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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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other curcumin derivatives was remarkably promoted in the untreated HepG2 cell culture supernatant, which may imply enzyme 

hydrolysis takes place. Additionally, MTT assay confirmed that three derivatives still had cell growth inhibition activity against 

HepG2 cell lines, and the derivative Cur-OA2 with the strongest activity, but all were less efficient than curcumin. 

CONCLUSION  Curcumin stability can be effectively improved after modification and the oleic acid double esterification 

derivative may enhance anti-hepatic carcinoma activity by cell phagocytize way, which deserves further research. 

KEY WORDS: curcumin derivatives; in vitro release; antitumor; PEGylation 

 ���(curcumin�Cur)�����	 Curcuma 

longa L.
��
�������	������������������ ��!�"#$%���&'	()*+,-./�0�./1�234567�89:;��<=>?@[1-4]ABCD����EDEFGHIJKL
MN�O!PQR�!PST��UVWXYZ[3])[\]^_`1ab`c23[5]��defgh�i8Ojk1Hlmbno�pqgrs��A tuvw*���nx@7yz����{6��|z.}���~'	�mPEG2k-Gly-Cur�
mPEG2k-Gly-Cur-OA� Cur-OA2

[6]��L��=��������I������e
~'	
Cur-OA2��h���O���������i����� ¡4¢£����¤�¥¦§ ©̈ª[6]�«�nx|��qg¬`ST4­®¯°±LQuv²u�³~'	�I* H22Z�UV�� ´
µ¶·§A¸z¹º»¼~'	4¢·§c��¸nx½4¾¿�À�tuv*e~'	
�JÁÂ©§)�J�UV·§1ÃÄÅÆ�ÇÈA 

1  ����� 

1.1  ÉÊ 

AR2130 ËÌÍÎÏÐ(Ohaus Corp�USA)¯
AR1140ËÌÍÎÏÐ(Ohaus Corp�USA)¯DGG- 

9070A ËÑÒÓÔÕÖ×Ø(»^ÙÚuvÉÊ�ÛÜÝ)¯DZG-6050 ÞßàËÑÒÓÖ×Ø(»^ÙÚuvÉÊ�ÛÜÝ)¯UltiMate3000 ¡¢áqâãÉ(DionexÜÝ) S̄W-CJ-1Fäå{6æ(çèéêàëìí�ÛÜÝ) H̄EPA CLASS100ÞWX
CO2îïØ(ðH Heraeus ÜÝ)¯OLYMPUS ñòóô<&õ(öt OLYMPUSÜÝ) ŪR-4100Þ÷øÉ(kH DynatechÜÝ)¯Thermo Biofuge PrimoÞù+ú(kH ThermoÜÝ)A 

1.2  ûüýþ� 

RPMI1640îï�(kH GIBCOBRLÜÝ����040616)¯��,"(FBS��è��	'	{�ûü��
����080614)¯��
÷(�è�

�'	{��ÛÜÝ�Amresco ��)¯����� (DMSO)(���è���{þ������
070514)¯3-(4,5-�����-2)-2,5-������� (MTT)(!k'	{�ÜÝÃ"������
041025)¯âã#$%(r^&�'©�þ������100118)A 

