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(ME] B 2 B RS E R DU R A 6 B 4k 25 32 (PPK) R, 36 0F 55 7 Tl A 20 IR 3 % = B XA
HHESRWHBW. Ak 20 ZPEGRIAE(BEI A ZWHI L) ANRE T HUMERE) 1 000 mg, R ZKXE
FRZ55 0 ~24 h MAEARAS 3 7 WM €0 3 - I8/ 5 3% (LC-MS/MS) J7 3k i XE A i 3% = FF RUMK W& 152, SR AR 4R P 1R & 20 R HE Y
(NONMEM) 2 37 B XUIRA B (R 25 B 2 (PPKO BB SR AR IR R WA g2 . &R WO 5
B BEBE ERE(CL/F) HER(VUF)MBBGEEF B K, 7r#0(95.8 = 7.46) L/h (553 = 45.9) L K (0.59
+ 0.070)/ h, FIAKEN CL/F R VA/F Fith i, EER S FHHE(P <0.05), £t NONMEM 3%l UHF =B MALZ
BEMR, B EXN P UIEREFERER W,

(R&iA] W UGB ZE 3 % s AR il BB K A
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[ Abstract]

evaluate the effect of different physiological factors on pharmacokinetic parameters of metformin. Methods

Objective To establish a population pharmacokinetic { PPK) model of metformin in healthy Chinese subjects, and
A single dose, open label
PK study was designed to assess the pharmacokinetics of metformin in healthy Chinese subjects (11 male and 9 female subjects). After
1 000 mg single dose of metformin sustained release tablets being taken, 0 ~24 h blood samples of each subject were collected. Con-
centration of plasma metformin was measured by the LC-MS/MS method. Non-compartment analysis was carried out through Winonlin
5.01 software. A PPK model in healthy Chinese subjects was established by using NONMEM. The effects of hody weight and other
physiological factors on metformin pharmacokinetics were assessed. Results One-compartment model with first-order absorption was
the best for the PPK of metformin and the CL/F, Vd/F and Ka were (95.8 £+7.46) L/h, (553 £45.9) L, and (0.596 +0.070)/h,
respectively. It was proved that, the simulation of model improved significantly ( P <0.05) when body weight was used as the covariate
of CL/F and Vd/F. Conclusion The PPK method could be used in the metformin pharmacokinetic study and body weight had statisti-
cally significant effect on the clearance of metformin.

[ Key words] metformin; population pharmacokinetics ( PPK); LC-MS/MS

— H UK ( metformin) Jg I R — £ FEBE 25 497,
AT 3 ANAL AR RS R S R A USRI RSN R A A B
FEE R, 10 1 FF 8 G R A2 70 B 38 X ) R R R
B, ATHRARBHEHM AW ER 2 B RW
(T2DM) B & , LHERREHAFE SR RMEE,
“HOMARAEEOEER, EARABERE
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MBS R B R RREE
(IDF) %l & 89 T2DM £ R K HEE N — KR
THY ., CABTEA, Z T XU ZE & M %R
3,2 h RVAR K B 0 25 0 Wk BE L AR R R 50%
~60% , I B LAIFE 22 B I HE 451, it 3 3% BR
(L) RARER, R, BRZKOREH,
MBWREEHBERY . W TREAGLLMERE
ROMET T & B — UM & A, Bk A i 1000
mg 54 3.4 h BUAMAWEIEE 1.59 mg/L, LU
MR WAL B L 41K 0. 6 mg/L, AR YR
B AUCHE) S -H UM A HiE, 88 —K
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LT _WHWMEREA 1000 mg, BLEMRMT7 4,73
d XBIREMGKRE,,, h6~7h, Bilt,EBH
AR — 3 Z B W& R R BD AT LAk B3R 97 3
BT BETIRER, —HUMERK %L
BEFE—E MM EEZES, HEE XA EEZE S8
A E BT A L. B K230 % (population
pharmacokinetic, PPK ) ¥t 2 #2552 5 G it = #H i
HEG EBEBMNTATESHNANEE LR
N BETR IRARKEEBERNEINZ S
FEm ', KA PPK T B R P WAL
Rt TR o E OB P RBT 5T R
WARIE . ABFFTAE P E R AR 2 S H U
ZRAHPPK R, FFRITH 0 Z B UM E R R
HEEWHEREER.

1 FE5AEH

1.1 & 6410 BEBRAH= B W RAT &% Big
CEMTR GRS N 88 VWD, B gh gt
5 ESI B % 3 & F ¥8 . Masshunter Workstation T {E
¥4, Agilent 22 7] ) , G-560E E! 1% & 2E ¥ 8% ( Scientific
Industries /A &) ), WSZ-100A FI$2 5K ( b # — 5B} 3
XA F R A7) ,5417R KR & .0 #l ( Eppendorf 24
7),3K18 B = i & .0 HL ( Sigma A A ), Arium 611
R4l 7K 4% ( Sartorius 22 H) ) , AA-200 43 %7 K F ( Den-
ever Instrument 23] ) , Forma-86C i & vk 48 ( Thermo
A1) ,Siemens-BCD-254 ¥K %5 ( Siemens 22 H] ) o

1.2 X% 8" B XUIARE &, 4L 100% , #it
5 100664200602 ( H [ 24 & A= Pyl Sk 4 RE BT ) 5 F
EREmEN, HE 7% (LBO R ); FEE,
HPLC 4fi, #it 5 013680 ( Merck 4 H) ); Z g, HPLC
#i,3t S H4BAIH ( Burdick & Jackson 24 ®]) ; Ff R,
HPLC #f, & B R 96% , #t 5 511065 (Tedia 42y #] ) ;
A MK ( FEH MR ORME) .

