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A comparison study of synthesizing methods of thiolated doxorubicin
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Abstract

Objective To investigate the optimal method for synthesizing thiolated doxorubicin. Methods

Thiolated doxorubi-

cin was synthesized through two different methods. Doxorubicin was reacted with 2-iminothiolane ( 2-dT) and S-acetylthioglycolic acid

N-hydroxysuccinimide ester ( SATA) respectively. The synthesized thiolated doxorubicin was further characterized by HPLC and MS-

ESI techniques. Several factors including molar ratios as well as reaction time were evaluated. Results

The results showed that thiolat—

ed doxorubicin could be synthesized via both of the two methods successfully. Thiolated doxorubicin could be stable when doxorubicin

was reacted with SATA. But the crude thiolated doxorubicin could be cyclized easily when doxorubicin was reacted with 2-4T. Conclu-

sion Thiolated doxorubicin prepared with SATA is more feasible than that with 2T.

Key words

( DOX) ( Streptomyces varcaes—

ius) DNA

1
EPR N
2
(30801441) ;
(2014ZX09J14107-01B) .
. Tel: 13817291343 E-mail: wushan_1012
@ 163. com.

. Tel: (021) 81871287; E-mail: haozou@

smmu. edu. cn.

thiolated doxorubicin; 2-iminothiolane ( 2-T) ; S-acetylthioglycolic acid N-hydroxysuccinimide ester ( SATA)

3 4 5
Au-S
6
Au-S
( DOX-SH) .
DOX-SH ( HPLC) .
( MS-ESI) ('H NMR)
1
1.1 A4 ( DOX * HCI) (

), 2- (247) .



2014

Journal of Pharmaceutical Practice Vol.32 No.6 November 25 2014

11

25 32 6

429

S- ( SATA) (
)N N- ( DMF) .
( Ethyl acetate) . ( NaCl) .
( NH,OH - HCI) | ( Na,CO;) (

(TFA) (

Sigma
( TEA) .

Tedia
) o

);
) \ (
1.2 MHE 852 (
) Nanopure DiamondTM (
Barnstead ) AL104 METTLER TOLE-
bo () (
) ( Eppendorf )
LC20A( SHIMADZU)
METTLER TOLEDO ( )
SK 3300L.H(
) Avane 11 600 MHz(
Bruker ) G6220A TOF(
Agilent Technologies) o

2

2.1 24T X #) 4% DOX-SH"”

2.1.1 DOX « HCI 24T
1:10.1:20.1:30
pH 8 ~
10 N, 2h 24h
DOX-SH.
HPLC
DOX-SH
2.1.2 HPLC DOX-SH ;
0oDS ; :30°C,; (0.2%
TFA) (35165 V/V); 1.0 ml/min;
490 nm; 20 pl; :20 mino,
2.1.3 DOX-SH
DOX « HCl 24T 1:10.1:
20.1 : 30 DOX-SH 2h
2.1.4 DOX-SH
“2.1.37 “2.1.17
2h 24h
HPLC DOX-SH

2.2 SATA &7 %4 s DOX-SH
2.2.1 s 10.5 mg DOX * HCI

25.2 mg SATA 10 ml 3 ml DMF

6 ul 3h
( DOX-SATA)
5 ml 8.7 ml
1% N N
3
DOX-SATA. DOX-SATA
DMF 3.4 mg 0.5 mol /L 2l
1h DOX-SH.
2.2.2 HPLC
2.2.1” DOX-SA-
TA DOX-SH HPLC
o DOX-SATA  DOX-SH
24 h  HPLC o
2.3 kATAFIE g MSESI 359 DOX-SH #94-5%,
217 927 DOX-SH
G6220A TOF
DOX-SH o
0.34 MPa; 3600 V; 120 V;
10 L/min; 300.0°C.

2.4 AmEE¥ A% ('H NMR) Z4E DOX-SATA #5

B, 10 mg DOX.DOX-SATA

MeOD-d, 600 MHz ( Avane I 600
MHz Bruker) o

3

3.1 24T &K % & mx, DOX-SH 24T

DOX-SH 1 24T
DOX 24T
DOX-SH
DOX-SH pH 7.8
( cye-DOX) o
3.1.1 DOX-SH
24T DOX-SH
o 2A DOX
7.1 min 2B~2D 3
12.7 min  DOX-SH 10.6 min
cyc-DOX o
DOX-SH  cycDOX
DOX-SH o
2D DOX 24T 2 h DOX
o DOX
A=
14 587C - 15 620( r =0.999 6) .
DOX 1 o



2014 11 25 32 6

430 Journal of Pharmaceutical Practice Vol.32 No.6 November 25 2014
AR (<
COCOA G O™

OCH:O0O OH o, OCH: O OH 0,

[ Cl

L sy

0
DOX DOX-SH
pH7.8-NH:*
NH:-DOX | ¢
+ _pHT8 NH-DOX NH - DOX H
~ ~— o, 55‘
O\ (P S AT,
NH DOX
s” SNHCl
DOX-SH cyc-DOX
1 24T DOX-SH
1 1 DOXZITIZO DOX2IT130
DOX:2-IT=1:10
2
3
oy A m \ ﬂ A A —_ f—A—M‘
5 10 15 20 5 10 15 20 2 4 6 8 10 12 14
7] (¢/min) IFE) (¢/min) HﬂLIEﬂ (ﬂmm) FifiE] (t/min)
A B C D
2 DOX-SH HPLC
1. DOX; 2. eye-DOX; 3. DOX-SH
1 24T DOX-SH HPLC
DOX DOX-SH . 3A. 3B DOX 24T
(DOX - 241) DoX 2h 24h DOX-SH 3B
1:10 60. 4%
1:20 86.5% 3A DOX
1:30 95.2% DOX o
DOX-SH DOX-SH
3.1.2 DOX-SH cyc-DOX o
2 2
1 3

5 10 15 20 5 10 15 20
iHA] (¢/min) 18] (#/min)
A B
3 DOX-SH HPLC A(2 h) .B(24 h)

1. DOX; 2. cye-DOX; 3. DOX-SH



2014 11 25 32 6

Journal of Pharmaceutical Practice Vol.32 No.6 November 25 2014 431
3.2 SATA X7 %% m DOX-SH . DOX SATA
3.2.1 HPLC DOX-SH
DOX-SH SA- DOX-SATA DOX-SATA
TA DOX-SH 4 DOX
o S- SATA o

o,
. "OH
OH )l\s/\“/NH
(o]

DOX DOX-SATA

0 0O OH 0 of
/'\/OH /\/
OH

+OH - NH: HCI
OCH: O

0.0 o,_o0
¥ i TEA, DMF v .
H "OH

/”\S/\(“)/ﬁH HS/\rNH

0
DOX - SATA DOX - SH
4 SATA DOX-SH
DOX-SH 14.8 min(  5B)
“2.1.2”7 o 5A DOX-SH 5C
6.4 min 3h DOX-SATA 9.9 mino.
1 2 2
| AL
— .V— IIIIII —_n U
2 4 6 8§ 10 12 14 2 46 8 1012 14 16 18 20 2 4 6 8 10 12 14 16 18 20
1A (¢min) 1A (¢/min) 1A (¢/min)
A B C
5 SATA DOX-SH HPLC

1. DOX; 2. DOX-SATA; 3. DOX-SH

3.2.2 HPLC DOX-SATA  DOX-SH DOX-SATA (15.26 min)
SATA DOX-SH DOX-SATA o DOX-SH
6 6A 24 h DOX-



2014 11 25 32 6
432 Journal of Pharmaceutical Practice Vol.32 No.6 November 25 2014
SH ( 6B), 645.21 17 “3.1.1”
3.3 MS-ESI #&4E % #+ 7 = DOX-SH & & & 24T 628. 18
MS-ESI DOX-SH cye-DOX HPLC
TA DOX - SATA DOX-SH 7C
544. 18 24T 616. 15 DOX-
DOX-SH 645.21( 7B) SH
628.18 DOX-SH.
1 2
~ A
LA WA A Ll A A I A A A A M Al Al i b | LAAS) A LA Sl I M Gl A M) A M ] A A S |
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Ff 18] (¢#/min) F-fE] (¢/min)
A B
6 SATA DOX-SH 24 h
1. DOX-SATA; 2. DOX-SH
5441816 628183 4 6161505
(MY 645210 3 (MHy
(M+H)
3970936
6341121
6721219
‘ tiries N W (PO
mmﬁmmmmmmmmmmﬁomm@mmm}m 0 640 645 60 655 600 665 610 615 B VI VA VU U . VI T 1
TR (mi) Tt (mv) Tt ()
A B C
7 DOX(A) .DOX-SH(B 24T ) \DOX-SH( C SATA )  MS-ESI
3.4 'H NMR ZiE DOX-SATA # 4 %, 600
M'H NMR  HPLC DOX o
o 8 DOX DOX-SATA
0 3000
7500
4 O OH 7 9 7000 o 00
3 5 6 g/\/OH 6500 4 0 OH 7 g /g OH 32000
=~ 3 30000
Ll L, OB OGN i
OCH: O~ OH "o » 5000 1oce 6 1on 05 o N 24000
1’@5 4500 B 5 2000
of ™, 20000
2 3 4 oH ;‘2&(]) )(i 2”2’ 3 4™ NoH }2%
NH: 1 S NH
- Y .
1-OCH3 2000 IypY 21;(:%0
3 1 }(5)8?) 1-0CH3 6000
Lo 3 4000
|3 RN Y I o 2 S N7 B | T 200
§580 75 70 6560 55 50 4540 35 30 25 20 15 1005 G005 0 $0 75 70 65 60 55 50 45 40 35 30 25 30 15 10 05 60 55 -

