
��������R��������LF��LR������������

��5HYLHZ�RQ�0HWKRGV�RI��QDO�VLV�RI�(VOLFDUED�HSLQH��FHWDWH

�VLI��XVDLQ����KPDG�1DZHG���6DKLO��DTXH����EGXO�4DGLU����TVD�.KDQ���0G�.KXUVKHG��ODP�

�3URIHVVRU�����8*�6FKRODU��'HSDUWPHQW�RI�3KDUPDFHXWLFDO�&KHPLVWU���6FKRRO�RI�3KDUPDFHXWLFDO�(GXFDWLRQ�DQG�5HVHDUFK��
-DPLD�+DPGDUG��1HZ�'HOKL����������,QGLD�

&RUUHVSRQGLQJ��XWKRU���VLI��XVDLQ��3URIHVVRU��'HSDUWPHQW�RI�
3KDUPDFHXWLFDO�&KHPLVWU���6FKRRO�RI�3KDUPDFHXWLFDO�(GXFDWLRQ�
DQG�5HVHDUFK��-DPLD�+DPGDUG��1HZ�'HOKL����������,QGLD�

(PDLO��GUDVLIKXVDLQ#�DKRR�FRP

�EVWUDFW

$QWLHSLOHSWLF�GUXJV�DUH�XVHG�WR�WUHDW�QHXURORJLFDO�
GLVRUGHUV� FKDUDFWHUL]HG� E�� UHFXUUHQW� HSLOHSWLF�
VHL]XUHV��(VOLFDUED]HSLQH�DFHWDWH��(6$���D�SURPLVLQJ�
DQWLHSLOHSWLF� DJHQW�� DFWV� E�� EORFNLQJ� WKH� YROWDJH�
JDWHG�VRGLXP�FKDQQHOV��,W�LV�D�SURGUXJ�DQG�FRQYHUWHG�
WR� HVOLFDUED]HSLQH�� (6$� LV� DYDLODEOH� LQ� WKH� PDUNHW�
XQGHU� GLIIHUHQW� WUDGH� QDPHV� OLNH� $SWLRP�� =HELQL[��
DQG�([DOLHI��7KLV�UHYLHZ�VKHGV�OLJKW�RQ�WKH�SURSHUWLHV�
DQG� HVVHQWLDO� (6$� DQDO�VLV�PHWKRGV� OLNH� ,5�� +3/&��
/&�06��+37/&��DQG�83/&�

.H�ZRUGV��(SLOHSV���(6$��$VVD���89��+3/&��06�

,QWURGXFWLRQ

(SLOHSV�� LV� D� QHXURORJLFDO� GLVRUGHU� WKDW� LV�
FKDUDFWHUL]HG� E�� D� SHULRGLF� DQG� XQSUHGLFWDEOH�
H[SUHVVLRQ� RI� VHL]XUHV�� (SLOHSWLF� VHL]XUHV�
DUH� SURGXFHG� GXH� WR� DQRPDORXV� H[WUHPH� RU�
V�QFKURQRXV� QHXURQDO� DFWLRQ� LQ� WKH� EUDLQ�� DQG�
HSLVRGHV�RI� VHL]XUHV�PD��YDU�� IURP� VKRUW� WR� ORQJ�
SHULRGV��1HUYRXV�V�VWHP�LQIHFWLRQ��SUHQDWDO�IDFWRUV��
KHDGWUDXPD��GHOD��GHYHORSPHQW��DQG�JHQHWLF�LVVXHV�
DUH�IDFWRUV�EHKLQG�WKH�HWLRORJ��RI�VHL]XUHV����

$QWLHSLOHSWLF� GUXJV� DUH� XVHG� WR� WUHDW� HSLOHSWLF�
FRQGLWLRQV�� 1HYHUWKHOHVV�� GHVSLWH� WKH� H[LVWLQJ�
WUHDWPHQW������RI�DGXOW�SDWLHQWV�KDYH�XQFRQWUROOHG�

VHL]XUHV��� 7R� UHGXFH� WKH� VLGH�HIIHFWV� DQG� GUXJ�
UHVLVWDQFH�WKHUH�LV�DQ�XUJHQW�QHHG�WR�GHYHORS�QHZHU��
VDIHU�DQG�HIIHFWLYH�GUXJ�V��WR�WUHDW�HSLOHSV���9DULRXV�
FRPELQDWLRQ� WKHUDSLHV� DUH� XVHG� QRZ� WR� FUHDWH�
WKH� V�QHUJLVWLF� HIIHFW� DQG� UHGXFH� WKH� RYHUDOO� VLGH�
HIIHFWV�RI�H[LVWLQJ�GUXJV�����3DWLHQWV�VXIIHULQJ� IURP�
WKH�HSLOHSWLF�FRQGLWLRQ�KDYH�D�SRRU�TXDOLW��RI� OLIH��
ZKLFK�ZLOO�IXUWKHU�OHDG�WR�GLVDELOLW��DQG�PRUELGLW���

9DULRXV� VLJQV� DQG� V�PSWRPV�� DVVRFLDWHG� ZLWK�
HSLOHSV�� LQFOXGH� WHPSRUDU�� FRQIXVLRQ�� VWDULQJ�
VSHOOV�� XQFRQWUROOHG� MHUNLQJ�� SV�FKLF� V�PSWRPV��
DQG�ORVV�RI�FRQVFLRXVQHVV��HWF���)LJ����

7HPSRUDU��FRQIXVLRQ $�VWDULQJ�VSHOO

8QFRQWUROOHG�MHUNLQJ�
PRYHPHQW�RI�DUPV�DQG�

OHJV

/RVV�RI�FRQVFLRXVQHVV�RU�
DZDUHQHVV

3V�FKLF�V�PSWRPV�VXFK�
DV�IHDU�DQG�DQ[LHW�

)LJ�����6RPH�VLJQ�DQG�V�PSWRPV�RI�HSLOHSV��

7KHUH� DUH� EDVLFDOO�� WZR� W�SHV� RI� VHL]XUHV� �)LJ�
���� RQH� LV� IRFDO� VHL]XUH�� DOVR� NQRZQ� DV� SDUWLDO� RU�
ORFDOL]HG� VHL]XUH� LQ� ZKLFK� RQO�� RQH� KHPLVSKHUH�
RI� EUDLQ� JHWV� DIIHFWHG� LQLWLDOO��� $QRWKHU� RQH� LV�
JHQHUDOL]HG� VHL]XUH�� ZKLFK� RFFXUV� ZKHQ� WKHUH� LV�
DEQRUPDO� HOHFWULFDO� DFWLYLW�� LQ� ERWK� KDOYHV� RI� WKH�
EUDLQ�VLPXOWDQHRXVO���

�RZ�WR�FLWH�WKLV�DUWLFOH�
$VLI�+XVDLQ��$KPDG�1DZHG��6DKLO�+DTXH�HW�DO���$�5HYLHZ�RQ�0HWKRGV�RI�$QDO�VLV�RI�(VOLFDUED]HSLQH�$FHWDWH��-�3KDUPDFHXW�0HG�
&KHP������������������

-RXUQDO�RI�3KDUPDFHXWLFDO�DQG�0HGLFLQDO�&KHPLVWU�
9ROXPH���1XPEHU����-XO��'HFHPEHU�����

'2,��KWWS���G[�GRL�RUJ����������MSPF������������������5HYLHZ��UWLFOH
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6HL]XUHV

*HQHUDOL]HG)RFDO

v� �)RFDO�VHL]XUH�ZLWKRXW�ORVV�RI�
FRQVFLRXVQHVV

v� �)RFDO� VHL]XUH� ZLWK� LPSDLUHG�
DZDUHQHVV

v� $EVHQFH�VHL]XUH

v� 7RQLF�VHL]XUH

v� $WRQLF�VHL]XUH

v� &ORQLF�VHL]XUH

v� 0�RFORQLF�VHL]XUH

v� 7RQLF�FORQLF�VHL]XUH

)LJ�����7�SHV�RI�VHL]XUH�

(VOLFDUED]HSLQH�DFHWDWH��(6$��LV�RQH�RI�WKH�PRVW�
SURPLQHQW�DQWLFRQYXOVDQW�DJHQWV��,W�LV�D�QHZ�EURDG�
VSHFWUXP� DQWLHSLOHSWLF� GUXJ�� DQG� HIIHFWLYH� DJDLQVW�
SDUWLDO� DQG� JHQHUDOL]HG� WRQLF�FORQLF� VHL]XUHV� DV�
D� VLQJOH� GUXJ� RU� LQ� FRPELQDWLRQ� ZLWK� DQRWKHU�
DQWLHSLOHSWLF� GUXJ�� (6$� DFWV� E�� EORFNDJH� RI� WKH�
YROWDJH�JDWHG�VRGLXP�FKDQQHO��,W�KDV�KDOI�OLIH�RI����
���K��,W�LV�D�RQFH�GDLO��DQWLHSLOHSWLF�GUXJ�GHYHORSHG�
E��(XURSHDQ�0HGLFLQHV�$JHQF���=HELQL[70����

(6$�LV�DYDLODEOH�XQGHU� WKH�WUDGH�QDPH�$SWLRP��
=HELQL[�� DQG� ([DOLHI�� (6$� LV� D� SURGUXJ� WKDW� LV�
FRQYHUWHG� WR� HVOLFDUED]HSLQH� �6�OLFDUED]HSLQH��
DQ� DFWLYH� PHWDEROLWH� RI� R[FDUED]HSLQH��� (6$� LV�
FKHPLFDOO��NQRZQ�DV��6�����DFHWR[���������GLK�GUR�
�+�GLEHQ]� �E�I@� D]HSLQH���FDUER[DPLGH�7KH�
VWUXFWXUHV�RI�(VOLFDUED]HSLQH�DQG�LWV�SURGUXJ�(6$�
DUH�SUHVHQWHG�LQ�)LJ���
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(VOLFDUED]HSLQH

1

1+
�2

2

2

(VOLFDUED]HSLQH�DFHWDWH��(6$�

)LJ�����6WUXFWXUH�RI�(VOLFDUED]HSLQH�DQG�(6$�

(6$� LV� DEVRUEHG� WR� DQ� H[WHQW� XSWR� ���� XSRQ�
RUDO� DGPLQLVWUDWLRQ�� ,W� KDV� LPSURYHG� WROHUDELOLW��
pro�le.��� 7KH� SK�VLFDO� SURSHUWLHV� RI� (6$��� DUH�
SUHVHQWHG�LQ�7DEOH���

7DEOH����3K�VLFDO�SURSHUWLHV�RI�(6$�

0ROHFXODU�IRUPXOD &
��
+

��
1

�
2

�

0ROHFXODU�ZHLJKW ������

0HOWLQJ�SRLQW ��������&

$SSHDUDQFH :KLWH�WR�RII�ZKLWH�FU�WDOOLQH�SRZGHU

1DWXUH 1RQ�K�JURVFRSLF

2GRXU 2GRXUOHVV

6ROXELOLW� )UHHO�� VROXEOH� LQ� GLFKORURPHWKDQH��
VSDULQJO��VROXEOH�LQ�DFHWRQH��DFHWRQLWULOH�
DQG� PHWKDQRO�� VOLJKWO�� VROXEOH� LQ�
DEVROXWH�HWKDQRO�

�VVD��0HWKRGV

$QDO�WLFDO� PHWKRG� GHYHORSPHQW� KDV� D� JUHDW� UROH�
LQ�WKH�GLVFRYHU���GHYHORSPHQW�DQG�PDQXIDFWXUH�RI�
SKDUPDFHXWLFDOV�9DULRXV�PHWKRGV� IRU� WKH� DQDO�VLV�
RI� HVOLFDUED]HSLQH� LQ� GLIIHUHQW� SKDUPDFHXWLFDO�
IRUPXODWLRQV�DUH�UHSRUWHG�KHUH�

��� 5HYHUVH� SKDVH� +LJK�� SHUIRUPDQFH� OLTXLG�
FKURPDWRJUDSK���53�+3/&�

��� +LJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK��
8OWUDYLROHW�VSHFWURSKRWRPHWU���+3/&�89�

��� 5HYHUVH� SKDVH�KLJK� SHUIRUPDQFH� OLTXLG�
FKURPDWRJUDSK��XOWUDYLROHW�VSHFWURSKRWRPHWU��
�53�+3/&�89�

��� /LTXLG� FKURPDWRJUDSK�� WDQGHP� PDVV�
VSHFWURPHWU���/&�06�06��

��� +LJK�SHUIRUPDQFH� WKLQ� OD�HU�FKURPDWRJUDSK��
�+37/&�

��� 8OWUD�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK��
WDQGHP�PDVV�VSHFWURPHWHU��83/&�06�06��

�H�HUVH� S�DVH� �L���� SHUIRUPD�FH� OLT�LG�
F�URPDWR�UDS���������/��

+3/&�LV�DQ�H[WUHPHO��YHUVDWLOH�WHFKQLTXH�RI�DQDO�VLV�
LQ�ZKLFK�DQDO�WHV�DUH�VHSDUDWHG�E��SDVVLQJ�WKURXJK�
D�FROXPQ�SDFNHG�ZLWK�PLFURPHWHU�VL]HG�SDUWLFOHV��
5HYHUVH�SKDVH�FKURPDWRJUDSK��LV�XVHG�QRZ�D�GD�V�
GXH� WR� LWV� VLPSOH�� YHUVDWLOH�� UREXVW� QDWXUH�,W� FDQ�
KDQGOH�FRPSRXQG�RI�YDULHG�SRODULW��DQG�PROHFXODU�
PDVV������

&RPSRXQGV� VXFK� DV� SURWHLQV�� SHSWLGHV� DQG�
QXFOHLF�DFLG�FDQ�EH�HDVLO��VHSDUDWHG�DQG�UHFRYHUHG�
E�� 53�+3/&���� 7KH� VHSDUDWLRQ� WDNHV� SODFH� E��
K�GURSKRELF�ELQGLQJ�LQWHUDFWLRQ�EHWZHHQ�WKH�VROXWH�
PROHFXOH� LQ� PRELOH� SKDVH� DQG� WKH� LPPRELOLVHG�

$VLI�+XVDLQ��$KPDG�1DZHG��6DKLO�+DTXH�HW�DO���$�5HYLHZ�RQ�0HWKRGV�RI�$QDO�VLV�RI�(VOLFDUED]HSLQH�
$FHWDWH
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K�GURSKRELF�OLJDQG�WKDW�LV�VWDWLRQDU��SKDVH������

,Q� ����� 3DWHO� '�� HW� DO�� GHYHORSHG� D� VLPSOH��
UREXVW��UDSLG��DQG�SUHFLVH�PHWKRG�IRU�TXDQWLWDWLYH�
PHDVXUHPHQW� RI� HVOLFDUED]HSLQH� DFHWDWH� LQ� WDEOHWV�
E��53�+3/&�PHWKRG�� ,QHUWVLO�2'6��� ���[���PP���
�—P�LV�WKH�FROXPQ�XVHG�LQ�WKLV�PHWKRG��$FHWRQLWULOH��
PHWKDQRO�LQ�WKH�UDWLR������Y�Y�ZDV�XVHG�DV�VROYHQW�
mixture�with�a��ow�rate�of�1.0ml/min�and�detector�
ZDYHOHQJWK� RI� ���QP�� 7KH� DVVD�� VKRZHG� �������
DFFXUDF��� 7KLV� PHWKRG� FDQ� EH� XVHG� IRU� URXWLQH�
TXDOLW��FRQWURO�WHVW�DQG�LW�VKRZHG�JRRG�YDOLGDWLRQ�
SDUDPHWHUV�� $� OLQHDU� UHODWLRQVKLS� EHWZHHQ�
FRQFHQWUDWLRQ�DQG�UHVXOW�ZDV�REWDLQHG���

6ULQLYDV� 0�� HW� DO�� LQ� ����� UHSRUWHG� D� QHZ�
VWDELOLW��LQGLFDWLQJ� JUDGLHQW� 53�+3/&� PHWKRG�
WR�PHDVXUH� WKH� FRQWHQW� RI� (6$� LQ� EXON� GUXJ� DQG�
SKDUPDFHXWLFDO� GRVDJH� IRUPV�� =RUED[� 6%� &����
����PP[� ���PP�� ���—P�� FROXPQ� ZDV� XVHG� ZLWK�
PRELOH�SKDVH��JUDGLHQW�PL[WXUH�RI�VROYHQW�$�DQG�%���
6ROYHQW�$��PL[WXUH�RI�����0�.+

�
32

�
�DQG�PHWKDQRO�

LQ�UDWLRQ�������DQG�VROYHQW�%��DFHWRQLWULOH��PHWKDQRO��
ZDWHU� UDWLR��������Y�Y�� �7KH�GUXJ�ZKHQ�VXEMHFWHG�
to�stress�conditions�degraded�signi�cantly�in�acid,�
EDVH��QHXWUDO�K�GURO�VLV�DQG�R[LGDWLYH�FRQGLWLRQV��
7KH� GHJUDGDWLRQ� SURGXFW� ZDV� VHSDUDWHG� IURP�
LPSXULWLHV��7KLV�PHWKRG�ZDV�IRXQG�WR� EH�VXLWDEOH�
IRU�GHWHUPLQDWLRQ�RI�(6$�LQ�GUXJ�SURGXFW���

6LQJK�0��HW�DO��LQ������HVWLPDWHG�(6$�LQ�EXON�GUXJ�
DQG� WDEOHW� GRVDJH� IRUP� E�� GHYHORSLQJ� D� VLPSOH��
FRQYHQLHQW��DFFXUDWH��SUHFLVH�DQG�UHSURGXFLEOH�53�
+3/&�PHWKRG�'LRQH[�&���FROXPQ����������PP����
μm�particle�size)�was�chosen�for�chromatographic�
VHSDUDWLRQ� ZLWK� PRELOH� SKDVH� PHWKDQRO� DQG�
DPPRQLXP�DFHWDWH� �������0�� LQ� WKH� UDWLR� RI� ������
v/v.The�limit�of�detection�and�quanti�cation�were�
found�to�be�3.144�and�9.52�μg/ml,�respectively.The�
DPRXQW�RI�(6$�LQ�EXON�DQG�WDEOHW�GRVDJH�IRUP�ZDV�
IRXQG�WR�EH�������DQG���������UHVSHFWLYHO����

.DOODP�6��5��HW�DO��LQ������GHVLJQHG�DQG�YDOLGDWHG�
D� VLPSOH�� UDSLG�� VHOHFWLYH�� SUHFLVH� DQG� DFFXUDWH�
LVRFUDWLF�53�+3/&�PHWKRG�IRU�HVWLPDWLRQ�RI�(6$�LQ�
EXON�DQG�SKDUPDFHXWLFDO�GRVDJH�IRUP�XVLQJ�,QHUWVLO�
2'6� �9� ���� PP�� ���� PP�� �—P� FKURPDWRJUDSKLF�
FROXPQ�ZLWK�PRELOH�SKDVH�PHWKDQRO�DQG�DFHWRQLWULOH�
in�the�ratio�of�500:250�with�a��ow�rate�of�1.5�mL/
PLQ�� (6$� ZDV� H[SRVHG� WR� WKHUPDO�� SKRWRO�WLF��
K�GURO�WLF�� EDVLF� DQG� R[LGDWLYH� VWUHVV� FRQGLWLRQV��
:KHQ� H[SRVHG� WR� EDVLF� FRQGLWLRQV�� LW� GHJUDGHG�
FRPSOHWHO��7KH�SKRWRGLRGH�DUUD���3'$��GHWHFWLRQ�
PHWKRGZDV�XVHG�WR�JHW�SHDN�KRPRJHQHLW��GDWD�RI�
(6$���

�L��� SHUIRUPD�FH� OLT�LG� F�URPDWR�UDS���
�OWUD�LROHW�VSHFWURS�RWRPHWU�����/�����

+HUH� KLJK�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK��
FRXSOHG�ZLWK�XOWUD�YLROHW� GHWHFWLRQ� �+3/&�89�� LV�
XVHG�WR�TXDQWLI��(6$�*LOEHUWR�$OYHV�HW�DO��LQ������
GHYHORSHG� D� VLPSOH� DQG� UHOLDEOH� FKLUDO� UHYHUVHG�
SKDVH� +3/&�89� PHWKRG� WR� GHWHUPLQH� (6$� LQ�
KXPDQ�SODVPD��%��WKH�XVH�RI�VROLG�SKDVH�H[WUDFWLRQ��
WKH� DQDO�WHV�DQG� LQWHUQDO�VWDQGDUG�ZHUH�H[WUDFWHG�
IURP� SODVPD�� &KURPDWRJUDSKLF� VHSDUDWLRQ� ZDV�
GRQH� E�� LVRFUDWLF� HOXWLRQ� ZLWK� ZDWHU�PHWKDQRO�
(88:12v/v)�solvent�system�at�0.7mL/min��ow�rate.�
7KH�FROXPQ�XVHG�ZDV�/LFKUR�&$57������&KLUD'H[�
��—P��� &RPSRXQGV� ZHUH� GHWHFWHG� DW� ZDYHOHQJWK�
RI����QP��3URPLVLQJ�UHVXOWV�ZHUH�REWDLQHG�DQG�WKH�
PHWKRG�ZDV�IRXQG�WR�EH�XVHIXO�IRU�FOLQLFDO�UHVHDUFK�
DQG�IRU�WKHUDSHXWLF�GUXJ�PRQLWRULQJ�RG(6$�DQG�LWV�
PHWDEROLWHV���

,Q������)RUWXQD�$��HW� DO�� FUHDWHG� DQG�YDOLGDWHG�
D�VLPSOH��VHOHFWLYH�DQG�DFFXUDWH�+3/&�89�PHWKRG�
WR� GHWHUPLQH� DQWLHSLOHSWLF� GUXJV� ZKLFK� DUH�
VWUXFWXUDOO��UHODWHG��FDUEDPD]HSLQH��R[FDUED]HSLQH��
HVOLFDUED]HSLQH� DQG� WKHLU� PHWDEROLWHV� LQ� KXPDQ�
SODVPD�� 7KH� VROLG�SKDVH� H[WUDFWLRQ� DQG� UHYHUVH�
SKDVH�&���FROXPQ�ZDV�XVHG�LQ�WKLV�PHWKRG��:DWHU��
PHWKDQRO�� DFHWRQLWULOH� ���������� UDWLR� ZDV� XVHG� DV�
PRELOH�SKDVH�DQG�SXPSHG�DW�WKH�UDWH�RI��P/�PLQ��
7KH� PHWKRG� VKRZHG� DFFXUDWH�� SUHFLVH�� VHOHFWLYH�
DQG� OLQHDU� UHODWLRQ� RYHU� FRQFHQWUDWLRQ� UDQJH� RI�
�������—J�P/�� 7KLV� PHWKRG� FDQ� DOVR� EH� XVHG� IRU�
WKHUDSHXWLF�GUXJ�PRQLWRULQJ���

�H�HUVH� S�DVH��L��� SHUIRUPD�FH� OLT�LG�
F�URPDWR�UDS��� �OWUD�LROHW� VSHFWURS�RWRPHWU��
������/�����

7KLV�WHFKQLTXH��53�+3/&�89��LV�D�JRRG�PHWKRG�IRU�
quanti�cation� of� ESA� and�detection� of� impurities�
SUHVHQW�ZLWK�(6$��7KRPDV�6�HW�DO�LQ������GHYHORSHG�
D�QRYHO��VHQVLWLYH��VHOHFWLYH�DQG�VWDELOLW��LQGLFDWLQJ�
PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�RI�SRWHQWLDO�LPSXULWLHV�
RI� (6$�� 7KH� PHWKRG� XVHG� KLJK� SHUIRUPDQFH�
OLTXLG� FKURPDWRJUDSK�� OLTXLG� FKURPDWRJUDSK��
FRXSOHG�ZLWK�HOHFWURVSUD��LRQL]DWLRQ��LRQ�WUDS�PDVV�
VSHFWURPHWU���/&�(6,�,7�06�06���7KH�GHYHORSHG�
PHWKRG� ZDV� YDOLGDWHG� DV� DVSHU� ,&+� JXLGHOLQHV��
This� method� was� claimed� to� be� highly� ef�cient,�
VHOHFWLYH��VHQVLWLYH�DQG�VWDEOH���

/LT�LG� F�URPDWR�UDS��� WD�GHP� PDVV�
VSHFWURPHWU��/��06�06�

$VLI�+XVDLQ��$KPDG�1DZHG��6DKLO�+DTXH�HW�DO���$�5HYLHZ�RQ�0HWKRGV�RI�$QDO�VLV�RI�(VOLFDUED]HSLQH�
$FHWDWH
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�� $VLI�+XVDLQ��$KPDG�1DZHG��6DKLO�+DTXH�HW�DO���$�5HYLHZ�RQ�0HWKRGV�RI�$QDO�VLV�RI�(VOLFDUED]HSLQH�
$FHWDWH

,W�LV�DQ�LPSRUWDQW�FRXSOH�WHFKQLTXH�ZKLFK�FRPELQHV�
WKH� FDSDELOLWLHV� RI� SK�VLFDO� VHSDUDWLRQ� E�� OLTXLG�
FKURPDWRJUDSK�� DQG� PDVV� DQDO�VLV� E�� PDVV�
VSHFWURPHWU��/LTXLG� FKURPDWRJUDSK�� VHSDUDWHV�
WKH�PL[WXUH�ZLWK�PXOWLSOH�FRPSRQHQWV�%�� WKH�XVH�
RI� PDVV� VSHFWURPHWU�� RQH� FDQ� SUHGLFW� VWUXFWXUDO�
LGHQWLW��RI�LQGLYLGXDO�FRPSRQHQW�RI�D�PL[WXUH��7KLV�
technique�is�successfully�applied�in�different��elds�
OLNH��ELRWHFKQRORJ���IRRG�SURFHVVLQJ��DJURFKHPLFDO��
FRVPHWLFV�� HQYLURQPHQWDO� PRQLWRULQJ� DQG�
SKDUPDFHXWLFDO������

Li�T.�et�al�in�2019�created�and�validated�a�speci�c,�
VHQVLWLYH� DQG� VWUDLJKWIRUZDUG�PHWKRG� WR�PHDVXUH�
WKH�FRQWHQW�RI�(6$�LQ�KXPDQ�SODVPD��+DQERQ�2'6�
��&���FROXPQ�����PP������PP����—P��ZDV�XVHG�IRU�
FKURPDWRJUDSKLF�VHSDUDWLRQ��ZLWK�LVRFUDWLF�HOXWLRQ�
XVLQJ���P0�DPPRQLXP�DFHWDWH��7KH�PRELOH�SKDVH�
ZDV�IRUPLF�DFLG�DQG�DFHWRQLWULOH�������Y�Y����

/RXUHLUR�$��,��HW�DO��LQ������GHYHORSHG�D�VHQVLWLYH�
and� speci�c� enantioselective� LC-MS/MS� method�
WR� TXDQWLI�� (6$�� HVOLFDUED]HSLQH�� R[FDUED]HSLQH�
5�OLFDUED]HSLQH� LQ� KXPDQ� SODVPD�� 'DLFHO�
&+,5$/&(/�2'�+�FROXPQ���—P����PP������PP��
ZLWK� PRELOH� SKDVH� Q�KH[DQH�HWKDQRO�LVRSURS�O�
alcohol� (66.7:33.3� v/v)with� �ow� rate� 0.8� ml/min�
ZDV� XVHG� IRU� WKH� DQDO�VLV�� 7KH� FRPSRXQGVZHUH�
quanti�ed� by� positive� ion� electrospray� ionization�
PDVV� VSHFWURPHWU��� 7KH� DFFXUDF�� ZDV� IRXQG� LQ�
EHWZHHQ�������WR��������IRU�DOO�FRPSRXQGV���

.URQHU�*��0��HW�DO��LQ������GHYHORSHG�D�/&�06�
06�PHWKRG�WR�DQDO�VH�PHWDEROLWH�RI�R[FDUED]HSLQH�
DQG� HVOLFDUED]HSLQH�� OLFDUED]HSLQH� E�� WKH� XVH�
RI� ��&�ODEHOOHG� IRUP� RI� FRPSRXQG� DV� LQWHUQDO�
VWDQGDUG�� 7R� FRPSDUH� WKH� UHVXOWV� EHWZHHQ� DGXOW�
DQG�SDHGLDWULF�SDWLHQWV��UHWURVSHFWLYH�GDWD�DQDO�VLV�
ZDV� XVHG�� 7KLV� GDWD� VKRZHG� VLPLODU� GLVWULEXWLRQ�
RI� R[FDUED]HSLQH�HVOLFDUED]HSLQH� PHWDEROLWH�
FRQFHQWUDWLRQ�LQ�VHUXP���

�L���SHUIRUPD�FH� W�L��OD�HU� F�URPDWR�UDS���
����/��

$�QXPEHU�RI�HQKDQFHPHQWV�KDYH�EHHQ�PDGH�WR�7/&�
VR� WKDW�PRUH� DFFXUDWH� TXDQWLWDWLYH� PHDVXUHPHQWV�
FDQ�EH�SHUIRUPHG�ZLWK�LQFUHDVHG�WKH�UHVROXWLRQ���

0RKDPHG�)��$��HW�DO��LQ������GHYHORSHG�D�VLPSOH�
DQG� VHQVLWLYH� +37/&� PHWKRG� WR� DQDO�VH� WZR�
ELQDU��PL[WXUHV� RI� DQWLHSLOHSWLF� GUXJV�� 0L[WXUH� ��
FRQWDLQHG(6$�DQG�R[FDUED]HSLQH��ZKLOH�PL[WXUH���
KDGFDUED]HSLQH� DQG�R[FDUED]HSLQH��%�� WKH�XVH�RI�
SUH�FRDWHG� VLOLFD� JHO� +37/&� SODWHV� *��)���� ERWK�
WKH� PL[WXUHV� ZHUH� VHSDUDWHG�� 0RELOH� SKDVH� XVHG�
LQ� WKLV�SURFHVV�ZDV�Q�KH[DQH��PHWK�OHQH�FKORULGH��

HWKDQRO��JODFLDO�DFHWLF�DFLG����������������Y�Y�Y�Y���
$W� ZDYHOHQJWK� ���QP� PL[WXUH�� ZDV� GHWHFWHG��
DQG�DW����QP�PL[WXUH���ZDV�GHWHFWHG��7KH�UHVXOWV�
VKRZHG�JRRG� UHFRYHU��UDWHV� IURP�SKDUPDFHXWLFDO�
WDEOHW�LQ�WKH�UDQJH�������WR�����������

�OWUD�SHUIRUPD�FH�OLT�LG�F�URPDWR�UDS���WD�GHP�
PDVV�VSHFWURPHWHU����/��06�06�

This� is� a� powerful� quanti�cation� technique� that�
FRPELQHV� WKH� SK�VLFDO� VHSDUDWLRQ� WHQGHQF��
RI� OLTXLG� FKURPDWRJUDSK�� ZLWK� PDVV� DQDO�VLV�
WHQGHQF�� RI� PDVV� VSHFWURPHWU��� 7KH� WHFKQLTXH� LV�
KLJKO�� VHQVLWLYH�� DFFXUDWH�� UHOLDEOH� DQG� VHOHFWLYH��
It� is� ef�ciently� used� to� identify� and� quantify� the�
FKHPLFDOV�LQ�D�FRPSOH[�PL[WXUH���

,UDP� )�� HW� DO�� LQ� ����� GHYHORSHG� DQ� 8OWUD�
3HUIRUPDQFH� /LTXLG� &KURPDWRJUDSK�� �83/&��
method� for� quanti�cation� of� ESA� and� its�
PHWDEROLWHV��7KH�GHYHORSHG�PHWKRG�ZDV�IRXQG�WR�
EH� PRUH� DFFHSWDEOH� DV� FRPSDUHG� WR� FRQYHQWLRQDO�
+3/&�PHWKRGV� LQ� WHUP�RI� UDSLG�FKURPDWRJUDSKLF�
VHSDUDWLRQ��KLJK�DQDO�VLV��H[FHOOHQW� UHVROXWLRQ�DQG�
JRRG� VHQVLWLYLW��� $OO� YDOLGDWLRQ� SDUDPHWHUV� JDYH�
acceptable�results�in�terms�of�speci�city,�selectivity,�
OLQHDULW���SUHFLVLRQ��DFFXUDF��DQG�UREXVWQHVV���

)DURXN�)��HW�DO��LQ������GHYHORSHG�D�83/&�06�
06� PHWKRG� IRU� GHWHUPLQLQJ� IRXU� FRPSRXQGV�
UHODWHG�WR�HVOLFDUED]HSLQH�LQ�SODVPD�VHUXP��,QWHUVLO�
53�+3/&�FROXPQ���������PP���—P��ZDV�XVHG�IRH�
FKURPDWRJUDSKLF� VHSDUDWLRQ�ZLWK� D� PRELOH� SKDVH�
DFHWRQLWULOH�� PHWKDQRO� DQG� ���P0� DPPRQLXP�
DFHWDWH� LQ� ZDWHU� ���������� Y�Y�Y��� 'HWHFWLRQ� ZDV�
SHUIRUPHG�XVLQJ�WDQGHP�PDVVVSHFWURPHWU����

+XVDLQ�$��HW�DO��LQ������GHYHORSHG�D�PHWKRG�RI�
83/&�06�06�WR�DQDO�]H�(6$�DQG�LWV�PHWDEROLWHV�
VXFK�DV�FLV�������GLK�GUR��+�GLEHQ]� �E�I@�D]HSLQH�
10,11-diol�in�rat�plasma.�Identi�cation�of�metabolite�
KDV� EHFRPH� DQ� LPSRUWDQW� SDUW� RI� GUXJ� GLVFRYHU��
SURFHVV��7KH�DVVD��XWLOL]HG�SUHFLSLWDWLRQ�WHFKQLTXH�
XVLQJ�DFHWRQLWULOH�DQG�����0�SRWDVVLXP�GLK�GURJHQ�
phosphate� (60:40� v/v)� at� a� �ow� rate� 0.2ml/min.�
The�results�showedthe�ef�ciency�of�this�method�to�
LGHQWLI��DQG�TXDQWLI��WKH�FRPSRXQGV���

)R�ULHU� WUD�VIRUP� L�IUDUHG� VSHFWURVFRS�� �)�����
6SHFWURVFRS��

3UDVDG�5��HW�DO��UHSRUWHG�D�VLPSOH��SUHFLVH�DQG�UDSLG�
)7�,5� VSHFWURVFRSLF� PHWKRG� IRU� PHDVXUHPHQW� RI�
(6$� LQ� EXON� DQG� WDEOHW� IRUPXODWLRQV�$EVRUEDQFH�
ZDV�GRQH�DW������FP���DQG�HYDOXDWLRQ�RI�WKH�GUXJ�
FRPSRQHQW� FDUULHG�RXW�XVLQJ� VWDQGDUG�FDOLEUDWLRQ�
SORW�� 7KLV�PHWKRG�ZDV� SURSRVHG� DV� FRVW�HIIHFWLYH�
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$FHWDWH

PHWKRG�WR�HVWLPDWH�(6$�LQ�SKDUPDFHXWLFDOV���

&RQFOXVLRQ

(VOLFDUED]HSLQH� DFHWDWH� �(6$�� LV� DQ� LPSRUWDQW�
DQWLHSLOHSWLF� GUXJ�� $QDO�VLV� RI� (6$� LQ� GLIIHUHQW�
IRUPXODWLRQV� LV� DQ� LPSRUWDQW� DVSHFW� RI� TXDOLW��
FRQWURO�� 7KHUH� DUH� YDULRXV� PHWKRGV� DYDLODEOH� IRU�
WKH� DQDO�VLV� RI�(6$��7KH�PDMRULW�� RI� WKH� UHSRUWHG�
PRGHUQ� PHWKRGV� DUH� UHSURGXFLEOH�� UDSLG�� FRVW�
ef�cient�and�give�accurate�results.�However,�further�
research�is�required�to��nd�novel,�accurate,�reliable,�
UDSLG��FKHDS�DQG� HDV�� WR� LPSOHPHQW�PHWKRG�V�� WR�
GHWHUPLQH�(6$�DQG�LWV�PHWDEROLWHV�
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0HG����������������������������
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