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Effects and Mechanisms of Triptolide on Reverse the Multi-drug Resistance of A549/DDP Lung Cancer 

 

WANG Zhonghua(Department of Pharmacy, First Teaching Hospital of Tianjin University of Traditional Chinese Medicine, 

Tianjin 300193, China) 

 

ABSTRACT: OBJECTIVE  To investigate the effects and mechanisms of triptolide on reverse the multi-drug resistance of 

lung cancer cell line A549/DDP. METHODS  After treating A549/DDP cells with triptolide, cells proliferation inhibition ratio 

was determined by MTS assay, the intracellular concentration of rhodamine-123(Rh-123) and cells surface expression of 

P-glycoprotein (P-gp) by flow cytometry, the expression of multi-drug resistance protein(MDR1) and lung resistance related 
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protein(LRP) by Western blot and real time PCR, and the activity of NF-κB by report gene system. The phosphorylation of Akt 

was also determined by Western blot. RESULTS  Treatment with triptolide was able to increase the drug sensitivity of 

A549/DDP cells. After treatment with 2 or 10 µmol·L

−1
 triptolide, the reverse folds(RF) to cisplatin were 2.09 and 2.93, 

respectively. The intracellular concentration of Rh-123 was elevated by 1.38 and 2.88 folds, and the P-gp level was 57.1% and 

32.1% of the control, respectively. The expression of MDR1 and LRP was downregulated significantly. Accordingly, the mRNA 

level of MDR1 was 64.2% and 22.6% of control, and the mRNA level of LRP was 54.8% and 34.7% of control, respectively. 

Furthermore, the transcriptional activity of NF-κB was reduced to 55.6% and 23.6% of the control, and the phosphorylation of 

Akt was also decreased significantly. CONCLUSION  Triptolide is potential to reverse the multi-drug resistance of A549/DDP 

and increase its drug sensitivity. Triptolide can inhibit the drug efflux, downregulate the expresson of MDR1 and LRP. The 

possible mechanisms may be related to inhibition of Akt phosphorylation and NF-κB activity by triptolide. 

KEYWORDS: triptolide; lung cancer; multi-drug resistance 
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1.1  £¤�¥¦ 

}��CD� A549 §}���FHFCD

� A549/DPP ¨©ª«r¬­®z{¯rG�®

�CDrG®z{°±MTS(²³´G1112)µ¶·

¸-123(Rhodamine-123�Rh-123�²³´G1112)µ

RT-PCR £¤¹(²³´A1260)§ NF-κb º»¼�

½¾£¤¹(²³´E3291)¿¨© Promega TÀ±

P-ÁÂ�(P-glycoprotein�P-gp)ÃÄ½¾£¤¹(Å

Æ BDTÀ�²³´557003)±ÇÈ� Akt(p-Akt�

²³´G1708)µMDR1 Éb(²³´55510)§ LRP

Éb(²³´57351)¿¨© SantaCruz TÀ±ECL

ÊËÌÍÎG£¤¹(ÅÆ MilliporeTÀ�²³´

1035601)±TPL(²³ T́3652)µÏÐ(²³ Ṕ4394)

