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F_`^mgZjh^gZy � hj]ZgbaZpby� ih� klZg^ZjlbaZpbb � �BKH�� y\ey_lky

\k_fbjghc� n_^_jZpb_c � gZpbhgZevguo� hj]ZgbaZpbc� ih� klZg^ZjlbaZpbb

�dhfbl_lh\�qe_gh\� BKH��� JZajZ[hldZ� f_`^mgZjh^guo� klZg^Zjlh\

h[uqgh� hkms_kl\ey_lky� l_ogbq_kdbfb� dhfbl_lZfb � BKH�� DZ`^uc

dhfbl_l�qe_g�� aZbgl_j_kh\Zgguc � \� ^_yl_evghklb �� ^ey� dhlhjhc� [ue

kha^Zg� l_ogbq_kdbc � dhfbl_l �� bf__l� ijZ\h� [ulv� ij_^klZ\e_gguf� \� wlhf

dhfbl_l_�� F_`^mgZjh^gu_ � ijZ\bl_evkl\_ggu_� b� g_ijZ\bl_evkl\_ggu_

hj]ZgbaZpbb�� bf_xsb_� k\yab� k� BKH�� lZd`_� ijbgbfZxl� mqZklb_� \

jZ[hlZo�� Qlh� dZkZ_lky� klZg^ZjlbaZpbb � \� h[eZklb� we_dljhl_ogbdb�� BKH

jZ[hlZ_l� \� l_kghf� khljm^gbq_kl\_ � k� F_`^mgZjh^ghc

we_dljhl_ogbq_kdhc �dhfbkkb_c ��FWD��

Ijh_dlu� f_`^mgZjh^guo� klZg^Zjlh\ �� ijbgylu_� l_ogbq_kdbfb

dhfbl_lZfb �� jZkkueZxlky� dhfbl_lZf�qe_gZf� gZ� ]hehkh\Zgb_�� Bo

him[ebdh\Zgb_� \� dZq_kl\_� f_`^mgZjh^guo� klZg^Zjlh\ � lj_[m_l

h^h[j_gby�� ih� f_gvr_c� f_j_�� ���� dhfbl_lh\�qe_gh\�� ijbgbfZxsbo

mqZklb_�\�]hehkh\Zgbb�

F_`^mgZjh^guc � klZg^Zjl� BK2� ������� ih^]hlh\e_g� L_ogbq_kdbf

dhfbl_lhf� BKH�LD� ���� “BfieZglZlu� ^ey� objmj]bb” �� Ih^dhfbl_lhf

ID4 “AZf_gbl_eb�dhkl_c�b�kmklZ\h\” .

F_`^mgZjh^guc �klZg^Zjl�BKH������khklhbl�ba�ke_^mxsbo�qZkl_c�

bf_xsbo� h[s__� gZa\Zgb_� “BfieZglZlu� ^ey� objmj]bb�� QZklbqgu_� b

ihegu_�ijhl_au�lZah[_^j_gguo�kmklZ\h\”:

��QZklv ����DeZkkbnbdZpby�b�h[hagZq_gb_�jZaf_jh\

- QZklv ����KmklZ\gu_�ih\_joghklb�ba�f_lZeebq_kdbo�

d_jZfbq_kdbo�b�ieZklfZkkh\uo�fZl_jbZeh\
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��QZklv ����Hij_^_e_gb_�oZjZdl_jbklbd�^he]h\_qghklb

