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B ERILE(S-1) )5 ,0x0 £V E B EF KNG HRS A FHE, FF 70 £ RS HE Oxo EAKAW G ERE L,
12 2w B B A5 A4k A @AR(BSA) IR S-1: k42, i XE T FAE4 560 mg; k425,44 28d,BR2 K,
FRAEBH 60 mg; B4 25 60 mg(BSA= 1.5 m”) 3 40 mg(1.25 m> <BSA <1.5 m*), & JA LC-MS/MS 3% 450 &
Ao R B SRR Oxo B4 E, H H X BRI A F AU FNLERD A FHIEF BB ERAL, R E R T Oxo M 4
LML E A5 A 2 ~400 ng/mL,0.02 ~ 10 pg/mL, 2R %G ¢, H(110.5 £100. 8)ng/mL,t,, % (3.4 +1.4)h,1,
(2.2 20.7)h,36 h AA(1.7+1.2)% 4 Oxo AR AR F XM T HEE; S A5 BAFH LB RE ., H(36.89 =
29.35)ng/mL, #a & dn 25 3R )k Sh B (DF) 2 2.4 20.8, 253t 57, 5 k%2528 d J& Oxo £ BB EH KN R3) ) FH4E
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Determination of potassium oxonate in human plasma and urine and its phar-

macokinetics and accumulation evaluation in human

CHU Yan, DING Li*, LIU He-ying, YU Yong, ZHU He, SUN Lu-ning
Department of Pharmaceutical Analysis, China Pharmaceutical University, Nanjing 210009, China

Abstract An LC-MS/MS method was established for the determination of potassium oxonate ( Oxo) in human
plasma and urine, the pharmacokinetics of Oxo was investigated in advanced gastric cancer patients after single
and multiple administration of tegafur, gimeracil and oteracil potassium capsule (S-1), and the situation of drug
accumulation after multiple administration was evaluated. For multiple administration, 12 gastric cancer patients
were treated with S-1 according to the body surface area ( BSA) as follows: for single administration, patients were
treated with 60 mg S-1 after breakfast; for 28-day consecutive administration, a dose of 60 mg S-1 was treated
after breakfast, and the dose of 60 mg after supper for BSA= 1.5 m’or 40 mg for 1.25 m> <BSA < 1.5 m’
respectively. Then the Oxo concentration in human plasma and urine was determined, and the pharmacokinetic
characteristics and drug accumulation were evaluated. The calibration curves of Oxo were linear over the concen-
tration ranges of 2-400 ng/mL in plasma and 0. 02-10 wg/mL in urine. After single-dose administration of S-1,
(1.7£1.2)% of Oxo was excreted in the form of prototype in urine within 36 h. The main pharmacokinetic
was (110.5 +100. 8) ng/ml., ¢,, was (3.4 +1.4) h,¢,, was(2.2 £0.7) h,
and degree of fluctuation ( DF) of Oxo were (110.8 +
108. 0) ng/mL and 2.4 +0. 8, respectively. In the 28-day consecutive regimen, no significant chang in pharmaco-

parameters were as follows: the ¢

respectively. For the multiple administration, the ¢,
kinetic characteristics or drug accumulation of Oxo was observed, the safty of that multiple administration of S-1 in
clinical application was confirmed. Compared with the data in literatures, the main pharmacokinetic parameters of
Oxo in Chinese patients proved to be similar with those in other races.

« UWFEHHES 2011-03-31 “{BIEE Tel/Fax:025 —83271289 E-mail: dinglidl@ hotmail. com



