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Abstract

We have recently established a method for chemical synthesis of acetaminophen O-sulfate (APAPS) , which was a

modified procedure based on that used for the tyrosine O-sulfate (TyrS) synthesis. Current study was designed to set up a

simple method to quantitatively determine APAPS and TyrS using high-performance liquid chromatography (HPLC) with UV

detection. In addition to being the target compounds for the chemical synthesis, these two sulfated chemicals were selected as

the metabolites capable of generating from their parent molecules upon Phase-II sulfate conjugation in the body. Under an

isocratic separation with a mobile phase (methanol : water, 40 : 60 (v/v)) and ODS column, APAPS and TyrS were detectable

at 241 nm with their retention time of 1.70 min and 1.65 min, respectively. Calibration curves using the data from peak area

and height demonstrated that the detection and quantification limits after a 20-uL injection for APAPS were 2.29-3.55 nM and
6.93-10.8 nM, respectively, while those for TyrS were 0.199-0.659 uM and 0.602-2.00 uM, respectively. Intra- and inter-day

assay precision confirmed that the variances defined as the relative standard deviation in their peak area and height for APAPS

were 0.89-4.53%, while those for TyrS were 0.77-7.15%. Collectively, this analytical setting will be a useful tool for estimating

the yields of APAPS and TyrS produced during their chemical synthesis, and possibly for further sulfated metabolite research

as well.
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APAP D20-46% %% APAP O- Tic FR /& (APAPS) 1272 % Z
EMHEShTWwS (10).

Fury (Tyr) &, “HT7 I VBRO—@F7 =17
T TE Fad b s THA U7z, -Dopa

% dopamine 72 & OMFLED BIABL SN L 13H (11),

YR EERRT HEERT I JBEELTHHISGNT
Wh. Y T EREATIO Tyr ASEIER RS 0 B AR Thit
i s b —h 7T, #EHEMAD Tyr & £ 72 -Dopa X
dopamine & [i] U < Tnfkfnfe %% SULTIA3 OFEH & 7% >
ThgiL S, Fuvr o-filk (TyrS) (AR S
N2 ERMESNTD (12-14).

BUIR Tl © T4 m O b # M O AT L < A&
Yotk 7 & OBERRIEIZEDE S TIE R WG b £ <, Tt
FRALAEH Y OWEAE N e REE IO W TIEIAA RIS D
% (15). FAEINT TIZHEEAED TyrS &% (16) %
2|2 APAPS O H Gk 2 gL L (17), £ 2 Tf%
51172 APAPS & Z OFBMLEY % v CTHBR LIS 4 o
HEIZOWTHFEZ/ToCT&72 (18). L LAaAds,
APAPS & R IF I 7 10~ N 75 7 14 — (thin-layer
chromatography ; TLC) (2 & ) &M OFEEERR L T
Waboon (17), EREEICIIERTEL T, E56I10%
5E L TR D APAPS % 152 IZIZR7ZFHED TR - T
B, ZD0H, BRORCERTETRIIBIT 2685
DEBEEVEOY TNV LYVEZ YY) V7T A E
ATEE, WE B LU D720 DG HARMA D
BPESH LS.

Z ZCARMZETIE, mEBEKI e T T T 4 —
(high-performance liquid chromatography ; HPLC) % Fj\»
72 APAPS & TyrS @ UV M X 258 % E= 21T
728, YLHBYZ ODS 1 9 L EK-A % ) — V& BB &
THTAVTTT A4y ZIEREEICIED Yy IV Tk
DFEFETR B E Lz, s 2 o0 bEWEIX, RNT
5 I AHEDAHIC BT 2RI ERFICH T T2 6 EL
LEMILE TH Y, TN THOAEERZIT>T»
5T EDLFERL 72

s LVFHE

HEE

TyrS @ f% i (H-Tyr (SO;H) -OH, sodium salt - 0.1
HO (=98%), K00228) % J#fbae T3 pkAatt (&
) X DA L7, APAPS O, (APAPS potassium
salt, #fF ; 97.0%£1.6%) 1, TyrS &R (16) 12D
WCHR A DSLARTICHEN. L 7277 C APAP & Hithik & VT
ERERLZzbox ML (17). HPLC 7L — FO

AL = VIEE L7 4V AADERE CRBO L) AFL
72. TLC H @ silica gel 60 Fy, (1.05554.0001) 7' L —
B L Usilica gel 60 (1.05748.0001) 7 L — b id Merck
TOVBEAL. n-7F VT a—), £V 7N/ —),
¥EE, —ve Yy, 7N EFHIIAT ALY (K
#) X YEEA L. ARFZETIE, MilliQ 7L — FOKk%E
fER L 7.

