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B, HAX 8 MUSYIIRHERE, &
TEREENE.

Bk Poroshell 120, 2.1 x 100 mm,
2.7 ym

B A: 01% FE;
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it Poroshell 120, 2.1 x 100 mm,
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REha. A: 10 mM NH,CO,, pH 3.8
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R : 260 nm
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BE: 10% B 2 30% B/12 min
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100
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3 4
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2 2%
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) 6 2. DMEER 6. MER
. . 5 3. MBIER 7. FIEi& R
j\ o] Z\J\ s £HAAR
0 2 4 6 8 10 12 o4
Poroshell 120 Phenyl-Hexyl
2 5
6
A .Y Wl
2 i 6 3 10 ) Y]
Poroshell 120 EC-C18
1 5
A k w4 f\,{
0 2 i 6 3 10 1 4
Poroshell 120 SB-C18
2
1 5 °
A J\ | M
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BIMNENTHESERHERIERE

ST GEEXBRER, Poroshell 120
BIEFTIRAEY T 1.8 um BIEH

90% W EMHE, tiFEE,

Poroshell

120 BiEH EREAA 1.8 um BiLH

ES1H 50%,

60% ZHE: 40% 7k
0.58 mL/ #§h

4 uL

26 °C

ZIRE T

K< =254, 4 4ok
SIL i = 360, 100 4%

RRLC KEHEm

(%8145 5188-6529)
JN#R 50 pL 2 mg/mL
iRk / Z8E (65:35) &k

1813 Poroshell 120 1%+, e FEEESIREEBENES (K
F 400 bar) TEHT 2 ym BREREEE / BEEREGIEHE
HE 80% - 90% HEZ.

EHERETREDBHENTURARERESHE, FH
BXWERREH HPLC R4, ﬁluﬁﬁi"’[‘ﬁﬁﬂz TREPTES
M m, 256 5o TR AT RN R R
HhE Jﬁﬁkhﬁ’]ﬁtﬁ% 1200 Infinity ?ﬁﬂ/fﬂﬁﬁféf\ b, EER
BESINE,

Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 ym
#5445 695975-302

©
I
]
(=]

'« N =25053, £ =182 bar

A A b

— ————r 17—

25 5 7.5 10
> 1.8 pm BEHZEN 90%
Agilent Eclipse Plus C18, 3.0 x 100 mm, 1.8 pm
R4S 959964-302

N L U D

2.5 5 75 10 12.5 o
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ij’_&_ﬁ Agilent Poroshell 120 E HPLC Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 ym

LS 45 695975-302

SRS, Poroshell 120 B -

83, » ’\ A | @@ .

> i 2 ym BIEHHEE 90% ' : .2 h .3 a .5 -

aH

> 3.5 um BRI RS
» Poroshell 120 &iLHEH{RT 400 bar, Agilent RRHT Eclipse Plus C18, 3.0 x 100 mm, 1.8 pm
] =1
THE =K EHAEEE /T 400 bar LS g5ases-s02

FRRERIEHSAERERELEE o J ME”=456 bar

X, BARELZBERSTEEN.

B 3.0x 100 mm, 2.7 ym

REhiE: 65% A: 0.2% B

35%B: RESE Agilent Rapid Resolution Eclipse Plus C18, 3.0 x 100 mm, 35 ym

. 05 ml/min 145 959961-302
R fut N = 11896 )EJ = 153 bar
R 26°C -
150
i UV, 220 nm 100 M
g v NN
1 2 3 2 5 § 7 s
B
1. 48 4. FIHTE
2. WIKER 5 REZH
3. P- REXHE 6. ZHE

MF T EEZRIER Poroshell 120 BIEHNEL, 1EHE TR
www.agilent.com/chem/poroshell120:cn
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REEE, RPEEEKRINESS, T
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RE-TREENRIFE — FHARY
SRR R R AR AL AR
MR Bt By BIRAERIRE . fEA—FRIF,
HERY. ENHIBETLET 10%
W, BEEEREPHE.

K, EEEHIEHME#T—RE
WweME, XEERAMEA 3001 #k /
Similac (& 0.1 mg &% Sk BEFnHE A% FR
ERTEM) #TEREGUL.

et A: 0.1% FERMIKER
B: ZF&

T 0.65 mL/min

HE: 10% B &#% 2 min,
2 min MIREE] 45% B

HEE: 10 uL

BE. 23°C

. Sig = 254, 4 nm; Ref = Off

e Agilent 1200 &3 RRLC

BaTE: 100 mL 7 + 0.333 mL
Similac + 1 mL 0.1 mg/mL
ERSMENERAERTEY

1 55 (min)

(min)

[-33

EARPE:
PATHTE 80 RitIEAH

0.04

0.03
1:\’%

0.02
L33 xite3
0.01
0
0 20 40 60 80 100 120 140
AiRIPLE:
80 RERFRIPHERL - RIF T T
MRERR |
' /' \r‘ﬁﬁ%ﬁ#&
0.03 /
0.02 Pt T o ﬁ)\% AAALS, )«;i\;\)-\ A Lol
0.01
0
0 20 40 60 80 100 120 140
HHRE
W BERERE PW O BRAESEW PW

ANRE,

ZRECRERPEERERECIENARHESES T
RATEEERBERENZRCRERPEAS ETEERAFATE,
R SZECREFARERBEERBEEERE. TEHHIAHR

WEELIWRF TR NRERERRERIFE. BEE
www.agilent.com/chem/poroshell120:cn
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0 T R R A R - B R

ARG %

21 Poroshell 120 BIEFEENRRE AR ENRIEERE- &
KRERGTEENLE, EMNNZILRTTORRE T
BE. Re/0BRE, hENEIHRS THIHNNEE.
HEMBEHE.

- REMFRMN D BEENRELEY

- BEBRTHI D BWISEBiE

« —RDMNBEZUEY

- BERDITERENBEHSEENE

o FRER 2 um TR AT R EE

{£R Poroshell 120 EC-C18 i&# s HR
Bl-SRRNCELHBEES ) i
MEEHE E 3: 5-HE£%-3-EIE]
EREENE, DEBERS TRELEE 2 et
BIHLOIZE 2000:1, AEBRERBIS 3 6. Lham
B SNTAMERRXR, EAZAH 2 st
KENEFRRANHTE. : 0 A
LA Poroshell 120 EC-C18, ;

3.0x 100 mm, 2.7 pm & 1 4
R 80% Z B /20% S 3 L 3“ 578 ;
TE: 0.6 mL/min . = e oA A
HHEE: 2L
R 20°C
Bl APCI, BT

MF T HEZ LR Poroshell 120 BEFMEL, BT ML

www.agilent.com/chem/poroshell120:cn
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{1 Poroshell 120 EC-C18 &
Y4 S D2/D3 B 1 HHE
Poroshell 120 231 7 33 M3 At av D2/
D3 JEHHRIELRIE G- BB LA,
EEENBHMETHR TAREESY
THSBEEE,

Bk Poroshell 120 EC-C18,
2.1 x50 mm, 2.7 ym
piwalic! A: 7k +0.1% FBER
B: BfE+0.1% BE
TR 0.5 mL/min
B 10 uL
B 50 °C
BliftsgiaE:  5°C
$tkiE R Wikls (50:25:25,
SWbE: BEg:K) 5s
ZEN: A: 20% B: 80%
AR 5.0 min

iiit FR 1 BE - BD{ER#HE 3000 KLLLE

EAMRIERA T Poroshell 120 it s
MK, 7 3000 RHREFNERN
HMgERi %k, REMHRERDH—BH
kX T (%RSD) .

X10% ["+ES1 MRM Frag=106.0V CID@40 (4133 > 395.2) VD3200.011 d

19
18
17
16
15
14
13
12
11

0.9
0.8

0.6
05

0.3
0.2
01

85% FIEE
3 min

x10°

Tavs. R KB E (min)

154,

65

55

45

35

25

15

0.5

+ES| MRM Frag=106.0V CID@4.0 (401.3 -> 383.2) VD3-200-013.d

80% FiE:
5 min

2007

25-0H 4 D,

25-OH 4:ftif D,

010203040506070809 1 11121314 1516171819 2
T Rzvs. &R E (min)

2122232425262728293

S

%RSD
(RT)

ST

%RSD
(RT)

ST

%RSD
(RT)

5

0.7

KEE

0.4

=0

RHE

0.4

BT 38

0.3

]

0.1

ST

0.4

FRRE

0.1

K4

0.1

MDMA

0.3

EDDP

0.1

KR

0.1

BHERE

0.2

focFeiipes

0.1

TR

0.3

b3

0.2

REF

0.1

ELEI

0.2

kB

0.2

TR

0.3

11- % -9- RE -deltad-the
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#Efﬁ Poroshell 120 &t ZEENIRIR R

e R RIS AN R

— - Agllent -
e o ——  —— -8
= 7 R L —  —- =)

Agilent Poroshell 120 EC-C18 &
EHAFE UHPLC LRBREN S

FRBIRRTERFERR ENRHEN
RiEsE. ELEEEETR, £/ 3.0mm
MR EEE, REA 05 mL/min, ENE
F 400 bar — X2—MEABMKEEL
NE,

EARALEANSEEECERMR (NAE
6 7)) , BEREVEMTEHERE
WTuﬁﬁWMﬁEEE"HH%Eﬂ
IAEUT. EERNAMEE 400-
560 bar B E /1; X B R 1£ 1200
Infinity 7 51 B9 R i& F+ 0% (4 sE 5 75 Bh 15
%49 %1% UHPLC HIfEE:,

& 73 Agilent Poroshell 120 154+ 9] Uiy % 600 bar B9E /1, &
o] DU € BN BT &/ UHPLC 737
2. FHESNRE, UEMHEEH.

mAU E = 0.5 mL/min,
3009 P =300 bar, Ng, = 24597
200
1004 l
" Ag

2 4 6

monlé ik = 0.75 mL/min,
P =433 bar
2004
1004
o] “ )\

4

™ i = 1.0 mL/min,
2001 P = 559 bar
1004

0 T

HMEEREIAT, GINEE, WA HPLC % UHPLC TIEENT

ikt Agilent Poroshell 120 EC-C18, .
3.0x 100 mm, 2.7 ym 1. HEkS
45 695975-302 2. B
Tt 65% A: 0.2% BB 3. P- BEXHE
35% B: FIEE 4. FEREH
SRR 5. BEZE
IR KATRRE 6. KRS
HHEE: 1uL
HiBAE. 26 °C
Iz . WK 220, 4 4ok, Bk =%

WETBE ZLHER Poroshell 120 BIERMEE . EiHE I TMIL.

www.agilent.com/chem/poroshell120:cn
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# HPLC 5 UHPLC L{ER=RiE
& Poroshell 120 EHF1&# R H
EPA 8330 &5 BT LL

BRI R LR IKAT Poroshell 120 &
ERIUBNBENE, NREIHATE
HREE BEERHIK, SBEESHXK
£, ENERIEMN (SR EIEHT®E
UHPLC B TIEEA) .

BEEENBEEZHKNZW, WA
EHEMMIMEm, F—F5ERT
Poroshell 120 &S EI,

# 3 Agilent Poroshell 120 &%
B4 HPLC #1 UHPLC LT
EENTHTREREHN

A Poroshell 120 Kt # 2 ——RERIRK
RE, AL S i A B) & (e i)
KERESENR, XM EES M
RBEEFHAE,

(45 EStEy BRE K
2 AZH 114120 0.29
3 x 109931 046
4 LiFS 114800  0.65

mAU
175

15
125
15

25

mAU
175

15
125
75

25

mAU
175

15
125
15

25

» 50 mm
s JE£71 =235 bar
0 SN USCFZ01017, #tS B10016

T T T T T T T T T
2 4 6 8 10 12 14 16 18 e

mAU
25
20
15
10
.  NAAN
o
5
2 1 5 8 10
mAU
40
30
20
10
o] ~ A
2 4 6 8 10 12 14 16 18 S

MHEASE, HK. 2BENSHR DN EERREXEEN

100 mm %
JE71 =358 bar
SN USCFX01069, 3= B10034

12 14 16 18 pon

150 mm
E771 =568 bar
SN USCFW01049, #t5S B10022

ik Poroshell 120 EC-C18, 2.7 ym
i 25% FEE, 75% 7k

TR 1mL/ 9%

BE: 44°C

=R Poroshell 120 EC-C18, 4.6 x 150 mm, 2.7 ym BiEHEETHES RS
B — 4S5 693975-902

TR 1 mL/ 4
A% ~83000 (U% 4)
BgREN: 316 bar A I\
1 2 3 1 5 6 e
A 15 mL/ 24
HEARE ~103000 (1 4)
wAEN: 478 bar
0 1 2 3 4 5 6 54
A 1.8 mL/ 24
HEAREL ~115000 (1% 4)
RKEH 573 bar FEH 1.8 mL/ S
J BHRS
0 1 2 3 4 5 6 P

18



L&EHD 11 HERCEYERE .
& Poroshell 120 EC-C18 f& il #
LEYHRES B

FEABIRER Poroshell 120 Bik, &
EREREMR 1 HERERLEWH
nE.

500

R XE7 540 Bar

ikt

ozl

IR

HEE.

BE:

-

Poroshell 120 EC-C18,
4.6 x100 mm, 2.7 ym
#1445 695975-902

A: 7K +0.1% BER
B: Zi

35mL/ 9éh

5puL

40°C

ZIREMIIRMZE, K. 254 HhK

9.

1. WZEBEERH
2. WIHEE

3. 2 ZBiRE®
4. ZERE

5,
6
7
8

MZBREXE

. ATHER
. MR
. RET

&%

10. Z@FkHES
11. Ttk

XEEERES

AR IES
§ WATH, EHE

www.agilent.com/chem/getLCGuide

MEFERE ST RENERTR

FELENREEETHERFERCLEN
HFRTHE, ARRREBEERIITHR
ANSFRIBHRM TEAITINET,

taEREREEL / BB ERERER

LS BioHPLC B&ifHERIERESEL
MOFRBENEEFELE. BHERE. &
AN ENINELDREEN
i,

TEiE

www.agilent.com/chem/getLCGuide

NETRELREER Poroshell 120 BiEHMELR . EHEINT WL

www.agilent.com/chem/poroshell120:cn
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Rt EAE

FEZERKD 5 um C18 BT L ARG ERBRRE N
R FEH Poroshell 120 B EN A, USP AEMFH B
BNEETERBRHIRA (LR Poroshell 120 BiEH) %
TEARS. CRPEENEeLBEFERER.

ETENLIS, BMNEEEETERE USP AEN IR BE
Poroshell 120 &g+ FRMEENA, MUEXNHERA D B0
SCIREL 6 um BIEHR 3-5 BN BEE.,

% §& & Poroshell 120 #1 ZORBAX @ik Agilent ZORBAX miE %8
N S V] N Eclipse Plus C18 0 8
@.iﬂé‘ﬁlﬁlﬁmﬁ%l«lﬂg‘lﬂ‘hﬁliﬁiﬁﬁ 4.6 %250 mm, 5 pum 33 33
¥R mAU 545 959990-902 35 33
A 1 R 1mL/ 5%
ERNMFH, —1MERMFTEN ZORBAX  w

Eclipse Plus C18 250 mm, 5 uym @il o 110 bar P A

%2 100 mm <& Poroshell 120 EC-C18  * i

BiEEE. BTEEREQEESEING | kk k_ﬁ

ERxREE, FEEERERT, 5 10 15 20 % 30 4380

MEHHL, SEEELEE, DY B Aglen Poroshell MR8

M 30 DEREERE] 7 A, WEKERF. 46x100mm, 27pym 12 33
#5445 695975-902 132 33

EERRASBHERZRM Agilent 1100 RE:Iml/ B4

ZINE, HEMESRE R TMGR ,, ] B

4%, FIRMRBEART 400 bar. 150

1003

m AERERANT

o 5 ' ' 24
1. B 6. BER-PEM A
2. FERREMN 7. BRASERE A: 7k +0.1% FE:
3. HERRLE 8. WRFIAE B: ZH#E+0.1% B}
4. FEREREMENE 9. BRAEEREW
5. FBE—HER 10. BB _FEE

20



PHELERMIUSP it — %
HPLC ) TYEENT, €M Agilent
Poroshell 120 &3+ 89 93 47 i £
"E 45 &

WHELER D BIERTER Poroshell
120 BiEHAFEXN T HER RS
B R,

LEFRAZER Eclipse Plus C18 &if
LK) USP i, ETTRIE, 3 EATE
BENR 15 WHEE,

HE, {EA%ER Poroshell 120 EC-C18
B (100 mm K) , RETEFHHE
HMNBE, BELERAERTRE.
FEENNA 238 bar, IHEEFHER
HPLC HItREFIESE,

TE, {#A%HER® Poroshell 120 EC-C18
B (50mmK) | MAFENENS B
ENEE, BAWEEILER 5 um B
HR 45 &5, ME, EAA 133 bar,
5 HPLC AiEELREA,

FEEKR N > 4000, Rs KF 115

Agilent Eclipse Plus C18,
46x 150 mm (L1) , 5pm

£B44-2 959993-902

20 pl R
NEE =149

1 2 3 4

2 fEHRE

N=21046 k j\,\.: 20676

6

/\N= 14885
7 8

9 S%

Agilent Poroshell 120 EC-C18,
46x100 mm (L1) , 2.7 ym

#h#42 695975-902

13.67 L
NBE =170
£ =238 bar

1 2 3 4

4.5

N= 11281

N owd

N= 12051

6 7

Agilent Poroshell 120 EC-C18,
46x50mm (L1) , 2.7 ym

42 699975-902

6.7 uL
NBEE =126
E71 =133 bar

6 7

Agilent Poroshell 120 @i 2% HPLC TIEED THRES RIS %

ikl 50:49:1 B
VA BV SWA 1 EEs
T 1.2 mL/min 2 %TH

SNBMNOUARE, FIWAIWEL 4 FkE
Poroshell 120 & &Ry 77k, (IULER LC RS,

KEREER.

BT (R4 T M3

www.agilent.com/chem/poroshell120video:cn

WE T BE ZLEER Poroshell 120 BIERH{E

www.agilent.com/chem/poroshell120:cn
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REREST

ZE, W7 11 HEEFRERRER
mF, ERRER Poroshell 120 EC-C18
it &# 5 ym ZORBAX Eclipse Plus
C18 ik, HiEHBHNERE N ITAIE
M 13 min AER/NE] 3 min AT, A7
HEERD 80% ML, XBESNTEE
M 1.8 1REE 3.0,

Poroshell 120 334§ T &Y bR i
o

AMERMTHE USP FERESER
& B Poroshell 120 &K 7 %,
HENATHEEZEE 10 2%, MER
Poroshell 120 &i&#Etb 2k 5 15, &i
B, BIVMEAT 75 mm & Poroshell 120
EC-C18 il & 250 mm A &ikHE,
BREET 70%, X{BANEE—MGE
A%, Poroshell 120 EC-C18 EIEHH EE
ftz USP L1 EIEHHMEM, ELFENE
T, EREER,

5 um Agilent ZORBAX Eclipse Plus, P, =120 bar
mEhE

mAU-

Agilent Poroshell 120, P,

mAU

40

20

Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm — &B{42 959990-902

200
150
100

50

i

-

=
=

$ Bif

A: 20 mM ZE%, pH 4.80

B: 2k
1.000 mL/min
30°C

14% B # 12 min W72 52% B

M" n H -

A

-

= 356 bar

ol

Sit

S B

Rs 3.01

R

12

ﬁ%ﬁ'

A: 20 mM Z B, pH 4.80

B: Zk

0.851 mL/min
30°C

14% B % 2.1 HAFAE 52%

mAU
40

35

30

25

RENHE: 65% Z i
35% 3.9 5/ FHREEREIM (pH=4.5)
TR 15mL/ o#h, 5pm BikH 9.907
2.8 mL/ 9%, 2.7 um
Poroshell 120 @it
BE. 45°C
HingE. TIRERTIRNE, RAKK =238, 8 Hik
" Sk =360, 100 45k
2 4 6 8 10 o
Agilent Poroshell 120 EC-C18, 4.6 x 75 mm, 2.7 ym — £844= 697975-902
1.457 5 27
; pm .7 pym
USP Bk (15mL/min) (2.8 mL/min)
Tr n/a 9.907 1.457
k' >3.0 5.962 5.122
N N > 4500 16939 14439
'2 o0 T, <20 1.09 1.10
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{£/ Poroshell 120 HILIC & i+
ek R E K HY S B
MRS LR EFRESYRAMF L
HEHER HILIC, REMT:

- RERERAN

- RERE U SR ERIEE KRR
HIRE M

- REBRRATHREE

LHEERHINSBR2HRE. FUH
HILIC BREXA A ik — 1 Rfl, XER
NEE, EA—MRBERRENE K
FK#8%i%, Poroshell 120 HILIC fitE{E
XERELEWE 2 min LABEITES
B, FEAFTENERMNE,

{#F 2.1 x 100 mm, 2.7 pm Poroshell
120 HILIC o iT4ts B X
HEXLEY

HILIC % T M SRS B FxHRH,
BRI TER T2 B4 M S B AN
EER, HILICBRS TRRS TR
AHMRE M.

Agilent Poroshell 120 HILIC, 2.1 x 100 mm, 2.7 ym

OZ
X107 4 Tic SIM Morphine07.d
I

09
08
07
06-
05
04
03 4

0.2

Ll

0 T T T T T T T T T T T T T T T T T T T T T T T T T T

01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2 21 22 23 24 25 26
AR (%) vs3R&ERTIE (min)

1. X FRNgHE EhE: A: 100 mM NH,HCO, pH 3.2 RE %B
2. I B: ZH, 100 mM NH,HCO, pH 32 (9:1) 3144 }gg
3. M6G R : 0.8 mL/min 193 55
4 M3G B 25°C

Eh: 70 %) 505 Bar

4 Agilent 1290 #1 6140 Q0Q

Agilent Poroshell 120 HILIC, 2.1 x 100 mm, 2.7 pm

x1 []i +TICSIM Vitamin0012.d
1
0.95 2
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
05
0.45
04
0.35
0.3
0.25 4

0.2

0.15
1 3

0.1

0.05

0.05 0.1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5 055 0.6 0.65 0.7 0.75 0.8 0.85 0.9 095 1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 145 15 155 16 165 1.7
WKL (%) vsREERSiE (min)

1.4- REXFER EhiE: Z B 100 mM NH,HCO0, pH 3.2 (9:1)
2. B IR 0.7 mL/min
3 BER BE: 25°C
4. 1R EN: 240 Bar
R Agilent 1290 #1 6140 QQQ

INF T ME LRI Poroshel 120 BIEFHES, BHEATMIL.

www.agilent.com/chem/poroshell120:cn
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S Poroshell 120 14

HEEEEA NHIRERZE

2 pm B O TR o i 5 AT A &

TR ERRESITEEM S BENRAMLE, ERATEIEHEANDMER 0.5 pm KTE
WRES WA REE, Poroshell 120 BEHER THRAER 2 pm FHRER TX M,
B THERER (BRATRMME) HEE,

Poroshell 120 BifHMEM A YRR AFENTUSE /AR EHE
L EES

FEEFMIEER A RREBEERANLLRAREN, RETHHEE. M Poroshell
120 BiEF R AR AN RERNLT, RAMRES THERREED. XiFE, BIE
FERENBHHBELEY, Poroshell 120 BEHKAEEHBTINES 1.8 pm Bk
B,

BREFHRSBROIFER

SHbKRESFLEEIEHMALL, Poroshell 120 BIEHAEREMRRER, LEE pH A
6-7 Bif,

6 2
=l
L f

Agilent 1100 1 1200 3R E L RGE TR L AHER Poroshell 120
Bith

Poroshell 120 BiEHA MR, EEAAKXLE HPLC #1 UHPLC {USSHIIEME &S,
BLIEHHT 1200 Infinity RFRARIEMN, 3 1100 F1 1200 RIRHEBER S, NEMER
EHHAE (NRE, ERELKERNEZ. HEOER, KNBERTLRES) AATEE
RBER, MENER, NXES.

PN 693975-902

SN USCFR00001

LN B0000O
PN 697775-902
SN USCGD0000T
LN B00000

Poroshell 120
EC-C18 2.7um

21 v IEmm

BlP o o5 hell 120

24



Agilent Poroshell 120 & i # B9
2 um TR, BAHPHILEE

BPEERR T “BET B, mNKIIRAGMIE,
Poroshell 120 @ittt s EHBIILIEE,
ERBIFR, BIOIHHEAR, E2%F
Bt i, BMEEXER ST
B 2500 K25, EABEEEMLH.

figt.  Agilent Poroshell 120 EC-C18,
3.0 x50 mm, 2.7 ym
45 699975-302

HHE: 1L

B iR
Mm% 20/80 X-Z8E (2% 0.1% F&) :
50/50 k-Z8E (& Z@IAKHEs
10 ug/mL) =2:7:1 (ZEEKGBERLE
REA1pg/mL) , 125, BB 10 5
FED, RidiE

%5 Agilent 1200 RRLC (SL)

RS2 I RRARINEHE

ARG, BAVELFRIEC BT
I EmBIEHE EEEERER (—MR
L EY) . FILEE], Agilent Poroshell
120, 2.7 pm BEHS 1.8 ym BIEHER
HEMNEEE, M35 um BEFE—IR
KHWaIESE, N BE.

Xt aiti PR EEE A, iR
T Poroshell 120 &R AR
THELSHHSE.

3% A i — mA KRR

400 +
380 +
360 +
340 +
320 +
300 +
280 +
260 +

EN

(-3

- 200000

- 180000

- 160000

- 140000

20 + = 120000 g
220 = BAEY
180 ﬁ
160 1 -+ 80000
140 + Fif ] %B
120 + AR A K, &0.1%TFA 0 20 -+ 60000
W BFIB: ZHE. & 0.08% TFA 0.5 90
80 + R, 1 mL/min 1 pL #HE 0.6 90 -+ 40000
60 + 1.1 20
40 T 25 20 - 20000
20 +
0 A A e O
1 501 1001 1501 2001 2501
HERE
ERBWHEHESE
o -~ Agilent Poroshell 120 EC-C18,
3.0x 100 mm, 2.7 ym
. (USCFX01084)
#1445 695975-302
o5 -~ Agilent ZORBAX Eclipse Plus C18,
' 3.0x 100 mm, 1.8 ym
(USUYB01454)
04 #1445 959964-902
Agilent ZORBAX Eclipse Plus C18,
03 3.0x 100 mm, 3.5 pm
(USUXV01418)
#1445 959961-902
02
80% 25 mM Na,HPO, & i, pH 3.0
20% &
0 imfE: 30°C
0.0002 0.002 0.02 02 ﬁﬂ“i&ﬁ. 205 nm

nH

FREHRRE (mg/mL)

T RE ZTHE Poroshell 120 BIEHES, BWHIE AT ML

www.agilent.com/chem/poroshell120:cn
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Z4E1S Poroshell 120 &Y
LSV ST R EIFaER
ZER

bRy »—HwRE L eI 2 S, i
BB T Poroshell 120 fiEHanAZE S #ik
B EMhER—%,

mAU

Poroshell 120 EC-C18 #EEEF =1.48

TEHHES HERETF =268
. EHEP ERERT =478
n/ Poroshell 120
60
a0 BEHS / TP
20 ' \
u 3 =
0I.2 IJI.4 DI.S 0'.3 % 1I2 1I4 1I.6 1.8 S8
B 4.6 x 50 mm
# 42 699975-902
TEhiE: 20 ZER 40% BERE M, pH A 7.0
60% ZfE
TR 15mL/ 4
BE. 24°C
I . ZIREMETIREE, 254 #AK, 2 uL @it
B 2 uL #HEE, 250 pg/mL FIREH,

& 50 ug/mL BRMEERI7K / ZHE (9:1) &

26



EARASHRE, TENE

Bif&E 2.1 mm FEE Poroshell
300 BEHATERRNENBE
SR RRED B

Poroshell 300 &iktt, EFRKFLEM
BRENINE, BRENBTEEARMNT
FiEE. KRGIRARE 1 HHRIIT
2HNE,
EERE S 7L BA A IRIE & R e
Poroshell 300 &k AT A FRERET
ERRMIRER NS E.

2L Poroshell B EMHZATABNKRICEZENELER
REEFEY D FENNEREE, RER Poroshell 300 1%
HeRTHREM T TEERRNERIEE, <8R Poroshell 120
BERREEATRES T EACNEREHND T EIARE
BIRGLERN b um BERESNIEE.

5
Bl Poroshell 300SB-C18, 3 4 i
2.1x75mm, 5pum 1. IEZHKE I
R4 660750-902 1 o
= ) 7 2. MR ERE
ahi: A: 0.1% TFA 6 3. GRS
B: 0.07% TFA HIZ AR 8 4 EBE
TR 3.0 mL/ 9% 5. RE
BE. 70°C 6. I4ZER
B, SOMAWE 215 Mk 7. BT
8. IEER
BE: %1 9HHAM 5%-100% B ‘
EA: 250 bar v J
1 =" -
|
I T T T 1
0 05 1.0

miE (5384)

MF T HEZ LR Poroshell 120 BEFMEL, BT ML

www.agilent.com/chem/poroshell120:cn
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HEZHER Poroshell 120 &iiH L
3 B ST RE 4 IR E B B K 3 1T
5 REE AT
W RBIZER Poroshell 120 BigHAE
BRATERANKL, SATESEE
MEEREER.

ERERNGEREOBKIEN
BioConfirm 9 F45E1RE

Bid{ER BioConfirm £ F4HEIRENER 4,
BRI IE R R AR AR AN E S
ER100% MFFIEZ.

DUARAT - &ATE BB S 4
BTR: BRZSESTERX

SEEE: 325°C
FIRSRIR: 10 L/min
EUE: 40 psi
EREBRE: 4000V
HHEE: 150 V
LR 65V

J\RRFF 1 GHRRIE: 750 V

MS: 4 Hz
HEEE: 200-3200 m/z
StRE: 922.009798
REER T RHSEEEX (2GH2)

iy’

FeScsRefisdehe

Lol
t.‘ LJ"\JL_LH’%"“FJI»‘%‘{ ‘

[} 5 5 105 11 115 12 125 13 135
e |

Counts vi. Acquishon Te

5 15 185 16 165

w® [Cod TOBE ARRODAOT) 4E51 ECT Sean Frag=1500V sumta, 10pemed Prghlag 0044

|
|
o }1
2 .l.ll w A aa .L
=z Poroshell 120 SB-C18, Rig]
3.0x 150 mm, 2.7 pm 0
#R#E2 683975-302 3
B A: 7k, 01% HEg ]Z
B: Z#, 01% BE
TIE: 0.3 mL/ 4%h
Hig: 40°C
HmgE. TARATF - "&ATHTiE B,
HBEEZEEFER
B nE

28
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£/ Poroshell 120 &ifHAYEE
ZHE. ZERBRIT

120A AABHAEESTFEARLBYH
INYFER BRI RN E S EERE
4.

ENiE: A: 7k (0.1% TFA)
B: ZF& (0.08% TFA)
T 0.30 mL/min
HEE: 10 uL
BE. 40°C
B BSA EEAEEELR (HEH)
HE: ¥ 3% B, 3 min
35-65% B; 30min
4 min JFIE1TRIIE
DAD: 215 nm

BESZES94: i€ 1.8 pm ZORBAX
StableBond & it # 3% #% A
Poroshell 120 &ifH LIRS E
HTEEEANALZRE 120A FLhER
TRAJYHL, Poroshell 120 SB-C18 ittt
HyHERE ZORBAX RRHD SB-C18 80A
R 2 42, Poroshell 120 &iEH2H
FINEARBREEREESRATHIER
R, RUBRED THREHEL.

Phenomenex Aeris Widepore, XB-C18, 2.1 x 150 mm, 3.6 um

AU
76 /M
40
30
20
10 U
0 T T T T T
0 2 4 6 8 10 12 14 16 18 Ao
Poroshell 120 EC-C18, 2.1 x 150 mm, 2.7 ym
mAU
60 4
50
40 104 M
30
20 HN
10 W
0 -""'V‘l : : : : i i : : i .
0 2 4 6 8 10 12 14 16 18 el
Agilent ZORBAX SB-C18, 4.6 x 100 mm, 1.8 ym 1. BESE

mAU

500 1

400 - _

300 N, =5215

200 - T =14

100
0

2. A-21 desamido fEBRZE

255 bar

5 75 10 125

175 20 434h

Agilent Poroshell 120 SB C18, 4.6 x 100 mm, 2.7 ym — P/N 693775-902

1 1
N, = 10860
Tf =11

N, = 12370

Tf,=1.0 190 bar

5 75 10 125

175 209

MF T HE L LR Poroshell 120 BEFMEL, BT ML

www.agilent.com/chem/poroshell120:cn
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BrrERERTERESE?

REECRHEZHRERERIERE, B Poroshell 120, ZORBAX [RIEXES 48 (RRHD) . 1.8 pm (FEFEZF) 1200 bar) ikt
% ZORBAX HREHBEEEE (RRHT) . 1.8 um (FREZ] 600 bar) @i, AAXEEEHHEGHNNEERUBERENNTT B,
WEXLEERE, ETURFNORTEREEREHITNE.

R ENIAH NS ZREBEF RE
UHPLC (1000+ bar) #1 HPLC {88 (31& 1. Poroshell 120 @it Poroshell 120 2 &ML EELE LEBER NS B &M, ZORBAX
FE8 1290 Infinity AH&IEF0 1260 Infinity 2. ZORBAX RRHD 1.8 ym RRHD &EFEBHIEMLAL 1290 Infinity FRABEIEAYMERE, BT UHPLC 5.
TR — 600 bar)
1% 400-600 bar HPLC % 3| —— Agilent 1. Poroshell 120 it FIF Poroshell 120, #EALIEE RIS 400 bar {LEERIIERE, HEME
1200 &350, Agilent 1100 5] (400 bar) 2. ZORBAX Eclipse Plus 3.5 ym 1 5 ym 721 600 bar UHPLC (B8R B E EMMRE M T RRERBHE R A,
BL & 1220 Infinity LC B 1260 Infinity LC ZORBAX Eclipse Plus i fEsEIR M B ANIETANIERE,

(600 bar)
UHPLC 138 (Z$E{2 1290 Infinity LC, H 1. ZORBAX RRHD 1.8 ym ZORBAX RRHD FIIAEFTR X {2 LIRS RIEMRE. Poroshell 120
ft2 1000 bar B E{UEE) FnFLE HPLC {8 2. Poroshell 120 i ATIAZE 600 bar {8 EfER, UL E AL,

(50 1200 LC) HYEE

THBRTEERIMEER, TR pH R

ZERTIRMHLZRIIN pH iTHFER, &
AEETERRIT, XL pH T AEKSE
BERGEENHAH P RETRH &/
RtE.

THRES, &b

www.agilent.com/chem/AgilentpH
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EME’J UHPLC FRELR BT e

SO EMETEANNIE

TREEFE—AMANRERERRETEAD T, £2F
Dk ERNE N BREREEE/ RIER S, Agilent 1200 Infinity R
FIHMEFHEENRE,

1200 Infinity R5 &G EEF Poroshell 120 & 154 1] IR ER
BHNNBENMREE. BNRESEANTHNIEEN. bmm
WRARGE A ERRER, MAETENBFLXIBERHIA,

TR TR TR
| B (PN

THRE SRR 1200 Infinity F31 -
TREMA MR 1EHE ik =N e
www.agllent.com/chem/mflmty.cn - g
=
— —

1220 1260 1290

Infinity LC Infinity LC Infinity LC

MF T HEZ LR Poroshell 120 BEFMEL, BT ML

www.agilent.com/chem/poroshell120:cn
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TS B

%11t Poroshell 120 iTE{ER (2.7 ym)

#t& (mm) EC-C18 EC-C8 XE-C&E  SB-C18 SB-C8 SB-Aq Bonus-RP HiLIC EC-CN
46x150 693975-902 693975-906 693975-912 683975-902 683975-906  683975-914 693968-901 693975-901 693975-905
46x100 695975-902 695975-906 695975-912 685975-902 685975-906  685975-914 695968-901 695975-901 695975-905
46x75 697975-902 697975-906 687975-902

4.6x50 699975-902 699975-906 699975-912 689975-902 689975-906  689975-914 699968-901 699975-901 699975-905
4.6x30 691975-902 691975-906 681975-902

3.0x150 693975-302 693975-306 693975-312 683975-302 683975-306  683975-314 693968-301 693975-301 693975-305
3.0x100 695975-302 695975-306 695975-312 685975-302 685975-306  685975-314 695968-301 695975-301 695975-305
3.0x75 697975-302 697975-306 687975-302

3.0x50 699975-302 699975-306 699975-312 689975-302 689975-306  689975-314 699968-301 699975-301 699975-305
3.0x30 691975-302 691975-306 681975-302

2.1x150 693775-902 693775-906 693775-912 683775-902 683775-906  683775-914 693768-901 693775-901 693775-905
2.1x100 695775-902 695775-906 695775-912 685775-902 685775-906  685775-914 695768-901 695775-901 695775-905
2.1x75 697775-902 697775-906 687775-902

2.1x50 699775-902 699775-906 699775-912 689775-902 689775-906  689775-914 699768-901 699775-901 699775-905
21x30 691775-902 691775-906 681775-902

& Poroshell 120 BEHHIESRIER 600 bar/9000 psi

FF UHPLC By=4E{L Poroshell 120 & RiPH

#t& (mm) EC-C18 EC-C8 SB-C18 FE-CEH
46x5 820750-911 820750-913 820750-912 820750-914
3.0x5 823750-911 823750-913 823750-912 823750-914
21x5 821725-911 821725-913 821725-912 821725-914

M=
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LS Poroshell 120 &AM FEIE R

rty| R mER pH JEE Hin BEE RER

EC-C18 120A 60 °C 2.0-8.0 2 8% 130 m*/g
EC-C8 120A 60 °C 2.0-8.0 2 5% 130 m*/g
Phenyl-Hexyl 120A 60 °C 2.0-8.0 ] 8% 130 m*/g
SB-C18 120A 90 °C 1.0-8.0 b 7.5% 130 m*/g
SB-C8 120A 80 °C 1.0-8.0 % 45% 130 m*/g
SB-Aq 120A 80 °C 1.0-8.0 % £z 130 m*/g
Bonus-RP 120A 60 °C 2.0-9.0 =3iE 5% 130 m*/g
HILIC 120A 60 °C 0.0-8.0 % N/A 130 m*/g
EC-CN 120A 60 °C 2.0-8.0 2 35% 130 m*/g

1251t S AU M HEAR

L4515 Poroshell 300 iTH{ER (5 um)

res i e
EEH 2.1x75 660750-902 660750-906 660750-909 970750-902
iE 1.0x75 661750-902 661750-906 661750-909 971750-902
ERE 05x75 5065-4468

RIS, 4/8 21x125 821075-920 821075-918 821075-924

RIFFE 820888-901 820888-901 820888-901

WERPELE, 3/8 1.0x17 5185-5968 5185-5968 5185-5968 5185-5968

EE: Poroshell 300 &iEHM TIEENFRER 400 bar/6000 psi

Agilent Poroshell 300 {28814 8IS R

geH E1RES LR pH SEE P
Poroshell 300SB-C18, C8, C3 300A 90 °C 1.0-8.0 KR
: pH 8 BLE 40 °C N
Poroshell 300Extend 300A 2.0-11.0 s
pH 8 LTS 60 °C
{251 H B R REREAR

MF T HEZ LR Poroshell 120 BEFMEL, BT ML

www.agilent.com/chem/poroshell120:cn

33









Agilent Poroshell 120 N X & — BmE2

5 H Poroshell 120 &iEHRE TS IRE PRIKBEEER

X

HPLC  Poroshell 120
WAERC HERBI
UHERBI HEEBS

fe&

HES KOS DNA
ekl Ti2%R

W

WAERC HEF B, 4R B3, H4E B6 REWNRMPERNRRFMA, 1ZEHM
FRMIELMAGRRERBERE, FMARNEAREHRRHRMEIR, EFR
EMEEZHRHIRE 1], EERARREERNERFERNGER—H, BNSH%E
ARUBFEMESN (23], RASNREEEEERENSHEEZRREVNNENEN
B2 4], BTEER CAFRBEMERY, MARERRTZEUIH, REEBRE
), BERUKEREN (UHPLC) FIE 2 BRRERESTEEF THEERONEEE
MRS, EEIWHEMKHEEAKER. EENEEXRELEERANIENRIAL
B, ST 2 MR RERESMEARS, EEREMTENRESIR, RECARARN
JEHAY Poroshell 120 RIIREZFEEEH, HTHRARRE, SHEMMHR, NME
EXHAE AR QI LRI TREDTHIATIRIEN . AR Poroshell 120 @if4E, #
RAEMRERIEN, MEERC, H4ER B, %4 FK B3 M4ELER B6 fRIMKNA &
AR, SRR REET 1/3, —RSHTRE 3min, PEZBERBENT,
D
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Agilent Poroshell 120 N X & — BmE2

HEMASHE

(ARVEES i)

1100 SEKAERIEL (Agilent 48] ) ; FEz (HPLC 4, EEH R
W) KEWEKREHG: %ERC (RN  #ERB1 (&
BWRR) . £ % B3 (BBtR) . #£XB6 (REMEF) 7
Him (AL ),

1.2 B &M

(L& 4. Poroshell 120 SB-C18 4% (4.6 mm i. d. X100 mm,
2.7ym); HER 27°C; FE 1.0 mL /min; FEEABER - SHE
% (0.05 mol/L)- FAEZ =94-6; ZSMUMER: KK 265nm; ik
R 3L,

1.3 {3k
B, AR,
14Tk
1.4 R/ & R AL

R SR Ra AR S B EfRERIKE9 1000 pg/mL #
ERER, 4CRERETRE,

142 BEVETER

SABRRAREROEER, RBER SRR REH RRE S5
4 100pg/mL, 300pg/mL, 500pg/mL, 700pg/mL, 900ug/mL
HIRSHVETIER.

14.3 HmAbiE

EFREA 0.45um ROIRRREIR .

144 M7E

BO.2BERT, URENERN, SMREEE.

37

SRSV

2.1 IS HREE

L Poroshell 120 #£ (4.6 mm i. d. X100 mm, 2.7ym) F1 Zorbax
eclipse XDB C18 (150mmX4.6mm, 5um ) {EA 9, U
BEE — S A% (0.05 mol/L)- BREZHY AR AL bL 4 5 B AR 4T
HPLC &uftil., &I, F Zorbax eclipse XDB C18 #F,
BEER — SRR (0.05 mol/L)- REZA 955 A BHRELF. B
Poroshell 120 #, iZZhiR I mERES — S5RA M (0.05 mol/L)-
FEZ 94:6 H B R&E, BEER Poroshell20 &ikH, &
MERMRRI AT E 5 S 4R ZE 3min, RS T TEREM
ZROBTE. RELERKIEHIRHEIEES A LE 150
2,

2.2 JrikRYSESE BIAN PR
RATNELERNNEHE 14 WIRIESR, WRMANEER
ANLAR, BB, BHIRERLE. FFEREESR C,
4% B1. $4F B H4F BOMEEFENRRBHR (&
RLeh3: 1) HRAK,

23 TEMREE
HRSTERRNRRRES IS X, HHERHEE.



Agilent Poroshell 120 EFIX & — BRR2E

F 1 4BELFHETTE. BEEFRLIR
HEZAM EHA57E HXEH BEZE (RSD%) IR H R (mg/L)
HEZEC Area=3557.85973*Amt+48.998285 0.9998 0.19 0.001
#HE Bl Area=1467.78391"Amt+12.232137 0.9999 0.29 0.002
#4Z B6 Area=334.891305"Amt+3.0152544 0.9999 1.79 0.008
#4H% B3 Area=1158.40585*Amt+11.031413 0.9999 1.00 0.002
mAU ] o
] e
] 4
800 - ﬁ
suo—: I i%
] 8 @ =
400 ” 2 " g
] B & ~
0 ] 1 ~ 1
T - - - — - - - T - - - — - T - — - -
B 1 4B EElEEEE
mAU o
1600 3 i’ﬁ
1400 3 #
1200 3 g
1000 3
800 3 _
600 3 bl =
400 g g §
200 g g ] ]
0 [ b LT ! Al
T - - - — - - - T - - - — - T - —
B2 EoptEgE
24 FREGBIEHNER (E3)
mAU | %
200
150
1004 2
50 - /\ g =
) 2 b4
0 1 2 3 5

B3 4 gL EG e EIEE

38



Agilent Poroshell 120 N X% — BmE2

BIEEH

1100 748, DAD #ilgs, HRATREH

figtE. Zorbax eclipse XDB C18 (150mm X 4.6mm, 5um )
REE. 5% FAEE /95% BB SR (0.05mol/L)

FiE: 1TmL/min

HiR: 27°C

HEEE: 3L

&g

AL F A Poroshell120, 7EE R im{E K& MR @i LN
TEHERC. HER B, HHEF B3, 44F B6 i 4 Mukints
£F, ZHENSMEERE. KFERD. REKHRNES
MR EHEHRNENER, ZRCAFE. RESTEER
MITIERFR.

S

1. GB 15266-2009 EHRITA [s]

2. GB/T12143 RmH iR MERAYTIE [s].
3. GB/T5009.84 & RAFBEMNE [s].

4. EEER. Bt B DRFE . RP—HPLC NERHEH4ER C
&8 [J] ZHRAE , 2008,(06) : 2197-2198.
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Agilent Poroshell 120 N X & — BmE2

5 F Poroshell 120 & & i8R 2 TSR PRI ERE L SY% B

Kia
HPLC
Poroshell 120
1y

fe&
EEE

BT AR E R & R E RO

HE

T&REZZY) (Sulfonamides, SAs) EFMEIEI. MENE. BERETENNRSEF
B, TZHATERL ", BT SAs MR R EFA G AR, £E
ERARMEAARR SAs KE, MIRATZEXANABNEST R HAR IR
hE, HITUARRR. RERE, AR . BEMRRREALR, NFR AN RRRES,
ML SHABRRSARE - EMGN Y, ATREAXNEER, SE SAs KB
PRAJESRA %, RALEP 235 SNE (MR RPEHRFTRERE) PHE SAs B8
RGBT 100ng/mL, FHHET SAs HIiRiEEEMRIAEE - FRigBARNAZ ", BR
BERZERENMERR, RARKSERS, FHEER, BNRAEENARESIEHE
EENATEERUNG, BT LHERELYZRENNE, BSASNER (10 #
ME) FESEE. REKESE, ERREMTRIRESIR, LEERIRNHEE
RIEIER., RIERARRNIELAY Poroshell 120 RIIREEAEEIEHE, ATFHAFR
RIE, BHEZNER, AMEEZRASARE SN ERTRESMAAREE, £X
{£F Poroshell 120 &iEH, HRAEMRBEIEN, XGAH 12 FERRR RN %
IORABCEE, 12 MERRGE TRIFNAE, SAHERET 172, —XSHXE 15min, 3
BERERRENT, UtSE,

40



Agilent Poroshell 120 N X & — BmE2

MHEEHE
(ARNE-Ljakl

1100 S3RIARIEL (Agilent 47] ) ; BEE. 285 (HPLC 4, =

EBAF ) KE Milli-Q -A10 BakHIAY, fEikZREE
(SM,) . BER—HE®IE (SDM) | BiRREW (SMZ) ﬁﬁ

FZFREmARE (SMP) | WiBEWENE (SD) . BRRRIEE

Rz IE] FREEUENE (SMM) | Rz R (SI12) ﬁﬁiﬁagﬂﬁﬂm(SMR)

R — B RIEE (SIM,) | RERExS FAEIENE (SMD) | RERENLAE (SP)

WM AT 99%, HNMIEERE Dr.Ehrenstorfer GmbH 2],

1.2 @,la -kﬁ:

Agilent Poroshell 120 EC-C18 (4.6 X 75mm $ifZ 2.7um) ; 8
35°C; Ji® 1.0 mL /min; ZESMEMIZE: KK 270nm; AR
20pL; TEE A 0.1% 2B - KAk #shiE B: ZBE; #iahtE C.

Hlz, REBRELHIRE 1.

* 1 BEABER

FifiE] (min) REhiE A% REhtE B% iEhiE C%
0.00 90.5 6.5 3
15.00 63 14 23
16.00 90.5 6.5 3

1.3 iR

EWO

1.4 KB %

1A VRS RAEL

REMMEH SAs & 10£0.01mg, EF 10mLiZEREMRA,
RZEEBAESR, HAEHK 1000pg/mL MAREMRESR, &t
"7,

142 BEtRETIER

S B BB EH SAs & (1000ug/mL) TmL, FF 100mL 45
BREMT. AZKEER. K 10ug/mLi 12 BERERET
138

1.4.3 fEmibiE

4

BEHRTES£0.01g i{#, EFSOmLERFBELER, MAZ
[E25mL, FTkWREEAF, miEfE, K6000r/minfyiEE B L
bmin, SEEHZEEADMLZIERE, EERN—K, &8HF
RELEER, ASCTREZZUBETE, REMA0. Imol/L
HCI SmLiAfE (BHENERSERRS, BERMS mLESK,
WERED, FEECKE) | fFidHE,

1.4.4 &4k

SEMBEFREBARFE. kA 5mL BEz. SmLEBFK.
5mL 0.03moL/L HCI 1,

L BERBERM 5-8s/d BER
W%, foxHE 5mL 0.03moL/L HCI, bmL £EFsk. dmlL REES%
BV

JERR: F SmL 5% | FREREAT

WK ZRESKTRE, B SmLiRERERE, |
HLEHR, it HPLC 534fr.

ER5HiE

2.1 BIE KRR
2.1 R E R

EHREEEENERREAYNG E KA Cx AR E
b, ERARESHENMNBREAAGMNEIETAFT—ENZ
M, AFE12HEREGYECEELGIFTNSE, HE

F Agilent ZORBAX SB-C18 (bum, 4.6X250mm) %A Agilent
Poroshell 120 EC-C18 (2.7um, 4.6X75mm) HytiEiEHiTmis,
KRAM, RIEFAZERK - 28 - PR HTHE A,

98 Xﬂﬁ*?i%ﬂt*ﬂ]%l.iﬂﬁ%%* {8 SB-C18 HIIE{TRI R

MV

F02umEF

K, EE28min BELERIAE (B 1) , T Agilent Poroshell
120 EC-C18 fy &4 Lﬁﬂ'ﬂﬂ,\ﬁawmln, BT (A2) , &

A#[E, HiGIEREER Agilent Poroshell 120 EC-C,5  (2.7um,
4.6X75mm) Mg .



Agilent Poroshell 120 EFIX & — BRR2E

¥ 8 g 2EE 5 B E gz
mal 4 w 2 = 222 3 3 i 25
s P @ =~ O o ] T
= g g 04 0
34 ~ "
254
2-
154
1 W - ]
ns 4
T T T T T T T T T
E 3 10 12 14 16 18 20 22 min
B 1 12 B 2 aon g gL A
e
L
maU ey o
3 1:@3 % E mg E %] 2] 2]
4 T 04
2 &Y g8 hell S8 & g
34 + 7 gh EQ E § t4 P
= el E
25 3 e © 5 @ @ =
@ = ©
2_ ™
1.5
1 w P
=
" qkk_ﬂ\ 5 g
i " L W e '
T T T T T T T
2 4 [} g 10 12 14 i
B2 12 B 7 aokn i g
2.1. 2 SR E R 23T EME ML E

BREGYREIMRIE—REXAZEIREFES ZCBER—TF
BRBIRE., REBR TARKENBE, ZB52E. PR
BERR, ZRRBZEK- 2K - REEEARIE, XARE
BT, 12 MR AYRIABIEL NS, BRI, EXTRE
%, 12 FRERRRAYRIAREEEEILE 2,

2.2 ekt R R B E R LAY AN

SLI8i& ST T 30°C. 40°C. 50°C. 55°C. 60°C. 65°CAANMEREK
Fi#TidE, FRRPYBESTO0CH, 12 FhEERREZYMY
BRI ERERENERE, SH2EBRETW (SI12) , HE

EREEASERENAE (HRRAERK 10%) . REEER
e iR EX AR, RERERRRES 45C,

42

o RIER T EL I 493 A 4R A T4EM 25pL, 50uL, 100puL, 250,
500uL, 1000uL, 2500uL FIFHEESH, EBTRSKTFEH dmL
KIREMEERNE, fHPLCIE, MIEETR (V) AMNLER, iRE (X,
ng/mL) ARELAR, LEliREmS%. ERER 0.05~2ug/mL3EE
A, BILEEERSRESEMEX, ZEXZMBEXRENE 2



Agilent Poroshell 120 EFIX & — BRR2

2. 12 EREHLIETER. FEBZETTEREXFH

wH KMER (ng/mL) EaAE HBXZHR
BE-REREBE  SIM2 0.05-2 Y=75.40049X-0.382142 0.99905
R SD 0.05-2 Y=80.94965X-0.120573 0.99942
BRI SP 0.05-2 Y=71.11926X-0.357069 0.99895
IR EEE SMR 0.05-2 Y=77.12318X-0.370266 0.99884
BiEEE®E SMD 0.05-2 Y=67.58168X-0.221168 0.99851
TR — g Sm2 0.05-2 Y=71.50203X-7.01384¢ 0.99952
BB NE SMP 0.05-2 Y=71.58532X-8.71602¢ 0.99942
BE-REEE  SDM 0.05-2 Y=74.77147X-9.38047¢ 0.99955
HEE W SMz 0.05-2 Y=81.11966X-2.23526¢ 0.99965
BRRER SIz 0.05-2 Y=73.07626X-0.545306 0.99928
T RRIE R g 0T SMM 0.05-2 Y=74.63985X-8.80582¢ 0.99945
TRRIETE sa 0.05-2 Y=75.14487X-0.103483 0.99932

2. AR E U R R 2 B RO E

ERFRER 51 0.01g 34, H—EMRMBEIHRALIER, 17 50ug/kg. 100ug/kg, 200ug/kg ZMFMAT, ST 6 MET,
iRAE 0.5min, B4E 30min f5, #1430 144 HRETAER EQEFRT HPLC 04T, AERIREWREISEELR 3, BRZAK
R RREREEELE 3 & 4,

4

I
e e

mal

| paans

B 3 B E AR EEE

may 4
44
a5 4
3-
25 5
2_
1.5 4
q
05 3
D-‘ &l

T ]

2 696
2944

4.020

4 408
8014
13175

(8570

13.766

g — -
?

-

- - - . - - - - - - - - . r . - - - - r v
2 4 6 i 10 12 14 min

B 4 BHZEAHGFMEEE
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Agilent Poroshell 120 N X & — BmE2

3. BEELFERELGYHFNFEEUER RSD (n=6)

@y FWRE (ug/kg) FHEIE (%) RSD (%) IR (ug/kg)
BiR_BER®E  SIM2 50 100 200 82.8 84.2 89.7 44 35 5.0 9
T RRIEATE SD 50 100 200 81.6 82.2 89.0 5.2 45 4.6 8
TR IE SP 50 100 200 80.8 83.5 86.1 6.3 4.8 5.7 11
WIREA MR SMR 50 100 200 84.3 85.0 89.9 38 4.7 6.4 11
BWiEMBEEEE SMD 50 100 200 835 84.3 91.0 5.3 5.3 43 13
k= R SM2 50 100 200 82.6 85.4 85.8 4.0 4.4 35 13
BIRFSE SMP 50 100 200 83.3 84.4 85.5 5.1 5.2 5.0 13
WiR—RE®WE  SDM 50 100 200 825 83.0 84.2 4.8 4.1 4.6 14
HEE W smz 50 100 200 82.1 82.1 84.0 4.7 4.0 3.7 14
ERRTMN Siz 50 100 200 813 82.6 835 34 2.7 39 16
BREERE®E  SMM 50 100 200 80.5 81.6 83.0 5.0 3.9 4.2 16
TR T I Nl 50 100 200 74.5 76.6 80.0 4.7 4.2 5.1 17
258 maih

FIRATTENE THRIETRENIAHY 40 NG ARG H B K

WKEE, HRGH Fik 12 HEEREEEY.

&ik

AN TERAREEZNESA S 12 MEREAYNS TR

%, SRUERIEMRRREZY HPLC-UV 7 & BT IR,

AFEAERIER R, M, MENZE SPEHRRER, £
BAEE 4/, BUFLFERERD. Agilent Poroshell 120
BIEHANERASR TASMRAREN ERESHIBER, Wi

REBRNAETHENRBIENER,

SE

1 REE, ke BEHEZE V] R PERUKZ MR,

2000:155.

2. RxT, B, R SARBRNSHERA [M]. IR
Tl HRRA, 2007:189.3. HEEESHR 2005.25(4):

412-413.

b HRR, MEE, LHEN%E . SRR RTRREENKE

WA EER ] FES

o

2007, 41(1):24-28.
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5 Fi Poroshell 120 & AR IPE R R BB IEL E L

K

MERETH  EYEL
poroshell 120 [EEIEH
R [EEAB HPLC

=)
WA KB
W HER"

1 RE AL HRE S
MR R TH =

2. MR EHRFEER

HE

REFRREARRBEAGHSENK IS, ARPTHRRSREIEFUTER
ARILHIES, UPAAEM, HHSEHRNEEENES, SREREDHN—XE
WIRR[1-2], BERFRELN RRFZ—, HERE. B, BFR. R, BLR
MHE 6 KAMAR, REFARES. ROASFIN. BERFERERLTS, B
GZ-HIRERARELT, RERSUKEANEREAR, ERREAG—NRERE, &
REMHTRARIMEA, HYELRBMPAERPAHARBLEFHOERFR [3-9], B
HtEREE (HPLC) REMRARANIELEERAR, KEWHRA Poroshell 120 &k
HEXDE AR R BIEHET TR, AL T P2 RA B FEZIRENKAY HPLC $540E
ik, Al FRFREFARRIRM THEARKE.
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MRS

(RRVE-2=pne

Agilent 1100 SRMEBIE RS, BEEHESE. HEH. =
RE/KF|HMIE, ChemStation @ik T{ELy, FEMZEHAE
4 (£E Burdick &Jackson 7)) , KIAKABLK, Hil
dikik& (EE Milipore A7) #&; BB (9, TTHKF
RFT) ; GREE (ps08072303) | REFRE B (ps08103102)
S (RBEREDREERLF, RESED> 98%) ; BE
BEFNMET MEMEARERAR.

1.2 @ikt

&ittEA Agilent Poroshell 120 SB-C18 # (100mm X 2.1 mm, 2.7
um) ; FREHEA 0.5% BEERKIRIR (A) - 288 (B) , BEER: 0~ 3
min, 5% B; 3 ~ 9 min, 5% ~ 20% B; 9 ~ 13 min, 20% B;
13 ~ 20 min, 20% ~ 95% B; {#fRiHE 0.5 mL/min; ##FE1.0
uL; #5E 25 C; MK 254 nm,

1.3 M BB A RO ) &
1.3.1 RIREX BB R & BERIE R R 5.06

mg, FERABEERE 25 ML EEEMT, PEER,
0.45 ym 8%, BIAS,

132 RRFKB MBRERNHE FERRRZERB xf
i 5.28 mg, REAMEEGBE 256 mL iEEMHF, B

ﬂ

BER, & 045 um j§iE, BIE.

1.3.3 REMRMABRAMHE FAIWE 1.00 mLEFERMZ
ZRE B MRMmAR, ARRSTRAAR,
L4 it minika sl &

FRERBZ AL 5.00 g, AR, EXRRENRS, WA
FAEZ 150 mL, RECHREX 1.5 h, REGKHER ZBRGEZE 10 mL,
EBED mL B, FEER, 3045 pm B, (EARKR

AR
SER5WE

2.1 BIEHNR BEFERTEE

46

ERKER 27 ym RASAXHENBHNBRIEE, SBEN
EMTAEH S pm KRB 25%, FEABESHREE,
REBEEXMAILARETUNSE, ERYEERRAELL
ERMEAIMEERRT. REBAEFERRE LR
B2 -0.5% BEER/K R, 25 -0.5% BBk R, HEE-05%
BUKARIZEE -0.5% BRKERSRAPBEREI TN,
MBERERDENARRARBERRF. FRKY, AL
% -0.5% BiBKRBRA RN, SAMILHNEZSE, RapET
MR R R FROERNS, WkECHE -k -BRRAR
AREH.

2.2 RET RIS

PL#k R 50%. 70%. 90%, 100% REHRENER, HRFAH
Bl Bt LMATIRBMAR S &, HUER REREAREUAR. 5
o, KB TEFRRRSZERERREN, KARKERRRLE
K%, REXRE, Alt, #eRADRER,
2IFEFER

231 2EENMRE B mAk, EEHE b R, F
EEHABIEREXHRERE REMETRN—BE, £&R
BRERFIERREREHR RSD (A7 0.03%~0.79%,
{EFHEEREY RSD {7 0.61%~2.67%, HIINF 5%, %
BUESITREERY, PTERERE.

232 EYMHRE BE—#SHE (S10) 6 4, HHIE
H R RARHETNE, T 6 4, EFEEHAFIERHE
SRBRERENETRNES E, £RETHEMREH
B89 RSD {E7E 0.03%~0.40%, #EXTIEEFRKT RSD T
1.95%~4.24%, —&HWNF5%, REZHEHENER
%,

2.3.3 REMAR ME—#HSHER (S10) MEtilmE
W&, AAEO0, 3. 6.9, 12, 24 h i, FREHLEIE
MRS OR B A () R AR RTIEE AR — Bt R ERAEM R
R ATiE]k) RSD {7 0.06%~0.96%, HITIEEFRK RSD
HE 1.271%~3.74%, —&¥IF 5%, RIPEIXRARK
£ 24 h WIERE.
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0 5 10 15 20
f/ nun

3- R 14- RRRE B
B 1 3180349 HPLC B

US)
4 12
g = | s & Sl

L [}
J M S e

0 5 10 15 20

f/ nun

S- ZIRE
B 2 X5 3R HPLC 15 EE

2.4 HPLC 54 B 44

BREHRE 11 SiiERa A HEMilmER, WE, ®E16 1
IRERENATE. B (PHERENELELTHERS) K
(2004 A) BT EIRIERIUES, WM BEELE 1, IR (S)
ASRMERERGEEILE 2, SHRELEELE, 11 #3
ERRTHIBARE 4512 0978, 0.979, 0.992, 0.988, 0.981,
0.986, 0.990, 0.971, 0.971, 0.986, 0.991, HEEIETNERETR,
11 IR RFTAE S BB IR T 0.95, HPTZHIRE,

R A B R TR B HIR AT &,

SE M

X% HEE kAl & TAREHRHRE V] ERRE.
2010, 35(2): 77-80.

2. WEE WL FERE . RREN BA EREMR
ERFZ [J]. HRMERAR—REHIAL 2009, 11(6):
834-839.

3. BEE. TN, TRE £ . BEXRE ML - JHEXEXL
32 [J]. BhEzg , 2011, 42(2): 380-383.

4. KHE . hHRENRGRETMN [J]. HEZ, 2011.42(1):
1-9.

41

- I OEEHF. TRE. ¥ eREGHENREEILELE

EREE [J]. BAZG | 2005, 27(7): 751-754.

KK B B %, BREARMER S S HRE

R ENE R R IRAIRFE [J]. REZ 2010, 41(8):
1282-1285.

. WURRL 3K MS, EEIE, % . FAURA HPLC fg BIER R [J].

FEEZh, 2011, 42(1): 81-84.

- BEE . PEREYEERARNHRSNA [J]. FELZ 2005,

36(4): 632-634.

X8R NERE B, F . 43254 HPLC s EiE R HK

tREIE - BUREA 24T [J]. 2405 2010, 33(4):
259-262.
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B2 2 P X I AR 1 T M0 iR R B R A TRIE TS AL AL
— MAHEREEEEERERTH

X
HPLC-MS/MS
Agilent Poroshell 120
Ik W R TR £ 0

BE

e
BEE £ 8 0B KW
ot ERZ % 8 HEE

EREAERERERERERERA
RO RREEE

e

RERWEAY A ERER, MEZRAMRASESE—ENEFER. BTRENE
RERBERTSERE, AU ZRATRE. K&, AFROFER. BX. KEREHHEN
TRITHIGERR . BRTIEHRERERANREARENEGHESMNEY, FEmRRE
R, BeFREE, Z58TANSEEN. HTREEE, KEMXESHI7 1995 F
02002 F£EREILHHERBRANA T RIEMEY. 2002453 A, KERWEHSE 193
SHEBEHERBERENIIN (RRINERANSHREMLAYER) ¥, BER
FEEEMHAKSRZ—, t—ERGWRBRANES TR, BEQNPLNEER
REEMRNERPREAREN, REFSGERNERN, EHTEERROER I
WNZE, SHEERESHEEMEENSE—URRPAMEENREMBRLEIHE
. ERER, SRREEE - FEKARA (LC-MS) @k L # A FE AL HH
ERBEARGYHRE ™ FEERFRANRERGYN, ATTARE, RENE, &
BEREEIEHHTIE" B, EMA FEEERNQNEHR S HNEMERR,
EARRNRES SRAYRIEEE, MABFIL X SERFMERNBFILRAEE ",
AZWHRA T RIEFR QRN Poroshell 120 RFIREZFLEEIEH, BTHEAHTFK.
RRE, SHEZNES, ATEITASHRE S SREE L RIS E R R
SR ENRIERNE.
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Py

MEERE
(ARNE -kl

BikEEIERERE, BEz (HPLCZ ). B (HPLC4), Z
B Z B (HPLC 4% ); 7k B Milli-Q Academic (&L R % 5118, I
WEER K514 AOZ FRfe fm (4655 >99%, Dr.Ehrenstorfer), Bkmgm
BB A4R AOZ-D4 ( 4 >99%, WITEGA), TEEE,

1.2 B AR R AL )

FRENE B RE VAL R P ARAR R Y B FREERR AR A 1.0 mg/mL AR AERE
#R, MEUEE AR R A RERRR S 10 pg/mL AUERAEH
B, WREGE R RIbREE D 8]k A R ERARAR A 0.2 pg/ml RIFRAET
fER, 18 CREEFH TR,

BREEHRETLER RBEMEESRESRIE EREER
K R ERAR A I BRI BE 504 0 ng/mL, 2.5 ng/mL, 5 ng/
mL, 10 ng/mL, 20 ng/mL, 30 ng/mL, 50 ng/mL,

1.3 Bit-Fut &

7 1 B IR B a i i R S5

X H Agilent Poroshell 120 SB-C184% (4.6 mm i. d. X 100 mm, 2.7
pum) EiEH; REhAE A 4 5 mmol ZEEIRIK +0.1% HER, Rz
1B HBE, HEEIIER: 0~ 5.0 min, 60% ~ 90% B; 5.0 ~ 6.0
min, 90% B; 6.0 ~ 6.5 min, 90% ~ 60% B; 6.5 ~ 7.5 min,
60% B; i 0.4 mL /min; #E8 40°C; HEEEERIR. 10 L,

KAEAFM50x2.1 mm C18 ;g EiLHE: WEHHEA A 5 mmol
RS +0.1% R, MahHE B AR, BERMER. 0~ 05
min, 80% A; 0.5 ~ 3.0min, 80% ~ 20% A; 3.0 ~ 4.2 min,
20% A; 42 ~ 51min, 20% ~ 80% A; & 0.3 mL /min;
iR 40°C; R 10 4L,

BEAR BRE; EEFRA SFEREAEERE. 350 C;
iESEATS: $WSES: 30 psi; HESES: 10arb, K[
ENEX, HERESHAR 1.

BRPHFNY RS ERENMREREHERNRERE, FEAR
EENEFEMFEELE—, WTHEERPFELRE. B
REEE.

A=t {RER R [E] BB FEF TiE A2 EREE

Compounds Retention time (min) Parent ion (m/z) Daughter ion (m/z) Collision energy (eV) Declustering potential (V)
kR AR K 1.99 236.0 104.0 21 122

(Furazolidone) 134.0* 12 122

Tk W e X 5490 [0 £

E=his 1.95 240.0 134.0 12 122

(Furazolidone -D4)

RFEEHFEF.

MELE%E SRS

1.4 FERATRIE(T]

BRI 2.0 g HEHRT 50 mLEOE, MANEE K NFRER
BETIERRK 0.1 mol/L 2- HEXFEITER, B 20 mL 012
mol/L IE BRI, B4, BT 37 CHIERMEEI LK 16h, 1%
Sk [7] g v

49

FA50x2.1 mm C18 fEEaiEHER, MERMAMIER K
WERG (AOZ) RRAPRTE. REURE A tHigR 1§29 2.2 min (40
B1) , SEARHIERE—F; BFLh .78, HEMmRMA
HIERTIE) 2 2.22 min ($0E 2) , BFELA 1098, BEX—F,



Agilent Poroshell 120 LI X & — BREE

[
RT: 1.00 - 4.00 RT: 0.00-7.50
1o 220 NL399E4 104 NL:9.74E3
TIC F: + ¢ ESIsid=5.00 SRM 10 TG F- 4 0 £SI SRM ms2
o ms2 240.000 200 240, 0‘00
[133.975-134.025] MS 9 2.
101223 26 [133.750-134.250] MS
8 110223_16
8
K
g
.
£ g
H £ 6
< 5 £
g é 5
& £
3 S
3
3
2
2 20
E 249 261 277
112 124 146 163 183 199 1 277 285 302 311 332 345 363 385 I 212
NL: 2.52E4 238 256 575 4 463 6.70
Ao 275313 421 482 714
o Bace Poak miz= 039 072 099 145 163 5343 408 ° 561 ses O
133.50-134.50 F: + CESI 100 167 NL:2.25E3
9 5i0=5.00 SRM ms2 236.000 Base Peak miz=
[103.975-104.025, 133.50-134.50 F: + cESI
8 133.975-134.025] MS o SRM ms2 236.000
101223 26 [103.750-104.250,
g 7 8 133.750-134.250] MS
H 110223 16
e g 7
3
i E
2 3
g« 2 s
& B
g
3 ‘_=“ a
S
2 3
3
1 236 260 276
105 128 140 155 304 313 333 343 363 378 389 2
L L B L L L i 211
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 1 ¥

“Time (min)

B 1 PRI ZIEIT 50 X 2.1mm SZE A B A bR FLE 2 B FHIFE A

RT: 1.00 - 4.00
10 219 NL: 4.40E4
TIC F: + ¢ ESIsid=5.00 SRM
ms2 240.000
o [133.975-134.025] MS
& 101223 28

K

Relative Abundance
a

2
: 243 251 261
113 138 155 168 186 194 251 261 2.81 299 320 336 357 365 3.95
10 222 NL: 359E4
Base Peak m/z=
133.50-134.50 F: + cESI
b sid=5.00 SRM ms2 236.000
[103.975-104.025,
8 133.975-134.025] MS

101223 28

Relative Abundance
a

2.7

2
285
116 124 151 179 190 55 298 314 339 349 368 4.00
R L I DL B e e e T B e S e st ]
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Time (min)

B 2 GEMIRIEEE RGBT 50 X 2.1mm C18 SR BHI P FLE & & FHI R
B Agilent Poroshell 120 SB-C18 4% (4.6 mm i. d. X100 mm, 2.7

um) B, BERHEE, ROERSARHIEREARRE, HE
[ul (40 3)  RERFUESHANRIESREIRFHNSE (NE4)

50

312
232 201 7)" 3581385 405 4es 526 52 575 650 677 gos
A B AR
25 30 35 40 45 5.0 55 6.0 6.5 70

050 %72 117
ARABAN S ARRRARRRRARE A
0.0 05 10 15 20

“Time (min)

B3 £EBAIEE BB 1T Poroshell 120 SB-C184£(4.6 mm i. d. X 100 mm, 2.7 um)
KBS BRI B FHIREE

RT: 0.00-7.50
1o 195 NL: 1L.41E4
TIC F: + ¢ ESISRM ms2
.000
9 [133.750-134.250) MS
o 223_19

7

Relative Abundance

2
212
1 216
041 061 098 1.44 173 230 267 335 346 4.06 440 4.74 539 574 609 g9 714
10 NL: 6.96E3
Base Peak m/z=
o 133.50-134.50 F: + c ESI
'SRM ms2 236.000
[103.750-104.250,
8 133.750-134.250] MS
110223_19
3 K
£ 6
2 s
2
& 4
G
&
3
2
1
34 381 429 449 513 554 607 666 676 73

LRI A R R R A
25 30 35 40 45 5.0 55 6.0 6.5 70
“Time (min)

B4 EEU R F BT Poroshell 120 SB-C18 1 (4.6 mm i.d. x 100 mm,
2.7 um) RIER BRIAGFIE R B FRIFIEE
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W ESEIRAA, #rAUEEE LS Agilent Poroshell 120 SB-C18 Ry
SERE—MIZH 1.0 mL/min, MAEXNMEHF, KikEigs 04
mL/min, ZRESBRRVEN, ERBRET, MTHEES.
EREXNEE, F5HH 05 um BN EEHRESHHERE
#, T Poroshell 120 @&iEHNOER THARN 2 pm iR, BH
MBI T HmEEE,

B2, KEEEMNIBARAEMTEEEE, EREEENE
HiERE EeAMENERRN, NRAXEIEFEILEM
PR mARR, EAMREARMY, MEEXE, BNERK
BitERIA, HITEEENSE, FRERENTIT, REXE
HIAERIE

SE

1. YU Jian-Xin( %7 ), HU Xiao-Zhong ( #/)§% ), LIN Yan-

Fei( #kJE% ).Journal of Analytical Science, ( #TRIFFR ).
2004,4(20):382~384

2. ZHANG Ping-An( 3% ), ZHANG Jian-Wei( 3§ A ). QIAO
Ming-Wu( FFBBE ). Journal of Agricultural Sciences, ( #iiL&K
W= ), 2010,3:611~614

3. SUN Tao( #l\i# ), HU Kai-Feng ( #3FFI£ ), QIAQ Kun-Yun( FF &
% ). Analytical Instrumention, ( 4347{328 ), 2010,5:27~31

4. Murphy B J. LC/MS/MS method detects nitrofuran
metabolites [J] .Trac-trends in Analytical Chem- istry, 2003,
22 (11):7~8

5. JIANG Yuan( #J& ), DING Tao ( Ti% ). SHEN Chong-Yu( it
241 ). Animal Husbandry& Veterinary Medicine, ( E#52
E ), 2005,3(37):12~15

6. Angelii NM, Rampini 0D, Mugica H. Liquid chromatographic
determination of nitrofuran residues in bovine muscle
tissues [J]. Journal of Aoac Internationa,l 1997, 80 ( 3) :
481~485

7. Method for the determination residues of the metabolites
of nitrofuran in pork,beef,chicken,porcine liver and aquatic
products—LC-MS-MS method( 3¢ B, 4 ®&. BRA. HEHFM

51

KERPHEKBECHYZEEMNE REEEL - RRRIL
3% ).National Standards of the People’ s Republic of China (&
£ \RAFMEERITE) GB/T 20752- 2006



Agilent Poroshell 120 N X & — BmE2

{# F Poroshell 120 &g R BAE & &P
FEHER, WWEES, RMETE, RN AEHE

X
HPLC
Poroshell 120
gl

=)

W' WA EEA
SHB' SOk Rme
1. RIS 1L
2 RT3

e

REXR, ATFHEENRANREMAREXE, HARHEFERER ( BA) . LEE (
SA) . RS ZE ( DHA) fn A TE AR FINERS Y ( SS) MfER M= 2 A AEM [1.2],
AFHER. #HEABE—ENEYE, SEENSW ARG RGE, &5 ZREIE (3],

EHXERMRIMFER DEMRAE ( GB2760 — 2007) shxhiX LRI pER S BRI
RAREMVEPHAE. BT X/LHEFFHEENLTRRRNEFSRET, FHitRH
BER MR A VE, MITERAE GB/T23495 — 2009 #1 GB/T23377 — 2009 437
EBA. SA, SS f1DHA, MRFAEFIVEASFRN, FEMMTIEREX, METLE
WEE, ACAEIESE (1 - 6] WER EMMXE, FiTASRRAGEIL LR BA,

SA. DHA 71 SS #fT#ill, tL% Poroshell 120 &ifHfnEAiEHNKE, £ERKPR
Fi Poroshell 120 &k ERHEARMAPE BA, SA, DHA 1SS EHRE, EFH.
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MESRE

1.1 B 55

BEEIEL, AL204 BFXE (FL), PT - 310 BFXF,
BEKELRSE, MEEXE 0N, Anke TGL — 16B FiEB L.
Poroshell 120 EC-C18( 4.6 X 100 mm 2.7ym) & & # ( £ E
Agilent 7] ), FRERIRERR. \WEBRIRERE. BEWITER
#3941, 00 mg /mL( EFtREMRFETENEMRR ), HE
ZH: (98%, EE ACROS AF] ), Hifig (Bl );, ZBA%. T,
SEMH. FmER 30 ~ 60( AR ); KABHIK.

