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���".�����&�/�.!�#�����.���9.=����1$��1�!���!/;�!�''
"� 
HPLC 
����������/�/;���,�����
�!���1�&�"%��������.4
DETERM INAT ION OF  PURE  COMPOUNDS IN 
PHYLLANTHUS EMBLICA FRUITS JUICE USING HIGH 
PERFORMANCE LIQUID CHROMATOGRAPHY AND 
CARDIOPROTECTIVE EFFECT AGAINST CYTOTOXIC AGENT

��
���� �!���������1, �!�	� ��6������!� 2 
1�������	#��4����	.���� ���.�������	�� ������������	���	���	��
	6

24����#�
4��#����� ���.�������	�� ������������	���	���	��
	6

�������!
  /�&!/�f�/��H��=#��>�!/!�$����C�'�D!�&����� /��!�����?#C��H�����������&���!���

#���
(!�I �	/�
;��!��>���>�	&C���
�*��3
	?�%9�39���9=�� �!��<��!��;�<�/�	

$'���������=>�	����!�3�

���/!A�!�����'�"�t��>��H������������C	�	�"� HPLC ��=>�	

$'�������?��!���?3C��H�/!
�G!� %9�
�	�

����/����"�t���f����99��9C!/��=;�3
	?��!��	!/��H����&���! doxorubicin  B9�!�	����!�3�%���	(! 

B9/�&!/�f�/?����%�� lyophilized powder /����/!A ascorbic acid, hesperidin, naringin %9� 

gallic acid ���(��> 1.497%, 0.034%, 0.151% %9� 0.417% 
!/9��
� %
(
�	��/(�� quercetin  B9
(�

�!����f����99��9C!/��=;�3
	?��!��!������>��C�
� (doxorubicin) �
;� ��	(! �;��
;�&��B9/�&!/�f�/�� 

��>�	!/�&C/&C� 1 %9� 10 ªg/mL ���>/��99����#�	�
��(!�/��
����
u  �(	�B9&���!�����'�"�t��>/����(?�

�;��
;�&��B9/�&!/�f�/���
;� 4 #��� ��C%�( ascorbic acid, naringin, hesperidin, %9� gallic acid ��	(! 

�/=>�?3C�!���� doxorubicin 9��� �!��
;� 4 #����/(/�B9
(��

�!��99����#�	�
��(!�/��
����
u �
��
;� 

�;��
;��!�B9/�&!/�f�/�!�/����*�#��?��!�9��	!/��H����
(���99��9C!/��=;�3
	?��
���=>��/!�!�

�!���� �#(� �! doxorubicin %9��!��<��!������������>��H��!�����'�"�t�!�/��	!/���
u?��!�

��3��/!
�G!�&��B9�
D
AE�
(�����C

*'�'*��: /�&!/�f�/, ��99��9C!/��=;�3
	?�, 	�
!/����

 
Abstract

 Phyllanthus emblica L. (PE) is distributed in most regions of Thailand.  It has been used 

as an ingredient in traditional medicine to treat a wide variety of disease including cardiovascular 

disease.  This study determined 5 pure compounds in Phyllanthus emblica L. fruits by HPLC for 

the purpose of standardization.  Cytoprotective effects of PE and the pure compounds against 

doxorubicin toxicity were also evaluated.  HPLC analysis revealed that PE in form of lyophilized 

powder contained ascorbic acid, hesperidin, naringin and gallic acid at the amounts of 1.497%, 

0.034%, 0.151% and 0.417%, respectively.  Quercetin was not detectable in the sample. For the 

study of cytoprotection effect, PE 1 and 10 ªg/mL signi� cantly increased cell survival while all 4 

pure compounds detected in the sample (ascorbic acid, naringin, hesperidin, and gallic acid) did 
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��
" 
 /�&!/�f�/ ��H��=#���(?�	��� EUPHOR-

BIACEAE /�#=>��!�	���!�!�
��	(! Phyllanthus 

emblica L. �<>��!/!�$����C?��'�D!�&��

��������� B9&��/�&!/�f�/��/�9
��A���H�

9������9/���39=���/�&��	 /��!���B9&�� 

/�&!/�f�/��/!?#C?��!��!  *��/��!�?#C��H� 

�(	�������&��
��!�!���
(!�I 39!�
��
� 

�#(� 
��B9! %�C�� %9��!�!/
u������C!� 

�#(� �!�
/��	!�� �!/3!�
��?3u( ��H�
C� 

����!���;?�������������� %9��!������� 

?��'*���J?#C/�&!/�f�/��H��(	�������?�
��
�

�!%B�*��!A  B9&��/�&!/�f�/���
;��
�	(!