kl_j`g_\uo�[_^j_gguo�we_f_glh\�[_a��ijbf_g_gby�kdjmqb\Zgby

��QZklv ����Hij_^_e_gb_�oZjZdl_jbklbd�^he]h\_qghklb

kl_j`g_\uo�[_^j_gguo�we_f_glh\�ijb�kdjmqb\Zgbb

��QZklv � ���Hij_^_e_gb_� khijhlb\e_gby� \ha^_ckl\bx� klZlbq_kdhc

gZ]jmadb� \� ahg_� ]heh\db� b� r_cdb� kl_j`g_\uo� [_^j_gguo

we_f_glh\

��QZklv ����Hij_^_e_gb_�oZjZdl_jbklbd�^he]h\_qghklb�\�ahg_

]heh\db�b�r_cdb�kl_j`g_\uo�[_^j_gguo�we_f_glh\

��QZklv ����OZjZdl_jbklbdb�^he]h\_qghklb�kl_j`g_\uo�[_^j_gguo

we_f_glh\�[_a�ijbf_g_gby�kdjmqb\Zgby

��QZklv ����OZjZdl_jbklbdb�^he]h\_qghklb�kl_j`g_\uo�[_^j_gguo

we_f_glh\�k�ijbf_g_gb_f�kdjmqb\Zgby

��QZklv ����Hij_^_e_gb_�mklhcqb\hklb�dj_ie_gby�]heh\db

kl_j`g_\uo�[_^j_gguo�we_f_glh\�d�\ha^_ckl\bx�djmlys_]h

fhf_glZ

��QZklv �����Lj_[h\Zgby��deZkkbnbdZpby�b�h[hagZq_gb_�jZaf_jh\

kl\heh\�b�dhgmkh\�ijhl_ah\�k�fh^mevghc�]heh\dhc

FKD����������

>_kdjbilhju� � f_^bpbgkdh_ � h[hjm^h\Zgb_ � � bfieZglZlu � ^ey � objmj]bb �

hjlhi_^bq_kdb_ � bfieZglZlu � � lZah[_^j_ggu_� kmklZ\u � � kmklZ\_ � �kh_^bg_gb_��

ijhl_au � �l_ogbq_kdb_ �mkeh\by � �^he]h\_qghklv �
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MklZehklgu_� k\hckl\Z� y\eyxlky� \Z`gufb� iZjZf_ljZfb� hp_gdb

wdkiemZlZpbhggh]h�ih\_^_gby�hjlhi_^bq_kdbo �bfieZglZlh\ in vivo.

<�qZklb���gZklhys_]h �f_`^mgZjh^gh]h�klZg^ZjlZ�hibkZgu�kj_^kl\Z

hp_gdb� dhgkljmdpbc� [_^j_gguo � we_f_glh\� qZklbqgh]h� beb� ihegh]h

ijhl_aZ�lZah[_^j_ggh]h �kmklZ\Z��h^gZdh�^ey�mklZgh\e_gby�fbgbfZevguo

\_ebqbg� gZ]jmahd� ijb� bkihevah\Zgbb� ^Zggh]h� f_lh^Z� bkiulZgby

kl_j`g_c�� jZaf_jhf� f_gvr_� l_o�� dhlhju_� ij_^gZagZq_gu � ^ey� [hevgh]h

kj_^g_]h� jhklZ� �\� ?\jhi_�� g_h[oh^bfh� ihemqblv� [ZeZgk� ^Zgguo� h

jZaebqguo� dhgkljmdpbyo� kl_j`g_c� gZbf_gvr_]h � jZaf_jZ�� G_h[oh^bfh

lZd`_� bf_lv� [hevr_� ^Zgguo� ^ey� ijh\_^_gby� dhjj_eypbb� j_amevlZlh\�

ihemq_gguo� hibkZgguf� f_lh^hf� ijbf_gbl_evgh� d� hij_^_e_gguf

dhgkljmdpbyf�b�fZl_jbZeZf��Z�lZd`_�^ey�lh]h��qlh[u�hljZablv�jZa\blb_

debgbq_kdh]h�hiulZ�
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1 H[eZklv�jZkijhkljZg_gby