B & HPLC DBIERH

HPLC |2 X % APAPS & TyrS O 4 BEiR i S h % 5E 1L,
AR AR LA L 72 BB & T, BRESR (17,
19) % —#Bk B L TfT>72. HPLC ¥ AT 4121, AR
GtELo UV Mitig: (UV-2075 Plus) & 7 4+ b & A F—
F7 LA (PDA) #ith#: (MD-4010) % fi 2 72 LC-2000
PLUS YV — A& 2 0u~< NI T 74— AT A
(ChromNAV Ver.2) # i L7z El%H, YMC #:# ODS
717 2, (YMC-Pack ODS-A, W{¥4.6 mm x 150 mm, A
FAE 3um, MFLEIZ2m) *HWgHr o~ b7
TA—IZLBTA VT TT 4y 7 EMRIZEY, BEIH
(2% =)7K, 40:60 (vv)) & &b, mE30T
OB E A =20 uL, Ui 0.7 mL/min, #RH 9% £241 nm
(APAPS), 272 nm (TyrS) (285 UV %17 - 7.
{bEYOFEIES % HERE T 2 B2k, PDA MEZRIZ LD
BoHND UVIIARY MLVl 7z.

RERDIER

APAPS ZBEIMICIEM L, 1 mM DR v 7 &k %
L7 2otk KKEEI0M 2 E5TOHNT 5
LIk, B siErE (00244, 0.0489, 0.0977, 0.195,
0.391, 0.781, 1.56, 3.12, 6.25, 12.5, 25, 50, 100 uM) O
APAPS MV AT L 72, 2 % HPLC 12t L,
Y— 7, Y—78, BHREEEZIEL:. Iht 3
E#E DRz, E—27HEBIPE—27ELD) y=atb
DEAMNE KD, B E RERE (F) TRLE

TyrS ZBEHICERL, 1mM DA by 7 A% 5
L7z, 20O, wKEEL0uM 2 EETOFHNT 5
Tk, B (195 391,781, 15.6, 31.3,
62.5, 125, 250, 500, 1,000 uM) @ TyrS BEHE 7R % L
7z, Ll APAPS & [JKRIC 3 WI#E 1) ok LillsE 247 - 72.

MRS (DL : detection limit) 18 & E=RAE (QL :
quantitation limit) flH (X, KD (DL =330 /slope,
QL=100 /slope) \ZE W& L7z, 7B, o IFEDE
EEE VT T AR OMEMEOBEERE, slope 1%
M RAS 0 4 M2 SIS BT A EROEE 257,
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HAZE & LU HEZEEOATE

APAPS (0.195 uM & 50 M) & TyrS (7.81 M & 500 uM)
DIERERR * ZNEN2 OORL DIEETHELZ. H
ANEBROEHR O 72012, ZS ZHEHAHIZ10 \ED
WLUMGE L7z, HEZEEOHBODIZ, 3HIHIZE
nEn1om, 3, 3 EOHE Y R LREZITV, ZllE
HIZBIFS 7 — 5 OFIEx R L7

HEERBEMDER & HPLC ICK B AIE

BEd (17) 12fEvy, APAP (1g) % F o205 M2
LVETORME 10mL) LRAL, S 5ICHEDRH
FOS#IZ 2 mL $2 R L 72, RIS, LR % #ok & &
HASIKERIL N 7 2 & R AT AL & ) HR AT L 72 SO
HAI20 mL 2472, SN L D100 ul & AL, 55O
B L UWERICEEORBRBARICHEER L, KI21/1,000
E B XD IZHME, HPLC 123 5 2 & T, APAPS
R OEERITo7. ZOFERE 2HER) KL 7.

