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AZHA e AFske] A3 o] T glucuronide”t EFHE A ZHE EFAE woju}7] ]

3 6 M HCIZ &3l 100 °CollA] 302 &<t 71gste] 4F 7kl AlZTE 7123l € = 5 ibuprofen
I 2 dAAE FE67] flske] A A FEE A&tk Roked i & HAx0S
Zt7] 918ked pH 3, 5 B 8ellA ek em 1 5 pH 304 7P F& 35&S Bof FAch 3 |
Fo] A AES #15te] trimethylsilylation (TMS) =41 WH-&-& H8A1% F GC-MSE °|835t &
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FoA Zzte] thatA Q] v go] HslE AT A7 mjd g 2 FHES 7T 5 ATk

Abstract: The oxidative metabolism of ibuprofen in healthy male urine collected at 3, 6, 9, 12 and 15 h after
oral administration of ibuprofen was studied by GC/MS assay. To detect conjugated metabolites of ibuprofen,
urine sample was acid-hydrolyzed with 6 M HCI at 100 °C for 30 min. To effectively extract ibuprofen and
its metabolites, liquid-liquid extraction (LLE) was conducted at pH 3, 5, and 7, respectively. As a result, LLE
at pH 3 was shown to be the best extraction condition. For the determination of trace amounts of ibuprofen
and its metabolites in extract, trimethylsilylation (TMS) with BSTFA was applied and followed by GC/MS
analysis. In this study, main 5 metabolites including parent drug were detected and these metabolites were
assigned as three hydroxylated forms and one carboxylated form. Each metabolite was tentatively identified
by both interpretation of mass spectrum and comparison with previously reported results. In addition, time profile
of urinary excretion rate for parent drugs and metabolites was studied. Finally, the metabolic pathways of
ibuprofen were suggested on the basis of the structural elucidation of its metabolites and excretion profiles.
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Ibuprofene H] 2B Z o] =4 &3 %15 (nonsteroidal
anti-inflammatory drugs, NSAIDs)Z AW 2] arachidonic
acid”7} cyclooxygenase (COX) &4 2]3] d33} &5
& Fddle S22 ZEAEIFUUORE A8
= $AEE AAlste Futels AEdS £33
st A X5l gl 22ole oFEo|th!? HZd
= NSAIDs 2F&9] Alzheimer's disease (AD)2] $1&ll
WolZl 985 divte AL 7vter Z7]#<l
ibuprofen®] o7} AD3EA}ol Al | 7 h(resting elec-
troencephalographic rhythms)oll X2 & 75 Jepdth
= VRS ATd i RaEHY?

o] oFE9] H-§ Al AYelME thFst til BEE
B3 o] AR W o] dojudtt. k& tiAks Al
el mael ol °]°1‘)rb AR AR Z-g o= Als)
3 g 7keRE] W SEl AR S4 s
718 =Y3te A RSl 1739-3)3 glucuroni-
dation, sulfatation % ©}7]=2Kglycine, glutamine %)
29 9hgS Tl BEA & W] #5760 AW
HRlg FAEERS ARNA F8A8E I £
FEHE (A 27498 o2 8Tk o]e} 7hE U7
gA S AR A0l F7HE e giFE Al
e Bl AMeR widEe ook e H2 AR
ANH oelEg 2t % W] tAA £A R &
H F2 & oS Zheth

AA & FE E FHE Yolr I ok &4,
229 JeERRE NSAIDs?| A S 798k ¢
T7F = o] gkt 53] ibuprofen®] 73-¢- A=
Aslag o] olsi A A4 El hydroxyibuprofen} carb-
oxyibuprofen® 2 B 7 E T} QA FEA AHA
ibuprofens} thARA| Q] B4& 2 I 5HA] =20}
E 23 ¥ (high-performance liquid chromatograph, HPLC)
o UV A&71E ol &3 A7l 7|A Az ntE e v
H(gas chromatography, GC)’9ll 2|3 77} =3 5
. HZolEe AMA89A ibuprofene] 38 A€

< 7} & YAMAE solid-phase microextraction
(SPME) W o= F&stal 7|2 de] 42E HPLC

A8 A7 FYHAT w3 F ok 7 I3
oA ibuprofen &3} Eo]/ ol tig A+E HPLCE
=8 3}, ibuprofen¥} hydroxylated THAFA] 2] 33 8}o]
FAA 9 wEE FYEHATC o]F Fso| A A 9
HEATE Fato] AN thrra Lo v S
T e EEH A

