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ABSTRACT: OBJECTIVE  An ionic gelation combined with chemical crosslinking method was developed to prepare 

chitosan nanoparticles, followed by conjugation with folate (FA) and polyethylene glycol (PEG). METHODS The structures 

were verified by infrared spectroscopy. The morphology, diameter and Zeta electric potential of the nanoparticles were assayed 

by environmental scanning electron microscope and scattering particle analyzer. The specificity of the FA+PEG-NPs targeting 

cancer cells was demonstrated by human adenocarcinoma Hela cells. RESULTS  The chitosan NPs presented a narrow size 

distribution with an average diameter about 200 nm regardless of the type of functional group. Laser confocal scanning imaging 

proved that both FA+PEG-NPs and FA-NPs could greatly enhance uptake by Hela cells. However, the PEG-NPs showed contrary 
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results. CONCLUSION  FA+PEG-NPs can be applied as a new vehicle to actively deliver anticancer drugs to tumor cells. 

KEY WORDS: drug release system; chitosan; folic acid; PEG; nanocarriers 
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�Á��Â·¸`�³o��Ãp���s��è&|¦Ä�[1]�gÅÆ_`®ô¤�|t\n[ª�_���Ç^_`�xAÈÉ�$&'(�{±$T&®£!n"��7\K3ÊËtJ&�����Ìg1h�4&Ç^`�[ª�a��D�®ËÌÍÎ* Ï�(FA)��GÐ�JÑ�ÒfÓÔ&�ÐLM�B#��Õ�·¸���¥*dg�g�Öè�7×�ØÙ�ÚÛ|dg�� FAw FA#�³o�*&i60�xA7+ FACDÂ·¸`�&Ç^Ü�[2]*��ef(PEG)7Aqr�`����1&Ý|}~A¶·]0[3]*PEGÔÞ7Aßàá��N&Ââã]ä�¦�7A.Håæ1çØÙ&èc_6TéPaÆêX7t0�2}�7A�HTLMë./&7t0*'�®e
PEG J7A���&���Ìg.HTìí¥#&7t0A¶q���1&�³[4]* î�Ð(chitosan�CS)CD7./&��-�'(��n"��`�&�ï��*�X&�ðñ£n"î�Ð���(NPs)o�´µö6�òCóbô¬õ*�£½©�¤¥ CSÅ�J&ö�6�P�&�Á÷�~&ø´CX!±���ùú&���*B��|û¯Xo�� 6def0 �yz¦§s�ób*���Y�®£n"& NPs�üm*ý�H�ßn°B�X[5]*�ËÌ��ðñ£&�ÃÅ4»q4��X�þ�}�Jüùú£����£���X��Ñ��(STPP)X�ðñ£n"��ùú& NPs�
¼÷-Jüùú �e	(GA)4»
]�w CS4»f0�z��6q0�1h·]&Jüùú&���*)¼�4» FA ��6 PEG ����¤¥©&d��ª�B}�¼�¤¥�����Ä���B��0t*��x�ÍÎØ�/d¥B��ËÌ��[6]��+¬J¼&n"��C���* 
1  �� 

UV-2550 GF���*[(���æàá)Í
FreeZone��@A�(Labconcoàá)ÍJY92-11����ð(�L; -�ÞÉíî)ÍSK8210HP"

!è"ñ(ÅÆ#$Þüðñoßàá)ÍLEO-1530%/	��´�(ÕÐ LEOàá)ÍAVATR 360�F�&ð(Nicoletàá)ÍNano-zs Zeta´µ-�*�äð(Marventàá)ÍLeica TCS SP5��������(ÕÐ'(��aÆoßàá)* 
CS()�**>95%��I 7+�,-./-�ÞÉoßàá)Í��Ñ��(�äå�Ñ0Jéíîoßàá)Í12J�(�äå�Ð`ò3JüÄ oßàá)Í45� B678�9(-JÄ �ÅÆ-é-�é¤ÉÊ:;oßàá)ÍFA(�äå�Ð`ò3JüÄ oßàá)Í�e	(-JÄ �Ð`ò3JüÄ oßàá)Í��ef-<=*>?â��9(PEG-SPA)(�I 2 000�@/ëÏ-�ÉÊoßàá)ÍA�Be>?(EDC)(-JÄ �CDEàá)* 