TR

FEAERL, —H2brE, 3 £72IX10ERIER O R 2%
57— LRI 2 ERERAE TR L. BEEE
LCETICIE, BB E L 38T L 72 R
7 (%RSD ; % of relative standard deviation) fifi % f ffj L
7z,

BRELVEE

WEAEFR 413, Jevons |2 X 2 BEAF @ TyrS A1 (16)
% L2 APAPS OB EREEME L7z (17). L2
L7755, TLC 2 X 2% 7% APAPS O CTldE =
HECHEY DY) (17), W& L PEEOm % X2 50044
HETH DI, ROV YTV CEERRICEN
HPLC #3E AT A LEDNH - 72, 2 TRIFZETIL,
HPLC % H\>72 APAPS & TyrS @ UV M2 X 4l & i
DWESLHAT D 728, BEMOVER, BILBRRE L e R
BREEOUE, HANB L OHBEBEORZEEITH) 2 L
kL7

A DOREL

HPLC-UV M HHZ X 1 0.781 uM @ APAPS & 62.5 uM D
TyrS O H 2 1220yl $OHEA LTI UY M7 T A
AR FNFN170 min (Fig. 1A) B X OF1.65
min (Fig. 1 B) OEHERE & 123 v 7V E— 27 B
AT &7z FEEIC, PDAMBIERIZE DB SN2 UV IR
INANRZ N V& BEPIZR L72. APAPS Tld241 nm i

VAR R AR H 7z, TyrS Tid263 nm {3112
WA E 0720 00, K CIlIBEHIZFE-> ¢
272 nm THEIZE L7z (20, 21). ¥ — 27 OB MR- 51
EWH N T DRSS B HFE 2N T DS
EZONDHDD, KEMIZBITSH APAP ORI
#1334 min TH b 720 (17), 4 7% { L & APAPS &
APAP (3B 7 LA HIFHIICE —2 & LTHBEd 5 2 &8
WEETH A, AR, REMETIE TyrS & Tyr iI22oW T

B b EHEEICOY -2 L LCalicE s L%
fEF8 L C v A (data not shown). 7S HPLC 312 & %
APAPS & TyrS O#HIE, UV IO & 2 REWHAEAE
LAWEAIITAEMTHS. L Laehs, HILEw
RABHI L o TR E— 7 MO L B 2R D &
B2, ZOBRIZIIBEHOM % & aEE &t o
LM ENEET 5.

HREROIER

72 HURIE D APAPS BEHEAE (0.0244-100 uM) % 3
D ELHEL, Boh/zE— 2 (Fig. 2A) B
LU —7 % (Fig. 2B) OFHME LY a2 ER L 72
ZFOFER MEHEO IR —2VEHBEEZHCZEBED
0.9998 & ¥ — 7 & % H\ 72 B 000.9906 0 [ 75 T &\ IEL A
PS5 N7 (Table 1). & DE: APAPS O B FAT T
DRI 4T (0.0244-0.195 uM) 12 BT B HREMIZB W
T, FAHPE— 2B XY — 2 5 T2 2109994
B L00.9997 &, KR RN T b B IR R 72
WIS, B2 5 EE O TyrS EHEF (1.95-1,000 uM)
Z3MEY R LAEL, 5N ¥— 2 (Fig. 20)
BLOE—7% (Fig. 2D) OV & ) HrEit % 1
L7z, ZO8ER, BREHRO AIZE— 2 EEE vz
D0.9996 & ¥ — 7 i a FH 728 00.992975% 5 v, T
THWEMEDFED S L7z TyrS OKIEEE 4 55 (1.95-
156uM) I2BWTIE, FOE—2HEBLIOEY—2 5
TENZN099488 £ 1809993, Z 2T E\EARME
RO 7z