GZklhysZy� qZklv� f_`^mgZjh^gh]h� klZg^ZjlZ� BKH� ����

jZkijhkljZgy_lky � gZ� oZjZdl_jbklbdb � ^he]h\_qghklb� kl_j`g_\uo

[_^j_gguo � we_f_glh\� iheguo� ijhl_ah\� lZah[_^j_ggh]h � kmklZ\Z� b

kl_j`g_\uo� [_^j_gguo� we_f_glh\�� bkihevam_fuo� kZfhklhyl_evgh� ijb

qZklbqghc �aZf_g_�lZah[_^j_ggh]h �kmklZ\Z��dZd�mklZgh\e_gh�\�j_amevlZl_

ijh\_^_gby� bkiulZgbc� \� mklZgh\e_gguo� eZ[hjZlhjguo� mkeh\byo� k

ijbf_g_gb_f�kdjmqb\Zgby�

GZklhysZy�qZklv�klZg^ZjlZ�BKH������g_�jZkijhkljZgy_lky�

Z� gZ�ijhl_au�^ey�ijbf_g_gby�\�hkh[uo�debgbq_kdbo�kemqZyo�

b) gZ� ijhl_au�� ^ey� dhlhjuo� p_gljZevgZy� ebgby� kl_j`gy

bkdjb\ey_lky�ih�lj_f�hkyf�b�g_�gZoh^blky �\�h^ghc�iehkdhklb

k�hkvx�r_cdb�

2 GhjfZlb\gu_�kkuedb

Ke_^mxsbc� gb`_� klZg^Zjl� kh^_j`bl� iheh`_gby�� dhlhju_

ihkj_^kl\hf� kkuehd� \� ^Zgghf� l_dkl_� khklZ\eyxl� iheh`_gby� ^Zggh]h

f_`^mgZjh^gh]h� klZg^ZjlZ�� GZ� \j_fy� im[ebdZpbb� � mdZaZggh_� ba^Zgb_

[ueh� ^_ckl\mxsbf�� KlZg^Zjl� ih^e_`bl� i_j_kfhljm�� b� klhjhgZf�

mqZklgbpZf � kh]eZr_gbc� gZ� hkgh\_� wlh]h� klZg^ZjlZ� j_dhf_g^m_lky
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\uykgblv� \hafh`ghklv� ijbf_g_gby� kZfh]h� ihke_^g_]h� ba^Zgby

mdZaZggh]h �gb`_�klZg^ZjlZ��KljZgu�qe_gu�BKH�b�FWD�\_^ml�mdZaZl_eb

^_ckl\mxsbo�f_`^mgZjh^guo�klZg^Zjlh\ �

BKH� ������������BfieZglZpbhggu_�^ey� objmj]bb��QZklbqgu_�b�ihegu_

ijhl_au� lZah[_^j_gguo� kmklZ\h\�� QZklv � ��� Hij_^_e_gb_

oZjZdl_jbklbd� ^he]h\_qghklb� kl_j`g_\uo� [_^j_gguo� we_f_glh\� ijb

kdjmqb\Zgbb

3 Mkeh\by�bkiulZgbc

;_^j_gguc � we_f_gl� g_h[oh^bfh� ih^\_j]Zlv � bkiulZgbyf� \

mkeh\byo��bfblbjmxsbo�j_Zevgu_�mkeh\by�bkihevah\Zgby�

4 OZjZdl_jbklbdb�^he]h\_qghklb

Ijb� ijh\_^_gbb� bkiulZgbc� \� khhl\_lkl\bb� k� f_lh^bdhc�

baeh`_gghc� \� klZg^Zjl_� BKH� �������� [_^j_gguc � we_f_gl� g_� ^he`_g

jZajmrZlvky�ihke_�^_ckl\by� ��× 106
�pbdeh\�ijbeh`_gby�gZ]jmadb � �dG�\

ij_^_eZo� hl� ���G� �fbgbfZevgZy� gZ]jmadZ�� ^h� ���dG� �fZdkbfZevgZy

gZ]jmadZ���BkiulZgb_� g_� ^he`gh� ij_djZsZlvky� ^h� aZ\_jr_gby� ihegh]h

j_`bfZ� gZ]jm`_gby� �kf�� klZg^Zjl� BKH� ������������� i������� aZ

bkdexq_gb_f� kemqZy�� dh]^Z� h[jZa_p� iheghklvx� ih]jmabeky� \� kj_^m

\g_^j_gby�


