Chinese Journal of Biochemical Pharmaceutics 2012 33 3

307

12 12 3 3
(1. 410078; 2.
410008; 3. 650204)
( GAG) GAG
GAG GAG
:R285 ‘A 210054678 (2012)03-0307-05

Chemical modifications of glycosaminoglycans and their derivatives for

biomedical applications
GAO Na'? LIU Shao' > WU Mingyi’ ZHAO Jin-hua’
(1. School of Pharmaceutical Sciences Central South University Changsha 410078 China;
2. Xiangya Hospital ~Central South University Changsha 410008 China; 3. Kunming Institute
of Botany Chinese Academy of Sciences Kunming 650204 China)

( Glycosaminoglycan GAG)

. GAG . N
GAG GAG o
1 GAG
GAG ( hyaluron—
ic acid HA) ( dermatan sulfate DS)

( chondroitin sulfate CS) ( heparan sulfate

HPS) ( heparin HP) ( keratan sulfate KS)
! 2
o GAG

NHAc¢ -COOH -OH SO H GAG
2 GAG
2.1 GAG

GAG
1 20110725
( 2010CI116) ;
( 81102372)

Tel: 08715226278 E-mail: zhao. jin—

hua@ yahoo. com.

GAG
GAG N
2.1.1 N N
o HA
. B- ‘ B-
3
(LMWH) .
CS
4
2.1.2 N
VHIO, -
C-H,0,- o
HP
HP certoparin sodi—
um dalteparin sodium LMWH ’ . Melander
° HA
2.1.3 N



308 Chinese Journal of Biochemical Pharmaceutics 2012 33 3

GAG o 7 75% .
% Co- v . GAG o
HP DS HA
. HA A 10 .
2.3
. GAG GAG
2.2 0SO,H -COOH
GAG . GAG !
1,
NH,. Nadkarni ° DS CS
1 GAG
-COOH EDC NaBH, HP-COOH—HP-CH, OH 12
HA-COOH—HA-CH,OH 13
-COOH CDMT NMM HA-COOH—HA-CONHR HA 14
-COOH -COOH  DCCI X(CH,), (a) HP-COOH— HP-COO 15
OH X(CH,) NH,(n=1-~3 ( CH,) ,ONO,
X =Cl Br I OTos) (' b) HP-COOH—HPCONH
AgNO, ( CH,) ,ONO,
-COOH HP DS RBr HP/DS-COOH — HP/DS- HP DS
COOR HIVA 16
HIV=2 ;
HA  TMSD.MeOH HA-COOH—HA-COOCH, HA 17
HA HA-COOH—HA-COOR 18
2.3.1 GAG -OH 6 3 -CH,OH
o Garg > HP CHOH . NO
N-  A3- ) ( EDC) NO
NaBH, B,
. 2.3.4 GAG GAG
HA 90% . HP DS
B, Barzu e HP DS
2.3.2 HA . HP DS
o Berg— ;
man 2- 4 6- 4 35-  (CDMT) 4- HIV
HA HIVAd  HIV2 o
HA . HA HA
2.3.3 ( TMSD)
GAG .
. HP ( DCCI) X
(CH,) ,OH X(CH,) ,NH,(n=1~3 X=Cl Br I OTos) Valle ® HA-COOH
AgNO, NBu,NO, N
5-COOH o GAG-OH RI.RBr R

~

-ONO,. LMWH 3-OH 2 : ° HA



Chinese Journal of Biochemical Pharmaceutics 2012 33 3 309

. GAG -OH
. HA
. . ( 2.
2.4
2 GAG
-OH - HA-OH—HA-0SO,H HyalS, 20
-OH CS-6-0H—CS-6-0Ac 22
DMAP HP/DS-OH—HP/DS-OR  (a) : (b) HP-00C- 2325
CH,CH,CH,
: ( ¢) HP-OH
-OH LMWH-OH—LMWH-0CO 15
( CH,) ,ONO,
2.4.1 GAG =, GAG
. GAG 2.4.3 -OH
. . . P % DMSO
GAG -OH . HP .
- . - DMF. HP
GAG Barbucci 2 2.5
HA HA GAG GAG
c2 C3 C6 C4 -OH. . GAG
HA - GAG GAG
-OH/S0,- HA .
HyalS, ; HyalS; HyalS,. o
HA HyalS, HP 7 (1) HCl/MeOH
. GAG 1 (2) DMSO. DMF,
Maza ' -OH .DMSO/MeOH GAG N
SO, * Me,N (3) N O- ( BTSA)
. HP 6-0S0,H ; (4) HP .
2.4.2 -OH Park *  (CS4 N- N-
6-OH ( MTMSA) \DMF HP
AC-CS  ACCS, .
AC-CS, 90%  AC-CS, 3 GAG
. LMWH HA.
GAG . HP CS.DS
2 3 DS -OH . . o
. 3.1 GAG
4- ( DMAP) HP
; 28
e Yu HP -OH ; HA
HP

29

DS



310 Chinese Journal of Biochemical Pharmaceutics 2012 33 3

30
CS DS N \
o CS
CS
CS 3 ”
o CS DS ( CS/DS-
PGs)
o CS/DSPGs
CS/DS
CS DS
31
3.2 GAG
HA
o Tan * HA N- -
CS
. Peng ¥
N . CS
4
GAG N N N
GAG GAG
GAG  NHAc
-COOH -OH -SO;H GAG
N . o GAG
GAG
GAG GAG
1 ) K5
J . 2009 30(6) :427-429.

2 WuMY XuSM Zhao ] H et al. Freeradical depolymerization of
glycosaminoglycan from sea cucumber Thelenataananas by hydro—
gen peroxide and copper ions J . Carbohydr Polym 2010 80:
11164124.

3 Stern R Jedrzejas M J. Hyaluronidases: their genomics structures
and mechanisms of action J . Chem Rev 2006 106( 3): 818-
839.

4 Linhardt R J Avei F'Y Toida T et al. CS Lyases: structure activi—
ty and applications in analysis and the treatment of diseases J .
Adv Pharmacol 2006 53:187-=215.

5 Linhardt R J Gunay N S. Production and chemical processing of

low molecular weight heparins J . Semin Thromb Hemost 1999

10

11

12

14

19

20

21

22

23

25:546.

Melander C Tommeraas K. Heterogeneous hydrolysis of hyaluronic

acid in ethanolic HCI slurry J . Carbohydr Polym 2010 82:874-

879.

Ambrosi L Gonella S Vismara E. Process for the physical depoly—

merization of glycosaminoglycans and products obtained therefrom
P . US:7091337B2 2006-08-5.

Choi J Kim J Kim J H et al. Degradation of hyaluronic acid pow-

der by electron beam irradiation gamma ray irradiation microwave

irradiation and thermal treatment: A comparative study J . Carbo-

hydr Polym 2010 79:1080-4085.

Nadkarni V D Toida T G Van C L et al. Preparation and biologi—

cal activity of N-sulfonated chondroitin and dermatan sulfate deriv—

atives J . Carbohydr Res 1996 290:87-96.

Chen F C Kakizaki I Yamaguchi M et al. Novel products in hya—

luronan digested by bovine testicular hyaluronidase J . Glycocon—

jugate J 2009 26:559-566.

Gandhi N S Mancera R L. The structure of glycosaminoglycans and

their interactions with proteins J . Chem Biol Drug Des 2008 72:

455-482.

Garg H G Mrabat H. Effect of carboxylseduced heparin on the

growth inhibition of bovine pulmonary artery smooth muscle cells
J . Carbohydr Res 2010 345:10844087.

Ulmer W Viskov C Hubert P. Carboxyl-reduced derivatives of hy—

aluronic acid preparation thereof use thereof as a medicinal prod—

uct and the pharmaceutical compositions containing them P . US:

2005 /0203056A1 2005-09-5.