1.2 AR
EEEHR 00 1, 8 00 4, HRIIAHHRM,
1.3 WETT%
131 @i &

fajtE : ZORBAX Poroshell 120 EC-C18( 4.6 X 100 mm 2.7um);
Eh4E - MeOH : 0.02 mol /L NH4Ac(10 : 90); #8:40°C; &
i :1.0 mL /min; &K 230nm; HEE 10 pL, RFRE R
EEY, IMREER.

1.3.2 FREEE & R E S

1.00 mg /mL DHA #RAEAE < ERSFREX 0.1 g DHA 7R, A 10
mL( 20 mg /ml) SELWERER, ET 100 mLFEMRF,
RKEFZZE ACHRE 6 TR ), 200 jg/mL BA, SS. SA 71
DHA B EHRAERE - o5l ERIRER 10.00 mL ik 579 1.00 mg/
mL BA, SS. SA #1 DHA {RERWET 50mL REMH, AKTE
BEZE (4CREITA),

1.33 HRAERRZRFIMEH

# 200ug/mL BA, SS. SA F DHA B &4 AER BRI B
4312 1.00, 5.00, 10.00, 20.00, 50. 00, 80.00 g /mL fItFAE
BiRZAS (IR ) .

1.34 FmitiE

SEE R % GB/T23495 — 2009 #1 GB/T23377 — 2009 | K X
#w - 6, AE-EABNREERTESRS: EARSER
MERFTEEAR ( AEEUNERINHERTEE RN E R L%

53

SWHARMZBREAR): EHSESNERERNE (BRA
BMEECDKR) FEENE. BHRMHRES, RN o BHE
0.01g) AT S0mL it BEH, MALmMLA, AEREL
WARAPHEZET ~ 8, MATREZIE, BFRK 30min,

3000r/min BEil» 10 min, BY_EERL 0.45um RYRRREREEH.

1.3.5 WELR

RERTIBRRSHERHERER 13 MedFedTan,
BA, SS. SAFIDHA S5mpHEAFNRNBRY, WER
ZTFH.

HR5HE

2.1 BA, SS, SA F1DHA MR RHE 5574 24, 28, 34,
37 min, FAMYERZSE, SHENEMNRIBRYT,
HERIVERR. PMEERHEREERIRHEREEELE
1~4,

q 0 ;
0.50= = B o =2
] g 9 e
0.40- o= @ =
1 = =
— 0.303 % i =
o - = =g -]
= B 3 = &
0,204 i =
H.lu:: J\ }
"""!-r T 17T ||.r|~:u|'|aA ?1 :Ar||'|| | |
1.00 2.00 3.00 4.00 5.00 6.00
iR
B 120ug/mL BA, SS. SA #1DHA BlrB#eiLE ( &
1&1% :Poroshell 120 EC-C18)
= -
40= o
2043 2
00= | = E:.
- 3 o |‘
= 0.803 ] =
0603 | y |
0.403 |, = ||
0.203 I A +~ ]l
0.003 . N '-.:rl" ' B W——
i T T T rJrrr o181 T

5.00 6.00

B 2BA, SS. SA#l DHA B X HI&EREEE
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. [ |
a M) = o
1.504 -+ = & =
] T i [5 -
1 N g T &
21003 o = 3
] e 3E ~
E & |
0.504 g - )
' i _i. | i
0.00 T ——— ——— M e —_—
1.00 2.00 1.00 4.00 5.00 6,00
ks
B 3BA. SS. SAFIDHA Kmmtrrl& % EEE
¢ o I?I =
M 2 1 T
0.2 ~N & ,_f
- =
0.15 Esg |EN
: = "
"0.10-
: | | ,
0,04 |
0N - - ¥ —— - — —
00 4.00 600 8.00 10,00 12.00 4.00
i

B 420ug/mL BA, SS. SA Fll DHA jB1757% %5 ( &1+ Eclipse XDB-C18)

22 TIEMZSHaMR

BA, SS. SA #1DHA KIEJAATEFE 1 ~ 80pg/mL iRESEREN S
EERERIFHNENEXR, BREIWERRERHEZ 0.05, 0.1,
0.2ug/mL 3 4% & 3% 1041 Bf, BA. SA( 0.05u9/mL). SS( 0.1ug/
mL), DHA(0. 2ug/ml), IEFKTF 3 BEEEES, BI BA, SS,
SA I DHA (L ESEKIHEH 05 1.0 05, 20 ng, ZHE
BA. SS. SA #1DHA S{fHEEH 05, 1.0, 05, 2.0mg/kg,

2.3 IRERRESEZE

SHIFRER 5.00g B—REHSMERL 8 4, HPAHAR, 647
SRR 5.00mL200ug/mLBA, SS. SA #1 DHA i§ &HRAEfE
ERMMIREIN, 2R 1.3 WAERIE, HHERE SOmL, F&
BT &AM 20 pg /mL, WEHRAR. MARERHE
BRE, EIMREMER, HeARK BA #1DNA RGH, LE
B4 50.27yg/mL, SS 4 11.13ug/mL, BA, SS, SA #1DHA i

54

AR E W Rk 2 100.3%. 102. 0%, 99.6%. 88.8%, #Ext
FRBRERR H 052%. 0.93%. 1.74%. 0.99%( n = 6), {REBAt
BRI AR R ER R A 0.50%, 054%, 0.41%. 0.63% (n=6),
F BA. SS. SAfIDHATRERBIEIMFER, LREWTE, B
NERE.

24 BT BA, SS. SA 1 DHA HRMILRKE & HiRMFAIE
P D &4RA ( GB2760 — 2007) #IE, &M H BA, SS. SAfn
DHA F X {EH & 9 7 4 059/kg, 0.15g/kg, 0.5g/kg. 0.3g/
kg: AffukESH BA, SS. SA 1 DHA SAFEREHHAREK
H. 0.15g/kg. 1.0g/kg. 0.5g/kg, #2E 1.3 A EMET 60 4
ERE. 90 HHE SRR BA, SS, SA f1DHA, HA#EREXHH
BA ®H 15 4, &R 40091 ~6.29/kg, SSHHOH, &R
71 0.076 ~ 0.26g/kg, SA#H 7 14, LR 4 0.013 ~ 3.29/kg,
DHA & 8 #4, ZEE40.027 ~ 0.48g/kg; £ 5 H BA 1SS 1
KiH, SAE 74, 584 0.024 ~ 0.629/kg, DHA #:H 17 {4,
£ 584 0.026 ~ 0.58g/kg, HEE#HRPAYBA, SS. SA F1 DHA
2.5 MITEHRF % GB/T23495 — 2009 F1 GB/T23377 — 2009 4
HIE BA, SA, SS #1DHA, {ERiZ7A &R ERUZE BA, SS.
SA f1DHA, tLEWRAEAKRGE T HHATE, RE TREEMT
1EME, TALRFEM,

26 HiBIREE 40°C, AR TIRERYE, HEMHE,

2.7 BA, SS, SA #1 DHA £ HIRKIRILK K 5 54 223,
210, 254, 230 nm, H DHA FHMRRBIERK A 292 nm,
WEHE 230 nm IERERFBEHEER, EETEBRMARE
B BN TER TR,

2.8 &i%HE 1: Poroshell 120 EC-C18( 4.6 X 100mm, 2.7um) , f&ijg
# 2: Eclipse XDB-C18(4.6X250mm, 5um), f&i&#F 3: ZORBAX
SB-Aq(4.6 X 250mm, 5ym) , I\ E&iEHAEE Agilent 2712
#, F13KHT, EREEHE1, 2, BA, SS, SAFIDHA &4
WRERENE, Bih 3 DHA GBiLIEERE™E, mE 1 E
AFEY, Bt hElE 2 REEES. HEGIEXEHER,
Bk 1 Lt @ik 2 (REBR B R 485G, 6min BIRTSER AT, B,
BEE 1 MUERENREE, MARRS T TERE, T4,
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Identification and determination of the major constituents in Deng's
herbal teagranules by rapid resolution liquid chromatography coupled

with mass spectrometry

Xia

Deng's herbal tea
Poroshell 120
LC-MS

fe&

Jiewei Denga,1, Chunlin Fanb,1,

Yunyun Yanga,

a Guangdong Provincial Public
Laboratory of Analysis and Testing
Technology, China National
Analytical Center Guangzhou,
Guangzhou, 510070, PR China

b Institute of Traditional Chinese
Medicine and Natural Products,
Jinan University, Guangzhou,
510632, PR China

HE

Deng's herbal tea (DHT), a famous traditional Chinese herbal tea consisting of six
traditional Chinesemedicines (Honeysuckle, Chrysanthemum, Rhizoma imperatae,
Folium mori, dandelion and liquorice), is widely used in China for its health
benefits. In this paper, a rapid resolution liquid chromatography coupled with
mass spectrometry (RRLC—MS) method was developed for the identification and
determination of the major constituents in DHT granules. A good RRLC separation
was achieved using an Agilent Poroshell 120 SB-C18 column and gradient elution
(0.5% formic acid in water/acetonitrile) within 30 min.Twenty-eight compounds were
identified or tentatively characterized based on their exact molecular weights and
fragmentation patterns. Fifteen major bioactive constituents of those 28 compounds
were chosen as the benchmark substances. Their quantitative analyses were
performed by a triple quadrupole tandem mass spectrometer (MS/MS) operating in
multiple-reaction monitoring mode, and a full quantitative analysis of the 15 major
constituents was performed by our developed RRLC—-MS/MS method in only 10 min.
Of the 16 DHT granule samples tested, the quality of the results was stable, which
confirms that the developed method was efficient and robust for the quality control

of DHT granules.
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Chromatographic separations were performed on an Agilent 1200
Series RRLC system (Agilent Technologies, Waldbronn,Germany)
equipped with a binary pump, microvacuum degasser, high-
performance autosampler, column compartment and diodearray
detector (DAD). For the identification of the major constituents
in the DHT granules, the RRLC system was coupled to an Agilent
6210 TOF-MS (Agilent Technologies, USA) and an Agilent Trap
XCT IT-MS (Agilent Technologies, USA), respectively. However,
for quantitative analysis of the 15 major constituents in the DHT
granules, the RRLC was coupled to an Agilent 6410 B triple

quadrupole mass spectrometer (Agilent Technologies, USA).

Acetonitrile and methanol of HPLC grade were purchased
from Burdick & Jackson (Muskegon, MI, USA). Water for
RRLC analysis was purified by a Milli-Q water-purification
system (Milford, MA, USA). Formic acid was analytical grade
and purchased from Guangzhou Chemical Reagent Factory

(Guangzhou, China).
1.2 Bk &

The samples were separated on an Agilent Poroshell 120 SB-
C18 column (100 mm X 2.1 mm i.d., 2.7 um) at a temperature
of 25 °C and using a water—formic acid (100:0.5, v/v) (solvent A)
and acetonitrile (solvent B) mobile phases at a flow rate of 0.5
mL/min. To identify the major constituents in the DHT granules,
a linear solvent gradient was used: 0—1 min, 5% B; 1-15 min,
5-20% B; 15-25 min, 20-45% B; 25-30 min, 45-95% B; and
3-min post-run, 5% B. Next, to determine the contents of the
15 major constituents in the DHT granules, a separate linear
solvent gradient was used: 0—1 min, 10% B; 1-8 min, 10-45% B;
8-10 min, 45-95% B; and 3-min post-run, 5% B. For each system
used, the DAD was set to monitor absorbance at 254 nm, and
each online spectrum was recorded in the range of 190-400

nm,
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1.3 KB

Five grams of a DHT granule sample was extracted with 50
mL of methanol-water (9:1, v/v) in a flask and sonicated for
15 min followed by filtration. The extraction procedure was
repeated twice more, and the extracts were combined. The
combined extracts were evaporated under reduced pressure at
50 °C to approximately 10 mL, transferred to a 25-mL volumetric
flask, brought up to volume with methanol, and filtered through
a nylon membrane filter (0.2um, Phenomenex, USA) for RRLC—
IT-MS and RRLC-TOF-MS analysis. For RRLC-MS/MS
analysis, 1.0 mL of the obtained extracts was diluted to 10.0

mL with methanol.

ZER51E
21 BRI

A full separation by RRLC is necessary for the identification
of as many of the constituents in the DHT granules as
possible. DHT granules consist of six TCMs, and each TCM
contains many constituents of similar polarities, which makes
their separations quite difficult. Therefore, different elution
methods using different elution solvent systems, including
water—methanol, water—acetonitrile, water (containing 0.5%
formic acid)-methanol and water (containing0.5% formic
acid)—acetonitrile, were investigated. The results show that
a linear gradient elution with water (containing 0.5% formic
acid)—acetonitrile gave the best resolution and that most
of the constituents could be efficiently separated within 30
min (Fig.1A B and C). Acetonitrile remarkably improved the
separation of many of the constituents compared to methanol.
Additionally the addition of formic acid had a substantial effect
by increasing the retention time, depressing peak tailing of the
organic acids, and strikingly improving separation efficiencies

and sensitivities.



Agilent Poroshell 120 N X & — BmE2

P

Intens _
mAU

1504

1004

s
=

17

504

25 26 5.

04

34

A AA_JJLM“-\__A._A_._._L__.J__“,, s,

0 5

Intens _
10’

25 Time [minj

Intens _
%107

Time [minJ'

25

Y .

Time [min]

Figure 1 Representative chromatograms of the DHT granule extract. (A) DAD at 254 nm. (B) BPC in positive-ion ESI-
IT-MS. (C) BPC in negative-ion ESI-IT-MS

2.2 FiERI &R B R [ &

The linearities, ranges, regressions, LODs, LOQs, precisions,
accuracies and recoveries of the method are listed in Table
3, and the high-correlation coefficient values (r2 > 0.9940)
obtained indicated that there were good linear correlations
between the concentrations of the investigated compound
and their peak areas within the test concentrations. The LODs
and LOQs ranged from 1.7 to 146.5 pg/L and from 5.6 to 488.3

ug/L, respectively, while the intraand inter-day precisions for
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each compound were less than 4.1 and 5.3%, respectively.
Furthermore, the intra- and inter-day accuracies were in the
range of 96.1-102.8% and 95.3-102.6%, respectively. The
developed method showed good accuracy, with mean recoveries
ranging from 94.3 to 104.8%. The results also indicated that
the developed method was efficient, accurate and sensitive for
quantitativedetermination of the major constituents in the DHT

granules.
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In this study, a method based on RRLC—-MS was developed for
the identification and determination of the major constituents
in DHT granules. The separation speed and efficiency of RRLC
was high, and a full separation of the 37 major constituents
and a quantitative determination of the 15 major constituents
in the DHT granules were completed within 30 min and 10 min,

respectively.
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{# Ffics% Agilent Poroshell 120 EC-C18 & iZ4EaY Agilent 1100 % 7%|i%
HE L RE S TR S

fe&

William J. Long, Anne E. Mack
ZREEREAT

2850 Centerville Road
Wilmington, DE 19808

EJE]

HE

AXERKERER 4.6 X 250 mm, 5 pm BIEHSE 10 HEREGYN G EHEERE
Agilent Poroshell 120 EC-C18 Bi&H /Y Agilent 1100 ZFIRHEE L, FRETHiEE
BEERESE, A BAEEATEEL 30 min 45522] 8 min, HFFHR @SS
ERT 2 um MR, ALERNEFELEEL., REFESFEREELFMEM, B
{XF 400 bar, EWZHETARESMEZELTEREH HPLC 24 L. AZREARK
ZURMEATES DR (BER_PEERMNRY), ERETBIEHERSGET
1000 K.
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S

Ay

mi

BREGYRE—MRGHR TREIAT ARBRBROUF
Wi, BEXANETNES: BENHARNERNEERFE
AREMNER, BAl, BREEANIZATRTNBRERE.
HEFBBGYARRBE, 08 -NHRERER, 54, BEE
HYEEAMERREERR, TRRAKRARDWATBIRER.
Iesh, EHRATFEERRFRNAT, BERRPEETULRAR
BRERmEE, HsHRERN5EERSERENKE,
(1.2]

Agilent Poroshell 120 EC-C18, 2.7 pm BiHERST 2 ym K
SEIEMBEMAMEEE. BTERN 2 pm BEERIES 5 um
ERRE BEE R AN, BT EIMIE R ST IR
TENFEER.

AR T, BHERB AN 4.6 X 250 mm, 5 um BiHER
| 4.6 X 100 mm Agilent Poroshell 120 EC-C18 fi&# £ Hi#1T
THAL. BEEBEEM 30 min 45522 8 min, WRKA 4.6 X
50 mm B, ERSBEFMER, E%GH B #H—5%5EEE
4 min A,

AR

FERRARENBE N BEREELEAEX Agilent 1100 R
HPLC {U# T Tiflift. ZRAEET G1312A ZiR, ZakE
71 400 bar; —4 G1316A #iB#H(TCC);—& G1376A BB 3hi#
FEES: —A G1315B ZiREMIIKNES, & 3 mm HEMFHE
@i, R Poroshell 120 BikHR, FIEMNEEINANER
81 012 mm L, AR 0.12 mm BISTEE; 4kIBSCHT SRR
REPME LR RNFERERRIRERS (40 Hz).[3, 411
H Agilent ChemStation (A.10.02 ki) FR&&#E. ALRERHNE
i+ E3E Agilent ZORBAX Eclipse Plus C18 4.6 x 250 mm,5 pm
Btk (34S 959990-902) #0 Agilent Poroshell 120 EC-C18
4.6 x 100 mm fiL#(695975-902).
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T EERREZEMM A Sigma Aldrich 237 . FEREIEIE AR
Remtie. MERREEIE, RERCHERE. BER_PER, BEREE
B, BREmE, BREEREN, #ER-EEERE, SLEY
R ZFE:7K(50/50, v/v)R B FIBGKE 1 mg/mL RIBR, RE%
EREMHNSHUEWRETH 0.1 mg/mL KREBHR,

ErA484 Similac, Similac 2—FMEMFZE R JLEH T
M. FIEAEEENEEMER, Blt5ELS I (Abbott
Laboratories Columbus Ohio) R, EZBFRH A AN, &E
REBELBRATHESEAERRNAKFNILENRER. (¢
ARG EYE, (EABBNIE, S£2VYRASR
HERS.

K IMNEERE Z REMEIERT Similac 495 2 mL AN 18 mL k:ZF8:
FA%(200:800:1)BEAKH . BIZURE 1 min, B#E 3min 5, |
B 2 mL EEREIEOET, 5000 rpm HETEL 5 min, LiEHR
TEH—T R EREBE B o M.

it

INBROER EIEER FRESTEER/LENMET. &,
558 35 pm EREIEEARE, Z#EIEEEERNLENHR
FEFEEFPRER. 2 pm HRATFRFED 53 3.5 um AR
BB, 3P TFHRIE 3 pm E/MERL, WFEM 1305 pm 7L
ZHIHIR. £ SAFHHNZES WL RESALFHEK 25%. ER
2 pm TEARATEERZ D RIEEHN Poroshell 120 fRiFEREEH,
EMEIEHENHRILZL BTN, FERARAEINER
REmEH) & AP R ZE AR (5177 A 5 & 3.5 ym BiEHE
#Z Poroshell 120 &iktERt, MRMERRAFLER BIEHTHR,
RAFEIMNHITHERENLT .



Agilent Poroshell 120 N X & — BmE2

WE R, RAEERT 46X250 mm, 5 pm BikH, £ 1. BERFOER REEKREOGEERAENEERR,
30 min RBERRABE T 10 HULEY. SHUSWEBELLE, MREFESBE, REF k') BFRERAEIMEER 30 min,
BIREZ B MIABER 1.7, BFIRIFEK, Z98F € 250 mm, HHEIRE TER 100 mm BIEHER, HERHR

GREFHE—SHE, EHETBTUTILNMGENS BB B 4558 A R E 1007250 BN 0.4, HHESRERLLGIRD,
2.7 ym RESFUERGIEHE L. [4,6,7]30F] 2 F7R.

{3 Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm it 30 min WS 10 HEEREHY
mAU Agilent 1100 No Mixer Green Tubing “Homer” = B 47 & Rt %B
| 1315B 2 L @it 0.1s30C = “"‘fﬁﬁﬁﬁ‘ﬁ et 0 8
100 P Re1.21
2 30 33
33 33
807 HE=110 bar S = 3 8
= = _ 2B 1 ml/min 254 nm #HE 5 uL
o = & 2 § A 0.1% EEAR
- & S B: 0.1% FERMZEAR
5 ] 4.6 x 250 mm Eclipse Plus C18 5ym
40- & -
20
0 fe k k
% 1‘0 1‘5 fu 25 35 Fif 18]

B 1. R H Agilent ZORBAX Eclipse Plus C18 4.6 x 250 mm, 5 um GiEHEFER,/ ZEWHEERF T 30 min 78 10 HEREHY

ik 250 mm Bt (B 1) %52 100 mm BigH, #RESHERFRILGIEE
Agilent 1100 No Mixer Green Tubing “Homer”
mAU 1315B 2 pL Fi@Ht 0.1 s 30C
=~
1204 HEE=172bar & Rt %B
0 8
S 33
100 2 o= 10
= 1 33
~ o O
w = =28 12 8
80 o w = . x =
& = 1ml/min 254 nm #EE 2L
5 A 0.1% RERE
60 - e B: 0.1% FEMIZ ISR
§ 4.6 x 100 mm Poroshell EC-C18 C18 2.7pm
40 ;
20 k
0 bl
2 4 6 8 10 12 il

B 2. X H Agilent Poroshell 120 EC-C18 4.6 x 100 mm, 2.7 uym GiHEFRR/ ZEHEEFT 12 min 78 10 BERELY
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2. WE3MT, RESBTHERAE, BMRE. EPEFX
R BIEER T REFBERE (Gs) R EMTRE k' FAL
X, Baxi

AR 1. 6= (V,/F)A%B/tg) [7],
GARTERA:

AR 2. (F)(tg)= (A%B) (V,,) / G)
Heh

F: M

tg: BREEIEMLAT i

vV, R

A%B: BFERENKSE

BNZRT LB R RE RS E A E, Eit, RBUT
AR, DPEEEAFERE 8% 2 33% B 1 mL/min &7 10 min,
L 8% 2l 33% B 1.5 mL/min iB1T 6.7 min, REETK
8% Z 33% B 2 mL/min iZ1T 5 min. (1 mL/min x 10 min =

1.5 mL/min % 6.7 min = 2 mL/min x 5 min):

A 3. t,=t,x F,
F2
Hrp

ty: HEREL AR ]
t,: [REREE AR ]
Fp: #TARIE
F: RiRE

Agilent 1100 No Mixer Green Tubing “Homer”
1315B 2 pl F@it 0.1s 30 C ro

AR WB L EER LM, FRIEH 1 mL/min (B12) E0F 1.5 mL/min, KEENE 2 mL/min

mAU 8 i8] %B
120 1 T 0 :
@ - 6.7 33
100 1 o & wag o 74 33
N S & 3
80 bR 32 o < 14 8
60 | < s 2 1.5 ml/min 254 nm ##E 2 pL
3 A 0.1% BB
40 1 B: 0.1% RERZFEAR
20 4 4.6 x 100 mm Poroshell EC-C18 C18 2.7uym
[] l T T T T T
2 4 6 8 10 gt
Agilent 1100 No Mixer Green Tubing “Homer” fif i8] %B
mAU | 1315B 2 pl il 0.1s 30 C 0 8
120 | ro 5 33
2 55 33
o - 2 59 ‘
80 - B3 |lggsa « - = 2 ml/min 254 nm #HEE 2 L
w0 & g & A 0.1% FERAR
! B: 0.1% FERZIEAH
40 4.6 x 100 mm Poroshell EC-C18 C18 2.7ym
20 [
n‘ T T T T T
2 4 6 8 10 ]

& 3. RH Agilent Poroshell 120 EC-C18, 4.6 X 100 mm, 2.7 ym EiZHEFE/ ZIEHEEFT 6 min 75 10 FHEREZY, FENGEEEFM 1 mL/min (B 2)

2 1.5mL/min, RIGZ 2 mL/min #LOIHZ
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3. HERFMHL. ATFIRTERLRAEREN— NS E
BT, BRI REOSET U TIRERN S BB
PBE. ZMUTE 1 h AER. —LTETEERN GG
Li#tfT, EEFOMAEERK, FRAREERXZE 4880 T
BiX—%%. B 4 R T XM Poroshell 120 B HE
EEUXRNESE

FAEGEERF, BRI Agilent Poroshell 120 EC-C18 &igHERYy &R

mAU
80 1
40 A

o

——90L°¢
LLEY

— 18

o l=—=616%
GLE9
—
7 —=8208
— 786'8
F; e51L

o
N
=~

10 min
o
Qw
mAU b ~ NS w o ~
80 | 5 8 & 885 S o 3
o W ~ e S © =]
| W1 \
0+ L ‘ ] ; ;
0 2 4 6 8 10 min
mAU C Py : ng ~
ON
801 §N mz %Sg § :: ol
o, HETL TR B
5 L1 3
0 ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 min
mAU x o
60 | d w4 o . 2 = =
40 | G 1 > z o 8 3 2
I | Y] [
0l | A N |
0 2 4 6 8 10 min
mAU € ~ o -
60 | S B © 88 2§ 3
40 g =23 = 50 7 % =
20 © M
ST [ A I | ‘
0 2 4 6 8 10 min

B 4. HZ BB,/ ZEHEERF, (€ 2.7 um Agilent Poroshell 120 EC-C18 B 758 10 FEEREZY. (a) KH 250 mm EEEHE 1 mL/min F1E THIEHEE
BEEE (FE 2 BiF). (b) 7 1.5 mL/min BIREIFET, SHTRTEZER 33% BEER (EE 3 Bir). (c) 7 2 mL/min BRETET, 2HAEERE 50% 89
EiEE, (d) HRHEER, NERPELES 7H2EE, (o) HEREESF, NEMTELIE2 SHIBE
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4. Agilent 1100 LC REMTERMAM  FER /MBI, EMN
BEBARBIIMMELE. REEZNSEARNERE
ER, ZMERT, RNSEEARAREERA0 H), HE
EENEZERE. REHEEHE. BUNTEBERRDIE
3. (ER/MERAHEEST R, B 5 AR 250 mm FiES5H
100 mm FEREMEEE, XL EEE B RFNERN T
P RE—MEER 5 pm HFERNE—MEZRIHIE, BET
AT et iE

&G, FMTHERZBSEEN Similac &R, BEREZHE
TMREAGRK, &%, %85 min 5EH. HESETEYH (B
6), BNAKREBRAHELTL, WA, BRILTFRERE, £
ZURNEATHSIHGREEZRSHERT Agilent Poroshell
120 EC-C18 BiLHERIMm A,

7£ 400 bar AT, XA 4.6 x 250 mm, 5 pm BiEERRHE—MLEMZ AT,

" XA Agilent Poroshell 120 EC-C18, 4.6 x 100 mm, 2.7 pm FE3ERE T 10 MhasRg 24
m

100

80

16191
Gey'9l

60

40

20

8v7'Gl
£89°02
9L0°€C
[—————0676¢

15 20 25 30 min
mg‘é | HEE 325 bar .
> S . EROAT GHEmmsE, SEOEE
200 2 CEBMREE (BRI RS)

- BRI (BB AT E T S E R R)
« &7 Agilent 1100 G1315B DAD LIE4T (400 bar FE/1)
-HERHERETTN (FRETYRA 2 um 17

150

6LLL

100

50

5 10 15 2 25 30 min

B 5. )X Agilent ZORBAX Eclipse Plus C18, 4.6X250mm, 5 um Ei%#2] Agilent Poroshell 120 EC-C18, 4.6 X 100 mm, 2.7 ym @i, #FB/ ZIEEEREFT
B 10 BEEIEEZY), SHTETEM 30 min 522 8 min
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&ik

AEERMA, XA 46%250 mm, 5 pm C18 BIEHHIMEF %
AINRE SR ARA Agilent Poroshell 120 EC-C18 4.6x
100 mm BIEHMERERUKNFE. ATETRRENZEKT
400 bar, BUltEE AT A5 HPLC RS, IS, MF A ELEE
BER 2 um IR, HEREEHFETRELE, BMAEEB TS
THMHEMANAE, FRAFITARE-SRUFTESH,
B K 2 AT AR,

e Io#Ru R = R EIZIER) Similac H&

T 400

——HE
(bar)

B T

EIRIRE
" T 300

w
'
t

BB (N)
HIE (Bar)

+ 200

T+ 150

t t t t t t t t t t t = 100
1 101 201 301 401 501 601 701 801 901 1001 1101 1201
#HE

& 6. &/ Agilent Poroshell 120 100 mm EiEHAHTAIE = E (HhE— FEEIEH AR ETIER Similac 3
BT 1000 KIELHE  IDRBEREELYHIEN , HEUBESELEM)
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K HfcE UV/Vis ZRERRIIFIT IS MER) Agilent 1290 Infinity LC
Z45:50 Agilent ZORBAX Poroshell 120 2.7 ym @& S =SB YHE
e PRI BRI S M B

3 HE

Michael Woodman Agilent 1290 Infinity RIBBIERGESNRIBREMESREREFHEAPAFEE

BRG] #hr, ST LHEZGAL, EHNRENERE (NEANRERREEGHES) |

2850 Centerville Road FETNEREEARMEIEMNENGEIEE, ZREBIIRNRELEHNRFIZT
TREZSHSEENSREE, FEENXAMESENERAKRMEFEE,

Wilmington, Delaware 19808

£H FER TR AMTHRR. ETNENPHIERMELR GHTRE, FHE#H
AWM ERIFRMEFIAARLRME “FR™ KD, BREERSEE 8 HHES
sy, ENMEABRIIARMHHERKE, FREIERAME (EEER) 1
ERTHAEN, BREBXTR. BE. HEMRETER. ROEHMER, HE
EERERKREREL.,

ZZGEEEMEN, THERPRE. ZBESRDE, MHEARRANEEYE, X
TN EEL S 1.8 pm ERMREE ALK 2.7 pm BREANRREILH, &M
ZHEHIE 1,

HO
:©\/H
\0 N AN
0

B
BWE ( (EX) -N- (4-5E-3-PEETE) -8-PE-6-THEE) 48
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AT P AR B P 514 i) 28 X kA el 2
EXBFEREHEEFHITERN, UHE
EEAEERS. 229 nm/280 nm HIE
SMREAEL—MA 2.4 (B 2)

ERRERSORUITEYRE, MKE
HmRRHITRIESHT (B 3) .

B, HE RS R R A SRR
XA uv RN#HTERES T, BREE
KEHERMEELHRM, UREXRE
MM HRMAMEESMARITEET
. AIER Agilent 1200 R35 M
2 (G1321A) BHRX—EE, WA 4,
FLD SHMEEMNSREETRARE
FEE /N o 7 B A SRR 2R 4B 2 3 B AR

- EREZHSHA Agilent 1290 Infinity
LR (G4220A)

« Agilent 1290 Infinity B 3 3 # 28
(G4226A)

- Agilent 1290 Infinity KE848 (G1316C)

- Agilent 1200 B _iREMKTIH 3
(G1315C)

HH-

it
ZRAZREARGHRTMBILEERN,
FEEMSE, TUERASENEEELH
BABEHRENS, HFHS5 46 mm K
EMEEERL TR, SOtalEt
BMES, TRULABTERFLS
BHERERTIHNBRT RIRHLEE.

A it N
LEMRIEENTH.
=l
= - ‘ |
g ™ Poroshall 120, 2.7 ym, $B-C18, 3 mm x 50 mm il
| 30°C, 45% ZHE5 0.01% BERK
g | 0.84 mL/min, 280 nm, 2 g/20mL &, ik,
X | |'l /1 kR, T
S s | 3
b #
\
— 2 | &
P % ?
- E S B B
s = e 8.5, ==
7 = ES % E ) £ £ . '
2 3

THMPRBABMEL S Y uv XEENE

FHEMRHSE (CAP-BIE. NDHC-B-SH#E. DHC -—EHHRE)

Poroshell 120, 2.7 um, SB-C18,

Poroshell 120, 2.7 pm, SB-C18,
3 mm x 100 mm &

30°C, 45% Z8E5 0.01% REAR R 5
0.84 mL/min, 229 nm (Z2) 280 nm (48) , 1 |
2g/20mL BRES, TR, 1/1 kB, diE

VSRR G, TR Wl
WS Bkl 4

B - 4Rl 'l 3 mm x 100 mm &g
AR =) | 30°C, 45% ZHE5 0.01% BPEER
Il 088 mL/min, FLD MR 280 nm/& 51K
| £ 330 nm, M2 10
| | 29/20 mL BER, Wik, 1/1 KEBR, TR
[ .
(} | y
g4 o
|l e g 3

Ea

EEIRMRERMN UV FRAESIHELE (RIE)
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Poroshell 120 SB-C18 &4H4& B LC/MS, riESITRER

131

Anne E. Mack &1 William J. Long
Agilent Technologies, Inc.

2850 Centerville Road
Wilmington, DE 19808

USA

kS

LiZ & ZORBAX SB-C18 Bt K &#E & Poroshell 120 SB-C18 Eit + AT#ERRFE
REY 10 B8R4 (9 BREE + 1 BIINR ) » #ERBETMEE SRS TER -
Poroshell 120 EHHTHEMENMT 1.4 % - BICTAEBTERBELE (LC/MS)
810 L AMISREEE BRI ERIR - XHAINE B LRREITENERES
WMMLHE - FEREAKREE - ARROPERERRAHEEERES  HRETHE
£ Poroshell 120 BHREEI AT ISR 1500 RLLE o

"

SRR SMRIRRER B OB RAVER « TRIRE - R E AR - MR ERR
FEERNSHER  RARNZERE - REARSFERNABELE - RAVKTAEK
ENBRRFME (1] FHMREER  URZRTFRAFZRRFHEE (epigallocatechin
gallate) R{EFIR - AARRNZEMY  SEBRSNSHALLEY (2] -

E- 4

HEARTERRIAE  19R B AR REAIZA Camellia sinensis » BERRAMMIEESR
PEELE TR - ROV BERRERWHENEM (R1t) BREMAE - XE
R BERERZE  RRMEEZREI(L - EBRENERISNH BHES
SHFEEE - MIAREGFLEL  LROBERRNBREREMN  LBEEH
BRE—REME - AIRBTEREE  SEXAFEER  MERBTRMER [34] A
REHERERFAZNVEE  AUBHRRNREZZRSNEZERS  MAXRD -
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AEREE BT © Yoshida A [5] #IFR#E M ZORBAX SB-
C18 BB AMRRIRPEREMN HPLC AE  BEZEMR
R~HH% # 1% Poroshell 120 SB-C18 4114 » SHBME TR -
APEB T HE - FEAEEAR LC/MS » WE(ERIE AR -
DMEERRABRGS  DUETTHE - BINEEIRERS S
HRE - LRER  REBNOPEGRESR  FEEEAE 2 pm
JBFH) Poroshell BT ERIELS - EEBIATELFHEM ©

Bl HPLC A RERMEFFRIER - Bt A HTEELIZEEE Poroshell
120 ERAMEMRAERERAMA - £7347:8E Poroshell
120 BEHAIAMT—H8 10 IBAEEIEEHOENLEY 85 4 HER
F1EY - 5 4 HERREYRRERTE  NAZEENESH
AR

B

ADERBRER 1200 RFIHESBE LC (RRLC) 2% - HBECR
FEfm 6410 =EIMEE L (00Q) :

1. PERBNEBANEEH

G1312B Z L EH SL #:xBEHE A H,0 & SE(EHHE
(0.1% H;PO, ~ 0.2% HCOOH * 0.2% CH,COOH * 0.02%
CF,COOH * PH 3.6-5.6 A 10 mM CH,COONH, * PH 3-4.5
£ 10 mM HCOONH, ) T5&)48 B : CH,CN ° JEREA t
BEEEFR 10% B Z#AEA 15% B BEHASA 27%
B i BETRARBIKEHMRTEEME - RK 1

G1367C HENKAST5188 (ALS) SL* JIA BRI ENIES
i - RER1

G1316B {LREHE (TCC) SL REREEA 40 °C

G6410A QQQ B3k » BiLEt TR - SBE AP-ESI» 5212
REEBERE 350 °C~ 10 L/ 948 BILBRERS
50 Psic EMiEERE : EERTFEH (SIM) EX B
+ 3500V m/z BFIRE 1 - RERENEREFELXHESE
WO R 5% (A F AR U ARl

{#F MassHunter B.02.01 RREERE R » EHESHTEIER
B.02.00 i * EE/A{EH B.03.01 iR

Z1E(f ZORBAX ZiE{®% ZORBAX Z1E(R Poroshell Z1E{® ZORBAX Z1E{f Poroshell Z1E{f Poroshell Z¥E{f Poroshell ZiE{# Poroshell
SB-C18 &#F - RRHT SB-C18 120 SB-C18 RRHT SB-C18 120 SB-C18 120 SB-C18 120 SB-C18 120 SB-C18
46x150mm-~ Bt 46x B 46x B 21x B 21 % B 21x% B 21x% B 21x%
5 pm 50mm-~18pm 50mm*27pm 50mm*18pm 50mm*2.7pm 50mm *>2.7pm 50mm > 2.7pm 100 mm * 2.7 pm
(p/n 883975-902)  (p/n 827975-902) (p/n 689975-902) (p/n 827700-902) (p/n 689775-902) (p/n 689775-902) (p/n 689775-902) (p/n 685775-902)
TR 1.00 1.00 1.00 1.00 1.00 1.25 1.50 0.83
(mL/548)
TEhHE A 0.1% H,PO, 0.1% H,PO, 0.1% H,PO, 0.1% H,PO, FFERMEE  02%CH,CO0H  0.2%CHCOOH  0.2% HCOOH
KA KB KB KB KA KA KA KA
TEhHE B CH,CN CH,CN CH,CN CH,CN CH,CN CH,CN CH,CN 0.2% HCOOH
7&H8 CH,CN
10% B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15% B 750 250 250 0.50 0.50 0.42 0.36 1.25
27% B 15.00 5.00 5.00 1.00 1.00 0.83 0.71 2.50
JRIR{ZIERFR  15.00 5.00 5.00 1.40 1.40 1.20 0.95 4.00
(548) (BB TErsm)
SPIRARURERT 10,00 3.00 3.00 1.00 1.00 0.80 0.60 n/a
(5388)
HRYBIRASR 25.00 8.00 8.00 2.40 2.40 2.00 1.55 4.00
(5348)
TCCIBE 40 40 40 40 40 40 40 40
(°C)
FEAE 15.0 5.0 5.0 1.0 1.0 (LC/UV), 15 15 2.0
(WL) 1.5 (LC/MS)
BRRE 0.03 0.03 0.03 0.03 0.03 (LC/UV), 0.003 0.003 n/a
(mg/mL) 0.003 (LC/MS)
RIFEN 84 169 17 575 380 (LC/UV), 505 585 540
(bar) 425 (LC/MS)

i
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OH OH
Q OH CH
HOY OH . OH OH
R @[ T YT
OH
H OH S o
OH OH

JRRFE Gallic Acid

(GA) (GC)
m/z=169 m/z =305
OH o]
OH oH
g &
HO o]
O Ho % o
OH
OH

Epicatechin Epigallocatechin Gallate
(EC) (EGCG)
m/z =289 m/z =457

AL i

Gallocatechin

X

ul

CH

OH

H

BRPHAER

Epigallocatechin
(EGC)
m/z =305

Gallocatechin Gallate
(GCG)
m/z =457

EGCG

9 cH
mOH oy
. I
HO ) -,,©10H oy
CH
OH ?
Catechin AN A
(€) (Caf )
m/z =289 m/z=195
OH
OH
OH ° OH
(o]
HO

"L,
OH

Epicatechin Gallate Catechin Gallate

(ECG) (CG)
m/z =441 m/z =441
3 o
(&]

GCG

1. FHEHIEEY) - B%HE R ZORBAX SB-C18 BHEHEHRMIBR | BEMEA HP0, o (3 | BIEENEBETIEEM TR LYTR - AHEIBEFTE - )

ADHER 6 BRIEHER
% fs ZORBAX SB-C18 &4t » 4.6 X 150 mm* 5 pm

p/n 883975-902

% ¥ {4 ZORBAX RRHT SB-C18 & #f * 4.6 X 50 mm*

1.8 ym p/n 827975-902

% ¥ f& Poroshell 120 SB-C18 &+ » 4.6 X 50 mm*

2.7 ym p/n 689975-902

% ¥ {4 ZORBAX RRHT SB-C18 &#f * 2.1 X 50 mm®

1.8 ym p/n 827700-902

% ¥ f& Poroshell 120 SB-C18 & » 2.1 X 50 mm*

2.7 uym p/n 689775-902

% $# f& Poroshell 120 SB-C18 & ff » 2.1 X 100 mm»

2.7 ym p/n 685775-902

12

Rt AN RERIEFNERE - BTRE 1 A2
Ll Bl EE 1 B8 B Sigma Aldrich A8 (EMNBF AHE ™S
(Bellefont) R ) - /8B F (gallic acid) * ePigallocatechin
5 X & (catechin)~ Wl BE & (caffeine) ePigallocatechin
gallate F1ZHER - 19ERIARKF - RERMBH 1 mg/mL;
Gallocatechin * ePicatechin * gallocatechin gallate * ePicatechin
gallate * catechin gallate F1R%& » HIfERIA CH,CN/H,0
B (1:1)  BEEMERL 0.5 mg/mL o Eii 1 mg/mL FURZERAR -
FEL1 B0 0.5 mg/mL REERAR  BIEY 2 B - REACH
BB EAMMRE 195 0.03 mg/mL EEHES - LB
ANKHRLRERE - BRTHEEER A ARANRCEEE
AEREZI  HBEFXERDEEEN - TERANBERIRPE
& 190110 AULER - MIKBRERIIA - ERSGMERN
HERARR  KAEREBEOREEE  BERIAEH I
2B BEE - BiFE - =& (trifluoroacetic acid) ~ BEEESR -
FEE$% » 19888 Sigma Aldrich AR (BEMERAETHEE )
JKEIERF 18 M-Q Milli-Q K (f&M Bedford /) e
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e80T, Yoshida % AR [5] B8R » BL4.6 X 150-mm ~ 5-pm
% #Efm ZORBAX SB-C18 Bt » AMRERXEN A TEHHE A
15 4348 » M1{EA 4.6 X 50-mm ~ 1.8-pm AR EEfH ZORBAX 1%
ENEESRIEE SB-C18 B » BN MEEA 5 748 - i
W RIMER LR EE Poroshell 120 SB-C18 &4t » LIHESTHLE: -
2 BEN T [ REV\FRRITTEREIEE! HPLC B » ERIFER
AORRATERS » FERE RV MAESR] o

% $# % ZORBAX SB-C18 &+ + 4.6 x 150 mm ~ 5 pm (p/n 883975-902) 84 bar

W

BL2.1 X 50 mm BBHHITAMMDE - AEE R BEEE 1 2
# o BRMARE)  FRELEMERRBTHERA DT - T
EFREESLL MS #%38] - ZORBAX SB-C18 &4EEd Poroshell
120 SB-C18 &t » EiFMHETHER - ALRAZBENTE -
ME 3w 8 1.8-pm K ZORBAX B 2.7-pm B
Poroshell Bt » R E BB EHEER - ZORBAX EFANTIA
B2 SRR ESE/N 0 M Poroshell BHAFRIENRES
FLIEREN - BEEA 0 AJKIERREE R o Poroshell EHERIFIE
R HZ A MR ESEEERE - AR A/N S hEE

A 01%HPO, KA

B CHCN

1mL/ 5348

40°C

5% = 210 » 4 nm - $HBEEHSE = REARY
2-pL » 3 mm BOBUREDRAE

169 bar

uUbU |

R 4E{% ZORBAX RRHT SB-C18 %4 + 4.6 x 50 mm ~ 1.8 ym (p/n 827975-902)

(p/n G1315-60024)

#5© GA~GC>EGC-C- Caf~EC
EGCG » GCG ~ ECG ~ CG % -
A4 H,0/CH.CN /R
JERE1S7 0.03 mg/mL

4.6 x 150 mm Bt

RERS (4288) 000 750 15.00

%B 10 15 27
JEA 15 uL
Z2#{f Poroshell 120 SB-C18 &4E » 4.6 x 50 mm ~ 2.7 pm (p/n 689975-902) 4.6 x 50 mm EE
117 bar RERI (43$8) 000 250 5.00
%B 10 15 27
JEA 5L
JUU L ’
T T T T T T T
2 4 6 8 10 12 14 HiE

2. BEALLIS0 mm ~ 5 um BH - SRR EA% - FHREEEZ 50 mm ~ 1.8 ym 9ZHE 1w ZORBAX SB-C18 &1E » & 50 mm ~ 2.7 um ~ LIKEZ 458K 75

HER9Z #E % Poroshell 120 SB-C18 &1E

% $E & ZORBAX RRHT SB-C18 &4E » 2.1 x 50 mm ~ 1.8 pm (p/n 827700-902) 575 bar

%245 Poroshell 120 SB-C18 & 4E > 2.1 x 50 mm ~ 2.7 um (p/n 689775-902) 380 bar

A 0.1% H,PO, IKA &

B CH,CN

1mL/ 5348

FERS (4288) 000 050 1.00

%B 10 15 27

40°C

afl5E =210 » 4 nm » $IEEER5E = SRBIRL

2-pL v 3 mm BB EDRAE

(p/n G1315-60024)

&0 AR H,0/CHCN A - B
75 0.03 mg/mL 9 GA ~ GC *
EGC  C » Caf » EC » EGCG »
GCGECG CGE » FixA 4L

T T T T
no na ne ne

19 AR

1
3. REFBNMABBEARE 2.1 mm BEH - LUEEC LC/MS @ @ WRRREIERFSE 4.6 X 150 mm BHAMTEN 1 mL/ 48 » KEHBTEHEHEE TSR -

LUE— e e
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FIRRZERCR 2 pm MIE SRR R BRLIEOREE - A0
HilgaT - EBMERMEE A - ELUATEER 400 bar 55 600 bar

MBI E o

A 2.1 mm BER  KARTERRE - BEEE LC/MS FR -
BRAFEARBEZEN - BITEEEBR LC/MS R - 1SEHE
% B MS 7R ARARZEZAMAEFERNEENE - JIRE 4 -
BRTE 4 2EMERZIN ADHE PH 3-4.5 BF » BHEH

10 mM ROBERRSRARENR @ FUMHRAMBINE © 4 PR ENOE

BHRE - BEEM S - BEGEARET  ERURETE  AitE
RESNHREASRRE - hELESENBEMA - B 4 LHERA
LBl BRBERATE - SEERMANEER - R=a BB
1 HHRBENOMTIIHRS - 2 BRENRESR AR
EIRERE - HrhEREREESY - RIE(LSMANSRIEESE - BIIR
B2 - ERTFRENER  BARETIRERRE  FEitE 4
REEETRENER - IHARNENRE  TEMBRENE
BT IR HAE SR - (DERAERAELN

= 9 =
100 | 0.2% HCOOH HELEE (S/N) =111 100, 2% CH.COOH FEMEL (S/N)=155
) J
50 0
1003 10 mM CH,COONH, - FEERLE (S/N)=33
ﬁ | n ﬂ M 5o PH36 (LL10mM CH,COOH 59%8)
[ 0 A A A~ N N I, N
100 0.2% CH,COOH nﬂ,tt (S/N) =155 100 1 10 mM CH,COONH, »
59| PH42 (LL10mM CH,COOH 58%)
S W
50 0
1009 19 mM CH,COONH, -
50 | PH48(L,L10mMCHCDOH RE)
ol . A
100, 0.02% CF,COOH HENLL (S/N)=68 1009 10 mM CH,COONH,
50 PH52(J—,L10mMCHCO0H #BE)
50 | 0
1009 10 mM CH,COONH,
501 PH56(J—110mMCHCUOH )
0. L N\ M 0-

4. EREETEE MS HEHIBENE - SHAEARA LC/UV EREBHI HPO, IBEME (2 @ HHERZE

[F ARG IEBEF SIM EATE - )

74
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b M HEEE R ENEE FIEHTE (EIC) » 7] R%#E (% Poroshell B1E
EENERRE  MERRTRAM  EXNTRATESH
600 bar ° {8 150 mm A9 15 DEATE © 5B 50 mm &Y
Poroshell 120 B8 » AMEFREAHEEEDH 1 988 XEER
BEASTEMNEEN - LHEE 3 HE 5 JRURKNER(Z
2f& Poroshell 120 SB-C18 &4 » 2.1 X 50-mm ~ 2.7-pm ) #},
THERRNAME (1 mL/ 248 ) AELRBETRANER - BEE
BETRNEEFRRAERE HPLC 8 MS 89 0.12 mm JARRE
EEER o NERANEE SR TBERRNILEMT » EA RS
REEE - R EEREE o -

fFat) 10 BeaY  ESEMRERE  Z0H 6 ERER
(EZ 10 @) MEREERIGHMT 3K - 250 10 BAMMAR
MEEEREERIR BB - SRR 2 - TERIRRNRMHREENS
ENEER (Poroshell 120 SB-C18 &4 » 2.1 X 50 mm)
HEEASMTER 10 ng  FIERERIILL 1:10 AILLA] - MK

BRAASH  HERESRREEERNSSEE - MERE
BRI EGCG LAY » LL1:10 BLLBIKFEREE - PEBHR
SEE  REMBER 2 NEMHERARENX  MIMEEGEY
EGCG MiERE -

7 2. BFRZLMGFRAIRIERN | FrERERIIMT 3 X RIERHREDH 6 3
1B

fROER 1ERARS - R?
JREFE (Gallic acid) y = 0.466 x 0.995
Gallocatechin y =0.407 x 0.996
Epigallocatechin y =0.355x 0.996
Catechin y =10.601 x 0.996
11353 y =3.439 x 0.995
Epicatechin y =0.638 x 0.995
Epigallocatechin gallate ~ y=0.153 x 0.998
Gallocatechin gallate y=0.183 x 0.996
Epicatechin gallate y =0.396 x 0.998
Catechin gallate y=0.371x 0.996

A 0.2%CHCO0H K&
B CHCN

221 Poroshell 120 SB-C18
21 x50 mm * 2.7 ym

1.00 mL/5 48
425 bar
TV G
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
1.25 mL/4 $%
505 bar

0.1 02 03 04 05 06 07 08 09

150 mL/4>¢8

585 bar

i A a M
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9

8 5. BEZMTEIRE R - WHEHBRRRERER - MREE B

75

“ B 350°C » 10L/434% 50 Psi -
11 12 13 14 /+3500V
AL SIM- (169305289457 441) »
SIM+ (195)
B A H,0/CHCN /R B
7 0.003 mg/mL &9 GA ~ GC
EGC  C ~ Caf » EC » EGCG »
GCG ~ ECG ~ CG % -
FIEA15 L
“ 1.00 mL/ 53 $8
' 11 ' BERS (£)$) 000 050 1.00
%B 0 15 27
1.25 mL/ 53 $8
BERY (434%) 000 042 083
%B 0 15 27
1.50 mL/ 53 $8
BERY (434%) 0.00 036 0.71
%B 0 15 27
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HRERRERCTETOMN - BERERNMSRER  JIHE 3
EERAETINE 6 - KM A BEXR > KFH - E

ABSE

&3 EEXRBHAREL

\ T ET mmEeR B A9

TR 3 F o B A RIRHUSRTE (gallic acid) BMIGHR > - )
FRATREREMARE - EEEREN - BEXEEBRD B A% ok B MR C
BTARBHEAGS  MEETVER LORAER  ©55 B WK B MR C RIEA
iR - BERZEZNS BHOBMER - F5& C gk D E‘i *{‘ ﬁf;ﬁfi:ﬁ s
& oRp. =1, BB LW BEA g E H B RK R 3 ‘RER-
ETHABREES B D HF  TBRAEE - HENEFHE i o A D
& B~ D & C A9 ePicatechin gallate B catechin gallate SES B LK B2 4K
EEHE  BHM 8 BAOMINSEARE - BERXEREHF RE K5 Zhi -~ #ERC
BRAZNESSR  mENEELETSEHMR - BRER
IWABAE RN REERRNEE  HBREERAHMBR
B& o XA F ARERNESS MO RHEMRRELHESR -
MERMBAZNESR B R D BEEAXNRTE (gallic
acid) EMBERA S £S5 © epicatechin gallate & catechin
gallate U2 E48E ' HENREXZSBARE -

0.08 = A

0.07 =B

0.06 | =C
=0 - mD
g 0.05 = =E
£ 0.04 F
M . x
8K 0.03 N

0.02 _

0 Bl - a-m_-
Galic acid Gallocatechin  Epigallocatechin Catechin UjIE 3R] Epicatechin  Epigallocatechin  Gallocatechin Epicatechin Catechin
gallate gallate gallate gallate

6. SMTHY 6 FEIEHEF NG © 3 FE##F (2 BAX#E[B ~D] 1 BRERFE[C])

76

1 BATEAK(E) 1 BEEEEAFK (F) 1 KM (A)
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6 BRERFEENGERLE B 7 ARBNREER B8 A
BRI - MIETENRES » EREME 6-10 H5EE -
REBMEMIHREXRE - BT SRRENAERREZE
MEXERNELEMOHEBEIE RESIENZE
ePigallocatehin gallate * b7} 7E 60 48R » SR 7 RAR
B 50% LLE - AL ARBEENE @ FOBREERERRRR
B MER epigallocatechin gallate EBEE AT o

025 _
Pox PR
02 |
T ¥
— F E3
£ 015 £
S *
E
g1 1 £
1S
s | x X2 % .3 '3 ¥ * * % X
=" . - - - - 1_ = = -
L g52 8 8 & 8 § 8 £ )
0o 10 20 30 40 50 60 70
JHERER (434E)
7. BUBMFR GRS 1 BHELAIRE - 85 6 0z KA —ERAFREIAERH
01 - o
] AR
0.8 - .
B e i x * X
E’ 0.06 - : ; z i I N X X 4 x
£ 1z ;= z -
B 004 _
B o o & & & o é é F3 .
002 | ¢
lags &8 ¢ @ & & o 9] 3
0 10 20 50 §0 70

8 BOBAIFGG 1 BHELAIEE - 1 6 oz Bk —ERESEIANM

30 40
FBEER (88)

71

@ 2R T (Gallic acid)
M Gallocatechin
A Epigallocatechin
% Catechin
X IEER
Epicatechin
+ Epigallocatechin gallate
= Gallocatechin gallate
= Epicatechin gallate

Catechin gallate

@ 2R T (Gallic acid)
M Gallocatechin
A Epigallocatechin
% Catechin
X RSkl
Epicatechin
+ Epigallocatechin gallate
= Gallocatechin gallate
= Epicatechin gallate

Catechin gallate



Agilent Poroshell 120 EFIX & — BRR2E

9 BTERSHMENGER  ZMESRE (550 bar) EAES
1500 RTRZFHGS  BRENUR LA - KREFEEHEREK -
BREREETELARE » BN 6 oz BIHKF » A8 6 M
Y ZEKRICGERALHE  BERIA HPLC A - RERE
RENE (NIRRT ) AUBEREERER 2 X - R s
Poroshell 120 SB-C18 (2.1 x 100 mm * 2.7 pm) BAEHAY 2 ym
BR  FEERNTRFIES  BIEEENINEHAERYK 2 pm
EHERY 0.5 pm JBH ©

s
[

AMGEHRREZRNEE HPLC /4% - EB 2 ZAMENTIE
£ 1.8 ym %4E{&H ZORBAX SB-C18 &1t » NS BEERE S
MFRRIFTIER) 2.7 ym REE{R Poroshell 120 SB-C18 &% - Mt
ERAERMLTHER - TRARSE - 78 10 BSOS
REEEMER - AR ERE  BURENEES  ALE
ERERERER  RATERRRSE  LNMLE - &5
Hi7MER Poroshell 120 BHAEARN 2 pm iBR  EITERS
R  ERET  SEIATIENES 1500 XU LR T
HEARMHER o

LURBIE - AHRNRAERER - AEERS

9%’ 0.07

- 0.06 - e IfIE ]

{% 005 | A H)= 550bar ——Epicatechin

ks ' == Epicatechin gallate

= 0.04

2 0.03

EE 0.0 e e e e s —vur o

=

001

o~

= 0

0 200 400 600 800 1000 1200 1400
EANRE
A 0.2% HCOOH 7K;AR
o B 0.2% HCOOH 7&74 CH,CN Ff
m;—;[[:- 2 @ 0.833 mL/5}58
w 3 -
EA 1500 % 3 0.00 125  2.50
6007 %B 10 15 27
400 40°C
2001 SFE R Poroshell 120 SB-C18 &4+ 2.1 x 100 mm
2.7 um
01 8% =210 4 nm » £FERERSE = RBIEL
2-pL> 3 mm AYFHRENRAE (p/n G1315-60024)

0.5 1 25 3

35

ni R 2 L BOIRRARER 8 1 EhE ERIZRE RIS 6 0z

Hhokeh 6 348

B 9. BHEZHHFE  LIKEE « FHRENBDERFERSD A 1500 TULEH#E - RIEEELFIEA - BOMFLH

8



Agilent Poroshell 120 N X & — BmE2

2E€8H

1. A. Drewnowski* C. Gomez-Carneros ° ( ZIRIEMEEE -
FHES | [MEAIRE) (Bitter Taste, Phytonutrients, and
the Consumer:A Review)e B K Z & H T (The
American Journal of Clinical Nutrition) * 2 72 % 58 6
HR 2000 F12 B - B 1424-1435 -

2. A Dullor C. Duret> D. Rohrer+ L. Girardier~ N.
Mensi » M. Fathi * P. Chantre * J. Vandermander ° {E&
SRRZEEEMFR AR A » i8S ARE 24 /\ESHY
BEEHFE  RBEBI AR A EAYEA ) Efficacy of a Green Tea
Extract Rich in Catechin PolyPhenols and Caffeine in
Increasing 24-hour Energy ExPenditure and Fat
Oxidation in Humans) - EEFRKZEEET] £ 70% £ 6
BB 1999 12 B - B 1040-1045

3. E. Robertse { X% E 1t 2 ) (The Chemistry of Tea
Manufacture) e B REE E 2 R 2 B H (Journal of the
Science of Food and Agriculture) * 25 9 fi} - 28 7 Hi o
1958 7 A - § 381-390 °

4. H. Graham o (SRR ~ HFERZEMEE) (Green Tea
ComPosition, CunsumPtion, and PolyPhenol Chemistry)
FEFHEE2HATI (Journal of Preventative Medicine) * £ 21
fi - £ 3831992 F 55 - H 334-350 ¢

o

5. T Yoshida, R. Majors, H. Kumagai ° {f£f8 1.8 ym $fiz
JEAY ZORBAX BHE  IIRRABEREENET - ETeER
1) (High-SPeed Analysis using RaPid Resolution Liquid
ChromatograPhy on ZORBAX column Packed 1.8 pm
Particles) o 4> B # 2 B F| (Journal of SeParation
Science) %5 29 fit - 25 16 Hj - 2006 & 11 B - § 2421-
2432 °
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X %3¢ Bond Elut Plexa Z=Bu4¥#0 Poroshell 120 &2k 4
LC/MS/MS TR T PRIREFI RE L HY

fe&

Irina Dioumaeva

ZEEREARLA

=

FERARENAT —HEENERTIEHEES LC/MS/MS HERITHIRETRE
H#TAW. BXT-HEBERGNIHEEAREREN—FEAR. BER. NS
BREKGMESMAE, BT ETUT REAEEEE HRATE, Z2—HT
SEMTREN IS THRIRN S ERERE, BiZAERHRRIE 2 ppb AT, F
BB =REEANRHITEENN ., SMENE 3 MREKTE (10 ppb. 50 ppb #
250 ppb) THIFIRFHVEME (EUWE%) MEE (ZRRBCV %) .

518

REFR—ERTIHEEERNRE. BTRAPHOREFKES AN REEDE
Mr-zXiE, BN, XEMEMFSERAMAKERTES. SERTBERE
TEAAUBERER, MNBRETURERD, ETNERREZKBK o- (24-Z
SEE) HKK-ZE, aNBUNEEL, XEERENESERERHDHN
ISYIR
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EFURMERERZ A TR P RENRRBEHIKRIR
ERE, £X£E, FER (MBC) HREEILHER, EERSH
AKRMRTHEXENERPSERNERDREEN. S5,
SHARFERAR (TM) HREMEERY, FERLTRAT
EEMFSREPIET, XEMT AEME S ERZBNE
XK, BEIINELEERTERERENNKRIREL
BfEEAcH, EXRAMLAYEXERLTERMN.

ANEINERRENEFTAERENNRETERN S E K
&, XA TRER Bond Elut Plexa BIft#iEAE, XE—FHiE
BTN S A MR SR, ZRHFIFRES
WA BREKRE R, 1, BTF/ER Bond Elut
Plexa ERIA B EHE, FNEREA/ MERERERTERL
%, Bond Elut Plexa 1RERYIHIiE 1R E MR T FHDHISINL, &
KT HPLC Bt EGIHERISUBRZITE.

T 2.7 pm RERH ZFLERE) R Poroshell 120 EC-C18 &
EHST 2 /K UHPLC BiEHEFHENEY, BEERRKT
40%. RIBBIERFENTHNZRENARSED 400 bar,

SRHEM Agilent 6460 = E PRI R R R A AJST B
REBFIREEN 4 DM EFREUDRERE 2 ppb WIERERNE
B, ATEAXRFEMABTHMIER, RINWIREAETL
BREERENERSFHEMWRN, 0 Agilent 6410 =B [I4RAF
HREAZS. FERARFEL Agilent 6460 =B MR REF
ZEMMBERNEER, TNEEAENIRFERX—FIH
it TR

ZHRBEREABRL TERTP SRR SBRARMENAE [1],
%7 %E R Agilent Bond Elut SCX SPE /ME4%L, R Agilent
ZORBAX Eclipse Plus C18, 3.5 ym BifHEAHETTRKR
TZEH Agilent 1200 R 3iRHEEERGHITRA,

81

=
EREB5
il
H
N H N
NP OCH >_(\S
L™ g~
N 0 N N
H
gﬁi C9H9N302 u«%ﬁi CmH7Nss
mw. 191.19 mw. 201.25
pKa 4.5 LogP 1.5 pKa 4.7 LogP 2.4
0_/= CH, . f OH
Cl —(: E)—( =
N '@
\=N =N
#EM C H,,CIN,0 HEMAH C H,,CIN,0
m.w. 297.18 m.w. 257.12
pKa65 LogP3.8 LogP 2.6
0
I

BB KE C H 0P
m.w. 326.28
LogP 4.7

1. N LRI ERER

RAGFRERME Sigma-Aldrich A7 (St. Louis, MO, USA) . K
B (BE=FE) BARERRHAT (Wilmington, DE, USA) 12
i, AFRERERHMEER (ZARMKER0.25 mg/mL, Hft13
MENFAFRAIREA 1 mg/mL) , FREFETF-20 °C.
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ME 5
SPE: Z£E2 Bond Elut Plexa /ME 30 mg, 3 mL
(EB4S 12109303)

e VacElut 20 EIRZERCRE (345 12234100)

ZEREER (S 12234520)

ZRCRERW BN, 2 mL (345 5183-2072)

LR B MIREL O (4S5 5182-0717)
LC:  ZHEE Poroshell 120 EC-C18, 2.1 x50 mm, 2.7 ym &

it (3BHS 699775-902)

Agilent 1260 Infinity LC %% (G1379B B SHL, 1K
BEREER 1312B ZT R, G1367FE Bah#f#£:E,
G1330B [EEEE)

MS: BE AJST HBIEEFIRE Agilent 6460A = EMIRAFH
REXFY

Hail&

BIbE

18 0.5 mL BERHHRMTPP (M4R) EREH 50 ppb, EUE

B 12 x 75 mm MEEAE, ARIEHENKE13HR, RiE, W

EREELD, BENERTLERD.

i3:0)

1. F 05 mL BE3} Bond Elut Plexa MEBTEN (LEREB
)

2. EELHgELERLE

3. MEE1 mLk

4, ik 2:1 mL 30:70 B RRESKIA TR

5. EZFE5~10min (10~15in Hg)

6. B1mLZEZE/SRE (80:20) #HiTil. £FiE, BE
RRBEERERY, FRERTERYEE, THEMEE
Z (2~3inHg)

7. BBRAESS °C RETHRSART

8. AOSmLYBANEER (10% BFEE. 90% K. 0.1%
FER)

82

LC/MS/MS

LC &
BN A
M B:
=3

E&
i

i

S
=

=
=

f5taiE.

TR

BAREN:

Bt

PR

T B RARER R 8
MS &%

ES B¥RESH
BFER:

ERERE:
]
5%

N
i

_H
b

¥ H

=
oo
B Ei

3 @

S8t
IO
Jn
=

e
r
Bm
k@ b

BiEEIE:

0.1% FEKAR
0.1% PERFERAR
5L

0.5 mL/min

FHE (min)  %B
0.0 10
05 10
2.0 50
3.0 95
15 95
7.1 10
7.2 min

2.5 min

400 bar

Ffg/7k (75:25) kEtRTiEI 10 s

EBT
2800 V
12 L/min
350 °C
40 psi
12 L/min
300 °C

ov
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MS B4
AR 7 MRM
BT SCP_MSDiverterValveToWaste()

{MH_Acq_Scripts.exe}
AHE1E%#1:1.5 min FHIA MS
RFEEERE:

SER5WE

4P BRFAAFIFIAER (TPP) 7£ Bond Elut Plexa /ME L35S
FIERARE. Bond Elut Plexa /IME A EIRBAH R 2R LSRR
FMBRZE- ZZHE, XHEMAIZER TS FRERY.
FMESTEEYRGRE, RIELT—MIESERENERT®,
HiE—HAERBABREERT. WRERTHEAENR
AEZEHITELD, BAZENERTESX—FR. LHH
RTBREENTHTR. REEXBHRTMETTIE SPEH, %A
EMEZERRSRERERAL.

(+) 400 V

% 1. Z175 MRM transitions

AXEWEE RN RERRER % (BRAE) En3
30%, SEERVERTH. IERERHNESERNERRH
LC/MS/MS REEIRS 30%, MEMREMRBERS 20%.
MEMETRERBEARET. 5100% PEMEL, AE%EE (Z8
ZER/RAEE (80:20) ) 3% 4 B EYH I EBEHBERTIE
5, MBKERAK (TPP) MEWZEAARS T 215,

R T 4 MREAMARLIZE MRV BRSH, KAAZE
ERTRENEMETRIE.

