe s, il ks
M2 v S I B R
23  WSC & WSC-DTPA BE&HIHILI M I L E

K Ad BL AR e 2T ARG RE A, K WSC A
WSC-DTPA FEA&Y) 70l 5)tikal KBr Fy A4
BELOIE T, HRESAE N BB 400-4000 cm ™
SHEFR Lem™, ZLAMGIERER 40 mW, 3L 16 XIH
ERL

2.4  WSC &% WSC-DTPA B &#ayixhs iR S
Fam)

KB PR R PRA R HAZ A . K WSC
M WSC-DTPA E &5 % T D,O/CF;COOD ({4
FREE R 4:1) F, FHEEAM A i 400 MHz, U
[ 0-14 pg/g.
2.5  WSC-DTPA 4% i) =7

KBTI 4% WSC-DTPA #kki. [
1% 1 LR W 24 2R B M 0.5% 11 WSC-DTPA K
EPET-, AL 2 min, 228K &
WREHR 0.5% ) TPP ¥, FERHHSMH 0.22 pm

VEMEEYE; AR R 800+10 r/min F4%
T, F 0.5%11) TPP /K% 8% 3 I £ WSC-DTPA
LBV, WSC-DTPA 5 TPP s Ll 3:1,
TIELN 2 /R, W5e G P akeE st 1 h fE—0
FAE

2.6 WSC-DTPA gk E N2

KBRS WSC-DTPA  gKkir F-
BIRifE . #4510 WSC-DTPA 4K Ry 2< 5
TKFRE 10 55, WEHPIS kAR,

2.7 4ApE

BRL #8557 U530 RPMI1640 153770 &
10%fi4-1f3% 100 U/mL 8 % 100 ng/mL HE%7
#, B 5% CO,. 37CHMulz IR IR, BON 4L
AR A AT S5

2.8 MTT MRz ERN

W ¥ WSC. WSC g4 K ki, 1:2.5
WSC-DTPA #iKki. 1:20 WSC-DTPA ZKkiv T
TG R FRHL, S LIR L5y 3 : 04 1.56,
3.13. 6.25. 25.0. 50.0 pg/mL, &2 4 FR 55
DS A RS EML N 100%. 100%-nano -
92.7%-nano~ 1.59%-nano.

IO ZE K BRL 400, FH& 10%M6 2 1
(¥ RPMI1640 15 73 W 24 4 vk 1y 3x10%/mL, 4%
T 250 UK R 96 FLEGTRB T, BEAIL 2 A X 2

CRIBS, RINZpD. gl CRIBS, mzp. |
S RY, ARz, EgHmghdl. S E4dl G
i, MUmE B, H4lw 6 MPATIL, AL
100uL, #T 37°C. 5%CO, B 7:ftih B g% 24 h, 15
NGEEA K G, LB T80 N2y 4R ISR n 24
I 100 pL 27350 04 1.564 3.13. 6.25.
25.0~ 50.0 pg/mL HI245%), HABAMA 100 pL H557
W, B TR IR 24 h 5, 4 T I InZy
S MRS 2 BRL 4010 ©°Co y S FRGT, FRE FI&h
6 Gy, FIEHE N 0.46 Gy/min; 4kLERE5E 48 h, SZU6
Z1RT 4 h BALIIA 5 mg/mL MTT %9 10 uL, 4%
ZLWEE 4 h, MNKETFE 2 LW, SEFLINN 100 pL
DMSO J& HEEFR T 570 nm KA E 4L 1D
Wl (ODD. $& BT 54 A7 %

YA F= GRE4] OD H—25 41 OD 1H)
/ G 4] OD {H— 1141 OD fH) x100%

i

EEEAE (FITC) Frigh”

S 1%0 LR R WSC. WSC 4K
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Fi L WS LS B 1.59% WSC-DTPA 44 ) 3
KR T, 28R IEH 10 mg/mL, 7R IRGH
fift )5, H 5 mol/L NaOH ¥ il pH {H4 9, &=
FEERE IR, R8N 10 mg/mL FITC
TR, R FITC — H R
WIRARRIEL A 10:1, BEERN 10h 5, FHEE
TAKIENT 3 d, HERBNTIE P TN, Kbrid i)
WREHGRT Ja 25 H, 43 3l #l#3 FITC-WSC. FITC-WSC
K ki, FITC-1.59%WSC-DTPA &%) ) FITC-
1.59% WSC-DTPA 2K¥i

2.10 ZHARIBERSCIS

HO K S BRL 400, HE& 10%64 M
(¥] RPMI1640 55750 JH 540 a3k )% 2 3x10° /mL,
e T 448 K E I EHAR 35 mm fL12 10 mm 3HJE
BRI, B 37°C. 5%CO, HEFaffh 55, 14
WEEA K, BTN T AR, AR,

S IFEAE RN FITC-WSC. FITC-WSC 44K ki )
W g 5l 1.59% FITC- WSC-DTPA 41K H 5%
FeBRER, WAL 2 h, PR BEK 485 nm, MG
[f]: DIC 30 ms, FITC 30 ms, BEYEHRE 70.9%, 1
AR E] & 5 min.