2  �� 

2.1  ���~'	
�|ý(¿ )Jiang 1[6]2*�|���~'	 mPEG2k- 

Gly-Cur�mPEG2k-Gly-Cur-OA � Cur-OA2�i*e+,ÃÄ(¿A 

2.2  ���~'	�JÁÂ�� 

2.2.1  âã-.  /0 Ma 1[7]âã2*�1é
UltiMate 3000¡¢áqâãÉ¯1é Acclaim 120 

C18âã2(4.6 mm3250 mm�5 µm)¯45q�6789:á(1%�pH 3.0)-$%(45�55)¯4;¸
1.0 mL·min

−1¯2Ó¸ 35 �¯<=>�¸ 420 nmA 
2.2.2  ���~'	O?·
 HepG2WXîï»"á

ÁÂ��  �@A'��B�!WXC
HepG2��÷0��D�E 50 mL WXîïF

(GHI 30%JK)�E 37 ��5% CO2îïØ
�òîï 2 d��»"á�12 000 r·min

−1
 4 �ù+

10 min�−80 �LMN7A �O� HepG2WXîï»"áòE 100 �PQ
?· 30 min�10 000 r·min
−1

 4 �ù+ 15 min�R?·
WXîï»"áA STU�V4	�7?·

WXîï»"áWX(Cur-OA27YÓ-80ZW)�òE 37 �ÒÓPQ
��[E 0.17�0.50�2�4�8�16�24�
36 h�\ 400 µL ]̄7^_`1[8]ab
c�2*defÃ�g 400 µL\h7$8$ijk�ù+
(5 000 r·min

−1�10 min)c��c� 3l�ml 800 

µL��i$8$i�30 �nô�opqÖ�rs	7 400 µLâã#�tWX�Ã\ 20 µL�u�mv\hÃÄ 3lMwPXuvA 

2.2.3  ���~'	O HepG2WXîï»"á

ÁÂ��  STU�»¼V4	�7x?·
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HepG2 WXîï»"áyÁ(Cur-OA2 7YÓ-80ZW)�òE 37 �ÒÓPQ
��[E 0.17�0.33�
0.67�1�1.5�2�4�8 h�\ 400 µL¯]7^_`1[8]ab
c�2*defÃ�g 400 µL\h7$8$ijk�ù+(5 000 r·min

−1�10 min)c��c� 3l�ml 800 µL��i$8$i�30 �nô�opqÖ�rs	7 400 µLâã#�tWX�Ã\ 20 µL�u�mv\hÃÄ 3lMwPXuvA 
2.3  ���~'	�J�UV·§�� B�!WXC HepG2 7z 10 %��,"

RPMI-1640 îï��E 37 ��5% CO2-.{|}îï~�A��]7 MTT**V4	�J�UVWX·§ÃÄÅÆ�u�g�*A'��
»¼WX�7�÷0��yÁ| 5310

4v·mL
−1�)m� 100 µLD�E 96�îïH
 �̄òîï 24 h�(à
îïá¸þ�*0�(���¸*0�7=�£�
V4�5WX�iE 48 h��Æ�=¿4	67��A4	�5����m�e�

20 µL MTT(5 g·L
−1

)���îï 4 h��+��»"���m�e� DMSO 150 µL�E÷øH��Ê»�� 10 min� 570 nm�=¿V��ô��(A�)A��Ü���4	*UVWX
'�µ¶I�Mwuv 3lA WX'�µ¶I(%)= 

A

AA��������	
��
���	
��������	
 − 3100% 

2.4  /�K�u ]7�� t <v)2��u��7 SPSS 13.0/��.�ÃÄ�u�/�K+� sx ± �ºA 

3  �	�
� 

3.1  ���~'	âã-.{�ù�� �V\h���7âã#�tWX�� 0.22 

µm ¡�Ã\ 20 µLA%âã¢�£�V\h¤¥¦§��ù�¨�8\h#� ¡A%E���b©8�i��ªW§«|´�RP18âã2»¬´L­�#�t®¯*°±�²³eªW§°±�´�°±�µ¶³âã-.�·¼ 3 v\h�
=�A2*KÅÆ+����)¤2.2.1¨p{âã-.�¸ü) HepG2-.îïá|�*���
=¿¯Ö¹�º»I�ÍÎ�ÅÆ¼�½¾A���
¤3¿(A)ý4	£�(C)
ºÀ2�¸�C=0.003 600A−0.034 70(r=0.999 7)�Á§ÂÃ¸�0.005 600~3.136 µg·mL
−1A 

