
 

�������� 2014 	 10 
� 31 �� 10                       

Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10      �1215� 

y 3 �Q®¯��A�`¸Ä(r� 10 h

¤}���¯' 60.17%�¦`¸Ä(r� 10 h¤

}����° 93.15%M±�x��A�`¸Ä

(r���>��»²YD¦`¸Ä(r��³

±�A¦`(r�R´µ¶�U�·t¸¹º�

���/kwxm��>�dM 

2.5  ����/kwxm�>¹pº� 

f����/kwxm�A¦`¸Ä(r�

��� ��X���� �>7»Z¼½,A

½,Higuchi R�,Ritger-Pappas R�7 Weibull

R� 5 ¾7³¹pº������/kwxm�

 �>��A½��¹p�x� 3M 

� 3  ��&-./����01234!56��$(n=6) 

Tab. 3  Different equation fitting the microemulsion gels of 

breviscapine in vitro release(n=6) 

� � � h r

2

 

ij�h Q=0.048 9t+0.477 8 0.846 5 

kj�h 

ln(1−Q)=−0. 210 1t−0.440 2 

0.958 8 

Higuchi �h Q=0.2133t

1/2

+0.2737 0.914 8 

Ritger-Pappas �h 

lnQ=0.323 1lnt−0.791 2 

0.918 2 

Weibull �h 

ln[1/(1−Q)]=0.627 4lnt−0.559 2 

0.955 6 

3  �� 

d�������UV����ÀÁ���

���¿����z��ObX��À�� PBS 

(pH 6.8)@d���zM±���z�¸ÄÌq´

���U�·t��>
�������UVM 

����/kwxm�f������ O/W

p/k]�E�rDNPwxyz���M>


��/kwxyz���]�EÁ¸[u�Â�

�g*�nGuÃ�ÄEF@A��Q����

/kwxm���� ��X�¡¢, q���

�£���¤¥¦§M 

/kwxm���X��Å´ÆA�R�M

���¡¢��`¸Ä�7¦`¸Ä��>
�

�������ÇÈ�A¦`¸Ä(r�À��

>
����»²eD�`¸Ä(r�M�A�

`¸Ä���/kwxs¸ÄÌ^É$����

zÊË�>
�/kwx�(r�Ì^É$��

��z]�E~�¸ÄÌ(r�²$���z��

D¸ÄÌ^ �>
hXÌX·9�Í��>

��Î9Ï�A¦`¸Ä���/kwxÐÊ

s²$���zÊË�±�>
�/kwx�(

r����z�ÑÒ�/kwx7���z��

Ó�hXÌX�Ô������UV�±¾ÕÖ

K>
����·µM 

REFERENCES 

[1] ZHANG W D, CHEN W S, WANG Y H, et al. Studies on the 

flavone glycosides from the extract of Erigeron breviscapus 

[J]. Chin Tradit Herb Drugs(���), 2000, 31(8): 565-566. 

[2] YANG X P, LI Q F. Clinical observation on the therapeutic 

effect of Brevisca Pine in treatment of acute cerebral infarction 

[J]. Chin J Pract Ner Dis(����������), 2007, 

10(2): 11-13. 

[3] SHI S L, XU L Y, MAO Z K, et al. Sudy on physicochemical 

properties and influence factors on stability of breviscapine [J]. 

China J Chin Mater Med(������), 2009, 34(7): 843- 

847. 

[4] SHI S L, WU J J, DAI W Y, et al. Evaluation of brain-targeted 

trendence of scutellarin nasal administration [J]. China J Chin 

Mater Med(������), 2010, 35(18): 2453-2456. 

[5] WANG H J, SONG H T, PENG B W, et al. Content 

determination and in virto release characteristic of cyclosporin 

A submicron emulsion for ocular administration [J]. Pharm J 

Chin PLA(�������), 2008, 24(1): 72-75. 

()*+,2014-02-09

 

 

 

£¤�¥�¦§¨©ª«¬®��L������ 

 

 
 

������

*

���	�
��������(��n3o12o245.  330004) 

 

�����  �� β���(β-CD)���	�
��(graphene oxideGO)������(5-Fu)��� 5-Fu�����

��  ���� Hummers !"# GO$ GO% β-CD&�'(��� GO-β-CD�� 5-Fu���)*+,-.!(HPLC)

/0 GO-β-CD-5-Fu123��4�5�63789:;<=37>?@A7BC@ADEFG.HIJ GOGO-β-CD

GO-β-CD-5-FuKL/0��	  GO���7��MN���OP 105%�HPLC/0QRKS GO-β-CD-5-FuT�*

                              