Wz, 77 2 7 FEOBIEM & Table 1 1278 31 H R
FAFE D 4 BT 2 EROFHRE b L2, R
R L BT HH L7z, 20fEE, APAPS @ DL
& QL IFY— 7 HfETENZN2.29 nM B X 1U6.93 nM,
=7 B TIEZN2N355nM B L U108 nM TH )
NP EOBEECTHRBEZIZERTHETH > 72 (Table
2). —7, TS DO DL & QL IF¥ — 7 W TEFNEN
0.659 uM B X U2.00 uM, ¥ — 7 & TIlEZ 2 10.199
UM B L T0.602uM T - 72, Fex ik, T CThHtlk
HOEREE IS, BB OH ML TLC 0O UV #H
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Fig. 1. HPLC Chromatograms of standards of APAPS (A) and TyrS (B). A twenty-microliter aliquot of
0.781 uM (4.20 ng injection) APAPS or 62.5 uM TyrS (356 ng injection) was applied to HPLC.
Detection was performed for APAPS at 241 nm and for TyrS at 272 nm. The retention times for
APAPS and TyrS were 1.70 min and 1.65 min, respectively.

Table 1. Calibration curves of APAPS and TyrS in HPLC analysis.

2

Range (uM) Raw Data Equation r

APAPS 0.0244-100 Peak Area y=21,571x - 3,737 0.9998
Peak Height y=1,760x + 2,992 0.9906

TyrS 1.95-1,000 Peak Area y = 331.5x + 300.0 0.9996
Peak Height y=20.07x + 538 0.9929

Calibration curves with 4 points closer to their detection limit

APAPS 0.0244-0.195 Peak Area y=19,509x + 88 0.9994
Peak Height y=2,460x + 6 0.9997
TyrS 1.95-15.6 Peak Area y=294.4x + 697.1 0.9948

Peak Height y =34.59x + 29.65 0.9993

x, conc. (uM); y, peak area or height; /*, determination coefficient.
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Fold=ve F) VEGICED MMEICHERL TEL
(17). TLC LD AR v b RNV FO#E S # HELT %
Z & ST B 7% Tmage] W{FLE Y 7 F 7 = 7 ver 1.53t
(NIH) #HwaZLicky), —E=l EThalor
BREPERENIMERT 22 EAMEETH L. 22T,

.7 58D APAPS & TyrS # TLC LIZAKRy b L,
SE I LB 7T 1 70 BRI 2 SBAT ISR AR R,
Nb1ul ARy FRIZKIT0-80 ng LLEDENPUEETH -
7z (data not shown). ZARNf3EI2 81T %5 HPLC-UV i 4
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HPLC-UV #2817 5 APAPS ® DL & QL IZIZ#F N2
10 uL 52 REL251 ng/mL (0.51 ng) & 103 ng/mL (1.03
ng) (22) %, 20 uL JIERIZZN210.2uM (1.08 ng)

£6.4uM (344 ng) (23) G STV 5D, ERHRE
112 APAPS % A4 7 L7zBE &, BaEHP IR LA
WL ERIEARL LZBEOBRERIZSB T S5 APAPS O DL X
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Fig. 2. Calibration curves for APAPS (A, B) and TyrS (C, D). Calibration curves were drawn by plotting
the data from peak area (A, C) or peak height (B, D), respectively. Detection was performed for
APAPS at 241 nm and for TyrS at 272 nm. The range of concentration injected for APAPS was
0.0244-100 uM, while that for TyrS was 1.95-1,000 uM.
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QL ZHAMIZHET 52 LIZTE % WH DD, &K HPLC-
UV B Tl 2 EETERDP TR TH 5 2 L0550
L7 TyrSIZBWTIE, A4 »_7 @i HPLC & i
HFOOMA G LRI L BHEIZB VT, 0.13-19 ug/mL
(0.46-66.7 uM) (20) F 721220 ug/mL (70.2uM) FTD
IEEHPICRIFAERMEE L L1, EaELF—F—D
MHEEARE SN TS (21). KiFZEICBIT
HPLC-UV F 38 FEIZ EDEETIE RV oo, UV
WAL D & 2 AW DA L V4121, APAPS &
TyrS OBEEIZTIEH TR TH L EER LD,

HRZE & AEZEENE

APAPS & TyrS ORIEAEEE Z RS 72012, #4352
DO BN THEED R LHIEZ 1TV, BSNEDZ
B & A OHE R 25 (%RSD) TEL7Z. ZORE
REBRGEMIZBT 2 2/LE WO R IL, 10 [ D
B LI ERE O HPZ B & L C0.22-0.54%, 3BIHIZZ
nenlom, 3[E, 3\ % LllER O H 2SR
& L T0.57-4.25% 757 S L7z (Table 3). APAPS @ K —
JHFEE Y — 7 moHNEE R, KiRE0.195uM T
2.10-2.18%, FHIEEES0 uM T0.89-2.09% TH V), HMZE

BRI ENENORE TL12-4.53% £2.28-4.31% TH >
7o, FRRIC, TyrS © HAZEE) =%, RBEE781 uM T
2.72-3.24%, E5iEIES00 uM T0.96-1.06% TH b, H %
BRI TN ENOIRIETL84-7.15% £0.77-3.21% TH -
7z (Table 3). TN HOKRIE, ¥—7HiliB LU —
ZEOWTNORET =7 I2B VT BIFREE L FH
HERTHEDTH 72,

APAPS M& & HPLC IC L B AITE

N F TIZFKA DT> T & 72 APAPS & ik & @ KIS
Zfcid (17), APAPS &R ICLE L TRl % 15
IIERZZEI RS> TV b, 2070, F4T L T APAP
1 g £10 mL Ofiefz & O SUGETR & O BRI > 77
¥ 7 &ATW, RHPLC FH % HWw TR %O R T O
APAPS A EIZOWTOEREHL I L L Lz, A%
T, JFEO APAP L AR Td D APAPS (X574 %
HHFEERIIE—2Z L LTHMTETw2 (17). 20k
F, 200 BB & D b T L A30-6055 FUG £ 1Z APAPS AR R
EAEWHEAICH 7. S HIZ, APAP Ll g %720 D
APAPS A A HEEM & L TR L24E, & K100
mg ML ECTHAMTETCNDL T L EMFRTE (Fig. 3).

Table 2. Detection and quantitation limits for APAPS and TyrS determined in HPLC analysis.

Peak Area Peak Height
DL (uM) QL (uM) DL (uM) QL (uM)
APAPS 0.00229 0.00693 0.00355 0.0108
(0.0123 ng) (0.0373 ng) (0.0193 ng) (0.0582 ng)
TyrS 0.659 0.199 0.602
(3.76 ng) (11.4 ng) (1.13 ng) (3.43 ng)

Data shown in the parentheses indicate the calculated amount of test chemicals
within a 20-pL injection to HPLC. DL; detection limit, QL; quantitation limit.

Table 3. Intra- and inter-day assay precision for APAPS and TyrS determined in HPLC analysis.

Intra-day (n=10)

Inter-day (n=3)

Conc. R -
(uM) etention

Peak Area Peak Height Retention

Peak Area Peak Height

Time (min) (AU) (@v) Time (min) (AU) V)
APAPS 0.195 1.66 4,244 519 1.71 4,175 495
(0.54) (2.10) (2.18) (4.25) (4.12) (4.53)
50 1.76 1,094,462 101,827 1.78 1,100,968 101,460
(0.32) (0.89) (2.09) (1.01) (4.31) (2.28)
TyrS 7.81 1.63 3,329 288 1.63 3,290 287
(0.38) (2.72) (3.24) (0.613) (4.84) (7.15)
500 1.93 169,822 10,960 1.93 171,270 11,275
(0.22) (0.96) (1.06) (0.57) (0.77) (3.21)

Variation (%RSD, as shown in the parentheses) in the intra-day data is shown from the mean of 10
replicated injections. Variation in the inter-day data is shown from the mean of 3 separated days with
10 or 3 replicated injections. AU; arbitrary unit, %#RSD; % of relative standard deviation.
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120 9 0 15t APAPS Synthesis
9: 100 -4 M 2nd APAPS Synthesis
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Fig. 3. Effect of reaction time on the production of APAPS. APAP (1 g) was reacted with 10 mL
sulfuric acid for indicated periods including a 20-min premixture. Data shown represent
estimated amounts of APAPS produced in two independent experiments.