¿¨©ÅÆ Sigma TÀ�FACS Calibur ÃÄCD

¥(ÅÆ BD TÀ)±Multiskan MK3 ÑÒ¥(ÅÆ

Thermo)±Piko Real PCR¥(ÅÆ Thermo)� 

1.2  CD�CDÓÔ 

A549 § A549/DPP CDÓÔ* 37 ��5% 

CO

2

�Õ§Ö×�ÓÔØ#�ÓÔ¼4 RPMI 

1640(Ù 10%ÚÛ�Ü)�0.25%ÝÑ-EDTAÞ�ß

à�°f��¿á%Eârs/CD� 

1.3  MTSã½¾ TPL§ÏÐE A549/DPPCD�

pq3% 

1.3.1  MTSã½¾ TPLE A549/DPPCD�pq

3%  ZEârs/� A549/DPPCD�ä 5å10

4

æ·mL

−1
oçè 96éêéë#�ìé 100 µL�Ó

Ô�íîCDïð�ñ $�£�é#ò8 0�2�

5�10�20�50 µmol·L

−1 
TPL�óôÓÔ 72 h�õ

öÓÔ¼�÷ø£¤ù¸ú�?ûò8 MTS�ó

ôÓÔ 4 h��ü%ÑÒ¥¾ý 490 nmþs��

OD�����FGECD�pq��pq�=(1−
��� OD�/Eø� OD�)å100%� 

1.3.2  MTS ã½¾ÏÐE A549/DPP CD�pq

3%   ZEârs/� A549 CD 1 ��§

A549/DPP CD 3 ��¿ä 5å10

4

æ·mL

−1
oçè

96éêéë#�ìé 100 µL�ÓÔ�íîCDï

ð�ñ $�£�é#ò8ò8 0�2�5�10�20�

50�100 µmol·L

−1
ÏÐ(�# 2� A549/DPPCD�

#d�ò8 2�10 µmol·L

−1
TPL�ò8 TPL���

ò8'��×�ÏÐ)�óôÓÔ 72 h�õöÓÔ

¼�÷ø£¤ù¸ú�?ûò8 MTS�óôÓÔ

4 h��ü%ÑÒ¥¾ý 490 nmþs�� OD��

���FGECD�pq��pq�=(1−���
OD�/Eø� OD�)å100%�äÏÐ�×4	


Ò�pq�4�
Ò3���� GraphPad Prism5.0
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−1
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−1 
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Rh-123����×(488 nm 	��560 nm	!

�)�ä"#CD# Rh-123 �Ù��Z$� �

TPL���CD%& P-gp���ÃÄCD½¾�

e';ã4�ìæ�()�� 10

6

æCD* 0.1 mL

ÓÔ¼#�*+£¤¹�ù¸%&�,��ü%

ÃÄCD¥½¾CD����×(488 nm 	��

575 nm	!�)ä"# P-gp����� 

1.5  Western blotã½¾ A549/DPPCD# p-Aktµ

MDR1§ LRPÂ���� 

ZEârs/� A549/DPPCD�d�ò8 2�

10 µmol·L

−1 
TPL�óô*ÓÔØ_ÓÔ 24 h���

CD-.YZÂ��BCA ã¾ýCD-.G�Â

�Ù��Z/�Â�0ä 12% SDS-PAGEãd1�

2üw3Q PVDF 4ª�ä'��b'½¾�Ò

Â�(4 ��í)�5ö�b�ä HRP6o�]b7

8 1 h�59�ä ECL£¤¹:;ÊË"$<=�
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1.6  RT-PCR ½¾ A549/DPP �
CD# MDR1

§ LRP¼�� mRNA�� 

ZEârs/� A549/DPPCD�ñ $�£

�é#d�ò8 2�10 µmol·L

−1
TPL�óô*ÓÔ

Ø_ÓÔ 24 h���CD�% TrizolãYZ?�@

RNA�% Real-Time PCR£¤¹%&vwABè

cDNA�MDR1ªCDGE7´5'-AAAAAGATCA 

ACTCGTACCACTC-3'��CDGE7 5́'-GCACA 

AAATACACCAACAA-3'±LRPªCDGE7 5́′- 

AGTCAGAAGCCGAGAAAG-3′��CDGE7  ́

5′-CCCAGCCACAGCAAGGT-3'�94 �F
 3 min

ü�÷�G<�HI 40æJ[´95 � 5 s�65 � 

35 s�72 � 60 s�J[ü 72 �KL 5 min� 

1.7  º»¼�M-½¾ A549/DPP CD# NF-κB

NOPc
 

QCD÷ìé 10

4

æoç* 96 éë#�ÓÔ

24 hîCDïð�ò8 2R 10 µmol·L

−1 
TPL�ó

ô*ÓÔØ_ÓÔ 24 h�2üìéò8 0.1 µg�

pGL 4.32[luc2P/NF-kB-RE/Hypro]0Sw�CD�

óôÓÔ 24 h��ü%£¤¹YT�:,¤�"

$��Ñ�c
��%��ÑÒ¥%&½¾� 

1.8  â+U� 

��â+ä sx ± �;�î% SPSS 13.0
�

%&dV�á%É�W;WdV(One-way ANOVA)

%&XY�ä P<0.05�;WZefU�®[\� 
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� 1  TPL � A549/DDP �������	 

Fig 1  The effect of TPL on A549/DDP cells proliferation 

2.2  TPLE A549/DPPCDEÏÐ��
�]^ 

" 2 R 10 µmol·L

−1 
TPL �3%��ÏÐE

A549/DPPCDIa�pq�¿i*Eø��ù¸

TPLmYi A549/DPPCDEÏÐ���
�*+

IC

50

��B 2§ 10 µmol·L

−1
TPL°lr� RFd�

4 2.09�§ 2.93��_`�� 2� 

 

� 2  TPL � A549/DDP ��
��
������ 

Fig 2  Reversal effect of triptolide on A549/DDP cells 

cisplatin sensitivity 
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���]^ 
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57.1%§ 32.1%�ù¸ TPLmYi A549/DPPCD
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� 3  TPL � A549/DDP �� Rh-123 ����	 

� 0 µmol·L

−1 
TPL ����

1)

P<0.05 

Fig 3  The effect of TPL on the intracellular accumulation of Rh-123 of A549/DDP cells 

Compared to 0 µmol·L

−1
 TPL group, 

1)

P<0.05 

 

� 4  TPL � A549/DDP �� P-gp ����	 

� 0 µmol·L

−1 
TPL ����

1)

P<0.05 

Fig 4  The effect of TPL on the expression of P-gp of A549/DDP cells  

Compared to 0 µmol·L

−1
 TPL group, 

1)

P<0.05 

2.4  TPL E A549/DPP CD# p-AktµMDR1 §

LRPÂ����]^ 

Western Blot½¾_`:;��Eø� X�

$ TPL 3%ü� A549/DPP CD# Akt �ÇÈ�

��ne�MDR1 § LRP Â������n�_

`�� 5� 

 

� 5  TPL � A549/DDP �� MDR1 � LRP ������	 

� 0 µmol·L

−1 
TPL ����

1)

P<0.05 

Fig 5  The effect of triptolide on the protein expression of MDR1 and LRP in A549/DDP cells 

Compared to 0 µmol·L

−1
 TPL group, 

1)

P<0.05
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2.5  TPLE A549/DPPCD#MDR1§ LRP¼�

� mRNA���]^ 

RT-PCR_`:;�$ TPL3%ü�A549/DPP

CD#� MDR1 § LRP ¼�� mRNA ��¿f

°�n�2�10 µmol·L

−1
�� MDR1� mRNA�

�d��Eø�� 64.2%§ 22.6%�LRP� mRNA

��d��Eø�� 54.8%§ 34.7%�ù¸ TPL

m���¡ �¼��wA2�¡E$Â���

��_`�� 6� 

 

� 6  TPL � A549/DDP �� MDR1 � LRP mRNA ��

��	 

� 0 µmol·L

−1 
TPL ����

1)

P<0.05 

Fig 6  The effect of triptolide on the mRNA expression of 

MDR1 and LRP in A549/DDP cells 

Compared to 0 µmol·L

−1 
TPL group, 

1)

P<0.05 

2.6  TPLmne A549/DPPCD# NF-κBNOP

�c
 

NF-κB º»¼��U�½¾_`:;�2 §

10 µmol·L

−1 
TPL��ü�A549/DDPCD� NF-κB

wAc
:h�n�d�4Eø�� 55.6%§

23.6%�_`�� 7� 

 

� 7  TPL � A549/DDP �� NF-κB �������	 

� 0 µmol·L

−1 
TPL ����

1)

P<0.05 

Fig 7  The effect of triptolide on the transcriptional activity 

of NF-κB in A549/DDP cells 

Compared to 0 µmol·L

−1 
TPL group, 

1)

P<0.05 
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A549$'t�ô�ÏÐ���M2=�kEÏÐ

HFt���oH� VP-16 § CBP�TPL ��æ

ef�srGc
��2lG�efb\�µb

q�Ö§b�/�j���u	|�efvw�


CDHF
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CD�����

K562/A02

[2]

