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Simultaneous Determination of Doxifluridine and 5-FU in Liver
and Intestine Tissue Using LC/MS/MS

Young-Ah Woo, Ghee Hwan Kim, Eun Ju Jeong and Choong-Yong Kim”
Korea Institute of Toxicology, Daejeon 305-343, Korea

Abstract — A liquid chromatographic method with tandom spectrometric detection (LC/MS/MS) for the simultaneous
determination of doxifluridine and its active metabolite, 5-fluorouracil (5-FU) was developed over the concentration range
of 5~2000 ng/ml, respectively. Doxifluridine, 5-FU and internal standard, 5-chlorouracil (5-CU), were extracted from liver
and intestine tissue via protein precipitation. Acetonitrile was used as the extraction solvent and the supernatant was evap-
orated and reconstructed in mobile phase. Optimum chromatographic separation was achieved on a Agilent Zorbax Cqg
(100 mmx2.1 mm, 3.5 um) column with mobile phase run in isocratic with methanol : water (20 : 80, v/v). The flow rate was
0.2 m//min with total cycle time of 5 min. The lower limit of quantification was validated at 5.0 ng/m/ of liver and intestine
tissue, for both doxifluridine and 5-FU, respectively. The intra-day and inter-day precision and accuracy of quality control
(QC) samples were <11% coefficient of variation and <7% relative error from theoretical concentration for both analytes.
In addition, the special designed stability study was performed, because the metabolism of doxifluridine occurs spon-
taneously even in ice bath for monkey liver. The stability of doxifluridine in liver and intestine of monkey and beagle dog
was compared. It was found that bioanalytical validation could not be performed for the monkey liver; however, beagle dog’s
liver has relatively low speed of metabolism compared to monkey liver and instead of monkey liver, beagle dog’s liver could
be used for the validation. Bioanalytical validation could be performed in monkey intestine. Eventually, this developed
method for liver and intestine will be useful in support of the toxicokinetic and pharmacokinetic studies of doxifluridine and

5-FU.
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A o7 Wolx] ke g, 5FU FEjel A3k thra ez
3} A9kE Lehls 5-FUS) A70]ch 5FU= TS(thymidylate
synthase)s A3|A1713L Axd] 72 QEte|= AFAS Ul
ato] Fetaats itk 5.FU= 201 o)A Al @
P ARgo] Hla, H4E E0lal madE Fol7] flE oy
7] ] At oRgo] AgE]o] $ivt HAEFY Y 5-FU
o] ArekERA] TR AR Fol Hm Azl 4o nla
sto] thefet FEo] TUFAA w2 FERE EAEE TP
o) 5-FUZ H3haeh? spAnt, BAZFYUT G429 AE
o= EAsk= TP 9Jall 5-FUR #glo] Eu, A}, &3] &
g, WY 7 5 ] HAJo] o He] vk EAlte

—

olelgt BtAle] -9, AHA 0T GAAR A A T

= ety ofele- o] Q] wliell AR Ak A3 F
=524 gl & IFFRE ol §5te] FEFH/SdEH
(pharmacokinetics/toxicokineticsys H7}6h= 7|<0] H4= 27}
Agk g o}, o]2fdt ok Hl/ A FEHE wetalr] SlsiMe
RS S g ol Aol Haghe] wit, o] AqtellA
LCMS/MSE ©]&3 dzo] Y Fof| EAh= SAEFEd
7 5FU §A £48E Bargh vp 9ok?

A F7A EAEF2 U3 5.-FU et B41& & HPLC-
UVHolv LOMS/MSE: ©]8-5F o] Harxgleh. Hare &
APE F2 5FUS BAeR= o wd v BAZ2edy) 5.
FUE EAlell 418k Wlo® Bag HPLC-UVHE & Als
E WAA SAIEFE Y 5-FUS SA) Afo|& Qlate] Hitek
WIFE P AX A, & AEG 2080] 2QHE 7 LCE
2N wdo] 9t LOMS/MSE o] -gélo] HAEF2d
7} 5-FUE Aol FA1ek iy Bk LGiAIAIRto] 12304 5-
FUell oist %] 2J=F6kAIX] (lower limit of quantification, LLOQ)
7} 50 ng/miz Ao R e ke vehha ok

lo

3haL A&8Al B8 S A9 HaEo] QA ¢t 1
BB Ao Qo] 7k 2Holu A F2o EA)E

AT 5FUS FA) MY 5 QEs desow 3

g olgsto] g Alad EAARES e o= BATE S 3L
55 )8l

ojef & A5teef o] Wk dzo] I F HAEFE
d 9 oAl 5-FUS EA ol XM= WdFEHe AHSSIA
A Aol AEA] ag4 FF a8 A5 7 %y,
LLOQ H=3t Z2ef|x] 2] EAljzfo] PFHr} v
AEER, Hop uhe sew B8] Qs f71 Sufjel <)@k o
W HAAHE o] gk A2 AR A 218 Fleisich

es

AT}, TS LC BAA7ES 55 olU|E whEslo] A143kar A
g F 714 BAE AN & 5 e B
Elpsi=

TS dwo] Ik 222 A, FAR SAEFHES H7t
BAmkA} 5-FU 5-0& tiibe)i= dato] ukaso], 7F %2 B4
< 98l B2 xAS ARSIt AR YY) 5-FU
o] 7F 9l A A QgAdS AR 25 g Sslo] g50]

RIS e N f R RTke oA

Al & 77

2 Aelr] AREE EEERR] FAETFEY©9.3%) AF
Aokl FFgtom ) tiakAel 5-FU= Sigma-AldrichAHQMA,
USAPIIA 18IS, WiFEE22 AR 5-CU(chlorouracil)
% Sigma-Aldrich*HMA, USAXIA 418t o157 Sll=
AREE HlEHE-2- ], T Baker(HPLC grade, USA)IA #3181
t}h. 23} ZH5= Milipore-Milli Q™(Tokyo, Japan)Z o831
A28}tk Speedvac(Thermo, USAYS AFgalo], X224
% 7189E AAE

=)

LC tandom mass spectrometry

AlRe] 2efli= Agilent HP 1100 series liquid chromatograph/
API 3200 Qtrap mass spectrometer(Applied Biosystems,
USA)E ALgalsic). Dea)e] oles) Whaloli- 2718 of
238}(electrospray ionization, ES)'H= AR5}, HPLC -4
oA AH-E Cy(Zorbax XDB, Agilent)©. % 10 mm(length) X
2.1 mm(i.d.) X 3.5 um(particle size)E AR} o, o]FALo 2
= e /52 20:80(vw)2] HIER S8R FHoE 55
b 2elalal, §4-2 02 m/ming AT MSFEZ A=
multiple reaction monitoringMRM) R E oA ZAZFa e
2455108, 5-FUi= 12042, 5-CU= 145-42°] Z71ol4 A&
3R, S(negative) ©]23} F=ofX Z}2}9] collision energy-=
28, -30 ¥ 28 V= ARE3IST) Source 253+ 500°CE 3153,
declustering potentiak> A ©] X% -30 V& 39137, entrance
potentiak® -10 V2 3}of F-23}3ic).

AlE M2
B Ao 50 (Macaca fascicularis) 7+ 2 73 243}
N2 (Canis familiaris)2] 430 Z2& AFE8IAT) 1F 249
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73, Yol 1hxA FAlR FAETFYY A7sAERE that
7} dou} FAERE o] EAEY] whie] nlgde] 1T 240
= tiAlsle] A3E 13s
3t EAT RS Sl P 224 T @& <)
A AFAH 6.8y War, FF 222 ] wl(FF/4)e] Jat
AZA(pH 6.8)2 2°] homogenizer(Powergen 700, Fisher)=
Bajslo] sm1eiQint. o71M 2] AR 50 WE Fale] whas:
AASE7) $138 acetonitrile 150 w2t WF- 3EFE(5-CU, 40 ng/ml)
50 uE- ¥o] 96-well membrane filter plate(Protein precipitation
FE, Fisher Scientificell g1 £371(CM 1000, EYELA)Z 2%t
Alof FAek ol3E A ofsk] 5571(SPD 1010,
Thermo)= ©l-8-8lof §llE AASSIT). Aol os-d 100 pl=
ol &a171 v, 01714 10 W= Fa& HPLCol F9)813ich.

AHEM =y

EAIEFE Y 5 FU 558 o573 vigge] 59 100
pg/miE 3 Uy, o] dFols A MR sMg v, vk
Aol 1981 H7tsto] SAIEFEdY 5-FUS) 57} 5, 10,
20, 50, 100, 200, 500, 1000, 2000 ng/m/7} & == FF=ZAA]
S5 ek /st B A, g, e ikl
3171 $1stod, Al 74 2] QC AlEE B WHORE 15, 400,
1600 ng/m/7} 5|55 ZA8lSic)

E

2418 ZZE (Bioanalytical method validation)

MR AN A 238 BEAlE o9]o] HER FA|
3t QC AEE ASE(15 ng/ml), T5%(400 ng/ml), 155 (1600
ng/m)E o]-&3lo] A (accuracy %)¥ 794 (coefficient of
variance %y FJIBISICE U3 AU Folshy] 981, 3
FF 2 wpHo R FASE duE Frleglor. 2 e 1t
A 9 A 24 AlmeA 9 SeES BRI AlE A
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Fig. 1 - Chromatogram of (a) blank liver sample in doxifluridine
analysis mode (b) blank intestine sample in doxifluridine
analysis mode (c) blank liver sample in 5-FU analysis mode
(d) blank intestine sample in 5-FU analysis mode.
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w0 284 Table II — Intra- and inter-accuracy and precision for doxifluridine
. (a) and 5-FU in liver and intestine tissue
_g e Intra-day (n=6) Inter-day (n=6)
£ o T Anal Conc.
1ssue nalytes (ng/ml) Accuracy CV  Accuracy CV
0 %) (%) %) (%)
05 1.0 15 20 25 3.0 35 4.0 45
Time (min) Liver Doxifluridine 15 97.6 5.2 97.0 7.8

1.59
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Fig. 2 - LC/MS/MS chromatogram of (a) doxifluridine (b) 5-FU C)
5-CU at standard liver tissue sample of 10 ng/ml.

Table I - Linearity and accuracy of doxifluridine and 5-FU for
calibration curve samples in liver (a) and intestine tissue

®)

(a) Liver tissue

Concentration Doxifluridine 5-FU
(ng/ml)  Accuracy (%) CV (%) Accuracy (%) CV (%)
5 92.4 11.2 96.4 6.7
10 98.3 105 104.1 6.8
20 96.6 11.3 110.7 10.6
50 101.8 7.8 96.1 5.4
100 105.9 5.3 99.0 114
200 102.5 3.3 97.4 35
500 101.2 75 97.1 6.3
1000 106.2 1.8 101.9 4.0
2000 97.9 14 100.4 14
(b) Intestine tissue
Concentration Doxifluridine 5-FU
(ng/ml)  Accuracy (%) CV (%) Accuracy (%) CV (%)
5 935 96 102.1 8.6
10 103.3 85 96.4 8.9
20 98.9 6.1 100.8 5.0
50 99.9 96 97.9 1.9
100 103.9 9.1 99.9 75
200 99.0 7.7 99.1 6.0
500 106.9 6.0 103.6 2.7
1000 102.0 8.0 98.1 49
2000 98.0 44 99.8 2.2

Table Il WERSIT. B8 2H74e] 24
S dEs A

E4e] gt g2 iﬂr
FE(15 ng/ml), FE 5 (400 ng/ml), 35

400 99.2 8.9 101.2 8.0

1600 103.4 6.3 103.2 7.1
5-FU 15 1046 82 1032 103
400 943 33 98.2 4.2

1600 94.3 4.6 96.0 4.4

Intestine Doxifluridine 15 102.1 4.9 101.6 9.0
400 99.3 80 97.9 9.8

1600 93.7 94 93.8 95

5-FU 15 100.7 6.5 106.5 7.0
400 97.9 2.6 98.8 72

1600 1003 7.7 95.7 93

Table III - Accuracy and precision for LLOQ (5ng/ml) samples

(n=5)
Liver tissue Intestine tissue
Doxifluridine  5-FU Doxifluridine  5-FU
Accuracy (%) 92.4 96.4 93.5 102.1
SD 0.5 0.3 04 04
CV (%) 11.2 6.7 9.6 8.6

(1600 ng/ml)ll Sdsli= 212t 6702] QC(quality control) AlE=
Brpsig o, Az HUAL 3Y B¢t SAsIY. S
Table Hoﬂ}\-] B 2= ou/:\_o]’ 7 _;,a_;doﬂ/q c‘g_LH x%z‘zw UJ x%g_/ﬂ
& EAEFYUL 97.6~103.4%2] A, 52~8.9%2] CV
%;EE HERAS AL, 5-FU= 94.3~104.6%2] ﬂwéq 3.3~82%
o] CVEES YERISAL, A3t Aol M= HAIEFE e 93.7~
102.1%2) 9243}, 4.9~9.4%2) CVites UrE}LH?;lﬂ, 5-FU=
97.9~100.7%2] e} 2.6~7.7%2] CVFS LERNSITE

A7F AEA 9 AdA e A, 1 A= SAEFEd
£ 97.0~103.2%2) A7, 7.1~8.0%ﬂ CVks YEpgIglar
5-FU= 96.0~103.2%2] 4297 42~10.3%2] CVaks LR
RaL, A A= HAEFYTS 93.8~101.6%2] A
7} 95~9.8%°] CVaks WERNSLAL, 5-FU= 95.7~106.5%2] 7
7 7.0~9.3%2] CVaks: eI