��H�B9�/C��>/����/!A	�
!/��������	(!B9�/C�!� 

#���/!� [1] %9��
�/��!����	�*�9�e@��9
(!�I 

��H����	�/!� �#(� ellagic acid, gallic acid %9� 

tannins ��H�
C� [2] ����!���; ?�B9&��/�&!/ 

�f�/�
���	(!/��!��=>�I �#(� hesperidin [3], 

naringin [3] %9� quercetin ��H�
C� �<>��!��39(!��;

/���"�t��H�%��
������%������>��  %9���C�
��!�       

���������"�t�!��D�
#	���!�<>�����C�!��!��!�	��
�

�!�	���!�!�
����>���>�	&C���
�B9&��/�&!/�f�/

�� �#(� �!/!�$?#C ?��!��f���
��!����� 

%B9?������!��!3!� [4] 9��9�����
���9 

[5] 9����
��;�
!9?��9=�� [6] %9�9��

�!�!� 

����*��/���J� [7] ����!���;�
���	(!/��!���

B9&��/�&!/�f�/��/!����H����=>�����!���


(!�I ��H����	�/!� ��=>���!�B9&��/�&!/

�f�/����#(	�?��!����	!/���!�B�	   

 ��H���>��!��
���	(!�!���
���>��C�!�"��/#!
�

��/��	!/�	!/%����	�&�����/!A�!����
u��>

��H������������<>�&<;��
��g��
�39!�����!� �#(� 

D�/��!�!� ���
��	!/����!��;����9 �	!/#=;� 

�'A3D�/� ���/!A�;��� %9�����������&��%�("!
'

not alter cell survival in the presence of doxorubicin. Thus, PE may be useful in alleviate toxicity 

caused by cytotoxic agents such as doxorubicin.  Moreover, the study of pure constituents may 

important for the standardization of this natural product.

Keywords: Phyllanthus emblica, Cardiac cell, Ascorbic acid

?���� ��H�
C�  �
��
;��!�
�	�	
�3!���/!A�!�       

���
u�<�/��	!/���
u?��!��	��'//!
�G!� 

&��B9�
D
AE��/(��9�>��%�9���
!/ lot 3�=� 

batch &���!�B9�
%9���=>�?3C��H�%�	�!��p��

�


!/%���!�9 *����!���;�<�
�	�	����!�3����/!A

�!����
u��>����C?�B9/�&!/�f�/ ��C%�( ���/!A 

ascorbic acid (vitamin C), quercitin, naringin, hes-

peridin %9� gallic acid �C	�	�"� HPLC ����!���;

�
��<��!B9?��!����f����99��9C!/��=;�3
	?�3��

�!��!���>��H����
(���99� (cytotoxic agent) 

��=>���!�/�&!/�f�/��/����/!A�!�
C!���'/�9

�������� [8,9] %9��!��!���>
��!�!���?#CB9

&��/�&!/�f�/����H��(	�B�/&���!���'�3
	?�

�
��
;��<��!���/���"�t���>�	&C���
��!����f��

��99��9C!/��=;�3
	?��!��!������>��C�
�

��1�.������,#!��	������ 
 �<��!���/!A�!����
u?�B9/�&!/�f�/

�C	�	�"� HPLC ��=>���H�/!
�!G!�?��!�
�	���� 

�'AD!�&���;��
;�/�&!/�f�/�� %9��<��!��"�t

���f����99��9C!/��=;�3
	?��!��!����

!.���
,������%�"$
�
�	������
      1.  ����������5'*�5�,�)	"�&,���G��

�.