), QA 2 FEA ibuprofend] thAFS AT
= Eo|# ol i sl Ao w AP on,
3 Fu)o] trgst thARS HEel ol A
2 7RI A7) B AFolA o5 ma T} T
A= %/\]v‘i—” g 5 de BAY dake A7t

23} 9] garAle] F26] olA

SME LA S B
Aztol 23} Aol dojx] 4ol
3 ]74 TETHE g8 %L*C"“E] T At

ATolME GC-MSE °l8-sto] 29 EA
1buprofen4 2 2 ibuprofenz} EHA]-ZHJ FEx
A& 2AIA SR, GC-MSH| 93] HAEE thAA 9
AFEASHAEDS s st 2 QAAY +25
Btk g, 24 AHRE T ALHERE &AW
Z ibuprofent A S92 vl FAHS EQ1&HaL A

7o) W oFEo| FEIE Potusiet.
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2.1. Al
&2/t 243k 1buprofen EFEL 99.7% ©]749]
L5 A A ZpejolH, S A of3|AL= R
HUATh Alge] AHe] Y T 29 dARIE )
gtz fs AREE A4t 8> MerckA}
(Darmstadt, Germany)2] #|3&°] 1T}, °—'.J J]-H A 2
(liquid-liquid extraction) 2 %A HHS-olA A}&-3F
old olAE|o]E &ujE J.T. BakerAk(Phillipsburg, NJ,
USA)ZHE FY3ta pHe =4
phosphate monobasic monohydate®} sodium phosphate
dibasic heptahydrate=Sigma-AldrichAHSt. Louis, MO,
USA)2] A|#-&, NaOH®} ZAH2 Ducksan Chemical
(Gyeonggi, Korea)®] #|F& AM&-3Ith F&299
2 AAE sl AFES F4 NaSO,= Junseirt
(Tokyo, Japan)®] A& AH&-3lAth =4 &<
£33k N,0-bis (trimethylsilyl)trifluoroacetamide (BSTFA)
= SUPELCOA}K(Bellefonte, PA, USA)Q] A &S Al
stk W H- ¥ 552 Q] phenanthrene-d;> Cambridge
Isotope Laboratories, Inc. (Andover, MA, USA)Z 5-H

TY3IA T Ibuprofendt W FETEZ L wehE3} p-
octanell 27} = 100 ppmE THE T WA B

Y ok b

< 938l sodium
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sto] oA ARSI

22. 2M717] % =A

Al89] £4& 915t AME3H GC-MSE 6890N gas
chromatograph/5973 mass selective detector= Agilent
TechnologiesAH(Palo Alto, CA, USA) A|Eo] o,
HAY L2 J&W ScientificAH(Folsom, CA, USA)2| DB-
SMS (cross-linked 5% phenylmethylsilicon, 30 m length
x 032 mm LD., 025 um film thickness)S AF&-3}31 T}
2 HP71 AR £5 99.999%°] AFIIAE AHE-E1A L,
£ 1.0 mL/mine 2 ZA3}ATH A8 FY& F
A % SHom GC FUT LEE 270°CE H3A
2, R0 FARAE AG s, B Lus
100 °Coll A 3%7F F-AIAIZ 3 15°C/min & Z 205 °C
7HA] &8 5°C/minS & 235°C7HA] &% 3 280°C
7HA] BHA] 15 °C/mine & 2] 3 527F 481t

GC9 MS9] 424 QEH o]~ &%= 270°CE 4
31_02 o uq o]Q__OJ o] %EE 200 °CZ. M;H g]_oﬂq_ )\]
F o] 23} HAAEE(electron impact)H &2 A3
NIAE 70 eV R AN, AFRAPOZE A}

AR FEERNeH AFEA L 50~550 amu®] H
e AWRER 2RI

. AE Ty
231 %2 =28 ¥ o8 E wy

=
=
kS 589 vAAE AAF 4 FAE@sAl, 75

2mL urine sample

<— 04mL 6M-HCI
<— Heatat 110 °C

Acidic hydrolyzed sample

<— 0.6mL 10M-NaOH
<— 3ml ethylacetate (EA)
<— Discard EA layer
<— 1mL acetic buffer
<— 4mLEA

Extract

<— Dryness by rotary evaporator
<— Dissolved with 80p¢ of EA

Derivatization

<— 10u€ of BSTFA
<— 80°C for 20min
<— Add 10p¢ of phenanthrene-d10

Determination by GC-MS

Fig. 1. Sample preparation for analysis of ibuprofen and its
metabolites in human urine by GC-MS.
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= v A Y] HES 4 o}&] T™MS FE*