211 %itotn

K SPSS16.0 ZE vt 4R AT HEAT HL I 3205 Z2 70 #T »
BRI LL X +5 Lok, GEHAHEN 0.05, p<0.05 H 2%
TGRS

3 #RE51%i18
31 BERENE

DL WSC SEBpit ZBEEE 92.3%KIAE i R I 55 44,
Kol 100%, 115 WSC % DTPA J5 54
R, 4iRmE 1,

Table 1 the remaining free amino groups of modified (WSC)-DTPA with different ratio of DTPA during the coupling reaction

(%, X +s,n=5)

DTPA/g Resulting polymer (mol/mol) Remaining free amino groups /%
- WSC HCL 100

24.43 Conjugate 1:20 1.59+1.23

12.22 Conjugate 1:10 14.1+2.5

6.11 Conjugate 1:5 743+1.7

3.05 Conjugate 1:2.5 92.74+3.5

TNBS 7E it 25 F T 5 2 B IR A1 2 2 s B
I, SETE R 25 BRSO I [a) 254,
(AT ul b A AN IROBCE AR 3 R0, 20 A T
355 nm £ 420 nm FfiT. FRERA)G, 7E 420 nm At
R W ST 30 S8 2 R B, I IR P T 4% 0 1 6 AL
TNP-Z IR, {E 350 nm I o WR A 0 ) 5 4% 58
340nm &MY,

PE I AT 4E 420 nm B8 340 nm X @ IER U T € B
Mg, B DTPA &= [19/>, DTPA L[1J-COOH il
I N-BEACER: WSC L F-NH, T R B e 02>,
Wi I 8 11(1.59+1.23)% E T 52(92.7+3.5)%,
{HIF 2 =L 5 WSC Fl DTPA EE/R LEAGIE L,
XRS5 DTPA 4> 7ok DTPA 5 WSC 43 14%
AZ WAy e,

3.2 OHNKIERH

¥ WSC 5 & il A [\ Ui & & R

WSC-DTPA &AW T4, 5 KBr K T44M

5, W 1. 76 WSC 44, 1588 em™
WSC L B-NH, 28 RS0, 1379 em™ A

WSC EHEEMgaiRsh i, - WSC-DTPA 1)
AN T, 1634 cm™ S WSC L-NH, 5
DTPA L [f]—COOH i N-F 44324 42 110 Ik Frag it (1)
104, 177 2924 cm™ F1 1409 cm™ 435 WSC-DTPA
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Fig.1 FTIR spectra of WSC-DTPA related with different con-
tent free amino groups
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WSC-DTPA % &%+, H AR H DO
/CF;COOD (AFILL Ny 4:1) 1E i fi)s, F
HAZ AL IREE, 450K 2, i, 648 561.0
JeAT N E I, 5 WSC A EAHLL, 62.616 3.3+
5 10.4 4358y DTPA 1 5-COOH FHIZE I H 5L ()
U, 5-N—FHIE R 5L L J DTPA R JEH H (1)
e, 76 65.0-9.0 Z &N WSC LffJ-NH, 5
DTPA [ [J-COOH i ik N-FAb % 2 1 B i Bk 1)
i), ] DTPA Ml S 2 T 58580 L.
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KA GBOCRLEE G - WSC-DTPA 44K Hii
P kiAe, 453 3 s, A A WSC 4KHi,
B Wi S 92.7% WSC-DTPA 4iKki, C
R RSBk 74.3% WSC-DTPA 44Kki, D A
TR EEE RN 1.59% WSC-DTPA 44Kk, HoP-3
Kty 4 7.31 nm. 8.42 nm. 8.34 nm. 14.53 nm,
H&ASRARI A ¥ PDI ¥)/8T 0.03, 156014 1
YRR TR AT 345

| 475

5
f1/10°

Fig.2 'HNMR spectra of WSC-DTPA related with different content free amino groups
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Fig.3 Particle size distribution of WSC-DTPA nanoparticles with different content free amino groups

3.5 MTT N4pafEER

6 Gy & 48 h J5 BRL 4 0 (4735 % th 2k LI
4, GGl (RS, Rz L, HEAE S =
5 1.59% WSC-DTPA ZKFiinzs4l, BRL 41ty
TR B R, 1 WSC Inghi4l. WSC 4Kk
254 Sk JELE 6.25 pg/mL LA E g s 5 55k

92.7% WSC-DTPA g Kkin2idl, kA 29k )
H4m, BRL Mo/ R E 5N, #&75 WSC.
WSC 9K SR ELE 6.25 pg/mL LA i 2 2 5
S &l 92.7% WSC-DTPA 44K kixt 6 Gy “Co y 5t
2R I BRL 40 i A — 2 s S R4 B
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Fig.4 Survival rate curves of BRL cells treated with 6 Gy
irradiation and WSC-DTPA nanoparticles