  ��B9/�&!/�f�/��>��C/!�!��C!��C!/!%��

�/9J���� ����=;�/�&!/�f�//!�g©��
;�%���!�%9�

�����g©�
�
���������
;���>�	!/��J	 1000xg �!�

�
;������;��
;��(	�?���>��C�������C	�����!� 

whatmann ����� 1 �<>�����?3C��C�;��
;��!�B9 

/�&!/�f�/�� 39
��!��
;�������?3C%3C��C	� 

	�"��!� freeze-dry ����C�!����(?���� lyophilized 

%9���J�?����&��B�%3C�?�
�C��J���>�'A3D�/� 4 °C 

?��!��<��!��9���
;���?#CB�%3C���>��C�
���/��> 10 

/�99���
///�99�9�
�
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       2. ����=�(����*��&0�������.�����$

���#���!�%�F,�)�5'*�5�,�)	"�&,���G���.

7.�3����*��* High Performance Liquid

Chromato graphy (HPLC) 

 ?#C column Luna C18 [2] 100A (5ªm, 

150×4.6mm; Fortune Scientific CO., LTD, 

Bangkok, Thailand) ?��!�%��3!�!�����'�"�t?�

�;��
;�&��B9/�&!/�f�/�� �<>��!�����'�"�t ��C%�( 

ascorbic acid, naringin, hesperidin, quercetin

%9�   gallic   acid   ���
���/�!���>�	!/�&C/&C�  10 mg/mL

�!��
;�����=��!�?3C��C 5 �	!/�&C/&C���=>�?#C?� 

�!��� standard curve *���!�
�	�	
����/!A�!� 

ascorbic acid %9� quercetin&���;��
;�&��B9 

/�&!/�f�/�� *��?#C mobile phase ��H� 100 mM 

phosphate buffer (pH 2.5) 95% �
� methanol 5% 

[10] ?��(	��!�
�	�	
����/!A�!� naringin %9� 

hesperidin ?#C mobile phase ��H� 12 mmol HFBA 

(Hepta¢ uorobutyric Acid) in 0.05% formic acid 

80% �
� acetronitrile 20% [11] �(	��!� gallic acid

?#C mobile phase ��H� 0.02% dihydrogen 

phosphate 95% �
� acetronitrile 5% [12] (
!�!���> 

1) B9�!��<��!���!��!�?����&�� chromatogram 

%9����=;���>?
C��!e�
;������	A3!���/!A�!�

����'�"�t

����)��� 1 ���� HPLC ��>�3/!��/?��!�%���!�%
(9�#���

Standard Solvent System 
Flow 

rate 

Wave 

lenght 

Isocratic/

Gradient 
Reference 

Ascorbic acid 100 mM phosphate buffer  95%(A) 
Methanol                         5%(B) 

0.4 
ml/min 

243 nm isocratic 
elution 

Fernandez-
Robredo, 
2005 [10] 

Quercetin 100 mM phosphate buffer  95%(A) 
Methanol                         5%(B) 

0.4 
ml/min 

243 nm isocratic 
elution 

Fernandez-
Robredo, 
2005 [10] 

Gallic 0.2% H3PO4-H2O  95% (A) 
Acetonitrile          5% (B) 


,�� (%) A (%) B 
0 95 5 
6 95 5 
15 85 15 
35 80 20 

 

1 
ml/min 

280 nm gradient 
elution 

Kumaran and 
Karunakaran, 
2006 [12] 

Hesperidin 12 mmol HFBA in 0.05% formic acid 80%(A) 
Acetonitrile                                   20%(B) 
 

1.2 
ml/min 

283 nm isocratic 
elution 

Ding et al., 
2007 [11] 

Naringin 12 mmol HFBA in 0.05% formic acid 80%(A) 
Acetonitrile                                   20%(B) 

1.2 
ml/min 

283 nm isocratic 
elution 

Ding et al., 
2007 [11] 
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 3. ����=�(�	"�
�������G�)�2""�

�"�����+5�0��3���������(

  �<��!B9&���	!/��H����
(���99��9C!/

��=;�3
	?�3���C	�	�"�  crystal v io let assay

���>/�!��!��9�;����99��9C!/��=;�3
	?�3��&!	