2  �� 
2.1  SM NPs&n" ¿ 25 mg·mL−1î�Ð�P�FG pHh 4.9�HIùú)�ZJ÷- 18 mL�2 mg·mL−1& STPP�P�m GA9ö� 0.6&sK÷- 5%& GAk�P�ùúÙ�¼�ª�Y 37 �&õöLM?�Ä� 12 h�Ä�}N¼�13 000 r·min−1�� 30 min*Kò1h&���X����ð�¢h 10 mLk���O÷-¥I&12J�Ä� 10 h�1h·]& NPs*����K"!�¢KPä�bQ12J�6 STPP*¿ 1 mL &����@A�[\�R**+�R*FGh 10 mg·mL−1"X* 
2.2  NPsdeö�&�] 

NPsdeRSèIö��®TY4»���&ËtJ6�`�Bwn &`pUh§VCX��Ø©&tuv¹* 
2.2.1  ¹OUV&HI  ÜnFR*¹OØö��P�÷- pH 5.4�2 mol·L−1W�ZXP6Y�ã��P�� 100 �kZ�÷óùú 15 min ¼�I�X�!k�[*ª� 5 min ¼�÷- 4 mL 60%�f5[�\�]��X 60%�f5[ 106¼X���*[�]�N* OD 570 nm[7]*�n¹OUV* 
2.2.2  ö�7I&�]  ¿ 10 mg·mL−1^� NPs÷- pH 5.4�2 mol·L−1W�ZXP6Y�ã��P�� 100 �kZ�÷óùú 15 min ¼�I�X
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�!k�[*ª� 5 min ¼�_`0 10 mL�����X 1 mL 60%�f"a�bcdhZ��¯�P0�����13 000 r·min−1�� 10 min�KòÅèP0ce��fgX 2 mL 60%�fè" 1Z���¼�¯ÅèP*«¼X 60%�f5[ 106¼X���*[�](OD 570 nm)*¤¥¹OUV[\`�deö�7I* 
2.3  NPs& FA�� ¿ 5 mL�10 mg·mL−1& NPs�÷- 1 mL�
5 mg·mL

−1& FA�P�
¼÷- 25 mg& EDCÄ� 1 h�1h FA��&���*+���PY
13 000 r·min

−1À�)��� 30 min*fgØ;"!�¢¼"X* 
2.4  NPs& PEG�� 
2.4.1  PEG��SM NPs  ¿ 5 mL�10 mg·mL−1& NPs�÷- 50 mg& PEG-SPA�hö)Ä� 4 h*¯Xi|�ID 14 000&PäjPä�bQkÄ�& PEG*1h PEG��&���* 
2.4.2  PEG �� FA ��& NPs  ¿ 2.5 mL�10 
mg·mL

−1
 FA��& NPs�÷- 25 mg& PEG-SPA�hö)Ä� 4 h*̄ Xi|�ID 14 000&PäjPä�bQkÄ�& PEG*1h PEG 6 FA ��& NPs* 

2.5  |2��&î�Ð���&d� 
2.5.1  �Fd�  �X¿ 1 mL |2��& NPs¶2§��Y 2 mL�������@A¼� KBrlR�4»�Fd�* 
2.5.2  ��6 Zeta ´µd�  ¿n"4& NPs�Yåk��5[h 1 mg·mL−1*4»��6´µ�ä* 
2.6  ��¾¿�� 
2.6.1  45�B¹º&���n"  ¿ 5 mg45� B678�9�/h 1 mL+kec�>m��¿ 200 µL&��P�X÷-h 1 mL�10 mg·mL−1&|2��& NPs �P��
¼�÷- 1 mL�
2 mol·L

−1�pH 9.0�Na2CO3/NaHCO3ZXP�� 4 �n?��q�Ä� 12 h*Ä�}N¼�q�PäbQkÄ�&45� B*«o1h45�¹º&���* 
2.6.2  Hela ��w|2��&î�Ð���&¾¿  Kòw7p& Hela���F:��R*0
1l105Y·mL−1*+ Hela��ÔG�q�4&àrRÅ(Y 6 s��)�+ 6 stu��Y 37 �K