MTT 3252 5 RS0 A0 A 3 A A A Ry
%, ERE T LR AR S PR RS B, Sk
BHEPER ST Ak, IIRERER MTT (EHA (M, Pr
LA MTT 352 Reder I 240 i A ARDR oMU G g, A

Bl 00 52 4 M e % KO IR, MITT VA4S
240 L3S 0 (K00 5 SR PF A 4 L R AN A 24 ) 9 ik
ST ORREAE S AR TSR AR, (HAT LS
L) KR S DR A T SR A A

3.6 ‘HRMIEEER

WA TAEuE (Live cell station, LCS) s&FH]
PR 97 I P A P sl S BT, T T 40 PR N ()
BIAMER  ASZIK T EE (1Y) BRL 41 & T15 40 i
TAESS BT T, RSG5 B LK
5. K" A 4 FITC-WSC Jinzi4l, B A FITC-WSC
KRN Z41, C J FITC-1.59% WSC-DTPA %4
Ym#h4e, D A FITC-1.59% WSC-DTPA 44K Hi
4l AP nnEE TINS5 0. 604 120 min A&
120 min JEfa 259 i 1 4 Bt 00 »
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Fig.5 Live cell image of BRL cells treated with fluorescence probes at different time
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MELS Rl LUE L, fENZS 60 min I By D 41
AP AT ILESES 9, AL C 414N A R 98
7ENNZ) 120 min i By D 4140y o] WA B506, A
YUAAEAN B AT DL, 1T C 414N Py A L7
PEHiiye se)a, RN IE, UK T
RERR PR HBEE N0 I, IR u T DTPA AReidid
20 R P R 1

T, SR S AR A R, T K
9y T 5B ik AN MR RE N AN o K R AR K 53 T R
TR e NN ) - BLEAR R N A, CERR
NTNERETER: MBEEANTSHINEER.
NEFINEER . KM SRR & IR
BN RUS L BT gRRR R AR RN,
AR5 2 1l A M 308 3 M A A W P, R %2 mT e L
BENANMD . AR BRI, WOk K, T
Wo oy i, R, #RJE PJOE 4RI gk
FL () PR 25, AT 40 1 15 49 KR B ML TT RE 3 22
FIEATSE /e

AR N- WA S5 W RS 15 e v 1 )
Hi )% U 2 I B ok 92.7%74.3%+1.59%
f\] WSC-DTPA 4Kk, MTT Vil T & k&
o 100% (] WSC . WSC 44K ki J 3k & 75
6.25ug/mL DL R B 2 L S s 92.7% WSC-
DTPA (4K kixF 6 Gy “Coy 5 2k [ 5 1) BRL 41 2
HA— 2 S B4 VE L, 17 3 400 T 3t AR % 21
2 h PRk AT DU 4 R e N i ol 2
¢ WSC-DTPA KA IR A A (12 HE S 85 4 1 FH & it
Fnbo
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Study on radiation protection of WSC-DTPA nanoparticles

LIU Yunying' ZHOU Xiaowang' WAN Jianmei® HU Danfei’ ZHANG Youjiu'

(School Of Radiation Medicine and Protection, Medical College of Soochow University, Jiangsu Province Key Laboratory of

Radiation Medicine and Protection , Suzhou 215123, China)
2(Experimental Center of Medical College, Soochow University, Suzhou 215123, China)

ABSTRACT To investigate the radiation protection of WSC-DTPA nanoparticles, N-acylation reaction and ion
crossing-linking method were used to prepare nanoparticles in different remaining free amino groups. MTT assay was
performed to evaluate their effects on the viability of the cells after y-rays irradiation, while the capability of
FITC-WSC-DTPA nanoparticles probe penetrating through cellular membrane was observed by Live Cell Station.
The results show that WSC-DTPA polymers were successfully synthesized, in which the content free amino group is
92.7%, 74.3%, 1.59%, respectively. Compared with y-rays alone group, it was shown that WSC, WSC nanoparticles
and WSC-DTPA nanoparticles with the concentration more than 6.25 pg/mL and the free amino group content around
92.7% have good efficacy in radiation protection to BRL cells from damage induced by 6 Gy “Co y-rays by the
higher survival rate, while WSC-DTPA nanoparticles with 1.59% free amino group content do not have radiation
protection to BRL cells. The WSC nanoparticles and WSC-DTPA nanoparticles can penetrate into cellular within 2 h,
while WSC-DTPA polymers could not pass through the membrane.

KEYWORDS Water-soluble low-molecular weight chitosan(WSC), Diethylenetriamine pentaacetatic acid (DTPA),
Nanoparticles, BRL cells, Radiation protection.
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