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2T A B EHRIBREF LT R GIRET IR

oA x A MERS K B HEF
% 0 BEES  EEFC K A

(RN TFRERZEM RIS TR R 430205)
CRBK LB BRI 430072)

WE DL L-REEBRNER, ERRECN 85% MBI AL SR AT N R G756 R T RITAB R K 1, 12
P B 5 & RN ARSI 2 P - 4 AT AR N R DL R L R SRR AT T IR RO, AT
SZFIH B BRI RR LWL K 7. TR 5 2R A% B B MRS B i i e 6 [ By T RO AW k1 b, ATl
% AT IR L 17 D RE K B R A B R 23 T 968 5T (SD-PHEA-RKB). X T & K SR BT REAT T HEI AR |
LA RAN-AT IO . BURSE Al A P SRS RAE, 2P T TR R KR SOERE. RS
A BE L S A M SRR LA R TG AR R R, SEIREE KRR W], PT & BRI IR A BIE VO R IR BT B A R IR PEA 28
PERE, XTERIEFSIBU, X HepG2 Al HeLa AH/Y RAT BRI AN MM E %, REWE HeLa iR A MIGE #EESR L, HAEDR
FHELLF ) HeLa A MZL 556 UZ.

R YOG POUIRER MRELIR, RRAME, BEmE; 2T B

Polyaspartamide Fluorescent Probe Containing Rhodamine B and
Sulfadiazine Groups for Molecular Imaging and Diagnosis

Zhang, Miao“ Liu, Fan™* Ke, Xijun“ Chen, Si“ Yan, Guoping ™

Zhang, Qiao” Liang, Shucai’ Wang, Yufang” Jiang, Can“
(“ School of Materials Science and Engineering, Wuhan Institute of Technology, Wuhan 430205)
(® School of Pharmaceutical Sciences, Wuhan University, Wuhan 430072)

Abstract Polysuccinimide (PSI) was synthesized by thermal condensation of L-aspartic acid as raw materials and
phosphoric acid (85% by volume) as catalyst. The water-soluble polyaspartamide fluorescent probes (SD-PHEA-RhB) was
further synthesized by ring-opening reaction between PSI with the amino groups of ethanolamine and rhodamine B (RhB)
modified by ethylenediamine, and then nucleophilic substitution reaction of sulfadiazine (SD). SD-PHEA-RhB was
characterized by 'H NMR, IR, UV, gel permeation chromatograph (GPC), mass spectrometry and so on. Its molecular weight
and distribution, particle size, fluorescence properties, in vitro cell cytotoxicity, cellular uptake and fluorescent imaging assays
were also measured. Experimental data showed that the fluorescent probe possessed good water solubility and high sensitive to
the acidic conditions. Moreover, these fluorescent probes had low in vitro cytotoxicities to HepG2 and HeLa cells, high
specific uptake and good red fluorescent imaging in HeLa tumor cells.

Keywords fluorescent imaging; fluorescent probe; tumor-targeting; polyaspartamide; sulfadiazine; Rhodamine B
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e, AR TN AR T L R I ARSI 5 12
Wr. SRTH, 7E H AT U A, 5INAR A )
POCREAFAE— R AW B BT R Bl s i AR
PERIR . FEAR AR BE R T 2418 S0 b J8g 400 e
R = 106 9 B ) e R ke T R D AR Ak R A 7 A )
%E[TAZ].

afp- % (2-F2 LIk )-L- R A B % (PHEA) B A7 7K % 1
UF B BRERBL 5 TS AR N v F5
il ELIAf =y T AR N USSR A R, T2 PR 299
P 368 A AR i 2 3 i ) 510 i g o (SD) X 9T L
A BUFIIERIME, T R 4 2 s Lk B R S
£, OHAE R (0 R 88 ) B2 T - 8P 4 5
R AR A5 R 7 FA R e,

K TAEEENT H AT 9OEIRE A, Wih& UK
IR I ) K O R ER. R LR AR N R R,
T TR e A 2% R I SR FH A 5 02 6 P R R T I e K
O, K FTIA BROVE i v i 6 [ 3 e AE K 4y
TOUEE b, AT o] A E A e A I e ) 7KV B R ATk
Jiie K15 e 34T (SD-PHEA-RhB) (Scheme 1). XF & %,
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KPR A FEARRMEE I, #1147 RREBE KT
7 %% SD-PHEA-RhB. H1 EDA-RhB ] "H NMR [&i#
o 6~9 N PUANIR & Y BEAS AR ) AR EE N 6 D 1 22 ¢
1, iMi7E SD-PHEA-RhB ) 'TH NMR i1 6 6.35 55 6.96
O SRR AR EE A 6 ¢ 1, SATHES Y & 7.46 A
7.77 A FIFESFR > AR A 0.18 A1 0.09, |5 SD-PHEA-
RhB f) "H NMR & sz BB 2 T AR F 222 1 B Jho i g g e
FEF R AL, AT EH SD 7E R R AW E K41l
B R RN 4%, RhB 7858 R & Wk K77l
BE L BERER RN 18.5%.