A

8 DOX(A) .DOX-SATA(B)

B

600 M 'H NMR



2014 11 25 32 6
Journal of Pharmaceutical Practice Vol.32 No.6 November 25 2014 433

drug—vesistant MCF-7 breast cancer cells J . Biomacromolecules

HPLC MS-ESI 2010 11(10) :25762582.
2 Kibria G Hatakeyama H Harashima H. Cancer multidrug resist—
‘ ance. mechanisms involved and strategies for circumvention using
a drug delivery system J . Arch Pharm Res 2014 37(1): 4-
15.
. HPLC MS-ESI 3 Thierry AR Vige D Coughlin SS et al. Modulation of doxoru—
24T bicin resistance in multidrug—resistant cells by liposomes J .

FASEB J 1993 7(6):572-579.
4 Kumar SA Peter YA Nadeau JL. Facile biosynthesis separa—

"H NMR DOX-SATA

24T

tion and conjugation of gold nanoparticles to doxorubicin J .
Nanotechnology 2008 10(49) :495101.
° 5 Barraud L. Merle P Soma E et al. Increase of doxorubicin sen—
sitivity by doxorubicindoading into nanoparticles for hepatocellu—
lar carcinoma cells in vitro and in vivo ] . ] Hepatol 2005 42
(5) :736-743.

6  MaP Mumper RJ. Anthracycline nano-delivery systems to over—

o SATA

come multiple drug resistance: a comprehensive review J . Nano
Today 2013 8(3) :313-331.
7  Wang X Cai X HuJ et al. Glutathione-triggered “off-on” re—
SATA lease of anticancer drugs from dendrimer-encapsulated gold nano—
particles J .J Am Chem Soc 2013 135(26) : 9805-9810.
8 GuYJ ChengJ Man CW et al. Gold-doxorubicin nanoconju—
[ ] gates for overcoming multidrug resistance J . Nanomedicine
2012 8(2):204-211.
1 Li PY Lai PS Hung WC et al. Poly(1 Hactide) ~vitamin E 2014-08-02 20144043

TPGS nanoparticles enhanced the cytotoxicity of doxorubicin in

(4% 427 W) 4
J . 2006 28( 1) :117420.

4 5 HeL Yang G Geng X. Enzymatic activity and chromatographic
characteristics of the cell membrane immobilized on silica surface
N J . Chin Sci Bull 1999 44(9): 826-831.

HPLC-TOFMS 6 Chen X CaoY Lv D et al. Comprehensive two-dimensional
N HepG2/cell membrane chromatography /monolithic column/time—
of{flight mass spectrometry system for screening anti4tumor com—

ponents from herbal medicine J . J Chromatogr A 2012 1242:

6794.
N 7 . Ma ang2
tie2 J . (
) 2012(2):203210.

1 Hep-G2

I 2012 29( 10):
[ ] 19064909.
9  Jatoi A Dakhil SR Sloan J] A et al. Prophylactic tetracycline
1 . does not diminish the severity of epidermal growth factor receptor
J . 2010( 18) : 13614364. ( EGFR) inhibitor — induced rash: results from the North Central
2  HeL WangS Geng X. Coating and fusing cell membranes onto Cancer Treatment Group ( Supplementary NO3CB) ] . Support
a silica surface and their chromatographic characteristics J . Care Cancer 2011 19(10): 16014607.

Chromatographia 2001 54( 12): 7176. 2014-09-04 20144008

2006 12(4) : 65-69.