Agilent Poroshell 120 EC-C18, 2.1 X 50 mm, 2.7 pm &ig#
5 ARSI 4 M REFAMARHSE, B2 RERTHF
M4FREF (2 ppb) FMER (50 ppb) B MRMEE, FrElE
RERREB AT 1001, B8R, SMENTARNRSEEXE ppt
KE, BMERE 1.5 SHHTHRINERUES FRMTE

&/,

AL/ =ERfR? BEF MS1 H#E FEF MS2 i ZRHEE (V) WiEGEE (v) REHE REEEED  HiE
EER [] 192.1 Unit 160.1 Wide 95 15 22 2 E
ZHR L] 192.1 Unit 132.1 Wide 95 35 2.2 2 E
BER O 202 Unit 175 Wide 110 27 25 2 E
BER ] 202 Unit 131.1 Wide 110 35 25 2 E
nBRRbT ] 257 Unit 125 Wide 110 3 29 2 E
MBI O 257 Unit 69 Wide 110 22 29 2 E
naw O 297.1 Unit 159 Wide 130 23 356 2 E
nEw ] 297.1 Unit 69 Wide 130 22 36 2 E
BR=R V] 327.1 Unit 77 Wide 170 40 4 2 E
BE=R V] 327.1 Unit 152 Wide 170 15 4 2 E
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+MRM (192.1 > 160.1)
x10*| Noise(PeakToPeak) = 120.94; SNR (2.19 min) = 153.0 SZER

1.75+
1.50+
1.25+
1.00+
0.759
0.504
0.259

Counts

20 22 24 26 28 30 32 34 36 38 40 42 44
Acquisition time (min)

+MRM (202.0 -> 175.0)
x10? | Noise(PeakToPeak) = 76.93; SNR (2.50 min) = 116.0 BER

Counts

20 22 24 26 28 30 32 34 36 38 40 42 44
Acquisition time (min)
+MRM (257.0 > 69.0)
x10* | Noise(PeakToPeak) = 96.76; SNR (2.94 min) = 110.6 MERK Y

1.0+
0.8

Counts
o
Nid

0.4+
0.2

20 22 24 26 28 30 32 34 36 38 40 42 44
Acquisition time (min)

+MRM (297.1 -> 159.0)
x10? | Noise(PeakToPeak) = 18.74; SNR (3.57 min) = 169.5 nEm

3.04
259
2.0q
1.59
1.04
0.5

Counts

20 22 24 26 28 30 32 34 36 38 40 42 44
Acquisition time (min)

+MRM (327.1 > 77.0) N
x10* | Noise(PeakToPeak) = 222.61; SNR (4.01 min) = 283.7 HER=FE%

Counts

20 22 24 26 28 30 32 34 36 38 40 42 44
Acaquisition time (min)

B 2. ERTERAS 4 #RFF (2 ppb) FATPP (50 ppb) B MRM IREVEF&iLE
Agilent Poroshell 120 EC-C18, 2.1 X 50 mm 2.7 pm @igt, HEMRAREXIE
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Carbendazim - 5 levels, 5 levels used, 5 points, 5 points used, 30 QCs
x10] y=10.112392"x
5.57 R? = 0.99558798
0

Imazalil- 5 levels, 5 levels used, 5 points, 5 points used, 21 QCs
y=10.018186"x
R?=0.99406827 ®

Li=psl i
STV BT PR

0 50 100

150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350
WRE (ng/mL) RE (ng/mL)

400 450 500

Thiabendazole- 5 levels, 5 levels used, 5 points, 5 points used, 24 QCs Imazalil degradate - 5 levels, 5 levels used, 5 points, 5 points used, 30 QCs
szf v = 0.052808"x x10] y = 0.042319"x + 0.108390
1 Re=0.99541019 2.01 R2=0.99466250

0.2+ ;

0 50 100 150 200 250 300 350
RE (ng/mL)

400 450 500 0 50 100 150 200 250 300 350 400 450 500

RE (ng/mL)
Bl 3. ERTERRT 4 HARFFNRKREMZ., LMEEH 2.0~500 ppb, FIEHNMAARELIERIF, R? =099

F2ERTPREFNNETEMEIE, n=5

L &HEHR

R2

EE (%)

10 ppb
ERRE (%)

EE (%)

50 ppb
CV (%)

EE (%)

250 ppb
ERRY (%)

ZER
BER
ME
MBS

0.996
0.995
0.994
0.995

95.7
94.7
95.7
94.1

1.1
1.7
0.4
2.1

85

94.1
93.6
98.5
100.2

0.4
1

13
0.8

107.3
104.8
108

106.7

12
0.9
0.9
1.4
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%ik

ANRRERERWERETE, HE LC/MS/MS A,
B T-MARME, ERMENAE, ZAEEEEHA. Bond
Elut Plexa BRIFIRREFERESZAETUY REATRAS
REWRN, ZAETERENY S aHNTUEESE, BEX
ZHRECRER S LHTUEH,

%A EE I Agilent 6460 = EIRAT RS R I SHFT A4 e 22
HENERTEMNZREC=ENRITRRKARE. SRAR
HEREAGNRN T UEZRT AP NSRS RAITHIRE.

SE

1. C.Zhai, Y.Zou, C.Ball. Bond Elut Polymer SCX EI#§3E%
BENREEENEERTHEH KM ER, FRAER,
ZRECRHEARAF, HARS 5990-3235CHCN (2008)

2. E.M.Thurman, I.Ferrer, M. Woodman, J.Zweigenbaum.
Bt e, YIThtE SR e L B F RS2 TG
TP REREFAREREY, NAER, RECREE
FRF], HARS 5989-2728CHCN (2005)

3. Zhai. AZH#E R Bond Elut QuEChERS AOAC I FIEFILC-
MS/MS BITA KR KA HKE R, NAER, RECHES
FRAT, HARS 5990-8034CHCN (2011)

4. Pesticide MRL Database
http://www.mrldatabase.com/?selectvetdrug=0
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X H %3¢ Bond Elut PCX E#3Z£Hu4EF0 Poroshell 120 &ttt &
g =R GMEREH#TT LC/MS/MS 5347

fe&

Andy Zhai
ZRERERAR
i

FE

w=E

ANEIHBET—MENNEENTAERENERLERERHETNRELERR
MReLERENFE. FAEREIEMSAMHTRR, FRARHEEELE-EBF
SREENEXNERERTURRERLEMEHTER. ZHENAATHRELE
MEEERYA 05 ng/g, FLEUESYMFHTRELEHR 05~100 ng/g. EIBERNTF
96%~109% Z[E, RSD ENTF 1.7%~4.5%,

i}

il

LERR (MG) MERE (cv) RIERTLEMAIAREE. ki, AFEMNR
BHE, UBARATKEEYNELERR, SFI_AMEE, KW, MG 22—
FEUBEY R, BRIk REPRZEIER 1],
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P
@

ztScaTema%ﬁﬁs Bond Elut Plexa PCX EI#8ZEX (SPE) #3{& R
FRALERS ( CERE (ov) RERBMRELERE

(LMG) %ul!éﬁifﬁa%ﬁ (LcV) HATIREX, HXTH#HIT LC/MS/
MS 4. & 15 TiX 4 St EMR TR FLEM,

IS

BRIk ER

FERFIEA MS. HPLC HESTR. BB, ZHEMAMA

Honeywell A7, rERMUERMBILLTERBRFEERL

7, BEFICHALERS (MG-d5) FEMEIFCHEEALE

A% (LMG-d6) {EAMRME Dr. Ehrenstorfer GmbH 7], &
&) NHMEBTMX.

RLAXFRLEY

25 P RS E I BT AR, EIREYA 1.0mg/mL, F-20°Cik
HfigTE, B/ (10:90) BERESIERR (10 pg/mL) |
HF 4°c iffz. MEAREHMURS TIERRAKGRHE.

AARREERHEARER, FT -20 °C kT, ERAMK

ENraRESHFARERRKEZ100 ng/mL,

TMPD & FEREEAM 50 mg N,N,N,N-PIRE-1 4-E =

EhEEE (TMPD) HERZ 50 mL.

Mcllvaine &% : B 445.5 mL 0.1 moI/L H’Jh SERA
545 mL 0.2 mol/L KRB S —hia, BSH

PERE M. B 50 mL5 mol/L IZB%AR GAY pH EHE

7.0) . 100 mL ZES ZE&#0 350 mL BEZ, REEIG

e CAS S %4
€% 569-64-2 Ne(CH),
| |
N(CH,),
BELEREZ 129-73-7 N(CH,
C
L
N(CH,),
S 548-62-9 N+(CH),
I |
N(CH,); O N(CH,),
REARE 603-48-5 N(CH,),

C.
N(CH,); N(CH),

88
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RESHH

Agilent 1200 HPLC %%
Agilent 6460 =E 4R+ LC/MS/MS &%

Agilent Bond Elut Plexa PCX E|#HZEN#, 60 mg, 3 mL (&}
2 12108603)

Agilent Poroshell 120 EC-C18 i&#, £f2, 2.1 X 50 mm, 2.7 ym
(ER14S 699775-902)

Agilent Vac Elut 20 EZZEHE (545 12234101)

HmElE

B A bE

BERYIRING, Ba%EOL, B g SRR, BTEOET,
BIN 50 L TMPD &#&#0 10 mL Mcllvaine £/ 28 (1:1,
v/v) BEAE. RHE 1 min, 4500 rpm Bl 5 min, HLERE
BETENAEDR, EBLOERHEEMAN 5 mL Mcllvaine &
#/ZBE (1:1, vv) BEER, W 1 min, 4500 rpm B
5min, EER. §HRALER, BEHT SPE ERBR.

EHER

SPE #2{EITFEMNE 1 iR, 5EH 2 mL BEEEL R Bond Elut
Plexa PCX EItBZEEUHE, BH 2 mL 2% BB (FA) KAREEE
B, BHAARMBERNEL, HEEANERTUAY
1 mL/min iR ZERE, FERERIA 2 mL 2% FA K&
. 2 mL BB 2 mL ECRE#FTHIE. EZTHEZERHE 3 min
ERBEBRMFETETE. B 4 mLERERRIL 1 mL/min B
EEBAY. BEBRMKE 5 mL, iRIE 10 B, BHRRED
Z 2 mlL BE/MERITA T,

89

| A | 2ml F |
\ ¥ \ 2ml 2% FEKER \
| L | HRRE |
| Wi 1 | 2miowBEAEE
| ik 2 | 2ml BB |
HESETFRME —>
| Wi 3 | 2mLEEH |
| Bt | amimgeE |

\ TKE 5 mL, RBZEMRHF LC/MS/MS 47

1. BN & R P E T R EAR 2R B AR
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L8R

HPLC &
Bk L1 Poroshell 120 EC-C18,
2.1 X 50 mm, 2.7 pm
(ER14-S 699775-902)

Bikuliz P A: K (5 mM ZERSRAHE)
B: Z (0.1% FA &)

HHEE. 5L

TR 0.4 mL/min

Hil: =R

BERERF. BE (min)  %B
0 30
5 80
6 80
6.5 30
7 30

MS R

FRAEBFEAKIRERRENELEY. BFREZFEERE 2,
MRM transitions W% 3.

x® 2. MS BFESH

FHRIIEE: 300°C

FRESRE. 5 L/min

EUREEN: 45 psi

HSIEE. 400 °C

HERE: 11 L/min

B RE: ER: 0V itk oV
ERERE. E#R: 3500V fitk: 3500 V

F 3. B R MR SRS

R MRM ##iE#E (m/z) BREE (V) HiEREE (V)

MG 1) 329.3>313.3 175 38
2) 329.3>208.3 38
cv 1) 372.3>356.2 175 42
2) 372.3>251.1 36
LMG 1) 331.3>316.2 175 26
2) 331.3>238.2 16
LCV 1) 374.3>358.3 175 30
2) 374.3>238.2 26
MG-d5 334.3>318.3 175 38
LMG-d6  337.3>240.2 175 30

GRSV

LR 1048 T PR

FrEH MR AR LRLMSEEA 05~100 ng/g. HAIEZEAR
ERPRMTEREREHR 05, 1. 5, 10100 ng/g, BRE
H&EMNERE: MARKER 10 ng/g. 23 TEMERH &R
RENERNEATEER. RAEHZEITNETNEE (4
W5 RIRMIEERL) SEMRE (F2T05RIRMRE
tb) LHImA. $XBELEWEINESZR L0Q (05 ng/g) |
RFAF=RPXEN RN MRL, & 4 BRT&MEFAZEX
23 (R2) [21.

F 4 MEFIRLM

L& b mA%E R?
MG MG-d5 Y=0.0961x+0.0049 1

cv MG-d5 Y=0.2808x-0.0524 0.999
LMG LMG-d6 Y=0.0649x+0.0033 1
Lev LMG-d6 Y=0.05461x-0.0011 1
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E I E T
EZAREAT TR TRREMBRETR: AEATENE  gan

BEMEREA 1. 1050 ng/g. BMKTEESHH 6 K. B e

& 5. BENPHREANERERNEL S

EMERMBIRFENR 5. B 2 AIMFRRER 10 ng/g HERR
Ry EILE,

TR {E

2. %H Agilent Poroshell 120 EC-C18 BiEH A &N HHEFIIMERKREA 10 ng/g R EEE

x10?

x10°

x10°

x10°

x10?

0.5

x10?

w

+MRM (329.3 -> 313.3)
MG

M#RRE (ng/g) EKE (%) RSD (n=6)
1 102.1 35
10 102.8 1.8
50 99.2 1.9
cv 1 96.9 2.1
10 102.8 2.6
50 97.4 1.7
LMG 1 103.5 2.6
10 108.9 34
50 96.7 3.7
LCV 1 994 3.8
10 106.1 3.8
50 102.7 45

+MRM (372.3 -> 356.2)

| CV

+MRM (331.3 ->238.2)

| LMG
0.754

+MRM (374.3 -> 358.3)
1 LCV

0.5

+MRM (334.3 -> 318.4)
MG-d5

+MRM (337.3 -> 240.2)

4 LMG-d6

02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58

RKERHE (min)
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&k

FXEITRRNEALRE. FRERERHYREALERE
MREERENAE. MRREZER Bond Elut Plexa PCX &
BERETUER AN NEEKTRNAE LR, EFZH
IR A R E R AN E BT aE B & ROk B AR AR
ENER, AFEERFRESEFRYESEME, X ERCEYRNE
ENTREETFHR,

SE

1. Kazuyuki Yamashita. LC-MS/MS Analysis of Malachite
Green and Crystal Violet using Pursuit XRs (R Pursuit XRs
FILC-MS/MS #HTFAERFFNERLE) . NAHRE, RECLH
RERAF, HARS SI-01313. (2008)

2. GB/T 19857-2005., k=@l ERRMERLHKEENT
. PERE, www.cn-standard.net,
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Fast Separation of Synthetic/Artificial Food Colors on Agilent Poroshell

120 EC-C18

Author

Rongjie Fu

Agilent Technologies (Shanghai) Co.

Ltd

Abstract

Many synthetic or artificial colorants (tartrazine, red 33, sunset yellow, and so forth)
are used in food and beverages to improve product appearance. These compounds
can be readily separated by reversed-phase liquid chromatography. A new Agilent
Poroshell 120 EC-C18 column was used to separate 11 food colorants using a
gradient method with an acetate buffer/methanol mobile phase. This method allows
a rapid separation of the colorants in 9 minutes. It is suitable for many samples and

was applied here to the analysis of these colorants in beverages and cakes.
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Introduction

Most synthetic or artificial food colorings are water soluble,
making them ideal for analysis by HPLC with reversed-phase
columns. These compounds are generally safe, but there are
some possible harmful effects, such as allergic reactions and
hyperactivity in children; so their use is restricted in some
countries. Because of these restrictions, the quantity of these

compounds in food quality control is becoming more
important, as is the need to prove that foods using the
colorants meet international quality control standards. These
compounds are used in food to give them a colorful, attractive
appearance. The structures of 11 colorants, mostly azo dyes,
are shown in Table 1.

No. Name CAS Structure No. Name CAS Structure
1 Tartrazine 1934-21-0 .0\ :p 9 7 Red 33 3567-66-6 Nat Na*
” M-
N N o N
MNat " o Na* ) S,I
4 0" g ©
Ma*
8  Allurared 25956-17-6 NEN Nat
2 Newred 220658-76-4 OH NHCOCHg
NaogsONZN
NHO3S SUaNa
9  Erioglaucine  3844-45-9
3 Amaranth 915-67-3 Na* \s’/o -
o ‘,F?
N, .
Lk
o]
eRRe it
O
Na* }S\\o
0 10 Azophloxine  3734-67-6
4 Indigo carmine 860-22-0 Na*
) | 1
11 Erythrosine  490C6-10-3 0 o o Nar
w0
|

5 Ponceau4R  2611-82-7

Table 1. Details of food colorants in this study.
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A previous application note described a method developed
using Agilent TC-C18(2) and HC-C18(2) columns. The method
applied a mobile phase comprised of phosphate buffer at

pH 7.0 with methanol [1]. In this work, we focus on
developing a method for rapidly separating more colorants in
beverages and cakes using Agilent Poroshell 120 EC-C18.

Experimental

The HPLC analysis was performed with the Agilent 1290
Infinity LC system, including an Agilent 1290 Infinity Binary
Pump (G4220A), an Agilent 1290 Infinity Autosampler
(G4226A), an Agilent 1290 Infinity Thermostatted Column
Compartment (G1316C), and an Agilent Infinity Diode Array
Detector (G4212A).

Conditions
Column: Agilent Poroshell 120 EC-C18,
3.0 x 100 mm, 2.7 pym (p/n 695975-302)
Mobile phase: A, 10 mM acetate
B, methanol
Injection volume: 2 pL
Flow rate: 1.0 mL/min
Gradient: Min % B
0 5
15 5
8 75
12 75
Stop time: 12 minutes, post run 2 minutes
Temperature: 25°C
mAU 1 4
3
30 5
251 6
7
20 2 8 10
1
154

) LuLlJU

Wavelength: 254 nm

The samples were purchased in a local market. Mango juice
was diluted 1/10 with water and filtered with 0.2 ym
regenerated cellulose membrane filters (p/n 5064-8222)
before injection. Cake samples were prepared by weighing 5 g
and adding to 40 mL water with a drop of ammonium
hydroxide. The samples were then ultrasonicated at 60 - 80 °C
for 30 minutes. The samples were increased to 50 mL with
methanol and then filtered using 0.2 ym regenerated cellulose
membrane filters (p/n 5064-8222) before injection.

Results and Discussion

The colorant compounds shown in Table 1 are polar, water-
soluble compounds containing sulfonic acid groups,
increasing their solubility in water. In fact, many of these
compounds are used in the salt form in food. In a previous
work, 7 of these colorants were well separated using a
traditional 5 ym TC-C18(2) column with a phosphate buffer
and a gradient starting with 10% methanol. Resolution and
peak shape are best at mid pH with a phosphate buffer.
However, more and more users apply LC/MS to analyze these
colorants in very complex food samples. To be compatible
with MS detectors, a 10 mM acetate buffer was used. With a
highly efficient, superficially porous Poroshell 120 EC-C18,

Peaks

Tartrazine
New red
Amaranth
Indigo carmine
Ponceau 4R
Sunset yellow
Red 33

Allura red
Erioglaucine
0. Azophloxine
1. Erythrosine

oSN RwN =

T 1
10 min

Figure 1. Separation of 11 colorant standards using an Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 pm column.
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3.0 x 100 mm, 2.7 pym column, 11 synthetic colorants were
well separated in only 9 minutes (Figure 1).

Synthetic or artificial food colorants exist in many common
beverages and foods, such as fruit-flavored drinks and sodas,
cakes, and candy. Colorants in a mango juice and two
different types of cake were analyzed. The chromatogram of
mango juice is shown in Figure 2. Based on the standard, the
first known peak, tartrazine, could be resolved completely
from the unknown peak before it, and the amount of
tartrazine could be measured.

Norm.

70
60
50
40
30

20 4

Cake samples were more complex than mango juice because
many polar compounds were extracted with water. To
separate colorants from these polar compounds, a gradient
starting with low percentage of organic phase was used.
Figures 3 and 4 show separations of cake samples, with many
peaks in both. The compounds could be identified through
retention times of standards. However, for complex samples
such as these, other compounds co-eluted with the colorants,
which made it difficult to identify the exact colorants. This
problem was resolved with an Agilent Infinity Diode Array
Detector (G4212A), where the spectra of the peaks in the

Tartrazine
10 H M/
04

0 2 4 6 8

10 min

Figure 2. Separation of mango juice with an Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 ym column.
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Norm.

17.51

*DADT, 7.060 (27.7 mAU)
Ref = 5.818 and 7.131 of SIG10000002.D
u

25 Erioglaucine
20 standard spectrum

220 240 260 280 300 320 340 360 380nm

"DAD1, 7.062 (37.4 mAU)
Ref = 0.000 and 7.843 of SIG10000007.D

/ 220 240 260 280 300 320 340 360 380 nm

8 10 min

Figure 3. Separation of food colorants in cake sample 1 on an Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 pm column.

Norm.

20 1

*DADT, 7.060 (27.7 mAU)
Ref = 5.818 and 7.131 of SIG10000002.D

5 Erioglaucine
20 standard spectrum

0
220 240 260 280 300 320 340 360 380 nm

*DAD1, 7.063 (10.1 mAU)
Ref = 6.753 and 7.124 of SIG10000029.D

oON B~ O o oC

220 240 260 280 300 320 340 360 380 nm

Figure 4. Separation of food colorants in cake sample 2 on an Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 pm column.
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sample were matched with those of standards. In both cake
samples, the colorant erioglaucine was identified based on
the standard retention time coupled with its spectrum.

Conclusions

Using a simple gradient method, many common synthetic
colorants can be separated on the Agilent Poroshell 120
EC-C18, 3.0 x 100 mm, 2.7 pm column. This method allows
rapid separation and screening for many artificial food
colorants. In addition, the mass-spectrum-friendly acetate
buffer allows the method to be easily transferred to an
HPLC/MS method.
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Abstract

A method for the simultaneous determination of aminoglycoside residues of
spectinomycin, hygromycin B, streptomycin, dihydrostreptomycin, amikacin,
kanamycin, apramycin, tobramycin, gentamicin, and neomycin in bovine muscle was
developed and validated. The analytes are extracted and cleaned with solid phase
extraction and quantified by liquid chromatography coupled to electrospray
ionization tandem mass spectrometry operating in the positive ion multiple-reaction-
monitoring mode. The method provides the ng/g level of limit of detection for all
aminoglycoside residues in bovine muscle. The dynamic calibration ranges for these
compounds were obtained from 10 to 500 ng/g. The overall recoveries ranged from
71 to 98%, with RSD values between 1.4 and 11.2%.

Introduction

Aminoglycosides (AGs) are a class of broad-spectrum antibiotics that have bacterial
activity against some aerobic gram-positive and gram-negative organisms. AGs have
been extensively employed in animal husbandry for the treatment of bacterial
infections or growth promotion. Due to their toxicity and possible antibiotic
resistance, considerable attention has been paid to the potential human health risk.
The European Union (EU), China, USA, Japan, and other countries have issued strict
maximum residue levels (MRLs) for AGs in various animal-origin foods [1, 2].
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The objective of this application note was to develop a
multiresidue method that would be simple and fast for routine
regulatory analysis of aminoglycoside residues in animal
tissue. The method relies on a simple SPE step using a
polymer sorbent (Agilent Bond Elut Plexa). Table 1 shows
details of the £-agonists.

Experimental

Reagents and chemicals

All reagents were MS, HPLC, or analytical grade. Acetonitrile
and water were from Honeywell. The standards were
purchased from Dr. Ehrenstorfer (Augsburg, Germany). Bovine
muscle was purchased from a local supermarket. Standard
solutions (1.0 mg/mL) were made in water individually and
stored in a freezer at 4 °C. A combined working solution

(10 pg/mL) was made in acetonitrile:water (10:90) and also
stored at 4 °C. The spiked solutions were then made weaker
by appropriately diluting of the combined working solution in
water.

Sample preparation

Bovine muscle (500 g) was minced using a kitchen
homogenizer and stored at -20 °C. A 5 g aliquot of
homogenized meat was weighed into a 50 mL capped
polypropylene tube, and 10 mL of 5% trichloroacetic acid
(TCA) in water was added. The mixture was homogenized
thoroughly for 1 minute with an Ultra-Turrax T-18 homogenizer
(IKA-Labortechnik, Staufen, Germany) and then centrifuged at
4,000 rpm for 5 minutes. The supernatant was transferred to
another tube. The same extraction procedure was repeated
with 10 mL of 5% TCA in water, and the supernatant was
combined into the same tube. A 5 mL volume of 0.2 mol/L
heptafluorobutyric acid (HFBA) in water was added to the
extracts. After vortex mixing for 1 minute and centrifugation
at 4,000 rpm for 5 minutes, the supernatant was adjusted to
pH 4.0 with 5% ammonia water. The sample extraction
solution was made up to 30 mL with water to be ready for the
SPE procedure.

100

Solid phase extraction

Figure 1 shows the SPE procedure. Bond Elut Plexa cartridges
were preconditioned with 3 mL of acetonitrile (ACN) and then
equilibrated with 3 mL of water and 5 mL of 20 mmol/L HFBA
in water. The 6 mL sample solution was then loaded onto a
cartridge and passed through by gravity (approximately

1 mL/min). The cartridges were washed with 5 mL of water. A
full vacuum was applied to the cartridge for 5 minutes to
completely dry the resin. The compounds were eluted with

3 mL ACN:0.2 mol/L HFBA in water at a rate of 1 mL/min.
The eluent was dried under nitrogen at 40 °C. The residue
was reconstituted in 1 mL of 20 mmol/L HFBA in water. The
sample was then vortex mixed and ultrasonicated to
completely dissolve the residue and filtered through a 0.22-pm
membrane. Then the sample was finally transferred to a 2 mL
chromatography vial for analysis.

’ Condition: 3 mL of ACN ‘

[

’ Equilibrate A: 3 mL of water ‘

[

’ Equilibrate B: 5 mL of 20 mmol/L HFBA in water ‘

[

’ Load: 6 mL of sample solution ‘

[

’ Wash: 5 mL of water ‘

[

’ Dry cartridge by vacuum for 5 min ‘

[

’ Elute: 3 mL of eluent™ ‘

[

’ Evaporate to dryness at 40 °C under nitrogen flow ‘

[

’ Reconstitute with 1 mL of 20 mmol/HFBA in water ‘

* Eluent ACN:0.2 mol/L HFBA in water (8:2).

Figure 1. Bovine muscle clean-up and enrichment — SPE
procedure.
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Compound CASNo. LogP  Structure

Compound CASNo. LogP  Structure
Spectinomycin 1695-77-8  -2.3 Kanamycin  53-01-8  -63
Apramycin ~ 37321-09-8 -6.5
Hygromycin B 31282-04-9 NA oH

H;M -

O

HO
oH OH Tobramycin  32986-56-4 5.8 H,
HO,, WOH
Streptomycin 57921 .64 ,f? THy o
DHC& PH e o
_g HQ, WNH, OH
o k -HH
-'"\_ _&O 2 0’
Hi— i OHNH: ¥
CHy f\L\\K i, H o NH,
ha 113, NH,
Dihydrostreptomycin 128-46-1  NA OH
Gentamicin  1403-66-3 NA
OH
CH;

HeT Ho o
N ONH,

Neomycin ~ 1404-04-2 -7.8
NH

NH,

Amikacin 37517-28-5 -1.4

Hal

Table 1. Aminoglycoside compounds used in this study.
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Conditions MS conditions
Column: Agilent Poroshell 120 SB-C18, 2.1 x 100 mm, 2.7 pm The AGs were monitored in positive mode. Table 2 shows the
(n/n 685775-902) multiple-reaction-monitoring details.

Sample prep: Agilent Bond Elut Plexa cartridges, 500 mg, 6 mL

/n 12259506
) (p/n ) - MS source parameters
Mobile phase: A: Water:acetonitrile (950:50, 20 mmol/L HFBA), Gas temp: 350 °C

B: acetonitrile:water (800:200, 20 mmol/L HFBA)

Lo Gas flow: 5 L/min
Injection volume: 20 pL . .
. Nebulizer: 45 psi
Flow‘rate: 0:3 mL/r.nln Sheath gas temp: 400 °C
Gradient: Time (min) %A %B .
0 85 15 Sheath gas flow: 11 L/min
3 85 15 Nozzle voltage:  Positive, 0 V
95 25 75 Capillary: Positive, 3,500 V
9.55 85 15
10 85 15
Temperature: Ambient
Manifold: Agilent Vac Elut 20 Manifold (p/n 12234101)
Instrument: Agilent 1200 Infinity Series LC System
Agilent 6460 Triple Quadrupole LC/MS/MS System
Compound Precursor ion Product ion Fragmentor (V) Collision energy (V) Retention time (min)
Spectinomycin 351.2 333.2 170 15 4.64
2071 170 18
Hygromycin B 528.3 1771 170 25 6.77
352 170 20
Streptomycin 582.4 263.2 180 30 6.98
245.8 180 35
Dihydrostreptomycin 584.4 263.3 180 30 7.06
246.2 180 40
Amikacin 586.4 163.1 170 30 7.68
4252 170 15
Kanamycin 485.3 163.1 150 20 7.8
3242 150 10
Apramycin 540.3 2171 140 25 8.32
378.2 140 12
Tobramycin 468.3 163.2 125 20 8.42
3242 125 8
Gentamicin 478.3 322.3 125 8 8.64
157.2 125 15
Neomycin 615.3 161.1 175 30 8.74
293.1 175 20

Table 2. Masses monitored by multiple-reaction monitoring.
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Results and Discussion

Linearity and limit of detection

Solutions used to create external calibration curves were
prepared by using a combined working solution to spike
matrix blank (10, 20, 50, 100, and 500 ng/g). Matrix blanks
were created by taking bovine muscle through the entire
procedure, including pretreatment and SPE procedures. The
limits of detection (LOD) were chosen as the concentration of
each compound that gave a signal-to-noise (S/N) ratio
greater than 3:1. The results for the calibration curves and
LODs are shown in Table 3.

Recovery and reproducibility

The recovery and repeatability for the method were
determined at 3 levels; beef spiked to concentrations of 20,
100, and 500 ng/g. The analysis was performed with

6 replicates at each level. Table 4 shows the recovery and
reproducibility data. Figure 2 shows the chromatograms of
spiked bovine muscle extracts (20 ng/g).

LOD in muscle Spiked level Recovery RSD
Compound Regression equation R? (ng/g) Compound (ng/g) (%) (n=6, %)
Spectinomycin Y=293.4698x-325.2314  0.9998 2 Spectinomycin 20 877 21
. 100 79.7 2.4
Hygromycin B Y=270.2367x-424.6557 0.9999 05
500 91.2 3.2
Streptomycin Y=28.7892x+10.1849 0.9999 5 Hydromycin B 20 75.9 39
Dihydrostreptomycin  Y=458.6225x-1320.7826 0.9999 0.1 100 82.1 3.4
Amikacin Y=572.3138x-923.7852 0.9999 0.2 500 856 40
Streptomycin 20 AR 11.2
Kanamycin Y=508.1929x-905.1314 0.9998 0.5 100 30.0 94
Apramycin Y=239.2452x-646.2071 09999 05 500 745 8.0
Tobramycin Y=696.8031x-1922.6636  0.9999 0.1 Dihydrostreptomycin - 20 83.1 45
100 91.2 2.3
Gentamicin Y=1076.2438x-3690.8511  0.9996 0.1 500 933 36
Neomycin Y=196.7006x-534.5063 09997 2 Amikacin 20 85.9 1.8
100 90.1 2.4
Table 3. Linearity and LODs of aminoglycosides in bovine 500 96.5 38
muscle. Kanamycin 20 86.7 14
100 90.0 22
500 97.6 28
Apramycin 20 84.6 49
100 87.6 3.1
500 95.4 5.4
Tobramycin 20 89.3 4.4
100 88.1 34
500 97.7 5.8
Gentamicin 20 824 35
100 81.2 4.6
500 95.8 6.8
Neomycin 20 721 2.6
100 82.8 5.6
500 90.3 5.5
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Table 4. Recoveries and reproducibility of aminoglycosides in
bovine muscle.
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Conclusions

LC/MS/MS was a reliable and powerful technique for the
simultaneous quantification and confirmation of
aminoglycosides in bovine muscle. Moreover, the result of
this study shows that Agilent Bond Elut Plexa can be used as
an effective method for purification and enrichment of
multiple aminoglycosides in a complex matrix, such as
bovine muscle. The recovery and reproducibility results
based on matrix spiked standards were acceptable for
aminoglycoside residue determination in bovine muscle
under international regulations. The impurities and matrix
effect were minimal and did not interfere with the
quantification of any target compound. The limits of
quantitation were significantly lower than the MRLs [3].

Counts ) )
x102 1. Spectinomycin

. A _
x102 2. Hygromycin B

) .

x102 3. Streptomycin

! ks

x10° 4. Dihydrostreptomycin

0 A,
x10* 5. Amikacin

J e

x10° 6. Kanamycin

0 —
x102 7. Apramycin

) .

x10° 8. Tobramycin

0
x10° 9. Gentamicin

0 S 5=

x102 10. Neomycin

J e

05 1.0 1.5 20 25 3.0 35 40 45 50 55 6.0 65 7.0 75 80 85 9.0
Acquisition time (min)

Figure 2. Chromatograms of 20 ng/g spiked bovine muscle
sample extract.
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Abstract

A method for the simultaneous determination of aminoglycoside residues of
spectinomycin, hygromycin B, streptomycin, dihydrostreptomycin, amikacin,
kanamycin, apramycin, tobramycin, gentamicin, and neomycin in milk was
developed and validated. The analytes were extracted and cleaned with Agilent
Bond Elut Plexa solid phase extraction (SPE) and quantified by liquid
chromatography coupled to electrospray ionization tandem mass spectrometry
(LC/Tandem MS) operating in the positive ion multiple-reaction-monitoring mode.
The method provided ng/g level of limit of detection for all aminoglycoside residues
in milk. The dynamic calibration ranges for these compounds were obtained from
10 to 500 ng/g. The overall recoveries ranged from 67 to 107%, with RSD values
between 1.7 and 10.1%.

Introduction

Aminoglycosides (AGs) are a class of broad-spectrum antibiotics that have bacterial
activity against some aerobic gram-positive and gram-negative organisms. AGs have
been extensively employed in animal husbhandry for the treatment of bacterial
infections or growth promotion. Due to their toxicity, and possible antibiotic
resistance, considerable attention has been paid to the potential human health risk.
The European Union (EU), China, USA, Japan, and other countries have issued strict
maximum residue levels (MRLs) for AGs in various animal-origin foods [1, 2].

The objective of this work was to develop a multiresidue method that would be
simple and fast for routine regulatory analysis of aminoglycoside residues in milk.
The method relies on a simple SPE step using a polymer sorbent (Bond Elut Plexa).
Table 1 shows details of the aminoglycosides.
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Table 1. Aminoglycoside compounds used in this study.

Compound CAS no. LogP Compound CAS no. LogP
\NH NH,
= HO., ~OH
HO 4, *
o oY
\H\‘ ol HoE gy o
N
OH -
Spectinomycin 1695-77-8 -2.3 OH | .""’/(:J
CH, HN HN ~OH
X
NH
H N
Hom,\m Amikacin  37517-285 7.4 TN on
2 =
1 Ho OH
/0 OH
OH /4/ OH
\ OH HO 0 HO OH
00 0
- HZNX/\\ “o A
HO HN on | ! NH,
OH
OH HzN NHZ
Hygromycin B 31282-04-9 NA .
Kanamycin ~ 59-01-8 -6.3
o CH, OH
HO 0 HO, OH HN X/\
D oHU(é/ < " Ho
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HO
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H,C OHO/HOmi NH, HZNWO OH
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OH NH,
Gentamicin  1403-66-3  NA Neomycin ~ 1404-04-2 -7.8
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Materials and Methods

Reagents and chemicals

All reagents were MS, HPLC, or analytical grade. Acetonitrile
and water were from Honeywell International, Inc. The
standards were purchased from Dr. Ehrenstorfer (Augsburg,
Germany). Bovine milk was purchased from a local
supermarket. Standard solutions (1.0 mg/mL) were made in
water individually and stored in a freezer at 4 °C. A combined
working solution (10 pg/mL) was made in acetonitrile:water
(10:90) and also stored at 4 °C. The spiked solutions were
then made weekly by appropriately diluting the combined
working solution in water.

Sample preparation

Bovine milk (5 g) was weighed into a polypropylene centrifuge
tube. Ten mL of extracting solution (5% trichloroacetic acid,
0.6 mmol/L Na,EDTA, and 15 mmol/L KH,P0,) was added to
the tube. The mixture was shaken thoroughly for 5 minutes
and then centrifuged at 4,000 rpm for 5 minutes at 4 °C. The
supernatant was transferred to another tube. The same
extraction procedure was repeated with 5 mL of extracting
solution, and the supernatant was combined into the same
tube. A 5 mL volume of 0.2 mol/L heptafluorobutyric acid
(HFBA) in water was added to the extracts. After vortex-
mixing for 1 minute and centrifuging at 4,000 rpm for

5 minutes, the supernatant was adjusted to pH 4.0 + 0.5 with
5 mol/L NaOH in water. The sample extracting solution was
then ready for the SPE procedure.

Solid phase extraction

Figure 1 shows the SPE procedure. Bond Elut Plexa cartridges
were preconditioned with 3 mL of acetonitrile (ACN) and then
equilibrated with 3 mL of water and 5 mL of 20 mmol/L HFBA
in water. The sample extracting solution was then loaded onto
a cartridge and passed through under gravity (approximately

1 mL/min). The cartridges were washed with 5 mL of water.
A full vacuum was applied to the cartridge for 5 minutes to
completely dry the resin. The compounds were eluted with

3 mL ACN:0.2 mol/L HFBA in water at a rate of 1 mL/min.
The eluent was dried under nitrogen at 40 °C. The residue
was reconstituted in 1 mL of 20 mmol/L HFBA in water. The
sample was then vortex mixed and ultrasonicated to
completely dissolve the residue and filtered through a 0.22 ym
membrane. Then the sample was finally transferred to a 2 mL
chromatography vial for analysis.
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Condition: 3 mL of ACN

Equi

librate A: 3 mL of water

Equilibrate B: 5 mL of 20 mmol/L HFBA in water

Load: sample extracting solution

Dry cartridge by vacuum for 5 minutes

E

lute: 3 mL of eluent”

Evaporate to dryness at 40 °C under nitrogen flow

Wash: 5 mL of water ‘

Reconstitute with 1 mL of 20 mmol/HFBA in water

“Eluent: ACN:0.2 mol/L HFBA in water (8:2).

Figure 1. Milk clean-up and enrichment — Agilent Bond Elut
Plexa SPE procedure.

Conditions
Column:

Sample prep:
Mobile phase:

Injection volume:
Flow rate:
Gradient:

Temperature:
Manifold:
Instrument:

Agilent Poroshell 120 SB-C18, 2.1 x 100 mm, 2.7 pm
(p/n 685775-902)

Agilent Bond Elut Plexa cartridges, 500 mg, 6 mL
(p/n 12259506)

A: Water:acetonitrile (950:50, 20 mmol/L HFBA),
B: acetonitrile:water (800:200, 20 mmol/L HFBA)

20 L

0.3 mL/min

Time (min) %A  %B
0 85 15
3 85 15
9.5 25 75
9.55 85 15
10 85 15
Ambient

Agilent Vac Elut 20 Manifold (p/n 12234101)

Agilent 1200 Infinity Series
Agilent 6460 Triple Quadrupole LC/MS/MS system
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MS conditions

The AGs were monitored in positive mode. Table 2 shows the
multiple-reaction-monitoring details.

MS source parameters

Gas temperature: 350 °C

Gas flow: 5 L/min
Nebulizer: 45 psi
Sheath gas temperature: 400 °C
Sheath gas flow: 11 L/min
Nozzle voltage: Positive, 0 V

Capillary: Positive, 3,500 V

Table 2. Masses monitored by multiple-reaction monitoring.

Results and Discussion

Linearity and limit of detection

Solutions used to create external calibration curves were
prepared by using a combined working solution to spike
matrix blanks (0.01, 0.02, 0.05, 0.1, and 0.5 mg/kg). Matrix
blanks were created by taking milk through the entire
procedure, including pretreatment and SPE procedures. The
limits of detection (LODs) were chosen as the concentration
of each compound that gave a signal-to-noise (S/N) ratio
greater than 3:1. The results for the calibration curves and
LODs are shown in Table 3.

Table 3. Linearity and LODs of aminoglycosides in milk.

Precursor  Product  Fragmentor Collision LOD in milk
Compound ion ion (V) energy (V) Compound Regression equation R? (ng/g)
Spectinomycin 351.2 333.2 170 15 Spectinomycin Y =13790.2955x + 39429.2957 0.996 0.1
207.1 170 18 Hygromycin B Y =891.7225x — 1190.5976 0998 02
Hygromycin B 528.3 1771 170 25 Streptomycin Y =1197.4506x — 2934.9645 0994 2
352 170 20 Dihydrostreptomycin Y =2240.1902x — 1236.0908 0998 0.2
Streptomycin 582.4 263.2 180 30 Amikacin Y =1393.7561x — 1742.7928 0999 02
2458 180 35 Kanamycin Y =1107.6982x — 1720.5534 0.998 02
Dihydrostreptomycin 584.4 263.3 180 30 Apramycin Y =288.9123x — 207.5481 0999 05
246.2 180 40 Tobramycin Y = 804.6063x — 1295.9858 0999 02
Amikacin 586.4 163.1 170 30 Gentamicin Y = 1494.7223x — 894.2355 0999 02
425.2 170 15 Neomycin Y =183.7889x — 240.7272 0994 05
Kanamycin 4853 163.1 150 20
324.2 150 10
Apramycin 540.3 2171 140 25
378.2 140 12
Tobramycin 468.3 163.2 125 20
3242 125 8
Gentamicin 478.3 322.3 125 8
157.2 125 15
Neomycin 615.3 161.1 175 30
293.1 175 20
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Recovery and reproducibility

The recovery and repeatability for the method were
determined at three levels; milk spiked to concentrations of
0.01, 0.02, and 0.05 mg/kg. The analysis was performed with
six replicates at each level. Table 4 shows the recovery and
reproducibility data. Figure 2 shows the chromatograms of

spiked bovine milk extracts (0.02 mg/kg).

Table 4. Recoveries and reproducibility of aminoglycosides

in milk.
Spiked level
Compound (mg/kg) Recovery (%) RSD (n =6, %)
Spectinomycin 0.01 78.7 3.8
0.02 82.5 5.6
0.1 87.3 4.1
Hydromycin B 0.01 731 8.7
0.02 69.7 6.3
0.1 71.3 5.9
Streptomycin 0.01 78.1 117
0.02 66.5 10.1
0.1 71.8 7.1
Dihydrostreptomycin ~ 0.01 84.2 2.1
0.02 88.2 3.1
0.1 91.5 5.4
Amikacin 0.01 102.3 24
0.02 97.2 2.1
0.1 99.4 36
Kanamycin 0.01 98.7 45
0.02 92.1 39
0.1 93.6 6.8
Apramycin 0.01 97.1 48
0.02 101.9 6.6
0.1 89.6 7.1
Tobramycin 0.01 925 2.9
0.02 98.5 4.9
0.1 94.8 1.7
Gentamicin 0.01 107.3 3.9
0.02 101.4 3.1
0.1 105.8 45
Neomycin 0.01 88.2 6.7
0.02 97.4 7.2
0.1 87.6 5.4
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Figure 2. Chromatogram of 0.02 mg/kg spiked milk sample
extract. 1. spectinomycin, 2. hygromycin B, 3. streptomycin,
4. dihydrostreptomycin, 5. amikacin, 6. kanamycin, 7.
apramycin, 8. tobramycin, 9. gentamicin, and 10. neomycin.
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Conclusions

LC/MS/MS is a reliable and powerful technique for the
simultaneous quantification and confirmation of
aminoglycosides in milk. The results of this application note
show that Agilent Bond Elut Plexa can be used as an
effective method for purification and enrichment of multiple
aminoglycosides in a complex matrix such as milk. The
recovery and reproducibility results based on matrix spiked
standards are acceptable for aminoglycoside residue
determination in milk under international regulations. The
impurities and matrix effects are minimal and do not interfere
with the quantification of any target compound. The limits of
quantitation are significantly lower than the MRLs [3].
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Abstract

The selectivity of various phases of Agilent Poroshell 120, including EC-C18, SB-C18,
SB-Aq, Bonus-RP, and Phenyl-Hexyl, were compared in the separation of nine
artificial antioxidants. The method was then optimized on an Agilent Poroshell 120
SB-Aq column for these compounds in butter samples with a water (with acetic acid
modifier) and acetonitrile mobile phase. The method separated the antioxidants very

well and was suitable for quantitative analysis.

Introduction

Foods, such as oils and fats, containing unsaturated fatty acids can easily cause
lipid oxidation leading to rancidity, odor problems, and a decrease of their
nutritional value. Synthetic ascorbyl palmitate and phenolic antioxidants are often
added to foods to prevent oxidation of these unsaturated fatty acids. Single or
combinations of antioxidants are permitted to enhance the antioxidative effect in
food, but excessive consumption can cause some health problems in humans. For
example, 2,4,5-trihydroxybutyrophenone has mutagenic effects, butylated
hydroxyanisole and 2,6-di-tert-butyl-4-methylphenol may be carcinogenic, and propyl
gallate can cause kidney damage [1].

Regulatory agencies from both Europe and the US have imposed maximum levels for
some antioxidants while others have been forbidden [2]. Therefore, the determination
of antioxidants in foods and food components is important. Table 1 lists nine
antioxidants that are most commonly added to foods along with their structures and
abbreviations.

Currently, a regulatory HPLC method in China is used for the determination of
antioxidants in fats. This method uses columns 15 to 25 cm long with an internal

[
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diameter of 4.6 mm, packed with 5 pm C18 bonded silica
particles, and a mobile phase composed of acetic acid
(eluent A) and methanol (eluent B). Unfortunately, this
method is quite slow with an analysis time over 30 minutes

[3]. QC laboratories in fat-processing industries are looking for

a way to shorten analysis time, because some of the

antioxidants have been found to suffer significant degradation

in solvents at room temperature. Thus, a fast, accurate, and

Table 1. Artificial antioxidants used in this study.

rugged method is desirable for economical and practical
reasons.

This application note describes the analysis of nine
antioxidants in butters using the Agilent 1290 Infinity LC with
Poroshell 120 columns. Selectivity of various phases was
compared for separation. The Poroshell 120 SB-Aq column
was chosen for method development for its better selectivity
and retention time versus other phases, and then the method
was optimized to fit the analysis of various butter samples.

Peak No. Name CAS Structure
OH
HO.
1 Propyl gallate (PG) 121-79-9
Ho NN
0
OH
HO
2 2,4 ,5-Trihydroxybutyrophenone (THBP) 1421-63-2
OH 0
HO.
3 2-Tert-butylhydroquinone (TBHQ) 1948-33-0 >;©\
OH
HO
0
4 Nordihydroguaiaretic acid (NDGA) 500-38-9
)
HO
N
5 Butylated hydroxyanisole (BHA) 25013-16-5
HO
HO.
6 lonox-100 88-26.6 @
OH
OH
HO
7 Octyl gallate (0G) 1034-01-1
HO e P g
0
8 2,6-Di-tert-butyl-4-methylphenol (BHT) 128-37-0 ><<>><
OH
oH
9 Dodecyl gallate (DG) 1166-52-5
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Materials and Methods

HPLC analysis was performed with the Agilent 1290 Infinity
LC, including an Agilent 1290 Infinity Binary Pump (G4220A),
an Agilent 1290 Infinity Autosampler (G4226A), an Agilent
1290 Infinity Thermostatted Column Compartment (G1316C),
and an Agilent 1290 Infinity Diode Array Detector (G4212A).

Columns

Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 ym
(p/n 695975-302)

Agilent Poroshell 120 SB-C18, 3.0 x 100 mm, 2.7 pm
(p/n 685975-302)

Agilent Poroshell 120 SB-Aq, 3.0 x 100 mm, 2.7 pm
(p/n 685975-314)

Agilent Poroshell 120 Bonus-RP, 3.0 x 100 mm, 2.7 pm
(p/n 695968-301)

Agilent Poroshell 120 Phenyl-Hexyl, 3.0 x 100 mm, 2.7 pm
(p/n 695975-312)

The stock solution of standard’s mixture was prepared in
methanol at 0.1 mg/mL individually. The standard solutions
for linearity were diluted from the stock solution in a series of
concentrations including 0.2, 0.5, 1, 2, 5, and 10 ppm in
acetonitrile:isopropanol (50:50 v:v).

The butters were purchased in the supermarket, and
originated from the US, Switzerland, Australia, and New
Zealand. Sample solutions were prepared according to the
Chinese regulatory method [3]. For the spiked samples, a
stock solution of the antioxidants in the solvent was added
prior to extraction. The extraction was carried out by weighing
1.0 g of butter and adding 5.0 mL of n-hexane saturated with
acetonitrile. This mixture was vortexed to dissolve the butter,
was added to 10 mL of acetonitrile saturated with n-hexane,
was vortexed again for 1 minute, and was allowed to stand
until a separate layer developed. The acetonitrile layer was
collected and extracted once more with acetonitrile saturated
with n-hexane. The collected acetonitrile portions were mixed
together and concentrated with a flow of nitrogen to a volume
of 1 mL, and then made up to 2 mL with isopropanol. These
solutions were filtered using Agilent 0.2 pm regenerated
cellulose membrane filters (p/n 5064-8222) before transfer
into autosampler vials for injection.
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Results and Discussion

Selectivity comparison

Poroshell 120 columns were packed with superficially porous
particles, which provided performance similar to the sub-2 ym
particles but with a 40 to 50% lower pressure than columns
with sub-2 pm particles. The recent introduction of new
stationary phases available on Poroshell 120 columns made
them useful for method development by changing selectivity.

Using a variety of bonded phases to try sequentially for
method development demonstrated the different selectivity
easily gained from the columns. Figure 1 and Figure 2 are
overlays of five different reversed phases with acetic
acid:methanol and acetic acid:acetonitrile mobile phases. All
gave a symmetrical peak shape, with the exception of the
Poroshell 120 Bonus-RP with methanol organic phase. This
might have been caused by the amide group embedded in the
bonded phase of Poroshell Bonus-RP, which has a strong
H-bonding attraction with acidic analytes when methanol is
present in the mobile phase.

The differences in selectivity between the five columns were
due to the differences in bonding chemistry, such as the type
of bonding, the end capping, and the amount and type of
silanols on the silica surface. Other factors that influence
selectivity, including mobile phase composition, temperature,
and pH were identical during the investigation. These five
bonded phases were all based on 2.7-pm Poroshell 120
superficially porous silica. They included an EC-C18 column,
highly end capped that gave the best overall peak shape;
SB-C18 and SB-Aq non-end capped columns, which had
interaction with silanol groups and provided alternative
selectivity to C18 phases; Bonus-RP, a polar embedded amine
column that gave unique selectivity; and a Phenyl-Hexyl
bonded column, which had improved selectivity for aromatic
compounds.

Under a mobile phase of acetonitrile/1.5% acetic acid, the
Phenyl-Hexyl and EC-C18 did not resolve peaks 6 and 7 well .
SB-C18 and SB-Aq both resolved all nine peaks, but SB-C18
gave longer retention and less resolution between peaks 6
and 7 than SB-Ag. When changing the mobile phase to
methanol:1.5% acetic acid, the elution order changed on all
columns with poor separation for several peaks, but SB-Aq
still separated all nine compounds well. In a careful
comparison between the two mobile phases on the SB-Aq
column, acetonitrile:1.5% acetic acid gave even better
resolution and higher performance for all the compounds.
Therefore, the Poroshell 120 SB-Aq was chosen for further
method development with the mobile phase of
acetonitrile:1.5% acetic acid.
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mAU 1 2
604 6,7 8 Poroshell 120 Phenyl-Hexyl, 3.0 x 100 mm
409 3 4 5
20 h 9
0 T .\l T T 1 T T T T [ T T T T T 1T T 1 T T T T T 1T L L L T ]
0 1 2 3 4 5 6 7 8 9 min
mAU )
23 ! . 6 8 Poroshell 120 SB-AQ, 3.0 x 100 mm
204 ‘\ ‘\ 3 | 5 A7 9
0 1 2 3 4 5 6 7 8 9 min
mAU 1 2
60 6 Poroshell 120 SB-C18, 3.0 x 100 mm
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Figure 1. Chromatograms of nine antioxidants in acetonitrile:1.5% acetic acid on various Agilent Poroshell 120 phases showing different selectivity.

Conditions, Figure 1

Eluent: A 1.5% acetic acid, B ACN
Injection volume: 2 pL of 10 ppm mixture in 10% methanol
Flow rate: 0.6 mL/min
Gradient: Time (min) % B

0 25

0.5 25

5 80

8 80
Temperature: 40 °C
Detector: UV, 280 nm
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mAU + 1 2 6

404 ' 8.9 Poroshell 120 Phenyl-Hexyl, 3.0 x 100 mm
204 3 5 7
0 —
T L — T T T T T [ T T T T [ T T T T [ T T T T T T 7T LI — LI — LI — L ——
0 1 2 3 4 5 6 7 8 9 min
mAU + 1 )
204 . 6 8 Poroshell 120 SB-AQ, 3.0 x 100 mm
20 3 3 7 9
0 I
T T T T T T T [ T T T T [ T T T T [ T T T T [ T L L — LI — L ——
0 1 2 3 4 5 6 7 8 9 min

mAU+ 1 2 6
404 Poroshell 120 EC-C18, 3.0 x 100 mm
45 )
204 3 7 9
0 T \'\ T 1 T 1 T T [ T T T T [ T T T T [ T T T T [ T T T T T T L L T ]
0 1 2 3 4 5 6 7 8 9 min

Figure 2. Chromatograms of nine antioxidants in methanol:1.5% acetic acid on various Agilent Poroshell 120 phases showing different selectivity.

Conditions, Figure 2

Eluent: A 1.5% acetic acid, B methanol
Injection volume: 2 pL of 10 ppm mixture in 10% methanol
Flow rate: 0.6 mL/min
Gradient: Time (min) % B

0 40

1 40

5 80

8 80
Temperature: 40 °C
Detector: UV, 280 nm
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antioxidants. Figure 3 shows the chromatogram of the nine
antioxidants separated under the modified gradient at 10 ppm.
All the compounds had a symmetrical peak shape, and the
eluted time of the last peak was extended to 8.5 minutes from
5.2 minutes under the original gradient. It was necessary for
the real sample separation to use a slightly longer gradient to
get ideal separations.

Method development on Poroshell 120 SB-Aq

The method should be modified according to the above
description on Poroshell 120 SB-Aq with acetonitrile:1.5%
acetic acid mobile phase, because the real samples (butter)
are more complex than the standards. For good separation
when dealing with interference components in butter, the
gradient was adjusted to get ideal resolutions of target

mAU: 2
] 1 Sample:
40— 1. PG
* 2. THBP
7 3. TBHQ
i 4. NDGA
30— 6 5. BHA
] 6. 0G
b 8 7. lonox-100
] 8. DG
20 4 9. BHT
_ 3 5
10— 9
i 7
R
] T T T I T T I T T T I f !
0 2 4 6 8 10 12 min

Figure 3. Chromatogram of 10 ppm standards’ separation with an Agilent Poroshell 120 SB-Aq column.

Conditions, Figure 3

Eluent: A 1.5% acetic acid, B ACN
Injection volume: 2 pL of 10 ppm mixture in 50% ACN/50% IPA
Flow rate: 0.6 mL/min
Gradient: Time (min) % B
0 10
9 75
10 95
Stop time: 15 minutes
Temperature: 40 °C
Detector: UV, 280 nm
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The data of correlation of linearity and limit of detection (LOD)
by UV at 280 nm is shown in Table 2. The coefficients of

Table 2. Correlation of linearity and theoretical LOD of nine antioxidants.

linearity were excellent for all nine compounds. The LODs LOD
were calculated with a signal-to-noise ratio of 3. The LOD No. Name Calibration curve :‘a":l‘)’ Corrolation 23/";)3)
was equal to or below 0.1 ppm for all the antioxidants. This i e PP
corresponded to approximately 0.2 mg/kg or below in a butter 1 PG Y=9.144X+0936  02~10 09997 0.046
sample, 2 THBP Y=10.075X+1.028 0.2~10 0.9998 0.039
. . . . . 3 TBHQ Y=2815X+0309 02~10 0.9997 0.074
Stable retention times are important for correct identification 4 NDGA Vo 3650X 0306 0210 09997 .
of analytes in complex food matrixes. Figure 4 shows overlay e s T ' ‘
chromatograms of eight consecutive injections of 1 ppm 5 BHA Y=2631X+0330 02~10 09997 0.082
standard mixture. The retention time of all the peaks was well 6 0G Y=5796X+0550 02~10 0.9997 0.037
reproducible and all the relative standard deviations of peak 7 lonox-100 Y=1.132X+0.130 02~10 09994 0.200
rseéextlon Itlme from eilght rﬁplltaaﬁ/m]ectlons on Poroshell 120 8 DG Y=5208X+0112 02~10 09995 0.090
-Aq column were less than 0.1%.
a ° 9 BHT Y=1709X+0463 02~10 0.9992 0.118
mAU |
7
6
] 2
5 1
4% 6
3
2
=
. =
-1 T T T T T T T T T !
0 2 4 6 8 10 12 min

Figure 4. Overlay of chromatograms of eight injections of 1 ppm standards with an Agilent Poroshell 120 SB-Aq column. Conditions same as for Figure 3.
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Extracts of five different kinds of butters (Figure 5) and 1 ppm sample 5, while peak 9 was difficult to differentiate from

spiked butters (Figure 6) were analyzed to investigate system unspiked sample 2. Though some interferences were found,
suitability. Comparing the chromatograms of samples and we can still measure the amounts of antioxidants from the

1 ppm spiked samples, additional peaks originating from the butter at the ppm level using the HPLC method. If a lower
butter matrix were visible, but there were only a few level of LOD is needed, a triple-quadrupole mass spectrometer
interferences with the standard peaks. For example, peak 3 would be a better choice of detector.

was difficult to differentiate from unspiked sample 1 and

Sample 1
T T T 1
12 14 min
Sample 2
T T T T T T T T 1
0 2 4 6 8 10 12 14 min
mAU+
6,
49 Sample 3
2,
0,
T T T T T T T T 1
0 2 4 6 8 10 12 14 min
mAU4
o |
VE Sample 4
2,
U,
T T T T T T T T T 1
0 2 4 6 8 10 12 14 min
mAU+ I '
6,
4 Sample b
2,
04— )
T T T T T T T T T T 1
0 2 4 6 8 10 12 14 min

Figure 5. Separation of five different kinds of butter with an Agilent Poroshell 120 SB-Aq column. Conditions same as for Figure 3.
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u

1
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T T T 1
2 14 min
T T T T T T T 1
2 14 min

mAU4

63 Sample 3
4
2,
0,

‘ ‘ ‘ — 77—

0 2 4 6 8 10 12 14 min

V Sample 4

e e B m

12 14 min

W Sample 5

T T T 1

12 14 min

Figure 6. Separation of five different kinds of butter spiked with 1 ppm standards mixture using an Agilent Poroshell 120 SB-Aq column. Conditions same as for
Figure 3.
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Fast Separation of Food Preservatives Using an Agilent Poroshell 120 EC-
C18 Column

Author Abstract

Rongiie Fu A UHPLC method was developed for the simultaneous determination of the nine

Agilent Technologies
(Shanghai) Co. Ltd.

preservatives most often used in food and beverages. An Agilent Poroshell 120
EC-C18 column was used for the separation with a gradient method and acetate
ammonium buffer: acetonitrile mobile phase. This method gave a rapid separation of
the preservatives in 9 minutes. It is suitable for many food and beverage samples

and was applied here to the analysis of these preservatives in a cake sample.

Introduction

Preservatives are very popular in the food and cosmetics industries because they
prevent these products from degrading within the warranty time. However,
preservatives are strictly regulated because their overuse can cause some health
problems in humans. For example, some preservatives can accumulate in the human
body and negatively influence the metabolism process. Today’s trends in food and
cosmetics increasingly emphasize the concepts of health and green issues. This
means use of safer raw materials as well as fewer preservatives and control of
preservatives within a safe limit. Many regulations made by the US Food and Drug
Administration (FDA), the European Union (EU), and others set concentration limits on
the preservatives in food.

Table 1 lists preservatives commonly used in food. The HPLC method has been the
most popular way to analyze the preservatives in food samples. A previous application
note described a method developed using a traditional Agilent J&W HC-C18 (2), 4.6 x
250 mm, 5 pm column (p/n 588905-902) that simultaneously separated nine
preservatives in 30 minutes [1]. This application note focused on developing a method
for rapidly separating the nine compounds and a food sample using a Poroshell 120
EC-C18 column.
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Table 1. Preservatives used in this study.

Peak No. Name CAS Structure
0
1 Benzoic acid 65-85-0 >—©
HO
0
2 Sorbic acid 110-44-1 W
HO
0_
3 Methylparaben 99-76-3 HO 4©—<
0
0
0
4 Dehydroacetic acid (DHA) 520-45-6 /
0
0
OJ
5 Ethylparaben 120-47-8 < > g
HO
0
0
6 Isopropylparaben 4191-73-5 /@)‘\0
HO
0
7 n-Propylparaben 194-43-3 0/\/
HO
0
8 Isobutylparaben 4247-02-3 /@)‘\0/\(
HO
9 n-Butylparaben 94-26-8

Materials and Methods

HPLC analysis was performed with the Agilent 1290 Infinity
LC System, including an Agilent 1290 Infinity Binary Pump
(G4220A), an Agilent 1290 Infinity Autosampler (G4226A), an
Agilent 1290 Infinity Thermostatted Column Compartment
(G1316C), and an Agilent 1290 Infinity Diode Array Detector
(G4212A).
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Conditions
Column:

Eluent:

Injection volume:

Flow rate:
Gradient:

Stop time:
Temperature:
Detector:

Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 pm
(p/n 695975-302)
A, 10 mM acetate; B, methanol

1uL

0.6 mL/min

Time (min) % B
0 20
10 50
10 min, post run 2 min
30°C

UV, 230 and 260 nm
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The standard solution was prepared in 20% methanol:80%
water at 0.1 mg/mL individually. The cake sample was
prepared as follows. Weigh 5 g of sample, add 40 mL water
and a drop of ammonium hydroxide, and extract in sonicator
at 60 to 80 °C for 30 minutes. Add methanol to 50 mL, and
filter using Agilent 0.2 pm regenerated cellulose membrane
filters (p/n 5064-8222) before injection.

Results and Discussion

The previous method was developed on an HC-C18 (2),

4.6 x 250 mm, 5 ym column that separated nine preservatives
compounds to baseline in 30 minutes. The original method
was transferred to a Poroshell 120 EC-C18, 3.0 mm x 100 mm,
2.7 pm column.

Poroshell 120 columns are packed with superficially porous
materials with a particle size of 2.7 pm. Compared to
traditional totally porous particle columns, the superficially
porous particles produce a fast separation with no
compromise in performance due to fast diffusion in the
particles. The Poroshell 120, 2.7 pm particles have a

Van-Deemter curve similar to columns with sub-2.7 um totally
porous materials. The performance of the Poroshell 120
column does not decrease at high flow rate.

A 3.0 mm id column was used for this separation at a flow
rate of 0.6 mL/min, which is approximately 1.5 times of
normal flow rate of 0.4 to 0.5 mL/min typically used with this
column id. The gradient was optimized according to the
column configurations, and nine components were separated
completely in 10 minutes on the Poroshell 120

EC-C18 column (Figure 1). The analysis time was shortened
from 30 minutes to 10 minutes. Both 230 nm and 260 nm UV
wavelength were applied for the detection, because benzoic
acid and dehydroacetic acid have a maximum absorption of
230 nm while others have absorptions at 260 nm.

These preservatives are commonly used in many beverages
and food, such as fruit-flavored drinks, cakes, candy, and so
on. A sample of cake was analyzed, and Figure 2 shows the
chromatogram of the sample. Based on the standard, only the
dehydroacetic acid was found in the sample at a UV
wavelength of 230 nm. The amount could be measured given
the standard’s concentration.

mAU
2
800 260 nm
600
400 3
2 6 7 89
. ; JL
0 1 2 3 4 5 6 7 8 9 min
mAU
3004 1
230 nm 2
2504
200
150
i UL
5
50 6 7 89
0 - AN A
_50-.
=100
0 1 2 3 4 5 6 7 8 9 min

Figure 1. Separation of nine preservative standards using an Agilent Poroshell 120 EC-C18 with UV detection at 230 nm and 260 nm.
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Figure 2. Separation of preservatives in cake using an Agilent Poroshell 120 EC-C18 column with UV detection at 230 nm.

Conclusions

Using a gradient method, preservatives can be rapidly
separated on the Agilent Poroshell 120 column. This method
allows rapid separation and screening for preservatives in
food and cosmetics that can be a routine analysis for product
quality control.
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Fast Analysis of Fruit Juice Acids with an Agilent Poroshell 120 SB-Aq
Column

Author Abstract
William Long Fruit juice producers face the problem of contamination of their product by
Agilent Technologies, Inc. fermentation-causing bacteria or contamination of juice products with cheaper

adulterants. The acid profile can be used to identify a juice or verify its purity. A
reversed-phase HPLC method for separation of organic acids (tartaric, quinic, malic,
citric, and fumaric acids) in fruit juices is demonstrated using an Agilent Poroshell
120 SB-Aq column. The chromatographic separation was performed with an Agilent
1200 Infinity Series using a potassium dihydrogen orthophosphate buffer (pH 2.5) as
mobile phase and diode array detection at A = 226 nm. Organic acid profiles of

several juices are shown.

Introduction

The identification of major organic acids in fruits is considered very important for
food and beverage technology and quality evaluation [1]. Organic acids are a useful
index of authenticity in fruit products, because they have lower susceptibility to
change during processing and storage than other components of fruits [2].

Grapes are known for being acidic, but just how acidic depends on the region in
which they are grown. Those grown in cooler climates are more acidic than grapes
from warmer areas. Grapes have very low levels of citric acid but have high levels of
tartaric acid, which is what makes them sour [3]. Malic acid, from the Latin word
malum, or apple, gives green apples their sour quality. It is present in grapes and in
most wines. Malic acid confers a tart taste to wine, although the amount decreases
with increasing fruit ripeness. Cranberries contain a few different types of acid,
including quinic acid, which breaks down the calcium deposits that collect to form
kidney stones. Cranberries also contain citric and malic acids. As suggested by the
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name, citrus fruits contain a high amount of citric acid, with a
general guide that sweeter fruits contain less acid. Limes,
lemons, oranges, tangerines, and grapefruits are some acidic
citrus fruits. However, berries, such as red currants,
raspberries, and blackberries, also have a high amount of
citric acid. Figure 1 shows the structures of these common
acids.

Acids are generally difficult to separate using reversed-phase
liquid chromatography. Bases can be more easily retained at
higher pH, where the compounds are not charged. However,
in some cases, other compounds in the sample will not be
separable at high pH. A possible solution is to use an ion-pair
reagent to increase retention. Acidic compounds are also
noted as difficult samples to separate or even retain. In
general, it is necessary to work below the pKa of the
compound, where it will be fully protonated (not charged), and
decrease the organic content of the mobile phase [4]. A
problem that can occur with many alkyl columns, such as C8
or C18 phases, is poor retention or reproducibility of retention
in low organic mobile phase. One of the unique properties of
Agilent Poroshell 120 SB-Aq columns is their resistance to
dewetting, or what is sometimes referred to as phase
collapse [5]. This application note shows separation of some
acidic compounds using 100% aqueous conditions.

0
HON oy

™ g .
L

0 OH OH

Tartaric acid Quinic acid
0 OH
X
HOJ\)\V( HO OH NOH
0 OH 0
Malic acid Citric acid Fumaric acid

Figure 1. Structures of some fruit acids.

Materials and Methods

HPLC analysis was performed with an Agilent 1200 Infinity
Series, comprising:

+ Agilent 1200 Series Binary Pump SL (G1312B)

+  Agilent 1200 Series Automatic Liquid Sampler (ALS) SL
(G1376C)

+ Agilent 1200 Series Thermostated Column Compartment
(TCC) SL (G1316B)

+  Agilent 1200 Series Diode Array Detector (G1315C)

Tartaric, quinic, malic, citric, fumaric acids, potassium
phosphate mono basic, and phosphoric acid were
purchased from Sigma-Aldrich Corp. Water used in all
sample and mobile phase preparation was 18 Mohm.cm
Milli-Q (Millipore) produced on site. Juice and cocktail
samples were obtained at a local grocery store.

Conditions

Column: Agilent Poroshell 120 SB-Ag, 3 x 100 mm, 2.7 pm

(p/n 685975-314)

Eluent: 100 mM Potassium phosphate buffer, pH 2.5
Injection volume: 5 plL

Flow rate: 0.5 mL/min

Temperature: 50 °C

Detector: DAD, at 226 nm
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Results and Discussion

All samples were freshly prepared and used within the same
day. Some of the acids were found to decay when evaluated
over more than 1 day. Storing samples in foil wrapping to

reduce light or freezing can be used to extend the life of the
standards. However, it is best to analyze samples as quickly

as possible to achieve the most accurate results. As shown in

this method, the entire analysis including sample preparation
was accomplished in under 10 minutes. All samples were
diluted to 1/3 of their original concentrations, filtered if pulp

was present, and then injected. All samples contained tartaric

acid and citric acid. Figure 2 shows a chromatogram of the
standards and several sample juices.

A useful feature of the Poroshell 120 SB-Aq column is that it
can be used in 100% aqueous mobile phase without phase
collapse. Use of the high-water-content mobile phase can
lead to a dramatic decrease in retention over time. The loss in
retention time observed after moving from an
organic-aqueous mobhile phase into an aqueous mobile phase
can be accelerated by turning off the flow for a period of time.
The loss in analyte retention over time (or instantaneously
with flow stoppage) using an RP column in a high aqueous
mobile phase has commonly, but perhaps incorrectly, been
referred to as phase collapse.

Using a similar methodology to a published method [5], a
75% methanol and 25% buffer was run on the column for
20 minutes, followed by a 5 minute equilibration to 100%
buffer. A sample was injected after the column equilibrated.
After this run, the pump was shut down overnight for

18 hours. In the morning, the pump was started, and a new
injection was made. Figure 3 compares the chromatograms
with identical retention times for all analytes.

mAU 1 5
1,3 s o Peak ID
104 Sge ~ 2
— - ™ - : .
5 2 = 1. Tartaric acid
0 ; ; ; ‘ ‘ - 2. Quinic acid
0.25 05 0.75 15 1.75 min —_
AU _ 3. l\/'lal'lc ac.ld
30] Cranberry cocktail 4. Citric acid
201 2 5. Fumaric acid
10 o
0 -
0.25 05 0.75 15 175 min
mAU |
304 Grapefruit juice
20
104
0
0.25 05 0.75 15 175 min
mAU
304 Orange juice
20/ ge |
104
0
0.25 05 0.75 1 125 15 175 min

Figure 2. Chromatograms of food acids produced on an Agilent Poroshell 120 SB-Aq column.
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Conclusion

This application note is a contribution to the development of
a rapid and precise HPLC procedure for quantitative
determination of organic acids in fruit juices under reversed-
phase conditions. Tartaric, quinic, malic, citric, and fumaric
acids were determined simultaneously and eluted from the
column within 2 minutes. The method could be used to
quantify organic acids in fruit juices. The column was also
shown to resist phase dewetting and be effective in a 100%
aqueous mobile phase.

mAU
A
8
64
4
. /\///w
0
AU 0.25 05 175 min
14] B
12
10
8-
64
4
24
0+
2 \
. min

Figure 3. Before (A) and after (B) comparison of two injections of fruit acids after
the pump was stopped for 18 hours (injection volume 3 pL, other conditions as
before).
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X

HPLC

Poroshell 120
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fe&

mRRH BEES B4

BEH BER HXA

L EERUASEESE . [ FuE
BRHS RS TN EATRE

2 EINARALR L, [HRED
Mt A R LT =

3. BEXF  PHSRAGYMRN

wE

W2 BR b 4B 5 R 30 ¥ b 4E K IR 8% (Bufo gargarizans Cantor) 5 & HE 4% 43 (Bufo
melanostictus Schneider) FHEEIRREKAKIR LA BRE , EMIFHERAA (1],
HUMFE, A5 BANE. . BH. 75, BO0MERSER. BROEELF
BAREHNEE. BIREE, HEXRZREF]. EPESBEENRR _HNE
LU EYE 40 7 [2-6], BIAAREFMEZHRMRS . BIRMEZK R SRR R BN
KRR EREROAEERAURRARAREEFEZNESEN., AT, BERAMK
NER BHREVWHERRRAARBERSEHNER MASER . URRIH
BARH TESMER. EF% . REERE - BUEBRBEAR ZRA T RERERHEY
o B R ATEBINERHIMELRNNETE, REF ISR HIKINRERNR
BN ERARERR  ARSEENAERERE TERENORE. FRRARASHREE
i (€A Poroshell 120 (RiEEHEBIEH) - SOWBUEHKA MW ER THRIZREENL
SYORAHRERRME PRI RERGY  KAME P 2FREH 24 Figsr %
MERERS  ARRERHEFEER SRR EESEERTRRYE TEIRIKIE.
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REBEN, 2 PFRE Poroshell SB-C18 R & 4 & &
S EE B (100 mmXx2.1 mm, 27 mm, % F Agilent 42
) TG18M FEE UL ( KIDEAMRURARAF MS2 B
HEtRAss (1 IKA 48] ) BYESE R (Gamabufotalin), Mg
¥& (Arenobufagin), #8& R (Bufalin), fE4ESHEIE (Resibufogenin)
FAEIESZ AR (Cinobufagin) X3 B ( B KZEHARRALGHH
R BHETE HPLC SHAE KT 98% ) 4EBR G (L KRIRRE
HERAR ). REMZHE (RiEH4, £E Burdick & Jackson 2
& ), BER (oand, TR ) SRAK B EkiIRE (%
B Mili-Q 227 ) # &a Bk, SEHMA%Y SD KR (FE
200~220 g, [ REEFZHEHL ),

1.2 @ik

Agilent Poroshell SB-C18 R i& 4 = & 5 s 7 48 & i # (100
mmx 2.1 mm, 2.7 mm); G348 A H7k (4 0.5% Bz ).B HZ k0
min,80% A+10% B;0-7 min, 5148 B M 0% F+ = 30% ;7-35 min,
Fzh1E B M 30% F+E 45% ;35-40 min, FHHE B M 45% FE
95% ;40-45 min,95% B;45-46 min, % Zh4H B M 95% P&ZE 20%; 46-
55 min, 20%B, FiE 0.3 mL/min; #EE 1 uL, BFUAR : B
Z (ESI) EBFE; BERE 4.5 kv EREFRE 80 V. S
71 :214 kPa; BB S [EH 55 kPa; R E :m/z 100-700,

1.3 R EHM

M SD AR 8 R R 12h j5, Hep 6 250 mg/kg FIRIERS
NEEBSE . 5 2 AEBSHRNAE . LR BES7
7210, 20, 35, 60 #1120 min FigskRMm , FREUMEL 2 mL, EN
TSER 0.3% FFRWARITIEEH EP & . EFikkr,

1.4 W 7%
1.4.1 B RAE
MmAEE 25 min J5, 1L 3000 r/min 2.0 8 min, IREX B
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MINZ 2 E2KZ B . ¥R 5 min, #7 10 min, 12000 r/min B
10 min, IRV EEE® . §HE—KR AR E S LRELEF
B REWT . BEYIN 200 mL BESARE , i 0.45 um JERE,
P

1.4.2 N7E

2 1.2 BEH1T,

HR5HE

B 1A AEREAEERITHEEFRAERIEE BLHH
B RILIERERE ESFEFERBTFRRBRREL (m/2),
FEH [34] ILER M HIEER S AERRE RIS F 24 MRk
“RAEXLEY. BMAYEE RS S WERBHA T
BERENHETES TR RS/ WBERH#EH m/z 58
HENHEFRAUER  FESHE C18 BEHENRERE. 5
SCHK [9.10] bE3R 34 24 MERTIFENERUESMHITTEE (K
B 2,
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HO

R: 2
[£,=CH; R.=R:=K.=H ;=0 R:=c-0H § R=CH, R=R=CHR=H

1
2 R|=EH_'; H.3=RJ=R5=R.-‘.=H k=0H 0 RL_Cng:'H R:_R3_R|_H
3 R=CH, Re=R=R.~H R0 R~=p-H 10 R, CH.OH Rs R: H Ry DAc
4 Ry=Cll; R=R~=R.=11 R;=0I1 Ry=0 12 R=CHO R=0H R=R~0
3 Ry=CIl; R=R~=R-~=R~=l[ R=[-0ll 13 R=CHO B=0H =H R=0Mc
6 R =CHO R=0OH R.=R.=F=H I K=CH, B.=H R~K~=0H
7 R=CH.OH R.=E.=R~R~=F.=H 18 B—CHO E-7R:H B, CAc
1l R=CH; R~R~R~FR+~H R=0H 19 B, CHO E. R; B, H
1d R=CHCO» R:=R.=R,=R;=H R.=0H 20 R—CHy Bo—OH Ro-H R.—OAc
15 R=CIL, R,=0ll R:=R.~R,;=R,=I1 21 R=CH; R.=0OH R,=R.=H
17 R=CH, R,=R=R~R,=R~=H R.=OAc 23 R=CH, R,=R,=H R, =OAc
22 R,=CH, R,~R,~R,~R,=R,=H 24 R=CH, R-=R,=R=H
B 2 HPLC-MS £EHIMERT Hifas — I MEF N B W41
Mg sE3H

B TRMNRHARE - Rk EEARORERS NERRY/E
M3 PiEss — FABER L SR E T ERMIH AL, X
REBFIRET (50 mg/kg) YEER S MERIREV R I SR MR e
CERRER ., REER . RA HPLC-MS 247, FIA &iERE
BiE. SoRRERENERS TENEL BTRHREN
EREET 24 MR " BNERLEY. FHERE. R4
BRI TER MR PR SRS —FNEEL S MR EEN Kb
.
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F A48 Poroshell 120 EC-C18 & ittit 4 $T 2 ch i

FIRAMRZEE

X
LC-MS-MS
Poroshell 120
PR F A

fe&
OB e
THAHAFRBRER

e

MEA#RE M IELEREEER, REERR, MREFLNEENRMLEY, B
RENESFELFHYERFERGATHERLY. MEEMERARSEENEREK
B, AKBRASFERREANN R, HITRKERANENREEEE, AMEAK™
£z, AXsERATPESRENERKBRTEUENCERARER AR
EM—NEEFT, RECQRRNHELR Poroshell 120 ZFIREEAERIEH, BT
HEBRRE. SHERNS S, NMEESIER ARESEN LHTHES TR TR
fEtE. AS{ER Poroshell 120 &ik#E, FRABMKARE - REUE, MEEFHAR
ERZEERTRN, ZAERGTRINDKER, KAURERE, B AEENIFE

HEEE
o
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MEERE
(ARNE -kl

HHEEE - BEREORTFOERBN, BEBREESETF (ES) FE
KSERZFHRE (APCI) J§, ®I{L (E Organomation 4F]) ;
B4izksg (Millipore 248])

MEFHRER (4 98.0%, Dr. Ehrenstorfer) , BIEE (i,
EE Merck A7) , Bl (Rikd) , BBREZH. SEWLMN
FEE (9d, mReFERH) .