 � 1  ��������	
��
 

1−�� Cur�2−mPEG2k-Gly-Cur�3−mPEG2k-Gly-Cur-OA 

Fig 1  HPLC chromatograms of curcumin derivatives 

1-Cur; 2-mPEG2k-Gly-Cur; 3-mPEG2k-Gly-Cur-OA 

 � 2  �� Cur-OA2��	
��
 �����100%	
��
��5 min �����	
/����
(68/32)���������
� 25 min� ! 1 mL·min

−1�"#$%
420 nm�&' 35 � 

Fig 2  HPLC chromatograms of curcumin derivative Cur-OA2 

Chromatographic condition: at first 100% methanol was used to elute, 

then mobile phase was gradiently changed into methanol/acetic ester 

(68/32) in 5 minute, and kept the proportion to elution for 25 min, flow 

rate: 1 mL·min
−1

, detection wavelength: 420 nm; column temperature: 35 � 

3.2  ���~'	�JÁÂuv+� 

3.2.1  ���~'	O?·
 HepG2WXîï»"á

ÁÂ+�  V4	O?·
 HepG2WXîï»"á
 37 �ÄÅ���Æ9ÇÁÂÈ���¯e
 mPEG2k-Gly-Cur� mPEG2k-Gly-Cur-OAÁÂ�<  Cur-OA2É�8 15 hI9:¬Á§ÊË�24 h�nÌÃ�ÐÍ�¯q*°Î�mPEG2k- 

Gly-CurÏÐ mPEG2k-Gly-Cur-OAÁÂÉ�36 h<=·LÁÂIÑBÒG 91.5%�°�LÓ¸ 59.2%JK�Cur-OA2ÔÕ� 29.8 %JK��Ö�©8×Ø�(�<¤o9���ÁÂ Ä+�Ö¢ 3A 

3.2.2  V4	O HepG2WXîï»"á
ÁÂ+�  ÑV4	WE HepG2 WXîï»"á
�
37�ÄÅ�E=���=¿���ÁÂI�+�Ö¢ 3A%+��£�q*O?·
 HepG2 WXîï»"á-.{�V4	OWXîï»"á

���ÁÂ;I<Ù�¡¯e
 mPEG2k-Gly-Cur� mPEG2k-Gly-Cur-OAOÄÅ 90 min�g�ä�
50%
���RGÁÂ�4 hJKÚ���mbÁ
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Â�qÐÛ{�4 h··L���ÁÂ;IdÐ�LÉÜ�Ý¶�ÞL¯�<�ßA�°�Cur-OA2 à��<Ð·ÞLÇ�ÝÐO?·
 HepG2WXîï»"á-.{�<Ù�¡�8 hJKm� 50%JKÁÂ�°O?·
 HepG2WXîï»"á
ÄÅ 16 h�ÁÂI=G 17%A<��WXîï»"á
qg÷áPX67�*V4	���ÁÂâGz�<áÃ67A 

 � 3  ���������(A)����(B)HepG2 ������	�����(n=3, sx ± ) 

1−mPEG2k-Gly-Cur; 2−mPEG2k-Gly-Cur-OA; 3−Cur-OA 

Fig 3  Drug release profile of different curcumin derivatives 

in deactivated (A) and untreated (B) HepG2 cell culture 

supernatant(n=3, sx ± ) 

1−mPEG2k-Gly-Cur; 2−mPEG2k-Gly-Cur-OA; 3−Cur-OA 

3.3  ���~'	*B�!WXCHepG2WXËãµ¶67 WXbV4	�5 48 h � MTT *=¿µ¶I�+�Ö¢ 4�� 1A+����V4	�J*
HepG2 µ¶67qÐäù�����<Ù{å��æ¸¤oç¨¢@¯<��èý»¼9Á67�g�ý��éêëìab�í[9-10]A%V4	
IC50�£�4	 Cur-OA2 IC50ÐîJÞLd��®gq*�æÈ ¨
WXËãµ¶¢��èý·¼�J4	ÁÂuv+�qïðAÝ��¸ñ4	ÁÂÉ�?°µ¶67q* ò���3A�ó(RG�5XÁA=�¢ 5 
<º
æôO�¿��»õ�z»¼+�
��öµ��³¢
�(÷È�4	 Cur-OA2¬øùú��i���ûEWX�3����WXmbcü�ýþA�e4

nÌ���Æxæ�4	 Cur-OA27YÓ-80 ZWe4�øù)eW��ôõ{ó(���Ý��ÄÅ�����øùnÌú�c��i���ûOWX�3���WXnÌÇÇcü�ýþ���A � 1  ������ ! 48 h"#HepG2��$%&'()*+( sx ± ,n=3) 

