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Morphine is a potent analgesic, but the molecular mechanism for tolerance formation for neuropathic pain 
is not fully understood. Recent studies have suggested that chronic endoplasmic reticulum (ER) stress 
might modulate intracellular signaling pathways, resulting in several chronic disorders, such as type II 
diabetes and interstitial pneumonia. We found that a chemical chaperone which improves ER protein 
folding capacity has a tendency to attenuate the development of morphine tolerance in wild-type mice 
with neuropathic pain, suggesting a possible clinical application of chemical chaperones in preventing 
morphine tolerance. 
������$�)�

�  ¢¡�£1¤�¥�¦¨§ª©
�

� «�¬ 7�­ � ® ¬ 7�­ � ¯ ° �
����

(�±
� ²´³FµF¶´¶·³¸¶´¶¹¶ º·²»¶·³»¶¹¶¹¶ ¼½³¾¼·²¿¶·³¸¶´¶¹¶

����
(�±

� ²´³FÀF¶´¶·³¸¶´¶¹¶ ÁÃÂ´¶·³»¶¹¶¹¶ ¼½³¸¶ÃÂF¶·³¸¶´¶¹¶(�±
�(�±
�(9±
�Ä ° � Å½³¾Å´¶´¶·³¸¶´¶¹¶ Æ¹Æ´¶·³»¶¹¶¹¶ Á·³¾¼¹ÆF¶·³¸¶´¶¹¶

�

�����Ç f %ÉÈËÊ�Ì {
�Í � ­ �1Ç ÍÏÎÑÐjÒ %ÔÓ�Õ Î×Ö g�{

�Ø1Ù4Ú6Ù�Û % -�.�/�-�D�ÜwÝ[DËÞ Î 5�7
�

� ß
à �$�ná J�â6ã �Ëä9å �t�x��)�æH9çwè�L�M@N�é@ê�é�ë Û eíìÃî½ï

ð¹ñ½ò¾óFô ïöõ ôF÷¹÷Ãôùø � � éIê[é)ë Ûûú�ü ,�H&ýdV
X�D1þ�s�y�mOH�ÿ���MON�bOZ&au� � éIê[é�ë
Û ú�ü ,pe������	� ¯ ÜwÝ�


� �QÜwÝ #
��� h
ú�ü ,���D Ð +��IH���������MON���� ø����

H! �A)b�t�xr���pe�"nSÏì¹î$éIê[é�ë Û ú�ü
, �$#&%�'½# S(� ¯ V[D�)+*�,.-0/4N Y e6Þ213 � 547 Ð +rH(425lV�q�sn�p�+627WH(8�:
z$MON9Z�L�S29�:)X1þ�s9y�mOH�ÿ���MON&b<;
o�: � é`ê1é�ë Û ~0=.> Û /IN Y e ¯

� ~
=�> Û �@?BA�# � %Ã# S29(:�XC4�5j_�a�� #D%�' eE�

F2G�H�IKJML�N�OQP0L
R<SQTVU JXW�Y R�S[Z]\_^
R<S�`<a J ¼´¶¹¶¹Æcb ¼´¶·²»¶d�e H�IKJ ¼·²¾µFÆ·²»Á¹ÅÃÀR<S d�e.f Zhg.i�^ j�k�l�m�n�oqp�r.s
t�u�vEw_x�y�z�m<{�|<}�~<� F<� }��<�

R<S d�e.f Z���i�^ ���������������]� �D�������������������B���	�&���_�&���&���$�&���]���B�!�����D�������������������������������2�$�
������� �&���B�&���$���������

R<S�¡�¢�£
¤�¥ ¦�§ Z©¨�ª�«­¬D®�¯�°�±­¬D�B¬D²D^
³�´�µ�¶¸·º¹�¶�»<¼�½<¾�¿À·�ÁQÂ
R�S�£ H�IKJ ²»¶ÃÅ¹µ´ºÃÀFÆ´Á



�

�

Ü
ÝpH9ý�V9X�D ô¹ð¹ñBÃ�Ä·òÆÅBÄ&Å½ò¸ô&Ç´ñ � �w�WD
÷�ÈDÉDÇ»÷�ÈDÉ½ò&Ê ÷ÃôDÇ´ñQË � 8�:�z�D #�A � Ø�Ì�Ù�Í D
A �ÏÎ_� ¯ ,