���� KB-7D § KB-Tax CD�~


�
��� KBM5-T3151

[3]

�D	g����B

TPL vw�FHF��q�'�dÜ���gB

èg�z{����"��HFCD�#�3%

�g�º»� 

�* TPL efnob�
3%��z{�½

¾�EA549/DDP�pq3%��ý 2�10 µmol·L

−1

� 2 æECDrsb¸:3%��×%&üô�

z{�%��� MTS £�	|��" 2�

10 µmol·L

−1
TPL ��A549/DDPEÏÐ���
I

ò��|4 IC

50

��n���°Bvw�âd�

4 2.09 �§ 2.93 ����CDlrHF
��q

�ç����#�����q��FHF¼�

(MDR1)d���� P-gp Â�R1�HF �Â

�(LRP)���Iò�neFG"CD_����

�çHF�q��mMN�FHF�ÃÄCD-

½¾:;�TPL ��ü�A549/DDPCD_ Rh-123

�Ù��i� $m�CD�� P-gp�����

�n�Rh-12334 P-gp /Â��ÎG�m� �


CDEFG�t�3%

[4]

�ÃÄCD-�£�_

`¡ù¸ A549/DDP �HF�qA��Iòb�


FG�t��2 TPL mpq���¢ävw�

HF
�Westen blotz{:; MDR1�����

� TPL �£�¤���_`�ÃÄCD-�_`

�N�RT-PCRz{:;���¤¥m+����

mRNA �wA2�|����¦�æ����F

HF ��Â� LRP���o� TPL�£�¡�

&§ NF-κBm�¡ MDR1���

[5]

�¨1��º

»¼��U½¾è TPL��pql NF-κBwAc


�2¥m+¡���pq3%MNl MDR1 �



 

�������� 2014	 1
� 31�� 1
                          

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

��n�NF-κB �c
� PI3K/Akt ¡��¡

[6]

�

2ÇÈ�� Aktc
��|���Western blot�

©�è" TPL ��ü�CD Akt �ÇÈ����

n�� NF-κB �c
�n�N�*+�ª�z{

_`�TPL m��n.«¬�q­,W X �'

α(tRXRα)	apq Akt�3%

[7]

� 

@A��z{:; TPL mvw A549/DDP C

D�FHF
���qm+��pq Akt/NF-κB

�c
�X2�� MDR1§ LRP /�FHFÂ�

����IòFG"�
CD_��×��®z{

¯� TPL"~�ª�� FG°:î%6 ��� 
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���:*���;<=��>?8�9�@A!"(2-BCD�EF-7-G)0HI
8JK�LM���NO>?8�90

��PQ�����RSTU����	
  8�9(±)-2-(2-DBVW
VXV)-YZ-2-BCD�EF-7-G(2b)� IC

50

[

\ 95.24 µmol·L

−1
�(±)-1-(2-DBV-W
V)-E]^-2-_Z-2-BCD�EF-7-G(2g)� IC

50

[\ 17.34 µmol·L

−1
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Design, Synthesis and Enzyme Assay of Novel Fatty Acid Amide Hydrolase(FAAH) Inhibitors 
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ABSTRACT: OBJECTIVE  To discover novel fatty acid amide hydrolase inhibitors and evaluate their enzymatic activity. 

METHODS  The pharmacophore model was based on the compounds carefully selected from the published literatures. This 

model was used to screen part of ZINC Nature Products database to get a series of compounds which were used to do a 

superimposition analysis of the FAAH X-ray crystal structure. Through the virtual screening and the structure-activity analysis of 

the compounds published in the literatures, the hitting compound structure(2-oxygen-benzo pyran-7-ester) was selected to do the 

transformation. The acylation and condensation reactions were used to get a series of novel compounds. The enzymatic activity 

                              

���������������(81373407)������������(2013J01386) 

���	��� �!�"#    Tel: 18030179806    E-mail: wzk19870512@sina.com    

*


����$
%�!�&#�'()    Tel: 

(0592)2188681    E-mail: daxiong@xmu.edu.cn 