Tab 1  The hemi-inhibitory concentration of curcumin 

derivatives to the HepG2 cells after 48 h(n=3, sx ± ) ( ) *+,-.� IC50/µmol·L
−1

 

mPEG2k-Gly-Cur 13.26±2.12
1)

 

mPEG2k-Gly-Cur-OA 12.76±1.12
1)

 

Cur-OA2 11.17±3.41
1)

 

Cur 7.08±1.43 /�0 Cur�1�1)
P<0.05 

Note: Compared with Cur, 
1)

P<0.05 

 � 4  ������ ! 48 h"#HepG2��$-.()��(n=3, sx ± ) 

1−mPEG2k-Gly-Cur; 2−mPEG2k-Gly-Cur-OA; 3−Cur-OA2; 4−Cur 

Fig 4  Proliferation inhibition curve of curcumin derivatives 

to HepG2 cells after 48 h(n=3, sx ± ) 

1−mPEG2k-Gly-Cur; 2−mPEG2k-Gly-Cur-OA; 3−Cur-OA2; 4−Cur 

 � 5  ������ Cur-OA2/0"��1234
 

a 2345 200 6�b 2345 400 678�29:�5;<=>?@8A5B()CDEFG�:�H;<=>3()IJKLMN?HCD�16 µmol·L
−1OP 48 h 

Fig 5  Morphology changes of cells after the exposure to 

curcumin derivative Cur-OA2 

graph a is taken at × 200 magnification, so as × 400 magnification to the 

graph b. In Diagram, big white arrow indicated cells absorbed a large 

number of drug particles and with significant morphology 

change(shrinkage); small white arrow showed that the drug 

self-assembled into tiny particles; pictures were taken after 48 hours 

treatment with 16 µmol·L
−1

 Cur-OA2 
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4  �� ������UV�� ��5��\	���`ç��
C��1��45·§�Ý%EMO
�=��Û¶zeÃ��rsnx@7[11]A¸áÃ���
rs@7�=�KL*e+,ÃÄz×Ø�f��
¶N
~'	�éê	qÐ����Í¿§�
�¡�ÝO·§23��à�=)ö���[12]�
(���à�xÖ���)e~'	½4�SÃ�rsA ����qg��ëì�ü÷�í����¯*x�4¢�½ý({923qg��Í¿§��37 ��pH 7.2
 PBS
�30 ming� 90%JKfåX [13]¯�"��»����"����
1 g·kg

−1�e
 75%b���È��á
9:<==G���[14]¯ ��Y�!;�B�WX����"&ù��O9�#I�$Y����[15]A��"�����e,%
9:<==G����Ý<=G¡£�
���&'(8�)8�~'	[16]AShoba 1[17]��xæ��*+,�(-�µ¶J.&'	/'
&'(8�YZ÷·§�����"�'	�7��¡ 154%AîJ���������0��*���Í¿§âg167
[13]�°����I��Y�/	����®�-�0��&'(8��)8�1°f"#[16]Aµ¶�*e0��ÃÄO2×Øe(L3����(ËeeÍ¿§����I�����A°0��Ï����x�4¢
M½�4[12]����×Ø	²³O�O
��56�(�O
;�ÁÂÈ���2�x�T¢A ¸¶�t���|z 3 v���~'	�i*eOB�!WXîï»"á