� 8�:�z ø � � Ð ++;(Ð�ÑQÒ.Ó�6
HC�VÔ&X�þ�s9y�mIH�ÿ2��MON&b<Õ�ÖnD #D%�' e
� '�× Ø�ÌjÙØÍ SÙ9Ú:uXÜÛO�0Ý`z _�a�D
ôBÞ�Þ½ñ�Ç´ó�Ê Ã L � � ¯ H6ýæV�X Ð +0;�S<;(ß�z� Ê ÃÃó¹ñ­Þ�ÃÃô·ò�Ê�à´ô¹ó�Ê�ÉBÃ # _QaON�b&Z�a4S29(:�X)D
��ÜwÝ Ð ++;�Ð�ÑQÒ�Ó�6rLáÕ.â�ã$SCä.åw_Qa
NË3çæ ð¹ñ�Ç´ñBÃDÇ]Ê¸ó]Ê�à´ô¹ó�Ê�ÉBÃ&è D #D%�' e(Õ 3 eçÛ�é�ê
Ù2ë � ÇQì _�awN�í �9� D�P Ç �w� P.î Ç �
ï<ð Ð +9è.ñ�S�ÿ��rV�D���ÜWÝ�L �Q� V&��8
:9h�SCòwN � Þ½ñ�Ç´ñBÃDÇ]Ê¸ó]Ê�à´ô¹ó]Ê�É�Ã # bOZ&apS(ó`V
X�D1t)xr�Q�pe #D%�' S�� ¯ V�þ�s9y�mIH�ÿ2�MwN�í �9� D�� '�× Ø�Ì�Ù
Í S+9�N+Û]�!Ý�z$=
ôBÞ�Þ½ñ�Ç´ó�Ê Ã L � � ¯

�õô ± 3÷öùø�D
ð¹ñ&Ç´ñ­Ã]Ç]Ê»ó�Ê�àFôÃó�Ê É�Ã�úBÞ½ñ&ÇFñBÃ]ÇDÊ¸ó]Ê�à´ôÃó]Ê�É�Ã 3�ûwZ+ü
ý Y b�t�xr����HMþ�ÿ���muV[��� ¯ e

#D%�' H
ýlVËX Ð +Ú;
Ð2Ñ.ÒÆÓ�6IS�425w3�� ü�ÿ �
N&b�ZI?ËV&�� 
ÿ2ã ø #D%�'��n� 4�5��	�p3 Ð
+q;(Ð�Ñ
Ò.Ó�6pS�
d�&� � 8�zOH�ûwZ$V�D]þ
s�y�mn3���
<ã�S[ÿ��`V ø ø ø ü D���:43�g
Ô�N�L����4�ªawN�bË5�7no]:�q�s4S(ó�MON6t
x��6���n��:WS0í���� ��Ç������ 3pT9U$M
N�� �):43</�N&b
cnR�e�D1t)xr�Q�IHMþ
ÿ��$muV&��� ¯ S1gÔ9N�t�x��6����:�! � S)*�+p,�-�.]/6-90

2�39T�U�MON#"�H �$� V&X�$n�Ëb Ð +�è�ñ ú
ü , ø � � �pÜjÝ6= Ç�% ÜjÝ�e�*�+p,.�'&
� ¯

� _Qa�D�*�+9,4S�(	�u_Qa�X)D�*�+�,pS
)�ß$MON Ç	� |�}�~O���(�</nN+* Ê �-,uL ��.
/ y�m4S+9(:)X�0 ü21�3 �.� 3�! � _�a$D6E
4 � 5 D(� ¯ ,	!

� 3 ø _�a$D � ��ã$S2í �
6 V&X1*�+9,��W� Ç % _�aON&b�ZI?ËV&��7 ô
398;:�D ï�<;= D�Ý)zn-
.�/&- ø � ��>�? �
� ��@'A =�B<Ò � 8+CIS09�:$XEDEFj_[auN
L�D]*�+9,2;�S90 üG1�3 �.� � C�H ø ÜwÝ_

3�I�JdV�D9K 'ML Î¸D_� L�'�× D A �ONQP ø � � *�+�,
�
ÜWÝ�
�3�8�:�zj_�a$DI_��[S ASR­× Î¸D�TVU × ø �� W R � Ð +ç;�Ð2Ñ.ÒqÓ Ç�� 3�8�:nzæ_�a
*�+9,$-�.�/�-�0)243QûOZ�N&b�X � � � D Ç� |n}]~r�9� � Y g�Z 5 D�ÜrÝ ¯