(H9C2) 9�?� 96-well plate *���9�;���C	� 

1%FBS DMEM (20,000 ��99�/39'/) �9�;��?� 


�C�9�;����99� 37 °C 5% CO2 ��H������	9! 24 

#
>	*/� 39
��!��
;�3���!�
(!�I ��>
C���!��<��!

%9��9�;��?�
�C�9�;����99�
(���� 30 �!�� �<�3�� 

doxorubicin 9��� %9��9�;��?�
�C�9�;����99�
(���� 

48 #
>	*/� �<�����J�B9 crystal violet assay �C	��!� 

� x ��99��C	� 10% formaldehyde  �!� 20 �!�� 

%9��C�/����99��C	� 0.1% crystal violet solution 

��H��	9! 20 �!�� %9�9C!�����>?��(	���>������� 

���	������
 1. �����$���#���!�%�F,�)�5'*�5�,�)

	"�&,���G���.7.�3����*��* HPLC 

  �!�B9�!�	����!�3��!�����'�"�t 5 #��� 

?��;��
;�/�&!/�f�/�� ��	(! /����/!A	�
!/���� 

3�=� ascorbic acid ��(!�
� 1.497±0.012%, hespe-

ridin 0.034±0.010%, naringin 0.151±0.005% %9� 

gallic acid 0.417±0.013% �(	� quercetin 

�
;��/(�!/!�$
�	�����C (D!���> 1)

A)

Ascorbic acid 4 ªg/mL

B)

Phyllanthus emblica L. (PE) 100 ªg/mL

C)

Hesperidin 4 ªg/mL

D)

PE 1000 ªg/mL

�!��
;�9�9!�������!���99��C	� citric acid %9��� 

microplate ��	!������=>�� Shaker ���/!A 

30 �!�� %9�����	
��(!����9=�%����> 595 nm 

�C	����=>�� microplate reader 
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;����� 1  HPLC *��/!*
%��/&���!�����'�"�t %9��;��
;�/�&!/�f�/   %��� peak &���!�����'�"�t 4 

#��� ������������
��;��
;�/�&!/�f�/ ��C%�( ascorbic acid (A,B), hesperidin (C,D), naringin (E,F), 

gallic acid (G,H) *�����=;���>?
C��!e�
;������	A3!���/!A�!�����'�"�t�!���!e/!
�G!�

 2. D�%�F���G�)�2""��"�����+5�0��3����

�����(

  B9
(��!����f����99��9C!/��=;�3
	?��!�

�!���� �<>�?#C doxorubicin �<>���H��!
C!�/���J� 

/��9���!������"�t�=� �3��>�	��?3C���� DNA 

damage %9� �!���9!���99��C	��!���C!��!� 

��'/�9����� [13]  �/=>����!��<��!������������C��9�

�!����(���&����99�39
���C�
��!���� doxorubicin 

�
��9'(/��>�/(��C�
��!���� %9��9'(/��>��C�
��
;��!����

%9���C�
��;��
;�/�&!/�f�/3�=�	�
!/�����C	�	�"� 

crystal violet assay �
�%���?�D!���> 2  ��	(! �;��
;�

B9/�&!/�f�/��%9�	�
!/�����/(/�B9
(��!�
!�&��

��99��9C!/��=;�3
	?�3�� (��>�	!/�&C/&C� 0.01-10 

ªg/mL) %
(��>�	!/�&C/&C����&<;���H� 100 ªg/mL 

	�
!/������?3C��99����#�	�
9�9���(!�/��
����
u

�/=>�?3C�!���� doxorubicin (0.1 ªM) ��	(!��99� 

���#�	�
/����	�9�9���(!�/��
����
u �;��
;�&��

B9/�&!/�f�/����>�	!/�&C/&C� 1 %9� 10 ªg/mL

���>/��99����#�	�
�!��	!/��H����&�� doxorubicin

��(!�/��
����
u (p<0.05) ?�&A���>	�
!/���� 

��>�	!/�&C/&C�  0.01-10 ªg/mL �/(/���"�t���f����99� 

�9C!/��=;�3
	?��!��	!/��H����&�� doxorubicin

 D!���> 3 %���B9�!��<��!B9&���!�

����'�"�t��>/����(?��;��
;�&��B9/�&!/�f�/����� 3 #��� 

��C%�( naringin, hesperidin, %9� gallic acid ��	(! 

