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Abstract

Sulfation is a major metabolic pathway responsible for inactivation and excretion of xenobiotics including drugs, wherein

cytosolic sulfotransferases play an important role. However, it has not been fully elucidated whether these end products may

possess any physiological functions, due to the difficulty of obtaining sufficient amounts of various sulfated metabolites. This

study was designed to investigate whether acetaminophen (N-acetyl-p-aminophenol; APAP), an antipyretic analgesic drug,
can react with sulfuric acid upon an established method for tyrosine O-sulfate synthesis to generate APAP O-sulfate (APAP-S).
APAP was selected because it has a simple monophenol structure like tyrosine and undergoes sulfation in the body. Results
demonstrated that 91.1 mg of the product was obtained as crystals from 1 g of APAP, therefore the calculated yield was 5.11%

under molar basis. 'H-NMR spectrum supported the product to be APAP-S. Moreover, a measuring of absorbance at the

maximum absorption wavelength in UV absorption spectrum proved that purity of the synthesized APAP-S was 97.0% in

comparison with an authentic standard. (163 words)
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GAIERAREL ) A2 L (11), APAP LI13X#7% ) APAP-S
DHRHPT ¥ FE) ¥ OMHREDIT & HMANORAT %
BETA2EEx2RTE (12) PHRESATVE. Ly
Lahs, REPBEMZZELHD, T FE T APAP-S
Z Db OOWERENA AR EYEEIC OV T T ) iE
HENTIZhhol, Z00, ffE TLAMIC APAP-S
REBERT 5 LA HE L RAIUT SR 4 2 BRREVERT
FRICENLEEZEZOND.

Z ZTAMETIEBEDOF O BRI (tyrosine O
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BRI ENTSE D 2 LT APAP-S DFESE % 711) 7 A3
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Ver2) % fEMH L7z, HI &, YMCH # ODS 77 7 4
(YMC-Pack ODS-A, W{%4.6 mm x 150 mm, H1£% 3 um,
MALEL2 nm) ZH Witz o~ b7 710 —125 5
TAVITTA Y VEMRECED, BEHASY 2 —
KE40 60L& I, WmE30C, HEAZIOUL, i 0.7
mL/min, & 241 om 2B 5 UV %217 - 72,

APAP & APAP-S ® UV WX A ~< 7 +)vid, 0.03 mg/
mL & 7% % &) FoORELREREZ VT, Akt
V& & BIGHIEERT (VB30, HAY) 12X Dl L7z
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sulfatase from Petella vulgata type IV (keyhole limpet) (3
FTIVEY v F) ZHWTIT-7 (16). APAP-S £
B ORI EE T E IS, BUREbES: (ATM-02, 7

A7) &HGT APAP-S i ORLT & DI 4T - 72

BRBLVUEE

ARWEgex, BEfFoF Oy ShEREGEE (13) & F)
LT, APAP-S D& & 47 HERE B AT 58 2> D IRFE &
To72bDThH L, SN FHIZLY, HBoN/EHK
WOBEILEHIZOWTHRLZ & & LT

APAP-S O&H, EEER S LUHRERILE

IETREELO mL 12 1 g @ APAP A& 3Dl 2 THUG &
&, &5|2Ba (OH), WLHLZ & NI CO, H AMIRIZ X D
RO RSO 1% A L7z, Zo—E% TLC 12
L 7=/ %, APAP (RffE @ 0.917) 913712 APAP-S £k
(R © 0.639) DRISEBI OMEZR AR v » %GR 72
(Fig. 1).
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B OSEREE T 7. ST % 7 T LIZATTE,
KEGHR E LT3 mL 3240 L, 150 % L5 %
B2, IS & TLCIZHE L7258, Fr. 225 Fr. 9F C
[ZIEo & & L7z APAP-SHRD ARy F 27072 b DD
(Fig. 2A), REBFMHEOH T LK) 2—L4TlE, W§
NOEFICBWTD APAP DIRADN RO biLlz. D7
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Fig. 1. Thin-layer analysis of the synthesized APAP-S with authentic
standards of APAP and APAP-S. APAP was reacted with
sulfuric acid for 40 minutes and neutralized with Ba (OH)..
Detection was performed under UV irradiation at 254 nm .
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Sl TH A F 2 H T LA LT 21 H D5 %
fTo7z. ZOFER, Fr.2 25 Fr.9 ¥ TIZHHMEZ: APAP-S
FROARY b EFBD7- (Fig. 2B). $FIZFr. 2 225 Fr. 5
F TIZ APAP DR A D I, HEDE VY APAP-S KD
W D B DM H% BTz, R OIE & RS 5 7
©, APAP DR AN FRD HAL/ZARKFr. 6525 Fr.9 O A%
RAELTEOICFAEMHTIREDTE A To 7. ZDfk
B OFr.2 75 Fr.5 128\ APAP DR A7V APAP-S
BOARy oA EEO7 (Fig.2C). LLlkby, 2
H& 3HHOSH T:72Z45 Fr. 2205 Fr. 5% TOH
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ATl 400 mg % 0.5 mL OiRhinlE & EiliT 5 5 MG &
52 LT 33l mg D OMERAESELN TS (19).
Z D72, Hihk & 72 G GRSV IS ERL S
& & S ICTRESEE LAY R BB & o> TR
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Fig. 2. Thin-layer analysis of the synthesized APAP-S after 1st (A), 2nd (B) and 3rd (C) times of
Dowex column fractionations. Detection was performed under UV irradiation at 254 nm.
Spots with dotted and lined circles indicate those of APAP and APAP-S, respectively.