��� ����D
C;H)ÜwÝ_
 �ËÇQì�[�\ D�3�ûwZ+üªD Ð +�e�C
H ø ÜwÝ_
�H^]+_wV�9I?ËL MwN�bW_$�[S�D�C
H ø ÜwÝ_
�3 I�J$MONnL Ð + � �;`	F�D Ð +
a 3�ûOZ�N�b�'�(rZI?ËV&�1*�+9,$-�.�/�-�0
2�3�b]x'c�d9ë$i Ù C�D�e ÙpØ �.é)�&C ø �� 5�798�:9;$<�=�>�f�C$D6E9G�CIH�J�K4L�M
N W R � ;�<�S�T�UdV]X Y N�"�3�\4^d_�a
X Y N�bEg���D�h�'�i�j�S29�:)X1*�+9,$-�.

/&-10)2�3�k \ VQD�8�:�zu_Qa��lTmU × 3�D1ë
��- Û$� úIü ,`�l� � Ð0ÑÆÒVÓuS�n � ø
K 'QR ÎBH[���`V�D Ð +p31ëI�]-EÛ6���):OH&\$M
Z�L�S29�:)XoKMK�h�E�G�Cn3]ÿ�p9MwN9Z$L[3
Ñ�qr_�anX Y N&b
çnè0ã ø 5p7Oo�:pq�s0�q/IN�r;s�t+u2,

5$7�s2�$e1D()�*
,�-+� � U %u� Õ�Ý)zEv�w #
¯
��x w � 8�:43�Z 5 VQD#U % 3Ëq�s�ÿ�gnS�T

U�MON&b9U % e�g�� Ð + � *�+�, � �IH�D�FrVQD
*�+p,ç;pS�0 üy1+3 �q� � C�H ø ÜjÝ!
I3
I�JdVGzØø ø N�"$3�{d�ªa�X Y N&b]5�7po]:
q9s2��e�D�U % H&ýjV[X)D�).*�,�-)5$7 Ð +�S
*�+p,�-�.]/6-90$2W3�û}|9X Y N��;��:w3
/nN�b
~ à �$�p� Ò ã �c�R�e�*9+�,n-�.[/[-�0�2@L #&%�' Ð +Æ;QÐ<Ñ
Ò�Ó�6rL � TCþOH Ê Ã���Ê��&É �1���9MwN]�$K�S1D
8EC�* Ê �������Ëëw�1iwkË-4H]m Y X�D$t�xu�
�E��:�! � H6�$�dV��)b�* Ê �×e�*9+�,n-�.�/
-90$2jH���?����+ã ø ÇE� |�}�~u���
�q/
ü D Ð +�S�L�:)X��;��� �ËÇ�� �</nN�b�cnR
e�D�iWk]-�* Ê ���'� ë B�Ò � H��n� Ù�� ���
V�D . �������)S29�:)X�D��;H9* Ê ����e ø øQD
� x'� Ø |��;� �(×�?OLO�S�	� æ�� è 3����jV6�)8
C�* Ê � 36ÿ���MON6D]8�C�* Ê ��������ëO�6iIk6-
HËy	�æV��)b`Z � 8;C�* Ê �S�� O�ËiwkË-.��e
t�x��6��þ�ÿp�4UISç9$N���:�! � 3��n��_
anX Y �1b
*9+�,n-�.[/�-)0�2@L&D #D%�' � Ð +Æ;QÐ<Ñ