�/=>�?3C�!���� doxorubicin 9��� �!��
;� 4 #����/(/� 

B9
(���99����#�	�
��(!�/��
����
u %
(�/=>�?3C 

hesperidin ���>�	I ��>�	!/�&C/&C� 100 ªg/mL ��

	(!��?3C9���99����#�	�
��(!�/��
����
u  �(	��!� 

#����=>�I �/(���	!/��9�>��%�9��!��$�
��/=>��(/ 

�(	/�
���99���>�	!/�&C/&C� 1 $<� 100 ªg/mL

E)

Naringin 4 ªg/mL

F)

PE 1000 ªg/mL
G)

Gallic acid 4 ªg/mL

H)

PE 100 ªg/mL
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A)

A)

C)

B)

B)

;����� 2 B9&�� ascorbic acid (AA) %9��;��
;�/�&!/�f�/ 
(��!����f����99��9C!/��=;�3
	?��!� 

doxorubicin (DOX).  AA, ascorbic acid; PE, �;��
;�/�&!/�f�/; * p<0.05 vs Control, # p<0.05 vs. 

DOX (n=4)

;����� 3 �	!/��H����
(���99�&���!�����'�"�t 

4 #��� %9���"�t���f����99��!��	!/��H����&�� 

doxorubicin.  A, naringin (NAR); B, hesperidin 

(HES); C, gallic acid (GAL); DOX, doxorubicin * 

p<0.05 vs Control, # p<0.05 vs. DOX (n=5)

0

50

100

150

PE (�g/mL)      -   0.01  0.1   1    10  100    -   0.01 0.1    1    10
DOX (0.1�M)    -     -      -     -      -     +      +    +     +     +     +

*
# #

C
el

l V
ia

bi
lit

y
(%

 C
TR

L)

�

 

0

50

100

150

*

NAR (�g/mL)   -      1    10   100    -      1     10   100
DOX (0.1�M)   -      -       -      -     +      +      +     +

C
el

l V
ia

bi
lit

y
(%

 C
TR

L)

�

0

50

100

150

HES (�g/mL)   -      1    10   100    -      1     10    100
DOX (0.1�M)   -      -       -      -     +     +      +      +

*
*

C
el

l V
ia

bi
lit

y
(%

 C
TR

L)

�

0

50

100

150

GAL (�g/mL)   -      1    10   100    -      1     10    100
DOX (0.1�M)   -      -       -      -     +     +      +      +

*

C
el

l V
ia

bi
lit

y
(%

 C
TR

L)

�
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��.����!0���	��� 
 �!��<��!��9����;��C���;��
;�&��B9

/�&!/�f�/��/!%��3!���/!A�!�����'�"�t 5 #��� 

��C%�( ascorbic acid, naringin, hesperidin, quercetin 

%9� gallic acid �C	�	�"��!� HPLC %9���/!�<��!

B9�!����f����99��9C !/��=; �3
	 ?�3���!� 

doxorubicin *����	(!�;��
;�&��B9/�&!/�f�/��

/����/!A ascorbic acid �����>�'�?��9'(/�!�����'�"�t

��>	����!�3��
;� 5 #���  *�������/!A gallic acid> 

hesperidin > naringin /!����9�/! �(	� quercetin

�<>���H�e9!*	�������>����C�!��=#39!�#���


�	��/(��?�/�&!/�f�/��>��/!�<��! ?��C!� 

��"�t���f����99��!��	!/��H����&�� doxorubicin 

(0.1 ªM) ��	(!B��;��
;�/�&!/�f�/��>�	!/�&C/&C� 

1 %9� 10 ªg/mL �!/!�$���>/�!����#�	�
&����99�

��C��(!�/��
����
u?�&A���>�!�����'�"�t�
;� 4 #���

��>���!��<��!?�#(	��	!/�&C/&C� 1, 10 %9� 100 

ªg/mL �/(��9�>��%�9��!����#�	�
&����99���>��C�
�

�!���� doxorubicin   

 B9�!��<��!��>��C����9C���
��!��<��!

&�� Poltanov %9��A� [14] ��>%���?3C�3J�	(!

����������39
�&��B9/�&!/�f�/�=� ascorbic 

acid %9� �!�?��9'(/e@��9��C%�( gallic acid, ellagic 

acid, %9� corilagin ����!���;�
����!��=>�I ��>/�

��"�t%��
������%���� %9���H����9
��A�&���!�

��>��C/�&!/�f�/ �#(� �!�?��9'(/e9!*	����� �#(� 

kaempferol; �!�?��9'(/ tannins ��C%�( emblica-

nins A %9� B [15], phyllaemblicin B (the main 

ellagitannin) [16], %9� pyrogallol [17] ��H�
C�

 �!��!��<��!��>B(!�/! /�39
�G!���>

��(�#
�?��!���
���'���"�t���f����99�%9�

��"�t
C!��������#
>��!�/�&!/�f�/?�39!� 

model  �
;�%��?��

	���9�� (in vivo) ?�/�'���

%9�����!� (in vitro) ��	(!�!�?#C/�&!/�f�/ 

?�9
��A��!���
�3�!� (crude extract) 3�=�

�!�����'�"�t�!�#�����>��H����������� /���"�t?�

�!�
C!��!���9!���99���>$���3��>�	���!��!����

3�=�D!	� oxidative stress �#(� ��	(! �!���
� 

3�!��!/!�$�f���
��!��9!�&���������(�� 

*�������"�t�
��
;��!��9��9(�� glycosaming-

lycan �!���=;���=>��������(�� osteoarthritis ��> 

%�����/!�!��<��!?�39����9�� [18]  �!� 

phyllaemblicin B /���"�t9��!�������!"��D!�

����	A �9C!/��=;�3
	?�3��$���
����>�����!��!�
�� 

�#=;��	�
�   Coxsackie virus B3 (16), 9��!���=>�/3�C!��>

&���
3����>�&C!��(D!	�#�!*��B(!��9��
C!��!� 

���� oxidative stress [19],  %9��f���
��!���9!� 

��99�

�?�3����>��C�
��!���� carbon tetrachloride 

%9�   thioacetamide [20] %
(�!�B9�!���9�� ���3J�

	(!�!�?#C�!�����'�"�t���>�	I 4 #��� ��>��H���	(!��H� 

�������������(?�/�&!/�f�/ �/(�!/!�$���f��

��99�3
	?��!��	!/��H����&�� doxorubicin ��C 

�
��
;� �<��!���H�����C	(! �!��
��9(!	�/(/���"�t 

���f����99�?�*/��9��; *���!���>�����"�t��H��!� 

#����=>�I    ��>/����(?�/�&!/�f�/ 3�=��!����f����99�

�!�
C���!�
��!����!�&���!�39!�#�����=>� 

����/��"�t�
� �!������*��?#C�!����>�	I �<��!�

�/(�3J�B9��>����&<;�3�=��3J�B9�C���/=>�������
��!�

?#C�!�39!�#����(	/�
�  �
�

	��(!���>����C�(��?�

�!��<��!���>�	�
������������!���/�&���=#

�/'���� �=� �!�����'�"�t���>�	I ��>%����C ��/���"�t 

�C���	(! fraction ��>%����C�!��!� ��
�3�!� [21, 

22]
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;��!��<��!��"�t���f��
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	?�3���!� doxorubicin �<��!�/�
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�
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�
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���
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&C!�������!��!
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 � � �' � � ! � 
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�
AE�
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