APAP-S &R DEIEM DIREE

Bo NI AERY OBEIEEICO W THREEE AT 5 7.
Sulfatase ZLFE L 72458, TLC L CHiARERIL S 1172 APAP
DARy b %&FB® 7 (data not shown). KIZ H-NMR A
N7 MVOREERAT o /2R, () p- BT = =V
RoAfoOTaY T4y 7 7Ta Ny [§ 0749 (d-like,
J=9.0Hz), 7.23 (d-like, J=9.0Hz)] B X (i) 118
DT FNVEHEDOL 7F v [6 1210 ()] 257BO 5
N7z (Fig. 3, Table1). L72%%>7TC, TLC T APAP L #
%5 RfER AT T &, sulfatase SLBLLC X ) B fL S
NH>2HZk, BIOU'HNMROERLY, AW
APAP-S TH 5 Z LAVRIE S L7z (20, 21).

RIZ APAP-S A U O ALEE L2 D\ TR ~X72. APAP-S
AR AR & ] — ORl S % 7R L 72 (data not shown).
HPLC |2 & % 7 BfEfe & 47 - 7245 5, B2 dh @ APAP &
APAP-S DA IIFEf X Z 1-2713.34 min (Fig. 4A) &£1.80
min (Fig. 4 B) TH D, HHMIZEBTIL APAP-S fidh
DEHEME —BTrHE—DE— 27 2707 (Fig. 4C).

UV IX AR MV a2 ifllsE L7255, APAP, APAP-S,
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L7z (Fig.5). 20L& &OMAWIEREIZBIT W8
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Wx97.0% OMETH 5 Z LA L 72,

Tl nE CIChmBRILRHE ORI ER L&
TBY, 77 b=V IR LA HY OBREE I O &
2 & o TUIRE AL S N T IIRILIE A F T 2565
HHTE (22), AV FFYLVMKBE~Y IO T 7 =D
BRALL L oTTHE & EEREDRT 251 &2 §2 & (23,
24) EIELCE EWRHLE L TENLEDOS
CIH & LCTHENICHFIEL 9 2729, Bl 2 1351
AN L CEDREDEREARFEL D 200 % r — A4
FATEATLILIE (6), EWRHROLEMDE
MHIEEZ AT 5 L TOEETH S (25). ITfE, APAP
H 2k DY & L T N-acylphenolamine (AM404) |2 &
B AR A U 7SR L HUIE E A AT S hvdw
% (8). APAP-S A3V I/ IMERAME O B #H D HUR I
IS BEMES 2 W BEMER (26), APAP-S ®F v b ~OfE
M 5-12121325% (22-32%) ASE#EERE & IS i,
50% VLI (50-98%) AW MANEEC & 2 ARzt % 4 C
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Fig. 3. 'H-NMR spectrum of the synthesized APAP-S (in deutrated methanol, 500 MHz) .

Table 1. 'H-NMR spectral data of the synthesized APAP-S (in deuterated methanol, 500 MHz)

Chemical shift (ppm)

Coupling constant (Hz)

9 Bor3. 5 7.23 d-like (2H, d-like /=9.0 Hz (8.60 Hz))*
,00ro,
7.49 d-like (2H, d-like J=9.0 Hz (9.15 Hz))*
8 2.10s (3H, s)

¢ in ppm from TMS (coupling constants (/) in Hz are given in parentheses).
s ; singlet, d ; doublet, d-like ; doublet-like .
*Values were considered to be equal to the theoretical 9.0 Hz.

APAP & L THZIL S 4L APAP-S ~EfiHfaa s b 2 &
27) PHESNRTWS, LA L&D S, APAP-S O/
HEHRER 2 EIZEH LRAIZIZE AW, —
J. 7 TR A FOWRBLDE0EWEE KT S8 5
2T (28, 29), WERILSNBAEIC L - TILES
WS SIEWATERE S N A & (30-32), Tlkfk
SN D IKEEHE & WIS E L OBEMEIC O W T b IEH D
FoTwb (25 33, 34). BURCTREMEOMmEAED A

FHRESHTRI VWG L L, MiRE L2 4 ofLs
Pz oW THEBREGR (35-37) BRI 2 FHICkE
DA TN T\WWA (31, 32). L7255, APAP
DIz b A AR O £ FREERE R A R 112>
WTHSRIZ LTV 72002, ARG 2R R R AR i
DOESE LA, #58 < ARBH L~V TOREREIEF 227 55
Thab.
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Fig. 4. HPLC chromatograms of standards of APAP (A) and APAP-S (B) , and the synthesized APAP-S (C). A 10- uL aliquot of 0.1 mM sample
each was applied to HPLC. Detection was performed at 241 nm. The retention times for APAP and APAP-S were 3.34 and 1.80 min, respectively.
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Fig. 5. UV spectrum of the synthesized APAP-S with standards of APAP and APAP-S at 0.03 mg/mL ranging from 200 nm to 400 nm.
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aminophenol ; APAP) % itk & KIS &€ 5 2 & T
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APAP-S TH A Z LA FFE Nz, S 512UV IRILA X
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& L7zB20 APAP-S A i 97.0% OFETH % Z &3
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