1.2 @ik &H

L%, Poroshell 120 EC-C18 &4t (100 mm X 4.6 mm, 2.7
um), FEEIHE: A, 0.1% (v/v) RERKIATR B, FlE, HERMER:
0 min, 10%B; 3.0~4.0 min, 30%B; 6.0~8.0 min, 95%B; 8.5~9.5
min, 10%B, . 0.4 mL/min, HiBAHER, H#HEFRHA 25
1188

Bkt XA ESIE, EBFANKEN,; BiGHEE: 2500V, #
K 55 bar, #EISK) 10 bar; EMERE: 350° C,
MERRNRLEGY. BEF. 336 m/z, FEF. EHEFH

114 m/z, RifERERE 25 eV, EEEFH 349 m/z, fliEREE A 12
eV,

13 HEH R
BERRKE THEEEN RN RREE,
1.4 8%

LA SR AR S

MBMEFEMTERES, BCHE-K (46, v/v) BRHAERE
10mL, BEAk 1.0 o/LiRAEREEIR, FIKFEHRRERTE.

142 BatRETIER

FERRER—EER 1.0 o/L WREREER, B -7k (46, v/v)
BRFHRER 1.0 mg/L, RRENER, ARBFERITERER,
EHRETERR, REREEEN 2.0~100.0 po/L, ,
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1.4.3 HmAbE

FREVEE E e (5.00£0.05) g F 50 mLIIELER, MA 0.2
mol/L BERE iR (PH 8.0) 15 mL, iRHERS, FAHPERE
RTBETHOWEBOER, IMATER 3 mL BEE 3 mL ok
REAEREFRRERERMEY, ERRERHE1~2d/
s, A3 mLktME, FEEMALK, BEMRT, A 10
min, g/FH 5 mL& 0.2% (v/v, TE) RERAMFERRER,
SRR T 10 mLiES, F45° CAEMMKT, AFRE-
K (37v/v) ERZE10mL, T 0.45 ym JREESIHEEMF, #ik
&I - Bk IE.

1.45 ME

2125468117, URBHEREN, MREEER.

ER5 i

2.1 Bk SMRERE

Z 2 T Agilent Polaris 5 C18-A (100 mm X 2.0 mm), Agilent
Eclipse Plus C18 (150 mm X 2.1 mm, 5 pm), Agilent Poroshell
120 EC-C18 (100 mm X 4.6 mm, 2.7 ym) 3% C18 ¥, bb&R/F
AW, MEFKEFARM C18 £ LREBATEHA 2~3 min, BF
BN HE SR AR AR 7E Poroshell 120 # B4R B ] 4 5~6
min, EXEERMET, REMEEK, ERXFARAE, mA
RYERERS, FUEA Poroshell 120 ik, PR
FRERRIA RS EHE RIS E IR R it E R RS E,
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FHIREREA 2.0~100.0 po/L MRIIFAERE, FEEEMEL
SUMBEEGTHITE, IEFNMAEERAHNLE,
HRE IR EABAIRETERERA, A72A Y=-7167.59+319399X
(X RAMEFERKIRE (0/L)Y REMEFAKMIETR)  Hi
MAEXRE () >099, AEEFRPRMMERMTERE,
REVRLEHITIE, 27N 3 BERREL (S/N=3) 110 &5k
bt (S/N=10) BT F & HHe H FRFEZ PR, 4514 2.0 pg/kg #15.0
ng/kg,

2.3 kB iR e R e

SRS ERER, RMAMEERTER, FIKESHHH 2.5,
5.0%110.0 pg/kg, |AKEM 6 MEST, ELEWE IR, HRRA
x4,

x| B EREE R RAR

Table 1 Results of recovery and precision tests

Added/ Found/  Recovery/% Intra-day precision Inter-day precision

(ug/kg)  (ng/kg) (RSD)/% (n=6)  (RSD)/% (n=3)
d2d  3d

25 2.04 81.7 55 67 13 13

5 4.01 80.2 47 78 50 104

10 742 742 67 28 55 9.1

24 (R RIEHRER

RT:001 -1202 SM: 75
RT.233

100

o5 2 8

=]

Agilent Poroshell 120 EFI L& —— A4

INGE

B TemA R - SERAENESE P MEmRRENA
%, BRBTFRGREEENERFMAE T BRYRER X
BT REMAZRTH, Poroshell 120 EZERSREE,
EIER, ZHEERFNENY, FEXFRNIENSE,

RT:283

B e 2 88

=]

Thrme (i)
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Xiia
HPLC
Poroshell 120

R VN

fe& HE

#5E SRR L AR SO0 9o Z5 115 B8 170 BHAE 160 FE -3 A

S8 (A SEERAT RIS 14 =15 175 EEBAPEE . A FARNZRUBRRNELSY £
EEELHA (Claxo Wellcome) HIRARTFR 3T 1093 £HA LT , AHLEY
AR ISk LR TR, W Rk USP LA 1), BHRMA A RERnE
MEREEOREASTL, AFNEK, BAENARAEX, Bl BA%ERE
L (UHPLO) FURETRRAIET %, BB EAEAREKX KRR, EHH
EESBEHEEANEARAE BN SREREMTENTREE, BORES TR
MARAEEI. R ARBITHMN ) Poroshell 120 RARESIEEMIE, HTHAH
ERE. BHANES, ATEESTASIRIEEHN R TREMTOTRIEE,
A Poroshell 120 itite, FRAEMEREEN, HELFURHERNA N
DL, AR R T 2/3, —RHHTRE 26min, IERBETHENT,
D%,
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ME5EHRE

1.1 B 5iF

1260 S3iktE B (Agilent 7] ) ; ZHE (HPLC 4, £E X
NF); B (ARZ, BRAFIARAHE) KH Milli-Q Academic
RURGHE FEFNRRERENE (BR) HHBRAFRME.
1.2 By

Wik A—0.5 EFHEESIAE 1000 ZFkeh,

ik B—0.5 EFHELIMNE 1000 ZFHEEH,

ik C—0.5 ZFBERINE] 1000 ZFH K+,

TohiE: AARA. AR BMAKRCETERE, VERBEERAE.
{% 28. AGILENT 1260 HPLC, # Ui 4. 239nm, & i 4.
Agilent Poroshell 120 SB-C18 4.6*100mm 2.7um, #Fi&A4 1.0mL/
min, #i840°C, HBERLTER

RAERER
RiE] A% B% C%
0 50 3 47
10 50 3 47
15 32 3 65
p2! 32 3 65
26 50 3 47

1.3 ARt

EERRER. WHRAHES. SEARER.

1.4 {57 %

1A VR

O AR A SEH C SHAIRS, 045um JEIKIET.

B AR B2 mg MEMRA SmL AR A AR, fndmL
HIA® C, IBE, 0.45um jRRRIRI.

MR B Omg B SmLATAR AR AMR, fndSmLATERC,
RA1EARR, #AE1. 3.5, 7. ImL BERAREKA SARC
FUPIREARDFHRE 10mLAEA LRI,
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1.4.290F
1421EEM
14211375t

BERER 10u ENRERIEN, RRERBEZGNE, U
EEESHREEEANCER AN MIELI,

ZR. TERRETRESREENAELEMELR, *
R=EXMFHRIETH (A1) .

14225 B ERE

B RIAR 10p EAREEIBN, RREREIEZENE,
ESHRIR, ITEEFY FP-5 TRSNRZ AN BE (B 2),

wE ZIESH—IEABE LIS E—IEREE
1 12.74 13.97
2 12.36 13.93
3 12.60 13.89

14233 E
1423 1B%E-EEH

AR, B0, SEANRBEEN, EEHF6X. 2R
IEERFITE RSD,

HE ZUFIEER
1 5235.18652
2 5241.42041
3 5247.87256
4 5247.17871
5
6

5254.92920

5254.98145
1y 5246.92814
RSD 0.15%

14232 %K - PEEEE

EH =ML mA R R BR RS HE 3 ROAERE:
HEBRES—MIMARBH =RELRAR, FHRIE, KR
LR EEEMNAE 3 RAAMER, EREONERNEEERT
RAESLLFITERSD,
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HE R E mg/mL FIEFRES

1 0.229 99.3577

2 0210 99.6944

3 0.233 99.5753

4 0.220 99.2301

5 0.230 99.5443

6 0.249 99.4073
Ty N/A 99.4682
RSD N/A 0.17%

ZREWL

2.1 B MRERE

I}l Poroshell 120 # (4.6 mm i. d. X100 mm, 2.7uym) {EAHHE,
A% USP R R B #E 1T HPLC &ML, FREN,
ERATERGERLETHET UM ERERT 20min B
WNFE (FF) HBERFER: 30min THRUHRREF.
M ST L BB R 26min ERUET, XH, B MERNME
SREISHTRTIE 75 S4B 3) 4552 ZE 26min, AMURE T LIENE,
mET&E THENAER.

2.2 FERNEIER

221 REMRRA HHHITFERERSNEIERIERR, WK
[ A RIS IR A AR TS R AER X R H R FTF
0.99,

KE (mg/mL) UEEH

0.0506 1134.05945
0.1518 3439.47827
0.2530 5796.76221
0.3542 8011.57074
0.4554 10216.1000

22 HER B A2 B 72 Y=22514.67168X+19.47836
R?=0.99993

gE. AR HEREREEE 0.0506mg/mL~0.4554mg/mL 3§
NERIFEMXER, ARRIZAEXFRIMREX =R TE
R,
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23 FERERENRSRE
WERRAAER, ZRERE 1R, BICRERERRMEE

EER, REEFFERESKENERE, EXREKEE 95%-
105% Z 8], F3+& RSD E3k RSD A:kF 5.0%,
FE IEKE mg/mL EERKE mg/mL [EIEE (%)
1 0.0504 0.0506 99.63%
2 0.1548 0.1518 102.00%
3 0.2584 0.2530 102.14%
4 0.3587 0.3542 101.28%
5 0.4568 0.4554 100.30%
B SE 99.63%-102.14%
@ = RSD 1.07%

HFEE-RIRER, TEXRBIMERTERRLR, FiER
A¥&EARHHERHITRETESRIRIKRE, £FRRPZHEN
Bl 95%-10% 28, B RSD HAEX,

DRI )

T
zzzzz

A1 25

-

B2 R EE
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24 EREGBERENER
BIEEH

A 1000mL 7k jn 0.5mL R4Es, 0.45um JEREEHE,
B 1000mL FEErn 0.5mL B4E;, 0.45um JEREIEE,
C 1000mL ZfEein 0.5mL BEER, 0.45um jERETEIE.

{Xg&: HPLC, #ik4: 239nm, 4. Agilent 4.6mm X

25cm, Spm L1 By &iEsE, §iEA 1.0mL/min, 8 40°C, ¥E
RT%:

AAEEERE

i 18] A% B% C%

0 55 3 42
40 55 3 42
60 44 3 53
70 10 3 87
75 55 3 42

DADI A Sg=239 1 REF360, TFPO0000E]
B 3 [ USP 7%t 5
ING

KiERH Poroshell120, ZEEELEERMENREEBNLNE
AETNRERE, ZAENIMERERE. KFERED. D
ESHOHAHERRNKEIER, EROAER, RESTRE
BN TIERFR,

S

1. Fluticasone Propionate-usp34
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3 F Agilent 1290 Infinity & 48 & & 2 4 #0 Agilent ZORBAX Poroshell
120 2.7 ym BEH S RGN ZEPRIEY

fe&

Michael Woodman
ZREFEAH

2850 Centerville Road
Wilmington, Delaware 19808

EEd

HE

Agilent 1290 Infinity RIEBIERGESNRIBREMESRECEFHEAPAFEE
#hr, ST LHEZRGAL, EHNENERE (MEANRERRESGHES) |
FETNEREEARMEIERRENEIERE, ZREBIRNSELHNFRT,
FEEHAFENISEENSREE, XERIBEAERTHNERRRIEEEE,

REAR TR MEEEEXAY. HEKBEHYINLERFZELRANENS
REMXFFHTIR. REGYBTATRTRGAENEER, BEFITFSHNE
RERAZRHN, DEARAETERE, HABUNREREFERSHRBEE
RIZSMETE], AXRRTHP—LEAYHFRT —ME MS RENREIHS
BAE WEBXRHSHERN "GRRE" K, TEARERARESRER
ERHNSR, SHXEFRBTONN, BRNBEFRPOEXRRIERK, #6
HmREET BT,

ZEZEAEMEN, TUERFE. ZBIEARHAE, ULEHMAANTERE, &
X F 3.0 mm x 50 mm Poroshell 120 &34, 7 1 mL/min i TIiE1T 3 min AIE &
BE, AERELREAARNNOE ZRREREE, XAARE 5 min REEBIRE
BEEMABERN. B1 ARAZENRESBE—MARTEIRINELtE, B2 RS
BEHARRRY RSN RIEE,
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w

BEREBRAE, BERFRE, £
F 100 mm Poroshell 120 &iEHHIN 5 E
THEERAYIRERSY, #—5RBT
XRZRESWHRE, SHABEMRE
(LA 3) .

SRR, RAFE— O R
BRRAREUHERA, FAERR
RN PR AL &R

e
- EREZHSHA Agilent 1290 Infinity
ZITE (G4220A)

« Agilent 1290 Infinity B 3h i # 28
(G4226A)

- Agilent 1290 Infinity #8248 (G1316C)

@ik
ZRAZEARGHBRTRIEEERNY,
FEEMSE, TUERSENEEELH
BABEHRENE, FES 46 mm K
ZH Bl AR,

A 4 FiF, - Agilent 1200 Z 1% & F5 5 % 7 58
(G1315C)
- | Poroshell 120, 2.7 ym, 3 mm x 50 mm it wry 100 mm BIEHRRE Poroshell 120, 2.7 pm, 3 mm x 50 mm
o CH 48 30 C . HHURE 3 min AN 5% =1 550 mm EiEEERME i, HR 30 C. HHURE 3 min A
: E 90%, 0.05% BEAE, KE 1 mL/min, 1 ER, BESHEH 5% HE 90%, 0.05% PEEE, 7
3 BE, #HE 1L - “ | ||I 1 mL/min, ¥E, #HHE 1L
1 I O ot _J
: P 1) Nl w T Y FV7 ') I = P23 3 =
ol | e \ AW ! = § BEERIETRE 40% Poroshell 120, 2.7 pm, 3mm x 100 mm &,
1] T T i — . 8 30 'C, ZBEE 3 min WM 5% FHE 60%,
i ri T 1458 ° 1 = = ot \ SAIRE 4 min BFHE 90% , 0 1 mL/ min
= | / = ’U A |
L] [ [ A 1] ] i id i =
=4 grasksE I 30 °C 4* Poroshell 120, 2.7 ypm, 3 mm x 100 mm E&a‘ﬁ.
[ e 3 HIB 45 C, ZIBTE 3 min MM 5% FHE 60%.
i ( | - B0 SRIRTE 4 min BHFHE 90% , % 1 mL/ min
B T J ok | /'] \ ﬁ BRI
ab— 17 L |
. T T T F7 = T L & L3 £ = T T
A\
1 3
“Super Ick” medicated powder. BWEAGWEERSY (REREHS 59987-20033)
o] i ' Poroshell 120, 2.7 pm, 3 mm x 50 mm &i##E, 8 =] Poroshell 120, 2.7 um, 3 mm x 100 mm &3#4E,
n " 30°C , FHABZE 3 min FIAk 5% FHE 90%, 0.05% FE = el | 0 8 o GLI30wh [N BBGL1 TR
“ I W, T 1 mL/min, B, HREE 1L ps, I K AR 4 min BAZE 90%. ‘LISﬂ'Smm, briz =3 T
- | s H ) - = = | S J
o | Iy CERT e —
= | || | | | | Lllk l — o 1 1 P 1 P
oS WMV i Jungle|B & ﬁwﬁm r&lﬁmk |
r I I T '}E: q ‘Lllll!.l ‘
- [ ] I\ | \
o] TERRIEM: BRI < I e \ LA *J‘ 1!\ sl
- TH I H e v : = ; P
L] —
o [] | | amRs | ] H
EE Jll"“l\ \ | | l ,uE‘
=l L ’JULJ J'.JI ~ g = ] ST | i ) P .| '-JI,. o JL - M
£ T T = T Ay F=i 4] A} (] 3 B L] i AR
.
2 4
SERRE/ K/ PRREENER “Jungle” FHIEHY REMILTE
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{EF Agilent Poroshell 120 &L E DTN £ EHIFEEY% B

fe&

Anne E. Mack, James R. Evans
William J. Long

ZREBENF.

2850 Centerville Road
Wilmington, DE 19808

%H

=z

BRMNEETNEES ELMBNTFEEHNEERY. BATRDERSHEERTRE
K, BERAFEENAE. BEAAESESRRBETHENERESL, BRMTRENSRA
AHK, ARASMN KD ENREEBI S K. ATHESELSPNMBFNIE
RHLATM)RE, Bk DENSRREZEDZE®RY. EZITRECH—HEAR
& (RECHRYES 5990-4254EN) FMER THEREE Agilent 6410 Triple
Quadrupole LC/MS #2247 Agilent 1200 Series RIBRIEZ %, HELZENSEFS
HrepkiEf 25 MUAMEK A%, AFLLK(ER Agilent Poroshell 120 EC-C18 Bt ®
1t LC/MSs SEFMAREY (ZRERIHES 5190-0470) AT 25 MLEWHITT 4.
SRPRAESRE, HEMRERRE/ CRGERFHITERR, NMaEEairetE,
FRSPA TXFRE S LN BIEENERERS . KX 25 MEMFAEH TH
Ef%, 3#x $1 PERERRPHET T ERINEE .
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=L,

AY

mif

HFRESFAMBR LS, BmENSXERHENRK
#9 5 pm £EFLIERBR EEHEMT 2 pm £ B FUIERBH &l
R ESFLIERBH B IEERTES. BTRESFIANBHE
FREEEE. HENHRE, H5L 2 ym 2FABHEIEEAEH
MHEHL,

BRI B IR F R E S LA 8RR T RES
Mflmz—REZHET HHRE, XM TENRESIIAR
B EE R RERE (BERE) RIFET, ARESRX
ERRK BRI REN-2, BTAIMARBITENE
KERTH £ L7 QIEHEBERE S FUERTH &R, R
RS YT RIEHEKIRE, Fibsfddit Rt Gliags
ERF, RERREEFEE (235X1),

A1
_W dy? - Ly Fy

t
di? - L+ F,

Hef:

o t, Ht, AR ERAEREABERE (min)
- d, 71 d, HRIREFAER EMAEREE (mm)

o L, 1L, BRI EFABREHEK (mm)

- F, F1F, AR IRFFHEFHIRE (mL/min)

ERLBRT, RASAENTHEEHENERRESFREER.
REAEMRERYE, RESFIANTH EEENRERS TR

D 50%. AMARTURSFIARX—ABEMREREHTEE,

FEMBIREEN LROBATENMERRESHME, AR
EM/HEKEEAEREERER (A1),
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MR EEHER THERANN L EREE, HXAXORENE
TR, BLBEEENFEZEBHSEEENE, WRES
FLIERIBRL Agilent Poroshell 120 EC-C18 fifiEFn£ L7 ER
Bi#L Agilent ZORBAX Eclipse Plus C18 &igt. B 1 2R T H
EMRESNARELEL 90 MLEYET. Poroshell 120 EC-C18
BIEHEA Eclipse Plus C18 it R R HBMKRETTA. BHEX
ZH(RYRBESBIED, AHLER C18 BITHSHS EHE
EERHMBIRAREM, FRYH 1 RAFH L SASEEER
HERERM3-4], S, BERERAZAMEIEEHITINE, R
SASERH THUKEEE, EXHTREES LA, &
#c18 Bt HEYREB LR REERHITHEES.

FEBAREETTHER Poroshell 120 Bt 2 MN{AHHITE 24

A, ZAMZAAEEER 1.8 pm BEHE, EUEINR

REMARSE (WRY%S 5990-4254EN) FEER Eclipse Plus

BIEEHZERET T RN E5). RS 25 4 LC/MS i

FHSMREEY (ZERIMAS 5190-0470) RBMHR &L

AIEH#tE, £ Poroshell 120 BigHT 25 MLAMIHHILH T

AL, SRR S HEHTRN, RPHEXRATERE

TARE, WEXEMNEEE. FEZIEMA. PCP 1 THC, JL#

REFZNLHHEHERALE. REESLSRUAEETR

& LIRS, B4 ATM TS SR & Tk B f51E6].
L5, BEDNFEBEREE Poroshell 120 SB-C18 &t £,
—LANHM TIRIERESR, ST Poroshell 120 SB-C18 &if#

AERSRE TIET. MR MER ERmmEME RGN 2

8], Agilent Poroshell 120 &SR EAMARR) C18 EEHE, &

MEERMENRRLT R C18 BIEHMEE. AT Agilent

Poroshell 120 &iZHHEEE S1F+Z 400 #1600 bar, AT

KRS HPLC F1ETE UHPLC YIRS,
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Agilent Poroshell 120 EC-C18 fi#E & 5 Agilent ZORBAX Eclipse Plus C18 & il iEE SR F M

2.5
ﬁ y =0.990x -0.018
@ RZ=10.997
g 2.0
E
Es
gég 157 i A: 10 mM FEERE, pH 3
:,5 2 2 B: ZF%
Esl
gox BERF to B 4 5%, 7 2 min WFHE 95%,
ﬁ% 107 B 1 min
S
2 T 2 mL/min
’;_g 05 4 . 1 pLiRE 1 mg/mL FRERKAR
E’
0.0 T T T T 1
0.0 0.5 1.0 15 2.0 2.5
FRERIE] (min)
Agilent ZORBAX Eclipse Plus C18, 4.6 mm x 50 mm, 1.8 ym &jt
(REBML IS 959941-902)
TX TR B ZHRE DL-AAEE HEBREHT 1
88X E IEEES HEZET FighifA
Z RN REER BE_F HHERRRER ZREW
TERREENE M FEHE pisig BT R RERMF
T8 A E e —REEX B2 Z HEBLEFR WAFE N
REMFE R XF EEERFERKEY SULFTHIH
T RE R o -FEZE L THEFB AR L REFRR
TR A HIEE PERERE THER T FRI HERTEFAR
RS o -FEZE X FRERE EEEE LEA Y]
BERREE R 3, 4-ZFRERE B-ME—E2 HAEE
AR SRS 2, 3-ZHREXH ERER A E
T — R eS| 2-THERE PN HEREEZ
TR E{RER 2, 4-ZREXH LTEH DREAEEME
TEREN DRBERME 2, 5-ZRERH 2-BEIDRER 8%
TR INEERR 1-Z58 52 EEEK R HE T2
FHE RERE HERKE ARE KRR
ME TR d-EREH HEBLEEFR RELH
E(3 IEFET 3, 4-ZHRE1-FRER FEE Z Bk AER

B 1. {EH Agilent Poroshell 120 EC-C18 &5 Agilent Eclipse Plus C18 B4 90 #it & WHIRE R B = B
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ki)

AR AE & Agilent 6410 Triple Quadrupole LC/MS KJ Agilent
1200 Series ENBE N B EREEIE(RRLC) R4 :
G1312BSLE—TR, HEtE A: 85 0.01% FERI 5 mM B
BRI, HEhHE B: 25 0.01% FEMZEE., HERLE. t &
BiREA 10%, BHE 15%, BEHE 50% , REBEHE 95%
HFRE. HEEFAEEEMENTENE (X 1)
G1367C SL B B hik kit EeR(ALS), HEEE 1.0 L
G1316B SL BHB#E(TCC), BEIREH 60 °C 5§ 90 °C ({XFR
F Poroshell 120 SB-C18 t&if#)

G6410A Triple Quadrupole LC/MS: BEBFE AP-ESI, FI2SiE
EFFRE: 350 °C, 12 L/min, EXSEN: 30 psi, EAEH
E: 2000V, dMRM #&x, BFERMEK 2 iR

MassHunter 3R B.02.01. B.02.00 #1 B.03.01 9 3IAF
HiEXE. TEIWIEENHT

# 1. FRAEREMLRFZHTHSHREEETESH

AXfER T =MRER B,

+ Agilent Poroshell 120 EC-C18, 2.1 mm x 100 mm, 2.7 ym &
it (4S5 695775-902)

+ Agilent Poroshell 120 SB-C18,2.1 mm x 100 mm, 2.7 ym &
B (343 685775-902)

 Agilent ZORBAX RRHT Eclipse Plus C18, 2.1 mm x 100 mm,
1.8 ym BiEHE (FHES p/n 959764-902)

% 2 BRTRA Poroshell 120 EC-C18 &34, 0.5 mL/min &
SHERUEYNRERENEYE. €2 MRM BFEHEE. 7
BERBA 1 pg/mL MRERFERR, BWTREEREAR
(LC/MS SEFMXESY, RERIHES 5190-0470) , A BB
RERERRHERIRAERE. ¥ 1 DEERRT 7 mL BEE
i, 887 30 min NHIEHRAR. B, 2. FRNFRENE
Sigma Aldrich 4 & (Bellefont, PA), BEME Honeywell.
Burdick andJackson 228 (Muskegon, Ml), KEF7KHA 18 M-Q
Milli-Q 7k (Bedford, MA).

2.1 x 100 mm
1.8-pm 2.1 x 100 mm 2.1 x 100 mm 2.1 x 100 mm 2.1 x 100 mm 2.1 x 100 mm 2.1 x 100 mm
Agilent 2.7-pm 2.7-pm 2.7-pm 2.7-pm 2.7-pm 2.7-pm
ZORBAX Agilent Agilent Agilent Agilent Agilent Agilent
Eclipse Plus Poroshell 120 Poroshell 120 Poroshell 120 Poroshell 120 Poroshell 120 Poroshell 120

WEMRESH c18 EC-C18 EC-C18 EC-C18 SB-C18 SB-C18 SB-C18

R (mL/min) 0.5 0.5 0.7 1.0 05 0.9 1.4

10% B (min) 0.00 0.00 0.00 0.00 0.00 0.00 0.00

15% B (min) 0.50 0.50 0.36 0.25 0.50 0.28 0.18

50% B (min) 3.00 3.00 214 1.50 3.00 1.67 1.07

95% B (min) 4.00 4.00 2.86 2.00 4.00 222 1.43

95% B (min) 6.00 6.00 4.29 3.00 6.00 3.33 2.14

{Z1EATIE] (min) 6.00 6.00 4.29 3.00 6.00 3.33 2.14

JRIE{TRiE (min) 2.00 2.00 143 1.00 2.00 1.1 0.71

SIEIRATE (min) 8.00 8.00 5.71 4.00 8.00 4.44 2.86

TCC igf (°C) 60 60 60 60 90 90 90

HEE (L) 1.0 1.0 1.0 1.0 1.0 1.0 1.0

ZEEA (bar) 375 280 385 550 195 370 595
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% 2 25 1"EEZWLEEYES MRM transiton

R fill i i1 R EE
LamEn BEY HE FEF1 BEE1 FET2 22 (min) AREBEYiE
AE%E 300.2 158 165.1 45 58.1 29 0.89 0.4
BER 316.2 143 298.1 17 256.1 25 1.14 0.4
ZIEMAR 136.1 66 119.1 5 91 17 1.19 0.4
MDA 180.1 61 163 5 105 21 1.25 0.4
S 300.2 159 199 29 128 65 134 04
AR R 150.1 92 119 5 91 17 143 0.4
MDMA 194.1 97 163 9 105 25 1.46 0.4
+H5 335.2 195 184 M 156 53 1.66 04
*Th 150 66 133 5 91 25 1.66 04
MDEA 208.1 107 163 9 105 25 18 0.4
EER 3702 149 268.1 37 165 61 24 0.4
ERE| 304.2 138 182.1 17 77 61 252 0.4
TR 2482 128 220.1 21 174.1 17 259 04
H LR 3722 159 176 25 148 37 2.95 04
PCP 2442 86 91 s 86.1 9 3.05 0.4
b 287 150 269 12 241 20 3.66 04
T3 282.1 148 236.1 25 180 4 3.66 0.4
SRR 4553 158 165 37 150 45 3.75 04
FHF ¥ 321 102 275 21 194 49 3.75 0.4
ESUi 3102 112 265.1 9 105 29 3.83 0.4
R 309.1 179 281 25 205 49 3.84 0.4
Tl 301.1 117 255.1 29 177 45 4.05 0.4
£ 354.2 153 167 29 91.1 45 4.33 04
7 285.1 169 193 45 154 25 441 04
THC 315.2 150 193.2 20 123.3 30 5.4 0.4

ZRE5WE

B 2 RRT P. Stone FFRMIFEA Agilent ZORBAX Eclipse Plus
C18, 2.1 mm x 100 mm, 1.8 pm BEHHNBIN %, ZH
7 6 min WM, BIET 2 min, RHESN 375 bar, B 3BRT
%A Agilent Poroshell 120 EC-C18 2.1 mm x 100 mm, 2.7 ym
it TR—o#h, BF5 Eclipse Plus i8R AT
B FNEIEITHT E], TR EAIREZE 280 bar, RIKE 2 FE 3 R
BILHNEREXFERRER, B EEREME 1 BT
B, AR,
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% Agilent ZORBAX Eclipse Plus C18, 2.1 mm x 100 mm, 1.8 pm &ifik (ZIEBELHHES 959764-902)

x SITSEENRA L SMBRIE S
14
09 & Pmax = 375 bar
] i
0.8
ﬁ = & *

2k R
T
e

(&}
pu
sy

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56
NARIE (%) SR &0tE (min)

A: 27 0.01% FEH 5 mM FERRATR (1 LK +0.3153 g FERR + 0.1 mL BE)

B: &7 0.01% FEAMIZIEAR (1 L ZFE + 0.1 mL ) ; 0.5 mL/min; to Bf B 9 10%, 7€ 0.5 min WAZE 15%, HEE 2.5 min BHAZE 50%,
IR 1 min AHAE 95%, RIEHREF 2 min; $ 6 min BHELLIETT, FIET 2 min;

FEm: TR, A5 pLok, X 1 pL LC/MS FEFIREEY (45 5190-0470) FRARER: i#4: TCC=60 °C;

MS BFiF: BEE AP-ESI, FIESEEMFTE: 350 °C, 12 L/min, EXRSIE: 30 psi, EREHE: 2000V;

MS E£&: 317 MRM (MRM BFERBENE 2 FrR) , ERFER,

& 2. R Agilent ZORBAX Eclipse Plus C18 i, #HL% Agilent 6410 Triple Quadrupole LC/MS Hj Agilent 1200 Series B G5 ZE LA TZREL LC/MS FIE
FHABEYEE (ZIEEFHE 5190-0470)

% Agilent Poroshell 120 EC-C18 2.1 mm x 100 mm, 2.7 pm ik (ZIELHHES 695775-902)
. SHERFNR I EYBRASE

P ..=280bar

m

A+E

L

RERIEE

EETE

B i)

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54
WAL (%) 53R £ (min)

A: 2% 0.01% FEH 5 mM BERRAR (1 L7k +0.3153 g BE&s% + 0.1 mL BE)

B: 87 0.01% FEMZIERRE (1L Z8 + 0.1 mL &) ; 0.5 mL/min; t, Bt B 4 10%, /5% 0.5 min WAZE 15%, HEE 2.5 min HHAZE 50%,
RIEZE 1 min BAE 95%, SEHRE 2 min: $ 6 min BHELLEST, FIET 2 mins

HEa: B, 5 pL ok, #EL 1 pL LC/MS FEEMKXREY (84S 5190-0470) FRERAR, #4#; TCC=60 °C;

MS BFiE: BIEE AP-ESI, FIESEEMITE.: 350 °C, 12 L/min, SWHRSIE: 30 psi, EREHE: 2000V,

MS R&: 375 MRM (MRM BFEBEIR 2 FiR) . ERFER.,

o

x

e
T

B 3. R Agilent Poroshell 120 EC-C18 i1, 7BL# Agilent 6410 Triple Quadrupole LC/MS ] Agilent 1200 Series LC ZH_EATZIEE LC/MS FEZ LR
Y (ZHEMEHS 5190-0470)
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& 3 BRTXH Poroshell 120 BEHMTRIER LC/MS FEF
MXREYH 25 MLAMMBESE. IELEYYERHRE
MR, R2> 09979, BOEMIERTEENEET 1 HE
HIEREEIREY, BIEAMAEENTERINE 4 FR, HETHE

% 3 £/ Poroshell 120 EiEHAE 25 N EBEZMit (L AWK AR

LRMHESHENTFE, BEH. PERIEMA. PCP A
THC il sk, tesh, $HR E iz D8RR IFMBRR. S
§. MDMA. &&E. EibWtiFEE. £xiE EERNHDR
HES5ZHTMESR—H(6-8],

LamEn SRS HXZH, R?
TEE y=25.4023 x +3.1628 0.99990276
BER y=138.9535 x — 0.6269 0.99938632
SR y=196.3425 x +50.1606 0.99987385
MDA y=121.2945 x + 180.2165 0.99945701
S y=72.1351 x—8.1010 0.99964622
B AER y=286.7936 x +429.4970 0.99789141
MDMA y=121.4217 x — 55,0435 0.99874569
*TH y=110.8083 x — 65.1028 0.99914972
+ y=39.3465 x —9.5339 0.99964358
MDEA y=200.4804 x — 14.2886 0.99980092
EE y=18.2969 x + 0.4442 0.99987634
THE y = 295.8654 x —5.6261 0.99963342
TR y=145.0367 x + 17,2273 0.99986118
B y = 286.1986 x — 12.4408 0.99969366
PCP y = 287.4395 x — 24.8090 0.99989199
B y=14.7883 x—0.4919 0.99900677
T y=49.1750 x + 69.2747 0.99876656
BHRK y=273.3001 x + 17.3890 0.99986678
SR y=11.2911 x + 6.0687 0.99896851
£ y=439.7238 x— 6.7890 0.9997511
[OETEN y=80.2721 x + 18.5435 0.99969734
BOFEE v =70.9899 x + 15.5246 0.99976598
wEps y=243.9474 x —13.0696 0.99990655
i y=68.9622 x + 26,0608 0.99948978
THC y=3.1838 x—2.7072 0.99801611

HM—3KET $1 PEPRMHUNEEE, R MR, SH. PEREMRH. MDMA. E&HE. TTRE. PCP,
E0ER, TN THC #ITT EENE

x10? x10"

| 4 I
=3
| N Y
08 £ R ks | 260 f&HX
fer i \
0.6 ‘ ‘m |
‘ 2 ::2 \
0.4 ‘ ! I ‘
02 W yL by KB
)“\ 0 L A 4/
02 06 1 14 18 22 26 3 34 38 42 46 5 54 02 06 14 18 22 26 3 34 38 42 46 5 54
102 TARZ{E (%) S3RERE (min) WAL (%) SR 4ERHE] (min)
18 N AEBER B Tl B ST DR LERELABRIE o)
5000 1‘&.‘7}5{* AEE 573.29
1.4 L340 10.98
S 8.37
pt RERIEMA 473.42
! iﬂlﬁ# MDMA 19.31
HEE 7.84
0.6 ARE 84436.86
PCP 34.53
0.2 ESl 8.68
0 W 15.89

57.42

14 18 22 26 3
TEL{E (%) SR ERIE (min)

34 38 42 46 5 54

B 4. &/ 7 mL BB, 8F 30 min BR—KFENIHIRAIET S1 $EHBREINEEDTEENELR
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WE 5 Fi7R, ETF Poroshell 120 BIiEHARE EiE, E1E
it 400 bar MR ESKBECERZEENFHT, RETMN
0.5 mL/min 3Z 0.7 mL/min, FEEAREIE 600 bar KB HiH
BERZEAZET, RETRAZ 1 mL/min HTHEESER
o, FEARESRAEESMENR, RELNEEEEH.
EZZENET 400 bar B, Bis{TEEIBERID 2.3 min, HEER
GENET 600 bar B, RIE{THHEIATE D 4 min (4552 50% 1517
BHED) . 28K, TEKIEIEER D PEBRER, BER MS &
ERREMIRAN D R LRI,

3 H Agilent Poroshell 120 EC-C18 i, IRERE, TILRFEENMREZ 400 iF=Z 600 bar,
BEETEHE O E

0.5 mL/min, 280 bar (EI&4773E)

05 ) | \
| . ‘
A i
ol s s e e e e LR
3

TARE (%) SRERE (min)

SR EIAREE 50%

1
WARI{E (%) SRER/E (min)

B 5. XH Agilent Poroshell 120 EC-C18 Bittt, RERBMEENIEE 400 B 600 bar HERTIZE, FE THEEZMK A A YRAHE
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RERE A RERSENRE, TEREHT—TIEN, RiGd DEEXERINNE, SREREAMUENTELEHREES
WAHEMIZITIBER 60 °C, 2 Eclipse Plus C18 B  SWREHESRLD, NBETAMERNRE. —HEHEN
Poroshell 120 EC-C18 BitHMEFETRE. ATEZIMEE  HRAEMELIHER, A 100 mm 2 150 mm HKRAZIEINE
BHIRE KM TIEIT, LKA Poroshell 120 SB-C18 &Ik, H  REMBASHARE, BRABRKBITHERRERSRETIET.
BRIE{TIRE A 90 °C. B 6 BR T KF Poroshell 120SB-C18 &8 EAHTARERAINERABEZEMZENMNEIRT, BITEIL
EFNHREEIEST. XA 600 bar NREWMEZIT, IHE HHNEEREHEESHHE.

64.3%KIHTRTIE], ATXSBEIHE, X FHFEFNRALE

{ M Agilent Poroshell 120 EC-C18 ik, REREMEINGREEHIEE 400 5 600 bar HRHEBEREEN LR,
BEGET P irEtE

102
Ny | )

0.9 mL/min, 90 °C, 370 bar

ATEHEISERE 44.5%

1.4 mL/min, 90 °C, 595 bar

0s ( J

Y
A H | STHIRGEIE 64.3%
05 o » ;

1 15
WAE{E (%) SR HERTIE] (min)

& 6. R Agilent Poroshell 120 EC-C18 Ei&#, Bi1EE B EIGNFEEEI1EE 400 B 600 bar FIZFES LR, 452 THHTSEZ M 1L &R AR IE
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&g

A AEER Agilent ZORBAX Eclipse Plus C18 &Ikt 447
25 MEREUEYNERSMA ERBERE S AL BAIERE
Agilent Poroshell 120 EC-C18 &if#, KBEEREMMIER . B
RETAKENMATE, BT 1.8 pm Eclipse Plus C18 fitH#n
Poroshell 120 EC-C18 it EFRMIMEE MR, Elt, 3¢
TEEEZERST, TEALHEMATEHM 1.8 pm Eclipse
Plus C18 @it E 48 E#4& Poroshell 120 EC-C18 BikHHIER,
Poroshell 120, 2.7 pm B BIEHMITR EFFIETIRE ERAE,
EAEABEIEHHRAEEIE 400 bar HBEHEEIEESEN L
REOEZGT, ERESREUNBENTHE, XPHAETHTF
KRNFEENE $1 HELRBNLMERSY, EHhEFETFRE.
2Em. PEZIEMIA. PCP 1 THC,

SE

1. A. Gratzfeld-Hiisgen, E. Naegele, “Maximizing efficiency
using Agilent Poroshell 120 columns,” Agilent
Technologies publication 5990-5602EN, 2010.

2. V. Meyer, “Practical High Performance Liquid
Chromatography,” Fourth Ed., p 34, Wiley, 2004.

3. K. Croes, A. Steffens, D. Marchand, L. Snyder,
“Relevance of m—m and dipole—dipole interactions for
retention on cyano and phenyl columns in reversed-
phase liquid chromatography”, Journal of
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Chromatography A, Vlolume 1098, Issues 1-2, 9 December
2005, Pages 123-130.

W. Long, A. Mack, “Comparison of Selectivity Differences
Among Different Agilent ZORBAX Phenyl Columns using
Acetonitrile or Methanol,” Agilent Technologies
publication 5990-4711EN, 2009.

P. Stone, “An Application Kit for the Screening of
Samples for Analytes of Forensic and Toxicological
Interest using LC/QQQ MS/MS with a Dynamic MRM
Transition Database,” Agilent Technologies publication
5990-4254EN, 2009.

J. Qyler, W. Darwin, E. Cone, “Cocaine Contamination of
United States Paper Currency,” Journal of Analytical
Toxicology, Volume 20, Number 4, July 1996, Pages 213-
216.

A. Jenkins, “Drug contamination of US paper currency,
Forensic Science International,” Volume 121, Issue 3, 1
October 2001, Pages 189-193.

Y. Zuo, K. Zhang, J. Wu, C. Rego, J. Fritz, “An accurate
and nondestructive GC method for determination of
cocaine on US paper currency,” Journal of Separation
Science, Volume 31, Issue 13, 21 July 2008, Pages
2444-2450.



Agilent Poroshell 120 R XX & —— A 24T

RIER T ERB A ERRER Poroshell 120 &SR RE T A#1T
AB3H

3 HE

Rongjie Fu AXKEAEER 4.6 X 150 mm, 5 pm BEFHITASSTNERS EHBET Agilent
O (L) BRAF Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 pm BifH F, ALEEHRNERLT,
FEEEERERE 4125 EVEREMN 100 ZHMBEELRL 70 S8, MRRBSRE, EALES TR ET—F
B4 200131 BZE 25 DT, EATER, SREEETENBITS 400 bar, EEZ{ER 600 bar

f9{LEE, WRRF Agilent Poroshell 120 EC-C18 B Poroshell 120 SB-C18 3.0 mm x 50 mm
B, HERBTTH—SHE, RENREA 11 2%, WXBUEY (ASEH
Rgl #1 Re) MHBEA 157, Hib, ATFEEHMER 2 ym 8%, Eit, HEEmHIET

—_y—

BOHAEREEEN, EHMET 400 bar, EMZAEAIAESET HPLC X LIETT.
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B &

THASEFTFHRENSE, HMELURERTEZNARR
G, XFASKBTRETTHY, IMHHETREML:E
RRAG. ASHESEAENARLAEE. WREXRNREN
BE, HNRENRG S, NERHNSENEE, BTHERRS,
REFL, UMRPTEEZEEE; RIK0E, FEEFLE. T
MASHREENEEUENREAASEE, REASHANME
HIRTZE, [1]

EREAES, RASRRHEEERENEASHNIEAS
E¥H Rgl, Re f1Rb1 KIEE [2]. HMMTEER LR 4.6 mm x
150 mm, 5 pm Bi%HE, EHKIE 100 SHRIBERR. Eit,
BUERET—MIRER SIS 4TE 8 F R,

EAMRS, BE5HEEBEIRZIER Poroshell 120 EC-C18 F1
Poroshell 120 SB-C18 &g £. R Poroshell 120 2.7 ym
BIEHEARESAMEHER, FHESIRENS, BlsEX
MFIE 2 pm £Z7AMH, ZHFEREEIEHNKE. IEN
RiE@ANHITI OIS, ARENEIEEL, MARREER

EEERS

1200 &% SL iRiEBIiE R4 EE. —TR, HiBME (TCC), B
HREE BRI R —RERTIEZE (DAD).

AN TR Bk aE:

- RS ZORBAX StableBond C18, 4.6 mm x 150 mm, 5 pm
@it (E4S. 883975-902)

- R ZORBAX Eclipse Plus C18, 4.6 mm x 150 mm, 5 pm
Bt (4S5 959993-902)

156

« ZFEL Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 ym &
it (BHS: 695975-302)

R Poroshell 120 EC-C18, 3.0 mm x 50 mm, 2.7 pm &
it (S 699975-302)

- Z#FPoroshell 120 SB-C18, 3.0 mm x 50 mm, 2.7 ym &
it (545 689975-302)

ASEGREBTIHRHNESE:

1. FRE 1.0 g T,

2. B3 50 mL ZERZ BRTERICIRENZE AHEtAE 3 /A,

3. A, T, FERE, 2F, BRBUTE.

4. BIERBEHBMBN 25 mL B, N 20 mL 7k iFNEYIE TES,
HBAEZEE 30 9%,

5. WEEEEE, W& 10 mL ETER,
6. KAZZIETE, BBWMA 2 mL BEAR,

7. B 045 ym BEAHZIRE (S4S. 5064-8221) iiE, 25
EITERAERIE ST,

SRFE

BIBEABEHF Rgl, Re #1 Rb1 MEF X% Agilent ZORBAX
Eclipse Plus C18, 4.6 mm x 150 mm, 5 pm @i+ Agilent
ZORBAX SB-C18, 4.6 mm x 150 mm, 5 um @ikt L#T7ES.
ASEH Ryl EXWREIEH ERIZISERBE KT 9000, 2B
B#E 20 £4, EBHBZMASEET. BRETHEST
100 ¢4, WE 1 F7R.
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mAU +

o
o

=)
o

ES
o

N
o

o

O T Y I M M|

A. 7k B: ZF

R %B

0 19

35 19 1 AZEH Rgl
55 29 2 ABEHRe
70 29 3 ASEH RbI
100 40

1mL/min, 203nm

5L #H#, 30°C

Agilent ZORBAX Eclipse —

g P Rs,,=1.97

Plus C18,
46mmx 150mm, 5pm
i

N, = 9549

N & =2
o o o
N T S Y I N |

o

I
20 40 60 80 100 min

1 AZE# Rol
55 29 2 ABEHRe
3 ABEH RbI

100 40

1mL/min, 203nm

5L i#HE, 30°C

i%RBAXSE—UCW, 5 Rs. =2.01 3
omm e umm, Sum N = 9229

i !

I
20 40 60 80 100 min

B 1. #ZHEE Z0RBAX Eclipse Plus C18, 4.6 mm x 150 mm, 5 ym GiEHFIZIER ZORBAX SB-C18, 4.6 mm x 150 mm, 5 um G EIETASHIEERM T

Tk

WfE, B EEB 2 REEE Poroshell 120 EC-C18, 3.0mmx  MEREBHSBEAT, HEREMESEEHKESRILAITL,
100 mm, 2.7 pm BiEHLE, RETENARAZREUREE  WHESRHN 46 mm x 150 mm @i, EHERNEEETER

FIRMZEE,

1 /()2 =Fy/(n)?

Hrp

F| RIEER BIBHRIRE
F, RETBIRHRRE
r 2R EEHERNFE
r, A EIRERNEE

3.0 mm x 100 mm ®ifHE, BERRFEBESEERRI=02Z
—, HEGRELSRBEERETHE. UL EBRERE
100 2R D2 66.7 240, WA 2 7R, 174 bar RERNF—
& 400 bar MEMRERIEICRITRTINEZH, ZEBEEHE
RN BEMERBRMIL R AT EES.
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mAU Ak B:. ZF
] ET”Eﬂk %Bﬁ E7: 174 bar

0 19
80| .

Hl soor 29 © 1 AsgEng
] 46.67 29 2 ABE%HRe
66.67 40 3 ASEH RbI
0425mL/min, 203nm 1
iR 3pL, 30°C Rs,,=2.89
Agilent Poroshell 120 N =17251
EC-C18, 5
30mm x 100 mm,
2.7 um EEiktE

]

I T T T T T T 1
10 20 30 40 50 60 min

’

B2 REZEER Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 um B EMmE T A LA

HHEERTETE T =02 — o AtE, BMEEETAIE  Poroshell 120 BitHRITEEEMERMTEE 1.8 pm FHEIL
Mt BEMTERIE OB ERBEETNE-SRESWE  HNEER. FETFRE 1.8 pym ERREN @I, Poroshell
8., ERE—REEEN, $EEHRMIEMAREZIRELY, EHENERESRETHISRER, RERERRE 3 EHIHE,
A, YFAEPERNTERRRNZMER (M 0425 mL/min - EHBRERESN 174 bar BIXHE 3 &, SE KX 485 bar, X4
¥zl 0.85 mL/min) , AWHERSED—F. RERERN  ENMWFHZ 600 bar ENNBEHIATNESZH, EEZXHE
&R (B 3) AR ESH—F%E, ERABEMERE EMEE/ 600 bar ) SHRHERENIESRERIENT, It

WHSFRBREL, BAEREHSBEMERERMMALESL  WRRER 1260 Infinity KIRBIERE.
BEHEN. ITHRATRERESA 27 pm EHRHR

mAUT YA, k B, ZEE E7: 334 bar
N Fi 8] %B 1 ABE# Ryl
807 [1)1 67 13 2 ABEHRe
60 23.33 29 3
] 33.33 40
b 0.85mL/min, 203nm
20 iR 3uL, 30°C
E Agilent Poroshell 120
A EC-C18, 3.0mm x
204 100mm, 2.7 pm it
[]7_.

B 3. A Agilent Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 ym BitHERE & FHELE (EETR)

158



Agilent Poroshell 120 LI L& — ¥ 04T

mAU o
i A. %k B: ZB .
1 e %8 [E7: 485 bar
80 0 19
4 778 19
a 12.22 29
0714 1556 29
s 22.22 40
20 1.28 mL/min, 203nm
4 g 3L, 30°C Rs,,=2.10
b Agilent Poroshell 120
20 B EC-C18, 3.0mm x 100 mm,
4 2.7 um ik
[]7..1

1 ASEH Rgl
2 ABEHRe
3 ASEHRDb

B 3.

MARMRETHESEIER (B 4) fAESH, RA Agilent
Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 pm BiEHATUAL
TEANHRTE,

Agilent ZORBAX Eclipse Plus C18
46 mm x 250 mm,

5 um g

RH Agilent Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 uym GiEHEEGRE FHHEIEE

I T T T T T T T T T T T T
mAUS 20 40 60 80 100 min
803 Agilent Poroshell 120
604 EC-C18, 3.0mm x 100 mm, 70min
407 |8 2.7 pm ik
207
04 s
\ \ \ \ \ \ _
mAUS 20 40 60 80 100 min
80; ) Agilent Poroshell 120
607 35min EC-C18, 30mm x 100 mm,
e 2.7 um it
20
04
\ \ \ \ \ _
mAUS 20 40 60 80 100 min
803 Agilent Poroshell 120
605 25 min EC-C18, 30mm x 100 mm,
40 2.7 pm &
207
0:
\ \ \ \ \
20 40 60 80 100 min

B 4.
HETERE THESRBEE
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RH Agilent ZORBAX Eclipse Plus C18, 4.6 mm x 150 mm, 5 um &iZH7F Agielnt Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 um G
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ETF Agilent Poroshell 120, 3.0 mm x 100 mm €& & K5
HEEAETATHSZE (75%) MatretieE, mERARE
MetHsBERESH—TRE. ME, BXNAEEBIRE
1€ Poroshell 120, 3.0 mm x 50 mm @& L, NBEEE 23 &
, ABEHRsSASEH Rgl, Re N BEHIE 2.0, HFE
meE, THRABNE 1 4% (RERHENTSZ—) . 849
BEMESERREIRSETURTEESWE.

EEME, KRENREKXY 200 bar, XITEETF 400 bar {5
MEN LR, Bit £k, AIMER 400 bar MEEITX—RE
SBFHE, BR, ATERGRIEEER, RiZKLNeE, 7
ESUREELEEE, WREREENIBERE.

A: %k B: Z§
i iE] %B
mAUS o I
80 1 29 EN: 107 bar
ol || 22 10 | ABEH Ry
] 0.5 mL/min, 203 nm 3 2 ABEH Re
404 PR 1L, 30°C 3 A% Rb1
1 R4 Poroshell 120 EC-C18, 1 Rs,,=1.94 ABEH
20 3.0mm x50 mm, 2.7 pm ik, 2 N, = 9180
* M A
0
— — — — —— — — — —
2.5 5 7.5 10 12.5 15 175 20 22.5 min
A. %k B Z§
mAU— B ie] %B
80 E7: 207 bar 0 19
E 35 19
E 5.5 29
60 g 7 29
40 10 40
] 1mL/min, 203 nm
20 8 1uL, 30°C
] L Agilent Poroshell 120 EC-C18,
0] 3.0mm x50 mm, 2.7 pm i
T T T T T T T T T [ T T T T [ T T T
12.5 15 17.5 20 22.5 min
A. %k B: ZF
mAU M %B
] Rs,, =157 0 19
80 12
] N, = 6664 E7: 200 bar 35 19
60 55 29
] 3 7 29
40 1 10 40
B 2 1 mL/min, 203 nm
20 R 1L, 30°C
b Agilent Poroshell 120 SB-C18,
0+ 3.0mm x50 mm, 2.7 pm @itk
T T T [ T T T T [ T T T T [ T T T T [ T T T T [T T T T T T T T [ T T T T [ T T T
2.5 5 75 10 12.5 15 17.5 20 22.5 min

B 5. A Agilent Poroshell 120 EC-C18, 3.0 mm x 50 mm, 2.7 ym EiZ##1 Agilent Poroshell 120 SB-C18, 3.0 mm x 50 mm, 2.7 um BitBESHASHIELE
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&k

BASHASEFHNITAERNMESR 46 X 150 mm,
5 pm BILHERE] Poroshell 120 ik L, KAXTE T oA
8, BRtEERADEE. REMEZNSMEENETRN
SRR B EERRFOATAE. AL TEEANE 2 ym
ERIEZ ML, RESAM 2.7 pm FHIEFE M BIEHE T H
HBURHEE, ERENER. BTEARE, ZHETUE
400 barfi{ 88 LIE1T, BEMRERE B85 REGEIEN EATINER
BRMNE, EhmsTiAEEHIEN LR 600 bar.

SE
1. http://nccam.nih.gov/health/asianginseng/

2. Ginseng, China Pharmacopoeia, edition 2010
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1% F Poroshell 120 EC-C18 & 4% 5347 Naproxen:

tEREHRBSHE

131

William J. Long

Agilent Technologies, Inc.
2850 Centerville Road
Wilmington, DE 19809-1610
USA

mR

EBEZEH (USP) SLEAY Naproxen 27% » EEH Eclipse Plus C18 &#E Poroshell
120 EC-C18 &#F o {#F 4.6 x 50 mm FY Poroshell 120 EC-C18 &Eiihs » ZixANRE
PTE o BIRERSE AN ER DRSS 22% » BAEBREY -
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D
RAENKBNRARE NS AHFSZERENRERTA  EF
SRBEMARNARZE - ARV AEIRE  B7rEse > It

REABAE(E R B RORABRE TR (LC) o

EEZEH (USP) TIEADTE - EBAREREENSE REF -
i@ USP BRBEAE - LIFEBERMRM - FIL LB
FIRTHELLERE R E R - (RILE 1B TR USP 55 621 BRVEE » Ak
REX > BRAOEH - ABAINAZE - FAOMEHBOE SN
T EBHRE  BRME  TERRNAN EABE - #RHM
LYAMIRR USP HARMHNREER - BUEAMTEANRIEER
TEREEMBY - EREMLHILINIZE - BIENENN
i BB o

Naproxen BIFFEERE M A4 {558 NSAID - ELEEH
BT E - USP B35 —F&T Naproxen $EEIRY A% %%
FRF L1 (C18) 5 pm KIEHE o Naproxen RUFERBINE 1 FroR o

CHy

OH
OO 0

H3CO
1. Naproxen BI{LE4%%HE

ZiEfw Poroshell 120 B ABEHEER LC B+ » LHIEE

HHIRTE 2.7 pm BORE S A MERRHL - EHESE © SRR -

REBITE @ EFEEREN LC & FEASENFEA @
ERE ZHUE G o BRELL C18 AEAEE » C18 A—MRA L1 M8 -
1888 A E—FIAEEA 4.6 mm x 150 mm ~ 5 pm A3 L1

(C18) Ef: > MEBEE DM RE - BLL 4.6 mm x 100 mm >

2.7 pm RYZL#EfH Poroshell 120 EC-C18 &4 * K 4.6 mm x
50 mm * 2.7 pm BYLEE(® Poroshell BREDRIEITA  LrEH
&R o
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L

o R 1200 R ZTTEE SL BENMEA - 285 K - kBEEE
=500:490:10 * & AE 1.2 mL/ 98 BHADMTEEES
£ 2.2 mL/ 454 (G1312B)

il

- RiE®H 1200 RYIBENRESIEETES SL (ALS) * 150 mm EFEAY
EAER 20 pL s 100 mm BB 13.34 pL s 50 mm EREA
6.67 pL (G1376C)

- RHEEfH 1200 RIIERAERE SL(TCC)  JREFRTEA 25 °C
(G1316B)

- RIEfR 1200 RFIERITHIgH2S SL (DAD) » FRAERA
254 ~ 4 nm > AEE G1315-60024 #4778 K IE (Y& 5 mm >
AT 6 pL) (G1316C)

ZHE{f ZORBAX &#E -

- ®I¥E @ Eclipse Plus C18 & #& * 4.6 mm x 150 mm
5pum ' p/n 959993-902

- % & Eclipse Plus C18 & » 4.6 mm x 100 mm®
3.5 um p/n 959961-902

« R¥{H Poroshell 120 EC-C18 &#E » 4.6 mm x 100 mm »
2.7 um » p/n 695975-902

- R¥EfH Poroshell 120 EC-C18 E#E * 4.6 mm x 50 mm»
2.7 um » p/n 699975-902

PR Honeywell A7) * B8 Burdick & Jackson FHZER
(ACS) HPLC ABIRYERRE  kEEEE(EF USP/ACS #AEl » BEE
VWR A7) ; KEIRALIZEE Millipore Milli-Q REFHFEE -
BL18 MQ BIEZE 0.2 ym AJ7K © USP #RAY Naproxen » B H <E
WHIFEZEE ; Butyrophenone BE Sigma-Aldrich A7) °
BRRIEENE » 91K USP EMAARE - [1]
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PENHE
BECKE » KRKEEEE (500 mL:490 mL:10 mL) @ SETEENHE
(1]

EmE e

BREREELANZREEK (90:10) AEERD - B 5 mL £
butyrophenone » LIZFEFTERL 100 mL AOAIZES - BEL 1 mL
MRS - LZERR 100 mL 8937 © BIE ml (ZFH) /3
A > %8 0.5 pL &Y butyrophenone °

FETEFTEY USP R BEIZZES © USP #k Naproxen S BHIZ4 S
(RS) * BRAEIRAR  REMERE 2.5 mg/mL KA - BE
1.0 mL R LA & 2.0 mL HAREERAR  BIA 1@
100 mL MAEM  UUBEEREREERES - BEAMUL
AR &% 25 pg 9 USP #R Naproxen RS © [1]
ADNERBTRAEEK » 38R USP 241% » ENT < [1]

« 4.6 mm x 150 mm &4 - L1 E#E (C18)

« STHIRERIRE (N) T5448 4000 18

© DITHIRISER NIEE RIS ERITE - THER 11.5

USP STARE R EMBITHEEER X  RAZEREEE > AE
2 Ffi7R o {150 mm ~ 5-pum BB » EITAXATTA) USP 5
AR > B 9 DBERETR 1 X0 » EREAB /SR 6-7 X
D B9 DEEIE—REE  —REEST 160 X 0 —EESY
1120 7% o ZEA RN ERFES B - B AR HEER
% BHREIRSAERE o USP BETHRME 621 & HIAAR TR
B HE - IRHEE (2]

- BHRE £ 70%

-+ EHAE + 25%

o FIBTEMTERIA/ C ESHE/) 50% 0 TEIEA

. AR+ 50%

IBFERMEAMERE (SST) AUR%E - FrEEIAE

\
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- BHRE +10%

- TEENERI pH{E £ 0.2

© FIME (UV) RER - AEUEREREERE LM EE
- BERNEERE + 10%

B LREE R - 1§ T ME  BHRITHEN - BEH
ERERENE 0 B 2 ATRAY 4.6 mm x 100 mm ~ 3.5-ym &% >
R RITER SR 67% FBRRSER » BIBIER R 6 DiE5x
A e WANEANEZEMRE 46 mm x 100 mm* K
4.6 mm x 50 mm 8 2.7 ym Z$£ &% Poroshell EC-C18 EF ©
50 mm B {AERFHFEEER - BrIEBHEATIRE - R
RIRFEDTESREIAD 33% °

&7 %1E Poroshell 120 Sy E /) \AEERRREEE © W/ER
SEASRNRE - LR ZHRNERRE - ERNERE s
B 40 Hz o [3] BHAERDE I ASEETELHIRERE M
BAEFEEE » 5120 150 mm EHAEAES 20 Lo Bl 100 mm
BHAIAE  FEFAEA 20 X (100/150) = 13.67 pL 5 50 mm
AETEREEE A 20 X (50/150) = 6.67 pL

15 pm A9 L1 BHE - AL 2.7 pm RESAMTRIETRY C18
BHE  MERERADMNANBEERX - 100 mm REEH
STRE BFREMTER 2 5 5 50 mm REVEH - RIBRES
HUARY 4.5 fEIR > MMEETHEHERT RIEE -

HEhARANRARARARARE + 50% MEER - FitAn
WA RRASE 1.8 mL/ A - - MEEHNEIRREEE
RHRIFIETE @ BHETSRIRSHGE 100% (B 2.4 mL/H$8) » &8
SETREMANE R TR EREITI © [4] ARFHLERE
ERSEE—IRH -

3 B8/~ » 4.6 mm x 100 mm A)Z$E{& Poroshell 120 EC-C18
B IREIMEGAVEML o 1L 1.2 mL/ DERRE @ RS A
2 mL/ B - MEERBITERTEDENREKRNEE - BER
ARHFTE 400 bar LA - BISREIRS A 2.2 mL/ 78R » 3088
KEERERREMTEEX - (BERAMHEH 400 bar AP -
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PHEESR TN > 4000 - BRATERRATE (Rs) S8 115

mAU
30 - Z24E @ ZORBAX EcliPse Plus C18 &% o
26 4.6mm x 150 mm (L1)~5 pm p/n 959993-902 ¥ R
201 1.2mL/5)E o
}gj 50:49:1 MeCN : 7K : JkBEEE
0 LB 1 T T T T T T T 1 T T T T T 1T LI ]
1 2 3 5 6 7 8 9 NiE
mASUU | . %#E % ZORBAX EcliPse Plus C18 &HE -
25 4 2 4.6 mm x 100 mm (L1)~3.5 pm > p/n 959961-902
20 4 & g 1.2mL/5>$8
15 - 50:49:1 MeCN : 7K : 7k FtEE
10 /\ SEA13.67 pL
0 LB LI T T T T T T T T 1 T T T T ]
1 2 3 5 6 7 8 9 niE
mAU § [al (A =
30 N %1% Poroshell 120 EC-C18 &4t
25 | 2 4.6 mm x 100 mm (L1)~2.7 pm > p/n 695975-902
20 4 i 1.2mL/$&
15 50:49:1 MeCN : 7K : 7k BEEE
";* SEA13.67 pL
0
L T 1 T 1 T LI LI T [
1 2 3 5 6 7 8 9 niE
mAU S
30 3 %2 % Poroshell 120 EC-C18 &4%
25 g 4.6 mm x 50 mm (L1)~2.7 pm > 699975-902
o T 1.2mL/ 54
104 A 50:49:1 MeCN : 7K : JkFEER
5| EA6.7pL
0
L LI — L T L T LI L] T 1
1 2 3 5 6 7 8 9 Vax]

2. UBBZZAMENREER  RRAZAMBHTEER » 11T USP Naproxen S HEHIFER
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Z¥E & Poroshell 120 EC-C18 E4% > 4.6 mm x 100 mm >

PHEZER N > 4000 BRAERZARE (Rs) S/ 1156

= E 12mL/ 9
JEA 1334 L4k 4.6 mm x 150 mm ~5 ym S = Nap":OXfrﬁ%gszmﬁ
'"AZUD 1 2244 ZORBAX Eclipse Plus C18 AT A& 20 pL- = Butyrophenone £ N = 20676
- EFEKSF A = E(-40- <okt kit
0| PRAAE S04 MeCN 2K+ 2k BT /\ Rs = 17.04 - 238 Bar
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T ‘v T T T T T 1
0.5 1 15 2 2.5 3 35 4 45 g
g . 1.4mL/5}58
mAU = Naproxen AY N =20998
201 Butyrophenone A9 N =21730
10 /\ Rs=17.19276 Bar
0 T T T T T T ™
0.5 1 1.5 2 2.5 3 3.5 4 4.5 HiE
i x 1.6 L4548
mAU = Naproxen B9 N = 20108
20 Butyrophenone A9 N = 21996
10 Rs =16.99°316 Bar
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0.5 1 15 2 25 3 3.5 4 45 bax |
: @ 1.8 mL/ﬁﬁE
mAU 7 a Naproxen B9 N = 20125
20 Butyrophenone A9 N = 22024
10 Rs =16.93 351 Bar
D T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0.5 1 15 2 25 3 35 4 45 bax |
8 - 2.0mL/ 5348
mAU e Naproxen A9 N = 19296
20 Butyrophenone Y N = 21973
104 Rs =16.66 * 390 Bar
0 T T T L T T T T T T T T T T T ]
0.5 1 1.5 2 2.5 3 3.5 4 4.5 bax1
2 - 2.2mL/ &
mAU - g Naproxen A N = 18582
20 Butyrophenone B9 N = 21427
10 Rs=16.34 432 Bar
0 T T T T T T T . T T T T T T . T T T T T T T T T T T T T T T T T T T T T 1
0.5 1 15 2 2.5 3 3.5 4 45 bayi

3. 4.6 mm x 100 mm B)Z 4 Poroshell 120 EC-C18 &1F » LIZFE72# 7T USP Naproxen ST/ HIFEE
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4 BE7R 0 4.6 mm x 50 mm BIZ$E Poroshell 120 EC-C18 &
o IRERREAEL o tBIHE 1.2 mL/ D8RR RE A
2.4 mL/ 7§81  SEERFATEIERERMER - BEEER

572 300 bar LI
SEESR 1N > 4000 BRATEE (Rs) S5
IATEEK TN > 4000 BE4fE (Rs) &A% 11.5 2 mL e
Z{E @ Poroshell 120 EC-C18 4% 4.6 mm x 50 mm > - Naproxen BJ N = 11281
JEA 6.67 pL ;& 4.6 mm x 150 mm ~5 pm g s Butyrophenone B9 N = 12051
mAL]  ZeiEfi ZORBAX Eclipse Plus C18 &HEHYE AR 20 pL» £ Rs=12.63"133Bar
104 FAEEEAE 50:49:1 MeCN : 7K : JkEERE k
0 T T T T T T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 HiE
o 1.4mL/ 78
2 - Naproxen A9 N =10723
"‘Az%: 3 @ Butyrophenone A N = 11982
01 A Rs = 12.44 + 157 Bar
0 T T T T T T T T T A/‘\\ T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 Paxt
e 1.6 mL45E
5 © Naproxen BJ N = 10600
mAZL[J): = Butyrophenone A N = 12328
10 ]\ AN Rs =12.49 - 180 Bar
0 T T T T T T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 Parl

1.8 mL 5} §&

Naproxen B9 N = 10595
Butyrophenone A N = 12197
Rs =12.41-201 Bar

—_N
ooco
?0.664
?1 064

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 ax 1

2.0mL/ 5348
Naproxen A9 N = 10218

20 S Z Butyrophenone B N = 12215
10 JL Rs=12.38-222 Bar
0 S\

1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 eE

- 2.2mL/ 5%
. 5 = Naproxen B9 N = 9625
mA] 3 Butyrophenone g N = 11735
101 j\ J\ Rs=11.92245 Bar
0
T T T T T T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 g
2.4mL/ 5348
S = Naproxen B9 N = 9257
mAU S ® Butyrophenone A9 N = 11612
20 - !
01 A N Rs =11.78 » 266 Bar
0
T T T T T T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 g

4. 4.6 mm x 50 mm H9%4ZEfw Poroshell 120 EC-C18 &1t + LIEFEHEHTT USP Naproxen LRI E
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Ta

ERZZAMBERRIEAN LC B RTRANMTENEREA
8 AIAARES A MR TIRNZER Poroshell 120 &1 -
TEIERRBRNGS  EEEEINEE  BITERERE
19IRFRIITIE - ERR MR Poroshell 120 B4 » ATANRATE
B REREERELE -BERBEBEAME  NABREN
B RUBUNE) 2.7 pm FERITOIR - HEERERAMBRE

2E8H

1.

EEZEH Naproxen SEEINTE  (EEZEH 31 hR > EEE
FEE 26 FR) (United States Pharmacopeia 31 NF 26)
MEFMBTHEE (Rockville) - 2008 & ©

ZEEANIEEIMES (USP Method Validation
Guidance.)  (EBIZEH 30 hRIEH 2 REEFEA R
(United States Pharmacopeia 30 Supplement 2:System
Suitability Testing) 5 621 £ o fi ERMNBEH#F - 2007
Fo

William J. Long * Anne E. Mack * John W. Henderson,
Jr.o ({# B Poroshell 120 &2 # HPLC & % &)
(Optimization of HPLC Instrument for Use with Poroshell
120 Columns) ° i53R#REE 2080-9 ZEHREEEMNRFHSH
THESE 2010 F o

Uwe D. Neue ~ Doug McCabe * Vijaya Ramesh * Horacio
Pappa * Jim DeMuthc ° B EXURMEEN HZZEERTH
INRABEBHNE N EE EH (Transfer of HPLC
Procedures to Suitable Columns of Reduced Dimensions
and Particle Sizes) o Z%|5518 (Pharmacopeial Forum)
FE35M FE6E20F11BEI12H-

o
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[ FH Agilent Poroshell 120 SB-C18 & iZH s N B RPN ETE

fe&

William J. Long
ZREBBELR

2850 Centerville Road
Wilmington, DE 19808
£E

kS

B &mAMER Agilent StableBond SB-C184.6 x 250 mm, 5 pm I 4.6 mm x 150 mm, 3.5 pm
BIEENEEREUSMRTINE A EEBEER Agilent Poroshell 120 SB-C18,
4.6 mm x 75 mm, 2.7 pm BiEHER Agilent 1260 RiEE 2 BEREGIE L, RILHIEE
BE., #HERRE, ARES—RETNELEHNABERLRE. WEN Agilent
StableBond SB-C18 4.6 x 250 mm, 5 um ##{TEBAE, BERI 100 min &b
2l 20 min, FAED 70% KIAFIEFE. WRM Agilent StableBond SB-C18, 4.6 mm x
150 mm, 3.5 um HEH{TEBRIE, BITRTERA 67 min BDE 40 min, HRTED 40%
HIATITFE,
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=

AY

mi

HEZRABRMENEE, TR, EXATENENLRE. B
e, BEZH HPLC 1 HPLC-MS ST AT AR EK R
EOETE, HAHENERIRITRIELD.,

HFEEREARRAEUATRAGREER, B AMXTHEH
RAFEHARLR, BARPELA 300 EHAREHHETE,
AERR—REMAUSY, BT 20HHENSBMENR, &
MERX. Hh-3BE. B, ARMENERFEXR A
EMENEY, ENSHERNEMTHERRE.

LERNEMNEESN, TATENARNESRM, FEEE
NERE., BRIIRELESREEI T BHEN A L
. REMEFREAREAFN/ENERNMENHR, #ESI
ETAMIMEGESBENAE [1].

e L, FEXLESBERERRpH R (AFRR) S3lEEE
HRIBEMRIMSEFMEN [2]. Agilent ZORBAX StableBond SB-
C18 BikHREML ik TIEEIRME KRB RSP pH &4
THRBRES, FERENAEERAT 50 mL/L (5%) BERZ
30 mL/L (3%) WEERMITEIME. EXH. £ Agilent Poroshell 120
SB-C18 &iktE, FHiRILBIARRRIBIRNAE. KAXMHRE
EM-KRMBTHRHT TN, GFES. B, ME.
EEMARITE.

EIRER S
G1312B SL BLZ R, izhtl A: 3% BAERSY 5% FRERHIKIA
&, B: HE,
G1367E SL Bl BBk KRR (ALS).
G1316B SL BUHiRFE (TCC). REIREN 30°C,

+  G4212C SL BIZHREMFIKNE (DAD), HKIEEH 525,
16 nm, KERSLLKEK, EH G4212-60008 WEFE it
(Gt 10mm, FR 1) .

B.04.02 fRILZFTIEEE, AAFEH HPLC REFHITHIE
L3,

Agilent Poroshell 120 SB-C18 &i&#, 4.6 mm x 75 mm,
2.7um (&5 689775-902) .

170

+ Agilent ZORBAX SB-C18 &i&#, 4.6 mm x 250 mm, 5um
(#B14= 880975-902) .

* Agilent ZORBAX SB-C18 fi&#, 4.6 mm x 150 mm, 35um
(£B45S 863953-902) .

FEg. BERMWA Sigma Aldrich 247 (Bellefonte, PA); HEEME
Honeywell, Burdick #1 Jackson High Purity 28 (Muskegon,
MI); 18 M-W Milli-Q i@4E7k (Millipore 2%, Bedford, MA) ;
FEMNES. 5. BE. MENARTHEHMEE.

KRB FIE &

HRAHTRE: 10 g BF (FHEAR) . WA 10 mL B
(70:28: 2 W FAEZ: 7k: AER) . ZEFIKERSE 10 min, fEKFHE,
FREBR, B 10 mL FSEEERETITR. BERR LN G,
BT 02 um JEAETIE, B 50 pL ERILEIEN HPLC #THM
(4.6 mm x 250 mm @iEtE) [34], REHHEERNEFARE
B Agilent MS Analyzed BRI (BB4S 5190-2278)

AR 1 k* = (t,F)/(d/2)°L(A%B)

KA

t, B EIETHYE]

F i

L HK

dHNE

AyB BHEETERPENATISENEL

1ERTERA2%7LA5um, 35um SB-C18 BiHFiiEH.
REZFLEY Agilent Poroshell 120 SB-C18 2.7 um BikH 3 &R
BT EitE, #HESHERKEL. BTENES
HEKEEHE, BEmiheiLErEEEmAam 56,7,
Agilent ZORBAX StableBond SB-C18 &iti#t A 4i& B FAR{E pH
MBI, EZRTHIRET SRR, Poroshell 120 &
IERERG—EMENT, TiEE 18 um 27 BEHEREN
90% E&. 5P, Poroshell 120 BigHAIHRE 3.5 um Bk
AfE [67]. EXH, BRTM5um ERKKEIEHEIEEN 35 um
1E# LR EE Poroshell 120 B HAIN ATIEE, RIEE
IEHRKE (AEREAE) #ORK 1 HEMLAIEREREE,
EREEY k) REAE,
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1207 Agilent Poroshell 120 SB-C18, 4.6 mm x 75 mm, 2.7 ym
123; EERRY
607
40
20 15 pL
Ué I I I I I 1
20 40 60 80 100 min
mAU
1207 Agilent StableBond SB-C18, 4.6 mm x 150 mm, 3.5 pm
100
80
60
405 30 pL
207 H
0 I I I I 1
20 40 60 80 100 min
mAU;
1205 Agilent StableBond SB-C18, 4.6 mm x 250 mm, 5 pm
100
50 pL
I I I """ I I 1
20 40 60 80 100 min

A1 {EfR£EAMKEEF stableBond C18 BRI EFFEFEH AT, B FI% 250 mm 5 um, 150 mm 3.5 pm A7 75 mm 2.7 um £ 1 mL/min B9i75E

HEUEHTATHIEMEEE

BER FESRIZHERNERER, FEELERERR
PWHEES T (REZEER) , IETATHE, XBDTHE
FiEFE, RLUSIHTHRABENSH, BIEIM 97 min 4522ZE 29 min,
ATEERERT 2 um HiElR, FIAAEEFIMIHRGIE. X
LeiRpEt £ S LERM 3 um RIEEMIEE [8).

F£1. B 23 FEESENH I FHEZEH, KULGIHBNREE

Hi 4.6 mm x 250 mm 4.6 mm x 150 mm 4.6 mm x 75 mm 4.6 mm x 75 mm 4.6 mm x 75 mm
FRES 5 35 2.7 27 2.7

wHs 880975-902 863953-902 689775-902 689775-902 689775-902

iz 1 1 1 15 2

waiE 183 bar 236 bar 236 bar 349 bar 448 bar

HEE 50 30 15 15 15

% B Bfig) Big) B8] B Big)

23 0 0 0 0 0

26 35 21 105 75 5.25

60 97 58 29.1 20 10

[
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2 PRERLREERMLN, EZANREREERA, T
Agilent Poroshell 120 EC-C18 4.6 mm Bifi#, 7 15-25 mL/min
SEEINE, KEEHA, EREMKX [0, ALK 1 HREKE
A%, WAESBERE—, ENGIEEPHRR, EXHELT,
509 FAEEHN 2 mL/min KIRIR(EE LB R AE 448 bar, AR
T 1.5 mL/min B, EASRAETE 400 bar AT, SEWFFHAR
BEWR LR,

Agilent Poroshell 120 SB-C18, 4.6 mm x 75 mm (&}{42 689775-902) EERIY

2 mL /min 15 pL

I I I T T T T T 1
5 10 15 20 25 min

20 1.5 mL /min 15 pL

1 T T 1 1 ]
5 10 15 20 25 min

mAU;
120
1004
807
60

407
20 j\ 1.0 mL /min 15 pL

I I T I T T T 1
5 10 15 20 25 min

B 2.  {&A Agilent Poroshell 120 SB-C18 4.6 mm x 75 mm 2.7 um BB LR M AER T ESERYHEEENENELE
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3a AERR 1 FREA 1.5 mL/min FESTEFHREEE
. BRUPENEES. B8, MBNESHR 3, 4. A
BATEH—TRIE, TEZHE, N8 1R, SRNESHER
BIEEANF 20 1M EIEE (1670FiIE, 4 MME) , Kat BFARE
PR EFEMEREHESNESRM, LEESEHS (4.
EE5ZHREN—#, MERMIBERINEELE (10, NME
BE—LmEEMMS (cyd-3-gal, cyd-3-glu, cyd-3-arab, pnd-3-gal,

mAU
300
200
100

pnd-3-glu, pnd-3-arab), ESEEk 10. 11. 12 0 13 FHHH
KR, ESNNEERESEREHE—H. B 3o BRER
500 FRERRT, FHEEEEAEFREARATSEEMNER, RIGHE
TEA 15 mL/min, BEEEMANRNEEE. FERFNHLL 6]
ARNBERREFLR 2, BPRBRAEHERF ISRt
THESEE, ERRFEABMRELER, SANEYLEILLE
ESLEIDL:OR

Agilent Poroshell 120 SB-C18, 4.6 mm x 75 mm (&}{4= 689775-902)

Bt

0

0 25 5 15 10

mAU |
800

400

175

125 20 min

25

15

175 20

T T T I
min

At

L

T T T I
min

125

175 20

INT&

25

5 7

A\

15
5

T T T I
min

125

175 20

BE

25 5 75

10

A 3a.

173

T T T I
min

125 15

175 20

{47 Agilent Poroshell 120 SB-C18 Ei&HAT H,PO, BMFIXI T RIK G B E E R THE MM E MEEE
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Agilent Poroshell 120 SB-C18, 4.6 mm x 75 mm (£}{4S 689775-902)

mAU
150
100
50 BE
0 T 7T 171 1 1T T T 17 T T T T T T T T T T 1T T 1T T 1T T 1 T 1 T ]
0 5 10 15 20 25 30 35 40 min
mAU
600
400
200 m
0 MT T | R — T 1T T 1T T 1T T 1T T 1T T 1T T 1T l\“\\ T
5 10 15 20 25 30 35 40 min
mAU
60
40
20 At
0 T T T T T (R T T (R (N (I (I T T T T T ]
5 10 15 20 25 30 35 40 min
mAU
150
100
o AA N
] INg
0 T T T T T ] T T T T T T 1 1T T 1T | — | — T 1 \J \—Iiﬁ T
0 5 10 15 20 25 30 35 40 min
mAU
40
2] 5%
0 L\
T T T T T T T 1T T 1T T 1 T 1 T 1 T 1 T
0 5 10 15 20 25 30 35 40 min

E3b. £ Agilent Poroshell 120 SB-C18 &if#H1 HCOH BIMAISI T IR IS E R 1T BB e S

Fo E30 FASEXH 4 PHELEN, HUOEENFREE £ig

K 4.6 x 250 46xX75

e o careon SEMMLSTABEBERL, RSN HPLC EHFER
e 15 15 BAxsitts. RESLH Agilent Poroshell 120 SB-C18, #I
BEitE 274 bar 349 bar & 2.7 um BIEHHE S Agilent ZORBAX StableBond SB-C18
f{fi :;)n ;-?n HERARIBSEREME, 1£F Poroshell 120 SB-C18 ik EE &t
" - - 91, AREBERD B MERBREENFRTHTERR
17 10 6 2. BEX—SWMERAAXSED R 4 ZSMEENE MR
23 35 21 SEEE 1 /MEITHRENESHMEWER [10, 12] B, HNEX
ﬁ :j iz RESHBIANTEREREDBFEROEEM, ZRTLL

TEAEMERL RS BN ENESEN M. BRRIEA
RARARIMAE AT B R Bk R TR S M — S £,
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[ Agilent Bond Elut Plexa PCX 5 Agilent Poroshell 120 i bx i%& &Y
6- ZEfIDHE#H 1T SAMHSA #7/4H) LC/MS/MS 53#7

fe&

Irina Dioumaeva, John M. Hughes

Agilent Technologies, Inc.

=

HEEARAMERRERSEER (SAMHSA) 75, F 2010 £ 10 ARERKH
BN, R EBAMENAMRNIRESR LC/MS/MS EXNES AR NER#IT
Wik, BT LC/MS/MS EREETESR, B ER{ERR GC/MS EEERS,
BAMRE 7% R RH SAMHSA ENERH 6- ZBIBHEM A%, FFxtHLdE,
R (LOD). AMEMBRERTIONE, ExHZAEMERYR, EWMEKRNEL
BYEH#TTEE, XRHEFE SAMHSA BEHHREA M —R 51 M EERN T %
22—, GHEEEFER RS AT, €F Agilent Bond Elut Plexa PCX R &8
B2 & SPE IRHF. Agilent Poroshell 120 EC-C18 2.7 pm RE 7L LC &Ikt Agilent
1200 Infinity LC R K N ARRERBHTREAR (AJST) EREBRESFIEMN Agilent
6460 Triple Quadrupole LC/MS &%,
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S

Ay

mif

6-ZBEIDHES, 6- 2 ZBEADHE (6-AM) REEEHFHH—FKEY,

HEE (FZZEIGHE) 22— ioHE BRI RS F 251,
BEEEENBERZBLERRERHER 6-AM, REHEE
et AL, 6-ZBIEHHEINAZRAEERE, SBHRE
EERNKEERS. 6-AM FERNGEE 24h WEREPHE
H, EERETHEENRESR, 6-AM TIUE 7 XRAJLFTELKEA
MEE, £AFEPEMRES, 6-AM HIAARHEREEN.

SAMHSA SHHE 6-AM KIREREKEHA 10 ng/mL, E 10%
AR, B 1ng/mL.

BF Agilent Bond Elut Plexa M4HIMR, AXFHEENEER
BAEERT 6-AM ATERHNSEKEMNIZN, SHERGYR
MFIARE, Plexa FHASTRENZENRT, BRT5EH
RMEE. NIRETRMBEFMEERMESHRNREE.
EREMRFENMMNEN, TEEETEEHERNENES
i, HEAERSSHEENBEAL,

%A Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 ym BifH2
HTEEASREMRIFHNAEMNEE. 512 pm UHPLC BiEH
taL, ERTRESI 2.7 pm EEHI Poroshell 120 BiLH AR
HEHBMNEY, BERGEEANTRRKS 40%. BLEEZE
RVFR PZEME 400 bar EM LC 2E L XA ERHRERIES
SYE, FEEIRT LR S A B A0 AR A,

FHEEB/MIBERBEER (10 L) MEREENEHET, 25
WEHIEIRLL (BERRE 1 ng/mL B> 190:1, %R EH SAMHSA
HERERER10%), XBHETRAT AJST HAH Agilent
6460 Triple Quadrupole LC/MS R4 BERE R FiRILE TRIR
B,

ZRECURIRI 24T (B Moorman #1 Hughes 7%, 2010) f
EHIZ Agilent 6410 Triple Quadrupole LC/MS RZEMEEH
SPE/LC FmilgET R,

177

EERS
ST

6-Z B MOHE
HKAERH (LogP) 1.55
pKq1 8.2

6-Z BiGHE-D

B 1. 6-ZBtIHE A HH R AL

AR AERME Cerilliant 27, A1 mg/mL (6-ZEtADHEE) Fn
100 pg/mL (6-ZEAMSME- D) HIZHERR.

HESNE
SPE

Agilent Bond Elut Plexa PCX /M 30 mg, 3 mL (Epf45:
12108303)

Agilent VacElut 20 ZEETRE (R4S 12234100)
Agilent L (B4S: 12234520)

Agilent 2 mL BEhi#E=EHRM (BBHS: 5182-0716)
Agilent AS HRAUIEL M= (35S 5182-0717)

LC

Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 pm &i&#E
(ER4S: 699975-302)

Agilent 1260 Infinity LC 2%t (G1379B BB SHL, RIER
RFREREM 1312B ZTR. G1367E HEhift#EEE, G1330B
HRH)

MS

FHRMARRER AJST AR BEBEE FIEM Agilent 6460A
Triple Quadrupole LC/MS %%
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HailE
fighiE

£1 mL REHMNALR, EEREHD 20 ng/mL, EFER
12X75 mm WBRE ., M 2%FE 1 mL, iBE, EamERN

=
=1L

E-3:0)

1. B 0.5 mL BEEE X Bond Elut Plexa PCX /MiE, 28, #EiL

HBRE
2. bR/ mE LER

3. Wk 1: 1 mL 2% BEAR

4. 3k 2. 1 mL BEg

5. HEZ (10-15 =5kHE) £ET, T 5-10 24

6. 1 mL HEEHNEE. SEWXE (100:10) ARER, £E
ERRBREEERE M, KERRET (2-3 FEFxkH)

it
7. BSHF

8. B 1 mL#IaiFEzHE (10%HEE. 90%K. 0.1%HER) 4.

LC/MS/MS

LC &

RENE A 0.1% BEKAR

REE B 0.1% FERFERAR

Pt 0.8 mL/min

HEER KiE (2%)  %B
0.0 10
15 25
2.0 60
2.1 90
5.0 90
5.1 10

2 1ERTE) 5.2 min

JEIB1TRYE 2 min

RERE 400 bar

HREER 10 pL

BRI

3l A 75: 25 FEE. AKmiEHED 10 %

LB

2 iE B ER/MER KR

178

MS &

ES BFREH

BFRES EBT

ERERE 2,800V

FRSRE 13 L/min

TIRSEE 350 °C

EUSEN 35 psi

HEmE 12 L/min

WRIRE 400°C

A B R oV

MS S8

A MRM

FistTHIA SCP_MSDiverterValveToWaste()
{MH_Acq_Scripts.exe}

A A B #1: 1.2 min-YHREE MS

Delta EMV (+) 400 V

HR5HR

R pH RUET, 6-ZBBMAIBBRERARTE, ATAIHFHA
BB RE RS FRIBIERBS R RE T Plexa PCX
REMBMFL.

100% FEz Mk SPE ME, ATERABAERTFHME 6-AM K
k. ARES YRS F BB Z RS FHEER,
B—HRRIMABBIIERBK T, EREHAT, % 10% NH,0H
AEMARESR, MRS 6-AM MEKE,

Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 pm i LI
FRBHREAI T 6-AM HRES T, HAIRGRIFHIER (INE 2 F7
). AN BFRREREREVIEFILG (10%) KiKzHE, N
MERRIEBIT AR ER R PR X ME TR 2 5 TR,
BRERETFERTERRRRELRZER (03 1.2 9%),
MRERDBEFRSE, EF 1.2 DHTIREERTEZ LR
BIEIAFFIRHIERE. 0.8mL/min KRR LRBENRER
] FN &R A,



Agilent Poroshell 120 R XX & —— A 24T

Py

SAMHSA AEMNER 37 B S WA AR B AER -1 E
EEFHEL—EMEF. BERITPHNE=IEHREF (I
®1) EETRBEESHWENSN. Agilent MassHunter
Quantitative REFATEEITEEMEFILE, FHATRHIPLE
HATEZEENEF.

1. MRM B#EF

teh BEF FEY HIREBE HifERER
6-AM 328.2 165.1 140 40
6-AM 328.2 2111 140 25
6-AM 328.2 193.1 140 25
6-AM-Dg 3342 165.1 140 40
6-AM-D; 3342 2111 140 25

AFEXRB MRM &R, REAESMESDSRN, BAS
MRM B3 E— L AR NEE RS,

1 ng/mL M BIEEEEEEE 1901 (3B 2, LEMRTR), BRT
Agilent 6460 Triple Quadrupole LC/MS 2GR HI R, BEBIE
EA E AT T SAMHSA FREKER 6-AM (10%).,

Bl 34 H T 5 MREKTEMRBIRBERAE f 6- 2 BEIDHERIR 4 Bh
%, AAEEHE 6-ZBMNHER REF N 6-Z BB HEAR Em, B
BKRES 574 1.0, 10, 50, 200 #1400 ng/mL BIREFRERR,

RMFAAFR 6-AM-D6 BIIREH 20 ng/mL, &MEXERARSR,

R2> 0999, RAZFEE— N RENDTRELERNELN, &
& SAMHSA ENHEX,

HiEFN

%2 B ERNE I REISIR Z RHE Matuszewski & (2003) 12
HEENHEREIK, BEEATLFRERFEN LC/MS/MS &
WHEBH ZH#Z. LC/MS/MS XM RREENS BN
T: $—4H, BREREKEN6-AM FmBIRMRES, #E
HTER, FTRM, #HESW, F2AH, BRERERHEH
FHEHTER, ARERYANBRHERRER, 2EMA
6-AM #R/EME] 10 ng/mL, FATRG, HEST. EZHEEEM
FREMATREE (B EAAH), EHREH 10 ng/mL HIREIRE
(FENHEIER) .

179

%103 | +MRM (328.2 > 165.1) U4-01.d

R (1) =50.70; f5HELL (2.09 min) = 196.7

6-AM EEEF

08 1 12 14 16
WAL vs RERTE (55h)

02 04 06 18 2 22 24 26

x104
| +MRM (334.2 > 165.1) U4-01.d
R (1) = 196.92; fEKELL (2.08 min) =808.1

F

6-AM-D; EREF

08 1 12 14 16 18 2 22 24 26

WaRE vs SREERIE (540)

0:2 0:4 0.‘6

B 2. [RHGHRYE 6-AM (1 ng/mL) F1 6-AM-D6 (20 ng/mL) HJ MRM 125X
EFEEE ., KA Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 ym &i&
" . REKELIERMERE T

x10 4 6.AM -5 MREAKTE. 50 5 MREKE. 548, BA5/E. 110Cs
y =0.060882 * x + 0.011665
2 RZ = 0.99961057
=
=
=
=

150 200 250 300 350 400

WA (ng/mL)

0 50 100

B 3. KGR 6-AM BB EBZETH] . BASEREH 1.0 2400 ng/mL. %1
HEZHR? > 0.999

#2. 6-ZBIBHERHTFTFN, n=5
%

RIEHER 83
ZEE B 83
B 100
BT 106
BEE (V) 0.6
CREREEHTUE  REREN 40%EH4TUE



Ag|lent Poroshell 120 iL B XL & — ¥4 #h

IR (BIAEEWE) 2 SPE ZEUMIRM ISR &S
W, RENERSWYRIETRS ETERTEEMRE#HE
STRGERIEERMILE, ZEWEKER SPE AR
MEREEHEST, REHERITYNERRSELEEAZ
ZERVPA M AR R S AR B IR A R EEAE £ AT 3R 15 MO AR [ LS T AR
bL1E. ERMELE 24T SPE ZEENA Eﬁ:ﬁFE’HmEﬂ%ﬂﬂﬁﬁnn
RENERAMYRIEETRS EREmRE 2 Wk ESHE I

ERMLE. ARESEIRAERZITENIITYRKES R
MTEMEBGRIMYERNTERENILE, FEESERE
¥ (cv) AkEEESEY, ZXALMNEENTHETERET
DIRERERSH,

R2ERT 6-ZHBHRSMIRIE Y E (83%) 1R FHIER

B (106%) URBZEE (0.6%). 100%HERN N RBELER
FHEHENESERERING, ELTHESZ Plexa M EHIREY
FEELSE,

Zid

X B Y E A A B R A0 LC/MS/MS B IBLE A 24

FitE2BE SAMHSA EX, AMEERENGMNREEE
BEUERNAMTENNRBRSEEE. ERETNEHHN
BHEEYNNEEER. HEHEES 2011SAMHSA K
HEMRBERER, XEFESANAMERER 1100 FIREFR
1200 LC RIIMA R %, X LC ZFEMEEYABIE 400bar,
XAHERSHRECZENRN LC/MS RENBAT A, B
FESHTURES BN, RECHRETIEERFRAN
LC/MS/MS HiEREMEE N A EIES.
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1.

Anon (2011) Drugs Testing Book 2011.
http://drugstestingbook.com/

R. Baselt (2008) Disposition of Toxic Drugs and Chemicals
in Man. 8th edition. Atlas Books, Ashland, OH, USA.

J. Hughes and P. Moorman (2011) “Confirmation by Triple
Quadrupole LC/MS/MS for HHs-compliant Workplace
Urine Drug Testing”. Agilent Technologies, Inc. Seminar
available from www.agilent.com/chem.

B. K. Matuszewski, M. L. Constanzer, and C. M. Chavez-
Eng (2003) “Strategies for the assessment of matrix effect
in quantitative bioanalytical methods based on HPLC-
MS/MS". Analytical Chemistry, 75: 3019-3030.

P. Moorman and J. Hughes (2010) “6-Acetylmorphine in
Urine by LC/Triple Quadrupole Mass Spectrometry
(LC/MS/MS)". SOP, Agilent Technologies, Inc.
Publication number 5990-5857EN.

E. Rook, A. Huitema, W. van den Brink, J. van Ree, and J.
Beijnen (2006) “Pharmacokinetics and pharmacokinetic
variability of heroin and its metabolites: review of the
literature”. Current Clinical Pharmacology, 1: 109-118.

SAMHSA (2010) Manual for Urine Laboratories, National
Laboratory Certification Program, 1 October 2010. U. S.
Department of Health and Human Services.

P. Stout, N. Bynum, C. Lewallen, J. Mitchell, M. Baylor,
and J. Ropero-Miller (2009) “A comparison of the validity
of gas chromatography - mass spectrometry and liquid
chromatography - tandem mass spectrometry analysis of
urine samples for morphine, codeine, 6-acetylmorphine,
and benzoylecgonine”. Journal of Analytical Toxicology,
33: 398-408.
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[ A Agilent Bond Elut Plexa PCX 5 Agilent Poroshell 120 34 b ;%&b % fa]
F&ZY (DHEFT#EHE) #1T SAMHSA $R/4R) LC/MS/MS 7347

& HE
Irina Dioumaeva, John M. Hughes REEBYERSERBRRRZEER (SAMHSA) #ifm, F 2010 & 10 AERMHAE
Agilent Technologies, Inc. 0, AFEBMAMENAYRNIRERA LC/MS/MS ERIANSEMNRER. B

F LC/MS/MS EARFEMES R, FUETLNGIEAKN GC/MS ZERENS. KT
R T i R & SAMHSA ENERMF R XAMM A AL, HXTHEME, RUR
(LOD). AMEMBZEEHTIIE, EXHZFENERNL, FENERENSOERE
HTTERE, XRHEME SAMHSA BEAYRIN—RIIAMEERNAFEZ—,
B EEEERRERTRHTHHT, €4F Agilent Bond Elut Plexa PCX BAERES
] SPE #, Agilent Poroshell 120 EC-C18, 2.7 ym RE L LC &iftE, Agilent 1200
Infinity LC R R A RFRBFRHEA (AJST) HRABEEFIRR Agilent 6460
Triple Quadrupole LC/MS %%,
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By
W24 (IBERATFE) 2EZEMEEREZRNXAREDHE,
ARt R EERRIZHME XA, BT EHEFE
ERIHKN, SAMHSA EMEERZATAEMEZEILAYS
HEMEWLEN L BHEN, IEEMEULEMEEELER
BB K7 . SIOHEER, HIHEE . SAE. BERATER
MR ERTERE, REXEEYYTS ARN R 2K
BREER. RTEALBERAHER, EMNERTFRERE,
FETEHMA A RENRE, SRR EEY/BRTSHY
WFEBMHATLL.

HEAAFREGRSA 25, BHEFEREAEH-3-85
EERICH-6- FERER, THENEIERB~YWI0HE., 7
HRE--FEEERMEANERE, BFERKD LI DHF
FRHEIENFERTRESYNEAEE, Bl SAMHSA E
KNEE—MUEUNDRE, ML AEEERETREESY
TREGRAREEY. BREBHFMRFEANTEEUNRTE
WMERBEFERERKE. IEXERNBRECHIEITREREL
BYERTE, XAESSEBERAENER (Wang &, 2006).

mif

182

SAMHSA HMELHAAFEMN RS REREH 2000 ng/mL. H
FRitE—LREPTEHISRENMF£EY (TR
), BRIMEFEERAESAER 3mm id Agilent Poroshell 120 &
EHREE I REER SAMHSA FiEHH 2mm id BitH, 5
T 2 ym B UHPLC BiE#EHRLL, SERT 2.7 pm RE S LA
Poroshell 120 BiEHEFGSHBMMER, EHEEANHDT
A0%EE. Bk, EEE R T PR E 400 bar WEM LC 2% L
BEERAESNRERESHRE, BREEN TR ENETEE
A,

BT Agilent Bond Elut Plexa fYMR4F R, A XArHEEHIREA
ERBTOHMTSEERSHNERE, BEEHHF. TREER
BYBRMF, Plexa BN EFLRENERENRE, BETER
REE. NTRETR/MIBFIHERNRENRNRHEE.
ERENMRFESHNEI, FEGHTEEHENNERNES
i, #HEARE 55 EEEN ML,

ARNRRBEER 2 )L MEREENEET, &riEx
BHEFRTFESRE TRENERLE (FRIKE 200 ng/mL B
>150:1, ZKEHAH SAMHSA MEMRERER 10%), XEETH
BT AJST #RHI Agilent 6460 Triple Quadrupole LC/MS &
HREEFRLE TRIRHE,

ZRECUAI24AE (H Moorman #1 Hughes FF4&, 2010)
XET Agilent 6410 Triple Quadrupole LC/MS REMEEH
SPE/LC FRmKEIRIESE.
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ki)

ST

AR ERME Cerilliant 28, A1 mg/mL (BHE, AFEHE. &
MOHEER . ERAGE. SREH. B2, EDUEDH 3 -HER
L) #1100 pg/mL (MBHE-D FIRTHFE-D,) HIFEERR,

CHy
HO
et D A A15E-Dg
Log P 0.87 pKa 8.2 Log P 1.39 pKa 8.2
0
Hae”
0
ELL ERARERE SAm BEm
Log P 1.06 pKa 8.2 Log P 0.89 pKa 9.2 Log P 1.83 pKa 8.9 Log P 1.67 pKa 8.9

HO

DR
Log P 1.15 pKa 9.3

N
N
OH CH;

B 1. R EA TR ALEH
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eSSV E

SPE

« Agilent Bond Elut Plexa PCX /M# 30 mg, 3 mL (¥p{45
12108303)

+ Agilent VacElut 20 SEHTRE (R4S 12234100)
* Agilent BLERE (EBS 12234520)

+ Agilent 2 mL BE#HESEERE (F4S 5182-0716)
+ Agilent AS HmITIEL OME (B3 5182-0717)

«  Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 pm @it
(&0445 699975-302)

Agilent 1260 Infinity LC %%t (G1379B B SHL. RER K
REER 1312B ZtR. G1367E BHhitHE. G1330B #

EAE)

imFE

MS
- EANA AISTHARBEEEFIRM Agilent 6460A Triple
Quadrupole LC/MS %%

HmElE

KESHRTLE

1. 05 mL RBEFMNALR, EEIREH 1000 ng/mL; EFE
B 12 x 75mm WIS

BAN 125 pL iR ERES
EMHEE ST 95 +5 °C kfE 90 min
AE, SKEMA 2 mL 0.1 M BEERSHZE il (pH 4.5)

H 250 pL 7 M B KOH A #n, imne, WEE pH &, [/
T6

I 6000 rpm AIEEE L 20min

a &~ N

E-3:0]

1. F 0.5 mL BEEE Agilent Bond Elut Plexa PCX /M, 123,

REEEEAEL

LR mE EER

WL 1 1 mL 2% FPEAR

Wk 2. 1 mL BEE

FEZ (1015 Z5RHE) FH4T, #F 5-10 94

o R W

184

6. A 2mLMEEFNARE. SRLE (100: 20) BiKEK. £
FErRBERBEEREMIP, RARAKEST (2-3%
K HiE

7. fE40°C TEF

8. F05mLAMmRIE (5%FE. 95%K, 0.1%FEK) &%

LC/MS/MS

LC &

mEE A 0.1%FABKER

mahiE B 0.1%FERERER

Pk 0.8 mL/min

BEER RHE (980  %B

0.0 5
05 5
15 25
25 55
26 90
5.6 90
5.7 5

2 1R8] 5.8 min

RIE{TRTE 2 min

BRRE 400 bar

BT 2L

HREFFES

st FIFREE: 7k (75:25) migki#EEO 10 %

fadlaog 5y =2

) B ahRNER R

MS &%

ES BFRESH

BF g EBF

ERERE 3,000V

FRSRE 10 L/min

FRSEE 350 °C

EUSEN 35 psi

HERE 12 L/min

HRIEE 400 °C

T B R 0V

MS 8%

bt el 7% MRM

FusfTHIA SCP_MSDiverterValveToWaste()

{MH_Acq_Scripts.exe}

R IE B H#1:1.0min-YI#&EE MS

Delta EMV (+) 0V



GRS

AR pH &4, BHE, THERRETENHSRERDRFL,
NS e LR Bk (E B AsE PR B FRIREA R S R B
7 Plexa PCX BAMIMWMF L,

3 100% &3 SPE INEFTEBR A A ERFRMASIER
W R Rk. EENRREPHRNER, WS HHSE
FEFRREMAZENEFHEEER, AR THRERZE,
BIEE 20%SE N HARAMNE iR, MIREMAXAYNE
K&,

%M Agilent Poroshell 120 EC-C18 3x50mm, 2.7 pm BiiEAESE
R RANREBETRUESYNRENE, HRETREN
&R, ERSHTAIZE 2.5min AR (E 2 FiR), RiEGEES
BHARBREVATILG (5%) RIFEHE, ERETHEZEN
HEMMR S ERRETHRR AR, SA¥RETHRE

TRRREREERZRR (021 min), MREBRIEFESE.

1.0 min FIREEHREZRIERNEZRNZFRERERE.
0.8 mL/min BIRIE AT 3RS R 2 47 B () AN TR ).,

EE2RneEES, REUFENERUREX—X &g
(&4 7%5) o908, BETFRELSYRERRNEEFE
BET, BERTHEEENERTHFRESHEMETTEER
FHRERATLUHRR

EF—HXEAR, MK T Plexa PCX MMFIREFEFELB A
EREAHERATHFENTEYE. ARERIARYE: EFm
TERUFRRERNBERERH RO TER, BAX
ARALIRERA .

x10* | +MRM (286.1 - 201.1) [/ X & 473,247 200 ng/mL, /1 200EMV.d

Agilent Poroshell 120 R XX & —— A 24T

EHTTHRYNAE, EEERFR - HEERETF, BER
BrtEF ART (HEH) AEHEHE MRM ik, SR, —BEf
EFHANCENBHE, BH. THEREARTNEERSE
RIA[i@E & MA MRM #47.

SAMHSA ENZEX 2 B SHINRIR B RER— 1 E&E
BFHZD—"EMETF. BRMITINE=MERETF (K
NEETREESNE RS . Agilent MassHunter Quantitative
RUTESTEEEBFILE, HTMRHBLEYEZEE
HEF.

% 1. MRM B HIERESH

12 14
"5 vs R ERE (24)

04 06 08 1

e BEY FEF RpHE  iEsE
AfFE 300.2 215.1 130 23
A5 300.2 165.1 130 46
AHE 300.2 153.1 130 50
A[#¥E-D, 306.2 165.1 130 44
Af5E-D, 306.2 218.1 130 23
MG HE 286.1 201.1 130 23
Mo 286.1 181.1 130 40
Mg 286.1 165.1 130 43
MBHE -D, 292.1 181.1 130 40
MBHE -D, 292.1 165.1 130 42
Mo 3- H A R 4622 286.1 162 45
BEW 316.2 298.1 130 15
FENDHERR 302.2 284.1 130 17
B 300.2 199.1 130 30
ERAHE 286.1 225.1 130 20
SGHEER 286.1 185.1 130 28
2
3 6
7
4
Kk
_ N, _J -
16 18 2 22 24 26 28

B 2. TR 22 5 HBETHYHE Agilent Poroshell 120 EC-C18 3x50mm, 2.7 ym B EREHEN MRM BB FELRE, B TYERBTIIREYY
200 ng/mL. EREEEERITFRFS: 1. B, 2. FOHE; 3. SO, 4. AFE, 5. ZEAEFE (LAENME); 6. #£H, 7. SAH
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BE LRSS ROEERE, REPIMERKEHA 10,000 ng/mL KNG
HE-R-3-H A E T BT EMA 97-99.2% R AMHE, MOHE-R-3-3
BREEBRAMETAN MS SHIIFR 1 5, SHELBRNKBEY
ENPTARSE,

BHFAAFENEEIEERE R 200 ng/mL FIXSHERLL B
150: 1 (3NE 3, EEH 1 %0 2 EFTR) . XiitBA Agilent 6460 Triple
Quadrupole LC/MS 2&EF R BRI, 8EBIEE AT NIT
KT SAMHSA BRE R EHIFT 5 2540,

+MRM (286.1 = 165.1) L1-3-opiates calib 200 ng-mL, no delta EMV.d

%103 IBE () = 33.56; fRHELL (2.88 min) = 154.8

WA vs SRERIE (5344)

+MRM (300.2 = 165.1) L1-3-opiates calib 200 ng-mL, no delta EMV.d
x10° M@ (I§8) = 8.62; EI2LL (2.23min) = 3783

1 I
WARE vs RAERTIE (550)

+ MRM (292.1 - 165.1) L1-3-opiates calib 200 ng-mL, no delta EMV.d
IRE (i) = 58.20; f=H2EL (1.33 min) = 170.3

x103
7.5
51
25
2 3
WAL vs SREERTIE) (534H)
+ MRM (306.2 - 165.1) L1-3-opiates calib 200 ng-mL, no delta EMV.d
IEE () = 28.92; fERELL (2.21 min) = 369.5
x10*
0.5

1 2

MARL vs SREERTIE (544)

B 3. RiKERY B IBHES AT (200 ng/mL) FOMGEE-D6 SAT7EE-D6
(1000 ng/mL) B9 MRM 1EEREF&i%E, R Agilent Poroshell 120
EC-C183 x50 mm, 2.7 um EiEH, EEKELUNMERIK K ET

186

4T 5 MREKFRRBRIY PIREREB L, &
Eo A EEERERMNCHRTERRER, HERERES
%14 200. 1000. 2000. 10000 #1 2000 0 ng/mL B—RFIK LR
BERT. AMTRARAIRGE-D6 M FE-D6 HMIREN A
1000ng/mL, EMERFNELEXZR (R? > 0.998) REIZHEE
RENDSRETENZLYE, B8 SAMHSA ATWEX,

MR- 5 MREOKTE, A 5 MREKE, 184, R 18441, 500Cs

y=0.001727 * x + 0.040572
x10 1 R2=0.9985013

3 4
o
E 2
=
[

‘] 4

0 4

0 4 8 12 16 20 x10%
¥R (ng/mL)
FHE- 5 MREAE, /85 MREATE, 1604, £/ 16 1. 470Cs
x10 | y=0.001292 * x + 0.225659
4 R2=0.99932191

2 |
Bl 4
=
= |
= 14

0 |

0 4 12 16 20 x10°

i
W (ng/ml)

B 4. MIRBBIZERBIIGHE (ER) FORIfEE (TE) BR/EBLTH.
KESEE 200 Z 20 000 ng/mL, HMEXFES R? > 0.998



Agilent Poroshell 120 R XX & —— A 24T

FiEFEN

x 2 B ENE T REIEFR R RIE Matuszewski F (2003) 1R
HEEN T ER2N, EEATLRER TSR LC/MS/MS 7
WHEBH ZHEZ, LC/MS/MS MiMERREZERS BN
T: $—4, BREREKEHBEMATFRERMBIBERET,
SRIGHET SPE B, E1TRG, #HEENWT. F2H, BHERE
FIRERMNAEHTEN, AEERWBNBRIEERER,

ZEIMNBHER AT FREFRARE 2000 ng/mL (EIEZEBUEMER),

TTREG, EESW. FZHREEMGENBRIE (83
AR, FEHKREA 2000 ng/mL KIFRERE (REEMER).,

* 2. HIRERESFM TI R BLHHIA TR, n=5

o Ll A
RIEHE (%) 83 85
EWERE (%) 85 86
BERHM (%) 98 99
BRE (%) 108 108
BEE (CV) (%) 0.6 0.7

REHE (BEXEKE) B SPE ZXENMFRAYBE MR &GRS
. REMERITYNIERRS EXERORNR N EERE
AR GEHENETRILE, ZREKER SPE ZEEUNRHIF
HRKEERESH, RENBEFSTYMNERRSZIERAE
RN PR M AR R AR ER M AR AR AT R B RO AR RL S T AR
tbfE. BB SPE BB MR K RIRE AR

RGBT MIEER S HRE B MERE 2 RGHIE R
ERALLE, ARERBIRER LT RNOTIRNKE ST
NTEMEBRAMDERNTRRENILE. FEEAERZ
# (cv) RREEEEN, AXAIIMNEENTEIETEHRE

R2ERTHEHAMTHFEANSRIEKEMSLENE (4
85%). EERMN (98-99%) KRB 1- 2% ESHTFEFM
HERTMK, MTIERR T4 Plexa WM FAL BRI AT
SMMEEE, AMZAEEESERE (BRYRENL10%2
M) FREFHIREZE (CV <1%),
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Gk

AR ERERHERSES LC/MS/MS KRilIEE &SNS
WHETLERE SAMHSA EX, AHMNEZRENHYNNEHE
EERNERNSTREN L RESER NG FELNNE
RER, EEHEES 2011 B SAMHSA FiEhHERNRBER
B, XEFHRER AR 1100 FIREER 1200 LC RIS
BRFE, XL LC RGHE EAREBIT 400 bar, RKAHENSHNR
RR=ZEMRHT LC/MS RER AL F LN, BFRESHTUMR
A SMHITIEN . RERRHLIZAR TR LC/MS/MS $iiE
REMEENTHZE.
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Department of Health and Human Services.
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[ FH Agilent Bond Elut Plexa PCX %0 Agilent Poroshell 120 3 g i%& SR
ZINFIngd 1T SAMHSA #7/£H/) LC/MS/MS 447

& HE
Irina Dioumaeva, John M. Hughes REEBYERERRRRZEER (SAMHSA) #ifm, F 2010 & 10 AERMHAE
Agilent Technologies, Inc. 0, AFEBMAMENAYRNIRERA LC/MS/MS ERIANSEMIRER. H

F LC/MS/MS EARFEATERE, FUETLNGIER GC/MS ZERESS. R
RY T — ik R SAMHSA ENERMEAFRFENAN T E, FIEEME. KR
(LOD). AMEMBZEERHTIIE, EXHZFENERRL, FENERENSLOERE
HTTERE, XREEME SAMHSA BEAYRIN—RIIAMEERNFEZ—,
B EEEERRERTRHTHHT, €4F Agilent Bond Elut Plexa PCX BAERES
] SPE TRMI, Agilent Poroshell 120 EC-C18 2.7 pm RE S, LC &4, Agilent 1200
Infinity LC REM R A RFRBFRHEA (AJST) HRABEEFIRR Agilent 6460
Triple Quadrupole LC/MS %%,
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By
KIRFIE (PCP) BR—HMEMAY, HNBERKREAN—F. H
BAMMMEEHERAARBA, HEESHER, EAXMA
EER A AMRE ., 5-20%8 PCP WURE R 247 =X R i o HE
(Baselt, 2008). Elt, EMAMERMEABTHENZ, T
FBINEEREY ., BANGYWENEX AT ERE DR
2l PcP, EEYHRPENREMERE. 258 PCP WA RRERT
MefEE—E, MENE 4 °C AR THEEHIEFEK,

FRFIRE - 3REN, BF—1FEF. M H2RFAT—
MREER (WNE 1 FR). ER—MBEENE, LTE23ERE,
HEREM logP ., 4 4.69 (Drug Bank), SAMHSA RETHIE
FRFIRMRSREREH 25 ng/mL, E 10% ARAE, B
2.5 ng/mL,

BF Agilent Bond Elut Plexa R FIAIIR4FIERT, ARSCATHIART
BEIREUA IS PCP B BRI, BESHIF. FGH
EREWHRHMF, Plexa BN AEFLRENZEAURE, BRT
ERARMES. NTRES TRNHBEFMHERNEESHEIR
HE., BRENRFESHHIH, TESETREHENNE
REN, FERE 55| EEENATHL

BIEETEAESTEMMEN B MEEMN Agilent Poroshell 120
EC-C18 3 x 50 mm, 2.7 pm Bif#H., 51 2 pm UHPLC &iL+EiR
tb, EATREZA 2.7 pm FHRIK Poroshell 120 BifH5HA
BHRMNEY, BEENRDT 40%45H, Blt, EEERTH

mif

PR E 400 bar (EH LC R LRAERHRERRS HPE,

F EI At 4545 2 4Bt [B) AN FF T (7R ig)

FHEER/MIBERBEER (2 L) MEFREENRAET, ¥5
THRERERLE (HRIKRE 2.5 ng/mL F>200:1, ZRER
SAMHSA MIERERER 10%), XEBHTRAT AJST HAK
Agilent 6460 Triple Quadrupole LC/MS R %t BRI E B F iR
TRNREE.

ZRECUBIA24A%E (H Moorman #1 Hughes 74, 2010)
XF T Agilent 6410 Triple Quadrupole LC/MS Z&FEEMH
SPE/LC F=REIRIESR.
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M
g
s
D
O D D
; )
D
D
FIRFINE FIRFINE-Ds
Log P 4.69
pK, 8.5

B 1. FFFIES Y REMNZLEH

AR ERME Cerilliant 27, A1 mg/mL (FIFGE) F0
100 pg/mL (KIFFIE-D;) HIREAR.
ME5E

SPE

- Agilent Bond Elut Plexa PCX /M 30 mg, 3 mL (45
12108303)

« Agilent VacElut 20 ZEETRE (§F4S 12234100)
« Agilent BILHR (F4S 12234520)

« Agilent 2 mL BahitHESHEmI (345 5182-0716)
G LR/ (BES 5183-2072)

« Agilent AS M2 OME (EP4S 5182-0717)

LC
« Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 ym &i&tF (&
45 699975-302)

« Agilent 1260 Infinity LC &% (G1379B BB SH. EBER
IR{KIRAT 1312B ZtR. G1367E BEhi#tkERE. G1330B
B

MS

- BHNAAISTHABBEEEFIEN Agilent 6460A Triple

Quadrupole LC/MS %%
Bl
FihE

£ 1 mL FREFINRAR, EEREH 50 ng/mL: HEFER 12 X 75mm
WEEAE. N1 mL2%FRERAR, ime; MRARERNEL,
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E=4:] MS £
1. B 0.5 mL FBEE Bond Elut Plexa PCX /M, 33, i  PExE MRM
HE%EH HE(THIA SCP_MSDiverterValveToWaste()
{MH_Acq_Scripts.exe}
2. b/ mELER A EER #1: 1.2 min TR MS
3. Mlﬁt 1: TmL 2%@@’5;‘5;‘&' Delta EMV (+) 200V
4 WIE2: 1 mL R ZR 5

5. EHE (1015 XTRH) KT, #T 510 5% ERMERT, ERARNAREARTL, AHAFNTIE
6. A1 mL HBEHNZERZE: FEE: S84% (80:20:5) B IHEKERSEREFRRERESYUHREE Agilent Bond
WA, EEARREATEERENIS, REREE Lyt plo PeX BLMBHLE,
T (2-3 ®RE) Mg
] RERF F 100%FE2%R SPE IMEFT I BRI BB T T PCP
e ) WK, MANERESENER, LR SRR
8. 1 mLAIMAREIHE (10%HEE. 90%K. 0.1%HE) 5 IR MBS FHREER, ERSEBZE . B5% SEKE
AR Z R Z Bs-FEE (80:20) H, LIRS PCP MmEUEE

LC/MS/MS
LC & XA Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 pm Bi&H A
FEA A 0.1%EEARR SRR BERYPERFIGRRESE, HURERFOER
A B 0.1% BB FEEE T (NE 2 ). REEESBEEXBREVAALSG (10%)
TR 0.8 mL/min MmshiE, MMERERMBRENHEERERS EERETHE
BEERF gﬂ‘gﬂ (5%h) ‘1%03 RHEHIER. BAERETHRHERRAEREELRERR,
05 10 MREBDEFRTE, £5 1.2 DHRHREERRE Z Rt
;-g] ;g MERHEZIFHHIERE. 0.8 mL/min HRETKSREN SN
55 90 gl R i T8
551 10
&R 5.6 min WREA 2.5 ng/mlL #mEiLE(NE 2, EEATR)KEREE>200:1,
[RIE(THIE 2 min ZEER KR Agilent 6460 Triple Quadrupole LC/MS R EE1E
BERE 400 bar SHMRE, THTRUZET SAMHSA MIZEREKER PCP
AR 2pL (10%). FIRFERTRKMERE, SHRMEEZEERAMLS
iy L. ABRZNEE, BRINEFERSUEHHFENIMITE
o Fi7e: 25 R, ARRRR 105 SHADATNGE, S RERER TR EE TR AR,
:ijﬁm s MREE, kstRHETM 10 BEME 20 B,
MS &
ES B¥ RS
BTN EBF
ERERE 3,000V
FREERE 10 L/min
FRSEE 350 °C
EUSEN 35 psi
HSRE 12 L/min
HRRE 400 °C

T B 0V
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+MRM (244.2 > 86.1) L1-1-PCP-r001.d
B (&) =67.38; fEKEL (2.80 min) =213.7

x10*

PCP &I
05

A
WARL vs RERE (5%h)

+MRM (249.2 - 86.1) L1-1-PCP-r001.d

105 RE (I#E) =265.88; MRtk (2.80 min) =1037.4
x

2] PCP-D, £RIE

2 T3
WAL vs FERE (54h)
B 2. [RiGZERYH PCP (2.5 ng/mL) F1PCP-D5 (50 ng/mL) B9 MRM 8 E
FeiEE, XH Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 ym Ei&H,
IEE KLU R E T

SAMHSA ENZEX 2 B SHHNRIR B RER— 1 EE
BFHZD—"EMETF. BRMTINE=MERETF (X
NEETREESHE RS . Agilent MassHunter Quantitative
BUTESITEEEBFILE, HTMRHBLEYTEZEE
HEF,

3ALNMREKFERRFRENRBENFERNIRARL. B
R PAERERIN PCP iR R, Fl&RENHA 25, 25, 100,
250 #11000 ng/mL KI—RFIREIRERR. HMTARREE PCP-
D5 H9iKE A 50 ng/mL, R2 > 0.999, &MXEREF, RBiZFHE
ERENFSRETENZ L, 6 SAMHSA ENKEX,

x10_ PCP-5MREKF, £/ 5 MREKT, 22457, A 22143, 140Cs
] y=0.020428 * x + 0.061385
R?=0.9999184

N

Lizpel e

o
I

T 1
10 x10%
WRE (ng/mL)

B 3. RBERY PR FINERI B B 26m 0], BASEEH 2.5-1000 ng/mL.
LKMFEZRIF, R?>0.999

% 1. MRM B HIERESH

ey BEF¥ FEF RREBE TliiEREE
PCP 242 86.1 80 7
PCP 244.2 159.1 80 7
PCP 24.2 91.1 80 34
PCP-D, 249.2 164.1 80 7
PCP-Dg 249.2 86.1 80 7

AFiERE MRM B#RK, REAESMEDSRN, BEAHZ
% MRM X3 B— L SRR RIS,

HiETE

x 2 HER BT REISIR Z RYE Matuszewski & (2003) 1R
HE RN ER2N, EEATERERTFEN LC/MS/MS &
WAEBHZHEZ, LC/MS/MS MRS R EZERS BN
T: $—4H, BREKREKER PCP FiMZIRMERA®, K
TEN, BTER, @SN, F2E, BREREANBRER
EHTEN, ARERYBNRRNERRER, ZFMAPCP
PREME] 25 ng/mL, ETRG, HEI, EZEREEMTE
MiaFshE (EERH), EEKEHA 25 ng/mL KIFRERE (7R3
HHAAR) .

REHE (BNEIEIRE) 2 SPE ZERUIARKI B4R R R #EES
. REM BRI ETRS EXERMR RN EER
SR GHIEREERALLE. ERE KRR SPE ZERUNIRAIA
WREEEEDAT, RENERSTHNETRSZEIBRSE
FEENRA 1 R 5 A ZE R AR A R R D AT AR5 O AR I LE T AR Y
tLfE. BB R4 SPE ZEERBA PRI RURER M AR
REGH BRI AEERS ER ARG 2 RS R M
HRMLE, ERERBIRAENHZITENSTIRIRESF
MTEMEBFRAMYERNOTARENLE FEERERE
# (cv) RkXEREEM, ZXAAMNEENTYETERE
PVERERSGH.
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R2ETRTERFGERSMENEE (85%). RIFHERE
(93%) HFEZE (05 %), I8NHERLNRFRE 2%HESH
FERTHEENBSFMHERMRE (2%), NTERATE
Plexa B FISCIBMZERMAE R ENGSE.

% 2. ZEFIREIATI R, n=5

%

RIEHE 83
EIEE 85
BRI 98
BRE 93
BEE (CV) 05
i

AXEHERRERENERHES LC/MS/MS BNBEEHN S
WHETLEE SAMHSA EX, ANEZRENZHYMXEH
EEXRUERNITARENNNRESARE. BEENENY
MEEENNNEBEER. HEMEES 2011 iR SAMHSA 7iE
PRI B TR . XLTTERA Agilent 1100 #1 Agilent
1200 LC RIIMFTERAPFHA, XL LC RENEEMZAET
400 bar, XAEEESHRERZEMMAT LC/MS RELNA X
Fite, BNTURASHELNBEFESE . RECRHTATRE
BFhRE) LC/MS/MS B REMEES M.
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phencyclidine in oral fluids. Analytica Chimica Acta, 675:
132-137.

. P. Stout, N. Bynum, C. Lewallen, J. Mitchell, M. Baylor, and
J. Ropero-Miller (2010) A comparison of the validity of gas
chromatography - mass spectrometry and liquid
chromatography - tandem mass spectrometry analysis of
urine samples |l: amphetamine, methamphetamine,
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(x)-3.4-methylenedioxyethylamphetamine, phencyclidine,
and () -11-nor-9-carboxy-A® — tetrahydrocannabinol.
Journal of Analytical Toxicology, 34: 430-443.
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2 F Agilent Bond Elut Plexa #0 Agilent Poroshell 120 ¥} bR ;& 5 #4 11-
nor-9- 33 -D9- PUS K RkEpi#1T SAMHSA #5468 LC/MS/MS 94

& HE
Irina Dioumaeva, John M. Hughes REEHRYERMEMERRSEER (SAMHSA) Hifa, F 2010 £ 10 AFBRERH
Agilent Technologies, Inc. AN, RFEBMENZEMRNERERE LC/MS/MS ERAS YKL R.

HF LC/MS/MS EAREMTES R, FEETLUAINAR GC/MS EZEHENS.
BAMRYH T —Hik R RH SAMHSA ENEKE 11-nor-9- 12 E-A%- TS KRB 37 75
ik, FMELE. RNR (LOD). ARETNEZERTIRE, E3NZA EMNE R,
EREWEMDLBERNEHTTER, X2HEEME SAMHSA BEAYENK—R 5]
AEERNAEZ—, ZHEEENRREC=RHTHM. G300 Agilent Bond Elut
Plexa PCX iRAHERX B &4 SPE WHIF. Agilent Poroshell 120 EC-C18 2.7um RE S
LC &iL#E. Agilent 1200 Infinity LC RAMRAZERBISIREA (AJST) HEREBE
BTFIEHI Agilent 6460 Triple Quadrupole LC/MS &%,
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2L

Ay

mif

11-nor-9-RE-AS-E KB (THCA. “THC-B®”. THC-COOH)
EMSKHE (ASTHC) BI—MEBEFY, MMHSKMRE =2 XK
FEERENRS . THCA MEEERERESIEN, BT
FRGHEE , 3B EHEAT ERIXJLE . SAMHSA H#ERK THCA
BERERER 15 ng/mL, WMEH10% KWRERE, A
1.5 ng/mL,

S 11-nor- 9 E-AYTHC AR &S ERKBRE, MK
HERTRESYELA THCA FNEZREYNEE, RE
THCA R—HM&RE, BRATEIL—1FIERFEE SAMHSA
BN ENE—RAWHE, BITERECRMH PR
T Agilent Bond Elut Plexa PCX, —##iE & BYPHES F 35 05 b 7
FATHSEN, TTEIHRKIEAERIHRE THCA,

BT Plexa W FIRMAFER, AZERAERMURKS THCA KIS
EWEZEN, BEEHF. FEEENBEESWRMF. Plexa M
NEFLZRENEZENRE, BRTEARNES. NTRET
RMBEFHFEERNESNRNREE. SRENRFEEH
M, FESHETRIEHENNENZS R, HFERESS|E
HERATR,

4% Agilent Poroshell 120 EC-C18 3x50 mm, 2.7 ym BifH2
RTEEESREMMERN 2B, Poroshell 120 BiEHIER
TRES 2.7 pm B, BERMST 2 ym UHPLC EIEHRIM
B, BEEESBLAL 40%, B, EERERTHPERE
400 bar IEH LC A L RBESHRERREHHE, NG
Ko A AN AR 1,

ATFELRLE2IERME (log P>6) HILEY, AREXRUEUHA
BRERARBESRE, MEFMA APCI BEH#ITHM. KM,
HFRENEE, ERETFEXT, THCA L ASTHC #1112 E-
ATHCESHE, EEBRBEEFERT THCA RUBRIET
EREBE—FER BT HENE FHRE SAMHSA BKEAYH
K,

AHEER/NMIERBEER (10 pL) MEREENEZET, RE
RER 10% RERENERYRE TIRFHERE (D3IXLH
100:1 #110:1), RBHEFEA T RECHESTTEAMN Agilent
6460 Triple Quadrupole LC/MS R4 BEIE B FRIEE THUR
HE,

ZRELUAIR24AE (H Moorman # Hughes %, 2010)
XH T Agilent 6410 Triple Quadrupole LC/MS Z&MEEH]
SPE/LC FRRRESR,

IEERS
S

COOH COOH

‘ ;
S oS
H3C>\U CH, D3C>\0 co,

11-nor-9-#8 & -A°-THC 11-nor-9-#&E-A*THC-D,

Log P (TiU{&) 6.06-6.36, pKa 4.5

B 1. 11-nor-ZE-A-FS X FE AT RELH

WYIRAEGRMET Cerilliant 27, 4 1 mg/mL (11-nor-9-5RE-A%-
THC) #1100 pg/mL (11-nor-9-f2E-AS-THC-D9 #1 11-nor-9- R E-
ASTHC-HEHERR) HRBAR,

RSN
SPE

Agilent Bond Elut Plexa PCX /M 30 mg, 3 mL (¥4
12108303)

Agilent VacElut 20 ZEEZHE (E4S 12234100)
Agilent E 1L (F4S 12234520)

Agilent R 2 mL BshifERERE (45 5183-
2072)

Agilent AS HRIIEL O (5145 5182-0717)
LC

Agilent Poroshell 120 EC-C18 3x50mm, 2.7 pm @ikt
(£B44S 699975-302)

Agilent 1260 Infinity LC 2% (G1379B MEBSHL. RIER
EREEM 1312B ZTR. G1367E BEhifiHEsE. G1330B
HRHE)

Ms

FRBRA AJST AR BBEEEFIER Agilent 6460A Triple
Quadrupole LC/MS %%
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H &
KRR SRR

© N o g ke w N

10.
11.

£ 0.5 mL R IMNALR, EERE A 50 ng/mL; #EFER
BB FTIRITH 12X 75 mm HEEXE

BN 100 pL 7 M KOH &, iRiE
FEMAEEDT 60 + 5 °C kf# 30 2%
RE., N 125 uL B2, iRiE

BN 1.5 mL0.2 M BRERSWEE W& (pH 4)
F 100 pL KERERPANE IR, IRE
MEBRRERNE L

F 0.5 mL BBEiE{X Agilent Bond Elut Plexa PCX /M, iR,

REEEEREL

L/ mE EER

Wik 1. 2mL 10: 90 M2 H8E: 2% ZBRATMIE 2 )%

ik 2. 2mL 30: 70 KIZH8: 2% ZEBEA T

FHZ (1015 ZRHE) FHT, #TF 510 294

F 200 pL ECtrikiE, ERER (2-3 Z5FRME) £ETHT
EREZTTTH 3-4 54

H 0.5mL 80: 20 (IZ B 2B : RAELR AL, =i, &E
;ﬁgﬁﬁ%iﬁ%zd&%d\#ﬁﬂh, RETRES (2-3 FHFxHE)

BRBMERDN 1 mL EARKEER, EERE-ERTE
40 °C T%T

E/ 0.5 mL MI&FRENHE (30%FEE. 70% 5 mM BERZAR)
g3

196

LC/MS/MS

LC #&fF

HEEA 5 mM FREREKATR

EHE B FEE

& 0.8 mL/min

BEER RHE (98) %8B
0.0 30
1 95
5 95
5.1 30

1R 5.2 min

RIE{TRTE 2 min

&ERE 400 bar

AR 10 pL

RS i 75: 25 MR ES: AKATIE A O 10 7

BB

- BERUMER IR

MS &%

ES BYRESH

BFRMES REF

ERERE 4000 V

FRESRE 11 L/min

TRSEE 320°C

EUSEN 18 psi

WRRE 12 L/min

WSIRE 320 °C

M5 B & 0oV

MS B8

AfER MRM

FUBEITHZA SCP_MSDiverterValveToWaste(){MH_Acq_Scripts.exe}

gl #1: 1.4min YIHREE MS

Delta EMV (-) 800 V

ZR5Wie

KFRELEUEWSRMAREMENRR EEXRFAMNY, HiE
BRRESNFERIAENENY, RITRIES ERARE
FHEERPEARMKER R, HAXARERAIET AR
EhEHTETHEEN, REIRIYE BB IETIN,
THCA BBk ERRE7ER S B A F LM B Plexa PCX
L. 100%FE@EX#EHFHESFLH SPE AR, HAE
BTt THCA ZEBY, EARRENBINATS =R



LHRY. AEERTFHRENME, ERETE 12 Po5IE
BT 10%% 30%KZ 5, AECkMENENtEmt, L8
ERAFEERNE (200 L), ECRATLUEBEA S HAEE, BN
FAEEHITHMMBERHM, &R THCA MEIKMERE (logP>6),
EREZIMREBTE Plexa BAIMIT AL, XS BERER
ERFETEFRUBAMSTNZERHEEER, NTRS
AR B

%F Agilent Poroshell 120 EC-C 18 3x50 mm, 2.7 pm &gt
AT LUBRIE 9 B FRAFIR BV B9 THCA, F B TR BRERIER
(NE 2 F7R), LCABEEFAREBINAFILG] (30%) MR
i, NMEREFHBEENEERER S EERSTREE
Wikl BT RERERERA, FROEATRORLDS
EFoWMHERE R, BitEBRERBRE k&
(1.96 min) FBNTEBRR, 0.8 mL/min BIFETTREGRE
H o et RS TR E, SRERIEITFARLERREIRE
HREZE® (02 1.4 min), MREBNEFRTE. L1459
PhEHIH IR A i Z RS R I L 2 IR B R &

- MRM (343.2 - 299.2) L3-4-THCA-r001.d
IR (I&E) =217.68; {SMREL (1.96 min) =97.6

Agilent Poroshell 120 R XX & —— A 24T

SAMHSA ENZEKR 57 Bir i & A FR Y B R E R — N E
EBTHEL—NEMEF. BRATUNE=1EBRET (L
®1) GEUTRBESHEMNES. Agilent MassHunter
Quantitative KT BT EEHEFILE, HATRHARLHE
HATEZEENEF.

5 1. MRM BXHERESH

L& BEY IEF¥ HpHE  GliiEgE
11-nor-9-32&- 3432 299.2 135 18
ASTHC 343.2 245.1 135 30

343.2 191.1 135 33
11-nor-9-2&- 3522 308.2 145 18
ASTHC-D, 352.2 254.2 145 30
11-nor-9-32&- 519.2 343.2 160 22
ASTHC BERHER 5192 299.2 160 36

R LA BRI RERIE, ERERBHMN 11-nor-9-5RE-AS-
THC HEFETBREREH 1000 ng/mL, ZHERERERUHEF
BRI, BNERIHRT—MEE KM THCA I, Tiz@id
TRAERSRE 600 ng/mL HRHEILE, XXRPEDHETRE
ARABEETLENA THCA. KU 11-nor-9-5RE-ASTHC &
HREEBRAANMS SHIITR 1 &, SHEXBRNKBNEN
SMARSE,

47 THCA EE

12 1.4 1.6 18 2 22 24

2.6 2.8 3 3.2 34 3.6

WARL vs RERE (58)

- MRM (352.2 - 308.2) L3-4-THCA-r001.d
1% (I&8) =293.14; fEKEk (1.95 min) =231.4

x104
15

1

05 4

THCA-D, EEI§

12 14 16 18 2 22 24

26 28 3 32 34 36

WARL vs RERE (5%)

B 2. [RBZERYH THCA (15ng/mL) FITHCA-D9 (50 ng/mL) B MRM $2ERE FEiZE, FH Agilent Poroshell 120 EC-C18 3x50 mm, 2.7 um EiEHE,

Ca=giee byl vy i
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AFERA MRM B#&X, REABTWIEHTEN, BHdh
& MRM X3 E— L SRR B IRE.

HTEBRZMEKE, THCA RMYTUMEEREERL L, ™
BiFgeE SN GIRAREER L., A TERLTE,
BNEWEETTERERREET 13 Elu.LzJJffH #FEER
B Ei##3E Injector Flush Pump %51, MREE, MikstHImtE
AU 10 #1RE 2] 20 5,

FERRERER 15 ng/mL FHT THCA MIERREE X2 100:1 (40
2, LEFR), RAAT Agilent 6460 Triple Quadrupole LC/MS
ZEEERRHEE, HEXFENTF SAMHSA MEREKE
MEEm (10%), thEEm ST

3 BRT BMNRE K FEBRRBARA M AR # 2 . 1B  [m PR {4
RGN THCA #rEdn, BLRIREA A4 1.5, 15, 75. 300
#1600 ng/mL MI—RIIBERERR, HMFAKAER THCA-DI
HIKE R 50 ng/mL. R2 > 0.999, ZXUX AR, RFZHEER
BHHSKELENZ&YE, 5 SAMHSA ENHEX,

FiEFN

x 2 PHERNE I REISIR Z RHE Matuszewski & (2003) 17
HE RN EREN, BEEATLFRERFEN LC/MS/MS &
WHEBH Z#Z. LC/MS/MS Uik RREENS BN
T: $—4H, BREREKTH THCA TMBIRMRES, AE
BTN, FTRM, #EM. F2A, BRERER AR
FHEETER, ARENYANBRHEARER, 2EMA
THCA R El 15 ng/mL, FITHG, HHEN. F=EREE
IMFREMRTE (ERER) , EEREH 15 ng/mL HIREKE
(FREHHEMAR)

5/ 17 1=, 130C

] y=0014212"x +0.081876
R? = 0.99917930

" 300 400 500 600

RE (ng/mL)

B 3. RBIREYH THCA BB L6710, BAEERES 1.5 2 600 ng/mL.
LXK FH R7>0.999

0 100 200

198

REYE (BMEXEWE) 2 SPE ZERUIMARKI B R R R##5
., RGN BRI TYIEERS E T8 RAR S8 iR
SR GHEMIETRALLE. EREWRER SPE ZERUNFRAIA
HERKEHEES T, RENERITHNETRSEIBEAE
ZEERBA 1 R 5 A SR B AR A SR R S AT RS Y4B I UE T AR
tbfE. ERMMESHT SPE B I?ER‘&‘FE’]%EX%MM&;:
RGBT REER S ERHEIARE SRS A8 R
ERATLLE.

&mﬁmﬁﬂH&E%WEMQﬁ%ﬁme%$MTEﬂ§E
RO RNTRERERNLE. BZEERER (cv) A%
e iﬁ&,%mﬁﬁAWEEM$ﬂﬁﬁ§EEﬁh&ﬁﬁf
B,
FEMEARRERERRENRERYERESHERE (98%)
RBEE (22%) (K2 FR), B 100%MEFAREH
RTEFERER, MIESFMHER. X 13%H1ESIERIER
T Plexa PCX ZEEUIEBILBFMASEE. ETARZELEY
SMEEERE KR, 3% 2RBHETNGEZEER

£ 2. 11-nor-%E-A0- S A BB T IRE K Bk FRIBI AT 1A, n=5

%

RIEHE 73
A 65
ERMM 113
BWE 98.2
BEZE (CV) 22
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ik

AR EEERERHES LC/MS/MS RNBE SRS
WA iETELEE SAMHSA X, AMEXREMNZGYMRHE
EREMNERMAMATENNRRRE ERHNF EENNE
BER, THCA AW A ENBEHRESHERER SAMHSA
EHE, XEFETUERBFRESH Agilent 1100 #1 Agilent
1200 LC RN LIE!T, HERXE LCZENEERET
400 bar, RAETHENREFEC=EMRH LC/MS RERAZE
Hikk, BIOTURESHENSFESH. RECRITRME
BFRRA LC/MS/MS HiiEREMEE M F .

SE M

1. Anon (2011) Drugs Testing Book 2011.
http://drugstestingbook.com/

2. R. Baselt (2008) Disposition of Toxic Drugs and Chemicals
in Man. 8th edition. Atlas Books, Ashland, OH, USA.

3. J. Hughes and P. Moorman (2011) Confirmation by Triple
Quadrupole LC/MS/MS for HHs-compliant Workplace
Urine Drug Testing. Agilent Technologies, Inc. Seminar
available from www.agilent.com/chem/cn.

4. P.Moorman and J. Hughes (2010) 11-nor-9-carboxy-A°®-
tetrahydrocannabinol in Urine by LC/Triple Quadrupole
Mass Spectrometry (LC/MS/MS). SOP, Agilent
Technologies, Inc. Publication number 5990-5874EN.

5. B. K. Matuszewski, M. L. Constanzer, and C. M. Chavez-
Eng (2003) Strategies for the assessment of matrix effect
in quantitative bioanalytical methods based on HPLC-
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Department of Health and Human Services.
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phencyclidine, and (%) -11-nor-9-carboxy-A® —
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< Agilent Bond Elut Plexa PCX #0 Agilent Poroshell 120 &% £
ey T AEHERER T AigHE#1T LC/MS/MS 534t

£ BE
Irina Dioumaeva FENABRIREMT LN TREHNERTREENRNE, EE—FEER
ZRENEARAT ERETF 1 ng/mL MATEHTERMZELEMHANHE, —HELHERSLS

B, S&ERBEF 468.2->55.1 #1414.2->83.1 K1 LC/MS/MS Fik, LA
SHYRIRMR (LOD) KF 0.1 ng/mL. BHIWYKEMEHLMEEEH 0.2 3
20 ng/mL, E RZETFHATF 0.999. RARERHT—KERONAREESHEN
REE, XL=REHE Agilent Bond Elut Plexa PCX R EEX B &Y SPE M.
Agilent Poroshell 120 EC-C18 2.7 ym RE S FLIE#} LC #. Agilent 1200 Infinity LC F
g, URBRETRECBEHREA (AJST) HREEBBEEEFIER Agilent 6460 =
EMIRF LC/MS B4

200
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518

THEHZ-MHESHNBAREAY, BFarElERE. M
RIEAEDEMEBER AT EBE, (EAERER, THIEH
HRKAZEHM 25 B 40 5, TRIBHKZEHSOHAERL,
BEkEER (LE1) . THIEHERREDEE N-BRECR
B, FEHFEZEURY—EBTREN. TREHREER
THEHELEPNREEFEE, 50% M ERGIHERER
F 1 ng/mL (Selden %, 2011) , AHWARMKRETR TR
REUHkER . B, RFRESTYFFEBRENE, MEFS
REFENBRRED, ERHXLEEEYHT MS/MS 2 RE
M, ATIHRNRBERT 1 ng/mL, RNXLELEWHIST
FERUEFHER MS 8, TEF-IMEKES. BFMH
RBESHRELERF. RIVER SPE BN MREYESE
5, BESHIHTRIURETF 0.1 ng/mL. SEEBRSYWM
FIARE, FtE Agilent Bond Elut Plexa &%= MBI EHR
SREMNZENERE, HRTHEARKRM, MHRKETHRE
MEFMFEINRENEUREE, XHTERNESHERRE
MFRERIEE, TXUTERENRFNENN,

FRZAETIUAMINRIF S BRMENIER, X2XH
Agilent Poroshell 120 R &iEH#THMMER. XAXAS
FLE 2.7 pm iER, XEEEHEF ST 2 pm UHPLC BiEHAENL
HokER, EEENRETA 40%, XHBALFRAEETUER
400 bar LC 24 RIBR N BE, HEBIERESNRERRE
AN LR E.