HgE R 5% itk (B 1)73 SD-PHEA-RhB [ M, N
5800, HZ rHREN 2.63.

]2 4 SD-PHEA-RhB fEFR 1% 5% A4 (pH="5) 1) £ 4}
W, WA LLE A RhB B 565 nm & 4MNRIE, 8
BRI RhB #:2)R R LA MMEE F, B 3 &W] SD-
PHEA-RhB 7£ 565 nm At [ 5 ZMR W I it 25 pH B IR /N T
FWTAS R, X E ] SD-PHEA-RhB 7£ 565 nm &b %} 55 Fa P
B AT U IR

Xt pH N 5, WEN 0.05 mg/mL () SD-PHEA-RhB
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Scheme 1  Synthetic route to polyaspartamide fluorescent probe (SD-PHEA-RhB)
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Figure 1 GPC of polyaspartamide fluorescent probe (SD- Figure 4 Particle size distribution of SD-PHEA-RhB
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0.2 1.2 RILIERE
—a— SD-PHEA-RhB TEVET pH A 5, N 0.05 mg/mL i, AS[E A
e 74} SD-PHEA-RhB 7E3KJy 565 nm AbWCR 195k
5 RGN S Bk, W& 0 PHEA-RhB Fil SD-PHEA-
3 RhB Wik 43 T-7E 588 nm 4L 7= 2L 52, 1 PSI B3¢ 67
g 4. BT RhB HA5 pH UK, mHA MK SD-
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Figure 2 UV spectra of SD-PHEA-RhB in the acidic condition
(PH=5)
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Figure 3 UV spectra of SD-PHEA-RhB in the different acidic

condition
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nm AL EEIRETIE K, FRTE pH EA 2.5 B2
SR FEIA B KAl 75 pH N 3.0~4.6 JEFE NI, 9GHREE
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Figure 5 Fluorescence spectra of SD-PHEA-RhB in the acidic
condition (pH=5)
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588 nm AL M5 LR pH (AL 4k 1 #1 2R F Hender-
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Figure 6 Fluorescence spectra of SD-PHEA-RhB in the differ-

ent acidic condition
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Figure 7 Fluorescence intensity of SD-PHEA-RhB in the dif-
ferent acidic condition (emission wavelength: 588 nm)
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Figure 8 Cell toxicitity assay of SD-PHEA-RhB
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Figure 9 In vitro fluorescence imaging of SD-PHEA-RhB in HeLa cells
(A) Control HeLa cells excited by white light; (B) control HeLa cells excited by green light; (C) HeLa cells incubated with SD-PHEA-RhB excited by

white light; (D) HeLa cells incubated with SD-PHEA-RhB excited by green light
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AR5, HepG2 FT¥4n o Fl HeLa & £ 40 At R
b [ SRR R AR R O SR AL SR BRI E W A% (PST)
5 g e g BN (SDIN ) 42 SRR 191438 1R 77 15 ) 45

3.2 BREMBERRTFRIREHER

# 20 g & FF9] B (RhB, 0.0418 mol)iA T 30 mL Z.F%
W, N2 T RA(EDA, 3 mL, 0.045 mol), [IJ(15 h)E
IR LA, ZEHER, FA 30 mL K, H =&
FLE(20 mLX3)ZEHL, A HAHFKGEM X, HIGKmER
BT, AR, ST, 19 12.038 g WRp 4L A
1A% FF] B-Z —B(RhB-EDA), 7*ZF N 60.19%. m.p.
214.9~218.2 C(CHrERY: 217~219 C); 'H NMR
(400 MHz, CDCls-dg) 6: 7.88 (s, 1H), 7.43 (d, J=3.1 Hz,
2H), 7.24 (s, 1H), 7.07 (s, 1H), 6.48~6.17 (m, 6H), 3.40~
3.09 (m, 10H), 2.41 (t, J=6.5 Hz, 2H), 1.56 (s, 2H), 1.14
(t, J=6.9 Hz, 12H); ESI-MS m/z: 486.29 (M+H").

i 4.66 g FEIEIAE I FZ(PSI, 0.048 mol)¥ T 50 mL
DMF i, Pt T 7 g RhB-EDA (0.014 mol)ff]
DMF ¥, T 70 ClHI#R N 48 h J5, (Fiin#, “
BERE. WA, B RBRER T HIA LR B
o, BT RS CUTNE. HhIE, WUERRENE, BT, 53
10.666 g IRLLAEA, 3N 91.47%.