Ò Ó 6 � ¬¢¡ LæVOXdDjc�Rle�� ò�Ä&ÅBÉQ£¹ñ­ÃR Ä�Ã ó�È ôDÇFñ × Ê ÃÃôDÇFñ�¤¦¥ æ � R­× ¤§¥ è S�¨ Ò V&�1b
� RB× ¤©¥ eËM�ª$X � Ð +�S�«Qß�VQD1g ¬�ã�S�í6D
gn� W R � ;4<�ÿ�pWSÆí�n � ø Ð +Ú;
Ð2Ñ
Ò�Ó Ç	� �</�N&b�*�+9,$-
.&/�-10�2 � k \
S+9(:)X�D �;� e9��­��</�NË3)D(� RB× ¤©¥ e�8
:$zd_&aWN�b�Õ�ÖpD #&%�' 3�8�:�z�_�arNpL&D
�®K ¤ Ø�ÌpÙ2Í ú A&× � � 8�:nzjH1ý
VËX�� R­× ¤¯¥
e]�9�r_QaON9Z�L&3]\j_�a�X Y �1bwV&�wV ø
3W��D�t�xr���
þ
ÿ$��U�S29�:)X��):p3�! �
_Qa���f9g�h�iOk�- � Þq��e�D�� RB× ¤©¥ 3�8�:
z�_�a4X Y ��b$c4R�e #D%�' 4.5OSÆ99N6þ9s$y
m$ÿ0�OSneQ� RB× ¤°¥ 3��p��_�aIX Y N�"�3	±� L²����D�iwkË-nS)t�xu�[�OH�þ<ÿ���UuV&D
� RB× ¤m³ D�F�´`H]��m�V�� µnD$t�xu�[��þ<ÿ��
UnS29�N���:�! � 3Ë���r_�an�Ëb�¶	·�¸p�w�
í�¹+�u. ���9� � � � 3QÑ;qu_&ap�Væ�º è b�g
�9D�8EC * Ê � iWk]- � 5n7 Ð +wH9»Eªp��µnD
� RB× ¤©¥ 31�9�r_Qa�X Y N#"$3 Ç �<:��Ëb ¼'½ËD



�

�

t�x��6��þ�ÿ4�4UISç9�:$X�� RB× ¤°¥ 3�8�:pz
_QaON9Z�LQD�g��)D(� R­× ¤©¥ D	F�´wH6��m9MwN
Z�L�S29�:)X�D1t�x`�Q����:;! � 3	D�Fw_Qa
N9"�DEg$��D98EC * Ê � iWk]-��ne)D
� R­× ¤¾¥ 3
���r_�anX � ü D1t)xr�Q���):�! � 3�D�FW_
anX Y �1b
¿ ��� ��e�5�7wo�:4qnsItnv�xrS � Y X

� RB× ¤�¥ /pN Y e)D�*�+�,�-�.&/&-�0�2WH6� À
MwN�Z�L�S+9�:)X�t)x`���;�):E! � H�D�F�M
N��IK ��Ì ´ � �n�lL�X ��Á�Â 2�mrSp� �
��Ã�Ä;Å	ÆIH#Ç
?Bb
È à �$�p� Ö;É �f9g�h�iOk�- � 9 ð 8�CÊ* Ê �BiIk6-nH[m Y X
5$7no]:�q�s$t�v)xIH6y � V�D1t)xr�Q�����
:wH[����MON&b�t�x`�Q� � þ�s	� � e�Ë�4�5
H 5 �$N�Ì}�`. =W/ Ù .° $-�. ��Í�ÎnMWN�b
ÏÏ ÏÏÑÐ�ÒÔÓ²ÕÐ�ÒÔÓ²ÕÐ�ÒÔÓ²ÕÐ�ÒÔÓ²Õ�ÖE×�Ø;ÙÖE×�Ø;ÙÖE×�Ø;ÙÖE×�Ø;Ù�ÚEÛ	ÜÚEÛ	ÜÚEÛ	ÜÚEÛ	Ü�Ý	Þ�ßÝ	Þ�ßÝ	Þ�ßÝ	Þ�ß�àààà
iWkË-�mEá�â�Ë.4.5Eã�äØæ ÈDÉÃó�÷ ò»ôÃó¹ñBè SÆ90ü
Ë�4�5OHËU+�ËD�X�a4SCó�MON&0)2+â ® H�å

�
MwN�b�gQ, ß�æGç ô ± � & è�BQÒ � 8�C9iOk
-�D�X�aj� � ³Ãô&Å õ £­Þ&É î ÃÃð �./�N Ë ºO� ú * � PBi
k6-$S � Y X�D�é)�d.ª� Ù x�ê ë�ì<��e�Ë�4
5�0)2+â ® S9í�î�ï4e�ðIK�X Y ø Y b	XIZ���Dt�xu�&��ñ��)�nU�òóñ�� � Ë.4<5OS�ó�MWN�0
2WH[����MON�b�ô É¹ó]÷ ò»ôÃó´ñ ��õ ±	¸ � elºmöS÷Mº
±jL MON&b�å � â ® e�Ë�S29�N²��ø