�������qyz{ 2013 ¡/2¢£vw(GJJ13608) 

���	���¤5�5�@�    Tel: 15079098139    E-mail: fangjialong1988@163.com    

*


����¥¦5�5y�    Tel: (0791)87118908    

E-mail: xujun881@163.com 



 

�1216�       Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10                     

�������� 2014 	 10 
� 31 �� 10 

 

UVWXY4���T

1/2

P(4.5±0.08)d��
  GO-β-CD�� 5-FuN�23������T

1/2

Z)[ 324\� 

������
��]����]^_`]23�� 

�����aR943       �����aB       ����a1007-7693(2014)10-1215-05 

DOI: 10.13748/j.cnki.issn1007-7693.2014.10.013 

 

Preparation and in Vitro Release of Functionalized Graphene Oxide Loading Fluorouracil 

 

FANG Jialong, XU Jun

*

, ZHANG Yanwen, LIU Yanhua, HUANG Limin, HU Yue(Pharmacy College, Jiangxi 

University of Traditional Chinese Medicine, Nanchang 330004, China) 

               

ABSTRACT: OBJECTIVE  To prolong the release time of 5-Fluorouracil(5-Fu) in vitro, β-cyclodextrin(β-CD) was used to 

functionalize graphene oxide(GO) and then loaded with 5-Fu. METHODS  By using a modified hummers method to prepare 

GO, and the resulting GO could subsequently be esterified with β-CD to afford the β-CD functionalized GO(GO-β-CD). In 

addition, In vitro release of functionalized graphene oxide loading fluorouracil(GO-β-CD-5-Fu) could be determined by high 

performance liquid chromatography(HPLC). The structures and morphologies of GO, GO-β-CD and GO-β-CD-5-Fu were 

characterized by ultraviolet-visible(UV-vis) absorption spectroscopy, Fourier transform infrared(FTIR) spectroscopy, 

Transmission Electron Microscopy(TEM), Scanning Electron Microscopy(SEM) and Raman spectroscopy(Raman). RESULTS 

GO-β-CD were prepared and characterized successfully. GO-β-CD had a high drug loading capacity for 5-Fu, with a loading rate 

of 105%. The results of HPLC analysis showed the burst release effect of GO-β-CD-5-Fu was weakened in a gradient-release 

pattern,and the elimination half-life (T

1/2

) was (4.5±0.08)d. CONCLUSION  GO-β-CD was successfully loaded with 5-Fu and 

resulted in increase of the release time. Furthermore, GO-β-CD-5-Fu had a 324-fold longer T

1/2

 than 5-Fu. 

KEY WORDS: functionalized graphene; fluorouracil; nanoparticles; in vitro release 
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Fig. 1  TEM of graphene oxide 

SEM�y GO��ÉÊz²� 2�° SEM�

�Ô�³�GO��¶·¸ËÌ²ÍÎvÞ¾

z�Ï��¹Ûµ<ÐÑ

[7]

ÐÑ²SÂÒ GO

Ô�Ó<R$%�ÔÕ:tÖ� SEM �y

GO-β-CD ×¹��ØþÙÊÚÔ�ÛÒôõ

d<f�êë�eÔ��� SEMv��ÜÝ�y

�«*���¬Þ�A±�»ßàáSP TEM

: SEMâ�Â<�y�±±SÂ:ÉÊzqû

GOî´�ôõ�� 

N Raman �y GO �ãÊ\²� 3�ä�

�å[8-9]1 607 cm

−1

~� G z�{ GO � sp2

æ*Òº=xyzÍ 1 355 cm

−1

~� D z� sp3

æ*Òº=xyz�Ö����eGO � I

D

/I

G

�z´�çèféÖ«*ë¾�ê��−OH-
−COOHB sp3æ*Ó<(ëìí]�����
sp2æ*� C=CIÌîï� 



 

�1218�       Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10                     

�������� 2014 	 10 
� 31 �� 10 

 

 

� 2  GO(A)� GO-β-CD(B)���	
 

Fig. 2  Graphene oxide(A), GO-β-CD(B) scanning electron 

micrographs 
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Fig. 3  Raman spectrum of the graphene oxide 
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� 4  GO�����(A)� GO-β-CD�����(B) 

Fig. 4  Particle size of graphene oxide(A) and Particle size 

of 5 Functionalized Graphene(B) 

 

� 5  GO-β-CD����� 

Fig. 5  Synthesis route of GO-β-CD 
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Fig. 6  Infrared data of β-CD, GO, GO-β-CD 
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Fig. 7  β-CD-5-Fu and Functionalized Graphene load 

fluorouracil in vitro release curve 
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