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ABSTRACT: OBJECTIVE  To investigate the probability of chitosan oligosaccharide (CSO)/salicylic acid (SA) nanoparticles 

to encapsulate alkalized doxorubicin and to evaluate the physicochemical properties and in vitro profile of drug delivery system. 

METHODS  CSO/SA conjugates were synthesized by a reaction between amino-groups of CSO and carboxyl groups of SA 

using 1-ethyl-3-(3-dimethyla-minopropyl) carbodiimide as a coupling agent. The amino substitution degree(SD%) of CSO/SA 

was determined by a 2, 4, 6-trinitrobenzene sulfonic acid (TNBS) test. The CSO/SA blank nanoparticles were prepared by 

ultrasonic dispersion method. The critical aggregation concentration of nanoparticles was obtained by the fluorescence pyrene 

study. Dynamic light scattering method was used to determine the size and Zeta potential of nanoparticles. MTT assay was used 

to evaluate the cytotoxicity of nanoparticles. Alkalizated doxorubicin was used as the model drug, drug-loaded CSO/SA 

nanoparticles were prepared by dialysis method. RESULTS  The amino substitution degree was 16.92%, and the critical 

aggregation concentration of blank nanoparticles was 867.0 µg·mL

−1
. The particle size and Zeta potential of blank nanoparticle 

were 434.0 nm and 48.6 mV, respectively. The IC

50

 of the nanoparticles on cell Hep-G2 was 1 745 µg·mL

−1
. The drug content of 

nanoparticles was 8.52% and the loading efficiency was 93.15% when the amount of drug fed was 10%, the particle size and Zeta 

potential of drug-loaded nanoparticles were 214.2 nm and 33.6 mV, respectively. In vitro release results illustrated that 

drug-loading nanoparticles had pH sensitivity, and the drugs were released mostly in the way of erosion. CONCLUSION  

CSO/SA can encapsulate alkalized doxorubicin to form uniform, sustain drug delivery nanoparticles. The drug-loaded 

nanoparticles present pH-dependent property. CSO/SA nanoparticles may be a potential candidate to be a drug carrier material. 

KEY WORDS: chitosan oligosaccharide/salicylic acid; alkalized doxorubicin; nanoparticles; in vitro release 
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+0.006 0.985 9 

PBS (pH=7.4) Q=0.015t

0.5

+0.004 0.987 9 

�� n=0.5��STé��pj��<��·

¸x�(F(��ÐAC¼���STé ó�

�æPÉ( 

3  �� 

>©?p EDC ÕßÕàL}L��3�/¼

��¿À�´S��L�<=òó«[� ��

#VD��æ�Õã�B#&��%(>±i§

c�¦�·¸x� CAC �ø��ÏÐ,�}(�

�����¼H� CACÕ 1.0 mg·mL

−1 [23]
)n 1¹

4�����N�t� CAC K§Ý�K��t�

�lå���k´�5ø�·¸x���H��

����Ú��K>×'NH�RS��'��(

ò�·¸x�¼H�ÏÐªÑ5c 48.6 mV���

��¹�ÐAC�Ý����(���©?|Ç

��3�/¼��´LS·¸x$�ÏÐ,�}ú

%�����$æÕRS¦��#�( 

©?Ù§�¦R·¸x�x]CDn'ò�

·¸x�x]�¦R·¸x�ÏÐªÑ�ò�·

¸x�t��Ù#���Õ�3�/¼��´LS

·¸xK H3$π°�Ý��Þπ°�eDST

é�π°ß
æP�u���oj�RS ó�æ

PÉ�K·¸xKL§úÕ�ç��Ð���¦

R·¸x�ò�·¸x$ún�x](�ÚE'

RS�¦�2�¼����π°æP�#�K§�

3��Y��ú���*�¼è�Í�
°�Ä

E/ÂçèõDÕ/Â ó�
°���ÏÐª

Ñå$( 

]^"��?KhÏC�xï�3�/¼��

·¸x�l�u��Hep-G2 ]^��,/$�å

$�IC

50

,Õ 1 745 µg·mL

−1
��«[�¦���( 

ÓGªÔÙ§�ò�·¸x�¦R·¸x�

©âx]�n�wxxl�ÏÐªÑè��Ù§

�¼I�]ß��n���#��ò�·¸x�¦

R·¸x��ò��Þ�H·¸x�¼r�Ð�( 

�Ñ(FKhÏC�©?|Ç�¦R·¸x

��Ñ(F
$���'(gh�B��pj�



 

�66�       Chin J Mod Appl Pharm, 2014 January, Vol.31 No.1                          

�������� 2014	 1
� 31�� 1


 

�<��Á¼ÎÏH(F�*ìN(R¸lNc

(F�� pH�õö��Ñ(F
$��� pH�

��(����RS�jklp�¦����$

¯ÊSTé���òóå�jkl���Ð�3

�/¼��·¸x2�6�ÄE/Â����òó

å)��D�Ô���·¸x�Y-§������

���)>×�STé)  (F(©?H|§�

�3�/¼��$c�Õ¡��RS¦���( 

REFERENCES 

[1] LU Y, CHEN D M, XIONG Y. Research progress and 

developing trends on anti-tumor drugs [J]. Chin Bull Life 

Sci(����), 2012, 24(6): 535-542. 

[2] POUTON C W, PORTER C J. Formulation of lipid-based 

delivery systems for oral administration: Materials, methods 

and strategies [J]. Adv Drug Deliv Rev, 2008, 60(6): 625-637. 

[3] CONSTANTINIDES P P, TUSTIAN A, KESSLER D R. 

Tocol emulsions for drug solubilization and parenteral delivery 

[J]. Adv Drug Deliv Rev, 2004, 56(9): 1243 -1255. 

[4] CHEN M L. Lipid excipients and delivery systems for 

pharmaceutical development: A regulatory perspective [J]. 

Adv Drug Deliv Rev, 2008, 60(6): 768-777. 

[5] LI C, WALLACE S. Polymer-drug conjugates. Recent 

development in clinical oncology [J]. Adv Drug Deliv Rev, 

2008, 60(8): 886-898. 

[6] VEGA-VILLA K R, TAKEMOTO J K, YAÑEZ J A, et al. 

Clinical toxicities of nanocarrier systems[J]. Adv Drug Deliv 

Rev, 2008, 60(8): 929-938. 

[7] PEEK L J, MIDDAUGH C R, BERKLAND C. 

Nanotechnology in vaccine delivery [J]. Adv Drug Deliv Rev, 

2008,60(8): 915-928. 

[8] CUI F D. Pharmaceutics(��� ) [M]. Peking: People’s 

Medical Publishing House, 2008: 388. 

[9] LEE J L, SANG C, ACHARYA G, et al. Hydrotropic 

solubilization of paclitaxel: Analysis of chemical structures for 

hydrotropic property [J]. Pharm Res, 2003, 20(7): 1022-1030. 

[10] CHO Y W L, SANG C, HUH K M, et al. Hydrotropic agents 

for study of in vitro paclitaxel release from polymeric micelles 

[J]. J Control Release, 2004, 97(2): 249-257. 

[11] DE CAMPOS A M, SANCHEZ A, ALONSO M J. Chitosan 

nanoparticles: a new vehicle for the improvement of the 

delivery of drugs to the ocular surface. Application to 

cyclosporin A [J]. Int J Pharm, 2001, 224(1/2) : 159-168. 

[12] ZHANG C Q, SUN Y J, WU X L, et al. Pharmacokinetics, 

biodistribution, efficacy and safety of N-octyl-O-sulfate 

chitosan micelles loaded with paclitaxel [J]. Biomaterials, 

2008, 29(9): 1233-1241. 

[13] LI G, ZHUANG Y L, MU Q, et al. Preparation, 

characterization and aggregation behavior of amphiphilic 

chitosan derivative having poly (L-lactic acid) side chains [J]. 

Carbohyd Polym, 2008, 72(1): 60-66. 

[14] MIN K H P, BAE S M, JO H G, et al. Hydrophobically 

modified glycol chitosan nanoparticles-encapsulated 

camptothecin enhance the drug stability and tumor-targeting in 

cancer therapy [J]. J Control Release, 2008, 127(3): 208-218. 

[15] WEI X H, NIU Y P, XU Y Y, et al. Salicylic acid-grafted 

chitosan oligosaccharide nanoparticle for paclitaxel delivery 

[J]. J Bioactive Compatible Polymers, 2010, 25(3): 319-335. 

[16] ANDRES B S, MARTINA E K. Mucoadhesive polymers as 

platforms for peroral peptide delibery and absorption: 

synthesis and evalution of different chitosan-EDTA conjugates 

[J]. J Control Release, 1998, 50(2/3): 215-223. 

[17] SLAUGHTER J N, SCHMIDT K M, BYRAM J L, et al. 

Synthesis andself-assembly properties of a novel 

[poly(ethyleneglycol)]-fluorocarbon-phospholipids triblock 

copolymer [J]. Tetrahedron Lett, 2007, 48(22): 3879-3882. 

[18] TANG H B, CHEN H L, ZHOU Z M, et al. Tumor-targeted 

nanoparticles derived from pullulan acetate conjugate: 

Preparation, stability and release in vitro [J]. Chin J Tiss Eng 

Res(��������), 2012, 16(34): 6326-6330. 

[19] LUO Y, LI L, WANG Y G, et al. Preparation of HCPT-PLA 

nanoparticals using dialysis method and the research of their 

chemical and physical properties [J]. J Xiamen Univ(Nat 

Sci)(������������), 2010, 49(6): 832-837. 

[20] LIU L N. Antitumor activity of doxorubicin conjugated stearic 

acid-g-chitosan oligosaccharide polymeric micelles [D]. 

Hangzhou, Zhejiang University, 2010. 

[21] KORSMEYER R W, GURNY R, DOELKER E, et al. 

Mechanisms of solute release from porous hydrophilic 

polymers [J]. Int J Pharm, 1983, 15(1): 25-35.  

[22] LEE P I, PEPPAS N A. Prediction of polymer dissolution in 

swellable controlled-release systems [J]. J Control Release, 

1987, 6(1): 207-215. 

[23] KRATOHVIL J P, HSU W P, KWOK V. How large are the 

micelles of di-α-hydroxy bile salts at the critical micellization 

concentrations in aqueous electrolyte solutions? Results for 

sodium taurodeoxycholate and sodium deoxycholate [J]. 

Langmuir, 1986, 2(2): 256-258. 

��� !2013-08-30

 

 

 

ÄÅÆÇÈ3ÉgÊ�¶9µDËÌ78 

 

 
 

������("#$%&�'()*+, 250014) 

 

�����  ��������	
��
������������������ ��  !�"# Franz$%&'�

()
*+�,���-.�/012�3456��789:;<'=>?@��ABC��	
��DE�FG 

�	  	
�DE�FG HiguichHI� Q=2.667t

1/2−4.204�r=0.859 3 �
  	
��DE�FGJK HiguichHI  

                              

�����"#$-./012345678(2012ZHZX1C0405)�"#$9:;<=>8?(2010GSF10278)�+,@AB9:CD=>7

8(20110117) 

���	�EF*G*HI*J'(K    Tel: (0531)2949847    E-mail: wangpingjinan@163.com 