4 9.52 g ATl 1SR ZL (AL [E14(0.0343 mol)ia T 20
mL DMF H, fEOKIEAEI TSPk, 1880 1.68 ¢
ZFEHZ(ETA, 0.0275 mol, 1.645 mL)[] DMF 1AW, 4k%:
PFE L 12 he SRS RS RE T8 I SO TG /K 2Tk
o, BT DTE, R T AR T SRR K, A
TIRFEMRAKIENT, ZETIENT, 193] 9.63 g IRLL A
PHEA-RhB, F=%°4 86%. m.p. 295.8~299.2 C; UV
(H,0) Amax: 588 nm; 'H NMR (400 MHz, DMSO-dq) o:
7.76 (s, 3H), 7.44 (s, 4H), 7.02~6.84 (m, 5H), 6.33 (s,
6H), 4.62 (s, 1H), 3.07 (s, 2H), 1.02 (s, 12H); IR (KBr)
Vma: 3450 (OH), 3008, 2930 (CH, CH,), 1725, 1664
(CO0), 1615, 1515 (C—N), 1357 (S=0), 1231, 1018
(CO0C), 915, 695, 668 (CeHy) cm .

# 2.0 g PHEA-RhB & T 20 mL DMF 1, =it HE
FIINBEIR BN 10% 0% 2. #52(0.168 g, 8X10°*
mol, 0.073 mL)LA K 0.672 mL IERE, SN 48 h. 20
WH(TLC)R I [ B, e S 5E e E, ik Z8BRitk e, 73 R
X PHEA-RhB K4+ #HEAAK 7S F¥# T 30 mL DMF
o N o5 R Z - 50 B IR 3 B 10% PR B i s e 44
(0.227 g, 8X10* mol) SR HCN 10%H10 T I A
1b%5(1.94 mL, 8X 10 ° mol), IR TN 3 d. M 5EJE
FTE/K CBRUTTE, 98, 192K BN K. W= WE T
TIRFEK, M 36 hJE, B ETUENH, ¥
NIRRT, BT, 1938 1.88 g fF AR R A&
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ki K53 ¥ ¢ 64 %T SD-PHEA-RhB, 7734 82%. m.p.
216.4~230.8 C; UV (Hy0) Amax: 267, 565 nm; 'H NMR
(400 MHz, DMSO-dy) 6: 7.77 (s, 3H), 7.46 (s, 4H), 6.95 (s,
5H), 6.35 (s, 6H), 4.52 (s, 1H), 3.11 (d, J=11.4 Hz, 2H),
1.55 (s, 1H), 1.29 (dd, J=14.4, 7.2 Hz, 2H), 1.05 (s, 8H),
0.92 (t, J=7.3 Hz, 1H); IR (KBr) vimax: 3450 (OH), 3008,
2930 (CH, CH,), 1725, 1640 (COO), 1545 (C—N), 1329
(S=0), 1231, 1018 (COOC), 915, 695, 668 (C¢Hs) cm .
Anal. calcd for C,55H353094N55S;Cl, C 52.81, H 6.13, N
14.01, 0 25.93, S 0.22; found C 52.70, H 6.10, N 14.01, O
25.91, S 0.23.
3.3 {RIMARRE SIS

I HepG2 M4 HeLa 2 250 40 M 43 51 i 397 e
B SR HEC A B B VP, FRAE AL 5 X 10° AN 4 S el
T 96 FLiRH, BRI RGEE G, IR, fFLA A
B 200 L & SD-PHEA-RhB ¥/ 4 0.025, 0.05, 0.1,
0.25 1 0.5 mg/mL FIFrif 5520, BMRERE 5 MR
FL, SNSRI RR. BT 37 C B ECHh
5% CO, B Fe46 195 16 h, JIA MTT (5 mg/mL, &L
20 pL)ERAR SR 4 h, BRI, BFLI0 200 pL
DMSO, i FZE% 10 min J5IELE 490 nm K% FLH)
WS FE AR, 3 A5 A o A3 2R
3.4 IR IE BRI SR ARG

HUAL T 80U KA HeLa 20, FH& WU S A AR
SYEUN 10%HI R4 M5 Y RPMI-1640 £ 37 218 15 41 i
BRI R 5X10° NMmL, %1 1X10° 8T 24
LR, B REE 5 MEA. dRMEEY f5, X
B3R, B 200 pL W E A 0.25 mg/mL K]
SD-PHEA-RhB i g 2% 1P Eh V5 i (pH v 4.6), BT 37 C.
WU HON 5% CO =M R 7% 1 h g, Wt B 77T
FH PBS Sl pe 4 2 Ik, BIX 2~3 min, 2AJ5H 0.5
mL [EARF I HCN 4%1 2 5% BRI e )ik 47 [ s, [
SEITTAIZ) 10 min. ¢ JE E IX-70 %618 & Bk N ikT
ML

A kL (Supporting Information) RhB-EDA 4%
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