55

filf R - SRR L VY B L 24 DR 25 9 L 1) I i S L2 Al g A 2 iy 2 R EAR 437
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tegafur, gimeracil and oteracil potassium capsule
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AU B ROsIR MR TE S E mIE A RN, B
L (S-1) 2 5-FU AR 25 908 I 9 (te-
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Oxo fER—F il ME/IN T IEWER 259, BA 4
TR B 581 , T e AR, A SR e R P 22 S A
AL XM TR A MR A v A 00 7 38 L A DR A
H T Oxo By BR 2GR S i 2453 B s Ty 12 2k
B SRR O AR 7 2 A 5 4 AR € 35 T 1
FHET AR A AR - B I ) R
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RATAACEFNEEEASF R, ARSZEG X Oxo A PHEAS
HEAT A ZE UG , PR AR B 2lifl , LC-MS/MS J3 i1
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m/z 77.2 (3 ~ 12 min, 71 5 T ), X H &
120 V, REA#AERE 12 V5 TR 10 L/min; 55
% L) :344. 7 kPa; THRIE :350 C
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H H
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Figure 1 Decarboxylic reaction of potassium oxonate (Oxo)
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FLAKE ST IR AR P47 : (1) PSA
BT 22 e T AH AE /N R Al AR B AR LA
1 mL,7K 1 mL,10 mmol/L Tris-HCl ZZ w5 (pH 7. 2)
1 mL %4k PSA B3¢ 4 [EAHZEHUIME ; T B0
KR IMA LA S Il SORWAE 5 200 pl, AR
W (10 pg/mL)30 wl LK% Tris-HCl ZZpPig 1 mL,
BEIRS), FETEILAR Y PSA BT A8 R AHAE B/ IV 5
FF-PL Tris-HC1 28 vhiibkise 1 mL, J5 F 100 mmol/L
iR — S-S A A (pH 11..0) 1 mL PRIBEAE i, ISR
VR 2 10 mL L0, (2) BRAL 3R R TR ™
PRI F R I A 1 mol/L $h R JH Jk
JBi pH % 3. 0, 1375 1 min, it A 60 °C 7K H N
1 h G B A 1 mol/L £5 R 200 wL, i jiE
1 min J5IN 2R ZBR- S PIEE (85 15)3 mL, i JiE 2
O BRIV AART, BT - 20 C oA O A7
BRI AT 7K 100 Wl &%, T 16 500 r/min
B0 3 min, WHL VSRR 2 A Sk RE s s
o, R S L, i#64T LC-MS/MS 3t
2.4 HBRIAFHR

ARSI RS ST OB R AR E ) A A HE
W, S0 7 28 28 v ] B R R 2 B — I R B (R P 2
e d PG, 2 A SN S5 2 A R
B 12 AR E (B2l 8 A ik
ZiIRH 4 24) MK 51 ~T3 kg, T4 36 ~72 % {1k
FIEBU(BSA) 1. 48 ~1.90 m® ; Z ik & 2 A A
o3 W I 5 AR A AR X TR, SERR T T A %2
A VBT IR R O Re R A I A A ST
2R, T Oxo FERRTESAE T AfaE"”, 1E 525
AR Z A T 0.5 h J5 il -1,
241 FRE[HRHAFHRL 124K E
FEE, THERT30 & —#ERE K5 0.5h 0
iz S-1 60 mg, FE4G25HT M 425)50.5,1,2,3,4,6,
8,10,12,14,24 ,48 ,60 h /3B RAEFH K IML2 5 mL
FIFRPUEERE T, /3B K T - 80 CLRAFREN
RIS AR AR 25T M 2524505 0 ~2,2 ~4,4 ~8 .8 ~
12,12 ~24 24 ~36,36 ~48 h &[] B N i TR i
FRidsR IR ARG 10 mL T - 80 CLRAERHI
242 ZRE[HRHAFHRE 124K E
R TEBRIR A G ES RS  # I BSA IR S-1: %
KPR, T A& )G 4525 60 mg; B4 )5 452 60 mg
(BSA= 1.5 m*) 8 40 mg (1.25 m’ < BSA <
1.5 m?) ELERZ 28 d. fEELELA NS 6.7 K

TLRER LTI 25 8 (14 R REZGHI M43 25)5 3 h
Fe E 2 25T S 2 25 )5 3 hi 5 28 RER A 2T K
%25)5 0.5,1,2,3,4,6,8,10,12,14,24,48 60 h
O BIRAERIKINZ S mL, BIPRS00 8
1% F - 80 CHRAFFFI

3 8 B

3.1 HEMHER

TEASZ I TR T 3 2578 T, Oxo A fR B3 1)
(298 1.2 min, 45O B 0 (8] 25 24 6.0 min (
2),0xo FINARIEIE R A7, A B L E M.
3.2 &RMEHE