4�57KÃÄz8�ÅÆ 3̄v~'	�¸9�-�i1ý���q:�°ú�Ide���;MO��i÷�5<»�(-�÷XÁÂ���A+����3v~'	O»¼-.îïá
��RG�¢ÁÂ�e
mPEG2k-Gly-Cur�mPEG2k-Gly-Cur-OAOÄÅ 90 min�g�ä� 50%
���RGÁÂ�4 hJKÚ���mbÁÂ Ý̄ Cur-OA2 8 h´ 50%JKÁÂ�è���µ¸ZW�YÓ-80� Cur-OA2¥|&ù��Ri÷ó(DB�í�eÁÂ;�à� Ç�g¯°*Ð�u?·WXîï»"á
V4	ÁÂ����£÷á?@*���ÁÂâGzM½67A 

�J4¢�ÇÈ�IT¢
M½/Å=�A
MTT +����3 v���~'	�J* HepG2��� ¨
'�µ¶67�ÝOq�£���5q���-.{�eµ¶67=>äù�����æ¸oç¢@�è�éêëìab�í[18]A5<°Î�ÁÂ4	;�EÉ��J*WX'�µ¶E�<��°?uix�$>¶AOe4� 12 h�Æ�Õ� Cur 6 µmol·L

−1(»£��5�WX¥§x'�<c� 2̄4 h��Æ Cur 4 µmol·L
−1(»£�) mPEG2k-Gly-Cur � mPEG2k-Gly-Cur-OA 

15 µmol·L
−1 (»£�m�æÈ�<
'�µ¶æô�°~'	 Cur-OA2 Õ�@¡£��5���¿'�µ¶67¯36 h ��Æ�· 3 �4	V£�* HepG2WX'�µ¶�<�i¬æ£�A�¢@�°¶��~'	 Cur-OA2 12 µmol·L

−1(»£�´nÌ�æÈ�<
'�µ¶�WX¥§c�¯»¼V�5�WXAB)¥§c��t�5<4	ÁÂ;�)·¼V4	OWXîï»"á

ÁÂCÁ��¿
*@g.�Ý4	�5 48 h��Æ�xæ· 3 �4	67c�=��Ý~'	 Cur-OA2 V£��5���æÈz�<
'�µ¶67�i8 12 µmol·L
−1(»£��5�WX¥§c�«|�<�°rsWXA®�<�E���îJÞv PEG~'	�¶��~'	 Cur-OA2 ?°�æÈÐ mPEG2k-Gly-Cur � mPEG2k-Gly- 

Cur-OAD¨
µ¶·§�è�6�ó(74	ÁÂCÁRGXÁ
A<&���Æxæ�Cur-OA2e4 24 h�nÌÈæ��«W��â4	øù�inÌ�ûEWX�3����5�����4	øù�<Ë��c��i���ûEWX�3(Ö¢ 5)�Q�èÜøù�(-�WXEFG��iOWXIÁÂÈ���°x�4¢��°�æÈ»¼¢@¯è��®ý���ª®��
H�©8i��IEf�WXY�ÁÂÈ���x�4¢�g¯°è�©§¦¨O�¿��»õ�z
Cur-OA2 O���I��
����i����� ¡���£�
öµA2��¸ñ Cur-OA2=�OJ���5�x�4¢����µ¸ePW§K��YÓZW�e4�4	i«(L�ÌM§�NOîïá
�°«���YÓ$��¥|O-ôõ{ó(÷G
«W�
4	øù¥�MO�°YÓPQ
 PEGR�R�!WX=�Sg*eG�¯��îï�����Oîïá
V
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�µ�
67{�øùÇÇú�c��µ¶O 24 h�<&õ{�Ö��W��â4	øù�inÌTå�ûO�!WX�3�48 h �è�æôD¸�<���OWXEF67{��G�4	øù�iOWXIqg÷./67{U�ÁÂÈ��äù����°�æÈ´V
WXWX¢@���è��6�(XÁ~'	 Cur-OA2»¼67æôA 
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