X EENERNEEEREREFENHE TR 4682 > 55.1
(THiEEE) 04142 > 831 (XBRTHEIEHE) . ZAENE 05 mL
e, FA 10 pL BRI EERINRERE 5 EHiRE, BAE
0.2 ng/mL iKEREIRIFHEMRIL . THIEHEA 84 1, £BT
HigkEh 20:1 (WE 2) ,

201

SRS
S

0 z
Ho” | > CH
C(CHg)3
TRIEHE LR T REH
CogHasNO4 M.W. 467.65 CosH3sNO, M.W. 413.55
Log P 4.9-5.0 LogP 3.4-3.8
pKa 8.3

HO/T\CHa

C(CH3)s

THEH-D,
CygH37D4NO, M.W. 471.62

LB TREHE-D;
Cy5H3D3N04 MW. 416.53

A1 DY T REHEE R TREMER R, log P 7 pKa E5£E SRC

#1 PubChem

HYRRERA 1 mg/mL (THEHE, ZETREEE) #1100 pg/mL
(TPEHE-D, 1 X TAEHED,) HFESAR, MHE Cerilliant

/Aﬂo
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ZESENE
SPE

Agilent Bond Elut Plexa PCX /ME, 30 mg, 3 mL (§p4S
12108303)

ZIFECETZERE VacElut 20 (B3 12234100)
TRCTEER (E4S 12234520)
TR Y BHHER, 2 mL (545 5183-2072)

LECHERMAES, 250 uL, BEKE, BEAWEE (3
4= 5181-8872)

TRCIENEE, BT AS ML (345 5182-0717)

LC

Agilent Poroshell 120 EC-C18, 3 X 50 mm, 2.7 pm Bt
(EBH4S 699975-302)

Agilent 1260 Infinity LC 2% (G1379B &R S#H. 1312B
RERAER_TR. G1367E Bohi#tHEsE. G1330B HiB#E)

MS
Agilent 6460A =EMiRH LC/MS R4, B& AJST BERE
BFiR

ol

FisbeE

1. YIEE ISTD A0S mL IHEH, EREA 10 ng/mL, HFE
B 0.1 M BERERE i’ (pH 6.0) EX%) 10 ng/mL &Y ISTD &
W, FESMIERMN 05 mL LRFERR, HEERR
EEE IR 12 x 75 mm KBE

MNISTD /5, BON 2 E 25 mL BRI E il (MEEZE D

WET 5 &)
3. RERBL, ERETE

E-3:0]

1. KA 0.5 mL FEEEL Bond Elut Plexa PCX /MR, #fE
EH B AR

LH# /R Pasteur IR EEWRE LiER&
Wik 1: 2 X 2mL 2% REER
Wk 2. 3 mL BEE/2% BESAR (70 30)

EZF4£5-10 min (10-15in Hg)

202

6. B 15mLZERZE/RAE/RK (80/20/5) RETR LR .
ERBEEFIRBIMAGK, FERESRAER, KR
AR, KAFERREY 05 min &, HFEERILE
BREENEB THANRERT. SRREAEHER,
FR AR B 2 4 B B 77 /NP L P A it

7. 45°C TESRT

8. F 0.1 mL#EREE (15% Bz, 85% k. 01% i) &
BRE, REREBETESYRENERRNEE T

LC/MS/MS

LC &fF

TEE A 0.1% FEBKAER

JizhiE B 0.1% FERFERAR

pinbid 0.8 mL/min

BERF FfE (min)  %B

0.0 15
2.0 70
2.1 95
55 95
5.51 15

1L 5.6 min

JRiE1THY i8] 2 min

RARE 400 bar

BT 10 pL

L P i 3

HESLE FEEEK (95:5) MikStE10s

#IFES R

Te B B/ NEIR TR AR

MS &

ES BYESH

BFHER EBT

EMEHRE 2800 V

FTiRSHE 10 L/min

FRSEE 350 °C

EUSEN 35 psi

HERE 12 L/min

HEIRE 350 °C

TR R B 0V

MS 28

AfARX MRM

Fz{TERF SCP_MSDiverterValveToWaste()

{MH_Acq_Scripts.exe}
A A1 B #1: 1.8 min - HIR\E MS
EMV (+) 135 400V

® 1 BRTEREAYRERMZARY MRM transitions FIE
EETHESHFETF.
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1. MRM transitions

tE&mEH BEY Ms1 By FEF MS2 B9 #%E BREE iEgE
TREHE 468.3 Unit 55.1 Wide 200 62
TREHE 468.3 Unit 396.2 Wide 200 45
TRiEM-D, 472.3 Unit 59.1 Wide 200 62
TREH-D, 4723 Unit 400.2 Wide 200 45

LR TR 4143 Unit 83.1 Wide 188 60

LB THEE 4143 Unit 57.1 Wide 188 50
£RTRIEN-D, 4173 Unit 83.1 Wide 188 60
£RTRIEN-D, 4173 Unit 57.1 Wide 188 50

HR5HE

K pH ERET, TRIEMINERTREHNSRE ERAH R
Fik, BEFKIERMEABRFZRER, BN Agilent Bond
Elut Plexa PCX B &I F LR BEEBHIRE.

R 100% BEE#iES M SPE H LTS ST MERREL.
BRERERFHRYMX AREHE BB RERE R HPE-2%
BB (70 : 30) . FEAVIEB RN ERIAEE S50
BB F R Z AN B FHEEER, EFRERFRIR
m 5% SKEZBZE: RREBRESENK (80:20) #, TH
EHRERTRENTASERENEKRE, EFERRS TR
EHEGRESE, DIERAR-STYNEEERFRESERE
&,

ATFHKME, TREHEAEE T REMERT SRR 2B RE I, LC
BEEMAHEDGS, XURATARIMEELE LC FEPER
95% FREZhiE B HEANER FEE K (95 :5) MikstERNRE.
BEERENH SR NEENREERFRTHEERDL (STD
1STD HBRAANENRT) tHRTERNRFENH,

LC A EF AR R AR BRI B (15%) #HITHEEE, XU
PRSI EREN SYERREITOERSER TR,
0.8 mL/min RIFEES AT B A E-EER EERE, BRXERE
BT RBOMERE (03 1.8 min) SNERT, NEXRE
B A EFRTE. 1.8 min RFREERSE, NEREY
ISR A,

2 AT REMEFNE BT HIEHEE 0.2 ng/mL LOQ R EFRKRA
FRHIE 10 ng/mL BRI EIEE.

203

Wil Rz 1

(=

x10%

W {8

+MRM (468.2 ->55.1) L1-1-20.d

3 Noise (Peak ToPeak) = 69.36; SNR (2.46 min) = 84.7

\

|

T T T T \ T T T

12 14 16 18 2 22 24 26 28 3 32
FKE/E (min)

+MRM (414.2 -> 83.1) L1-1-20.d
Noise (Peak ToPeak) = 61.39; SNR (2.28 min) = 20.5

1.2 14 16 18

2 22 24 26 28 3 32
FERHE (min)

+MRM (472.2 -> 59.1) L1-1-20.d
Noise (Peak ToPeak) = 386.09; SNR (2.45 min) = 682.0

X

10*

Wil R A&

12 14 16 18 2 22 24 26 28 3 32
FERTE (min)

+MRM (417.2 > 83.1) L1-1-20.d

Noise (Peak ToPeak) = 352.58; SNR (2.27 min) = 122.0

B2

1.2 14 16 18

22 24 26 28 3 32

2

FEHRHE (min)
MRM ZERBFELE: a— THEM, b— ZETHEEH (Y
A 02ng/mL) . c— TAEH-D, d- ZFTAEH-D, (¥
210 ng/mL) . £MIEEVHZ Agilent Bond Elut Plexa PCX
fh3E, R Agilent Poroshell 120 EC-C18 3 x 50 mm, 2.7 ym
EREHERT, EEKENEET
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TREHMERTREIAHLEYN S FEFNSRENS
MS/MS ®ilER 7TEM¥E, XSBIFEMAARZER SIM EX 3T
EN#TER (Scislowski et al, 2005; Concheiro et al, 2009) ,

HE%E SRM BX TRALSHMIERE (XTRA) KUSTFE
FHEERETF (Kronstrand et al, 2003; Selden et al, 2011) ,

SN ERlEEF- FEFHEEMEL, IMAFETERE.

#H, IMHFEEREOERE, NTEEREM LLOQ, F
B Agilent 6460 ZEMRHF LC/MS RS (R 1) ESlEHEE
KETHRET—HFNBRERR XY, BHITYWE LLOQ A
02 ng/mL RIS EEE, TREHFERSHRAZ m/z
55.1 MRERAE (C,H,) £F., TRITRHIEM-D, K m/z59.1
BABUEERIN. ZRTREHFESRSNBERFET (/2
83.1) WELREBETFHNZE, SRNTEER (CHy),C. 5&
(EhiitEsE E THRENRERBRF FE AL, TRIEHH m/z55.1
FEFHEREL m/239625 815, MERTHIEH m/2831 F&
FHIEELE m/z1011 5 215,

% 1 H5IHE MRM transitions 2 B AW RERK ISTD
M—EEM—EMTFEF. Agilent MassHunter 2B FhiT
EEMEFHLE, REETHLBHTESEENSEF,

BEEEHE MRM REEXEIM T E THAEA.

LLOQ 7K F A 0.2 ng/mL BTRIERREL 2R A T RIEHE 84: 1, £
THiEHE20:1 (B2, afib) . XIEATEAERELEFNS
HER 6460 ZEMRM UL H BRKENREE, MMeEBIH
ZERTF 0.1 ng/mL B LOD THRAX LS,

3RART b MIKE 2 IFREPIREE T miEHEANE B T wianE
MARMMKRERZ, KERERIESMIZEL0PHE, R
EA%A4 02, 1. 5. 10 #0120 ng/mL, HMFERIRIEKE
A10ng/mL, SEMEHEHEENE (R2>0999) IEATA
FELMERTF, ARAMBCE, thEAhaETESSE.

R2BTRTENEIERNERE CERE) BZE (CV, 5
RSD) #i#&, ESNSWHIRIMARKESA 1 ng/mL, B3
MEREHFHESHREMEHITEENN (B3) .

204

%2 Y EREN 1 ng/mL BT ERIE, n=5

BERE (%) CV %
TrRENE 94.2 0.6
FRTREH 103 0.2

BUP -5 Levels, 5 Levels Used, 10 Points, 10 Points Used, 14 QCs

2.4+
2.2 y=0.117526" x—0.002649
2 R?=0.99997503
1.8+
1.6+
1.4+
MLZ*
& 19
=10.8+
0.6
0.4
0.2+
0,
2" T T T T T T T T T T
-101234567891011121314151617 18192021
RE (ng/mL)
2.8-| NBUP-5Levels, 5 Levels Used, 10 Points, 10 Points Used, 14 QCs
287 v=0129907" x-0.010709
291 R?=0.99995931
2,
1.8+
1.6+
1.4+
= 1.29
= 19
= 0.8+
0.6+
= 0.4+
0.2+
0,
_02,

T T T T T T T T T T T
-1012345¢67891011121314151617 18192021
RE (ng/mL)

~

A3 LMBRYH T HEMNEETREFHARRER L, KEEE
0.2 F 20 ng/mL, %MHE R?>0.999

&k

EXNMAT—MEER. EHZERES LC/MS/MS Bl E,
S T EMARERT 02 ng/mL BT RIEMERZE B TR R
TENH., FHEEARER 1100 %0 1200 LC RFVLEHB AT
%, BAHE LC ZHMEEAEERBT 400 bar, MEXAEEESH
ZEC=EMRAT LC/MS RENB[EITEAFE, BFESHAIL
RESEY. HTHRERUNELES, AREREZEEER
RFEFEHFLTNE FERBENTAN MS B, FX7ik
RETBARARTIBR .
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{&F Agilent Poroshell 120 &R ETHE B- 52 & M7 00iKHE B E
DB E

& BIE
William Long B-ZERFER, B £-BLIREZEAWF, AT ETEMEMROKERSIRMAOES
Agilent Technologies, Inc. BH—%8Y., B LBEREERTIERDE ERESEMMAMENER. 1958 £,

AALEESHTE— S-ZHBEHF. M2 1962 £, F—K S-ZHEHH—LEEE
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FH Agilent 1200 Infinity 251 LC S HEMRAR. ZREEIE
1260 Infinity Z7E&R (G13128B)

(G1316C)

1260 Infinity & MEREB BIEHERR (G1367E)

1290 Infinity ZIREFFIRMZE (G4212A) , BE#& 10mm

BAREFEXRBEH

G6140 2 MZRH FE{L

Agilent 1200 Infinity %5 LC ZHERRARR— I EEREHN
2%, RZUSYH 4 #EEE (100 mm) . I, Agilent
ChemStation Method Scouting Wizard (J7i&f%i£[ES) ATEZ
BEFREMFS, UHETANEEHAS. A%, fgwEm
BE, ALIHRA 4 # Agilent Poroshell 120 &igH .
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2.1x100 mm, 2.7 pm (&S 685775-902)
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2.1x 100 mm, 2.7 pm (8445 685775-901)

Agilent Poroshell 120 Phenyl-Hexyl,
21 %100 mm, 2.7 pm (Ep4S: 95775-912)
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5 StableBond C18 &i&H1HiE, 7L 2 5 EC-C18 BikHHE,
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B E4EEERAZE MR A HRE P — T
SR, — NN 12 BFHERRERT 1260 Infinity ZTTRM
A1 AL, fnE 1260 Infinity ZTTRABEAFEER, ZE2%
A EIR L 15 #iAH. RehiEA REm10mM MRRR (B
BiA pH EZ 3.8) . AARBREAR, MiEEERHK
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EEEEREMIEE N BiEEY, XEEEFERE: Poroshell 120
EC-C18, BEHE, RHEF LXMW EIE: Poroshell 120
StableBond SB-C18, Z#fis, AISHEEEMEER, REAY
% pH El{E pH REHEMAIER S —# C18 EIZEH;: Poroshell
120 Bonus-RP (1R&EH) # Poroshell 120 Phenyl-Hexyl
(RE-CEH) . KFAM, FERGHEEBRESNTERLE

FEBUK MR C14 KRB HE AR NR I EI2 E F 6B (ES Bonus-RP
BT LR E TS Poroshell 120 £, NTEREH R SR
HZEAMERRME, HEMERRENTRNGEEE, XWET
BETE pH FHTRRAEBE, BT UHBESEENEE
BEZ BBFERANEEER. SANREEDEEHTiREEKk5E
AR LK A8 EL il i 15 R E RE HEI A

Poroshell 120 Bonus-RP 5E&i@# C18 HEMEEELA—H, ¥
"R TLE C18 HM—LEME, MAERTEKE, W, EX
BB RERKIERMEBSBRRELESBIEANS FRAEER
MREY, SRE—RREEEEMEL, Bonus-RP FHIRIEEMH
(S#ZH) SEEME (MBMENR) ArERENSEIE
B, \mREMEHE. FNREEMERNFEEMESEYE.
Bonus-RP HIfREB 4% C18 HEMg/N, THEMERIIEK MBI AR
AR EIEEHTILR. Bonus-RPEIEHAMMLSWIRET A
BT C18 BB SEEHMERE Y. BEAE 100% KBEHET
%R,
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Bonus-RP EBIEHARM®EFEM. MTFEEREFEAMELH
BENFELRR, SEHEFNREMEINEREY (5. 6],

Poroshell 120 #E-CERASEFERELN L SR EIS
HIEEERRHR N BE. Poroshell 120 FE-ZEHEHAEN T
ERENUEYREFENSBHNR, MARNEERSEZER
(C18 #1 C8) MU EMHMIBHRAE. ZHEARNEE
. MENENHMEE CEEERZEN nr (£, MRS
HEHERTNZEMNER N, RERBUMERYE 7). ZHLE
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HE 2 TR, 7 MUSYEERNEEETIBATIE. &
Ti&RGEEE/RIE Poroshell 120 EC-C18 it i 18]
RigE, MAZERRUATHRS FEFHNE, ZRHTH
LR RIFEIEIBRZHME, Poroshell 120 SB-C18 fitHS
Poroshell 120 EC-C18 WA BEHR/LFHE. XMHAKE
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6. EEFER
7. FEER

Poroshell 120 Bonus RP

mAU 4
300
200
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A -
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-
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L N O

T
6

-100 T T

12 min

6 Poroshell 120 EC-C18

mAU 5
300
200
1001

2

12 min

6 Poroshell 120 SB-C18

-100 ; ;
0 2 4

KEE. 0~12 min, 90% B %) 30% B,

2. 3H Agilent Poroshell 120 Bt E B-Z M HEF

S | i

12 min

. 0.35 mL/min, FIAGEESH: 2.1 x 100 mm
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Abstract

A method separating nine multivitamin compounds originally developed on Agilent
Z0RBAX Eclipse Plus C18 columns of various sizes is transferred to an Agilent
Poroshell 120 EC-C18 4.6 mm x 75 mm, 2.7 pm column using an Agilent

1260 Rapid Resolution LC. The gradient and flow rate are scaled, maintaining retention
index with the objective of determining the optimal flow rate for each column evalu-
ated. The new separation keeps the analysis time constant at 5 minutes and allows
the use of a longer column with a higher flow rate and still maintains the pressure
under 400 bar. Sample preparation used is dissolution of a tablet in water followed by
either filtration through a 0.45 micron syringe filter or centrifugation. Over 800 injec-

tions were made without substantially increasing pressure.

Introduction

A compound is called a vitamin when it cannot be synthesized in sufficient quantities
by an organism, and must be obtained through diet. Vitamins have diverse biochemi-
cal functions. Many vitamins function as precursors for enzyme cofactors, that help
enzymes in their work as catalysts in metabolism. Vitamins may also be less tightly
bound to enzyme catalysts as coenzymes, detachable molecules that function to carry
chemical groups or electrons between molecules.

211



Agilent Poroshell 120 R L& —— HY 24T

The two types of vitamins are classified by the materials in
which they will dissolve. Fat-soluble vitamins, such as vitamins
D, or E, dissolve in fat before they are absorbed in the blood
stream to carry out their functions. Excesses of these vitamins
are stored in the liver. Because they are stored, they are not
needed every day in the diet.

By contrast, water-soluble vitamins dissolve in water and are
not stored; they are eliminated in urine. We need a continuous
supply of them in our diets. The water-soluble vitamins are the
B-complex group and vitamin C.

The B-complex group: thiamin, riboflavin, niacin, pyridoxyl
phosphate, folic acid, cobalamin, pantothenic acid and, in addi-
tion, ascorbic acid, or vitamin C, are widely distributed in foods.
Riboflavin, for example, can be obtained from liver, milk, dark
green vegetables, whole and enriched grain products, eggs.
Their influence is felt in many parts of the body. They function
as coenzymes that help the body obtain energy from food. They
also are important for normal appetite, good vision, healthy
skin, healthy nervous system and red blood cell formation.

Until the mid-1930s, when the first commercial yeast-extract
and semi-synthetic vitamin C supplement tablets were sold, vit-
amins were obtained solely through food intake, and changes
in diet (following a bad harvest) can alter the types and
amounts of vitamins ingested. Vitamins have been produced as
commodity chemicals and made widely available as inexpen-
sive synthetic-source multivitamin dietary supplements, since
the middle of the 20th century [1].

In addition to containing vitamins of interest, other excipient
materials such as cellulose, maltodextrin, dextrin, gelatin,
dextrose, soy lecithin are formulated into the tablets. Given the
large size of the tablet and relatively small quantities of many
of the vitamins, clogging problems have plagued this analysis
when it has been attempted on small particle size columns.

Reverse Phase HPLC is well suited for vitamin analysis.
Qualitative and Quantitative analysis of vitamins is important
for clinical, food and pharmaceutical applications. Using a pre-
viously described method developed on an Agilent ZORBAX
Eclipse Plus C18, 1.8 pm column, a fast separation method is
converted to be used on an Agilent Poroshell 120 EC-C18
column [2]. The new method remains fast, but is less prone to
clogging by excipients found in multivitamins.

In this work,a method using an Agilent Eclipse Plus C18
4.6 mm x 50 mm, 1.8 pm column is converted to use an
Agilent Poroshell 120 EC-C18 4.6 mm x 75 mm column.
Injection volume is increased and the risk of clogging is
reduced.
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Experimental

An Agilent 1260 Rapid Resolution LC (RRLC) system was used
for this work:

* (G1312B Binary Pump SL with mobile phase A: 25 mM
Sodium Phosphate pH 2.5 in Water and B: Methanol. The
gradient started at 1% B, held at that concentration, then
ramped to 12% B and finally 30% B, held at that concentra-
tion, and then re-equilibrated to the initial condition. The
system is configured with the pulse damper and standard
mixer installed.

+ (G1367E Automatic Liquid Sampler (ALS) SL. Injection
volume of 5 pL was used.

+ (G1316B Thermostatted Column Compartment (TCC) SL
with temperature set to 35 °C.

» (G4212C Diode Array Detector (DAD) SL with the signal set
to 230, 4 nm and reference not used, using a G4212-60008
micro flow cell (10-mm path, 1-pL variance).

» ChemStation version B.04.02 was used to control the HPLC
and process the data.

+ Agilent Poroshell 120 EC-C18, 4.6 mm x 75 mm, 2.7 ym,
p/n 697975-902

The compounds of interest are shown in Reference 2, with
their respective structures. Compounds were dissolved in
water at 1 mg/mL and used for identification. The following
compounds were purchased from Sigma Aldrich: thiamin
(vitamin B,), riboflavin (vitamin B,), niacin, vitamin Bg, folic
acid, vitamin B, biotin, pantothenic acid, and ascorbic acid.
Additionally purchased from Sigma Aldrich (Bellefonte, PA)
was the Sodium Monophosphate and Phosphoric Acid.
Methanol was purchased from Honeywell, Burdick and
Jackson High Purity, (Muskegon, MI). Water used was 18 MQ
WMilli-Q water (Bedford, MA). A multivitamin tablet was pur-
chased at a local pharmacy. (One a Day Women'’s Active
Metabolism, Bayer HealthCare, Morristown NJ.).

Tablets were dissolved by grinding them individually using a
mortar and pestle and transferring the entire amount (about
1.6766 g/tablet) with 100 mL water to a 150 mL plastic coated
bottle. The bottle is then sealed and shaken vigorously for

5 min. A cloudy solution is produced which is clarified by either
filtration (using a 0.45 pm, 30 mm regenerated cellulose filter
(p/n 5061-3364) and a 10 mL syringe or by centrifugation in a
polypropylene tube (6000 rpm for 5 min). The resulting clear
solution is then transferred to an Agilent MS Analyzed
Write-On Vial (p/n 5190-2278).
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Results and Discussion

In transferring this method from the original method, a longer
column was chosen and used at a proportionally higher flow
rate. Previous work has shown that higher peak capacity for an
Agilent Poroshell 120 EC-C18 (75 mm instead of the previously
used 50 mm column) can be obtained at higher linear velocity
(1.5 mL/min instead of T m/min) [3]. In addition, a larger injec-
tion volume, which should be proportional to column volume,

would be possible on the larger Poroshell column. The selectiv-

ities of an Agilent ZORBAX Eclipse Plus C18 (75 mm instead of
the previously used 50 mm column) and Poroshell 120 EC-C18,
have been shown to be very similar in previous work [4,5]. In
addition, a larger column would be less affected by extra
column effects such as additional tubing [6] required if a
cooled autosampler was used, as recommended in a previous
note on analysis of water soluble vitamins by Huber [7]. In this
work, a slight change in elution order is noted at the beginning
of the gradient. This could be the result of the change in
column porosity (from fully porous to superficially porous), the

dwell volume of the instrument, or the equilibration time
between runs. Figure 1 shows a representative sample chro-
matogram, scaled to the largest peak. In the upper left corner,
an expanded chromatogram is shown that reveals the lower
intensity peaks. The chromatographic conditions, as well as the
list of components in their elution order, are found on the right.

Over 800 injections of a vitamin tablet extract were made on
this column without an increase in pressure. This is due in part

to the 2 ym column inlet frit, which is less likely to clog than

the smaller porosity frits used on sub 2-micron and totally
porous 3 pm columns [8]. At least 100 injections were made
using the centrifuge sample clarification method without any
change in system pressure. In this case, filtration was found to
be a faster method, requiring fewer steps in producing a final
sample. The 0.45 pm regenerated cellulose filter presents less
resistance than a 0.2 um filter required for use with a sub
2-micron column. A plot describing pressure changes per injec-
tion is shown in Figure 2. An increase in pressure from

177 to 179 bar is noted over 3 days and 6 L of phosphate buffer.

mAU 5 mAU 7

- 400

3 300 1. Thiamine (B;) Time %B
3000 2. Niacin (B3) 0 1

j 3. Ascorbic Acid 0.5 12
25007 100 4. Pyridoxyl Phosphate (Bg) 0.52 30

R e anaieefimmem e —— 5. Pantothenic Acid (Bj) 35 30
20004 0 05 1 15 2 25 3 35 4 45 min 6. Biotin (By) 4.5 1

] 7. Folic Acid (By) )
1500 8. Cobalamin (By,) 1.5 mL/min

] 2 9. Riboflavin (B,) 220 nm. 4 ref off
1000 Injection volume 5 pL
500 |

] ! 3 4 5 6 8 9

0 ’h"N i Hw/\ ANy F |
7 T T T T T T T T T
1

0 2 3 4 min

Figure 1. Elution order water soluble vitamins.

200 Only a slight pressure increase over 800 injections is noted

"
E 160 —
2 @ Pressure (bar)
(2]
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Injections

Figure 2. Agilent Poroshell 120 EC-C18 pressure remains nearly constant after 800 injections water soluble vitamin tablet.
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Other wavelengths could also be used for this analysis, as sev-
eral of these compounds form yellow or even red solutions in
water, indicating absorbance in the visible region of the spectra
[9]. Care should be taken when using a reference wavelength
as an improper choice could lead to higher reference
absorbance than in the analytical wavelength and to negative
peaks.

Conclusion

HPLC columns packed with superficially porous particles offer
many advantages over columns packed with conventional,
fully porous particles. The superficially porous 2.7-pm

Agilent Poroshell 120 EC-C18 offers similar efficiency and
selectivity to the 1.8 ym Agilent ZORBAX Eclipse Plus C18
column, without the high back pressure. The 2 pm frit has
demonstrated a resistance to clogging through the analysis
of over 800 samples.
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Abstract

A convenient analytical method for determination of pharmaceuticals in various
therapeutic categories in whole blood involves the addition of acetonitrile and salts
to a small amount of blood. The mixture is shaken and centrifuged for
extraction/partitioning, which removes water and proteins from the sample. An
aliquot of the organic layer is cleaned by dispersive solid-phase extraction (SPE)
employing SPE sorbent and salts, to remove endogenous matrix components.
Analytes are then isolated from spiked samples with recoveries above 80% on aver-
age, and RSDs typically below 10% for a wide range of substances. This mini-extrac-
tion approach in whole blood delivers successful separation for a variety of pharma-
ceuticals, with limits of detection below 10 ng/mL. The method is quick, easy, inex-

pensive, and effective for therapeutic drug monitoring and forensic chemistry.
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Introduction

Determination of pharmaceuticals in biological matrices is
commonly employed in ADME (DMPK), clinical and forensic
analysis. The main techniques used for drug monitoring and
analysis are immunoassays, LC, and GC methods. Mass spec-
tral chromatographic methods are the first choice for many
applications based on their flexibility, selectivity, sensitivity,
qualitative and quantitative capabilities. Analysis of pharma-
ceuticals in biological samples requires sample preparation
that can range from simple protein precipitation (PPT) to more
complex solid-phase extraction (SPE). There is a need in clas-
sic sample preparation for a method to determine multi-
classes of pharmaceuticals in biological samples. Polymeric
or mixed-mode SPE sorbents that can isolate acidic, neutral
and basic drugs by hydrophobic and, or ion-exchange interac-
tions address this need but there is always room for sample
preparation techniques that are rapid and inexpensive to
implement.

Previously reported methods provide analysis of multi-residue
pesticides in foods. They are known as QUEChERS, (a quick,
easy, cheap, effective, rugged, and safe sample preparation
approach) [1]. The authors reported outstanding recoveries
for a wide range of pesticide classes. Since its inception there
have been many reported articles employing QUEChERS for

the analysis of a wide range of compounds including, but not
specific to, antibiotics [2], toxins [3]. contaminants [4], and
pharmaceuticals [5].

In this note we describe an extension of the work presented
by Pléssl et al. in 2006, for the determination of pharmaceuti-
cals in whole blood employing a modified mini-extraction pro-
cedure with LC-MS/MS analysis. The experiments presented
in this application note used human whole blood containing
either EDTA or citrate as an anticoagulant and were evaluated
with both non-buffered and buffered extraction salts used in
the QUEChERS methodology, namely non-buffered, AOAC
2007.01 and EN 15662. Modifications to the acetonitrile
(extraction solvent) used in the first step (extraction/parti-
tioning) were also evaluated. The experiments were per-
formed using nine different pharmaceuticals (lidocaine, tra-
madol, amitriptyline, biperidene, oxazepam, lorazepam, chlor-
promazine, diltiazem, and naloxone), with a broad range of
hydrophobicity and dissociation constants (Table 1). Agilent
Poroshell 120 is a good column for this analysis, in part
because it has standard 2-um frits and is more forgiving for
more complex samples relative to a sub-2-pm column.
Poroshell 120 has mass transfer such that it acts very much
like a sub-2-pm particle LC column, without the high back
pressure associated with a sub-2-pm column. The efficient
mass transfer equates with faster analysis time and higher
throughput with optimum resolution.

Table]. Characteristics of Pharmaceuticals Under Investigation

Compound CAS number LogP pKa Therapeutic use
Lidocaine 137-58-6 24 8.01 Local anesthetic, antiarrhythmic
Tramadol 27203-92-5 2.5 9.41 Analgesic

Amitriptyline 50-48-6 4.92 9.4 Antidepressant
Biperidene 514-65-8 4.0 10.8 Anticholinergic

Oxazepam 604-75-1 2.23 1.7,11.3 Antianxiety

Lorazepam 846-49-1 247 1.3, 11.5 Antidepressant
Chlorpromazine  50-53-3 518 9.3 Antipsychotic

Diltiazem 42399-41-7 3.63 7.7 Calcium channel blocker
Naloxone 465-65-6 1.45 7.9 Opioid receptor antagonist
Nortriptyline (IS) ~ 72-69-5 5.65 9.7
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Experimental

All reagents and solvents were HPLC analytical grade. The
compounds were purchased from Sigma-Aldrich (St. Louis,
MO, USA).

A stock solution of 1 M ammonium acetate (NH,0Ac) pH 5
was made by dissolving 19.27 g of NH,0Ac powder in 250 mL
Milli-Q water. The pH was adjusted to b with acetic acid mon-
itored with a pH meter. The solution was stored at 4 °C.
MeOH:H,0 (20:80) containing 5 mM NH,0Ac pH 5 was made
by combining 200 mL MeOH and 800 mL Milli-Q water, adding
5 mL of 1 M NH,0Ac, pH 5 stock solution. The 5 mM NH,0Ac
in ACN was prepared by adding 5 mL of 1 M NH,0Ac, pH 5
stock solution to 1L ACN, sonicating well.

Standard and internal standard solutions (2.0 mg/mL) were
made in MeOH and stored at —20 °C. A QC spiking solution of
5.0 pg/mL was made fresh daily in 1:1 ACN:H,0 (0.1% FA).

A 0.5 and 5.0 pg/mL standard solution in 1:1 ACN:H,0

(0.1% FA) was made for the preparation of calibration curves
in the matrix blank extract with appropriate dilution. A

5 pg/mL of nortriptyline in 1:1 ACN:H,0 (0.1% FA) was used
as the internal standard (IS).

Equipment
+ Agilent 1260 HPLC with Diode Array

*  Agilent 6460 Triple Quadrupole LC/MS system with
Electrospray lonization

+  Agilent Bond Elut QuEChERS AOAC Extraction kit
(p/n 5982-6755)

*  Bond Elut QUEChERS EN Extraction kit (p/n 5982-6650)

*  Bond Elut QuUEChERS Non-Buffered Extraction kit
(p/n 5982-6550)

*  Bond Elut QuEChERS AQOAC Dispersive SPE kit for
General Fruits and Vegetables (p/n 5982-5022)

* Bond Elut QuEChERS EN Dispersive SPE kit for General
Fruits and Vegetables (p/n 5982-5021)

+  Bond Elut Ceramic Homogenizers (p/n 5982-9312)
« Sorvall ST 16R Centrifuge (Thermo IEC, MA, USA)
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*  Micro centrifuge 5415D Eppendorf (Brinkman
Instruments, Westbury, NY, USA)

Geno Grinder 2010 (SPEX CertiPrep, Inc., Metuchen,
NJ, USA)

DVX 2500 Multi-Tube Vortexer (VWR International,
West Chester, PA, USA)

HPLC conditions

Column Agilent Poroshell 120 EC-C18, 2.1 x 100 mm, 2.7 pm
(p/n 695775-902)

Flow rate 0.4 mL/min

Column temperature 30 °C

Injection 10 uL

Mobile phase A.5 mM Ammonium acetate, pH 5 in 20:80 MeOH:water
B. 5 mM Ammonium acetate, pH 5 in ACN

Needle wash 1:1:1:1 ACN:MeOH:IPA:H,0 (0.2% FA)

Gradient 20 to 75% B over 5.5 min

MS conditions

ESI Positive mode
GT 300°C

GF 7 L/min
Nebulizer 40 psi

SGT 400 °C

SFG 12 L/min
Capillary 3500 V

NV 500 vV

Other MS conditions relating to the analytes are listed in
Table 2.
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Table 2. Instrument Acquisition Data Used for the Analysis of Nine Drugs

by LC-MS/MS

MRM channels Fragmentor CE RT

Compound (m/z) (V) (V) (min) Delta RT

Lidocaine 1) 235.18 > 86.1 97 1 1.37 0.4
2) 235.18 > 58.1 35

Tramadol 1) 264.2 > 58.1 97 15 1.20 0.4
2) 264.2 > 246.1 3

Amitriptyline 1)278.2> 117 112 19 4.25 0.4
2) 278.2 > 105 19

Biperidene 1) 312.23>98.1 123 19 423 0.7
2) 312.23 > 55.1 60

Oxazepam 1) 287.06 > 240.9 112 19 3.99 0.4
2) 287.06 > 268.9 7

Lorazepam 1) 321.02 > 274.9 113 15 4.09 0.4
2) 321.02 > 302.9 7

Chlorpromazine 1) 319.11 > 86.1 12 15 4.63 0.4
2) 319.11 > 58.1 43

Diltiazem 1) 41517 >1717.9 128 19 3.73 0.4
2)415.17 > 149.9 43

Naloxone 1) 328.16 > 310 123 15 0.82 0.4
2) 328.16 > 212 39

Nortriptyline (IS) 1) 264.18 > 233 97 7 417 0.4
2) 264.18 > 91 19

General procedure

1. Add 1 mL of whole blood to a centrifuge tube. 8. Centrifuge at 5,000 rpm for 5 minutes.

2. Spike with appropriate volume from a concentrated stock 9. Transfer 1 mL of the extract into a d-SPE tube (2 mL cen-
mixture to yield 25, 50, and 100 ng/mL of the component trifuge tube) containing 50 mg of PSA and 150 mg of
mix. MgS0, for matrix clean-up.

3. Add 20 pL of IS stock solution, yield 100 ng/mL 10. Vortex for 1 minute.

(Nortriptyline), and two ceramic homogenizers.
11.  Centrifuge at 18,000 rpm for 3 minutes.

4. Vortex. ] ] ]
12.  Transfer a 200 pL aliquot of the extract into a LC vial

5. Add 2 mL of an acetonitrile solution (with or without containing 800 pL of water.

acid), see Table 3.
13. Vortex and analyze.

6. Vortex. ) ) )
The entire series of experiments that were evaluated can be
7. Add a premixed amount (see Table 3) of the extraction found in Table 3. A matrix matched calibration curve from
salts and vigorously shake. 10-250 ng/mL was employed to determine recovery.
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Table 3. Series of Experimental Conditions Investigated
Sample  Extraction Extraction salts
(1 mL) solvent (mg) d-SPE Observation
WB ACN none none Sample: solid mass
WB ACN, 1% AA none none Sample: solid mass
WB ACN, 0.4% FA none none Sample: loose particles
WB ACN, 0.4% FA Non-buffered, 500  none Dark extract
WB ACN, 0.4% FA AOAC, 500 none Clear extract
WB ACN, 0.4% FA EN, 650 none Dark extract
WB ACN, 0.4% FA Non-buffered, 500 50 mg PSA, Clear extract
150 mg MgSO0,
WB ACN, 0.4% FA AOAC, 500 50 mg PSA, Clear extract
150 mg MgSO0,
WB ACN, 0.4% FA EN, 650 25 mg PSA, Clear extract
150 mg MgSO0,
WB ACN, 0.4% FA EN, 650 50 mg PSA, Clear extract

150 mg MgSO0,

WB = whole blood; ACN = Acetonitrile, AA = acetic acid; FA = formic acid,
PSA = Primary secondary amine, AOAC = MgS0, & NaAcetate, EN= MgS0, & Citrate buffers,
Non-buffered = MgS0, & Sodium Chloride

Results and Discussion

The experiments showed that the use of ACN (0.4% FA) as

the extraction solvent offered a better lysed sample versus
the other extraction solvents where the sample became a
solid mass (see Figures 1 and 2). The AOAC buffered salts
yielded the cleanest extract, visually (Figure 3) and was
chosen for use with the d-SPE containing 50 mg PSA,

150 mg MgS0, for the extraction of the pharmaceuticals in
whole blood (Figure 4). It is worth noting that the d-SPE step
does in fact offer substantial clean-up for all the extracted
samples, especially from the EN and non-buffered salt
extracts, which initially showed a significant amount of red
blood cells remaining in the extract.
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A B C

Figure 3. After the addition of ACN (0.4% FA), QuEChERS salts, shake and
vortex.
A EN method citrate salts,
B AOAC method acetate salts
C non-buffered method chloride salts

—— i

——

A B

Figure 1. Addition of ACN (A) or ACN (1% AA) (B) to the whole blood,
common solvents used in the QuEChERS method.

A B C D

Figure 2. Addition of ACN (0.4% FA) to the whole blood. Figure 4. Extract after the addition of d-SPE clean-up containing
150 mg MgS0, and varying amounts of PSA.
A EN citrate salts and EN d-SPE 25 mg PSA
B EN citrate salts and AOAC d-SPE 50 mg PSA
C AOAC acetate salts and AOAC d-SPE 50 mg PSA
D Non-buffered chloride salts and AOAC d-SPE 50 mg PSA
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The mini-extraction procedure is based on the principles
behind the QUEChERS methodology. Its purpose is an alterna-
tive to more complicated techniques, offering a “just enough”
sample preparation technique for complex matrices such as
whole blood. This type of sample preparation technique is
extremely complimentary to the powerful selectivity of
LC-MS/MS multiple reaction monitoring (MRM) mode. The
whole blood extract appeared to be clean and free of impuri-
ties, indicating that the blank whole blood extract did not con-
tribute any interferences with target compounds. Figure 5
shows the chromatogram of a 10 ng/mL spiked whole blood
sample after the mini-extraction procedure.

x10°
5.0
4.8
4.6
4.4
4.2
4.0
3.8
3.6
3.4
3.2
3.0
2.8
2.6
2.4+
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4

0.2- \
/N
02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Counts versus acquisition time (min)

Tramadol
Diltiazem
Biperiden

Lidocaine

Nortriptyline (IS)

Amitriptyline
Chlorpromazine

Naloxone
Oxazepam
Lorazepam

Figure 5. LC-MS/MS chromatograms of 10 ng/mL spiked whole blood sample after mini-extraction; AOAC acetate salts
and AOAC d-SPE with 50 mg PSA and 150 mg MgS0,.
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Linearity and limit of quantification (LOQ)

The linear calibration range evaluated for all the pharmaceuti-
cals was 10-250 ng/mL. Matrix blank extracts were prepared
for the calibration curves. Calibration curves, spiked in the
matrix blank extracts, were made at levels of 10, 25, 50, 100,

and 250 ng/mL. The Nortriptyline (IS) was used at 100 ng/mL.

The calibration curves were generated by plotting the relative
responses of analytes (peak area of analyte/peak area of IS)
to the relative concentration of analytes (concentration of
analyte/concentration of IS). Figure 6 is an example of the
regression equation and correlation coefficient (R) observed
for the nine pharmaceuticals from whole blood.

Recovery and reproducibility

The recovery and reproducibility were evaluated by spiking
standards in the whole blood sample at levels at 25, 50, and
100 ng/mL. These QC samples were quantitated against the
matrix spiked calibration curve. The analysis was performed
in six replicates at each level. The recovery and reproducibility
(RSD) data are shown in Table 4.

It can be seen from the results that all the pharmaceuticals
give acceptable recoveries (average > 90%) and precision
(average of 7% RSD). We have observed a small degree of
matrix interference at low levels of concentration,

< 25 ng/mL, with the pharmaceuticals investigated.

x10-| Naloxone - 5 levels, 5 levels used, 30 points, 30 points used, 0 QCs
g4 y=0322314"x +0.007503
; R?=10.99103910
5 o]
s 4
& 3
< )
‘] 4
0.
0 02 04 06 08 10 12 14 16 18 20 22 24 26
Relative concentration
Figure 6.  Example of the results from the mini-extraction, standard linear curve for naloxone from
10-250 ng/mL, R? = 0.991.
Table 4. Recovery and RSD for the Extracted Drug Compounds
25 ng/mL Spiked 50 ng/mL Spiked 100 ng/mL Spiked
Compound Recovery RSD Recovery RSD Recovery RSD
Lidocaine 81.6 35.3 98.7 15.7 100 1.8
Tramadol 97.2 18.6 105 3.0 104 8.2
Amitriptyline 85 13.6 104 2.1 104 8.2
Biperidene 755 14.8 97 45 99 8.2
Oxazepam 60.4 17.3 71.0 9.2 78 8.6
Lorazepam 68.4 17.0 81.9 6.8 81.8 8.6
Chlorpromazine 75 141 110 10.3 105 6.3
Diltiazem 63.7 15.8 88.1 2.7 91.7 8.3
Naloxone 68 12.1 80.6 9.0 75.5 1.7
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Conclusion

Mini-extraction sample preparation is a simple, easy, and cost
effective approach, requiring minimal sample preparation
expertise, solvent, or equipment. The mini-extraction
approach for the extraction of pharmaceuticals from whole
blood offers an alternative sample preparation technique that
can be easily implemented by laboratories. Although matrix
interference was observed at low level concentrations for
some of the pharmaceuticals, improvements in the method
will include a dispersive SPE that contains additional solid
phase extraction materials to facilitate matrix removal. The
Poroshell 120 EC-C18 column offers different selectivity and
exceptional peak shape across the wide range of pharmaceu-
ticals used in this study.
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Abstract

The Chinese Pharmacopoeia method for analyzing Zanthoxylum nitidum was repro-
duced successfully on an Agilent ZORBAX Eclipse Plus C18, 4.6 x 150 mm, 5 pm
column. The good separation was transferred easily to an Agilent Poroshell 120 EC-
C18 column; excellent peak shape of nitidine chloride ensured accurate quantitation.
Gradient time decreased from 35 minutes to 17.5 minutes on a 75 cm Poroshell 120
column, and to 12 minutes on a 50 cm Poroshell 120 column. Analysis time decreased
further, to below 4 minutes by increasing the flow rate; backpressure was still below
400 bar and so the analysis could be run on a traditional HPLC instrument. The
Poroshell 120 columns shortened run time while maintaining high resolution of com-
plex traditional Chinese medicine (TCM) components, thereby increasing sample

throughput and reducing costs.
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Introduction

Zanthoxylum nitidum (Roxb.) DC., also known as liangmi-
anzhen, is a plant of the Rutaceae family. It is widely distrib-
uted throughout the southeastern part of China, and could
also be found in India, northern Queensland and Australia [1].
Zanthoxylum nitidum is a commonly used Chinese herbal
medicine, which can promote blood circulation, dissipate
blood stasis, detumescence, and relieve pain. Zanthoxylum
nitidum contains many alkaloids, of which nitidine chloride is
the major active component that exhibits the main pharmaco-
logical and biological activity [2]. Nitidine chloride is best
known for its anti-cancer activities [3]. The Chinese
Pharmacopoeia [4] specifies that the content of nitidine chlo-
ride in Z. nitidum as determined by HPLC shall not be less
than 0.13% to control the quality of the medicinal material.

Agilent Poroshell 120 EC-C18, 2.7 pm columns are packed
with superficially porous particles, which deliver fast separa-
tion and achieve performance similar to sub 2 pm totally
porous materials. However, since they use 2-pm column frits
like those found on 5 pm particle size columns, they require
no additional sample preparation. This allows a seamless
method transfer to the Poroshell 120 columns from estab-
lished methods using 5-pm columns. This makes the
Poroshell 120 columns very suitable for the analysis of herbal
medicines because these samples are often very complex.
The Poroshell 120 columns can be used to reduce the analy-
sis time that is normally quite long on a 5-pm column, while
providing the high resolution needed for these samples.

In this work, a gradient method was successfully transferred
from a traditional 4.6 x 150 mm, 5 pm column to two different
2.7 pm Poroshell 120 EC-18 columns to increase the speed of
the analysis and achieve good resolution and high efficiency,
while exceeding the requirements of the Chinese
Pharmacopoeia.

Table 1. Method Parameters for the Columns

Agilent Zorbax Eclipse Plus C18 Agilent Poroshell 120 EC-C18

Experimental

Reagents and chemicals

Nitidine chloride was obtained from the National Institute for
the Control of Pharmaceuticals and Biological Products of
China (NICPBP, Beijing, China). Acetonitrile (ACN) and
methanol were obtained from Sinopharm Chemical Reagent
(Shanghai, China). Water was prepared with a Milli-Q pure
water system.

A standard solution of nitidine chloride was prepared by
weighing the appropriate standard and dissolving in 70%
methanol aqueous solution at 50 pg/mL.

Sample preparation

The raw TCMs of Z nitidum were purchased from a local TCM
store. A powdered sample (1 g) was extracted with 20 mL of
70% methanol aqueous solution in an ultrasonic water bath
for 30 minutes. Extraction was repeated twice. The extracted
solutions were combined and diluted to 50 mL with 70%
methanol aqueous solution. This solution was then filtered
with a 0.45-um regenerated cellulose membrane filter

(p/n 5064-8221) and injected directly into the HPLC system.

Instrumentation

Analyses were performed on an Agilent 1290 Infinity LC
System with a binary pump (G4220A), a thermostatted column
compartment (TCC, G1316C), an autosampler (G4226A) and a
diode array detector (DAD, G4212A). Table 1 shows method
parameters for various column dimensions.

The columns used were:

Agilent ZORBAX Eclipse Plus C18, 4.6 x 150 mm, 5 ym
(p/n 959993-902)

Agilent Poroshell 120 EC-C18, 4.6 x 75 mm, 2.7 pm
(p/n 697975-902)

Agilent Poroshell 120 EC-C18, 4.6 x 50 mm, 2.7 ym
(p/n 699975-902)

Agilent Poroshell 120 EC-C18

4.6 x 150 mm, 5 pm 4.6 x 75 mm, 2.7 pm 4.6 x 50 mm, 2.7 pm
Mobile phase A: 0.1% formic acid-triethylamine (pH = 4.5), (0.1% (v/v) formic acid aqueous solution adjusted with
triethylamine to a pH of 4.5)
B: acetonitrile
Gradient 0 min 20% B 0 min 20% B 0 min 20% B 0 min 20% B
30 min 50% B 15 min 50% B 10 min 50% B 2.7min 27% B
35 min 100% B 17.5 min 100% B 12 min 100% B 3 min 100% B
Flow rate 1.5 mL/min 1.5 mL/min 1.5 mL/min 3 mL/min
Injection volume 10 pL 5puL 4L 4l
TCC temperature 30°C 30°C 30°C 30°C
Detector UV 273 nm UV 273 nm UV 273 nm UV 273 nm
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Results and Discussion

The original separation method of Z. nitidum published in the
2010 Chinese Pharmacopoeia was repeated on an Agilent
ZORBAX Eclipse Plus C18, 4.6 x 150 mm, 5 pm column.
Figure 1 shows the chromatograms of nitidine chloride stan-
dard solution and Z nitidum extract. Due to the complicated
matrix, this type of separation typically requires more than

35 minutes. Nitidine chloride can be baseline separated with
excellent peak shape. Performance of the column was shown
in Figure 2A.

mAU
120
E Standard
803 nitidine chloride
407
. |
T T T LI T T T T T T LI T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 min
mAU
120 nitidine chloride
807
404
0; T T T T T T T T T T LI T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 min
Figure 1. Original method for analyzing Zanthoxylum nitidum on an Agilent

ZORBAX Eclipse Plus C18, 4.6 x 150 mm, 5 um column.

A:0.1% FA-TEA (pH=4.5); B: ACN 2A:

Time %B Agilent ZORBAX Eclipse

0 20 PlusC18, 4.6 x 150 mm, 5 ym
50 1. nitidine chloride

80 35 100 Rt=28.505 min
60 1.5mL/min, UV 273 nm, 30 °C N=32722
40 10 pLinjection USPTf=1.15
20 Rs=6.73
0
L O B S O S B R R B B B
0 5 10 15 20 25 30 min
mAU A:0.1% FA-TEA (pH =4.5); B:ACN  2B:
100 E Time %B Agilent Poroshell 120 EC-C18,
] 0 20 4.6x75mm, 2.7 pm
804 15 50 1. nitidine chloride
60 17.5 100 Rt=4.235min
401 1.5mL/min, UV 273 nm, 30 °C N=33075
E 5 pLinjection USPTf=1.09
20 Rs=6.22
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805 Time %B Agilent Poroshell 120 EC-C18,
| 0 20 4.6 x50 mm, 2.7 ym
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e 12 100 Rt=2.681min
4 1.5mL/min, UV 273 nm, 30 °C N =15951
20 4 pLinjection USPTf=1.01
Rs=4.27
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Figure 2. Overlaid chromatograms of Zanthoxylum nitidum using Agilent
ZORBAX Eclipse Plus C18, 4.6 x 150 mm, 5 um, Agilent Poroshell
20 EC-C18, 4.6 x 75 mm, 2.7 um and Agilent Poroshell 120 EC-C18,
4.6 x 50 mm, 2.7 ym column.
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The original method was scaled from a 4.6x150mm, 5 pm col-
umn to an Agilent Poroshell 120 EC-C18, 4.6 x 75 mm, 2.7 pm
column. The flow rate should not be changed, according to
Equation 1, to maintain the same linear velocity.

Eq1
Fy/(r)% = Fy/(r,)?

where

F, is the flow rate of original column
F, is the flow rate of new column

r, is the radius of original column

r, is the radius of new column

The gradient time is proportional to the column length while
maintaining the original separation. Since the original column is
4.6 x 150 mm, using a 4.6 x 75 mm column at the same linear
velocity shortens the gradient time by 75/150 or a factor of 2,
so the injection volume is decreased by half to avoid sample
overload. The analysis time also decreased by a factor of 2,
from 35 minutes to 17.5 minutes, as shown in Figure 2A and
2B. However, compared to the original method, the chro-
matogram showed equivalent or slightly better peak shape,
theoretical plates and resolution with the Poroshell 120
EC-C18, 4.6 x 75 mm, 2.7 pm column. The backpressure of
this Poroshell column analysis is less than 250 bar making it
possible to use this faster method on any HPLC or UHPLC.

Similarly, the analysis time could be further shortened by
using a shorter column. As shown in Figure 2C, the new
method saved two-thirds of the original analysis time and the
backpressure of 176 bar was quite acceptable for a 400-bar
HPLC when using a Poroshell 120 EC-C18, 4.6 x 50 mm,

2.7 pm column. The value for theoretical plates of nitidine
chloride greatly exceeded the requirement of the 2010
Chinese Pharmacopoeia (N>2500).

This method could be further optimized based on the perfor-
mance of the Poroshell 120 EC-C18, 4.6 x 50 mm, 2.7 pm
column. Firstly, the cycle time could be further reduced by
using twice the flow rate, because the Van Deemter curve of
the superficially porous Poroshell 2.7 pm particles is similar
to columns with 1.8 pm particles. Therefore, the efficiency
of the Poroshell 120 column does not decrease significantly
at higher flow rates. Nitidine chloride is the target com-
pound in this method to control the quality of Z. nitidum.
After nitidine chloride elutes out of the detector, the propor-
tion of ACN in the mobile phase could be increased to wash
the contaminants in Z nitidum out of the column quickly.
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Py

As illustrated in Figure 3, having optimized the flow rate and
gradient slope for the best possible balance between resolu-
tion and analysis time, the analysis time fell to approximately
one-tenth of the original analysis time with some loss in reso-
lution and theoretical plates, which were much better than the
regulation requirements. The backpressure was less than

370 bar. This pressure was fine for the column, which could
be used up to 600 bar. Although a traditional 400-bar HPLC
instrument could be used for this method, it is better to use
an HPLC or UHPLC with a pressure limit of at least 600 bar.

mAU5 A:0.1% FA-TEA (pH = 4.5); B: ACN
603 Time %B
3 Standard 0 2
405 ; 2.7 28
3 3 100
204 3mL/min, UV 273 nm, 30 °C
E 4 pLinjection
03
R RS R ERE
0 0.5 1 15 2 2.5 3 3.5 4 45 min
mAU
60
Sample 1 1. nitidine chloride
40 Rt=1.768 min
N =8744
20 USP Tf=1.01
Rs=4.11
0
.
0 0.5 1 1.5 2 2.5 3 3.5 4 45 min
Figure 3. Optimized method for analyzing Zanthoxylum nitidum on an

Agilent Poroshell 120 EC-C18, 4.6 x 50 mm, 2.7 ym column.

Conclusions

A method for the analysis of nitidine chloride in Z. nitidum
was successfully transferred from a traditional 4.6 x 150 mm,
5 pm column to an Agilent Poroshell 120 column. The
Poroshell 120 2.7 um particle columns provide high efficiency
and high resolution allowing for faster methods. This is similar
to the performance that could be achieved with sub 2 um
columns. But the Poroshell 120 column operates at a lower
pressure such that a 400-bar instrument can run the Poroshell
120 column method for routine analysis. A higher flow rate
reduces analysis time to less than 4 minutes. The transferred
methods are fast with high efficiency, providing good separa-
tion and peak shape, and therefore provide substantial time
and cost savings.
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Abstract

New guidelines from the US Substance Abuse and Mental Health Services
Administration (SAMHSA), effective October 2010, allowed LC/MS/MS methods to
be used for confirmation of initial drug tests [1]. LC/MS/MS methods are often less
complicated than previously employed GC/MS methods because they do not typically
require a derivatization step. We present a method for analysis of five amphetamines
that meets the most recent SAMHSA guidelines to demonstrate linearity, limit of
detection (LOD), accuracy, and precision, as well as measurement of matrix effects,
extraction recovery, and overall process efficiency. This is one of a suite of six
simplified methods covering all classes of SAMHSA-regulated drugs and using
premier Agilent products, including Agilent Bond Elut Plexa PCX mixed-mode
polymeric SPE sorbent, Agilent Poroshell 120 EC-C18 2.7 pm superficially porous LC
column, Agilent 1200 Infinity LC system, and Agilent 6460 Triple Quadrupole LC/MS

system with Agilent Jet Stream Technology (AJST) enhanced electrospray source.
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Introduction

Amphetamines are psychostimulant drugs included in a group
of sympathomimetic amines that mimic the effects of the
endogenous neurotransmitters, such as epinephrine
(adrenaline), norepinephrine (noradrenaline), and dopamine.
Amphetamines are found in the leaves of Ephedra sinica (for
example ephedrine) and were first produced synthetically at
the end of the 19th century. Their chemical structure features
a phenethylamine backbone with a methyl group attached to
the alpha carbon, along with other substitutions (Figure 1).

A significant portion of amphetamines is excreted intact in
urine. By demethylation, more complicated amphetamine
derivatives are metabolized into simpler structures, for
example methamphetamine to amphetamine, and MDMA to
MDA [2]. The 2011 SAMHSA guidelines require screening for
and confirmation of five amphetamines — amphetamine,
methamphetamine, MDA, MDMA, and MDEA. The
confirmation method should demonstrate the ability to
distinguish these drugs from structurally similar compounds
that are potential interferences, including ephedrine,
pseudoephedrine, phentermine, and phenylpropanolamine
(PPA, or norephedrine).

In GC/MS methods traditionally employed for detection of
amphetamines, it was common to apply periodate
pretreatment to oxidize the hydroxyphenethylamines
ephedrine and pseudoephedrine and, thus, exclude a chance
of interference by these compounds. We eliminated this step,
offering instead a reliable chromatographic separation of all
analytes of interest required by the latest SAMHSA
guidelines.
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The new SAMHSA confirmation cutoff concentration for all
amphetamines is 250 ng/mL and a limit of detection at 10%
of the cutoff concentration is 25 ng/mL [1]. Because high
concentrations of amphetamines can be expected in some
urine samples, we chose to use a higher capacity 3 mm id
Agilent Poroshell 120 column instead of a 2 mm id column for
all Agilent SAMHSA methods. With superficially porous

2.7 pm particles, Poroshell 120 provides similar efficiency to
sub-2 pm UHPLC columns but with about 40% less back
pressure. Therefore, it allows users of even 400 bar LC
systems to increase resolution and to shorten both analysis
and re-equilibration times by applying a higher flow rate.

The simple extraction method described here provides
reproducible high recoveries of amphetamines due to the
unique properties of Agilent Bond Elut Plexa. Unlike other
polymeric sorbents, Plexa possesses amide-free hydroxylated
particle surface that excludes protein binding. This results in
minimized ion suppression and maximum sensitivity. Fast flow
and reproducible performance are due to the narrow particle
size distribution with no fines to cause blockages.

With a low sample injection volume of 2 pL and no sample
preconcentration, the presented method demonstrates
excellent signal-to-noise (S/N) ratios (> 400:1 at 25 ng/mL,
10% of the SAMHSA confirmation cutoff) due to the
enhanced sensitivity of the Agilent 6460 Triple Quadrupole
LC/MS system with the AJST electrospray source.

Previous methods from Agilent used the Agilent 6410 Triple
Quadrupole LC/MS system system and other SPE/LC
products and procedures [3,4].
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Experimental
Analytes
H CH I-|I (|:I-I3
H CH 3
|0 | 0 C—C—NH,
C—C—NH, C—C—NH—CHs < R
[ [ H H
H H H H 0
Amphetamine Methamphetamine MDA
LogP1.79 pKa 9.8 Log P 1.94 pKa 9.5 Log P 1.67 pKa 9.7
D CDj3
D CD3 D CDg 0 |
[ [ C—C—NH,
C—C—NH, C—C—NH—CD3 < L
[ [ H D
D D D D 0
Amphetamine-Dg Methamphetamine-Dg MDA-Dg
o o
<0 (l:_(l:_NH_CHS <Oj©7(|)—(l;—NH—CH2—CH3
H H
0 H H 0
MDMA MDEA
Log P 2.05 pKa 9.9 Log P 2.34 pKa 9.9
o e
<0 C—C—NH-CDs <Oj©7(|;—[|:—NH—CHZ—CD3
H H
0 H D 0
MDMA-Dg MDEA-Dg
OH
CH3 NH2
NH, CHs
CHs
Ephedrine Pseudoephedrine Phentermine Phenylpropanolamine
Log P 1.13 pKa 9.6 Log P 0.89/1.1 pKa 9.9 Log P 2.16 pKa 10.1 Log P 0.81 pKa 9.4

Figure 1. Amphetamines and interferences - analytes and their structures.
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Drug standards were purchased from Cerilliant Corporation as
1 mg/mL (amphetamine, methamphetamine, MDA, MDMA,
MDEA, ephedrine, pseudoephedrine, phentermine, and
phenylpropanolamine) and 100 pg/mL (amphetamine-Dg,
methamphetamine-Dy, MDA-D;, MDMA-D;, and MDEA-Dg)
solutions in methanol.

Materials and instrumentation

SPE

* Agilent Bond Elut Plexa PCX cartridges, 30 mg, 3 mL
(p/n 12108303)

+  Agilent vacuum manifold VacElut 20 (p/n 12234100)
*  Agilent stopcock valves (p/n 12234520)
+  Agilent 2 mL autosampler vials (p/n 5182-0716)

*  Agilent screw caps for autosampler vials (p/n 5182-0717)

*  Agilent Poroshell 120 EC-C18, 3 x 50 mm, 2.7 ym
(p/n 699975-302)

+ Agilent 1260 Infinity LC (G1379B microdegasser,
1312B binary pump in low delay volume configuration,
G1367E autosampler, and G1330B thermostat)

MsS

«  Agilent 6460A Triple Quadrupole LC/MS system with
AJST electrospray ionization source.

Sample preparation

Pretreatment

Spike 0.5 mL of urine with ISTDs at 500 ng/mL each; use of
12 x 75 mm glass tubes is recommended. Add 1 mL of
2% formic acid, vortex; centrifuge if cloudy.

Extraction

1. Condition Bond Elut Plexa PCX column with 0.5 mL
methanol — soak, then let drip.

2. Load sample/supernatants.

3. Wash 1: 1 mL 2% formic acid.

4. Wash 2: 1 mL of methanol.

5. Dry 5-10 minutes under vacuum (10-15 in Hg).

6. Elute with 1 mL ethyl acetate: methanol: ammonium
hydroxide (50:50:20), freshly prepared. Let eluate drip into
collection vials, then apply low vacuum (2-3 in Hg).

7. Evaporate under stream of nitrogen to 0.2 mL at < 37 °C.
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8. Add 100 pL of 0.025 N hydrochloric acid in methanol,

vortex.

9. Evaporate to dryness.

10. Reconstitute in 0.5 mL initial mobile phase (15%
methanol, 85% water, 0.1% formic acid).

LC/MS/MS

LC conditions
Mobile phase A
Mobile phase B
Flow rate

Gradient

Stop time
Post time
Max pump pressure

Injection volume

Injection with needle wash

Needle wash

Disable overlapped injection

0.1% formic acid in water

0.1% formic acid in methanol

0.8 mL/min

Time (min) % B
0.0 15
15 15
35 30
3.6 90
6.6 90
6.7 15
6.8 min

2 min

400 bar

2L

Flush port 75:25 methanol:water for 10 s

No automatic delay volume reduction

MS conditions

ES Source Parameters
lonization mode
Capillary voltage
Drying gas flow

Drying gas temperature
Nebulizer gas

Sheath gas flow
Sheath gas temperature
Nozzle voltage

MS parameters

Scan type

Pre-run script

Time segments

Delta EMV (+)

Positive
4,000 V
10 L/min
350 °C
35 psi

12 L/min
400 °C
oV

MRM

SCP_MSDiverterValveToWaste()
{MH_Acq_Scripts.exe}

#1: 0.6 min (for interferences separation) or
1.2 min (for five amphetamines only) - diverter
valve to MS

200V
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Results and Discussion

At acidic pH, the amine group of amphetamines was
protonated, and the analytes were efficiently retained on
Bond Elut Plexa PCX polymeric sorbent by a combination of
hydrophobic interaction and a strong cation exchange.

A 100% methanol wash eliminated most matrix interferences
without the loss of analytes from the sorbent. A strong base
was added to organic eluent to break ionic interaction
between the amphetamines and strong cation exchange
sorbent. The recovery was optimized with two-component
organic eluent consisting of 50% ethyl acetate and 50%
methanol, with 20% NH,0H added shortly before sample
elution.

Amphetamines are rather volatile and could evaporate at the
solvent evaporation step of sample preparation unless
precipitated as salts by addition of the hydrochloric acid. It is
best to add HCI toward the end of evaporation to avoid the
formation of ammonium chloride salts which will cause ion
suppression.

Figure 2 shows excellent separation of five amphetamines
and potential interferences specified by SAMHSA on the
Poroshell 120 EC-C18, 3 x 50 mm, 2.7 pm column, which was
completed within 3.2 minutes. LC separation started with a
low fraction of organic solvent (15%) to allow salts and other
polar components of urine to elute at the beginning of the
sample run. Each sample run started with diverting the first
portion of flow to waste to minimize source contamination.
Data collection started immediately after the diverter valve
switch. A flow rate of 0.8 mL/min allowed short separation
and re-equilibration times.
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+MRM (152.1 = 117.1) Amphetamines and interferences.d
1
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02040608 1 12141618 2 22 24 2628 3 32 3.4 36
Acquisition time (min)

x10*
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Figure 2. Separation of amphetamines and potential
interferences on Agilent Poroshell 120 EC-C18, 3 x 50 mm,
2.7 um column — overlaid MRM extracted ion chromatograms.
Concentration of each analyte corresponds to 50 ng/mL.
Peaks in order of their elution are: 1. phenylpropanolamine,

2. ephedrine, 3. pseudoephedrine, 4. amphetamine,

5. methamphetamine, 6. MDA, 7. MDMA, 8. MDEA,

9. phentermine.

A dynamic MRM method using retention time and delta RT
(time window) for a certain transition is recommended for the
analysis of several compounds. When good separation from
interferences is ensured, and data collection is focused on
five amphetamines only, the valve can be switched from
waste to mass spectrometer at 1.2 minutes instead of

0.6 minutes (time segment no. 1 in the MS method).
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SAMHSA guidelines require the use of one quantifier and at
least one qualifier ion for both target compound and ISTD. A
third transition for target analytes (Table 1) was provided
where possible for additional confidence. Agilent MassHunter
Quantitative software calculated qualifier ion ratios,
automatically highlighting those out of acceptable range.

Table 1. MRM transitions.

Collision
Compound name Precursor Product  Fragmentor energy
Amphetamine 136.1 119.1 64 4
Amphetamine 136.1 91.1 64 14
Amphetamine-Dg 1421 125.1 66 5
Amphetamine-Dg 1421 93.1 66 13
MDA 180.1 163.1 92 5
MDA 180.1 105.1 92 17
MDA-Dy 185.1 168.1 68 5
MDA-Dg 185.1 110.1 68 21
MDEA 208.1 163.1 88 8
MDEA 208.1 133.1 88 17
MDEA 208.1 105.1 88 21
MDEA-D 214.2 166.1 90 8
MDEA-D 214.2 108.1 90 25
MDMA 1941 163.1 84 5
MDMA 194.1 135.1 84 17
MDMA 194.1 105.1 84 21
MDMA-D, 199.1 165.1 82 4
MDMA-Dg 199.1 107.1 82 25
Methamphetamine 150.1 119.1 80 4
Methamphetamine 150.1 91.1 80 16
Methamphetamine-Dy ~ 159.2 125.2 71 5
Methamphetamine-Dy  159.2 93.1 71 13
Ephedrine-
pseudoephedrine 166.1 133.1 80 21
Phentermine 150.1 133.1 80 6
Phenylpropanolamine  152.1 1171 80 20
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S/N ratios exceeding 400:1 were obtained for quantifier peaks
of all five amphetamines at 25 ng/mL (Figure 3, upper panel:
S/N is shown for the MDEA quantifier peak). This illustrated
the state-of-the-art performance of the Agilent 6460 Triple
Quadrupole LC/MS/MS capable of reliably detecting all five
amphetamines at a small fraction of the SAMHSA cutoff.

+MRM (208.1 - 163.1) L1-1 am-r002.d

x10¢ | Noise (Peak to peak) = 120.10; SNR (2.88 min) = 481.2
6 2 4 5
£ 1
5 :
o
2
08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38

Acquisition time (min)

+MRM (214.2 - 166.1) L1-1 am-r002.d
Noise (Peak to peak) = 1214.14; SNR (2.84 min) = 822.6

i L

172 14 16 18 2 22 24 26 28 3 32 34 36 38
Acquisition time (min)

x10°

Counts
[42]

08 1

Figure 3. Overlaid MRM extracted ion chromatograms for
amphetamines quantifiers (25 ng/mL) and ISTDs quantifiers
(500 ng/mL) in urine extract on an Agilent Poroshell 120 EC-
C18, 3 x 50 mm, 2.7 ym column. Peaks in order of their elution
are: upper panel - 1. amphetamine, 2. methamphetamine,

3. MDA, 4. MDMA, 5. MDEA, lower panel - 1". amphetamine-Dj,
2'. methamphetamine-Dy, 3'. MDA-D;, 4'. MDMA-D;,

5'. MDEA-D; . Noise regions are shown in bold.
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Figure 4 gives examples of calibration curves for extracted
urine standards at five concentration levels. Calibration
standards were prepared by spiking negative urine at 25, 250,
1,000, 5,000, and 10,000 ng/mL with each of the five members
of the amphetamines class. Deuterated internal standards for
each analyte were added at 500 ng/mL. The excellent linear
fits to all curves with R2 > 0.999 demonstrated linearity of the
method across a broad dynamic range of concentrations, as
required by SAMHSA guidelines.

Amphetamine MDMA
%10 Amphetamine - 5 levels, 5 levels used, 24 points, 24 points used, 14 QCs %10 MDMA -5 levels, 5 levels used, 22 points, 22 points used, 16 QCs
y =0.002091 * x + 0.011257 y =0.004415 * x +0.136278
2 4 R = 0.99920273 | R?=0.99869678
» 4
[+
[Z]
@ 4
o
& 14
<
5 4
=
£ 4
©
2 4
04
7 T T T T T T T T T T T 1 T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 x10° 0 1 2 3 4 5 6 7 8 9 10 x10°
Concentration (ng/mL) Concentration (ng/mL)
Methamphetamine MDEA
Methamphetamine - 5 levels, 5 levels used, 11 points, 11 points used, 21 QCs MDEA -5 levels, 5 levels used, 22 points, 22 points used, 16 QCs
x10 -y =0.001934 " x + 0.230733 ¥10 | y=0.002229 ° x+0.008913
| R*=10.99909327 -+ R?=10.99922098
] 24
g g |
S 2
S S
2 14 a
< | 2 19
2 SR
E k-
2 | s
0+ 04
o T T T T T T T T T T T 1 T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 x10° 0 1 2 3 4 5 6 7 8 9 10 x10°

MDA

x10 MDA -5 levels, 5 levels used, 24 points, 24 points used, 18 QCs
y=0.001879 * x + 0.053455
7 R?=10.99916812

Relative responses

T 1
0 1 2 3 4 5 6 7 8 9 10 x10°
Concentration (ng/mL)

Figure 4. Example calibration curves for five amphetamines in urine extracts. Calibration range 25 to 10,000 ng/mL. All fits are
linear, with R2 > 0.999.
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Method evaluation

Method performance metrics in Table 2 were calculated
according to the principles laid out in Matuszewski et al and
widely accepted as an industry standard approach for
LC/MS/MS methods [5]. The extraction procedure and
LC/MS/MS measurement were performed for five replicates
of negative urine spiked pre-extraction with each of the

five members of the amphetamines class at the cutoff level,
and five replicates of negative urine extract reconstituted in
initial mobile phase, and then fortified at 250 ng/mL (spiked
post-SPE). The third measurement was of initial mobile phase
(the reconstitution solvent) fortified to correspond to the
cutoff concentration of 250 ng/mL in urine (spiked mobile
phase).

Process efficiency (absolute recovery) is a ratio of a peak area
of target analyte in urine sample spiked pre-SPE to its peak
area in matrix-free spiked mobile phase. Extraction recovery is
a ratio of a peak area of target analyte in urine extract spiked
pre-SPE to its peak area in an extracted negative urine sample
spiked post-SPE. Matrix effect is a ratio of a peak area of
target analyte in urine spiked post-SPE to its peak area in
spiked mobile phase. Accuracy is a ratio of a measured
concentration calculated using the calibration curve to the
expected concentration in a sample spiked with a known
amount of target analyte. Precision or coefficient of variation
(CV) is a measure of reproducibility and is calculated as a
percent standard deviation over the mean of the

five measurements.

Table 2. Method evaluations, n = 5.