< LA AN A2 FEE
o golMH o] E 80 pLe ‘%‘—8 3 TMS F=A]
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3. Zn ¢
3.1. 2H = ibuprofene] F&
dntg oz AmoA eI tAA Y] 48 93
Me 84 (urea)dt 2> EEEES A A9
Al 274 tAF FFol A BAEE TFAE "olde 7t
FEsl FAo] dasith dutdo R IFUAAE A
Z3l7] flElM e &4 7Rl (enzymatic hydrolysis)
oy} 4b7hal ¥ (acid hydrolysis)o] @] ARg-5 3
RO AT = FAH 2R 23 2 o
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SoFE 3} 4bstE ARl S AR AR A 2
2% Ao 2 YElyt) o] ibuprofen B3] oFE 3}

rtAlE Al 273 At o] Fs] dojue Ae®
wolw, 7]&d] WwxE AFor s =3 F=9 58%
7F XA 2 B s it

2 AFNM s mA8Y 4 ThEEE 1
NaOHE 3 7}ate] pH 120] 40 2
AP ER & F #7383t o] #4
HU 97148E 7k “}3}]%1":3
o 28y AT 2E 7 ibuprofens} thA
o] g oA ?'EQE]X] Fdrt AA ol

(back extraction)d-S 43314 &S ¢ B

—r‘é
2 N

ST Wi
240 EAZ Aste] v ARl A SlejA
olggol WA H

o?d
n{o{v

Area Ratio

5 4
4 4
34
2 4
14
o+ r T
H3 H5 HB

Fig. 2. Extraction ratio from a urine sample collected after
3hr of oral administration at pH 3, 5, and 8, respectively.

2 3~4 H=olt}. webA 849 pH7} ibuprofen®]
pK, B0 =0+ 5 jbuprofens] FEE0] 2ol S
o3 4 Utk ol= pH7F o FE F8 YioA

T894 F ibuprofend] FE HA =71& 27 3t 23 ke gAkA Q] dlEld ol ST FEE
o] A|& 3 mLol| pH 3, 5, 822 7zt 243 ¥ & °] 7:-%\—%] Aoz AAHETE E3F ibuprofene] thAA <]
E2 W3S (Fig. 2). Tbuprofen?] 3}8H4 722 A 739, t -] hydroxylated 3 Bl £} carboxylated & Ef
HEE 17)9] 71284715 7R Qe o]9] pK= Z ujAdE 7)o ¥l pH 304 TS whek &4 3}
ek 442 IR dom, ol dAIES] pK,= E ATh 28y S9EQ1 A 91 pH 203}
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Fig. 3. Total ion chromatograms of ibuprofen and its metabolites extracted from a urine sample collected after oral administration
3hr, (A) acid hydrolyzed urine sample (B) without acid hydrolyzed urine sample. Peaks' identity are as follows; 1.
ibuprofen-OTMS, 2. 1-hydroxyibuprofen-(OTMS), 3. 2-hydroxyibuprofen-(OTMS), 4. 3-hydroxyibuprofen-(OTMS),,

5. carboxyibuprofen-(OTMS),.
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GC-MS9]| 9] 3 &1 F Ibuprofene] TAA] 79 2 thA} A 183

AME 238 ibuprofenzt AR o] & Fo] A=
7% etk geb £ ATl RopEs tiAa

Aol F2x271S pH 302 A3t

3.2. buprofen ¥ CHAIH|S] £M
X7kl A 15A7+2] A BE Zhzt Ab 7ReRE) % &
HA-MH FFHE Tt FET F FFAT F
=4 ibuprofens} = YA ES TMS FE=A3} ¥+
S 7% ¥, GC-MS &2nE=Eg B
chromatogram (TIC) Fig. 3] A3t}

rot

A FE=A8HE ibuprofeny}t FQ A 4%
Az, F 799 TICOA vepd ®oF
AR o] FHaFol lojA] g Zpolt #5
o5 fFEAstE RoFET} tAMA S WEE A7k
E401 2% Table 19 S.9F313T).