E|MEEEA - HAPF A ] AL fA8hd
A FZA AlFelA veRd = Sl vl=e] el Gl oo
= g @;Go].caq. AL oA 7 FE 5o
Fgehs HAAZeAlel dldehs 5ng/mielx <] 53] 741 4
Yh= Table el VFERT 27 1F Z24]ollx] SAEFeHe] 73
%, AL 92.4%, CVZEE 11.2%°13137, 5-FUQ A9+, A
2 96.4%, CVALS 6.7%C1 0L, 3k 22 of|A] HAIEF
deo] A9 AeA)LS 93.5%, CVEES 9.6%°12111, 5-FUS] 7%
= AL 102.1%, CVRES 8.6%°]31C .
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Table IV — Postpreparative stability of doxifluridine and 5-FU for
24 hr at 4°C (n=3)

Relative concentration (%)

Doxifluridine (ng/ml) 5-FU (ng/ml)

15 400 1600 15 400 1600

Liver 95.1 103.6  100.9 111.3 1004 964
Intestine  95.9 111.5 93.0 103.4 1064  97.8

3|8 - A¥ (15 ng/ml), 55400 ng/ml), 315 %(1600
ng/mlel TR AE@=6)5 FHIEk] 3562 ARSI
3|ES ok WS g9E FA o Fhjsh AR )
A 1A AT F8H HAEAE 7R 4a Als A
S npxl Fo] BAES e & S4% 93 WA (B)2] 3
A ulgR S0 7k 2o BAEFE Y e
95.8%°]11, 5-FU2| 3|5-8-2 97.3%c310H, Aat xAx =
AEFY 3482 76.8%°]1L, 5-FUS| 3482 93.7%°]
ek oleldt AR 2 AoA Lt EAPHo] Fast
BlFES eSS & 5 A, AR AN E A e 8
FEE B QS AE 258 5 Y 7EsAE ARG
AEXXE| F M — A5 (15 ng/ml), 55 (400 ng/ml),
AEE(1600 ng/mhel] SFsHE 712 302 AlRE BE HdAe
& AR vhs, ASAIETY] QA 4°C, 2473 Bt &
EAEF A 5-FUQ| PAS ERIsISIt. 1 A, Table IV
of| 5 & 4= Ql=ol, 1k 24 9 A SAAY ¥
allxl oA FAEFE U 5 FU B ePdehs & 5 )
At
ol AFE P F HAEFE U 5FU2 FAelA 2 A
2F T2 Avst 54 ZolE 7l HAEFE U 5-FUE SA
of gNogHE FE 5
ALz xhol| &gt k-t FEHE AdeIsich skARL,
S 7 249 A9 24 AR Al A8es A,
ARl % &85 7] oEsla, 249 A, 85 v
o wjgEe] wg- whe- st odE R oo AEE -
M FENE Ag3p] AJdHeh. e R, Hoh 480 F2
WS Aetaat, f718 el olgh SRS ARESES]
otk AREEE SrE Weke, opEYUELS n|wdt Ay}, vige
Hih= 229 A4, oHEYELS AMFS o &2 244
= A& 4= U T3 96-well filter plateS ARE-SHO EH]
Ao ofe] AL AlRE BAE & s WS

ZA] U‘:’ /\]

|

>
S
_O|L
R

a
M
Y

X OFEM T K(stability test)

ZX| - SAIEFY U Azl Fig. 37 7o) 5-FUZ tf
AbHo] okg @AS vt TR R, 7F 22 Az E A
A dellA o] tiate] K-S elided 4= Sk, £ AqtelAe b

Vol. 52, No. 2, 2008

¢}

NH
| -
N /J§O Thymidine phosphorylase HN

(o} > |
\<j Liver & extrahepatic

HO  OH

i

=

Fig. 3 — Metabolism of doxifluridine into 5-FU.
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Fig. 4 — (a) Time profiling of doxifluridine on ice, at 20°C, and at 37°C for 4 hr in monkey liver tissue (b) Doxifluridine loss into 5-FU on ice,
at 20°C, and at 37°C for 4 hr in monkey liver tissue (c) Time profiling of doxifluridine on ice, at 20°C, and at 37°C for 4 hr in beagle
dog liver tissue (d) Doxifluridine loss into 5-FU on ice, at 20°C, and at 37°C for 4 hr in beagle dog liver tissue.
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& 22 A AR dellr] SAEF Y 5-FU Wsos |
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Fig. 5 — (a) Time profiling of 5-FU on ice, at 20°C, and at 37°C for
4 hr in monkey liver tissue, (b) Time profiling of 5-FU on
ice, at 20°C, and at 37°C for 4 hr in beagle dog liver tissue.
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Fig. 6 — (a) Time profiling of doxifluridine on ice, at 20°C, and at
37°C for 4 hr in monkey intestine tissue (b) Doxifluridine
loss into 5-FU on ice, at 20°C, and at 37°C for 4 hr in
monkey intestine tissue.
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Fig. 7 — Time profiling of 5-FU on ice, at 20°C, and at 37°C for 4 hr
in monkey intestine tissue.
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