Table 2 shows that the extraction recovery for all five
amphetamines was = 94%, with overall process efficiency
higher than 90% in four out of five analytes; for amphetamine,
process efficiency was 86%. The matrix effect of 91 to 99%
means only a 1 to 9% signal reduction due to ion suppression,
thus, confirming the exceptional cleanliness of Plexa PCX-
processed extracts. High accuracy (within 10% of the target)
and excellent precision (CV < 1.1%) is typical for this method.

Conclusions

The solid phase extraction procedure coupled with the
LC/MS/MS detection method described here is SAMHSA-
compliant and provides accurate, precise, and reproducible
results for forensic toxicology or other analytical
environments with similar requirements for legally defensible
data. A hardware setup is the same as in other 2011 SAMHSA
methods from Agilent. These methods are intended for all
users of Agilent 1100 and Agilent 1200 Series LC because the
back pressure in the LC system does not exceed 400 bar.
Source parameters can be easily modified to use this method
with other models of Agilent Triple Quadrupole LC/MS
systems. Electronic copies of the LC/MS/MS acquisition and
quantitation methods are available from Agilent Technologies.

Parameter Amphetamine Methamphetamine MDA MDMA MDEA
Process efficiency” (%) 86 93 91 93 95
Extraction recovery” (%) 94 94 95 97 96
Matrix effect” (%) 91 99 95 96 98
Accuracy™ (%) 107 105 92 101 106
Precision (CV)**(%) 0.6 0.5 1.1 0.5 0.3

*determined at cutoff level

**determined at 40% cutoff level for amphetamine, MDA, MDMA, MDEA, and at the cutoff level for methamphetamine
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SAMHSA-Compliant LC/MS/MS Analysis of Benzoylecgonine in Urine
with Agilent Bond Elut Plexa PCX and Agilent Poroshell 120

Authors Abstract
Irina Dioumaeva, John M. Hughes New guidelines from the US Substance Abuse and Mental Health Services
Agilent Technologies, Inc. Administration (SAMHSA), effective October 2010, allowed LC/MS/MS methods to

be used for confirmation of initial drug tests [1]. LC/MS/MS methods are often less
complicated than previously employed GC/MS methods because they do not
typically require a derivatization step. We present a method for analysis of
benzoylecgonine that meets the most recent SAMHSA guidelines to demonstrate
linearity, limit of detection (LOD), accuracy, and precision, as well as measurement
of matrix effects, extraction recovery, and overall process efficiency. This is one of a
suite of six simplified methods covering all classes of SAMHSA-regulated drugs and
using premier Agilent products, including Agilent Bond Elut Plexa PCX mixed-mode
polymeric SPE sorbent, Agilent Poroshell 120 EC-C18 2.7 um superficially porous LC
column, Agilent 1200 Infinity LC system, and Agilent 6460 Triple Quadrupole LC/MS

system with Agilent Jet Stream Technology (AJST) enhanced electrospray source.
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Introduction

Benzoylecgonine (BE) is a major urinary metabolite of
cocaine. Cocaine hydrolysis to benzoylecgonine occurs
enzymatically (in the liver), as well as without catalysts at
alkaline pH [2]. The SAMHSA-established confirmation cutoff
concentration for benzoylecgonine is 100 ng/mL, and a LOD
at 10% of the cutoff would be 10 ng/mL [1].

The extraction method described in this application note
provides reproducible high recoveries of benzoylecgonine due
to unique properties of the Agilent Bond Elut Plexa polymer.
Unlike other polymeric sorbents, Plexa possesses an amide-
free hydroxylated particle surface that excludes protein
binding. This results in minimized ion suppression and
maximum sensitivity. Fast flow and reproducible performance
are due to the narrow particle size distribution with no fines
to cause blockages.

A Poroshell 120 EC-C18, 3 x 50 mm, 2.7 pm column was
chosen due to its high capacity and excellent separation
properties. With superficially porous 2.7 pm particles,
Poroshell 120 provides similar efficiency to sub-2 pm UHPLC
columns but with about 40% less back pressure, thereby
allowing users of even 400 bar LC systems to increase
resolution and to shorten both analysis and re-equilibration
times by applying a higher flow rate.

With a low sample injection volume of 2 pL and no sample
preconcentration, the presented method demonstrates
excellent signal-to-noise (S/N) ratios (> 400:1 at 10 ng/mL,
10% of the SAMHSA confirmation cutoff) due to the
enhanced sensitivity of the Agilent 6460 Triple Quadrupole
LC/MS system with the AJST electrospray source.

Previous methods from Agilent used the Agilent 6410 Triple
Quadrupole LC/MS system and other SPE/LC products and
procedures [3,4].

Experimental

Analytes

Drug standards were purchased from Cerilliant Corporation
as 1 mg/mL (benzoylecgonine) and 100 pg/mL
(benzoylecgonine-Dg) solutions in methanol.
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Figure 1. Benzoylecgonine analytes and their structures.
Predicted log P values from DrugBank, ChemSpider,
PubChem.

Materials and instrumentation
SPE

+ Agilent Bond Elut Plexa PCX cartridges, 30 mg, 3 mL
(p/n 12108303)

+ Agilent vacuum manifold VacElut 20 (p/n 12234100)
» Agilent stopcock valves (p/n 12234520)
* Agilent 2-mL autosampler vials (p/n 5182-0716)

+ Agilent screw caps for autosampler vials (p/n 5182-0717)

LC

+ Agilent Poroshell 120 EC-C18, 3 x 50 mm, 2.7 pm column
(p/n 699975-302)

+ Agilent 1260 Infinity LC (G1379B microdegasser, 1312B
binary pump in low delay volume configuration, G1367E
autosampler, and G1330B thermostat)

MS

+ Agilent 6460A Triple Quadrupole LC/MS system with AJST
electrospray ionization source
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Sample preparation

Pretreatment

Spike 1 mL of urine with ISTD at 200 ng/mL; use of
12 x 75 mm glass tubes is recommended. Add 1 mL of
2% formic acid, vortex; centrifuge if cloudy.

Extraction

1. Condition Bond Elut Plexa PCX column with 0.5 mL
methanol — soak, then let drip.

2. Load sample/supernatants.

3. Wash 1: 1 mL 2% formic acid.

4. Wash 2: 1 mL of methanol.

5. Dry 5-10 minutes under vacuum (10-15 in Hg).

6. Elute with T mL methanol: ammonium hydroxide (100:20),
freshly prepared. Let eluate drip into collection vials, then
apply low vacuum (2-3 in Hg).

7. Evaporate under a stream of nitrogen to dryness.

8. Reconstitute in 1 mL initial mobile phase (10% methanol,
90% water, 0.1% formic acid).

LC/MS/MS
LC conditions

Mobile phase A
Mobile phase B

0.1% formic acid in water

0.1% formic acid in methanol

Flow rate 0.8 mL/min

Gradient Time (min) % B
0.0 10
0.5 10
25 70
2.51 90
5.5 90
5.51 10

Stop time 5.6 min

Post time 2 min

Max pump pressure 400 bar

Injection volume 2L

Injection with needle wash
Needle wash Flush port 75:25 methanol:water for 10 s
Disable overlapped injection

No automatic delay volume reduction
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MS conditions

ES source parameters
lonization mode
Capillary voltage
Drying gas flow

Drying gas temperature
Nebulizer gas

Sheath gas flow
Sheath gas temperature
Nozzle voltage

MS parameters

Scan type

Pre-run script

Time segments

Positive
3,000V
10 L/min
350 °C
35 psi

12 L/min
400 °C
ov

MRM

SCP_MSDiverterValveToWaste()
{MH_Acq_Scripts.exe}

#1: 1.2 min - diverter valve to MS

Delta EMV(+) 200V

Results and Discussion

At acidic pH, the tertiary amine of benzoylecgonine was
protonated, and the analyte was efficiently retained on Plexa
PCX polymeric sorbent by a combination of hydrophobic
interaction and a strong cation exchange.

A 100% methanol wash eliminated most matrix interferences
without BE loss from the SPE column. A strong base was
added to the organic eluent to break the ionic interaction
between the analyte and the strong cation exchange sorbent.
Benzoylecgonine recovery was optimized with 20% NH,0H
added to methanol shortly before sample elution.
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The Poroshell 120 EC-C18, 3 x 50 mm, 2.7 ym column
provided fast separation of benzoylecgonine in urine extract
and good peak shape (Figure 2). The LC separation started
with a low fraction of the organic solvent (10%) to allow salts
and other polar components of urine to elute at the beginning
of the sample run. Each sample run started with diverting a
first portion of flow (0 to 1.2 minutes) to waste to minimize
source contamination. Data collection started at 1.2 minutes,
immediately after the diverter valve switch. A flow rate of

0.8 mL/min allowed for short analysis and re-equilibration
times.

A S/N ratio >400:1 for the 10 ng/mL peak (Figure 2), upper
panel) illustrates a state-of-the-art performance of the Agilent
6460 Triple Quadrupole capable of reliably detecting
benzoylecgonine at a small fraction (10%) of the SAMHSA
cutoff concentration.

SAMHSA guidelines require one quantifier and at least one
qualifier ion for both target compound and ISTD. A third
transition for target analyte (Table 1) was provided for
additional confidence. The Agilent MassHunter Quantitative
software automatically calculated qualifier ion ratios,
highlighting those out of acceptable range.

Table 1. MRM transitions.

Compound  Precursor Product Fragmentor  Collision energy
BE 290.1 168.1 90 15
BE 290.1 105.1 90 30
BE 290.1 82.1 90 32
BE-Dy 298.2 171 90 15
BE-Dg 298.2 110.1 90 30

Figure 3 is an example calibration curve for extracted urine
standards at five concentration levels of benzoylecgonine.
Calibration standards were prepared by spiking negative urine
at 10, 100, 500, 1,000, and 4,000 ng/mL. Deuterated internal
standard BE-Dg was added at 200 ng/mL. The excellent linear
fit with R2 = 0.998 demonstrated linearity of the method
across a broad dynamic range of concentrations, as required
by SAMHSA guidelines.

Normal, rather than dynamic, MRM scan type can be used
with this method, because dynamic MRM has no advantages
for detection of a single compound.
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Figure 2. MRM extracted ion chromatograms for BE
(10 ng/mL) and BE-Dg (200 ng/mL) in urine extract. Agilent
Poroshell 120 EC-C18, 3 x 50 mm, 2.7 pm column. Noise
regions are shown in bold.
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Figure 3. Example calibration curve for benzoylecgonine in

urine extract. Calibration range 10 to 4,000 ng/mL. Linear fit,
R2 =0.998.
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Method evaluation

Method performance metrics in Table 2 were calculated
according to the principles laid out in Matuszewski et al and
widely accepted as an industry standard approach for
LC/MS/MS methods [5]. The extraction procedure and the
LC/MS/MS measurement were performed for five replicates
of negative urine spiked pre-extraction at the cutoff level, and
five replicates of negative urine extract reconstituted in initial
mobile phase and then fortified at 100 ng/mL with
benzoylecgonine (spiked post-SPE ). The third measurement
was of initial mobile phase (the reconstitution solvent)
fortified to correspond to the cutoff concentration of

100 ng/mL in urine (spiked mobile phase).

Process efficiency (absolute recovery) is a ratio of a peak area
of target analyte in urine sample spiked pre-SPE to its peak
area in matrix-free spiked mobile phase. Extraction recovery is
a ratio of a peak area of target analyte in urine extract spiked
pre-SPE to its peak area in an extracted negative urine sample
spiked post-SPE. Matrix effect is a ratio of a peak area of
target analyte in urine spiked post-SPE to its peak area in
spiked mobile phase.

Accuracy is a ratio of a measured concentration calculated
using the calibration curve to the expected concentration in a
sample spiked with a known amount of target analyte.
Precision or coefficient of variation (CV) is a measure of
reproducibility and is calculated as a percent standard
deviation over the mean of the five measurements.

Table 2 shows high extraction recovery for benzoylecgonine

(86%) together with excellent accuracy (102%) and precision
(0.7%). Matrix effect of 99% indicates minor ion suppression
of a signal due to matrix interferences (1%), thus, confirming
an exceptional cleanliness of Plexa PCX-processed extracts.

Table 2. Method evaluation at the cutoff level, n = 5.

%

Process efficiency” 85
Extraction recovery” 86
Matrix effect” 99
Accuracy™”* 102
Precision** (CV) 0.7

*determined at cutoff level
**determined at 40% cutoff
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Conclusions

The solid phase extraction procedure coupled with
LC/MS/MS detection method described in this application
note is SAMHSA-compliant and provides accurate, precise,
and reproducible results for forensic toxicology or other
analytical environments with similar requirements for legally
defensible data. The hardware setup is the same as in the
other 2011 SAMHSA methods from Agilent. These methods
are intended for all users of Agilent 1100 and Agilent 1200
Series LCs because the back pressure in the LC system does
not exceed 400 bar. Source parameters can be easily modified
to use this method with other models of Agilent Triple
Quadrupole LC/MS/MS instruments. Electronic copies of the
LC/MS/MS acquisition and quantitation methods are
available from Agilent Technologies.
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Abstract

The traditional method for analyzing notoginseng total saponins was transferred from
an Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm column to an Agilent Poroshell
120 EC-C18, 4.6 x 75 mm, 2.7 pm column. Gradient time decreased from 60 minutes to
18 minutes. The transferred method was fast, with higher efficiency and a 2.11 resolution
for the critical pair of compounds, ginsenosides Rg1 and Re. In addition, backpressure was

below 270 bar and so the analysis could be run on a traditional HPLC instrument.

Introduction

Panax notoginseng, also known as San Qi, is a plant of the Araliaceae family. It is a
traditional Chinese herb well-known for its therapeutic abilities to stop hemorrhage [1],
to influence blood circulation, and to act as a tonic. P. notoginseng contains about
8-12% by weight of saponins. Total saponins of P. notoginseng, the major bioactive
components, are used to treat coronary heart disease, cardiac angina, apoplexy, and
atherosclerosis [2, 3]. However, notoginseng total saponins contain several kinds of
active components such as notoginsenoside R1, ginsenoside Rg1, Rb1, Re, and Rd.
The analysis of saponins is important for evaluating the quality of notoginseng and
its Chinese medicine preparations.

Traditionally, the HPLC run time is greater than 60 minutes for the analysis of noto-
ginseng total saponins with the China Pharmacopeia method using a conventional
LC column [4]. Agilent Poroshell 120 EC-C18, 2.7 pm columns are packed with
superficially porous materials, which deliver fast separation and achieve perfor-
mance similar to sub-2 pm totally porous materials, but with lower pressure. This
application note describes a fast quality control method for the analysis of notogin-
senoside R1 and Ginsenosides Rg1, Re, Rb1, and Rd using the Agilent 1290 Infinity
LC System and a Poroshell 120 EC-C18 column. Compared to conventional methods,
the rapid method is much faster, with better performance, and quality of separation.
In addition, solvent consumption is dramatically reduced.

243



Agilent Poroshell 120 R L& —— HY 24T

Experimental Compounds

Compounds of interest are shown in Figure 1, with their
respective structures. They were dissolved in 70% methanol
aqueous solution at 2.5 mg/mL. Notoginseng total saponins
were purchased from a local TCM store. Twenty five mg of the
sample powder were transferred to a 10 mL volumetric flask
and a 70% methanol aqueous solution was added to dissolve

Analyses were performed on an Agilent 1290 Infinity LC
System consisting of a binary pump (G4220A), a thermostat-
ted column compartment (TCC, G1316C), an autosampler
(G4226A), and a diode array detector (DAD, G4212A).

quumns . and dilute to volume. This solution was then filtered through a
Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm 0.45 uym regenerated cellulose membrane filter (p/n 5064-8221)
(p/n 959990-902) and injected directly into the HPLC system.

Agilent Poroshell 120 EC-C18, 4.6 x 75 mm, 2.7 pm
(p/n 697975-902)

Figure 1. Structure of notogi ide R1 and gi ides Rg1, Re, Rb1 and Rd.
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Results and Discussion

The original separation method of notoginseng total saponins
published in the 2010 Chinese Pharmacopoeia was repeated
on an Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm
column. It took approximately 60 minutes to separate notogin-
senoside R1 and ginsenosides Rg1, Re, Rb1, and Rd.
Compounds of interest were baseline separated with excel-
lent peak shape. The Agilent Poroshell 2.7 pm particle
columns provided similar performance to that of totally porous
sub-2 pm columns, but with lower pressure. By using an

Pressure <190 bar

Agilent Poroshell 120 R XX & —— A 24T

Agilent Poroshell 120 EC-C18 4.6 x 75 mm, 2.7 pm column,
method transfer and optimization were completed quickly. As
shown in Figure 2, the analysis time decreased from 60 min-
utes to 18 minutes, while achieving better resolution for the
critical pair Rg1 and Re, and better theoretical plates for Rg1,
which exceeded the requirement of the 2010 Chinese
Pharmacopoeia (N>6000). The pressure was less than

270 bar, which is quite acceptable for a 400-bar HPLC when
using an Agilent Poroshell 120 EC-C18, 4.6 x 75 mm, 2.7 ym
column. In addition, solvent consumption can be significantly
decreased, thereby lowering costs.

mAU T A Water B: ACN Agilent ZORBAX Eclipse Plus C18
] Time %B 4 4.6 x 250 mm, 5 pm
b 0 20 (p/n 959990-902)
200 i 20 20 ) ]
b 45 46 1 Notoginsenoside R1
i 55 55 2 Ginsenoside Rg1
150 _ 60 55 3 Ginsenoside Re
7 1.5 mL/min, 203 nm 4 Ginsenoside Rb1
] 10 pL injection, 25 °C 5 Ginsenoside Rd
100 -| -
E N(Rg1) =8.479
] 2 Rs =1.68 5
50 ] /
] 1
0| 3
\ \ \ \ \
0 10 20 30 40 min
mAU Pressure <270 bar
] 4 .
140 A: Water B: ACN Agilent Poroshell 120 EC-C18
] Time %B 4.6x75mm, 2.7 ym
120 - 0 20 (p/n 697975-902)
] 6 20 ) ]
B 135 46 1 Notoginsenoside R1
1007 16.5 55 2 Ginsenoside Rg1
] 18 55 N(Rg1) =12,669 3 Ginsenoside Re
80 7 15mL/min, 203 nm Rs = 2.11 4 Ginsenoside Rb1
] 3 pL injection, 25 °C 2 5 Ginsenoside Rd
60 / ;
40
20 /\ 3
e
o ‘ ‘ \ \ \ \ [——
0 2 4 6 8 10 12 14 min

Figure 2.
4.6 x 75 mm, 2.7 pm.
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Overlaid chromatograms of notoginseng total saponins using an Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm and an Agilent Poroshell 120 EC-C18,
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Conclusions

The traditional method for analyzing notoginseng total
saponins was reproduced successfully on an Agilent ZORBAX
Eclipse Plus C18, 4.6 x 250 mm, 5 um column. The shorter
Agilent Poroshell 120 EC-C18 column can greatly reduce the
analysis time and provide better separation and peak shape,
and thereby substantial time and cost savings. The Poroshell
120 column can exceed the requirements of the 2010 Chinese
Pharmacopoeia for notoginseng total saponins analysis. It is
well suited for evaluating the quality of notoginseng and its
Chinese medicine preparations.
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Introduction

Due to the complex components in traditional Chinese medicines (TCM), a gradient
method with a long time period is often required to separate the target compounds
from the complex matrix. HPLC has been an effective method for quality control of

TCM applied in the China Pharmacopoeia (CHP).

Cistanche deserticola Y. C. Ma (1960), a commonly used TCM included in the CHP, is
prescribed to reinforce the vital function of the kidney and to influence fertility, leuk-
orrhea, and metrorrhagia in women. Phenylethanoid glycosides in C. deserticola are
the most important active compounds, which have functions of antioxidation, pro-
tecting liver and nerves [1]. In the CHP, the amounts of the two main phenylethanoid
glycosides of echinacoside and verbascoside (Figure 1) in C. deserticola extracts are
regulated using HPLC for quality control.
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OH OH Conditions for Figure 2
. _OH :
HO HO,, HO HO,, O Column Agilent ZORBAX Eclipse Plus C18
4.6 x 150 mm, 5 pm (p/n 959993-902)
HO \ U ’ HO - 0T ™ . . .
0 : OH ‘ : OH Gradient time (min) %B
X "X v
OHO [‘ o0 0 [ \\\\\ o0 17 26,5
HO,, 0 OH 20 295
32 29.5
T 33 80
HO/: HO HO Stop time 35 min
HO OH Flow rate 1 mL/min
Injection volume 10 L
echinacoside verbascoside

Figure 1. Figure 1. Structures of echinacoside and verbascoside Conditions for Figures 3and 4

Column Agilent Poroshell 120, EC-C18,
3.0 x 50 mm, 2.7 pm (p/n 699975-902)

Traditionally, it takes about 35 minutes to analyze the two Gradient time (min) %B
compounds with the CHP method using a conventional 5 ym 0 26.5
particle column. This application note describes a fast quality 5.67 26.5
control method for the analysis of echinacoside and verbasco- 6.67 29.5
side using the Agilent 1290 Infinity LC System and an Agilent }?-57 §g5
Poroshell 120 EC-C18, 2.7 pm column. Compared to conven-

Stop time 11.67 min

tional methods, the rapid method is much faster, and main-
tains the same performance and quality of separation. Flow rate

In addition, solvent consumption is dramatically reduced. (Figure 3) 0.425 mL/min
Flow rate

HPLC conditions (Figure 4) 0.425, 0.85, and 1.7 mL/min
Injection volume 1.4 pL

The analysis was performed with the 1290 Infinity LC System
including a G4220A Infinity binary pump, G4226A Infinity sam-
pler (ALS), G1316C Infinity Thermostatted Column
Compartment (TCC), and G4212A Diode Array Detector SL

Results and discussion

The original LC method for the analysis of C. deserticola used

(DAD). an Agilent ZORBAX Eclipse Plus C18, 4.6 x 150 mm, 5 um

Conditions column. Analysis took approximately 35 minutes to separate
echinacoside and verbascoside and recondition the column to

Sample Extract of Cistanche deserticola initial gradient conditions (Figure 2)_

Mobile phase A, 0.1% (v/v) formic acid; B, methanol

uv 330 nm By using the 1290 Infinity LC system and a Poroshell 120

TCC temp 30°C EC-C18, 3.0 x 50 mm column, method transfer and optimiza-

tion were completed quickly and easily. Analysis was accom-
plished in 12 minutes, while maintaining the same or even
better performance for the two target compounds. Since both
Agilent columns have similar chemistry, the separation
achieved almost the same selectivity (Figure 3).
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1. Echinacoside
1 2. Verbascoside

Standards

Sample

N1=6096

Figure 2.

mAU
80
70
60
50
40
30

20
104 J
[]a

2
L e e L L e |

5 10 15 20 25 30 35

Figure 2. Echinoside and verbascoside standards, and extract from Cistanche deserticola, analyzed on an Agilent ZORBAX Eclipse Plus C18
4.6 x 150 mm, 5 ym column.

1. Echinacoside

Standards 2. Verbascoside

mAU
80
70
60
50
40
30
20

]UA_NLM
[]A

Sample

1 N1 =7093

Figure 3.

2 4 6 8 10 12 min

Echinoside and verbascoside standards, and extract from Cistanche deserticola, analyzed on an Agilent Poroshell 120, EC-C18,
3.0 x 50 mm, 2.7 ym column.
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mAU H
60 : FL=0.425 mL/min
b 1 1. Echinacoside
40: 2. Verbascoside )
20 ] A
. 1 M N__N
T T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T T
0 2 4 6 8 10 12 min
mAU
60 FL=0.85mL/min
40 1
20 - A 2
U:_N« AN
T T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T T
0 2 4 6 8 10 12 min
mAU |
60 .
i FL=1.7 mL/min
40 1
20 2
OA
T T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T T
0 2 3 4 6 8 10 12 min

Figure 4. Echinoside and verbascoside standards, and extract from Cistanche deserticola, analyzed on an Agilent Poroshell 120, EC-C18,
3.0 x 50 mm, 2.7 ym column at different flow rates

In addition, solvent consumption was reduced from 35 mL to Reference

5 mL. To take full advantage of the small-particle column, a

higher flow rate could be used to further increase the speed 1. Chenghua LI, et al. RP - HPLC simultaneous determina-

of analysis, as shown in Figure 4. tion of four phenylethanoid glycosides in Cistanche
tubulosa (Schrenk) Wight.

Conclusion

The shorter Poroshell 120 column with 2.7 pym superficially
porous particles dramatically reduce the separation time of

C. deserticola extracts while maintaining a separation similar
to that obtained with conventional 5 pm columns. Therefore,
quality control of this traditional Chinese medicine is easy and
fast when using Agilent Poroshell 120 columns, and time and
solvent could be saved for complex analysis of other such
medicines.
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Introduction

Steroids are a type of lipid derived from cholesterol. The main feature of steroids is
the ring system of 3 cyclohexanes and 1 cyclopentane in a fused ring system, as
shown in Figure 1. There are a variety of functional groups that may be attached.
The main feature, as in all lipids, is the large number of carbon-hydrogens, which

makes steroids non-polar [1].

Hydrocortisone Norethindrone £ Estradiol Progesterone
acetate

Testosterone Estrone Ethinylestradiol Androstadiene 3,17 dione

Figure 1. Structures of selected steroids.
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Using Selectivity to Enhance Separation of
Steroids

When considering the best way to increase chromatographic
resolution, it can be useful to consider the resolution

equation, which relates efficiency, selectivity, and retention
faction.

To obtain high resolution, the 3 terms must be maximized. An
increase in N, the number of theoretical plates, by
lengthening the column, leads to an increase in retention time
and increased band broadening. This may not be desirable.
Instead, to increase the number of plates, the height
equivalent to a theoretical plate can be reduced by reducing
the particle size of the stationary phase particles. Superficially
porous particles, such as Agilent Poroshell 120, achieve 90%
of the efficiency of 1.8 ym materials with considerably lower
pressure.

The selectivity factor, a, can also be manipulated to improve
separations. Changing selectivity is the variable that can have
the largest impact on any separation. Selectivity can be
increased by:

«  Changing mobile phase composition
»  Changing column temperature

+  Changing composition of stationary phase

Selectivity is the most powerful tool to optimize separations
in HPLC. This parameter is changed by using different bonded
phases, including C18, C8, polar embedded, and phenyl
bonded phases, or by changing the mobile phase. In this
work, Poroshell 120 columns and the Agilent 1200 SL Method
Development Solution were used to quickly evaluate method
development choices for the analysis of steroids. The short
column length and high efficiency provided short analysis
times and rapid equilibration leading to fast investigations of
selectivity.
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Experimental

The Agilent 1260 Infinity Series LC Multi-Method Solution
was used. This system consisted of:

« 1260 Infinity Binary Pump (G1312B)

* 1290 Infinity Thermostatted Column Compartment
(G1316C)

+ 1260 Infinity High Performance Autosampler (G1367E)

+ 1290 Infinity Diode-Array Detector (G4212A), equipped
with 10 mm MaxiLight cartridge flow cell

* (6140 Single Quadrupole Mass Spectrometer.

The Agilent 1260 Infinity Series LC Multi-Method Solution is a
highly flexible system that can be used for up to 4 (100 mm)
columns. In addition, the Agilent ChemStation Method
Scouting Wizard automates the setup of methods and
sequences to screen the available combinations of columns,
solvents, predefined gradients, and temperatures. In this
work, 4 Agilent Poroshell 120 columns were used:

«  Agilent Poroshell 120 StableBond SB-C18,
2.1 x 100 mm, 2.7 um (p/n 685775-902)

«  Agilent Poroshell 120 EC-C18,
2.1 x 100 mm, 2.7 ym (p/n 695775-902)

«  Agilent Poroshell 120 Bonus-RP,
2.1 x 100 mm, 2.7 pm (p/n 685775-901)

*  Agilent Poroshell 120 Phenyl-Hexyl,
2.1 %100 mm, 2.7 pym (p/n 695775-912)

The TCC was fitted with a 6 position/6 port selection valve.
This is a new Quick Change Valve mounted on a slide-out rail
to make plumbing and maintenance more convenient. Port 1
was connected to a StableBond C18 column, and port 2 was
connected to an EC-C18 column. Port 3 was connected to a
Bonus-RP column, port 4 to a Phenyl-Hexyl column, and port 6
to a bypass connecting capillary.

The solvent passing into each column was heated using

1 of 4 individual low-dispersion heat exchangers. A G1160

12 solvent selection valve was connected to valve position A1
on the G1312B. Together with the internal solvent selection
valve of the Binary SL Pump, up to 15 solvents could be
screened using this system. The mobile phase was methanol
or acetonitrile with 0.1% formic acid and water with 0.1%
formic acid. An acetonitrile/water mixture (50%/50% v/v)
was used to rinse the modifiers from the columns and allow
proper column storage. Agilent ChemStation version B.04.02
was used to control the instrument and process the data.
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The compounds examined included hydrocortisone,
norethindrone acetate, estradiol, progesterone, testosterone,
estrone, ethinylestradiol, and boldione, which were all
purchased from Sigma Aldrich. Structures and details are
shown in Figure 1 and Table 1. All samples were prepared at
10 mg/mL in acetonitrile and were diluted in water to a final
concentration of 0.1 mg/mL.

Column choice to enhance selectivity

The columns were chosen to improve selectivity in the
separation. They included a highly end capped column
recommended as a first choice in method development
(Poroshell 120 EC- C18), and a non end capped C18 (Poroshell
120 StableBond SB-C18) that could have interaction with
silanol groups to provide an alternative C18 selectivity using
neutral to low pH mobile phases. A polar-embedded amine
column (Poroshell 120 Bonus-RP) and a phenyl-hexyl column
(Poroshell 120 Phenyl-Hexyl) were also used. Phenyl bonded
phases are known for their improved selectivity for aromatic
compounds.

A polar-embedded group inserted into the hydrophobic C14
alkyl chain allows the Bonus-RP phase on totally porous
Poroshell 120 to minimize interaction of polar samples with
silanols, providing symmetrical peaks for a wide variety of
applications. This phase is especially useful at neutral pH
where amines can interact strongly with ionized silanols. The
polar-embedded group also helps to wet the hydrophobic
chains and prevents phase collapse in highly aqueous mobile
phases.

Table 1. Steroid nomenclature and molecular characteristics.

Poroshell 120 Bonus-RP can be used for many of the same
separations as a C18 column while avoiding some of the
disadvantages of C18, such as poor wettability in high
aqueous mobhile phases. In addition, it is much more retentive
for those molecules that can interact by hydrophobic
interactions and also by H-bonding with the amide group.
Compared to alkyl only phases, Bonus-RP has enhanced
retention and selectivity for phenols, organic acids, and other
polar solutes due to strong H-bonding between polar group
(H-bond acceptor) and H-bond donors, like phenols and acids.
Bonus-RP gives retention slightly less than a C18 allows, for
easy column comparison without the need to change mobile
phase conditions. The Bonus-RP phase gives different
selectivity than C18 for polar compounds. It is also compatible
with 100% water.

The Phenyl-Hexyl phase has unique reversed-phase
selectivity, especially for polar aromatics and heterocyclic
compounds, derived from analyte interaction with the
aromatic ring of the bonded phase and its delocalized
electrons. Poroshell 120 Phenyl-Hexyl can be orthogonal to
both C18 and Bonus-RP phases. More retention and
selectivity will often be observed for solutes with aromatic
electron-withdrawing groups such as fluorine or nitro groups
[2,3.4].

Common name IUPC name Molecular formula Molecular weight
Hydrocortisone Cortisol Cy1Hso05 362.460
Norethindrone acetate (17a)-17-ethynyl-3-oxoestr-4-en-17-yl acetate CyyHyg04 340.456

B Estradiol (178)-estra-1,3,5(10)-triene-3,17-diol CygH540, 272.38
Progesterone Pregn-4-ene-3,20-dione Cy1Hg00, 314.46
otene ISSOISISIIS, oy 0T amat 126183 o, e
Ethinylestradiol 19-Nor-17a-pregna-1,3,5(10)-trien-20-yne-3,17-diol CyoHy40, 296.403
Androstadiene 3,17 dione  (8R,9S,10R,13S,148)-10,13-dimethyl-7,8,9,11,12,14,15,16-octahydro-6H- C..H. 0 284 39

(boldione) cyclopenta[a]phenanthrene-3,17-dione 19772472

Estrone 3-hydroxy-13-methyl- 6,7,8,9,11,12,13,14,15,16-decahydrocyclopenta[a]phenanthren- C1gHp0, 970.366

17- one



Agilent Poroshell 120 R L& —— HY 24T

Poroshell 120 Phenyl-Hexyl columns deliver unique selectivity
for compounds with aromatic groups, providing superior
resolution for these samples. Poroshell 120 Phenyl-Hexyl can
also provide optimum separations of moderately polar
compounds where typical alkyl phases (C18 and C8) do not
provide adequate resolution. Acetonitrile tends to decrease
the —m interactions between aromatic and polarizable
analytes and the phenyl-hexyl stationary phases, but
methanol enhances those same interactions, giving both
increased retention and changes in selectivity [b]. This does
not mean that acetonitrile should not be used with a phenyl
bonded phase or that it might not provide an acceptable
separation, but methanol is more likely to deliver the
additional selectivity that is desired from a phenyl phase.

Results and Discussion

As can be seen in Figure 2, the separation of all 8 compounds
was attempted on all columns surveyed. The Poroshell 120
EC-C18 and Poroshell 120 Phenyl-Hexyl columns showed very
similar profiles, although the elution on the Phenyl Hexyl
column was faster. This could indicate that the —t
interactions on the Phenyl-Hexyl column were being reduced
by the acetonitrile. The overlap of estradiol and androstadiene
was less severe on the Phenyl-Hexyl column. The Poroshell
120 SB-C18 column delivered a very different separation,
resolving estradiol but losing resolution on ethinylestradiol
and estrone. This could be due to the exposed silanols on the
SB-C18 phase or to some additional shape selectivity derived

Peaks

1. Hydrocortisone

2. B8 Estradiol

3. Androstadiene 3,17 dione
4. Testosterone

AU - . .
ngg, Agilent Poroshell 120 EC-C18 234 5. Ethinylestradiol
150 ol 6. Estrone
1004 7. Norethindrone acetate
50 8. Progesterone
03—,
-50
-100 T T T T T
2 4 6 8 10 min
mAU _
2001 Agilent Poroshell 120 SB-C18 3458

-100 T ;

2 4 6 8 10 min
mAU
2004 Agilent Poroshell 120 Phenyl Hexyl 234
1501 1 78
1004
50 56
0
-50
-100 . \ ; T .
2 4 6 8 10 min
mAU ;
200] Agilent Poroshell 120 Bonus RP 3 4
1504 1 18
1004
504 \ 25,6
0,\/\/—,\_/
-50
-100 T | T T .
0 2 4 6 8 10 min

Figure 2. Separation of steroids using Agilent Poroshell 120 columns with acetonitrile.

Conditions

Columns: Agilent Poroshell 120, 2.1 x 100 mm

Flow rate: 0.4 mL/min

Gradient: 25-80% MeCN/10 min (0.1% formic acid in water and MeCN)
Temperature: 25 °C

Detection: DAD 260,80 ref = off
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from the di-isobutyl side chains on the SB-C18 phase. Some
additional work is needed to determine this. The Poroshell
120 Bonus-RP phase almost separates all 8 compounds, and
when using acetonitrile, it would provide the best method
development option for further development.

In Figure 3, the separation was carried out using methanol at
slightly elevated temperature (40 °C). In this case, the 2 C18

mAU 4

phases (Poroshell 120 EC-C18 and Poroshell 120 SB-C18)
yielded nearly identical chromatographic profiles. Some
additional retention was seen on the SB-C18 phase due to
some silanol interaction. The Poroshell 120 Bonus-RP
chromatogram had 3 overlapping peak pairs, which would
likely make further method development difficult in methanol.
However, the Poroshell 120 Phenyl-Hexyl phase resolved

8 compounds at better than baseline resolution.

Peaks

1. Hydrocortisone

2. B Estradiol

3. Androstadiene 3,17 dione
4. Testosterone

5. Ethinylestradiol

6. Estrone

7. Norethindrone acetate

8. Progesterone
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100
50 25 ¢
0
2 o 6 8 T 1N min
mAU 4 3 4 7
1504 Agilent Poroshell 120 SB-C18 8
100 ! 256
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0 T T T T T
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1504 Agilent Poroshell 120 Phenyl Hexyl 8
100 ! )
50 56
04
é fz min
mAU
1505 Agilent Poroshell 120 Bonus RP
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Figure 3. Separation of steroids using Agilent Poroshell 120 columns with methanol.

Conditions

Columns: Agilent Poroshell 120, 2.1 x 100 mm

Flow rate: 0.4 mL/min

Gradient: 40-80% MeQOH/14 min (0.1% formic acid in water and MeQH)
Temperature: 40 °C

Detection: DAD 260, 80 ref = off
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Conclusions

Analysis problems can be quickly resolved by including survey
methods with generic gradients as part of the method
development scheme. This work used steroids as an example,
and showed how phases and organic modifiers, such as
acetonitrile and methanol, could develop different selectivity
that could be used to optimize the separation. In this case,
the widely used C18 phases, as found on Poroshell 120
EC-C18 and SB-C18 columns, did not provide adequate
separation. Using an alternative selectivity column such as
Poroshell 120 Bonus-RP in acetonitrile or Poroshell 120
Phenyl Hexyl yielded better results, and could be used for
several thousand samples.
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LC/ELSD and LC/MS/MS of Cholesterol and Related Sterols on a
Poroshell 120 Column

Authors Introduction

Cholesterol and its metabolites, as well as several phytosterols, are separated using
Agilent Poroshell 120 columns with LC/ELSD and LC/MS/MS. Two phases of
Poroshell 120, EC-C18 and SB-C18, are compared for the sterol separation. Poroshell
Ltd. 120 EC-C18 has better selectivity for these sterols and gives better resolution.
LC/MS/MS separates closely eluting compounds, such as lathosterol and
cholesterol.
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257



Agilent Poroshell 120 R L& —— HY 24T

Introduction

The analysis of cholesterol and related compounds can be
done by GC and LC. LC methods have several advantages in
that they do not require derivatization of sterols prior to
analysis, which simplifies the procedure by reducing time
spent preparing samples. In addition, LC columns can better
withstand the “dirty samples” in which cholesterol is
naturally found, such as blood plasma.

Agilent Poroshell 120 columns were selected for this analysis
because they can deliver UHPLC efficiencies and throughput
with a 2.7 pm particle, resulting in relatively low
backpressure. In addition, the 2 pm frit on the Poroshell 120
column is less likely to plug when compared to the 0.5 pm frit
typically used on sub 2-pm UHPLC columns, making the
Poroshell 120 columns a more rugged column choice for dirty
samples.

Detection of sterols using LC can be by MS, UV, or ELSD
(evaporative light scattering detection). The choice of detector
is influenced by the sensitivity needed in the separation, with
LC/MS/MS providing very high sensitivity. We chose to
develop separations using both ELSD and MS with an Agilent
6460A Triple Quadrupole LC/MS using APCl in positive ion
mode [1]. Lathosterol and cholesterol are the most
challenging compounds in this separation for 2 reasons. They
are difficult to resolve completely, and they need to be
resolved for MS/MS detection as they are isobaric. In
addition, in a plasma sample, cholesterol is present at a much
higher concentration than lathosterol. We selected
atmospheric pressure chemical ionization (APCI) in positive
ion mode for detection due to the nonpolar nature of sterol
compounds. APCI provides good sensitivity for the
compounds without derivatization.

Experimental

An Agilent 1200 Infinity Series LC system was used,
comprising a binary pump (G1312B), a thermostatted column
compartment SL (G1316B), a high performance autosampler
(G1367D), and an Agilent LT-ELSD or Agilent 6460A Triple
Quadrupole as the detector.

The columns used in the application were:

+ Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 ym
(p/n 695975-302)

* Agilent Poroshell 120 EC-C18, 4.6 x 75 mm, 2.7 pm
(p/n 697975-902)

+  Agilent Poroshell 120 SB-C18, 4.6 x 75 mm, 2.7 ym
(p/n 687975-902)
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No. Compound CAS No. Structure
1 Calcifediol 63283-36-3
2 Desmosterol 313-04-2
3 Provitamin D3 434-16-2
4 5-Cholesten-3-one 601-54-7
5  Lathosterol 80-99-9
6  Cholesterol 57-88-5
7 Coprostanol 360-68-9
8 Campesterol 474-62-4
9 Stigmasterol 83-48-7

10 Cholestanol 80-97-7

1" Sitosterol 64997-52-0
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Results and Discussion

In total, 11 sterols were separated on Poroshell 120 EC-C18 It is noticeable that the challenging compounds lathosterol
and SB-C18 columns using the ELSD. The ELSD is an and cholesterol are completely resolved on the Poroshell 120
excellent detector if sensitivity is not a critical issue and is EC-C18 but not on the SB-C18. The well end-capped EC-C18
ideal for many compounds when a UV detector is not provides more retention for the nonpolar sterols than the SB-C18,
appropriate due to the lack of chromophores in the analytes. which is not end-capped. These 2 different phases provide
The separation was done using a simple isocratic mobile slightly different selectivity, which may be very significant for
phase at a controlled temperature of 20 °C for better the separation.

resolution. Chromatograms in Figure 1 show better resolution
on the Poroshell 120 EC-C18 than on the Poroshell 120 SB-C18.

Peak ID
1. Calcifediol
2. Desmosterol
mv 3 . 3. Provitamin D3
E 1| Adgilent Poroshell 120 EC-C18, 4.6 x 75 mm, 2.7 pm 4. 5-Cholesten-3-one
70 5. Lathosterol
60 1 6.  Cholesterol
E 7. Coprostanol
50 8. Campesterol
m 3 9.  Stigmasterol
1 10. Cholestanol
30 2 11. Sitosterol
20 3
i A /H\
0
0 é 1‘1 é i‘l 1‘[] min
mv Agilent Poroshell 120 SB-C18, 4.6 X 75 mm, 2.7 pm
E 1
70
60
50
40
30
20
10
0
0 2‘ 4‘1 é é 1b min

Figure 1. Comparison of Agilent Poroshell 120 bonded phases for the separation of cholesterol and other sterols with evaporative
light scattering detection.

Conditions

Sample: 5 pL injection of 11 sterols in methanol
Mobile phase: 80% Acetonitrile:20% methanol

Flow rate: 1.5 mL/min

Temperature: 20 °C

Detector: ELSD, gain =8, filter =3 s,

evaporation temperature 60 °C
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In a real plasma sample, cholesterol is present at a much Poroshell EC-C18 was overloaded and gave lower resolution
higher concentration than other sterols. The ratio of with lathosterol.

cholesterol to lathosterol is around 2000:1 in a plasma
sample, and so it is very difficult for lathosterol to separate
from a high concentration of cholesterol. Figure 2 shows a
chromatogram of 11 sterols at 2000:1 for cholesterol:other
sterols. To achieve sufficient sensitivity for all the sterols with
ELSD, 2 measures were adopted. First, a concentration of

10 ppb for low level sterols was needed with ELSD. Second,
we chose a 3.0 mm id column that gave higher sensitivity.
Though these measures helped to increase sensitivity of low
level sterols and thus decrease the concentration of the
mixture, cholesterol still had a very high concentration of

20 ppm. With such a high concentration of cholesterol, the

LC/MS/MS is the better detector choice if additional
sensitivity is needed. However, because lathosterol and
cholesterol are isobaric, resolution was still required and so
the separation was done on the same Poroshell 120 EC-C18,
3.0 x 10 mm, 2.7 pym column using a 6460A Triple Quadrupole
LC/MS for the detector. The ratio of cholesterol to lathosterol
was still 2000:1 to evaluate the separation of the sterols as
they might occur in a plasma sample. However, the mixture
was diluted by 1/10 with methanol to give 2 ppm cholesterol
and 1 ppb of other sterols. A small injection volume of 2 pL
was sufficient for triple quadrupole detection.

mVi 6
Peak ID

Calcifediol
Desmosterol
Provitamin D3
5-Cholesten-3-one
Lathosterol
Cholesterol
Coprostanol
Campesterol
Stigmasterol
Cholestanol
Sitosterol

175
150

125 |

ooveNoaRwN =

—_—

100 1

75

50

25 10

] 9
1 7 1
] 4 8

04

0 2 4 6 8 10 12 14 16 min

Figure 2. Separation of the sterol mixture (the ratio of cholesterol to other sterols was 2000:1) on an Agilent Poroshell 120 EC-C18,
3 x 100 mm, 2.7 pm column with evaporative light scattering detection.

Conditions

Sample: 5 pL injection of 11 sterols in [PA
(20 ppm for cholesterol, 0.01 ppm for other
sterols)

Mobile phase: 80% Acetonitrile:20% methanol

Flow rate: 0.6 mL/min

Temperature: 20 °C

Detector: ELSD, gain =10, filter =3 s,

evaporation temperature 60 °C
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Figure 3 shows that adequate resolution was obtained in this this was an isocratic separation, no additional time was spent
separation using the Poroshell 120 EC-C18 column, even at on column re-equilibration. This was an efficient and effective
2000:1 for cholesterol:lathosterol, and the separation of all method for the separation of these 9 sterols.

compounds was achieved in less than 15 minutes. Because

x10% 1 Peak ID 1
1.1 5 1. Calcifediol
] 2. Desmosterol
14 3. 5-Cholesten-3-one
4, Lathosterol
0.9 5. Cholesterol
1 6. Campesterol
0.8 7. Stigmasterol
] 2 8. Cholestanol
£ 071 9. Sitosterol
S
S 06
057
0.4
0.3
0.2-: 1 A
] 3 9
014 I 6 7 g 13762
] y vVa y -
1 2 3 4 5 6 7 8 9 10 1" 12 13 14 min

Acquisition time

Figure 3. Separation of 9 sterols (the ratio of cholesterol to other sterols was 2000:1) on an Agilent Poroshell 120 EC-C18,
3 x 100 mm, 2.7 pm with LC/MS/MS.

Conditions APCI acquisition parameters and transitions
Sample: 2 pL injection of 11 sterols in methanol Precursor Product Collision  Ret time
Compound name  ion ion Fragmentor energy (eV) (min)
(2 ppm for cholesterol, 1 ppb for other
sterols) Calcifediol 383.3 211.2 144 25 1.7
Mobile phase: 80% Acetonitrile:20% methanol Calcifediol 3833 1071 144 2 17
Fi te: 0.6 mL/min Desmosterol 367.3 161.1 100 17 6.4
ow rate- o Desmosterol 367.3 9% 100 2 6.4
Temperature: 20 °C 5-Cholesten-3-one 3854 1091 128 40 9.05
5-Cholesten-3-one  385.4 97 128 21 9.05
MS source parameters Lathosterol 369.4 951 112 29 9.4
Gas temp: 325 °C Lathosterol 369.4 811 112 40 9.4
Vaporizer: 350 °C Cholesterol 369.4 161.2 166 10 9.87
Gas flow: 4 L/min Cholesterol 369.4 95.2 166 38 9.87
- : Campesterol 3834 1612 142 16 116
NEb_ulllzer' . 60 psi Campesterol 383.4 95 142 30 11.6
Positive capillary: 4000 V Stigmasterol 395.4 831 148 17 11.95
Corona current: 4 pA Stigmasterol 395.4 811 148 37 11.95
Cholestanol 3714 149 150 15 12.27
Cholestanol 3714 95 150 30 12.27
Sitosterol 397.4 161 125 18 13.78
Sitosterol 397.4 135.2 125 12 13.78
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Conclusions

The separation of cholesterol, some of its metabolites, and
other phytosterols was most effectively performed with an
Agilent Poroshell 120 EC-C18 column with APCI detection in
the positive ion mode on an Agilent 6460A Triple Quadrupole
LC/MS detector. This column provided good resolution
between cholesterol and lathosterol, an indicator of
cholesterol synthesis in the body, even at a ratio of 2000:1.
This was critical as the 2 compounds had the same
molecular weight and resolution was needed to effectively
quantitate these 2 analytes.
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USP Analysis of Warfarin Sodium Tablets Using Agilent Poroshell 120 EC-

CN and SB-C8 Columns

Author

Anne Mack

Agilent Technologies, Inc.

Abstract

Warfarin, warfarin related compound A, and propylparaben were analyzed according
to the United States Pharmacopeia (USP) analysis for warfarin sodium tablets. The
chromatographic purity and assay analyses were improved by using superficially
porous Agilent Poroshell 120 columns as compared to the USP-suggested 5 pm
columns. Each method was adjusted within the guidelines in USP Chapter 621 to
allow for time and solvent savings with the Poroshell 120 columns. All
chromatographic system requirements were met with the improved superficially

porous column analyses.

Introduction

There is significant interest in transferring LC methods to superficially porous
particles from larger 5 um totally porous particles. The high efficiency of superficially
porous particles is similar to sub-2 pm totally porous particles. This is attributed
primarily to a shorter mass transfer distance and a narrower particle size
distribution. Furthermore, the larger particle size results in lower backpressure,
allowing for these columns to be implemented in methods on virtually any LC
system. The benefits of transferring from larger particle columns are very significant
time and cost savings, because superficially porous particles are optimally run at
faster flow rates and achieve similar resolution with a much shorter column length
[1.2].

This application note describes two methods from the USP for the analysis of
warfarin sodium tablets that were transferred from suggested 5 pm columns to
shorter 2.7 pm superficially porous Agilent Poroshell 120 columns. Each analysis
was compared against the USP chromatographic system requirements to ensure
column suitability for the analysis. All method modifications are allowable within
USP Chanter 621.
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Materials and Methods

The instrument setup was optimized for lowest possible extra
column volume with short 0.075 mm id capillaries found in the
Agilent Ultra Low Dispersion Kit (p/n 5067-5189) and with an
Agilent LC System Rack (p/n 5001-3726) [3]. Analytical
method parameters are the same as those specified by the
USP.

Warfarin and propylparaben were purchased from
Sigma-Aldrich Corp., and warfarin-related Compound A came
from the USP. Acetonitrile was purchased from Honeywell
International Inc. Water was 18 Mohm.cm Milli-Q.

Results and Discussion

USP chromatographic purity analysis of warfarin
sodium tablets

Figure 1 shows the USP chromatographic purity analysis for
warfarin sodium tablets. The top chromatogram shows the
analysis performed as specified by the USP with a 4.6 x

250 mm, 5 pm column with L10 packing, which in this case
was a ZORBAX Eclipse XDB-CN column. The two compounds
were easily separated in approximately 16 minutes.

Elution order
1. Warfarin (6 pg/mL)

2. Warfarin-related compound A (6 pg/mL)

mAU
Agilent ZORBAX Eclipse XDB-CN

10
5 |
0 A

2 4 § 8 10 12 1 16 min
mAU
10
5 Agilent Poroshell 120 EC-CN
X

T é T l‘l é é 1‘0‘ 1‘2‘ 1‘4‘ 1‘6‘ ‘ r‘nin‘

mAU
10
5 Agilent Poroshell 120 EC-CN
0l

é ‘ ‘ l‘l ‘ é é 1‘[] ‘ 1‘2 ‘ 1‘4 ‘ ‘ 1‘6 o r‘nin‘
Conditions
Columns: Agilent Poroshell 120 EC-CN, 3.0 x 100 mm, 2.7 pm (p/n 695975-305)

Agilent ZORBAX Eclipse XDB-CN, 4.6 x 250 mm, 5 pm (p/n 990967-905)

Sample: Warfarin (6 pg/mL), warfarin related compound A (6 pg/mL)
Eluent: A =0.1% CH,COO0H in H,0

B = CH,0H
20 pL for 4.6 x 250 mm column,
3.5 pL for 3.0 x 100 mm column

Injection volume:

Flow rate: 1.5 mL/min for 4.6 x 250 mm column,
0.64 mL/min or 0.85 mL/min for 3.0 x 100 mm column
Isocratic: 32% B
Temperature: 25°C
Detector: 260 nm
Instrument: Agilent 1290 Infinity LC

Figure 1. USP chromatographic purity analysis of warfarin sodium tablets using
Agilent ZORBAX Eclipse XDB-CN and Agilent Poroshell 120 EC-CN columns. The
bottom chromatogram shows the Agilent Poroshell 120 EC-CN column used at its
optimal flow rate.
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According to the guidelines in USP Chapter 621, the 4.6 x Table 1 lists the USP chromatographic system requirements
250 mm, 5 pm analysis can be transferred to a 3.0 x 100 mm, and the measured values for each of the three

2.7 um Agilent Poroshell 120 EC-CN column, shown in the chromatograms found in Figure 1. Not only was the 5 pm
middle chromatogram of Figure 1. The bottom chromatogram column suitable for this analysis, but so was the 2.7 ym
shows the same Poroshell 120 EC-CN column used at its Poroshell 120 column. Additionally, the Poroshell 120 column,
optimal flow rate, which accomplishes the desired separation when used at its optimal flow rate, saved significant time and
in 3 minutes. solvent compared to the original analysis, allowing for

increased productivity as well as substantial cost savings.

Table 1. USP chromatographic system requirements and measurements for the chromatographic
purity analysis of warfarin sodium tablets (W denotes measured values for warfarin, and A for
warfarin-related compound A).

USP chromatographic system requirements 5pm (1.5 mL/min) 2.7 pm (0.64 mL/min) 2.7 pm (0.85 mL/min)
Resolution between warfarin and warfarin-related  Rs (W,A): 8.3 Rs (W.A): 7.1 Rs (W.A): 7.1
compound A is not less than 3

Relative standard deviation for replicate injections  W: 0.10% W: 0.10% W: 0.94%

is not greater than 5.0% A: 0.10% A: 0.10% A: 0.10%

The relative retention times of warfarin and W: 1.0 W: 1.0 W: 1.0
warfarin-related compound A are 1.0 and about 1.2 A: 1.3 A13 A 13
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USP assay analysis of warfarin sodium tablets Elution order

Figure 2 shows the USP assay analysis for warfarin sodium 1. Propylparaben (10 pg/mL)
tablets, with propylparaben an internal standard. The top .

chromatogram is generated using the USP specified 4.6 x 2. Warfarin (5 pg/mL)
250 mm, 5 pm L7 (ZORBAX StableBond SB-C8) column. The 3.  Warfarin-related compound A (5 pg/mL)
bottom chromatogram is a direct transfer to a 4.6 x 100 mm,

2.7 um Poroshell 120 SB-C8 column. For this analysis, the

Poroshell 120 column could not be used at its optimal flow

rate due to pressure limitations. However, regardless of this

constraint, the analysis time for these three compounds was

still reduced from 10 minutes to less than 3.5 minutes with

the Poroshell 120 column.

mAU

301
251
201 Agilent ZORBAX StableBond SB-C8

15
104
5,

0 2 3 § 8 10 12 1% min
mAU
30
25
201
151 Agilent Poroshell 120 SB-C8
10]

5,

0,

T

0 2 4 6 8 10 12 14 min

Conditions

Columns: Agilent Poroshell 120 SB-C8, 4.6 x 100 mm, 2.7um (p/n 685975-906)
Agilent ZORBAX StableBond SB-C8, 4.6 x 250 mm, 5 pm (p/n 880975-906)
Sample: Warfarin (5 pg/mL), warfarin related compound A (5 pg/mL), propylparaben (10 pg/mL)
Eluent: A =0.1% CH,CO0H in H,0
B = CH,0H
Injection volume: 15 pL for 4.6 x 250 mm column,
5 pL for 4.6 x 100 mm column

Flow rate: 1.4 mL/min

Isocratic: 64% B

Temperature: 30°C

Detector: 280 nm

Instrument: Agilent 1290 Infinity LC

Figure 2. USP assay analysis of warfarin sodium tablets using Agilent ZORBAX
StableBond SB-C8 and Agilent Poroshell 120 SB-C8 columns.
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All chromatograms met the USP chromatographic system
requirements, as shown in Table 2. The superficially porous
Poroshell 120 column could easily be substituted for the
traditional 5 pm column to save costs and improve
productivity.

Table 2. USP chromatographic system requirements and measurements for the assay analysis for
warfarin sodium tablets (P denotes measured values for propylparaben, W for warfarin, and A for

warfarin-related compound A).

USP chromatographic system requirements

5 pm (1.4 mL/min)

2.7 pm (1.4 mL/min)

The relative retention times of propylparaben and warfarin are about 0.75 and 1.0

Resolution of propylparaben and warfarin is not less than 2.0

Relative standard deviation for replicate injections is not greater than 2.0%

Conclusions

Superficially porous Agilent Poroshell 120 columns were
successfully substituted for traditional 5 pm columns for the
USP chromatographic purity and assay analyses for warfarin
sodium tablets. Smaller dimension Poroshell 120 columns
could be used to improve productivity and to save time and
money over larger 5 pm columns, while meeting all USP
requirements for the chromatographic system.
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P: 0.63
W: 1.0

Rs (P.W): 12.0

P: 0.26%
W: 0.26%
A: 0.16%

P: 0.67
W: 1.0

Rs (P.W): 12.5

P:0.10%
W:0.73%
A:0.97%
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USP Analysis of Diphenhydramine and Pseudoephedrine Using an Agilent
Poroshell 120 EC-CN Column

Author
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Abstract

Diphenhydramine and pseudoephedrine were analyzed according to the United
States Pharmacopeia (USP) assay analysis for diphenhydramine and
pseudoephedrine capsules. The assay was improved by using a superficially porous
Agilent Poroshell 120 column as compared to the USP-suggested 5 pm column. The
method was adjusted within the guidelines in USP Chapter 621 to allow for time and
solvent savings with the Poroshell 120 column. All chromatographic system

requirements were met with the improved superficially porous column.

Introduction

There is significant interest in transferring LC methods to superficially porous
particles from larger 5 um totally porous particles. The high efficiency of superficially
porous particles is similar to sub-2 pm totally porous particles. This is attributed
primarily to a shorter mass transfer distance and a narrower particle size
distribution. Furthermore, the larger particle size results in lower backpressure,
allowing for these columns to be implemented in methods on virtually any LC
system. The benefits of transferring from larger particle columns are very significant
time and cost savings, because superficially porous particles are optimally run at
faster flow rates and achieve similar resolution with a much shorter column length
[1.2].

This application note describes a method from the USP for the analysis of
diphenhydramine and pseudoephedrine capsules that was transferred from the
suggested 5 pm column to a shorter 2.7 ym superficially porous Poroshell 120
column. The analysis was compared against the USP chromatographic system
requirements to ensure column suitability. All method modifications are allowable
within USP Chapter 621.
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Materials and Methods

The instrument setup was optimized for lowest possible extra
column volume with short 0.075 mm id capillaries found in the
Agilent Ultra Low Dispersion Kit (p/n 5067-5189) and with an

Agilent LC System Rack (p/n 5001-3726) [3].

Diphenhydramine, pseudoephedrine, 1-heptanesulfonate,
glacial acetic acid, and triethylamine were purchased from
Sigma-Aldrich Corp. Acetonitrile and methanol were
purchased from Honeywell International Inc. Water was
18 Mohm.cm Milli-Q.

Results and Discussion

Figure 1 shows the USP assay analysis for diphenhydramine
and pseudoephedrine capsules. The top chromatogram shows
the analysis performed as specified by the USP with a 4.6 x
250 mm, 5 pm column with L10 packing, which in this case
was a ZORBAX Eclipse XDB-CN column. The two compounds
were easily separated in about 5.5 minutes.

According to the guidelines in USP Chapter 621, the 4.6 x
250 mm, 5 pm analysis can be transferred to a 3.0 x 100 mm,
2.7 um Poroshell 120 EC-CN column, shown in the bottom
chromatogram of Figure 1, which accomplished the desired
separation in approximately 1.5 minutes.

mAU Elution order
13 1. Pseudoephedrine (50 ug/mL)
2 Agilent ZORBAX Eclipse XDB-CN 2. Diphenhydramine (5[] “g/mL)
2
0
2
4
T T T T T T T D S
1 3 4 5 6 7 8 9 min
mAU
104
8
61
g— Agilent Poroshell 120 EC-CN
2|
)|
4
0 1 2 3 2 5 6 7 8 9 min
Conditions
Columns: Agilent Poroshell 120 EC-CN, 3.0 x 100 mm, 2.7 pm (p/n 695975-305)
Agilent ZORBAX Eclipse XDB-CN, 4.6 x 250 mm, 5 pm (p/n 990967-905)
Sample: Diphenhydramine, pseudoephedrine
Eluent: A =10 mM C;H,5Na0,S, 13 mM CgH N, pH 3.3

B = CH,CN:CH,0H (26:10)

Injection volume: 20 pL for 4.6 x 250 mm column, 3.5 pL for 3.0 x 100 mm column

Flow rate: 2 mL/min for 4.6 x 250 mm column,
0.85 mL/min for 3.0 x 100 mm column

Isocratic: 36% B

Temperature: 25°C

Detector: 254 nm

Instrument: Agilent 1290 Infinity LC

Figure 1. USP assay analysis of diphenhydramine and pseudoephedrine using Agilent
ZORBAX Eclipse XDB-CN and Agilent Poroshell 120 EC-CN columns.
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Table 1. USP chromatographic system requirements and measurements for the assay
analysis of diphenhydramine and pseudoephedrine capsules (P denotes measured

values for pseudoephedrine, and D for diphenhydramine).

USP chromatographic system requirements

5 pm (2 mL/min)

2.7 pm (0.85 mL/min)

Resolution between pseudoephedrine and diphenhydramine Rs (P.D): 24.3
peaks is not less than 3.0
For each analyte peak the tailing factor is not greater than 2.0 P: 1.2

D:1.4
Relative standard deviation for replicate injections is not P:0.10%
greater than 2.0% D: 0.82%
The relative retention times are about 1.0 for P:1.0
pseudoephedrine and 3.0 for diphenhydramine D: 2.6

Table 1 lists the USP chromatographic system requirements
and the measured values for each of the two chromatograms
in Figure 1. Not only is the 5 pm column suitable for this
analysis, but so is the 2.7 pm Poroshell 120 column.
Additionally, the Poroshell 120 column saved significant time
and solvent compared to the original analysis, allowing for
increased productivity as well as substantial cost savings.

Conclusions

A superficially porous Agilent Poroshell 120 column was
successfully substituted for a traditional 5 pm column for
the USP assay analysis for diphenhydramine and
pseudoephedrine capsules. The smaller dimension Poroshell
120 column could be used to improve productivity and save
time and money over the larger 5 pm column, while meeting
all USP requirements for the chromatographic system.
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USP Analysis of Norethindrone and Mestranol Tablets with Agilent
Poroshell 120 EC-CN and EC-C8 Columns

Author Abstract
Anne Mack Norethindrone, mestranol, and progesterone were analyzed according to the United
Agilent Technologies, Inc. States Pharmacopeia (USP) analysis for norethindrone and mestranol tablets. The

dissolution and assay analyses were improved by using superficially porous Agilent
Poroshell 120 columns as compared to the USP-suggested 5 pm columns. Each
method was adjusted within the guidelines in USP Chapter 621 to allow for time and
solvent savings with the Poroshell 120 columns. All chromatographic system

requirements were met with the improved superficially porous column.

Introduction

There is significant interest in transferring LC methods to superficially porous
particles from larger 5 um totally porous particles. The high efficiency of superficially
porous particles is similar to sub-2 pm totally porous particles. This is attributed
primarily to a shorter mass transfer distance and a narrower particle size
distribution. Furthermore, the larger particle size results in lower backpressure,
allowing for these columns to be implemented in methods on virtually any LC
system. The benefits of transferring from larger particle columns are very significant
time and cost savings, because superficially porous particles are optimally run at
faster flow rates and achieve similar resolution with a much shorter column length
[1.2].

This application note describes two methods from the USP for the analysis of
norethindrone and mestranol tablets that were transferred from suggested 5 pm
columns to shorter 2.7 um superficially porous Agilent Poroshell 120 columns. Each
analysis was compared against the USP chromatographic system requirements to
ensure column suitability for the analysis. All method modifications are allowable
within USP Chapter 621.
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Materials and Methods

The instrument setup was optimized for lowest possible extra
column volume with short 0.075 mm id capillaries found in the
Agilent Ultra Low Dispersion Kit (p/n 5067-5189) and with an

Agilent LC System Rack (p/n 5001-3726) [3].

Norethindrone, mestranol, and progesterone were purchased
from Sigma-Aldrich Corp. Acetonitrile was purchased from
Honeywell International Inc. Water was 18 Mohm.cm Milli-Q.

Results and Discussion

USP dissolution analysis of norethindrone and
mestranol tablets

Figure 1 shows the USP dissolution analysis for norethindrone
and mestranol tablets, with progesterone as an internal
standard. The top chromatogram shows the analysis
performed as specified by the USP with a 4.6 x 250 mm, 5 ym
column with L10 packing, which in this case was an Agilent
ZORBAX Eclipse XDB-CN column. The three compounds were
easily separated in approximately 18 minutes.

Elution order
/\ 1. Norethindrone (0.5 mg/mL)

2. Progesterone (0.5 mg/mL)
3. Mestranol (0.05 mg/mL)

mAU
] Agilent ZORBAX Eclipse XDB-CN
200
1004
0 T T T T T T T 1
25 5 75 10 125 15 17.5 min
mAU
200
Agilent Poroshell 120 EC-CN
1004
U’ T T T T T T T 1
25 5 75 10 125 15 17.5 min
mAU
2004 Agilent Poroshell 120 EC-CN
1004
[]7 T T T T T T T T T T T T T T T 1
25 5 15 10 125 15 17.5 min
Conditions
Columns: Agilent Poroshell 120 EC-CN, 3.0 x 100 mm, 2.7 pm (p/n 695975-305)
Agilent ZORBAX Eclipse XDB-CN, 4.6 x 250 mm, 5 pm (p/n 990967-905)
Samples: Norethindrone, mestranol, progesterone
Eluent: A=H,0
B = CA,CN

Injection volume:
Flow rate:

Isocratic:
Temperature:
Detector:
Instrument:

5 pL for 4.6 x 250 mm column,
1 pL for 3.0 x 100 mm column

1 mL/min for 4.6 x 250 mm column,
0.43 mL/min or 0.85 mL/min for 3.0 x 100 mm column

40% B

25°C

205 nm

Agilent 1290 Infinity LC

Figure 1. USP dissolution analysis of norethindrone and mestranol tablets using
Agilent ZORBAX Eclipse XDB-CN and Agilent Poroshell 120 EC-CN columns. The
bottom chromatogram shows the Poroshell 120 EC-CN column used at its optimal

flow rate.
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According to the guidelines in USP Chapter 621, the 4.6 x
250 mm, 5 pm analysis can be transferred to a 3.0 x 100 mm,
2.7 pm Poroshell 120 EC-CN column, shown in the middle
chromatogram of Figure 1. The bottom chromatogram shows
the same Poroshell 120 EC-CN column used at its optimal
flow rate, which accomplished the desired separation in

2.5 minutes.

Table 1 lists the USP chromatographic system requirements
and the measured values for each of the three
chromatograms found in Figure 1. Not only was the 5 pm
column suitable for this analysis, but so was the 2.7 ym
Poroshell 120 column. Additionally, the Poroshell 120 column,
when used at its optimal flow rate, saved significant time and
solvent compared to the original analysis, allowing for
increased productivity as well as substantial cost savings.

Table 1. USP chromatographic system requirements and measurements for the dissolution analysis for norethindrone and
mestranol tablets (N denotes measured values for norethindrone, P for progesterone, and M for mestranol)

USP chromatographic system requirements

5pm (2 mL/min) 2.7 pm (0.43 mL/min) 2.7 pm (0.85 mL/min)

Relative standard deviation for replicate injections is not greater than 3.0%

Minimum number of theoretical plates for mestranol is 4,000

Tailing factors for norethindrone and mestranol peaks do not exceed 1.5

The relative retention times are approximately 0.4 for norethindrone and 1.0 for

mestranol

274

N: 0.26% N: 0.92% N: 0.51%
P:0.24% P: 0.56% P:0.56%
M: 0.23% M: 0.39% M: 0.39%
M: 20304 M: 14790 M: 16297
N: 1.01 N: 0.87 N: 0.92
M: 1.00 M: 0.83 M: 0.86
N: 0.43 N: 0.48 N: 0.48
M: 1.0 M: 1.0 M: 1.0
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USP assay analysis of norethindrone and

mestranol tablets

Figure 2 shows the USP assay analysis for norethindrone and

mestranol tablets, with progesterone as an internal standard

(elution order as before). The top chromatogram was

generated using the USP-specified 4.6 x 150 mm, 5 pm L7

(ZORBAX Eclipse XDB-C8) column. The middle chromatogram

is a direct transfer to a 4.6 x 50 mm, 2.7 pm Poroshell 120

EC-C8 column. The bottom chromatogram shows the

Poroshell 120 column used at its optimal flow rate. Analysis
time for these theree compounds was reduced from
16 minutes to less than 2.5 minutes with the Poroshell 120

column.
mAU
1504 Agilent ZORBAX Eclipse XDB-C8
1004
\
[] T 2 T T T T T 1
25 5 15 10 125 15 175 min
mAU
1504
‘gg | Agilent Poroshell 120 EC-C8
[]7 T T T T T T 1
25 5 75 10 125 15 17.5 min
mAU
1504
123 Agilent Poroshell 120 EC-C8
04 L R L U T T T T T 1
25 5 15 10 125 15 175 min
Conditions
Columns: Agilent Poroshell 120 EC-C8, 4.6 x 50 mm, 2.7 pm (p/n 699975-906)
Agilent ZORBAX Eclipse XDB-C8, 4.6 x 150 mm, 5 pm (p/n 993967-906)
Samples: Norethindrone, mestranol, progesterone
Eluent: A=H,0
B = CH,CN

Injection volume: 3 pL for 4.6 x 150 mm column,
1 pL for 4.6 x 50 mm column

1 mL/min or 2 mL/min for 4.6 x 50 mm column

Flow rate: 1 mL/min for 4.6 x 150 mm column,
Isocratic: 50% B

Temperature: 25°C

Detector: 200 nm

Instrument: Agilent 1290 Infinity LC

Figure 2. USP assay analysis of norethindrone and mestranol tablets using Agilent
ZORBAX Eclipse XDB-C8 and Agilent Poroshell 120 EC-C8 columns. The bottom
chromatogram shows the Agilent Poroshell 120 EC-CN column used at its optimal

flow rate.
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Table 2 shows that all chromatograms met the USP
chromatographic system requirements. The superficially
porous Poroshell 120 column can easily be substituted for the
traditional 5 pm column to save costs and improve
productivity.

Table 2. USP chromatographic system requirements and measurements for the assay analysis of
norethindrone and mestranol tablets (N denotes measured values for norethindrone, P for progesterone,
and M for mestranol)

USP chromatographic system requirements 5 pm (1 mL/min) 2.7 pm (1 mL/min) 2.7 pm (2 mL/min)
Column efficiency determined from the mestranol peak is M: 13571 M: 10718 M: 10480
not less than 6,000 theoretical plates
Resolution between progesterone and mestranol is not less Rs (P.M): 11.1 Rs (P.M): 10.9 Rs (P.M): 10.8
than 5.0
Relative standard deviation for replicate injections is not N: 0.26% N: 0.91% N: 1.4%
greater than 2.0% P: 0.29% P:0.78% P: 0.95%
M: 0.28% M: 0.59% M: 0.71%
The relative retention times are about 2.5 for mestranol and M: 3.6 M: 3.3 M: 3.4
1.0 for norethindrone N: 1.0 N: 1.0 N: 1.0

Conclusions

Superficially porous Agilent Poroshell 120 columns were
successfully substituted for traditional 5 pm columns for the
USP dissolution and assay analyses of norethindrone and
mestranol tablets. Smaller dimension Poroshell 120 columns
could be used to improve productivity and to save time and
money over larger 5 pm columns, while meeting all USP
requirements for the chromatographic system.
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X
HPLC
Poroshell 120

Wigm

fe&

NG
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WMEEEKENANRS, AMMELZHETESHER, SMHREFHK. £510
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BE. WMHEERS. RUEHELZRUEAPRETLELARNLMEZRY, XFEH
tRlERRE, REARSEEEAGEENE N, WESEPRIEH/R, EEHE.
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BBk A%, SHeE- REKAEURERERseE "%, B, FEMAL,
MEELE. ZENMBELALXURAPAEMHEERGYHTEMEUNT ERE. &
WRFEASNREEE - ZREBFIKRNE (HPLC-DAD) , {EH poroshell 120 Bonus-
RP MUEE T, &M 8 MARERALETLNE. HiEER, E, £, #HER
WEX, FHER AT REIRT,
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MEERE
(ARNE -kl

B RERIEN (Agilent 1200, BLZIREMFIKLNE, XE
Agilent 45 ); B4k Z % (Milli-Q, % E Millipore 2F]) ;
Agilent Poroshell 120 Bonus-RP &jg#+ (4.6 X50 mm, 2.7um) ;
= # C18 # (4.6X250 mm, 5um); & i€ g & 88 (IKAR MS3
digital, BEIKALNT) ; #FEF IR (SK8200HP, Lig#
SHENEARAA) : SERAEBOH (Alegra 64R, £
Beckman Coulter 24 5]) ; E#ZEU/ME (Bond Elute Plexa,
60mg,3mL, E[E Agilent 24F) ; B (HPLC %, Spectrum 4
") ZEE (oW, TNEEERHT) ok (BEk)

Kigth /R, WE=E ME_F MR SEWGERWA D
Ehrenstorfer 24 7], 42/ E. KA. C/EMEWE TRC A7,
&84 97.0~99.5%,

1.2 @ik &M

it Agilent Poroshell 120 Bonus-RP (4.6 X50 mm, 2.7ym) ;
FER: 35°C; HEREAER: 10uL; FEE: 0.8 mL/min; WEIMEA A
10mmol/L ZE%, Wzt B AFEE, HE®RER: 0-1min 15-
40%B, 1-4min 40%-60%B, 4-10min 60%-65%B, 10-10.1min
65%-15%B, @iEHE: E# C18 (4.6Xx250 mm, Sum); HAEEFR.
10pl; 75E 1.0 mL/min #E%IZERE 0-1min 15-58%B,1-10min
58-62%B, 10-12min 62-95%B, 12-13min 95-15%B, —#k & [
Sz (DAD) HMKc: WE=R2. WA, M. CIFUER
7 204nm; KiEH/RA 230nm; $BAES. HIAEIZ 240nm, 1RF|
ffiA 280nm,

1.3 B m

WREAR. BABM R, HRATIERNE.
1.4 X575 %

LA VRS R AR

DAVERHIRE 8 FULEWE 10 mg (FBHZE 01 mg) F1OmLA
B, MPEARATER, SAEMK 19/l AIRERSR.
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142 BEHETIER

SRR EGRIIER, A ESRARRES % 05mg/
L. 1.0mg/L, 5.0mg/L, 10.0mg/L, 20.0mg/L, 50.0mg/L,
100.0mg/L KR EHRAETIER.

1.4.3 HRALE

HETWTRE 1.0 (FHZ0.001g) #Ha, ETF 10 mLikBER,
FEEAZE 10mL, FRERSSZLESHER, &7 15min,
10000r/min 20°C T iRE( 10min, E{&E &R, 40°CKIBT
FWE TmL, dkESZE 10 mL, £4i84, 10000r/min 20°C
TEIESL 10min, L Bond Elute Plexa E#HZEEU/ME, #HFHK
A SmLREE SmLKiEW T4, meiB LR, fk A 3mL k.
3mL B - 7k (10/90, V/V) ithik, 5SmL BEE -k (90/10, V/
V) Bt EBRREACKATEREET, PESER EAE
1 mL, JREERS Tmin, #B7 Tmin, it 0.22um jREE, #F,

1.45 ME

2 1. 28T, UREAREEE, SMREEE.

ZR5WE

2.1 Bk SMRERE

%37 Agilent Poroshell 120 Bonus-RP (4.6X50 mm, 2.7ym)
FEM C18 KAAREH (4.6X250 mm, 5um) Xf 8 MZHIH 31
MR, RAAEMRAEEN, EBRS5ER. KRS CHER
TEERIFMAE, T Agilent Poroshell 120 Bonus-RP g£53) 5
BHIBENR. BESEERME 1. B2,

EEAER T K, 1% ZEIKE R 10mmol/L ZEREKAR,
MHEBERTHE. ZENIBHR. SRER. MEEA &
RkF 1% ZEKBKR, Kt/ RIEBAE, HIELHR, &
B EASES, EREEREMERRK,. X 10mmol/L ZE
e, RBEEE, S#EHNREHEUIHSERNIE. &
ZiE B EAREMNZBHIBUREESK, FREIZHEHRE
55, #EAPR.
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mAU7

200 |

150 |

A/mAU

100 |

50
o]
\J 2 4 6 8 10 min
t/min
B 1 {&H Poroshell 120 Bonus-RP 14 ZHIkr/EEIZE (GREH 20mg/L)
T REHR: 2 =R JAEAAT: 4 SFIH: 5 BERT: 6 EZFE. 7 CHMER: 8 Zir

mAU]
400 1 8

E 7
300 ]

t/mi

B2 EREY C18 RIEHA B EEER (KEX 20mg/L)
1 RIEHR: 2 =R 3BEAAE; 4T, 5 W, 6 SFIM; 7 SR 8 Eita

2.2 FiEME e B R 2.3 Fik R MAR B R A B

REWELERMAERE 1.4 IRMESR, URMAMERRY REAZA#R 109, 2ARMBSIVEMRER, EEERT S
PR, SEAMENR, SHIRERLE, FHEPSMEREENAE  MIRMARIKRER 50.00/kg, HHEMETRERE, AEAMRD
0.5 ~ 100 mg/LEEMHAERIFMEMRZR, rifZE 0999 L, WERMEEEERLRK 1

IEMERFE I EEER (S/N =10) 7 2.0 mg/kg, HR6

MR iEE 2RI A 5.0mg/ky,
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5 Poroshell 120 &4 1% 5 #7120 B A9 5 E) &

XA
HPLC
Poroshell 120

ATS02

fe& HE

X Hw4E THERAMANERRE, AR EIRFEITHE THREAORERNGE, BFES
IR AR ERMERRBRIEUAREINE, SREK, BENKHEAEX. @Rk

BiE{ (UHPLC) 71 1.8 pm SERYRERAR DAL AT LURES S A i R A FIFE B A KPR
EENEEXRELEERMNEARBEENSTREFRBIMENRREE, FERE
AN RESI, REFCQRRIHELHE Poroshell 120 ZIIREEAERIEHE, BT
HEBRRE. SHERNS S, NMEESSIAERARESEN LHTHES TR TR
fEtE, ANfER Poroshell 120 &i%4E, FRAEMRERIEN, X T Z PRI EERK
WAEMALE ., AEIRERBSUT, UHSE,
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(ARNE -kl

{%#%: Agilent 1260 SR RAEEIEL
KF: Z8E (HPLC 4% Honeywell); %7k

1.2 i s&H

{44 Poroshell 120 EC-C184% (4.6 mm X 100 mm, 2.7ym),
IR 35°C; i 1.0 mL /min; R A: B4k, RaEB: 28

1.3 i
TEh TR BRI
14 B i%
1AR R ELH
IR 2 7, HAREHEE tml, A 0.2um EREHIEHE.

SOMEMZS: KK 245nm; FERERRR 2501, BERENT

1.45 ME

1.2 BIRFETRIE,

FR5HE

wE
Time (min) A(%N/V) B(%.V/V) 2.1 FikE IR mitie
0 55 15
3 55 45 EVRID A ENER BB EHEIRITRIE, B HEE.
7 40 60 Mk ET (LR, 1L Poroshell 120 EC-C18 4 (4.6 mmXx 100
10 13 87 " o _ .
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24 ERERBIERENER (E2)

__ DAD: Signal By 245 nm/Bw:4 nm
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Peak Number
i
4 / :
-
2] - 5
L S
] E b
o__._fk./-llk.,..&-n.:\.-._/_\__-.p__._...___J—L__J_N
o [ =
&= - -3
| - =
o ] -
) - A
0.0 25 50 5 100 128 150 178 200 s 20 s o
(B2 #m5E 1 Ha A PRI ZHEA TR, FUELREIEE B TFERIEFEH TR EEZHE)
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0 55 45
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RIPRFRERGHAEERESUT—
e

- BBESMERMATULEY
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Abstract

UHPLC and LC/MS/MS methods were developed for separating components that
are banned or restricted for use in hair dyes on an Agilent Poroshell 120 Bonus-RP
column. Compared to alkyl-only phases, the Poroshell Bonus-RP column has
enhanced retention and selectivity for acidic and polar compounds due to strong
H-bonding and can be used in 100% aqueous mobile phase. The UHPLC method
using an Agilent 1290 Infinity LC System separated 24 compounds, while 5 more
compounds could be analyzed using an Agilent 6460 Triple Quadrupole LC/MS
System. All the compounds were separated within 15 minutes. Two commercial
samples of hair dyes were analyzed to test the UHPLC method with complex

samples.

Introduction

Hair dyes are used by people all over the world. Commonly used hair dyes are
composed of aromatic compounds containing modified aniline and phenolic
compounds, which may cause allergic reactions and potentially even cause cancer.
Due to these potentially harmful effects, the amounts of these compounds are
banned or restricted in many countries according to their own regulations. Methods
for the quantitative measurement of the compounds in hair dyes include GC,
GC/MS, LC, LC/MS [1]. HPLC methods are popular for the quantitative analysis
because the compounds analyzed are not thermally stable, and most are strongly
polar with low volatility.
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A Poroshell 120 Bonus-RP, 2.7 pm column packed with
superficially porous materials was used in the application.
Poroshell 120 superficially porous columns have nearly the
same efficiency as sub-2 pm totally porous columns and can,
therefore, be used to provide similar fast and high resolution
analyses. The Bonus-RP phases have a polar-embedded group
inserted into the hydrophobic C14 alkyl chain that allows
minimal interaction of polar samples with silanols, providing
symmetrical peak shape for many analytes. The polar
embedded group also helps to wet the hydrophobic chains
and prevents phase collapse in highly aqueous mobile phase.
Compared to alkyl-only phases, Bonus-RP has enhanced
retention and selectivity for acidic and polar compounds due
to strong H-bonding [2].

This application note describes a UHPLC method that was
developed for separating 24 compounds in only 15 minutes.
The LC/MS/MS method was used to identify more
compounds because the compounds that could not be
separated via HPLC, could be resolved by LC/MS/MS. A total
of 29 compounds were analyzed using a 6460 Triple
Quadrupole LC/MS System. Both methods were developed on
a Poroshell 120 Bonus-RP, 3.0 x 100 mm, 2.7 pm column. Two
commercially available samples were purchased and
analyzed, and some dye compounds were detected and
separated from other components in the hair dyes.

Experimental

The 1290 Infinity LC System includes a binary pump, a
Thermostatic Column Compartment (TCC), a high performance
autosampler, and a Diode Array Detector (DAD). The
LC/MS/MS system includes a 1290 Infinity LC system and an
Agilent 6460 Triple Quadrupole LC/MS System. The column
used in the application is a Poroshell 120 Bonus-RP, 3.0 x 100
mm, 2.7 pm.

The stock solutions were prepared individually in methanol at
10 mg/mL and then mixed together and diluted down to an
appropriate concentration of standard solution with 2 g/L
sodium hydrogen sulfite solution. The standard solutions
were then filtered through an Agilent 0.2 pm regenerated
cellulose filter (part number 5064-8221). The filtered solutions
were transferred to the autosampler vials for HPLC and
LC/MS/MS analysis.

The 2 hair dye samples were purchased locally. Each sample
(0.5 g) was extracted using 10 mL acetonitrile and then placed
in an ultrasonic bath for 10 minutes. The solution was then
filtered through a 0.2 pm regenerated cellulose filter, and the
filtered solutions were transferred to the autosampler vials for
HPLC analysis.
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Table 1. The 29 hair dye compounds analyzed in this
application.

No. Name CAS
1 p-Phenylenediamine 106-50-3
2 2-Amino-3-hydroxypyridine 16867-03-1
3 m- Phenylenediamine 108-45-2
4 p- Aminophenol 123-30-8
5 2,6-Diaminopyridine 141-86-6
6 2,5-Diaminotoluene sulfate 615-50-9
7 o-Phenylenediamine 95-54-5
8 m-Aminophenol 591-27-5
9 o-Aminophenol 95-55-6
10 2-Chloro-1,4-phenylenediamine sulfate 61702-44-1
1 p-Methylaminophenol sulfate 1936-57-8
12 Hydroquinone 123-31-9
13 Resorcine 108-46-3
14 N,N-Diethyl-1,4-benzenediamine sulfate 6065-27-6
15 3,4-Diaminotoluene 496-72-0
16 1,4-Diamino-2-nitrobenzene 5307-14-2
17 5-Amino-o-cresol 2835-95-2
18 4-(N,N-Diethyl)-2-methyl-p-phenylenediamine 2051-79-8
monohydrochloride
19 2-Methylresorcinol 608-25-3
20 6-Amino-m-cresol 2835-98-5
21 4-Nitro-o-phenylenediamine 99-56-9
22 5-Methyl-2-phenyl-1,2-dihydropyrazol-3-one 89-25-8
23 4-Amino-3-nitrophenol 610-81-1
24 6-Hydroxyindole 2380-86-1
25 4-Chlororesorcinol 95-88-5
26 2,7-Dihydroxynaphthalene 582-17-2
27 1,5-Dihydroxy naphthalene 83-56-7
28 4-Aminodiphenylamine 101-54-2
29 1-Naphthol 90-15-3
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Results and Discussion

The superficially porous particles have nearly identical
efficiency as sub-2 pm totally porous materials and can,
therefore, be used to provide similar fast and high resolution
analyses at lower pressure. The Bonus-RP phases have a
polar-embedded group inserted into the hydrophobic C14 alkyl
chain that allows minimum interaction of polar samples with
silanols, providing symmetrical peak shape. Compared to
alkyl-only phases, Bonus-RP has enhanced retention and
selectivity for acidic and polar compounds due to strong
H-bonding and can be used in 100% aqueous mobile phase. A
previous application note developed a method using a
Poroshell 120 EC-C18 separating 17 hair dye compounds [3].
However, to increase retention and separate more
compounds, especially polar compounds, a gradient method
starting from 100% aqueous phase on the Poroshell 120
Bonus-RP column was used for this application.

Figure 1 shows the separation of 24 potential hair dye
standard components on 2 Poroshell 120 Bonus-RP columns
in 15 minutes. This separation can be easily reproduced from
column to column from different batches. Reasonable
resolution is achieved between all the standard components.
Due to the complexity of the compounds analyzed, it is
difficult to optimize the pH of the mobile phase for all the
compounds. In the application a mid pH mobile phase with
10 mM ammonium acetate was used to enhance retention of
the compounds on the column because most compounds
have amino groups that present neutral in a mid or high pH
value mobile phase. These conditions were not optimal for all
the components, but they were best for the majority of the
components of the sample.

Figure 2 shows overlay chromatograms of sample 1, sample 2,
and standards. Compounds vary in different samples.
Compounds 2,5-diaminotoluene sulfate, 3-aminophenol,
resorcine, and 5-amino-o-cresol were found in sample 1 and
compounds p-phenylenediamine, 3-aminophenol, resorcine,
and 2,7-dihydroxynaphthalene were detected in sample 2. The
amounts of the detected compounds can be measured given
the concentration of the standards.
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16 18

4 16 18 min
Figure 1. Standards chromatograms on 2 batches of Agilent
Poroshell 120 Bonus-RP, 2.7-pm columns on an Agilent 1290

Infinity LC System.

mAU
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Figure 2. Overlay chromatograms of samples and standard
components using an Agilent Poroshell 120 Bonus-RP, 2.7-ym
column.
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LC conditions

Instrument:  Agilent 1290 Infinity LC System(installed with 1290 inline
filter after injector valve, p/n 5067-4638)

Column: Agilent Poroshell 120 Bonus-RP, 3.0 x 100 mm, 2.7 pm
(p/n: 695968-301)

Mobile phase: A, 10 mM acetate; B, ACN

The above LC method could be easily transferred to an
LC/MS/MS method because the mobile phase using
ammonium acetate is MS friendly. While isomers, such as
m-Aminophenol and o-Aminophenol, could not be resolved
with LC, these could be identified by LC/MS/MS due to the
different product ions. The same for the isomer pairs of

Gradient: 0 min 0% B . . . . A
2 min 0% B hydroquinone and resorcine. Multiple Reaction Monitor
?Smn'q'}n 38225 (MRM) chromatograms of respective 29 hair dye components
18 min 80% B are shown in Figure 3, and the optimized conditions for MRM
Stop time: 20 min, post run 3 min are listed in Table 2.
Flow rate: 0.5 mL/min
Injection: 1pL
Detector: UV 280 nm
Standards: 1. p-Phenylenediamine 13. 1,4-Diamino-2-nitrobenzene
2. 2-Amino-3-hydroxypyridine 14. 5-Amino-o-cresol
3. m-Phenylenediamine 15. 2-Methylresorcinol
4. 4-Aminophenol 16. 6-Amino-m-cresol
5. 2,5-Diaminotoluene sulfate 17. 4-Nitro-o-phenylenediamine
6. o-Phenylenediamine 18. 4-Amino-3-nitrophenol
7.  3-Aminophenol 19. 6-Hydroxyindole
8. Hydroquinone 20. 4-Chlororesorcinol
9. 2-Chloro-1,4-phenylenediamine sulfate 21. 2,7-Dihydroxynaphthalene
10. 4-Methylaminophenol sulfate 22. 1,5-Dihydroxy naphthalene
11. Resorcine 23. 4-Aminodiphenylamine
12. 3,4-Diaminotoluene 24. 1-Naphthol
x10° + MRM (111.0 = 66.0) 10PPM_01.d x10° + MRM (165.1 - 121.0) 10PPM_01.d *x10° [ MRM (175.1 - 65.0) 10PPM_01.d
J 1 2.072 J TG'SM | j\e.‘sn
0 \—_L 0 0
x10° |+ MRM (109.0 - 92.0) 10PPM_01.d x10° +MRM(124.0 - 80.0) 10PPM_01.d «10° -MRM (163.0 - 122.0) 10PPM_01.d

0J1 1.689? nJ 55-795

10.043
N

x10° |+ MRM (110.0 - 66.0) 10PPM_01.d x10+ “MRM(109.0 - 109.0) 10PPM_01.d

x10* |-MRM (143.0 - 79.1) 10PPM_01.d

5.998
ol I
0 x10% -MRM (109.0 - 41.1) 10PPM_01.d

11.104
o N

x10¢ -MRM (159.0 -> 130.0) 10PPM_01.d

o il

x10° -MRM(159.0 - 115.1) 10PPM_01.d

N o

105 +MRM (185.1 - 108.0) 10PPM_01.d

o s

x10¢ |-MRM (143.0 - 41.2) 10PPM_01.d

«10°|+MRM (123.1 = 108.0) 10PPM_01.d |
J1 2819 0 N
0 ‘ —L «10°|+MRM (179.3 — 135.0) 10PPM_01.d
x10° [+MRM (110.0 > 65.0) 10PPM_01.d 7510
1 2.460 - UJ N
0” }\ N «105 +MRM (123.1 - 106.0) 10PPM_01.d
6.941
x10° |+ MRM (109.0 - 65.0) 10PPM_01.d UJ A
“] A 3517 «10° +MRM(154.0 — 108.0) 10PPM_01.d
0 | 7.006
x10° [+MRM (110.0 - 65.0) 10PPM_01.d 0 N
J1 105 +MRM (124.1 > 77.0) 10PPM_01.d
0 N | 77.331
«10° |+ MRM (143.0 80.0) 10PPM_01.d 0

1 5.105 %108 |+MRM(124.1 - 106.0) T0PPM_01.d
| 8.369
0 ‘ _L uJ AN

«10¢ -MRM(152.0 - 46.1) 50PPM_01.d

J N

x10° |-MRM (108.0 — 108.0) 50PPM_01.d <10° -MRM(123.0  79.0) 50PPM_01.d

0”1 04.733 UJ

%10+ |-MRM(132.0 - 131.1) 50PPM_01.d

10513
o A
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Figure 3. MRM chromatograms of respective 29 hair dye components using an Agilent Poroshell 120

Bonus-RP, 2.7-pm column.
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Table 2. MRM conditions for the 29 components analyzed.

No. Name

Product lons

Retention time (min) Polarity

W 00 N oo g B W N =

[ T N T N T . e O T S B N e O R T
W 0 ~N oo o B W N = O © 0N oW N = o

p-Phenylenediamine
2-Amino-3-hydroxypyridine

m- Phenylenediamine

p- Aminophenol

2,6-Diaminopyridine
2,5-Diaminotoluene sulfate
o-Phenylenediamine

m-Aminophenol

o-Aminophenol
2-Chloro-1,4-phenylenediamine sulfate
p-Methylaminophenol sulfate
Hydroquinone

Resorcine
N.N-Diethyl-1,4-benzenediamine sulfate
3,4-Diaminotoluene
1,4-Diamino-2-nitrobenzene
5-Amino-o-cresol
4-(N,N-Diethyl)-2-methyl-p-phenylenediamine monohydrochloride
2-Methylresorcinol

6-Amino-m-cresol
4-Nitro-o-phenylenediamine
5-Methyl-2-phenyl-1,2-dihydropyrazol-3-one
4-Amino-3-nitrophenol

6-Hydroxyindole

4-Chlororesorcinol
2,7-Dihydroxynaphthalene
1,5-Dihydroxy naphthalene
4-Aminodiphenylamine

1-Naphthol

109 -
m -
109 -
110 -
110 -
1231 -
109 -
110 -
108 -
143 -
124 -
109 -
109 -
165.1 —
1231 -
154 -
1241 -
179.3 =
123 -
1241 -
152 -
175.1 =
153 -
132 -
143 -
159 -
159 -
185.1 -
143 -
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92
66
92
65
93
108
92
65
108
108
109
109
65
136
106
108
71
150
79
106
46.1
65
122
131.1
107
130
115.1
108
115.1

(12 V);
(25 V);
(12 V);
(20 V);
(21 V);
(15 V);
(12 V);
(20 V);

V),

(16 V);
(14 V);

(ov)

(17 V);
(1 vy;
(12 v);
(16 V);
(19 V);
(1 vy,
(12 V);
(12 v);
(23 V);
(25 V);
(11v);
(20 V);
(12 vy;
(30 V);
(22 V);
(18 V);
(45V);

109 -
m -
109 -
10 -
10 -
1231 -
109 -
10 -
108 -
143 -
124 -
109 -
109 -
165.1 =
1231 -
154 -
1241 -
179.3 -
123 -
1241 -
152 -
175.1 =
153 -
132 -
143 -
159 -
159 -
185.1 —
143 -

65
94
65
93
66
77
65
93
107
80
80
108
41.1
121
79

91
109
135
55
79
105
133
123.1
104.1
79.1
102
131.1
93
41.2

(22V)
(25V)
(22V)
(13V)
(23V)
(22V)
(23V)
(13V)
(22V)
(25 V)
(35 V)
(15V)
(23V)
(20V)
(20V)
(20V)
(16V)
(22V)
(18V)
(16V)
(14V)
(20V)
(19V)
(15V)
(17 V)
(30V)
(22V)
(22V)
(45 V)

1.706
2.069
2.362
2.465
2.748
2.813
3511
4731
4.733
5.107
5.792
6.008
6.010
6.456
6.947
7.012
7.329
14717
1573
8.271
9.008
9.581
10.042
10513
11.105
12.359
13.025
13.425
14.499

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Negative
Positive
Negative
Negative
Negative
Negative
Negative
Positive
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LC conditions

Instrument: Agilent 1290 Infinity LC System (installed with 1290
inline filter after injector valve, p/n: 5067-4638)
Column: Agilent Poroshell 120 Bonus-RP, 3.0 x 100 mm, 2.7 ym
(p/n 695968-301)
Mobile phase: A, 10 mM acetate; B, ACN
Gradient: 0 min 0% B
2 min 0% B
8 min 20% B
15 min 70% B
18 min 80% B
Stop time: 20 min, post run 3 min
Flow rate: 0.5 mL/min
Injection: 1L

MS conditions

Gas temp: 325°C
Gas flow: 10 L/min
Nebulizer: 50 psi

Sheath gas temp: 350 °C
Sheath gas flow: 11 L/min
Capillary: positive 4,000 v; negative 3,500 v

Conclusion

The method was developed for the separation of hair dye
components using the Poroshell 120 Bonus-RP column. The
column gives a good selectivity for these compounds and
provides good resolutions. The method developed on 1290
Infinity LC Syste is suitable for fast screening and quantitative
analysis of these compounds. The LC/MS/MS method
enables co-eluted compounds be identified and quantified
using MRM and is suitable for low level concentration
analysis in complex sample matrices.

Reference

1. “Determination of 22 components in hair dyes by high
performance liquid chromatography”, Chinese Journal of
Chromatography, 26(5): 554-558.

2. Anne E. Mack,"Fast screening methods for steroids by
HPLC with Agilent Poroshell 120 columns”, Application Note,
Agilent Technologies, Inc, Publication Number 5991-0245EN.

3. Rongjie Fu, “Fast Analysis of Hair Dyes Using an Agilent
Poroshell 120 EC-C18 Column”, Application Note, Agilent
Technologies, Inc, Publication Number 5990-6501EN.

For More Information

These data represent typical results. For more information on
our products and services, visit our Web site at
www.agilent.com/chem.
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EPA 8330A Analysis of Explosives Using Agilent Poroshell 120 EC-CN and
EC-C18 Columns

Author Abstract
Anne Mack A group of 14 nitroaromatics and nitramines was analyzed according to EPA Method
Agilent Technologies, Inc. 8330A for the trace analysis of explosive residues by HPLC/UV. The analysis was

improved by using superficially porous Agilent Poroshell 120 columns as compared
to the traditional 5 pm columns suggested by the United States Environmental
Protection Agency (EPA). Two complimentary phases were used; Poroshell 120
EC-CN and Poroshell 120 EC-C18. As recommended by the EPA, the Poroshell 120
EC-CN column was a good confirmation column when paired with a Poroshell 120

EC-C18 column due to its orthogonal selectivity.

Introduction

There is significant interest in transferring LC methods to superficially porous
particles from larger 5 um totally porous particles. The high efficiency of superficially
porous particles is similar to sub-2 pm totally porous particles. This is attributed
primarily to a shorter mass transfer distance and a narrower particle size
distribution. Furthermore, the larger particle size results in lower backpressure,
allowing for these columns to be implemented in methods on nearly any LC system.
The benefits of transferring from larger particle columns are very significant time
and cost savings, because superficially porous particles are optimally run at faster
flow rates and achieve similar resolution with a much shorter column length [1,2].

In this application note, a method from the EPA for the trace analysis of explosive
residues by HPLC/UV was transferred from 5 pm columns to shorter 2.7 pm
superficially porous Poroshell 120 columns.

302



Agilent Poroshell 120 KL X & —— IMES#T

Materials and Methods

The instrument setup was optimized for lowest possible
extra-column volume with short 0.075 mm id capillaries found
in the Agilent Ultra Low Dispersion Kit (p/n 5067-5189) and
with an Agilent LC System Rack (p/n 5001-3726) [3].

The EPA 8330A stock standard was purchased from Cerilliant
Corp. The 14 explosive residues were obtained in an
acetonitrile solution at a concentration of 200 ug/mL each.
Methanol was purchased from Honeywell International Inc.
Water was 18 Mohm.cm Milli-Q.

Results and Discussion

Figure 1 shows EPA Method 8330A for the trace analysis of
explosive residues by HPLC/UV, performed as specified by the
EPA with 4.6 x 250 mm, 5 pm columns. Two phases were
used, Agilent ZORBAX Eclipse XDB-CN, and Agilent ZORBAX
Eclipse Plus C18 for confirmatory analysis. Figure 1 shows the
two phases had orthogonal selectivity. The nitrotoluene
isomers coeluted on the CN column and were separated on
the C18 column, while the dinitrotoluene compounds coeluted
on the C18 and were separated on the CN column.

mAU Peak id
3,4,12,13,14 Agilent ZORBAX Eclipse XDB-CN 1. HMX
200 8 2. RDX
0 3. 1,3,5-Trinitrobenzene
15 5 6 4. 1,3-Dinitrobenzene
100 1 7 5. Nitrobenzene
10 . 6. 2,4,6-Trinitrotoluene
50 2 : 7. 2-Amino-4,6-dinitrotoluene
/\ 8. 2,4-Dinitrotoluene
0& 2 4 6 8 10 12 14 16 18 i . Tetny
mAU min 10. 4-Amino-2,6-dinitrotoluene
Agilent ZORBAX Eclipse Plus C18 11 2.6-Dinitrotoluene
200 12. 2-Nitrotoluene
4 13. 4-Nitrotoluene
150 ;
7.8,10,11 14. 3-Nitrotoluene
100 2
5 A
0
0 2 4 6 8 10 12 14 16 18 min
Conditions
Columns: Agilent ZORBAX Eclipse XDB-CN, 4.6 x 250 mm, 5 pm (p/n 990967-905)
Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm (p/n 959990-902)
Samples: Explosive residues
Sample

concentration:
Eluent:

20 pg/mL of each compound
A, H,0; B, CH;0H

Injection volume: 20 pL

Flow rate: 1 mL/min

Isocratic: 50% B

Temperature: 25°C

Detector: 254 nm

Instrument: Agilent 1290 Infinity LC

Figure 1. EPA 8330A analysis of explosives using EPA method parameters (isocratic)
and Agilent ZORBAX Eclipse columns (5 pm).

303



Agilent Poroshell 120 KL X & —— IMESHT

Figure 2 shows that the 4.6 x 250 mm, 5 pm analyses can be
transferred to 2.1 x 100 mm, 2.7 pm Poroshell 120 columns.
Poroshell 120 EC-CN columns have very similar selectivity to
ZORBAX Eclipse XDB-CN columns, while Poroshell 120
EC-C18 columns have similar selectivity to ZORBAX Eclipse

Plus C18 columns. This allows for simplified method transfer.

The flow rate (0.4 mL/min) and injection volume (1 pL) were

scaled proportionally to the difference in column volume,
while all other method parameters remained the same. The
result was nearly the same but accomplished in a fraction of
the time, saving significant time and solvent compared to the
original analysis. This provided increased productivity as well
as substantial cost savings.

mAU Peak id
200 1. HMX
175 34121314 Agilent Poroshell 120 EC-CN 2. RDX
150 3. 1,3,5-Trinitrobenzene
125 4. 1,3-Dinitrobenzene
100 5. Nitrobenzene
s 6. 2,4,6-Trinitrotoluene
50 9 7. 2-Amino-4,6-dinitrotoluene
2% A ! 8. 2A4-Dinitrotoluene
0] : ‘ ‘ ‘ . 9. Tetryl
1 2 3 4 min . -
mAU 10. 4-Amino-2,6-dinitrotoluene
200 11. 2,6-Dinitrotoluene
175 Agilent Poroshell 120 EC-C18 12. 2-Nitrotoluene
150 13. 4-Nitrotoluene
125 14. 3-Nitrotoluene
100 4 7,8,10,11
75 1
50 2
25 ﬂ J\
0
‘1 é I") 21 mi‘n
Conditions
Columns: Agilent Poroshell 120 EC-CN, 2.1 x 100 mm, 2.7 pm (p/n 695775-905)
Agilent Poroshell 120 EC-C18, 2.1 x 100 mm, 2.7 pm (p/n 695775-902)
Samples: Explosive residues
Sample
concentration: 20 pg/mL of each compound
Eluent: A, H,0; B, CH;0H

Injection volume: 1 pL

Flow rate: 0.4 mL/min

Isocratic: 50% B

Temperature: 25°C

Detector: 254 nm

Instrument: Agilent 1290 Infinity LC

Figure 2. EPA 8330A analysis of explosives using EPA method parameters (isocratic)

and Agilent Poroshell 120 superficially porous columns.
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Figure 3 shows the two Poroshell 120 columns with
independently optimized gradient analyses; Poroshell 120
EC-CN (7% B for 7 minutes, 7-35% B in 13 minutes) and
Poroshell 120 EC-C18 (25-36% B in 20 minutes). As can be
seen, full resolution of the 14 nitroaromatics and nitramines
was difficult, even with an optimized separation. This
supports the need for orthogonal columns for confirmatory

analyses.
mAU 4 Peak id
50 3 1. HMX
20 2. RDX
Agilent Poroshell 120 EC-CN 3. 1.35-Trinitrobenzene
30 5 8 4. 1,3-Dinitrobenzene
20 12,1314 | 4 5. Nitrobenzene
1 7 9 6. 2,4,6-Trinitrotoluene
10 2 10 1 7. 2-Amino-4,6-dinitrotoluene
0l \ A 8. 24-Dinitrotoluene
' ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 9. Tetryl
AU 25 5 75 10 125 15 175 min 10. 4-Amino-2,6-dinitrotoluene
50 11. 2,6-Dinitrotoluene
20 Agilent Poroshell 120 EC-C18 12. 2:-Nitrotoluene
13. 4-Nitrotoluene
30 ' 3 4 14. 3-Nitrotoluene
20 2 5 6 . 8 ) ,
10 10 12 13 14
0 )
25 5 75 10 125 15 175 min
Conditions
Columns: Agilent Poroshell 120 EC-CN, 2.1 x 100 mm, 2.7 pm (p/n 695775-905)
Agilent Poroshell 120 EC-C18, 2.1 x 100 mm, 2.7 pm (p/n 695775-902)
Samples: Explosive residues
Sample
concentration: 20 pg/mL of each compound
Eluent: A.H,0: B, CH;0H
Injection volume: 1 pL (ADVR on)
Flow rate: 0.4 mL/min
Gradient: Poroshell 120 EC-CN, 7% B for 7 min, 7 to 35% B in 13 min; Poroshell 120 EC-C18, 25

to 36% B in 20 min
Temperature: Agilent Poroshell 120 EC-CN, 20 °C; Agilent Poroshell 120 EC-C18, 25 °C
Detector: 254 nm
Instrument: Agilent 1290 Infinity LC

Figure 3. EPA 8330A analysis of explosives using gradient elution with Agilent

Poroshell 120 superficially porous columns; injection performed with Automatic
Delay Volume Reduction.
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Conclusions

Superficially porous Agilent Poroshell 120 columns were
successfully substituted for traditional 5 pym columns for EPA
Method 8330A for the trace analysis of explosive residues by
HPLC/UV. The smaller dimension Poroshell 120 columns
could be used to improve productivity and to save time and
money over larger 5 pm columns. Additionally, it is found that
the two Poroshell 120 phases (EC-CN and EC-C18) provided
orthogonal selectivity, allowing for easy confirmatory
analyses.

References

1. A. Gratzfeld-Hiisgen, E. Naegele. “Maximizing efficiency
using Agilent Poroshell 120 columns”. Application Note,
Agilent Technologies, Inc. Publication Number 5990-5602EN
(2010).

2. V. R. Meyer. Practical High Performance Liquid
Chromatography, Fourth Ed., p. 34. Wiley (2004).

3. A. Mack. “Optimizing Performance of an Agilent ZORBAX
RRHD Eclipse Plus C18 Column by Enhancing an Agilent 1290
Infinity LC System for Ultra-Low Dispersion”. Application
Note, Agilent Technologies, Inc. Publication Number
5990-9502EN (2011).

For More Information

These data represent typical results. For more information on
our products and services, visit our Web site at
www.agilent.com/chem.
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FPEHRNERBZENSERERAER Adilent Poroshell 120 &
B AE

33 WE

Rongjie Fu FEHEA(Ch. PIEMKRKRE RN EEERELM 4.6 X 150 mm 5 4.6 X 250 mm,
ZREMEERAT (L§) 5 um fY C18 RABEIEH, XAMAEKAES 5 pm R BIEHHREERIERNHRIT.
HIgKE 4125 KRFRERA Agilent Poroshell 120 EC-C18 &i#EE] Agilent Poroshell 120 SB-C18
L% 200131 BIEHRAEENBITEHITRERSM. KA Poroshell 120 BIEHFRHENHEEE
HE BETHYMSBEE, FEMHE ch. P HEEHMUSPHTEHENEK.,
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518

BREZERH S MRERERN—MBKERE, 2F=74 5808 &
R, EFETRIEFHBIENNS (RS, FRHMZERS
FHNEMREER. ATHRKUENRFEHNERTR, SEH
MRBEMN YN SALREBEARRE. FRERSARERR
BENRERREARR, BRLEREABRLREREE. RERE
[TiZRTF 1 BAFL 2 BUBIRRHIIAYT . Ch. P [1]#0 USP [2]¥7E
TRERNEEER A ZHTREENAENERKEROBE
EBRAEHITREENEXNRRE, IARFTENSTENER
B THER HPLC &%, EBRTEXMRSMHIGEE LR Ll
BARE.

AR BREELIERE Ch. P MUER HPLC ik, XA Agilent
ZORBAX SB-C18, 4.6 X 150 mm, 5 pm i # Agilent
ZORBAX Eclipse Plus C18, 4.6 X 150, 5 ym BitHAEESE
MEEMBEXNR. ARBHEEBERE S LB Agilent
Poroshell 120 &if# L, ZBIEHAIXESHTFRESBHIL
2 um BRI,

MRSRE
Ch. P PERBRERAXMETEEL HPLC Rt

&g TI\RERESTER (C18)

pinbd 1.0 mL/min

HEE 20 pL

R 40°C

gl A 214 nm

BTFAXYREENREA:

REhE A 0.2 mol/L HEREE M (4 28.4 g T/KFRERSNAT 1000 mL
KA, IO 2.7 mL BEER, FER ZERRRE pH E 2.3, R4 -28E
(82:18)

ahtE B ZHE: 7K(50:50)

SEYUTHERBREF, BERHBENANMFERRXE, X
REIKRLH 25 min MRS RREE, A-21 RBRERE R AT
HEREEBIT R ATHIE,

BFiE (min) %B
0 22
35 22
61 67
67 67

309

BT SENTERRNAE:
it A 0.2 mol/L TERERE M (5 28.4 g T/KFRERSHAT 1000 mL
KA, BN 2.7 mL SRR, HAZEEREIAT pH £ 2.3, B4
ahtE B ZFE: 7K(74:26)
I A #E
H RBELZE (ATERRARRERRITURME)
ik Agilent ZORBAX SB-C18, 4.6 X 150 mm, 5 ym
(ER45 883975-902)
Agilent ZORBAX Eclipse Plus C18, 4.6 X 150 mm, 5 pm
(88445 959993-902)
Agilent Poroshell 120 SB-C18, 4.6 X 100 mm, 2.7 pm
(B34S 685975-902)
Agilent Poroshell 120 EC-C18, 4.6 X 100 mm, 2.7 pm
(88445 695975-302)
BIERS Agilent 1200 SLLC %, B& TR, HiBMH(TCC). B
H SRR AR E RTINS (DAD)
ZR5itie
R EiLH

Ch. P MIEM BIEHER A T/ U ERERE SRR (C18) iZERME
BT USP L1, Ch. P AEBEERELR 5 pm EREIEH,
BEERFBRERNERLT. HAEREMIEERN L,
Elt, E5% XA Agilent ZORBAX SB-C18, 4.6 X 150 mm, 5 ym
BIEHIEITIZA S, REE Ch. P FEREX, AERSERAR M
FERBENRBHEEKLH 25 min, BXYEMSENTHEIEL
BRI 0E 1 F0E 2,

BREEAMNZAZEAMIRERRDREN A-21 REBEERSD
FENSBEASNT 18, BERBRENEREFAAT 1.8, W
1708 2 from, B ESER BEFHE Ch. P PREEA M
KWMEX, 5SB-C18 BiktFHHIL, Agilent ZORBAX Eclipse
Plus C18 BRI TE AN BILER ESMHEN, XTa
EATAMEEHZ ENARERSHN. F—1ERR Eclipse
Plus C18 i e 41i%, M SB-C18 @ik xitin, Hirk @ik
HREERENEYREEFNER. E-1ERZILERE
(Eclipse Plus C18 Bi#IFLZ4 95 A, SB-C18 BURIFLE4 80A).
BAFLER Eclipse Plus C18 BiEHAF T4 &, #imig et
BEIER.
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AEENRaE Norm.,
BfiE (min)  %B ] 1 1 BRER N
0 25 50 2 A2 BRBRESE
35 25 ]
61 70 40
A &7 70 ]
1 1 30
250 N1=2713 ]
] Tf=1.6 207
200 10
] Rs=4.2 0
1507 7 "o T T T T Tdo 50 80
1007 N2 =5288
1 TE=1.9
50 2
0{-1]“ _J
‘ 1‘0 ‘ 2‘0 ‘ ‘ 3‘0 ‘ 4‘0 ‘ ‘ 5‘0 ‘ ‘ 6‘0 ‘ r‘nin

B 1. REEZH Agilent ZORBAX SB-C18 Bt (4.6 X 150 mm, 5um) BITEXRYEA TR EIEE

1
mAU 4 -
500~ Agilent ZORBAX SB-C18 it (4.6 x 150 mm, 5 ym) L 74%A - 26%B
1 e 20 pL
250 =3 1 RERER
1 N1=1716 2 A2 BB EEE
2007 TF=17 Rs=3.4
150*:
100 -
50 N2 = 2774
1 Tf =2.0
e
R ‘ — ‘ S S — S —
2.5 5 7.5 10 12.5 15 175 20 22.5
mAU 4 it !
300 AgilentZORBAX Eclipse Plus C18 &i&#F (4.6 x 150 mm, 5 ym)
200 N1=1845
200° Tf=12
150
100 7
E N2 = 2489
502 TF =12
0—
‘2.‘5‘ o é ‘ ‘7.‘5 ‘ 10 12‘5 ‘ 1‘5 17‘5 ‘2‘0 o ‘22‘.5‘

B 2. REE489 Agilent ZORBAX SB-C18 it (4.6 X 150 mm, 5um) F1 Agilent ZORBAX Eclipse Plus C18 Bt (4.6 X 150 mm, 5 um)

HHTEBUENEEE
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Agilent Poroshell 120 i

AFRETR A Agilent Poroshell 120 SB-C18 i (4.6 X
100 mm, 2.7 ym) RERRBEFEXRYEINAENESR, 35
FEBERFEEAZLLEE ch. P HEXEX. YHBEHEAZER
A—NFH AR WA EITERX R E R B RS

ARESBENBENBERR, NAFHE 1 PESHNRBIRH
K*E7E,

FRE

He:

tg RREBEE

F RTmE

SE—1EH

Vm FRHEER (Vm= 11 (d/2)%(L)(0.6), L ®RRHEK, d RFHEAE)
AD A DR FEERFREASENE L

K*= (t.F)/(S A® Vm)

RIEFE 1, EHEARIERKSE R E RS T R
A7l

ARIEREENRE SR8, #HESFREGREERRA
B (5% 2),
FHiE 2

2
dy, d, FRIRFHE 1. H 2 HEAE
L. L, PRIRRE 1. H 2 WK

(di72)2L, = (d,/2)°L,

%A Agilent Poroshell 120 SB-C18 & i#£(4.6 X 100 mm,
2.7 ym)IBT— M FRBERRAE, BTABINREETNE
KR, BEEREXEIEILE 3. XA Poroshell 120 SB-C18 &
(4.6 X 100 mm, 2.7 pm)#0 Poroshell 120 EC-C18 i
(4.6 X 100 mm, 2.7 pm)IBITEEMEHE. FH Poroshell 120
BERKESHELESES%M SB-C18 BEHKBHELIE
(B 1) HEk, EFEFERETHE, ENER, EENIBE.
Poroshell 120 BikHRIHEL R4 5 pm BIEHS 4 2 6 5,
M Poroshell 120 B 5T E| — LGNNI RIE (B 3),
ERHTEBTRESANELHENTHER. RETHIRE
E. WETERMSBE, 34, XEXRTHOFETRAES
5um BiFHSBEHEES, EERESNEERRTIEE, UE
FREQNZNIX LSRR,

B B 1 ORBEE
Btid (min)  %B 1 2 A2 BiBRESE
0 27 a0l
2 27 ] 9
40.67 72
44.67 72 60
e 13.33 L i
35—k N[ 1 40
] ] Rs=2.4
20
400 N1=10906 ] Lﬁ::j
Tf=1.2 0
. e T T
200
1 N2 = 11997
] Tf=1.0
100 3
L JU_ N
T
5 10 B 20 % 3% 40 min

[ 3. A Agilent Poroshell 120 SB-C18 &% (4.6 X 100 mm, 2.7 ym) HTEREHERYEHELE

N
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Agilent Poroshell 120 SB-C18 fittE 1
3 (4.6 x100 mm, 2.7 ym)

N1=10860
Tf1=1.16

inae
HHE
Ha

T4%A - 26%B
13.33 L

1 ¥ERE

2 A21 Bt RS E

Rs=6.6

N2 =123770
2 Tf2=10.97

2.5 5 15 10

Agilent Poroshell 120 EC-C18 it 1
(4.6 x 100 mm, 2.7 pm)

N1=9768
Tf1=1.02

Rs=6.0

22.5 min

N2=10710
9 Ti2=096

25 5 15 10 12.5

e A e e e e e S S e e LA
15 175 20 22.5 min

B 4. 3R Agilent Poroshell 120 SB-C18 it (4.6 X 100 mm, 2.7 ym) # Poroshell EC-C18 E3E# (4.6 X 100 mm, 2.7 ym) HHMEEEMEEE

% Agilent Poroshell 120 SB-C18 #1 EC-C18 Bt TEEE
BEEBRENSBENE (B4), ENTRSHREZEAMST
WHEX, RES LK Poroshell 120 BiEHFEFH/NMIE
(2.7 pm)FIAFLE(120 A)W4sE, EESBHREBREMARER. X
F Poroshell 120 25| @iEHHERILE. HEMYFEZEXERHN
BXEE, WEARE 5990-9028CHCN.

Norm. b
700 4

son;
500% RSD; = 0.2%
400—?
300—?
200—?

100

HENERESFIENAIMERTHEE. Ch. P EXELS X
ESHBMNBEMROERE (RSD)/IMNF 2%, XRASH LC HiEH
— M ERIER, %A Poroshell 120 &It (B 5) H4TEEREM
A2 BBt R, ESESHE 5 X, HIEERK RSD ES
37 0.2%%0 0.4%, BWHEIZTER.,

RSD, = 0.4%

nf "‘ —~ J

25 5 15 10 12.5

min

B 5. R Agilent Poroshell 120 SB-C18 it (4.6 X 100 mm, 2.7 um) ELHEE S KFEHEMEEE
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Gk

BREESWAENESN 5 pm BIEH ERINERERES AN
Agilent Poroshell 120 iEH £, SHEREFERERT. HiRA
2.7 pm, FL124 120 A B Poroshell i1 BIEHRER S 247 /N>
FEA, MELRE, BRSHE Ch. P REEMTNEKEREX
KEK., KH Poroshell 120 BiEHMNFH A ZEEESHTREER
MR H 24T,

SE ik
1. HEZE (2010 k), BRIBE, 845-846.,
2. EEH USP 31 ($2%), BBE, 24032404,
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{% FH Agilent Poroshell 120 i 5 KIREMIRSH
[ BBk B AR AR, 5 min FIRIBARET] 1% 100000

feg ik 3

P2 4.
Edgar Naegele Infinity LC % f"t_fa-ﬂ,nxflﬁﬁﬁ Agllent Poroshell 120 ﬁ E—Hmf

ZEEREAHE - BIRMRIE

Waldbronn, & . BEMEY
- AIRKESE
I

B, T2 pm ERFH EEERTEENEMEEXE, EUAEL LS ARAE
MERRETET, SHERETHEMAEL, RS RES| ZREZHRK T2,
I 2 pm SERER BIERR D TETRIERE, TERBREGITER

BiERNHEE 2R TR, SEZHSIERERE, EFSEAT, LEXNTFT
2 pm MI, RAE IS REEBARS 400 bar L EHIRIE.

REASEMTHEANEHRIEHETRERRRE, MNRETS—HESoBEIN
FiE 1. 51 2 pm FHREEM @ IEEERRL, XL EREENRE, BB TRER, TE
T RBBEE RGNS HERY.
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FERABERP=ZM|KM Agilent

Poroshell 120 B BB, AHREHEMN

B, BREFHRENEN, REAMLRSE

7E 400 bar AT, ZMERT, BEMIRE

APESMRTEERE. &F. 3 2.7 pm

ZANEEIEFST 2 pm Fifl @ iLHH
TTHR.

IR
&
AL Agilent 1290 Infinity HHHE

EEG, SESRETR. ARHBME.

HEHEEFE 10 mm XERBEMA R
BTN,

M Agilent ZORBAX REE N BER
BE 4.6 mm x 150 mm, 1.8 pm BiEH
#1 Agilent Poroshell 120, 4.6 mm x
150 mm, 2.7 pm BEH, MERSHYAX
) 600 bar,

{#H B.04.02 iR ChemStation T{Euf,

SERIIIE

FREZILREeEENEERS

FESIER BT AR R
LOAMRE ST AR, X
EREE 1.7 pm ORI 05 pm B
FERUP R BMEKXAA 2.7 pm, 2.7 pm
FESFUERATES ERAR 40-50%., F AT
RET 2 pm £ B TR 80-90%.
5237 EREL, RESFEMEEE

HHES, ARGREES—MEEH,

MR A ERIEEPINY #. SR
B, NFRASFLIN T ERENER,
NMER R REE THEERE 2.

ZGEE

IR T Agilent Poroshell 120 &

ERERMERE

#4150 mm,

- TERREIEHTE 1.5 mL/min BITH
MR A

- WEZRBEFHEEE 1.5 mL/min &
TR AR S

. A BIEEAZA 4.6 mm,

- FEMBEERFETRE M EORE

i

- RAZIGBIEFEST 2 pm Bk fEHE
MELE

Y (B BEEEEEREZETN
. MFRHREEEEHETIARITERE
IEEWRE(N):

N = 5.54 (RT/W)?

- HH:
mt“mi RT: {REGRTHE]
W: FiE3E
mAU 4
] faw | mea/m g
] ] 35472 0.46 n

33998

—E|-F$# B
N

0.78

34978

25

1.567

20

0 0.25 0.5 0.75 1 1.25 15 1.75 2 2.25 min
BIEIMEHS:
=kt Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 pm
B Wik KZE. & BFE
pinktih k: ZHE=30:70
TR 1.5 mL/min
HHEE. 1L
R 50 °C
sl DAD 254 /10 nm, Stbi§K 360/100 nm, 20 Hz, FRAETREH

B

itH Agilent Poroshell 120, 150 mm x 4.6 mm &iHHE R & iLE
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HERE BN ERY
BB LT L& T4 2 4R B RS R
4. RN KZE. FHTFE.

SREIEERITEGRRERMNE 1 F,

HEBEBRETRENBRE/HNN
35000,

HEERE LR ERE
BIREEHAERELA 35000, =RE
iR, BREHITANX 105000, RA
90 mm x 0.12 mm FEEME BB EIEH,
WETABRE THEILERE.

BIEEMNE 2 FrrR. NRRA 400 bar fiE
BIEZ%, 7 1 mL/min iR NE1TH, B
IR AL 80000, LK, ZRIERIER
St ESIE 1200 bar, EWRAZZSET
S E B RIS

15 mL/min RET, BRERELYE
103000, #FLTHEA(E,

BERGBHNRELRR 1.8 mL/min &
ET, EiERELAA 115000, REBEE
<5min, (F1),

mAU4
1754
151 % 1 mL/min
107 N~83000 (4 Si)
5 FARHE: 316 bar A
U T T T T T T 1
0 1 2 3 4 5 6 min
mAU _
17.51
151 i 1.5 mL/min
104 N~103000 (4 S1&)
5] BAEE: 478 bar
0 T T T T T T 1
0 1 2 3 4 5 6 min
mAU
175
19 I 1.8 mL/min
107 N~115000 (4 Si)
51 BAHIE: 573 bar
0wwww\wwww\wwww\wwww\wwww\wwww\wwww\
0 1 2 3 4 5 6 min
BESTEEG:
B Gilk. XZH. ®. BF
=h e =R EBEKEY Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 pm &iftE
B K. ZFE =20:80
T 1. 1.5, 1.8 mL/min
HHE. 1L
R 60 °C
HmgE DAD 254 /10 nm, SLbigK 360/100 nm, 20 Hz, tRAERE

B2

THE =R EBEXE Agilent Poroshell 120, 150 mm x 4.6 mm BiEHERRRE FERBMH=KEikE

iA=L BRE K’
KZH 114120 0.29
x 109931 0.46
BE 114800 0.62
1

1.8 mL/min FETHEISERE
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#BE K T, ZREEFRRTRER
WIS MER . REA 1.2 mL/min, (B 3)

FEZGTREMHENEEE
4REEZM 15 mL/min BET, EE
NRHEFETEEZEENEME, RERERE
b, REBEEFEEE RSD < 0.034%, IEH
FFEZE RSD < 0.66%.

Agilent Poroshell 120 RZ X & —— £

mAU @
50%
] =ARBB AR 528 bar HETIET
40
30—? g
§ T e T N=78739 N=76179 _
b I Tl E Z g g
. | i R
| é 1b 1‘5 o 2‘0 ‘ 2‘5 3‘0 min
BERG.
B TR+t A T—AXAMLEY, BEANK/ZH (65/35) B+, St
BYRRER 100 ng/pL, 1. ZEBEERE, 2. %28, 3. KR8, 4. FTHEI(200 ng/pL),
5. ZXEE, 6. FKXE, 7. K2H, 8 KEE, 9. FFEH,
ikt Z1RSBEXHT Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 um @it
Bt ZHE: 7k=60:40
Hig: 60 °C
TR 1.2 mL/min
HEs: DAD 254 /10 nm, #LbigK 360/100 nm, 20 Hz, HRA&RE

3
SIRBREEHHRE 528 bar, FiE 1.2 mL/min, B k' ETHBISERE
MAU 3 gRiEfs n=6 <
1759
1| e RSD RT (%)| &R RSD (%) 2
5 \gmm 0.033 2.947 -
] 0.024 0.388
1254 [x 0.022 0.553 3
1 |BE 0.029 0.654 o
10
7.5
5
257
o] L
E]\\\\\\\\\\\\\\1.\5\\\\2\\\\\2.\5\\\\:\3\\\\3[5\\\\&\\\\4\.5\\\;}"\]
BEIMTES
- RUEGE . KZHE . . BE
ik . Z1RSBELHT Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 ym @i
TRENE - K:ZHE = 20:80
TR . 1.5 mL/min
HHE . 1L
iR 60°C

s . DAD 254/10 nm, B 360/100 nm, 20 Hz, A&

E 4
LREHTEEAGERAN R BN ENEEREEENENEIEE
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BEZRFTRBMEFETRYE
BE

X7 10 min B 35% 2 95% BHERETH
WHIBZE TN, B 5 2% 6 Kt
EENEZENENEILE.,

RIS, MELENREREBEER
% (RSD < 0.04%) (B 5),

FrEXEYHHEE 1 oL, IEER RSD
< 0.38%.,

mAU % 2
160 2 = ’F%E
120 g
80 E 5 09
L 11
0 T T T T T T T
0 2 4 6 8
g R BEFiE] (%) EHRSD (%)
Ak 0.092 0.372
1 0.020 0.238
2 0.038 0.255
3 0.033 0.211
4 0.029 0.186
5 0.027 0.227
6 0.023 0.194
7 0.018 0.183
8 0.017 0.251
9 0.017 0.167
Ha: TR+ RS ERTAMEEY, BEBNK/ZH(65/35)A%F, &
ML AMBIRESA 100 ng/pL, 1. ZEEERE, 2. %28, 3. XA, 4. XTH
(200 ng/pL), 5. ZFFE, 6. XKE, 7. XS, 8. FRE, 9. FFM,
B Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 ym
T Kz
BERF:  0min 35% ZFE, 10 min WFE] 95% ZFE
TR 1.5 mL/min
HEE: 1L
HiR: 60 °C
Iz . DAD 245 /10 nm, ZILig 400/100 nm, 20 Hz, tRAERER

B 5.

EZ 10 MR RETHREMENEEREERNENEEE
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FESIBEEST 2 pm REMH
A HIEFE XL

ATHPREZABIEEST 2 ym &
BB e EENRE, EH 150 mm x
4.6 mm AEMAMBIEEL 2T
10 MLAMRESY (B 6).,

Agilent Poroshell 120 i E R ERE
MR EMEENER, BEEANE
BEHATREGESMIESE. Agilent
Poroshell 120 BiLHIERE 4 133 g,
T2 pm BEHRE 101 Mg, BIELEE
BAES. 5T 2 pm BiLHEL, HEE
4T, Agilent Poroshell 120 &t
H 30%.

Agilent ZORBAX RRHT SB-C18 4t
150 mm x 4.6 mm, 1.8 ym

%E_“& PW5 sigma =0.1 min

IEAE =101

BIE =296 bar

mAU E E
120 g w
100+ g o .
80+ T S
60- T s 3
40 h = =
20
0 2 4 6 8 min
Agilent Poroshell 120 SB-C18
150 mm x 4.6 mm 2.7 ym
BIE—1E PW5 gigma = 0076 min
- IEARE =133 (+~30%)
mAU N - 3 EE =226 bar
160 =2 <
1201 5 o
801 \ ‘A’ g =
40 T T
07 T T T T T T A\ \A T T 1
0 2 4 6 8 min
BENTES:
e WIR+FNEER . ERTAMLEY, BEHBNK/ZH(65/35)8%+. §
ML EWRIKER 100 ng/pL. 1. ZEERRE, 2. XZH, 3. FHE, 4. X TH
(200 ng/pL), 5. ZFHE, 6. KKXE, 7. X2, 8. KEM, 9. X¥W
it Agilent ZORBAX RRHT SB-C18, 150 mm x 4.6 mm, 1.8 pm;
Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 ym
REhiE: Kz
HEREF:  0min35% ZFE, 10 min BFAE 95%
TR 1.5 mL/min
HHE. 1L
R 60 °C
R DAD 245 /10 nm, SLbigiK 400/100 nm, 20 Hz, #REREH

E 6

MRARESAREESE 2 pm MHEEESH “FHE" BEYNEER
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BitEERTEILR
ATEZERRAZABERS 1.8 ym EH
T EEEnEREERERTEE AL
EER, RBETRREERIERE, #HEES
10pL, BEXAHR 20 g (A7),

EREEEHT, TELEEEZR. HTX
H Poroshell 120 &2 5t H1E,
HIEZER N,

{SUREL XL
RRAPMEMPHEFEET-ERL, £
REETE 0.02%-0.03% SEE A, Bik&4t
nE 7,

ZiRERFIRNS.

mAU =
200 Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 ym
1501 Fi% PW1/2 =0.0668 min
1004
504
G T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4.8 min
mAUL Agilent ZORBAX RRHT SB-C18, 150 mmx 4.6 mm, =
2004 1.8pm  EUE PW1/2=0.0792 min
150
1004
G:\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
3 4.8 min
BENHTEM
MR BZFH 2.022 mg/mL #D %
bt Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 pm
Agilent ZORBAX RRHT SB-C18, 150 mm x 4.6 mm, 1.8 pm
R
REhHE A 7K+ 0.2 % TFA, FZh#E B: ACN +0.16% TFA
BERRE: 5min K B B 17% FtZ 45%, 1Z{TAT[E 7 min, FIE{TATIE 3 min
T 1.5 mL/min
B ahifiEes
HEE: 10 pL
BEStRtE 10s
R
BE: 30°C

1290 270/10 nm, BLiKK 360/100 nm, 20 Hz, #FZ 10 mm &Y
TR

&7

FESIEEESE 2 pm BIEHMAERL ; HHE 10 pL=20 g
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8 ERHEERMEME, dRaM%R
% Poroshell 120 BiEHE2INEIEE, 2
BHERRT 2 pm BIEHBINEILE,

2 FIHTA/ N BEEGERIE NIt ELR.
{5 Poroshell 120 EiZHFIIT 2 pm B
MR 1 RE 2,

&g

FEZAEBEFATELENRT 2 um BikH,
BRENESELIFE 4.6 mm x 150 mm,
2.7 ym BIEFELER 1 mL/min BRET
BT 400 bar EAMRE. EXMERT,
BRI HIFIA 35000 & F 235000 /m.,

ZHRBEL 4.6 mm x 150 mm BILHER
EAREATIE 100000, £ 5 min RHEERE
1T 600 bar ,

Agilent Poroshell 120 & 7E% B
ERR AP REGREFNEZE,

HEREEET, TURBEXA Agilent
Poroshell 120 BikHBEELLRARFE
MBS 2 pm BT EE. 5
2 Y Pt B ) T %45 BB R HOUE N E 1=

=N
AE,

X3

1.J. M. Cunliffe, T. D. Maloney, “Fused-
core particle technology as an
alternative to sub-2-um particles to
achieve high separation efficiency
with low back pressure”, J. Sep. Sci.
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Guiochon,” Comparison between the
efficiencies of columns packed with
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mAU
0.8
0.4

0 | i — 1

mAU j 04

mAU
’ H__&M,

T
5 525 55 575 6 6.25 65  6.75min

8
SRR, SemERRSIIRLEE, BEMERE 1.8 pm FAEEH, BHFER TFA

g Poroshell 120 S/N 1.8 ym S/N
1 14 13.6
2 12.8 12

R 2 ZIHREEHES 1.8 pm A E I EERL
bolia
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Hydrophilic Interaction Chromatography (HILIC) Using Agilent Poroshell

120 HILIC
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Introduction

Hydrophilic interaction chromatography (HILIC) is gaining popularity in liquid
chromatography particularly for its ability to retain and separate small polar analytes
- an area where common reversed-phase liquid chromatography (RPLC) methods
often fail. This novel mode of chromatography results in unique retention
mechanisms, because water is used as the strong eluting solvent and can have
distinct advantages over traditional RPLC in both sample preparation and LC/MS
sensitivity due to the use of highly organic mobile phases. The highly organic mobile
phases do not require samples in organic solvents to be dried prior to injection, and
their higher volatility than traditional RPLC mobile phases makes this technique well
suited for applications with mass spectrometers [1].

HILIC retention on a silica-based column is believed to involve a combination of
mechanisms. First, a water layer must be adsorbed onto the polar silica surface
creating a liquid/liquid extraction system. The polar analytes can then partition into
and out of this adsorbed water layer with more polar analytes having a stronger
interaction with this immobilized water layer. Charged polar analytes can also
undergo ion exchange with the charged silica. Elution is typically from least to most
polar, the opposite of RPLC. For HILIC method development, it is important to
remember that the solvent strengths are different than in RPLC. For HILIC mode,
solvent strength is tetrahydrofuran < acetone < acetonitrile < isopropanol < ethanol
< methanol < water, with water being the strongest solvent [2,3].
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The development of superficially porous particles has led to
the possibilities of method transfer from larger 5- and 3.5-pym
particles and from smaller 1.8-um particles. HILIC mobile
phases have much lower viscosities and so generate lower
backpressure. The columns possess the advantage of
robustness in sample preparation because they have the
same 2-pm frit used with larger columns. HILIC columns
deliver nearly the same efficiency as the sub-2pm columns
with better robustness. In this work, several applications of
HILIC are transferred from totally porous columns (Agilent
Z0ORBAX Rx-Sil, 5 pm, or RRHD HILIC Plus, 1.8 pm) to
superficially porous Agilent Poroshell 120 HILIC columns [4].

Experimental

Two systems were used in this work, an Agilent 1200 SL with
a G1315C diode array detector and an Agilent 1290 Infinity LC
System with an Agilent 6410A Triple Quadrupole Mass
Spectrometer. The setup on the mass-spectrometer-equipped
system was optimized for the lowest possible extra-column
volume with short 0.075 mm id capillaries in the Agilent Ultra
Low Dispersion Kit (p/n 5067-5189) and with an Agilent LC
System Rack (p/n 5001-3726) [5]. The 1200 SL system was
configured with the shortest possible 0.012 mm id tubing;
delay volume was reduced by removing the pulse damper and
mixing column and by using the automatic delay volume
reduction (ADVR) for gradient analyses [5].

Columns

+ Agilent ZORBAX Rx-Sil, 2.1 x 150 mm, 5 pm
(p/n 883700-901)

* Agilent ZORBAX RRHD HILIC Plus, 2.1 x 100 mm, 1.8 pm
(p/n 959758-901)

« Agilent Poroshell 120 HILIC, 2.1 x 100 mm, 2.7 pm
(p/n 695775-901)

+ Agilent Poroshell 120 HILIC, 3 x 150 mm, 2.7 ym
(p/n 693975-301)

+ Agilent Poroshell 120 EC-C18, 3 x 150 mm, 2.7 pm
(p/n 693975-302)

323

Agilent Poroshell 120 RZ X & —— £

Napthalene, uracil, epinephrine, dopamine, and
norepinephrine were purchased as powders from Sigma
Aldrich and prepared to desired concentrations in dimethyl
sulfoxide (DMSQ0) and acetonitrile (MeCN). Morphine,
normorphine, morphine-3-£-D-glucuronide (M3G), and
morphine-6-£-D-glucuronide (M6G) were purchased as
solutions from Cerriliant and diluted in mobile phase.
Acetonitrile, methanol, and DMSO were purchased from
Honeywell. Ammonium formate and formic acid were
purchased from Sigma Aldrich. Water used was 18 MQ
Milli-Q water and was produced in house.

Results and Discussion

In Figure 1, a sample containing a polar analyte, uracil, and a
nonpolar analyte, naphthalene, were analyzed on Poroshell
120 EC-C18 and Poroshell 120 HILIC columns. Figure 1 shows
the elution order was reversed. In the case of the HILIC
column, the uracil, a difficult to retain compound that is
analyzed in many metabolomic studies, was strongly retained.

Conditions
Mobile phase: 90/10 MeCN/100 mM NH,HCO,H pH 3.2
Flow rate: 0.84 mL/min
Pressure: 220 bar Poroshell 120 HILIC;
224 bar Poroshell 120 EC-C18

A Agilent Poroshell 120 HILIC, 2.7 ym, 3 x 150 mm 1. Napthalene
mAU 220 bar 1 2. Uracil

140

120 0. 84 mL/min

138 ) 90/10 MeCN/100 mM pH 3.2

60 NH,HCO,H Buffer

40

20

0
0.2 04 0.6 0.8 1 12 14 1.6 1.8 min

BAU Agilent Poroshell 120 EC-C18, 2.7 ym, 3 x 150 mm
MAL 224 bar 1

120 )

100

80

60

40

20

0
0.2 0.4 0.6 0.8 1 12 14 1.6 1.8 min

Figure 1. Comparison of the Agilent Poroshell 120 HILIC,
3 x 150 mm, 2.7 pm column (A) and the Agilent Poroshell 120
EC-C18, 3 x 150 mm, 2.7 pm reversed phase column (B).
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Catecholamines are often analyzed by RPLC [6]. In Figure 2, a
gradient separation of 3 catecholamines was carried out using
a 5-ym ZORBAX Rx-Sil column and a shorter 2.7-pm Poroshell
120 HILIC column. Several quick observations can be made.
Because the Poroshell 120 HILIC column was shorter than the
original ZORBAX Rx-Sil column, 66% of the length, each
segment of the gradient was reduced proportionally. Because
both columns were of the same diameter, scaling was done by
changing the gradient according to the length of the column.
The injection volume was changed according to the volume of
the column. In the case of the smaller Poroshell 120 HILIC
column, the injection volume was 66% of the ZORBAX Rx-Sil
column (0.5 pL versus 0.75 pL). Also evident is the higher
pressure generated by the 2.7 pm Poroshell 120 HILIC
particles as compared to the 5 um ZORBAX Rx-Sil particles.
This increase in pressure was due to the smaller particle size
of the superficially porous particles. The shorter length of the
Poroshell 120 HILIC column helped reduce the pressure. The
separation achieved was similar on the 2 columns. However,
the epinephrine/norepinephrine pair were slightly better
separated on the Poroshell 120 HILIC column. Qverall, the
peaks were sharper on the Poroshell 120 HILIC column, and
the last peak eluted at 3 minutes versus more than 6 minutes
on the ZORBAX Rx-Sil column.
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Conditions

Samples: Prepared individually in DMSO at 5 mg/mL, mixed in
equal parts. ZORBAX Rx-Sil injected neat; Poroshell 120 HILIC
diluted with acetonitrile to 2/3 neat injection volume.

Mobile phase: A: 100 mM NH,HCO,H
B: acetonitrile

Gradient

Agilent Poroshell

120 HILIC: Time %B
Initial 97
4 85
4.67 85
5 97
6.67 97

Gradient

Agilent ZORBAX

RX-Sil: Time %B
Initial 97
6 85
7 85
15 97
10 97

Injection volume: 0.5pL

Pressure: 168 bar Agilent Poroshell 120 HILIC
68 bar Agilent ZORBAX Rx-Sil
Flow rate: 0.6 mL/min
Instrument: Agilent 1200 SL AVR “ON" no mixer, no pulse damper
Flow cell: 6 mm, 5 pL (p/n G1315-60025) G1315C
Binary pump: Agilent G1312B

Autosampler: Agilent G1367C Automatic Liquid Sampler

A Agilent Poroshell 120 HILIC, 2.1 x 100, 2.7 pm
mAU 168 bar 1

1. Dopamine

}ég 2. Epinephrine
125 2 3 3. Norepinephrine
100

75

50

25

0 B N
2 4 6 8 min

B Agilent Rx-Sil 2.1 x 150, 5 pm
mAU 68 bar 1

175
150
125 23
100

2 4 6 8 min

Figure 2. Overlay of HILIC separation of catecholamines on a
superficially porous Agilent Poroshell 120 HILIC, 2.1 x 100,
2.7 pm column (A) and a totally porous Agilent ZORBAX Rx-
Sil, 2.1 x 150, 5 pm column (B).
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Figure 3 shows a gradient separation of morphine and its
metabolites on a Poroshell 120 HILIC column and a ZORBAX
RRHD HILIC Plus column [7]. While this separation can also
be carried out using reversed phase, several advantages have
been shown in using the HILIC separation with mass
spectrometry detection. A fourfold increase in sensitivity with
HILIC mode was produced due to more efficient spraying and
desolvation in the ESI-MS source as compared to RPLC. This
generated less baseline noise and a more intense MS signal.
Figure 3 shows the elution order and selectivity of the
compounds were the same on the superficially porous and
totally porous columns. The pressure generated by the
ZORBAX RRHD HILIC Plus 1.8 pm column was approximately
100 bar higher than the pressure on the Poroshell 120, 2.7 ym
column. At this flow rate, the method can be run on a wide
variety of instruments. The 0.075 mm id tubing from the low
dispersion kit allows easy connection to the mass
spectrometer with minimal peak dispersion. In reverse phase
mode with its high aqueous content, this may be more of a
problem due to high pressure caused by highly viscous
solvents, limiting the analysis to only UHPLC systems.
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Conditions

2 pL injection of 1 pg/mL each of morphine,
normorphine, morphine-3-8-D-glucuronide, and
morphine-6-£-D-glucuronide. HILIC sample
was prepared in CH;CN; RPLC sample was
prepared in H,0

Sample:

Mobile phase: ~ A: 100 mM NH,HCO, pH 3.2
B: acetonitrile:%O[] mZNI NH,HCO, pH 3.2 (9:1)
Gradient: Time %B
0 100
0.88 100
3.85 55
Flow rate: 0.4 mL/min
Temp: 25°C
MS source: Positive ESI, capillary, 4000 V, drying gas temperature, flow

rate and nebulizer pressure vary with mobile phase flow
rate

Selected ion mode (SIM), delta EMV 200 V, MS dwell time
varies with mobile phase flow rate

Agilent MassHunter version B.03.01 for data acquisition
and qualitative analysis.

MS acquisition:

Software:

When coupled to reversed phase SPE or other sample
preparation methods that would present the sample in
acetonitrile, less work needs to be carried out because a
HILIC method could be injected with little or no filtration.

>

x102 +TIC SIM Morphine 04.d 1. Normorphine
2. Morphine

14/ 135-264 bar Poroshell 120 HILIC, 2.1 x 100
ar roroshe X 3. M6G

5 4. M3G 4

3 A

Counts (%)
S

0

x102 + TIC SIM Morphine13.d 2
190-379 bar RRHD HILIC Plus, 2.1 x 100 mm

nts (%)

5 4
0 SN
02040608101214161820222426283032343638
Acquisition time (min)

Counts

Figure 3. Morphine and metabolite separation on an Agilent
Poroshell 120 HILIC 2.7 pm column (A) and and Agilent
ZORBAX RRHD HILIC Plus 1.8 ym (B).
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Conclusions

Elution of polar and nonpolar compounds was reversed on the
Poroshell 120 HILIC column as compared to the Poroshell 120
EC-C18 column. The Poroshell 120 HILIC column was similar
to the ZORBAX Rx-Sil column for many applications. Peaks
were narrower and pressure was higher on the Poroshell 120
HILIC column as compared to the ZORBAX Rx-Sil column, but
not sufficient to cause a problem due to the low viscosity
solvents used in HILIC. The Poroshell 120 HILIC column was
also similar to the ZORBAX RRHD HILIC Plus column for many
applications.

The Poroshell 120 HILIC column is ideal for mass
spectrometry applications especially when low dispersion
tubing is used. The extra pressure generated by the tubing
may be offset by the lower pressure of the Poroshell 120,

2.7 ym particles as compared to sub-2 pm particles. The
Poroshell 120 HILIC column yields similar efficiencies to the
sub-2 um totally porous ZORBAX RRHD HILIC Plus column,
and it may prove to be more robust in situations with
moderately dirty samples due to a larger frit at the inlet of the
Poroshell 120 column.
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