71&9] Aol 9314 ibuprofen®] FtIAIA= hydro-
xyibuprofen¥} carboxyibuprofen® 2 R 7t} Fig.
3ol H5o] TICE ibuprofens 131 T|o]= oA &
218k 4= A3 hydroxyibuprofen ©]d & A 3F/FE ¥
o= 2, 3, 49l A carboxyibuprofeng T o] = 539
A BF& & 4 Qo). Fig. 4% ibuprofen 1 HjALA
Ed digk TMS F=A59] g E-Ho|Y., o]&
& Fig. 4°] Z47}o] 2HER M B F e 54 &
Ztol 255 FaA & 5 AU

Fig. 49 (A= o2 ™9 722 YAtstE A &
3 v E ibuprofen-OTMSS] A& A EFHo|t], o]
shRbE 9] Aol 22 m/z 278414 YEFR S TMS
FrieAle] 54 Fo] A (M-15)" o] 0] m/z 26314
A=A o] o] TMSZ| ZHE] methyl”]7} Eof
A Aoz 7108k =3 Si(CH); 0101 m/z 73014

CUT
0
oo
o

®
fal
3
o

EAHo R #ZL A} 3 ibuprofenol A TMSS}
EA 5} carboxyl”] 7} o]zl [M-COOTMS]" o]},
COOTMS" o]0 Z+2} m/z 1602 117914 YeR T
Ibuprofenol] A Ex}o] 20 2 HE CO,7 ey o] 63F
a2 E FAhdhs AR 7IQ1E [M-CO," of°] m/z
23404 YRSttt

Fig. 4] (B), (C) ¥ (D)= hydroxyibuprofen®] -
Z olJ™A YAERE 3% AEHE Aolth ol&
hydroxyibuprofen ©]d 2|2l TMS FEAE2] #=}o]
22w kAl ERAY ASEA] kot [M-
15]" o] 2?1 m/z 351°0] 54 o2 Yyt oj52
T-ZO|AAZ E2ABHA T OH719] X e} -5
Jolst A= BAHER o] UEIITE Z, ibuprofen®
9] X (benzylic position)”} Atst=Eo] A HE= 1-
hydroxyibuprofen Fig. 4] (B) 2= E& A YR}
T 5401 miz 3238 B3l &1 & & Qi ole
1-hydroxyibuprofen®] benzylic ¢] ]| oA C;H,
o] "o AAdE o] ot

Tbuprofen®] 2'-9]1X] 7} Aks}= o] A4 =] += 2-hydro-
xyibuprofen& Fig. 4¢] (C) 2HEHAM YEeluis &
gol Rl m/z 131¢] EAE S8l &<l & 5 Stk ¢]
£ benzyl f1A9 BoJdd CGHOTMS7F §1A Eof
A AAE o]lo 7 ol 2¥ X9l hydroxy”|7F A
g=o] e AE A58 5 Aok

Tbuprofen®] 3'-9]X] 7} Aks}= o] A4 == 3-hydro-
xyibuprofene Fig. 42] (D) 2 EHAM YElUE= &
dolQl m/z 276 E& &Sl & = 3k o] & 3-
hydroxyibuprofen2] benzyl $1X]¢] &)= CH,O0TMS
7F ol Aoz o]= 3W $ Xl hydroxylation©]
Aot A& veRdT

71&9] ArAe] 2J3FH carboxylatione 3'-$] %]
o dojutty By gt o] AL 391Xl hydro-
xylation®] ot & 2kslab o] o XY= o] carboxyl
717 © RLZ &3t} o] carboxyibuprofens Fig.
4] (E) & ER A o]l m/z 380904 & 1}

Table 1. GC-MS data of trimethylsilylated ibuprofen and its metabolites extracted from urine sample

Retention

Characteristic ions

OTMS-Derivative M.W Time(min) [M-15]" (/z)
Ibuprofen-OTMS 278 9.918 263 263 160 117 234 73
1-hydroxyibuprofen-(OTMS), 366 11.384 351 351323159 133 73
2-hydroxyibuprofen-(OTMS), 366 12.175 351 351 308 159 133 73
3-hydroxyibuprofen-(OTMS), 366 12.720 351 351 276 232 158 145 118
Carboxyibuprofen-(OTMS), 380 13.518 365 365 336 145 118 117 91

*MW: molecular weight
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Fig. 4. Mass spectra of ibuprofen and its metabolites; (A) ibuprofen-OTMS, (B) 1-hydroxyibuprofen-(OTMS),, (C) 2-
hydroxyibuprofen-(OTMS),, (D) 3-hydroxyibuprofen-(OTMS),, and (E) carboxyibuprofen-(OTMS),.