Bergman K Elvingson C Bowden T et al. Hyaluronic acid deriva—

tives prepared in aqueous media by triazine-activated amidation
J . Biomacromolecules 2007 8:21902195.

Bolla Monopoli Angela et al. Nitro-derivatives of low molecular

weight heparin P . WO:03/072612 Al 2003-09-04.

Barzu T Level M Petitou M et al. Preparation and anti-HIV activi—

ty of O-acylated heparin and dermatan sulfate derivatives with low

anticoagulant effect J .J Med Chem 1993 36:3546-3555.

Kumar V Longin F' Schwach-Abdellaoui K et al. Methyl esters of

hyaluronic acid P . US:2008/0182982A1 2008-0131.

Valle D Romeo. Esters of hyaluronic acid and their salts P . EP:

0216453 Bl 1996-03-20.

J. 2004 25(1):41-
44.
Barbucci R Lamponi S Magnani A et al. Influence of sulfation on
platelet aggregation and activation with differentially sulfated hyalu—
ronic acids J .J Thromb Thrombolys 1998 6:109-15.
Maza S de Paz J L Nieto P M. Microwave-assisted sulfonation of
heparin oligosaccharides J . Tetrahedron Lett 2011 52:441-443.
Park W Park S Na K. Potential of self-organizing nanogel with
acetylated chondroitin sulfate as an anti-cancer drug carrier J .
Colloid Surface B 2010 79:501-508.
Petitou M Coudert C Level M et al. Selectively O-acylated glyco—
saminoglycan derivatives J . Carbohydr Res 1992 236:107-119.



Chinese Journal of Biochemical Pharmaceutics 2012 33 3 311

24

25

26

27

28

Yu LY Garg HG Linhardt R J et al. Antitumor effect of butanoy—
lated heparin with low anticoagulant activity on lung cancer growth
in mice and rats J . Curr Cancer Drug Tar 2010 10:229-241.
Garg H G Hales C A Linhardt R J et al. Increase in the growth
inhibition of bovine pulmonary artery smooth muscle cells by an O-
hexanoyl low-molecular-weight heparin derivative J . Carbohydr
Res 2006 341:26072612.

Heiss C Wang Z Azadi A. Sodium hydroxide permethylation of
heparin disaccharides J . Rapid Commun Mass Sp 2011 25:774-
778.

Kennedy Thomas P. Non-anticoagulant desulfated heparins as me—

dicaments P . EP:1164145B1 2007-05-42.

J. 2011 32(3):

- ’ ’ ’ 1 1

:R961 A

29

30

31

32

33

230-232.
Gaffney J Matou-Nasri S Grau-Olivares M et al. Therapeutic ap—
plications of hyaluronan J . Mol Bio Syst 2010 6:437-443.

J. 2009 30( 6) :430-432.
Yamada S Sugahara K. Potential therapeutic application of chon—
droitin sulfate/dermatan sulfate J . Curr Drug Discov Technol
2008 5:289-301.
Tan HP Chu C R Payne K A et al. Injectable in situ forming bio—
degradable chitosan-hyaluronic acid based hydrogels for cartilage
tissue engineering J . Biomaterials 2009 30:2499-2506.
Peng Y S Lin S C Huang S ] et al. Chondroitin sulfate-based anti—
inslammatory macromolecular prodrugs J . Eur J Pharm Sci

2006 29:60-69.

400715)

:10054678(2012)03-0311-05

Recent advances in the researches on thiazole compounds as enzyme and acceptor inhibitors
CUI Sheng-feng ZHOU Cheng-he GENG Rong—=ia JI Qing-gang
( School of Chemistry and Chemical Engineering Southwest University Chongging 400715  China)

1 20110509
(21172181) ;
(81250110089) ;

( CSTC2012jjB0030) ; (

) ( SRFDP 20110182110007) ;

( XDJK2011D007

XDJK2012B026)

Tel: 023-68254967 E-mail: zhouch@ swu. edu. cn.

23

2010 N