� `�F4H
ùûú �$KËDüPOý¾þOH�h�ÿ��dL�VQD^X�a���& � �
¯ e]M�3�=���S�iIk�-pH ÈDÉ¹ó]÷ ò¸ô¹ó¹ñ �w����Ã
_��wN�b�t�xr������U���e1D ³ ô�Å õ £­ÞDÉ î Ã ð �
/4N Ë ºM� ú * � P�iWkË-pS � Y X9t�xj�[�$�nU
� Î 0)2
	��wH�
wN����EÅ�ÆIH^Ç Y D ñ.�1�
U�, ¤ ý Ç S]0)2+â ® 3�h�ÿ��jL ø Nyh����
L�MON&b�����Å�Æ��W��t�xr�����Oý¾ì £Bú õ £ 3��
â���/pN4L²���nN[b;å � e�t�xu�[����U��$D
�$U�, º Ç D.Î º Ç D ¤ ý Ç D�ö º Ç D PMý Çn� â
¡ �9Çl?ùb9iOk�- ® �

�����p� �$K1DË0�2+â
® e�� # � Lu� � ì ô"!�Ê ìÃîFì ÷DÉDÇ�ÇDÊ ³ ò¾ñªñ$#"#¹ñ�Å´ó&% � å� ��'�(*)�� # ú æ h�ÿ���'�(*)�� è,+ Î�ýOý # L
V[X�-/.IVQD�t�xr���pSCó�MwN�â ® 0)20	��
H�
wN�b
11 11 Ð�ÒÔÓ²ÕÐ�ÒÔÓ²ÕÐ�ÒÔÓ²ÕÐ�ÒÔÓ²Õ�2�3�Ø;Ù2�3�Ø;Ù2�3�Ø;Ù2�3�Ø;Ù�4444655 55 Ý�Þ�ß	àÝ�Þ�ß	àÝ�Þ�ß	àÝ�Þ�ß	à75555�8�98�98�98�9
&�è � ñ.�1��U	ÉrL��0Ô�øQt)xr�Q�:�Oý¸ì £Bú õ £
H Î;� â ® � |)S(Õ=<�� ��D©º�< ® þ
ÿjV[X1�U4H^Çl?ùb¾h9ã � �$UWLGh�, � ��U<â$S�D ÈDÉÃó

÷ ò¸ôÃó¹ñ SÆ9�N#Ë.4.5+Å�ÆwH�Ç�?�b�ô É¹ó�÷ ò¸ô¹ó¹ñ��õ ±	¸ � e ºmöS÷Vº�±uL�VQD�å � â ¡ e1t)x������U��9D)�$U�, º Ç D.Î º Ç D ¤ ý Ç D�ö ºÇ DüPOý Çn� â ¡ ��Çl? b[iIk6- ® �
�����p�

��KËDË0�2+â ® e�� # � L`�>� ì ô"! Ê ìÃî´ì ÷DÉDÇ�Ç]Ê ³ ò¾ñ
ñ$#$#¹ñ�Å¹ó&% � å � ��'�(?)�� # ú æ�hEÿ��;hEÿ��
'*(�)�� è,+ Î ýMý # L9V&X�-/.IVQD)t)xr���pS
ó9MON�â ® 0)2
	��OH�
wN�bEg���D(þ
ÿ$��U
�
,2�)t)xr�Q�9��U��4H�8)zj_@�nX�D1t)xr�
��m6��0$2A	B�uH�
jNB��& � ÅEÆ0��f�g�h
i`k�-jL#B.Ò � 8+Cpirk1-+� � t�x����nþ
s�y�m �9.�C Î þ
ÿ$��U�S29�N#��:;! �p�9.C 3</�NË�Ë����MON�b
D à �$�����& è�t)xr�Q�;ñ<�1�$U Î þ�ÿ���UQ,4S1iOk
- � Þ4DQ)2*OHFE7.OV[D �;øn{�ãnS�DEg��9D
g)z${<ã�S1D�� R­× ¤©¥�ø � � Ð ++;(Ð�ÑQÒ.Ó Ç� =¦* Ê � ø � �ËÇ	� |$}�~O��� � ÿ2�4H#»;ª9D
t)xr�Q� � þ�s�� � L ��. T�H[���jV&�1b ÁÂ ��U	��� ø �Iâ ø Ì ´dL�V[X)D�;�o]: �BG
H<Ý �]��Ç �</nN�D óFô î Þ Ê ÃÃñ ò Å�ÉBÃJI î £´ôÃó´ñ¹ð
î Þ�ÇBÉ¹ð¹ñ�É&!&Ä&Å�ÈDÉ·ò�Ê�Å)ô�Å�Ê¸ð æ �&K ? Ë A è H]t)xr�Q�uL
��m9��UrV&X�DËf�g)h�5�7noË:9q�s�t�v)x�i
k6-$S �4� N�t)xr�Q������:43Ë�9�`_�aON
�w�n?ª�nH[���jV&�Ëb��"K ? Ë A e�|�}�~O���nL
V�X � �dVQ*9+�,n-�.�/[-)092rH6����MWN�b
5�7noË:9q�s�t�v)x+��e1D�t�x`�Q��3���|
S0ø Y �O�)3��u�ªa��93)D]8�Cl* Ê � iIk�-<�
e�DC� RB× ¤§¥ 31�9�r_Qa�X � ü D)t�x`�Q����:
3�! � e2:�|Vü�L��æ��a ø Y "�3�\4^d_�a
�1b
�"K ? Ë A e�|$}�~w���nL�V[X � �uV *�+�,
-�.�/�-�0)2wH��9�`V�D1t�x`�Q���):�! � H
����MONQ�I�)3)�`�ªan�ËbBL<,`_���S6���OH5 ��N#"�3�± � L��'���ªa��1b
M à " ø ÿ�è�N " ,� �$� ç9è�OpD �$�9Ç ��O�P ð þ�Q �$� OOSe ìB� #
� R ��S�N "�Tr�

° �
ë #

�U ? ÉV³ÃôDÇ�È Ê � ï�� ô�ÃÃôm³½ñ R ï�T Ê Ã ô·ï # Ê ì¹î Þ ô U½ïV ô ì ô ì ÉÃóBÉ � ï�U Ê­Ç�È Ê Ã&É �½ï A ÉÃñ �S÷
 
* Ê � ï ôBÃñBÃ ð�É¾÷ ò¸ô&Ç ì Ê�ÅQÞ ñ¹ó�Ê�Å î ò î´ì Å­ÈÃôF÷½ñ­Þ&É�Ã ñ ïì ÉÃð î ò¸ôÃó´ñ&Ç�ó­È½ñ�ð¹ñm� ñ½ò�ÉF÷ ì ñBÃÃó�ÉW# ì É­Þ¹÷�È Ê Ã ñô�Ã ó�Ê Ã&É&Å]Ê�Å¹ñ¸÷½ó�Ê � ñ óBÉ·ò¾ñ�Þ ô�Ã&Å´ñ ÷}T Ë ñ ò¹ò # É·ò # ñ¹ð ÷X�Y íZ�Oý�Î�ýÃï�Î�ö æ Î[� è]\ �$^�Î PVòW�OP ÷

 

_ ? Ém³ ôDÇ�ÈÏÊ � ï!� ôBÃÃôV³ ñ R ï�T Ê Ã ô·ï^U Ê­Ç�ÈÏÊ Ã�É �½ï



�

�

A ÉÃñ � ÷a` ô½ò¿÷�Þ&É¹ôÃó´ñ�ô¹ó¹ó¹ñ­Ã î ôÃó¹ñ&Ç�ó­È ñð¹ñV� ñ ò�ÉF÷ ì ñBÃÃó�É$# ì ÉBÞ¹÷�ÈÏÊ ÃÃñ�ô�Ã ó�Ê Ã&É&Å]Ê�Å¹ñ¸÷½ó�Ê � ñó�É·ò¾ñ�Þ ô�Ã&Å¹ñ ÷�U ñ î ÞDÉ&Ç�Å�Ê � ñ´ó¹ó ÷ X�Y í �Oý�Î�ýÃï
öW^Qº�æb� è,\ Î[�QºmòW^ ÷