5% CO2tu?��̂ ��vw-w¦4}�X PBS"a 3Z�xs�X÷- 0.9 mL+yètu���÷- 100 µL(1 mg·mL−1
)45�¹º&���zP�&�*tu?�tu 12 h*cb{tuP�

PBS"a 3Z*xs÷- 1 mL 4%��c	A
]���höÄ� 30 min*cb
]�P�¯X
DAPI¹º��|�PBS"a 3Z*��rR÷Å
1,Â}~ �+Å�àrRª�Y�rRÅ�
]¼^�* 
3  �	�
� 
3.1  SM NPs&n" n"1h&SM�����������P*À
n"&���|�²��������´������ 200 nmA)*}~�� 1* 

 � 1  ��������	
���� 

Fig 1  SEM image of chitosan nanoparticles �¯X STPP &��ùú�S�CS &�Iw��o�è&yz�22´µ)��Iè&����è*�����I& CS(30 +)� STPP&XI�H�è��ô�I& CS(15+)�J���gH�I& CS(7+)[���*Ì���XÅ!�������t�I��2}ÌòCÅ������� STPPXI�J|t�HI�xA��¯X�ID 7+& CS!n"���*pHw NPs&n"�³o�è&yz�H pH´µ)�o�Yn"���& NPs �2}�w���
STPPXI�J��o�]&yz*�¯X GA&Jüùú�S�Jüùú&�-��� NPs ��&.H�̄ ��� GA&�÷��K�&�_�o��&��Í�w��3±²&ËÌ�/��x-��& GA t�� NPs &2��ÓÍ�w NPs& pH��0ËÌ��/�H*ùú& NPs�o��& pH��0�̄ ��G��0�ùú*
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&�÷g��* 
3.2  NPsdeö�&�] ��¹OUV�]/���� GA XI&�÷��deö�7I.H*D°®T��¼½�de&Ët��6�`���Å���deö�7I���4*}� GAXIw�± &yz&}~�D°1h2�ùú�Kdeö�7I�&����¡�¨¢�GA9ö�&£¤sD 0.6}DÄ�«¬´µ*��}~d���´

µ)n"&�deo¥u&ö�TY¼½&��9�`�Bö�R*D 9.34 mmol·L−1* 
3.3  FA6 PEG�� � EDC &CX)�FA ��3Ê¦úh���&ö�Å[8]Íg PEG �¥fJ�À�D<=*>?9(NHS 9)A¼��k�P���7A6�de&ö�4»Ä�[9]*NPs �P9 FA 6
PEG Ä�-� FA-NPs 6 FA+PEG-NPs &��§V�� 2*
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Fig 2� Synthetic route of FA-NPs and FA+PEG-NPs 

3.4  |2��& NPs&d� 

3.4.1  �Fd�  PEG ��& NPs¶B2§��&�F�&�� 3*�}~7¨�PEG��& NPs�F�&����r|° PEG6SM NPs&©�ª*]1«¬&� PEG� 1 740 cm
−1&JKª�� NHS9Å&�ª� PEG��& NPsÅ®¯��°` PEGf09o°��&�J*���ÔÞ¼&�&�`�° PEG� 1 467 cm

−1& δC-H©�ª6 1 343 cm
−1&*?V υc=o©�ª��� PEG�ËÔÞh���Å* 

 � 3  ������	������ 

Fig 3  The FTIR spectroscopy of different modified 

nanoparticles 

3.4.2  ��6 Zeta´µd�  |2��& NPs&���³��� 4*�Á±²�� PEG �����÷�&kJ³�[10]�g��Ä�}~7¨�
PEG��& NPs´�µ�sâ!& NPs�÷° 10 

nm ¶·*Ä��/�kJ³�� 220 nm ¶·&�@A¼���´�)|¥ 100 nm����NPs�k�P���*¡¸&*PEG &��7t¹
NPs�°º`$T&F:��¯|tób&»C���&kJ³�6 PEG&kJ³�&÷�* �� PEG��[w Zeta´µ5-°mI&yz�PEG��¼ Zeta´µo°²���&).*
PEG �ÓÅ«o7A´�&�3�B��¼��´t¯ Zeta´µ&Öw]).[11]*��Ì'F�Y¼e½°PEG����Ë&*|2��&NPs& Zeta´µ�³��� 5* 

3.5  ��¾¿�� 

Hela ��w|2��& NPs &¾¿����
6��X45� B¹º NPs�X DAPI¹º��|�B�¾*d°�SI&��*�}~7¨�
FA+PEG6 FA��&NPs���1á&R*sbå PEG��&6+��& NPs�©��gB�A
FA+PEG��&«�*�7t��Y Hela��d 
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 � 4  ����	��	 !" 