B ORI, 43 S 2 I AGE 12 1Y Oxo FifE
W, LRI T e A ZS [ 3K 1mL 8525 (1 R
% 200 pL, BEIRIRS), BLAL & Oxo BRI 45110 2,
8,30,80,150,250,400 ng/mL KRS 25 5, 5%
W B 43704 0. 02,0.08,0.3,1,3,6,10 pg/mL 145
TS 25 DR TE R B DB R % A 10 pg/mL
I NARE TR 30 pL, BERTR ST, 4422, 37 WU~ #4EJF
W7 , 53 AT Oxo YW TRTR A, 5 P bR 1H FH A,
AR f(f =A/A) DI TTAR FUAEL £ R BE ¢ FEAL
(A 4 A, K h R Oxo (8] IH 5 #E
f=2.705%x10" +3.393 x 10 x ¢ (L FE &K
w=1/¢"),r =0.998 9, ¥ th L7 1Y Oxo [8] 5 )7
ek f=3.762 x 107> +0.767 6 x ¢ (FLTE R ¥
w=1/¢"),r=0.998 6, Ifil3F M IR+ Oxo 43 I 7E
2 ~400 ng/mL,0.02 ~ 10 wg/mL 35 B N 4 1 6 &
RAF, BAE 5 R4 2 ng/mL 1 0. 02 wg/mL,
3.3 MEELEHEERE

Fihm o 1 4R E T VR 45 B Oxo YR E 3 51
5,50,350 ng/mL By bR E S 25 M09 S W 2l 0.05,
0.8,8.5 wg/mL FIBRIES 25 IRIK, B MR LA L] 5
Dy, IR 25 O] — SR Rl A TR i 2, 452, 37 30
FAE, IFET LC-MS/MS J3 7, 200 3 #EAE a1t
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3.4 RIREDKE LI
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Figure 2 HPLC-MS/MS chromatograms of Oxo in human plasma and urine

A :Blank plasma;B:Blank plasma spiked with Oxo (i =1.2 min) and IS ( potassium biphthalate,z; =6. 0 min) ;C:Plasma of volunteer after oral ad-

ministration of tegafur, gimeracil and oteracil potassium capsule (S-1) ;D:Blank urine; E:Blank urine spiked with Oxo and IS;F: Urine of volunteer af-

ter oral administration of S-1

3.5 AREm
FUESCHRRE D3 A BRI RN (ME) |, 1fL
IR AR PAP [ ME P25 {EL53 5 2 (101. 3

Table 1 Method validation of Oxo in human plasma and urine

+2.0)% F1(100.9 =3.5) % , 134 FR W Hh Oxo
[ ME DL 1, 25 SRR AR SL56 4 F T Oxo K
b PAP (R 3 AN 52 JE B8, T4 o

c(plasma)/(ng/mL) c(urine)/(pg/mL)

Parameter

5 50 350 0. 05 0.8 8.5
Inter-day RSD/% 6.9 5.3 3.9 9.1 4.3 1.9
Intra-day RSD/ % 11.7 3.6 4.7 5.8 6.2 3.9
Accuracy/ % 100.6 £7.1 96.3 £4.9 97.8 £2.7 96.1+9.3 105.2 £4. 1 94.4 2.1
Recovery/ % 84.3+7.6 91.3 £6.4 91.5£5. 1 88.0 4.7 83.6+4.2 83.3£3.5
Matrix effect/ % 95.2+5.0 98.4 +2.4 96.8 £2.4 96.4 £2.4 98.8£1.4 97.2£2.9

3.6 HAMBEHAE K

ST Oxo K. H iR 3 Flk FEZKF B bR
HE 2 25 I S RBRE i T R i E 10 h, =0l
T 8 h, A kil 3 Ik S —80 C UK E 2,4,
6 MHAH TR EE, 458 £ Oxo I3 K& IR
WAE AR e PE R AT
3.7 HRISHAFHR

3.7.1 % ZREBHHRH A FHIE 1245

TR B SERL T SRR 2 2R 1 A e . 122
GBI 5E R 12 AR A 3
ARAEL 2577 e IR EY 2 ke 25 258 a2
Bk A 9 A& 12 Z52180F R TIR S-1 1%
PEJE AT Oxo f9F- 241 256 -k 1] fh 2k A0 9 4452
HEZ IR S-1 48555 28 K Oxo P24 1L 24
e JEE-If [a] fi 2K AN 18] 3 iz, LAFIRZ5 25 BTN O h
it 4 e T B E AR R G 2 e (RP0.5,1,
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2,3,4,6,8,10,12,14,24,48,60 h) M &L 45251
%6 K (192 h) 587 K(216 h) .56 8 K (240,243,
252,255 h) %f 14 K (384,387,396,399 h) FlI%f 28
K (720,720.5,721,722,723,724,726,728,730,
732,734,744 768 ,780 h) 15 A Oxo If 24 ¥k & Y
LA R . R DAS 2.0 X Bk b 21k
25 24 i 52 I I 24 9K -] R R s AT AR B B
MR SRR 2, BERRI]LEZ K
252555 6 K, Oxo CIARRAIM 25 WK E, Oxo BYERAS
S IR E ¢, ., 0 (36.9 £29.4) ng/mL, F2 75
ML 259 B2 8 B2 (DF) 8y 2.4 + 0.8, F| ] SPSS
115 Bfxt 9 #2188 Z IR A 255 Oxo Y2543
T EZHS 12 B2 R 2 a2 8l o7
ZHGHAT 1t KSR HT A R WA 2, SRR, Lk
252455 28 K Oxo 1 B A RN 22530 )
PG T R, B TC WA S 4G
RULHZ &2 5 Oxo 71 B I8 B E RN 0 25 5)
JIFRAETF AR R A4, NSRS 4 Dy T
B2 2 28 d ANAETE I AR .

250
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t/h
— & — Single administration (n=12);
—n— 28-Day consecutive a dministration (n=9)
Figure 3 Mean plasma levels of Oxo after single and multiple oral ad-

ministration of S-1 (x +5)
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Figure 4 Mean plasma levels of Oxo after 28-day consecutive oral ad-

ministration of S-1 (x £s,n=9)

Table 2 Pharmacokinetic parameters of Oxo after single and 28-day consecutive oral administration of S-1 (x +5)

Parameter Single administration (n=12) 28-Days consecutive administration (n=9) P

Coax/ (ng/mL) 110. 5 £100. 8 110.8 £108.0 0.994
Coomin/ (ng/mL) - 10.8 £8.5 -

e 2.2£0.7 2.3+1.3 0. 805
t1,,/h 3.4+1.4 2.9+0.6 0.963
MRT,_./h 4.4+0.5 4.4+0.6 0.902
CL/F /(L/h) 230.3 +208.2 194.7 £132.3 0. 798
Vd/F /L 102.7 £949.9 721.8 £425.8 0.533
AUC"/(pg-h/L) 496.2 +470. 8 442.7 £352.2 0.779

a
ma max

AUC,, in 28-day consecutive administration

3.7.2 3 R&BIEAMRGHERALLIFN 94
B 20522 28 d 45255 Oxo YLK 24 1ML 2
ViR 2 -t ] 26 R TR AUC , Je e L2 VR B ¢
LU RS I 24 Tk B - ) T 26 R 1B AR AUC, &
B KRIMZGHE ¢ W30 RAAR R,
=¢2 /el Ry = AUC /AUC) 18 %L 28 d £
W25 Oxo 169 2 B B E RN BB EL, 45
R 3, NEREENFERE, ZREGZ )G
Oxo TEZIRE RN A E (R, IR, TP E
FUEBCF-BIMEIR T 1) ,1fi SPSS it /s Rk
W19 42X H IR )5 Oxo [ AUC,_, e 5%
W& 25)5 Oxo 1 AUC (¢, JFTC R EMZE R L

in 28-day consecutive administration;” AUC represents AUC{__ in single administration and

S, 4 3 7T E R FAR Oxo ) AUC)_ e, |
AUC, e MK FI97R I, 1L AT DA, 22
SRARB KA R I R BIFIE T3 BOF- 1
PIRT 1RSSR TR B IR R
T 28 55256 0 B 0 i R, 3 R
T A 5 2 B BOT I LRI Oxo 1258
HRNR AT EBUL AR, 8 IR B
VIR AE B % R, Ry P54 5 BORE 1
WL L TS R B 2 25 U 25 0 5 S 25
B 1% B8 AUC, 55 AUC) K ¢, 15 !, 1%
D L S el I 2 A e ) e (N
PEEHERIG . WHBRELD T (1) 4 AUC,
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5 AUC, 22 M 45 IR AFE 22 5, H Ry
KT 1, WPHGE Y Z IR G 25 TG E NRN A & R
%5 (2)# AUC 5 AUC,_ Lz ey, 5 e, 225
TN A FR WA 22 5, W B 21 2 IR 45 2
JETENENEA R ; (3) 4 R, R, /0
T U EEHE 25 2R G 2 IR N &
G ; (4) %5 AUC 5 AUC, _, 22 S PEPEA 45 1
RAEAEZESE M e 5 ch B 22 S PETEAN 45 1 2

e, H R, Rl Ry E D — X S HOCF
1 TE IR 2510 22 U 26 5 AR 545 25
UL L 9 2 I, T S
TSR, DL IR A 28 d K
2515 Oxo 76 [ TR 2 PR A A 7 A 5T
Yo 5 SR R Oo 7E FI A% . 56 [0 2
FRN RS R 2 3

Table 3 Accumulation constants and relative pharmacokinetic parameters of Oxo after 28-day consecutive administration of S-1 in 9 volunteers