R {�c)ÿ$è Tr�
° �

ë #
�U � ô ì ôÃñ ? Ém³ ôDÇ�ÈÏÊ ï R ñ­ÞÃôV³ÏÊ � ôBÃÃôV³ ñ ïEô Ê�ÇFô�Ä�ÉT Ê Ã ï�� ô õ ôDÇ�È Ê U Ê­Ç�È Ê Ã&É ï � É ì ÉBÈÏÊ õ É A ÉÃñ

�L #$#¹ñ�Å¹ó ÉW# ñBÃÃð�ÉF÷ ò¸ôDÇ ì Ê�Å Þ½ñ´ó�Ê�Å î ò îFì
Å­È ôF÷ ñ­ÞDÉBÃ ñ&Ç_É�Ã6ó­È ñ[ð¹ñV�Ãñ½ò�É¾÷ ì ñBÃ ó�ÉW# ì É­Þ¹÷�È Ê Ã ñó�É·ò¾ñ�Þ ô�Ã&Å¹ñ ÷ L î ÞDÉ¹ôBÃ ñ&ÇFó­È½ñ�Ç]Ê¿ô �Oý�Î�ýZ�Oý�Î�ý1( PdKÎ ¤ <�ô ñ½ò­Ç]Ê Ã õ Ê L !�È Ê ³ÏÊ»ó]Ê�É�Ã�e.Ë�É�ÃO�ÃñBÃ ó]Ê�É�Ã
Ë ñBÃ ó�Þ½ñ
_gf�h?i�j k0l�m�n0o�pqk�r�s�t?k�u�v�wx�yFz�{�|�}�~?�*���0�����/��������������*���/�B��� �����������������$ �¡���¢£ �

���� ¤ � ¥ � ¦¨§�©«ª�¬�­?®°¯
�±³²µ´·¶µ´W¸�¹Wº&»µ´W¼¾½À¿ Á/ÂW¸¾Ãµ´&»Ä¿�²µ´"Å$´&»J¸"Á*ÆÇ¿¾¼&´$È"º
É ¿;ÅµÁ�²µ´&ÊW´µ¼[½À¿�ËÇ¿·¼[½À¿;Å$ºWÁ�²µº¾¶Jº&½À¿ÌÊWº�ÍJºW¸ÍµÅ ¸·ÅµÎ"º·ÏÄÐ¾´W¼[¶Ç¿[Ñ ÃJ¸"ÒÓ¿¾Ñ¾ÔÄÐ;Ô"¶ Ñ·½W´&ÏJ¸¾Ãµº"ÅW¸¶JºWÎ·ÔÕÐ¾´WÒ"¸W¼ÖÒ¾½J¸×Î"¸&Øµ¸µÐ¾º&Ï&¶Ó¸·ÅµÒÖºWÙÚ¶Jº&Ã"Ï$½À¿ÌÅµ¸Ò"ºÓÐ·¸¾Ãµ´"ÅWÑ$¸ ÛW¸JÐ$Ð ¼&Ò·ÃJ¸W¼"¼ ¼&º$ÑÓ¿¾¸"Ò"È¿;ÅµÒ$¸¾ÃWÅW´$ÒÓ¿[º&ÅW´ÓÐaÜ"Ý$Ý$Þàßâá[Ýäãæå �èç�é
êìë�í i�j y l�m n0oBp y r�s t y uv w x�y����������������6��î/ï*�«z�{�|
ðòñôóôð�õ�ö ��÷�ø/�Bù�ú*yû���*�����*����ò�&ü�¡���¢ £ �*y Ü$Ý"Ý$ÞàßòåýãÚá  B�@yBþ*ÿ
� ���������
	

� �
� �
�
�����������
�
���
��� �
	�Ý

�
��
���
 "!$# ���% # �
&�'(�
)+* �
�,� ß�ã �-�
.�/$0 �21(�
�4345���� �
	�Ý

�
��
���
 "!$# ���% # �
&�'(�
)+* �
3�5 ß�ã �-�
.�/$0 �21(�
�76 �$8 �
9�:�; � :
<2=
>@?$A
B�C�DE áGF A�B�H�I # ë�í J j

�b¹LKNM$ÍJÂ¾ÆPOF²&ÍRQ$ÍLS
�T�U�V �XWZY���[�\4]�^�_`Wba�c

A
B # )d* � á[ÝRe  $�&ü Þgf
E ÜRF A�B }�h # �

�
A�B # )+* �
�E egFji�k A
B # �

�
A
B # )d* �


