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Andrographolide ameliorates d-galactosamine/lipopolysaccharide-

induced acute liver injury by activating Nrf2 signaling pathway

Chen-wei Pan1,*, Shou-xing Yang2,*, Zhen-zhen Pan3,*, Bo Zheng2, Jian-zhang Wang2, 

Guang-rong Lu2, Zhan-xiong Xue2 and Chang-long Xu2

1'HSDUWPHQW� RI� ,QIHFWLRXV� 'LVHDVH�� 7KH� 6HFRQG� $I¿OLDWHG� +RVSLWDO� DQG� <X\LQJ� &KLOGUHQ¶V� +RVSLWDO� RI� :HQ]KRX� 0HGLFDO�
8QLYHUVLW\��:HQ]KRX��=KHMLDQJ����������&KLQD

2'HSDUWPHQW� RI� *DVWURHQWHURORJ\�� 7KH� 6HFRQG� $I¿OLDWHG� +RVSLWDO� DQG� <X\LQJ� &KLOGUHQ¶V� +RVSLWDO� RI� :HQ]KRX� 0HGLFDO�
8QLYHUVLW\��:HQ]KRX��=KHMLDQJ����������&KLQD

3'HSDUWPHQW�RI�,QIHFWLRXV�'LVHDVH��7KH�)LUVW�$I¿OLDWHG�+RVSLWDO�RI�:HQ]KRX�0HGLFDO�8QLYHUVLW\��:HQ]KRX��=KHMLDQJ����������&KLQD�
*&KHQ�ZHL�3DQ��6KRX�[LQJ�<DQJ�DQG�=KHQ�]KHQ�3DQ�DUH�FR�¿UVW�DXWKRUV

Correspondence to: Zhan-xiong Xue, email: xuezhanxiong@126.com
Chang-long Xu, email: xchlong@163.com

Keywords:�DQGURJUDSKROLGH��/36��'�*DO1��1UI���1)�ǋ%
Received: February 28, 2017    Accepted: March 28, 2017    Published: April 17, 2017
Copyright: Pan et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0 
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited.

ABSTRACT

Andrographolide (ADH), a diterpenoid lactone extracted from Andrographis 
paniculata��KDV�EHHQ�IRXQG�WR�KDYH�DQWL�LQÀDPPDWRU\�DQG�DQWL�R[LGDWLYH�HIIHFWV��+RZHYHU��
LWV�SURWHFWLYH�HIIHFWV�DQG�PHFKDQLVPV�RQ�OLYHU�LQMXU\�KDYH�QRW�EHHQ�LQYHVWLJDWHG�FOHDUO\��
This study takes an attempt to reveal the protective effects and mechanism of ADH on 

lipopolysaccharide (LPS) and D-galactosamine (D-GalN)-induced acute liver injury in 

PLFH��7KH�PLFH�OLYHU�LQMXU\�PRGHO�ZDV�LQGXFHG�E\�/36�����PJ�NJ��DQG�'�*DO1������PJ�
NJ���DQG�$'+�ZDV�JLYHQ���K�DIWHU�/36�DQG�'�*DO1�WUHDWPHQW��+HSDWLF�WLVVXH�KLVWRORJ\�
ZDV�PHDVXUHG�E\�+	(�VWDLQLQJ��6HUXP�DODQLQH�DPLQRWUDQVIHUDVH��$/7��DQG�DVSDUWDWH�
DPLQRWUDQVIHUDVH��$67��OHYHOV�ZHUH�GHWHFWHG�E\�GHWHFWLRQ�NLWV��7KH�OHYHOV�RI�71)�Į and 

IL-1ȕ�ZHUH�GHWHFWHG�E\�(/,6$��0RUHRYHU��PDORQGLDOGHK\GH��0'$��DQG�UHDFWLYH�R[\JHQ�
VSHFLHV��526��FRQWHQWV�ZHUH�DOVR�GHWHFWHG��0HDQZKLOH��WKH�H[SUHVVLRQ�RI�1UI���+2����DQG�
1)�ț%�ZHUH�GHWHFWHG�E\�ZHVWHUQ�EORW�DQDO\VLV��7KH�UHVXOWV�VKRZHG�WKDW�$'+�WUHDWPHQW�
LPSURYHG�OLYHU�KLVWRORJ\�DQG�GHFUHDVHG�WKH�OHYHOV�RI�$/7��$67��032��,/����71)���DV�ZHOO�DV�
0'$�DQG�526�OHYHOV�RI�KHSDWLF�WLVVXHV�LQ�D�GRVH�GHSHQGHQW�PDQQHU��$'+�DOVR�LQKLELWHG�
/36�'�*DO1�LQGXFHG�1)�%�DFWLYDWLRQ��7KH�H[SUHVVLRQ�RI�1UI��DQG�+2���ZHUH�LQFUHDVHG�
E\�WUHDWPHQW�RI�$'+��,Q�FRQFOXVLRQ��$'+�SURWHFWHG�DJDLQVW�/36�'�*DO1�LQGXFHG�OLYHU�
LQMXU\�E\�LQKLELWLQJ�1)�%�DQG�DFWLYDWLQJ�1UI��VLJQDOLQJ�SDWKZD\�

INTRODUCTION

$FXWH�OLYHU�LQMXU\�LV�DQ�LQÀDPPDWRU\�FRQGLWLRQ�WKDW�
FKDUDFWHUL]HG�E\�WKH�VXGGHQ�ORVV�RI�KHSDWLF�IXQFWLRQ�>�@��,W�
KDV�D�KLJK�UDWH�RI�PRUWDOLW\�>����@��/36�KDV�EHHQ�LGHQWL¿HG�DV�D�
PDMRU�IDFWRU�WKDW�OHDGV�WR�OLYHU�LQMXU\�>�@��0HDQZKLOH��'�*DO1�
KDV�WKH�DELOLW\�WR�DJJUDYDWH�/36�LQGXFHG�OLYHU�LQMXU\�LQ�RQO\�LQ�
D�IHZ�KRXUV�>�@��)XUWKHUPRUH��/36�DQG�'�*DO1�LQGXFHG�PLFH�
OLYHU�LQMXU\�PRGHO�DUH�ZLGHO\�XVHG�DV�H[SHULPHQWDO�DQLPDO�
PRGHOV�WR�LQYHVWLJDWH�KXPDQ�OLYHU�LQMXU\�>�@��,Q�WKLV�PRGHO��
/36�VLJQL¿FDQWO\�XS�UHJXODWHV�WKH�H[SUHVVLRQ�RI�LQÀDPPDWRU\�

F\WRNLQHV��VXFK�DV�71)�Į�DQG�,/��ȕ�>�@��7KHVH�F\WRNLQHV�FDQ�
FDXVH�VHULRXV�OLYHU�WLVVXH�LQMXU\�VXFK�DV�DFXWH�OLYHU�LQMXU\�>�@��
7LOO�QRZ��IHZ�PHWKRGV�DUH�DSSOLHG�WR�FXUH�DFXWH�OLYHU�LQMXU\�
H[FHSW�IRU� OLYHU� WUDQVSODQWDWLRQ�>�@��7KHUHIRUH��GHYHORSLQJ�
D� KLJK�HI¿FLHQW� GUXJ� IRU� DFXWH� OLYHU� LQMXU\� LV� SUHVVLQJO\�
QHHGHG��1UI�� LV�DQ� LPSRUWDQW� WUDQVFULSWLRQ� IDFWRU� WKDW�XS�
UHJXODWHV�F\WRSURWHFWLYH�JHQHV�LQ�UHVSRQVH�WR�R[LGDWLYH�VWUHVV�
>�@��3UHYLRXV�VWXGLHV�VKRZHG�WKDW�1UI��ZDV�LQYROYHG�LQ�WKH�
GHYHORSPHQW�RI�OLYHU�LQMXU\�>��@��1UI��KDV�EHHQ�LGHQWL¿HG�DV�
D�SRWHQWLDO�WDUJHW�IRU�WKH�WUHDWPHQW�RI�OLYHU�LQMXU\�

$QGURJUDSKROLGH� �$'+��� DQ� DFWLYH� FRQVWLWXWHQW�
LVRODWHG� IURP� Andrographis paniculata�� KDV� EHHQ� IRXQG�

ZZZ�LPSDFWMRXUQDOV�FRP�RQFRWDUJHW�              2QFRWDUJHW��������9RO������1R�������SS�������������
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WR� KDYH� DQWL�LQÀDPPDWRU\� DQG� DQWLR[LGDQW� HIIHFWV� >��@��
$'+�KDV�EHHQ�UHSRUWHG�WR�LQKLELW�/36�LQGXFHG�DFXWH�OXQJ�
LQMXU\� LQ� PLFH� >��@�� $'+� DOVR� SUHYHQWHG� LQÀDPPDWRU\�
ERQH�ORVV�in vivo�>��@��In vitro��$'+�KDV�EHHQ�UHSRUWHG�WR�
LQKLELW�/36�LQGXFHG�LQÀDPPDWRU\�PHGLDWRU�SURGXFWLRQ�LQ�
5$:������FHOOV�>��@��$'+�DOVR�LQKLELWHG�+0*%��LQGXFHG�
LQÀDPPDWRU\�UHVSRQVHV�LQ�KXPDQ�XPELOLFDO�YHLQ�HQGRWKHOLDO�
FHOOV�>��@��3UHYLRXV�VWXGLHV�VKRZHG�WKDW�$'+�H[KLELWHG�LWV�
DQWL�LQÀDPPDWRU\� HIIHFWV� E\� LQKLELWLQJ� 1)�ț%� DFWLYDWLRQ�
>��@��+RZHYHU�� WKH� SURWHFWLYH� HIIHFWV� DQG�PHFKDQLVPV�RI�
$'+�RQ�/36�DQG�*DO1�LQGXFHG�DFXWH�OLYHU�LQMXU\�UHPDLQ�
XQFOHDU��7KHUHIRUH��WKLV�VWXG\�WDNHV�DQ�DWWHPSW�WR�LQYHVWLJDWH�
WKH�HIIHFWV�RI�$'+�RQ�OLYHU�LQMXU\�DQG�UHYHDO�LWV�PHFKDQLVP�

RESULTS

ADH ameliorates LPS/GalN-induced liver 
histopathologic changes

7KH� HIIHFWV� RI� $'+� RQ� /36�*DO1�LQGXFHG� OLYHU�
KLVWRSDWKRORJLF�FKDQJHV�ZHUH�PHDVXUHG�E\�+	(�VWDLQLQJ��
7KH�UHVXOWV�VKRZHG�WKDW� OLYHU� WLVVXHV�RI� WKH�FRQWURO�JURXS�
H[KLELWHG�DQ�LQWHJUDO�KHSDWLF�OREXODU�DUFKLWHFWXUH�DQG�QRUPDO�
KHSDWRF\WHV��)LJXUH��$���+RZHYHU��OLYHU�WLVVXHV�RI�/36�'�
*DO1�JURXS�VKRZHG�GLVWXUEHG�DUFKLWHFWXUH��LQFOXGLQJ�H[WHQVLYH�
KHPRUUKDJH��QHFURVLV�DQG�QHXWURSKLO�LQ¿OWUDWLRQ��)LJXUH��%���
7KHVH�KLVWRSDWKRORJLF�FKDQJHV�LQGXFHG�E\�/36�'�*DO1�ZHUH�
VLJQL¿FDQWO\�LQKLELWHG�E\�$'+��)LJXUH��&���'���(��

ADH attenuates LPS/GalN-induced serum ALT 
and AST levels

7KH� HIIHFWV� RI�$'+�RQ�/36�*DO1�LQGXFHG� VHUXP�
$/7�DQG�$67�OHYHOV�ZHUH�PHDVXUHG�LQ�WKLV�VWXG\��$V�VKRZQ�
LQ�)LJXUH����WKHUH�ZDV�D�PDUNHG�LQFUHDVH�LQ�WKH�SURGXFWLRQ�

RI�VHUXP�$/7�DQG�$67�LQ�/36�*DO1�JURXS��+RZHYHU��WKH�
LQFUHDVHV�RI�$/7�DQG�$67�SURGXFWLRQ� LQGXFHG�E\�/36�
*DO1�ZHUH�VLJQL¿FDQWO\�LQKLELWHG�E\�$'+��)LJXUH����

ADH attenuates LPS/GalN-induced MPO, MDA 
and ROS levels

7R�LQYHVWLJDWH�WKH�DQWL�R[LGDWLYH�HIIHFWV�RI�$'+��WKH�
HIIHFWV�RI�$'+�RQ�526�DQG�0'$�SURGXFWLRQ�ZHUH�GHWHFWHG�
LQ�WKLV�VWXG\��$V�VKRZQ�LQ�)LJXUH����WKHUH�ZDV�D�VLJQL¿FDQW�
LQFUHDVH�LQ�WKH�SURGXFWLRQ�RI�0'$�DQG�526�LQ�/36�*DO1�
JURXS��+RZHYHU��WKH�LQFUHDVHV�RI�0'$�DQG�526�SURGXFWLRQ�
LQGXFHG�E\�/36�*DO1�ZHUH�VLJQL¿FDQWO\�LQKLELWHG�E\�$'+�
�)LJXUH� ���� 7KH� HIIHFWV� RI� $'+� RQ� 032� DFWLYLW\� ZHUH�
GHWHFWHG�LQ� WKLV�VWXG\��$V�VKRZQ�LQ�)LJXUH���� WKHUH�ZDV�D�
VLJQL¿FDQW�LQFUHDVH�LQ�WKH�SURGXFWLRQ�RI�032�LQ�/36�*DO1�
JURXS��+RZHYHU��WKH�LQFUHDVH�RI�032�DFWLYLW\�LQGXFHG�E\�
/36�*DO1�ZHUH�VLJQL¿FDQWO\�LQKLELWHG�E\�$'+��)LJXUH����

$'+�LQKLELWV�/36�*DO1�LQGXFHG�KHSDWLF�71)�Į�
DQG�,/��ȕ�SURGXFWLRQ

7R�LQYHVWLJDWH�WKH�DQWL�LQÀDPPDWRU\�HIIHFWV�RI�$'+��
WKH�HIIHFWV�RI�$'+�RQ�LQÀDPPDWRU\�F\WRNLQHV�71)�Į�DQG�
,/��ȕ�SURGXFWLRQ�ZHUH�GHWHFWHG�LQ�WKLV�VWXG\��$V�VKRZQ�LQ�
)LJXUH����WKHUH�ZDV�D�PDUNHG�LQFUHDVH�LQ�WKH�SURGXFWLRQ�
RI�71)�Į�DQG�,/��ȕ�LQ�/36�*DO1�JURXS��+RZHYHU��WKH�
LQFUHDVHV�RI�71)�Į�DQG�,/��ȕ�SURGXFWLRQ�LQGXFHG�E\�/36�
*DO1�ZHUH�VLJQL¿FDQWO\�LQKLELWHG�E\�$'+��)LJXUH����

$'+�LQKLELWV�/36�*DO1�LQGXFHG�1)�ț%�DFWLYDWLRQ

1)�ț%�� D� FULWLFDO� WUDQVFULSWLRQ� IDFWRU�� KDV� EHHQ�
NQRZQ� WR� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH� UHJXODWLRQ�
RI� LQÀDPPDWRU\� F\WRNLQHV�� 7R� LQYHVWLJDWH� WKH� DQWL�
LQÀDPPDWRU\�PHFKDQLVP�RI�$'+�� WKH� HIIHFWV� RI�$'+�

Figure 1: Effects of ADH on histopathological changes in liver tissues.�5HSUHVHQWDWLYH�KLVWRORJLFDO�FKDQJHV�RI�OLYHU�REWDLQHG�
IURP�PLFH�RI�GLIIHUHQW�JURXSV��(A)�&RQWURO�JURXS��(B)�/36�*DO1�JURXS��(C)�/36�*DO1���$'+������PJ�NJ��JURXS��(D)�/36�*DO1���$'+�
���PJ�NJ��JURXS��(E)�/36�*DO1���$'+�����PJ�NJ��JURXS��+HPDWR[\OLQ�DQG�HRVLQ�VWDLQLQJ��PDJQL¿FDWLRQ����î��
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RQ�/36�*DO1�LQGXFHG�1)�ț%�DFWLYDWLRQ�ZHUH�GHWHFWHG�LQ�
WKLV�VWXG\��7KH�UHVXOWV�VKRZHG�WKDW�/36�*DO1�VLJQL¿FDQWO\�
XS�UHJXODWHG�WKH�OHYHOV�RI�SKRVSKRU\ODWLRQ�RI�1)�ț%�DQG�
,ț%Į�� +RZHYHU�� WUHDWPHQW� RI� $'+� GRVH�GHSHQGHQWO\�
LQKLELWHG�/36�*DO1�LQGXFHG�1)�ț%�DFWLYDWLRQ��)LJXUH����

Effects of ADH on Nrf2 and HO-1 expression

1UI�� LV� D� WUDQVFULSWLRQ� IDFWRU� LPSOLFDWHG� LQ� WKH�
WUDQVDFWLYDWLRQ�RI�JHQH�FRGLQJ�GHWR[LI\LQJ�HQ]\PHV��7R�
LQYHVWLJDWH� WKH� DQWL�R[LGDWLYH� PHFKDQLVP� RI�$'+�� WKH�

Figure 2: Effects of ADH on serum ALT and AST levels.�$'+����������DQG����PJ�NJ��ZHUH�DGPLQLVWHUHG�LQWUDSHULWRQHDOO\���K�DIWHU�
/36�*DO1�WUHDWPHQW����K�DIWHU�/36�*DO1�FKDOOHQJH��WKH�OHYHOV�RI�$/7�DQG�$67�ZHUH�GHWHFWHG��7KH�YDOXHV�SUHVHQWHG�DUH�WKH�PHDQ���6�(�0��
RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��3#������YV��FRQWURO�JURXS��3�������3������YV��/36�*DO1�JURXS�
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Figure 3: Effects of ADH on liver MPO, MDA, and ROS levels.�$'+����������DQG����PJ�NJ��ZHUH�DGPLQLVWHUHG�LQWUDSHULWRQHDOO\�
��K�DIWHU�/36�*DO1�WUHDWPHQW����K�DIWHU�/36�*DO1�FKDOOHQJH��WKH�OHYHOV�RI�0'$�DQG�526�ZHUH�GHWHFWHG��7KH�YDOXHV�SUHVHQWHG�DUH�WKH�PHDQ�
��6�(�0��RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��3#������YV��FRQWURO�JURXS��3�������3������YV��/36�*DO1�JURXS�
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HIIHFWV�RI�$'+�RQ�1UI��VLJQDOLQJ�SDWKZD\�ZHUH�PHDVXUHG�
LQ� WKLV� VWXG\�� $V� VKRZQ� )LJXUH� ��� WKH� H[SUHVVLRQ� RI�
1UI��DQG�+2���ZHUH�XS�UHJXODWHG�E\�WUHDWPHQW�RI�/36�
*DO1��+RZHYHU��FRPSDUHG�WR� WKH�/36�*DO1�JURXS�� WKH�
H[SUHVVLRQ�RI�1UI��DQG�+2���LQ�/36�*DO1���$'+�JURXSV�
LQFUHDVHG�VLJQL¿FDQWO\�

DISCUSSION

3UHYLRXV� VWXGLHV� VKRZHG� WKDW� $'+� KDV� DQWL�
LQÀDPPDWRU\� DQG� DQWL�R[LGDWLYH� HIIHFWV�� ,Q� WKLV� VWXG\��
ZH� LQYHVWLJDWHG� WKH�SURWHFWLYH�HIIHFWV�RI�$'+�RQ�/36�
*DO1�LQGXFHG�OLYHU�LQMXU\��$QG�WKH�UHVXOWV�RI�RXU�SUHVHQW�

)LJXUH����(IIHFWV�RI�$'+�RQ�KHSDWLF�71)�Į�DQG�,/��ȕ�OHYHOV��$'+����������DQG����PJ�NJ��ZHUH�DGPLQLVWHUHG�LQWUDSHULWRQHDOO\���
K�DIWHU�/36�*DO1�WUHDWPHQW����K�DIWHU�/36�*DO1�FKDOOHQJH��WKH�OHYHOV�RI�KHSDWLF�71)�Į�DQG�,/��ȕ�ZHUH�GHWHFWHG��7KH�YDOXHV�SUHVHQWHG�DUH�
WKH�PHDQV��6�(�0��RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��3#������YV��FRQWURO�JURXS��3�������3������YV��/36�*DO1�JURXS�
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)LJXUH����(IIHFWV�RI�$'+�RQ�/36�*DO1�LQGXFHG�1)�ț%�DFWLYDWLRQ��$'+����������DQG����PJ�NJ��ZHUH�DGPLQLVWHUHG�LQWUDSHULWRQHDOO\�
��K�DIWHU�/36�*DO1�WUHDWPHQW����K�DIWHU�/36�*DO1�FKDOOHQJH��1)�ț%�DFWLYDWLRQ�ZHUH�GHWHFWHG��7KH�YDOXHV�SUHVHQWHG�DUH�WKH�PHDQ��6�(�0��
RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��7KH�GHQVLW\�YDOXHV�RI�WKH�:HVWHUQ�EORW�ZHUH�QRUPDOL]HG�IRU�ȕ�DFWLQ��3#������YV��FRQWURO�JURXS��3�������
3������YV��/36�*DO1�JURXS�

Figure 6: Effects of ADH on Nrf2 and HO-1 expression.�$'+����������DQG����PJ�NJ��ZHUH�DGPLQLVWHUHG�LQWUDSHULWRQHDOO\���K�DIWHU�
/36�*DO1�WUHDWPHQW����K�DIWHU�/36�*DO1�FKDOOHQJH��1UI��DQG�+2���H[SUHVVLRQ�ZHUH�GHWHFWHG��7KH�YDOXHV�SUHVHQWHG�DUH�WKH�PHDQ��6�(�0��
RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��7KH�GHQVLW\�YDOXHV�RI�WKH�:HVWHUQ�EORW�ZHUH�QRUPDOL]HG�IRU�ȕ�DFWLQ��3#������YV��FRQWURO�JURXS��3�������
3������YV��/36�*DO1�JURXS�
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VWXG\�VKRZHG�WKDW�$'+�LQKLELWHG�/36�*DO1�LQGXFHG�OLYHU�
LQMXU\�E\�LQKLELWLQJ�1)�ț%�DQG�DFWLYDWLQJ�1UI��VLJQDOLQJ�
SDWKZD\�� $'+� PLJKW� EH� FRQVLGHUHG� DV� D� SRWHQWLDO�
WKHUDSHXWLF�UHDJHQW�IRU�WKH�WUHDWPHQW�RI�OLYHU�LQMXU\�

/36�*DO1�LQGXFHG� OLYHU� LQMXU\� LV�FKDUDFWHUL]HG�E\�
VHYHUH� LQÀDPPDWRU\� UHVSRQVHV�� (OHYDWHG� LQÀDPPDWRU\�
F\WRNLQH�SURGXFWLRQV�ZHUH�REVHUYHG�LQ�PLFH�RI�/36�*DO1�
LQGXFHG�OLYHU�LQMXU\�>��@��7KHVH�LQÀDPPDWRU\�F\WRNLQHV��
HVSHFLDOO\� 71)�Į� DQG� ,/��ȕ�� KDYH� EHHQ� NQRZQ� WR� SOD\�
FULWLFDO�UROHV�LQ�WKH�SDWKRJHQHVLV�RI�OLYHU�LQMXU\�>������@��
6WXGLHV� VKRZHG� WKDW� LQKLELWLRQ� RI� WKHVH� LQÀDPPDWRU\�
F\WRNLQHV�FRXOG�DWWHQXDWH�/36�*DO1�LQGXFHG�OLYHU�LQMXU\�LQ�
PLFH�>��@��,Q�WKLV�VWXG\��ZH�IRXQG�WKDW�$'+�VLJQL¿FDQWO\�
LQKLELWHG�/36�*DO1�LQGXFHG�71)�Į�DQG�,/��ȕ�SURGXFWLRQ��
1)�ț%�LV�DQ�LPSRUWDQW�WUDQVFULSWLRQ�IDFWRU�WKDW�UHJXODWHV�
LQÀDPPDWRU\� F\WRNLQH� H[SUHVVLRQ� GXULQJ� LPPXQH� DQG�
LQÀDPPDWRU\� UHVSRQVHV� >���� ��@�� 2QFH� DFWLYDWLRQ�� 1)�
ț%�S��� WUDQVORFDWHV� IURP�F\WRSODVP� LQWR� WKH�QXFOHXV� WR�
UHJXODWH�LQÀDPPDWRU\�F\WRNLQH�H[SUHVVLRQ�>��@��3UHYLRXV�
VWXGLHV�VKRZHG� WKDW�1)�ț%�DFWLYDWLRQ� LV�DVVRFLDWHG�ZLWK�
SDWKRORJLFDO� OLYHU� LQMXU\�LQGXFHG� E\� /36�*DO1� >��@��
)XUWKHUPRUH��PDQ\�KHUEDO�PHGLFLQHV�SURWHFWHG�DJDLQVW�/36�
*DO1�LQGXFHG�OLYHU�LQMXU\�E\�LQKLELWLQJ�1)�ț%�DFWLYDWLRQ�
>���� ��@�� ,Q� WKLV� VWXG\�� ZH� GHWHFWHG� ZKHWKHU� WKH� DQWL�
LQÀDPPDWRU\�PHFKDQLVP�RI�$'+�ZDV�WKURXJK�LQKLELWLQJ�
1)�ț%�VLJQDOLQJ�SDWKZD\��7KH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\�
VKRZHG�WKDW�$'+�LQKLELWHG�/36�*DO1�LQGXFHG�OLYHU�LQMXU\�
E\� LQKLELWLQJ�1)�ț%�DFWLYDWLRQ��7KH� UHVXOWV� VXJJHVW� WKDW�
$'+�LQKLELWHG�/36�*DO1�LQGXFHG�LQÀDPPDWRU\�F\WRNLQH�
SURGXFWLRQ�E\�LQKLELWLQJ�1)�ț%�DFWLYDWLRQ�

2[LGDWLYH� VWUHVV� DOVR� SOD\V� DQ� LPSRUWDQW� UROH� LQ�
WKH� GHYHORSPHQW� RI� /36�*DO1�LQGXFHG� OLYHU� LQMXU\�
>��@�� /36�*DO1�LQGXFHG� OLYHU� LQMXU\� LV� FKDUDFWHUL]HG�
E\�HOHYDWHG�526�DQG�0'$�OHYHOV� LQ� OLYHU� WLVVXHV�>��@��
,Q�WKLV�VWXG\��RXU�UHVXOWV�VKRZHG�WKDW�$'+�VLJQL¿FDQWO\�
LQKLELWHG�/36�*DO1�LQGXFHG�526�DQG�0'$�SURGXFWLRQ�
LQ�OLYHU�WLVVXHV��7KHVH�UHVXOWV�LQGLFDWHG�WKDW�$'+�FRXOG�
LQKLELW�/36�*DO1�LQGXFHG�R[LGDWLYH�VWUHVV�LQ�PLFH��1UI��
KDV�EHHQ�UHSRUWHG�WR�SOD\�FULWLFDO�UROHV�LQ�WKH�UHJXODWLRQ�RI�
R[LGDWLYH�UHVSRQVH�>������@��3UHYLRXV�VWXGLHV�VKRZHG�WKDW�
1UI��ZDV�LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�OLYHU�LQMXU\�>��@��
1UI�����PLFH�VKRZHG�PRUH�VHYHUH�SDWKRORJLFDO�FKDQJHV�LQ�
WKH�OLYHU�ZKHQ�WKH�PLFH�ZHUH�WUHDWPHQW�RI�DUVHQLF�>��@��
,Q�DGGLWLRQ��DFWLYDWLQJ�RI�1UI��VLJQDOLQJ�SDWKZD\�FRXOG�
LQKLELW�OLYHU�LQMXU\�SURGXFHG�E\�YDULRXV�KHSDWRWR[LFDQWV��
0DQ\� KHUEDO� PHGLFLQHV� SURWHFWHG� DJDLQVW� /36�*DO1�
LQGXFHG�OLYHU�LQMXU\�E\�DFWLYDWLQJ�1UI��VLJQDOLQJ�SDWKZD\�
>��@��1UI��KDV�EHHQ�LGHQWL¿HG�DV�D�SRWHQWLDO�WDUJHW�IRU�WKH�
WUHDWPHQW�RI� OLYHU� LQMXU\� >��@�� ,Q� WKLV� VWXG\��RXU� UHVXOWV�
VKRZHG�WKDW�WUHDWPHQW�RI�$'+�XS�UHJXODWHG�WKH�H[SUHVVLRQ�
RI� 1UI�� DQG� +2���� 7KHVH� UHVXOWV� VXJJHVWHG� WKDW�$'+�
SURWHFWHG� /36�*DO1�LQGXFHG� OLYHU� LQMXU\� E\� DFWLYDWLQJ� 
1UI��VLJQDOLQJ�SDWKZD\�

,Q�FRQFOXVLRQ��RXU�UHVXOWV�VXJJHVWHG�WKDW�$'+�KDG�
SURWHFWLYH�HIIHFWV�DJDLQVW�/36�*DO1�LQGXFHG�OLYHU�LQMXU\�
LQ� PLFH�� 7KH� SURWHFWLYH� HIIHFWV� PD\� EH� UHODWHG� WR� WKH�
LQKLELWLRQ�RI�LQÀDPPDWRU\�DQG�R[LGDWLYH�UHVSRQVH��$'+�

LQKLELWHG�/36�*DO1�LQGXFHG�OLYHU�LQMXU\�E\�LQKLELWLQJ�1)�
ț%�DQG�DFWLYDWLQJ�1UI��VLJQDOLQJ�SDWKZD\�

MATERIALS AND METHODS

Reagents

$'+� �SXULW\!����� ZDV� SXUFKDVHG� IURP� WKH�
1DWLRQDO�,QVWLWXWH�IRU�WKH�&RQWURO�RI�3KDUPDFHXWLFDO�DQG�
%LRORJLFDO� 3URGXFWV� �%HLMLQJ�� &KLQD��� /36� DQG� *DO1�
ZHUH�REWDLQHG�IURP�WKH�6LJPD�&KHPLFDO�&R���/�������6W��
/RXLV��02��86$���7KH�NLWV�IRU�ELRFKHPLFDO�DQDO\VLV�RI�
$/7��$67��DQG�0'$�ZHUH�SXUFKDVHG�IURP�WKH�-LDQFKHQJ�
%LRHQJLQHHULQJ�,QVWLWXWH�RI�1DQMLQJ��1DQMLQJ��&KLQD���,/�
�ȕ�DQG�71)�Į�(/,6$�NLWV�ZHUH�SXUFKDVHG�IURP�%LROHJHQG�
�&$��86$���$QWLERGLHV�DJDLQVW�7/5���S����S�S����S�,ț%Į��
DQG�,ț%Į�ZHUH�SXUFKDVHG�IURP�6DQWD�&UX]�%LRWHFKQRORJ\�
�6DQWD�&UX]��&$���7KH�VHFRQG�DQWLERG\�ZDV�SURYLGHG�E\�
&HOO�6LJQDOLQJ�7HFKQRORJ\�,QF���%HYHUO\��0$��86$���$OO�
RWKHU�FKHPLFDOV�ZHUH�RI�UHDJHQW�JUDGH�

Animals

%$/%�F�PLFH���±��ZHHNV�ROG��ZHLJKLQJ�DSSUR[LPDWHO\�
�����J��ZHUH�SXUFKDVHG�IURP�WKH�&HQWHU�RI�([SHULPHQWDO�
$QLPDOV�RI�:HQ]KRX�0HGLFDO�8QLYHUVLW\��:HQ]KRX��&KLQD���
7KH�PLFH�ZHUH�KRXVHG�LQ�PLFURLVRODWRU�FDJHV�XQGHU�D�������
K�OLJKW�GDUN�F\FOH�DW�������&�DQG���±����KXPLGLW\��7KH�
PLFH�ZHUH�IHG�ZLWK�IRRG�DQG�ZDWHU�ad libitum��$OO�DQLPDO�
H[SHULPHQWV� ZHUH� SHUIRUPHG� LQ� DFFRUGDQFH� ZLWK� 1,+�
JXLGHOLQHV�IRU�WKH�FDUH�DQG�XVH�RI�ODERUDWRU\�DQLPDOV�

Experimental protocol

6L[W\� PLFH� ZHUH� GLYLGHG� LQWR� ¿YH� H[SHULPHQWDO�
JURXSV��Q ����DV�IROORZV��&RQWURO�JURXS��/36�*DO1�JURXS��
/36�*DO1���$'+����������DQG����PJ�NJ��JURXSV��0LFH�
ZHUH�LQMHFWHG�LQWUDSHULWRQHDOO\�ZLWK�/36�����PJ�NJ��DQG�
'�*DO1� ����� PJ�NJ�� WR� HVWDEOLVK� WKH� PLFH� OLYHU� LQMXU\�
PRGHO�>��@��$'+����������DQG����PJ�NJ��ZHUH�DGPLQLVWHUHG�
LQWUDSHULWRQHDOO\� �� K� DIWHU� /36�*DO1� WUHDWPHQW�� 7KH�
EORRG�DQG�OLYHU�WLVVXHV�ZHUH�FROOHFWHG���K�DIWHU�/36�*DO1�
FKDOOHQJH�IRU�VXEVHTXHQW�DQDO\VLV��7KH�FKRVH�RI���K�DIWHU�
/36�*DO1�FKDOOHQJH�ZHUH�EDVHG�RQ�SUHYLRXV�VWXG\�>��@�

Histological examination

7KH�OLYHU�WLVVXHV�ZHUH�FROOHFWHG���K�DIWHU�/36�*DO1�
WUHDWPHQW��7KHQ�� WKH� WLVVXH� VDPSOHV�ZHUH�¿[HG� LQ� ����
EXIIHUHG�IRUPDOLQ�IRU����K��7KH�VDPSOHV�ZHUH�GHK\GUDWHG�
ZLWK�JUDGHG�DOFRKRO��HPEHGGHG�LQ�SDUDI¿Q��DQG�VHFWLRQHG��
)LQDOO\��WKH�VDPSOHV�ZHUH�VWDLQHG�ZLWK�KHPDWR[\OLQ�DQG�
HRVLQ�DFFRUGLQJ�WR�VWDQGDUG�SURFHGXUHV�

Biochemical assays

%ORRG�VDPSOHV�ZHUH�FROOHFWHG���K�DIWHU�WKH�/36�*DO1�
FKDOOHQJH��7KH�OHYHOV�RI�$/7�DQG�$67�LQ�VHUXP�ZHUH�GHWHFWHG�
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XVLQJ�WKH�GHWHFWLRQ�NLWV��-LDQFKHQJ�%LRHQJLQHHULQJ�,QVWLWXWH�
RI�1DQMLQJ�� DFFRUGLQJ� WR� WKH�PDQXIDFWXUHU¶V� LQVWUXFWLRQV��
5HODWLYH� KHSDWLF� 526� OHYHO� ZDV� GHWHFWHG� DV� SUHYLRXVO\�
GHVFULEHG�>��@��7KH�FRQWHQW�RI�OLYHU�032�DQG�0'$�ZHUH�
GHWHFWHG�E\�XVLQJ�WHVW�NLWV��-LDQFKHQJ�%LRHQJLQHHULQJ�,QVWLWXWH�
RI�1DQMLQJ��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�SURWRFROV�

ELISA assay

7KH� OLYHU� WLVVXHV� ZHUH� FROOHFWHG� �� K� DIWHU� /36�
*DO1� WUHDWPHQW�� 7KHQ� WKH� WLVVXHV� ZHUH� ZHLJKHG�
DQG� KRPRJHQL]HG� ZLWK� 3%6� ������ Z�Y��� 7KH� OHYHOV�
RI� LQÀDPPDWRU\� F\WRNLQHV� 71)�Į� DQG� ,/��ȕ� LQ� WKH�
VXSHUQDWDQWV�ZHUH�GHWHFWHG�E\�(/,6$��%LROHJHQG��86$��
DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�

Western blot analysis

7KH� OLYHU� WLVVXHV�ZHUH�FROOHFWHG���K�DIWHU�/36�*DO1�
WUHDWPHQW��7RWDO� SURWHLQV� IURP� OLYHU� WLVVXHV�ZHUH� H[WUDFWHG�
ZLWK�7�3(5�SURWHLQ�H[WUDFW�NLW��3LHUFH��5RFNIRUG��,/��86$��
DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��7KH�FRQFHQWUDWLRQ�
RI� WKH� SURWHLQ� ZDV� GHWHUPLQHG� E\� %&$� SURWHLQ� DVVD\� NLW�
�%H\RWLPH��&KLQD���(TXDO�DPRXQWV�RI�SURWHLQ�ZHUH�VHSDUDWHG�
WKURXJK� ���� 6'6� SRO\DFU\ODPLGH� JHOV�� 6XEVHTXHQWO\��
WKH� SURWHLQV� ZHUH� WUDQVIHUUHG� WR� 39')� PHPEUDQHV�� 7KH�
PHPEUDQHV�ZHUH�EORFNHG�ZLWK����QRQ�IDW�PLON�IRU���K�DW�
URRP�WHPSHUDWXUH��7KHQ��WKH�PHPEUDQHV�ZHUH�LQFXEDWHG�ZLWK�
SULPDU\�DQWLERGLHV��7/5���S����S�S����S�,ț%Į��DQG�,ț%Į��$IWHU�
ZDVKLQJ�WKUHH�WLPHV�ZLWK�7%67��WKH�PHPEUDQHV�ZHUH�SUREHG�
ZLWK�+53�FRQMXJDWHG�VHFRQGDU\�DQWLERG\�DQG�YLVXDOL]HG�E\�
WKH�(&/�ZHVWHUQ�EORWWLQJ�GHWHFWLRQ�V\VWHP�

Statistical analysis

$OO� H[SHULPHQWDO� GDWD�ZHUH� H[SUHVVHG� DV�PHDQ���
6(0��0XOWLSOH�FRPSDULVRQV�ZHUH�HYDOXDWHG�E\�RQH�ZD\�
$129$�WKH�7XNH\�.UDPHU�PHWKRG�ZHUH�XVHG��6WDWLVWLFDO�
VLJQL¿FDQFH�ZDV�GH¿QHG�DV�3������
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