Volunteer AUC) ./ (pg-h/L) AUC../ (pg-h/L) ¢!/ (ng/mL) Coe —max/ (ng/mL) Ryuc R,
B 709. 4 304.8 217.9 60. 78 0.44 0.28
C 88.90 133.9 33.72 29.39 1.51 0.87
D 296.0 204. 4 52.12 33.53 0.71 0. 64
E 175.5 298.2 33.50 91.42 1.76 2.73
F 74.17 147. 6 13.15 26.76 1.99 2.04
I 1155 1262 330.3 366. 8 1.12 1.11
L 246.6 618.7 54.47 117.3 2.51 2.15
M 363. 1 466. 1 66. 41 91.57 1.32 1.38
N 397.8 549.4 87.82 180. 1 1.42 2.05

Mean 496. 1 442.7 110.5 110. 8 1.39 1.47
SD 470.9 352.2 100. 8 108.0 0. 64 0. 81

3.7.3 Oxo fRZEHwHIN 12 H 2 HE FIRH
iz S-1 J5 , 4 ik [a] Be e R PR, 0 72 PRIB Oxo 1Y
HeHE AT Oxo B-F-249 R 25 HEME 71 7351 1] iy £
(K5).

Excretion /%

0 10 20 30 40 50
t/h

Figure S Urinary excretion percentage of Oxo after single oral adminis-
tration of S-1 (x £s,n=12)

S5 M B R B R O IR S-1 5
(1.7 £1.2) % # Oxo PUJFERI MR HEH 4 ~
8 h IR BE P Oxo FRZGHEMH Fd K, iR 24 36 h )5
FEAHEMTE 4
3.7.4 Oxo £V EEEEFLENSBEKRNG
ZH RN F ALK CF SCHIRE , PRk %
WA JE Oxo £ HAS 36 AR B H IR N 1) 22224
REES B B2 R EK 4 FFH T X
Tk P BT E R S-1 )5 I3 H Oxo £E o 5] 32
WL A 3 E R R R A Y
BRI ST FBEL o Con 11 T AUC, 53R 2 4
SR EA, 6 Oxo 76 H0 [ eI B R R S5 AN R
HIRNI AR BN )12 S0 — 3

Table 4 Main pharmacokinetic parameters of Oxo after single administration in Chinese volunteers and those in other different races reported in

the literatures

Race Single administration Conae/ (ng/mL) T AUC/(pg-h/L) t1,,/h Literature

Chinese 50 mg(1.48 m? <BSA <1.90 m?) 77.4 £717.3 2.7+£2.6 403.7 £333.2 4.7 2.7 [5]

American 30 mg/m? 58 +60 1.8 +1.2 232 £206 2.9+1.0 [9]

American 60 mg/m? 100 +59 3.0 540 £249 3.3+£1.7 [10]
40 mg(BSA <1.25 m?)

Japanese 50 mg(1.25 m?> <BSA <1.5 m?) 78.0 +£58.2 2.3+1.1 365.7 +248.6 3.0+1.4 [11]

60 mg(1.5 m*> <BSA)
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Oxo VR WEWESS /NGy o 55 /K PR 58k, 7F 5
TUE G s B 7, S RO RS TR
FEERAK, RS A R A A ; IRl B, Oxo 75 LAY
AR TERE AR B 5 TR 25, N o) S ke
i HF N TRPE ) S 40 T, LC-MS/MS 4347 B AL 5 5|
T TN, ELIR SRR K AR H Rk S 3 5 Ak
A LTS o R R HE— R AR, kg
S — AT AR A T ok 4 R LC-MS/MS R
FEAR R IR, A SCR B AR A B vk mT DR
Oxo FRHEE RN [ 25 M5 K R P M ) o
LIz Oxo B A 4 S-S0 R ms "), M g 2 1
TE U /0 35 J5 R L LA B AR = 0 0 8. O3 4b,
Oxo TERRYE S0 FAREE ™ AR SCR B AE IR M 45 1F
TXFAEEUH A Oxo ZERANEAT IR AL BE, B T S
P SR EE A RV A 0E R ks T
R LN 25 F b0 A s i, (5 Oxo 58 455 Ak AL
B S-RURmEE (B 1) AR S e e MRS B2
1o, RSP AR A MR Pk R AT, €33 O B B 0 3 i, i =
TR

R E| BRI 5 H R B 4L Oxo IR =9
KARZ R BE B VAR P A O ~ 1.3 min, i
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