Efskom o]l SAJo] <l m/z 3363} 2189 EAI9}
A& Tkl 3-Xol A dojd A ¥ F
At EAlo]L<l m/z 3362 EAo]Lo g7 HE
COOTMS”|7} Al H =} 63t S FAshs Aol &
Aol 20 ZHE COt Holx AFE Zo= odd
o HESE m/z 2182 AR OZREH AHH =R
COOTMS S} methyl7| 7} BojA Y7t AAE o]0
2 dgE

3.3. bbuprofen CHAIZIES| T+H
%X GCMS A& 3t 2o = wjdE=
ibuprofene] A ES] T2E FH3IHNLH, o]F 7]
Hro g A7kl whe} Bl E == A o] FE A
o ALAA S ZAFSEATE Ibuprofen®] w4 ¥t of
ALY e 2ALSE] AWolA] tANE S #5S
T Utk ol& %= ﬂl*}iﬂ EFFY grUt oHY
AFES] Gt S T o] ARk w2
zF Akl 2] gl E Q< % sho] FHuA S
of thate] 2AISIATE e YA BFEFL] v|ER
o] W2 E g2 EAIHL GOMS 4 oﬂH 7} shgt

6
=

,9_
=

=9 At 78 (response factor)S FAF & 4= QlE
ol sitt. weEbA ibuprofen B L TIARIES] A7k
wE FAWA A 2HEZE Figo 59 AT
Ibuprofen®] 7-9- WH7t717} 1.8~2A17kolo] A B8 &
Aol A w9 wEA thAre} wjde] =7] vl 5
Y ARA 21 carboxyibuprofens} 2-hydroxyibuprofen< 3
AR B2 ol i EI L AR o= 743
t}. o] £Jo% mF thALAIQ 1-hydroxyibuprofens} 3-
hydroxyibuprofen JA] F AL &3} v S8k v A<
& YEPH AR TE o] w9 A o] 3A7F o] Fe =
Al e A eddth.

QAR 9] A7) whE wi A 3t Fg Hlast
o AAA S S3lE AAE Fig 69l YEMIATE
Ibuprofen®] WAFEZ & &40 93 AFsluk-g-olt),
Ibuprofen< phase 19] 4+s} W& 71X A] ibuprofen
9] 1, 2, 38 Aol hydroxylationo] Qojdth. o] 23k
ksl W3- cytochrome P4509] isoenzymeS! CYP2CS
;4_ CYP2C9°ﬂ _o,]—g]. o) L]_ 7—] o7 oL‘—:-qx:] glq_ 13,14
TS 3-hydroxyibuprofen > ZF-E kst o] 1] 713
o] carboxyibuprofen® 2 AIE = AL 2 o SH T}
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Area ratio
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Z Tbuprofen®] THAHA] 9 2 thA} A+ 185

=& buprofen

—d— 1-Hydroxyibuprofen
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Fig. 5. (A) Accumulation curves of ibuprofen and its metabolites in urines and (B) Excretion curves of ibuprofen and its

metabolites in urines.

Carboxyibuprofen

3-hydroxyibuprefen

Fig. 6. Proposed metabolic pathways of ibuprofen in human.

Ibuprofens} L tJAMA &2 A 27 WF-&-2 glucuronide
9 sulfate EF-SAZ WA EHE F PAA] 2-
hydroxyibuprofen3} carboxyibuprofen®] 73-¢- <F 58%
7v A 27 dAEE S Bal A gt g9l
st ) ARAIQl  1-hydroxyibuprofen3}  3-hydroxyi-
buprofen o] FH & 72 AXA Levie gl B
LA ool thE AFE HED] 8t FEE
€ F ZTHHA O} v ZFHARA O] FE AR L
W[Fig. 3-A and B #%] 0]5¢] A= 33 w24
ate] Tuble 2 B2 3HATE ey Table 2014 R
o], ®eFE o] A9 EduAA ] ¥ oF 27% H=

UESES ™, hydroxylation THARAIQL 1-, 2-, # 3-
hydroxyibuprofen®] X 3HA|e] & z}z} 84, 91 2
46% = e F2 AR Q] carboxyibuprofen]
A9 % 33% BE7F THA R YR o] A3
71Ee] Ao R E Fahe doldt Aol & e

[e5
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Table 2. Area ratios and percentages of conjugated form of
ibuprofen and its metabolites in urine

Area ratio Area ratio for *Percent (%)

compound for acid  without acid of conjugated
hydrolysis  hydrolysis form
ibuprofen 0.660 0.478 27.6
1-hydroxyibuprofen 0.723 0.113 84.4
2-hydroxyibuprofen 1.293 0.110 91.5
3-hydroxyibuprofen 0.830 0.442 46.8
carboxyibuprofen 8.638 5.791 33.0

*percent (%) of conjugated form : area ratio of [conjugated form/
(free + conjugated form)] x100

Wk ol2f g Aol 7] AFelA sHEEs) 2ol
4M-NaOH= 2/7} F<tF Fasglonz g 7k
w7E HA] kol WA AA Al H E ﬂr%
912 HPLC-UVH el €& AEE Fxold2dA=
AEHeE FeEA] dol E Zlow WT%lﬁr.

b
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