INHOMEIE, FEMED D & A PDHIERE L72Bo,
APAP 1 g EBilE10 mL & %4045 [ BUGS (2 /0 BEAS 3 L
WA 57 APAPS 91.1 mg (17) 2PEHcs % b @
TH o7z, BWIRTIE, APAP AFRIZSE I LIS

<L, BANGEWIREE TS 2> T0hH EEZERH6N 5.

SfiE X D RIEEE D APAP % H\ T B O SEER % 17>
APAPS B2 2 T APAP O & & b 1 U

DR ETRNEZBFEL TS 2 E L E-EEHTH 5.

AR B BHnER Lix, S E CTEWAH &G

b CICHRt O L DIEH SN TEZ . LA Lad 5,

4 D7 = 7 — VLAY O A B O B BRER LS
EORBEEML TV 002 ERWICTHRL Z L) TE
T, TR IR LA R DL & DR RE % Tl T
ELWEMNH L. TrlIINFTIC, F7 b= VRN
& 2o OB HY % v TR LIS B % 17
AT eIk, EYRHOBIECTHBILRH SN TD
VFLOEITHEEMET 32 RTE AW &, MRS
NDMEIHRAE L CTEEDSREE SN ZE 2L L
7z (24). F7o, MERALAEHWO A 2 FF 2 OVERiEYS
~7u7 7 — Y OMBNEBILL NVEITEL, 25121
HAREZRTIELZ L2 LC&7 (2526). Hilk
{LRHOEFNEREHS 2T L2012, Bk bic
EVALEW R EDORBREDEE L RFEL 5 2 052 5
AT L Lix (15), FEMAHEOILEW O EBE
*FWT L LETHEETHDL (27). > T, APAPS %
TyrS D A7 &3 k4 BRI O A B s A 2
PEIZDOWTHLPIZL T 722 d, IE - PEROTE
TRIHEO RO SBEORT & EA, Fi AL
NIV T ORI 2 150 CHEE L T S EDEET
H5.

TED

DLE XD, HPLC-UV MHIC & 2 ARFHAY, APAPS &
TyrS D27 02 b7 MBI AR Y — 27 Ok & &
SOMFIZBWT, wElk, MR, SERREE & i
BOHELY, PEY Y FVOMEICEHTHSZ L%
LI L7 o T, KFEHEPMEFERFFICEL S
APAPS X° TyrS DIEDHEER, & b7 5 LY
DIFRIZBWTOHERE LY — Ve bl EMfEsns.

& B

ARWFFEO—HRL, HARFAIRELS ISPS ORI A %
72 (C) (JP20K05881) 5 & ONSEiEA: dn b4 22 i
Tav s MO EZ T CEBEINTZLDTY.

C: 3 3

Tea 3R, MEOF O Y Y O-HEE (TyrS) A1
FEERIEREL2TENT I/ 722 O- Tk (APAPS)
DORWEBER MY L C &7 RIFFETIE, matiks
o~ M7F 74— (HPLC) % H\272 APAPS & TyrS @
UV IEIIC L 2 ME A BRI T) o0y » TV ARTF
BEORGIEHE Lz, 2t 2 o0 bW, R
TH NAHEY BB 2RI AR IS S T2 5 4
U2 bR chy, chEF L aREKREIT-C
WB T ERMHERL BEH (X5 7 —)L 1K, 40:
60 (vv)) L ODSH T LEMHLEZTA VI T4
7 EHETIX, APAPS %241 nm, TyrS %3272 nm CHHnf
RECH D, PREFRFIIZZN 2 170 4L 165 5 Th -

_7_
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LHHA - RT3
KIGIEA - ZEHAf

7o, E— 2B =7 mOT— 5 2 L &
D, FNZEN20 uL E A% D APAPS DR & E =
FRELEZ N2 2.29-3.55 nM & 6.93-10.8 nM, TyrS O
R & =R FUE Z 21 0.199-0.659 uM & 0.602-
200uM TH - 7-.
V— 7 W € — 27 &8 5 APAPS DAL 1 e 7=
7% 0.89-4.53% T, TyrS 78 0.77-7.15% T& 5 = & H3 2
T&7 UEXY, KFEPLLFEERKIZAL S
APAPS X TyrS OYEROHEE R, S 5 7% B bk
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