Fig 4  The size distributions of different nanoparticles 

 � 5  �������	�� Zeta�# 

Fig 5  The Zeta potential of different nanoparticles  e¿R& FA#�9�de& FA©60}�À4°��w�&¾¿*'F�´o FA ��&
NPs��P�3Ê�ò�g��&de¤���Y
NPs}���U���ÁÂ°��w NPs&JK��Y PEG&s�¯1Ã��& NPs|3Ê�ò�Ìg�3ÊT��¾¿*�}~7¨�PEG ��&���À
����Fe³o��&�ò������|Ä�&����&�³[���d� PEG��¯|�Y��w���&¾¿��

6 Alisar)@��&OÅ[12]*wY CS&-�230�o��±²Æ(���°B��«o��,0���Ä����¥ 12 h&tu�xoÇÈ�&��}���É:* 

 � 6  Hela $%&����� NPs �'()�*��+
24 h+	�,-./0 B123$%4,- DAPI12 

a−FA+PEG-NPsxb−FA-NPsxc−NPsxd−PEG-NPs 

Fig 6  Confocal images of HeLa cells after incubated 24 h 

with different modified nanoparticles. The nuclei were 

stained by DAPI, and the nanoparticles are labeled by 

Rhodamine B 

a−FA+PEG-NPs; b−FA-NPS; c−NPs; d−PEG-NPs �}~7¨��þ�}�Jüùú£7An"��7\&K³o¦4�ü0�& NPs���¾¿����° FA ��t���� Hela ��w
NPs &¾¿���bå& PEG ��t.H��w�&¾¿*PEG &��?&½©o 2 YkÊ�÷ NPs &k�0¯B��P�&�¢0�4ÍË«	h�1¼7AÌqÍÎ��&Ï��³owyzCX*FA��&?&½©��÷·¸��&¾¿* ��ËÌ}~q°� FA+PEG-NPs o��D�G;Ð&_`���XY�FOÂÑ`����w·¸��&]µÅÒ�DÓÔÑÕÖÃ�×;&{±* 
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 �����  �������� mPEG2k-Gly-Cur	mPEG2k-Gly-Cur-OA
 Cur-OA2�����������������  ������� !	"#������$%&'()* HepG2 +,-.�/01��23���4�� MTT!56����������()73"#89:;��	  <=>���� HPLC ?@AB	$C7�()+,-.�/	mPEG2k-Gly-Cur
 mPEG2k-Gly-Cur-OADEE�5FG�HIJK�����	L Cur-OA2��MNJK4O$PC7QR�()+,-.�/��������HISTUVW	XT���DEYZ[\]^VH����
MTT_`a_ 3b������cdef������	Lg Cur-OA273hi	O�5jk���Sdlmn��
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Study on Release and Anti-tumor Effect of Curcumin Derivatives in Vitro 

 

YU Tingting, JIANG Fusheng, LIU Nannan, DING Zhishan
*
(Zhejiang Chinese Medical University, Hangzhou 310053, 

China) 

 

ABSTRACT: OBJECTIVE  To study the release and anti-tumor effect of curcumin derivatives, mPEG2k-Gly-Cur, 

mPEG2k-Gly-Cur-OA and Cur-OA2�in vitro. METHODS  The release property of curcumin derivatives in HepG2 cell culture 

supernatant was studied by HPLC method; furthermore, the antitumor activity of the derivatives in vitro was evaluated by MTT 

method with HepG2 cell lines. RESULTS  HPLC detection conditions of curcumin were established. In deactivated cell culture 

supernatant, mPEG2k-Gly-Cur and mPEG2k-Gly-Cur-OA could release curcumin in a rational speed, while the release speed of 

Cur-OA2 was too slow to be able to show any potential application, however, the release rate of curcumin from Cur-OA2 and 
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