2 HFEEER

2.1 2#EF FHMRE-WMARBKAEYL B
AR, FAZE 20 flh ERBEEEE, KB4 11
B(55.0% ), & 9 B (45.0% ), ZXEFEH N
(23.5+0.6)%, BB H(169 £5.7)cm, K&K
(62.1+7.0) kg, BMI % (21.74 1.66) kg/m’, #F
RARELBLBREEXGEHBRSERRES
R, ZIXEHEEZAENERESN,

2.2 #ARE HAEZRAEFETAREIG—B AL
EERIBBAFRFE(ZEREI0h),KEHHE
L8 ut, EsERETHIBEFK 240 ml BRER_H
WK A 1 000 mg(500 mg/ i, EMF(GIHZS , %

mk R, fit 5 100664-200602) , ARZ5RI(0 h) MARE G
0.5.1.1.52.2.534.5.6.8.10,12.24 h i3 piE
HIREESESRENBEKIML 4 nl, 535 E F ED-
TA(ZZHMEZB)ENROLEHRTES,ET
7K 15 min {8 FIGIR 25 Lo WL BS L (765 g) 10 min f5
B, F -70 CRKEEHEFERW,

BEAMRARZAEZE - HERHER K8 H
hEYS5HY.

2.3 kAEE -~ JHik/ ik k (HPLC-MS/MS) @ &
R PP MR E KA Angilent 6410 = &N
FAF LC/MS/MS, ESI R IEE F A mill, A
AN LRI (MRM) . Z B SUAK: (m/z 130 [ M
+H] " —60) ;NI AP : (m/z2243 [M+H]"
—210) , Bi%&M R Zorbax C A% (2.1 mm x
100 mm x3.5 pm); FENHH: ZHE-K (60: 40, FF
0.02% P E) , & 0.30 ml/min, - iE 30 €, MK
0.2 ml, HEMANGFAZET (1 png/ml)20
wl FEEEKRIURZIE 0.6 ml, IR | min, B TEHHE
BOHLE 15 493g B0 5 min FE EVER 10 pl 4
Bro Mligs R B R — R XUIK Ml 3K ¥ 7€ 5 ~ 2 000
ng/ml {EE AN, &M R F. REREWKZE 0.3% ~
100. 0% , 3£ BRI 86. 8% ~96.0% . it ¥g & &
H4.4% ~8.1% HEEHER6.7% ~8.1% , A
R 87.7% ~102.0% ,

2.4 HHFEHML

2.4.1 FEFE=EHE R H WinNonlin 5. 01 & 4
(Pharsight Co. ), IE B EHE BT E R NMER
FHEBEHH%ESH, Kb o, M C, RBLRE
WA ; K, #4514 R AH 1M 25 VK BE B3 R H B
BT t,,, =0.693/K,; AUC, IR B3t &
AUC,_ 48 AUC,_ +C /K, ANKiHE;CL/F 12
/s 3 Dose/ AUC, . . T E ;A MEM Vd/F REFE AR
CL/K, it H,

20 REEERRDOR P UMER R
1000 mg 5 FEAHFESRME i, BAERF
EEHEBAAHESHE LMRENGE REE
(RFE2). BLZRAERANESPHRRITH¥E
F(P>0.05), sn— 4, —HXMERRK CL/F
R Vd/F 5ZREKRE BEHBEMX(P<0.05),
FEREE(7) 4 5% 0.305.0.374 # 0. 170 .0. 219
(RE1),

2.4.2 PPK f#£#

2.4.2.1 HEEFEHMER RFRIEMAKREREER
IE 5 1 25 vk B AT X 8% k. L NONMEM
%k {4 ( Version 6, GloboMax, Hanover, MD) # 7 B &
BRI G, i 25 9 B S o B I e s N E R,
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k1 BEEEEOR_BUNERFEDHESH(2+5 ,0n=20)
e Bt pigss it
C,ux (ng/ml) 1 627 +640 2 003 £446 1 796 + 580
Loax (B) 3.59+0.83 3.83+1.22 3.70£1.01
AUC, _,(h * ng/ml) 10 909 +4 691 12 406 1 486 11583 +3 619
AUC,__ (h + ng/ml) 11 303 £4 799 12 848 +1 571 11998 £3 712
K. (/h) 0.147 8 £0.036 8 0.1405£0.027 1 0.144 £0.032
t,2(h) 5.031.60 5.15£1.30 5.00+1.43
Vy/F (L) 783 +496 584 + 151 694 + 386
CL/F (L/h) 107 £49 7911 94 +39
®2 —_HNNEBERAIESH
Tk ¥ C s (ng/ml) Loa (B) t,,(h) AUC,_ [ (ng- h)/ml] AUC,_, [ (ng- h)/ml] & rlik
20 1 500 +£220 3.38 +0.63 4.94 +0.47 11 950 +2 620 12 490 +2 680 13
20 1893.3 £533.8 3.6+0.7 6.2+1.7 12 583 +4 030 13 230 £4 175 14
20 1185.75+318.9 3.80+1.01 5.79 +3.05 8 724 £3 203 9632 +£3 797 15
20 1 600 =300 4.7+0. 9 4.04 £1.16 12 130 £ 1 850 12 350 +890 16
20 1610 £370 3.1x0.6 5.1+1.9 11 080 +2 880 11 690 £2 920 17
24 1 880 £430 3.79+0.42 5.49 £0.63 13 180 £2 760 13 850 £2 950 18
20 1 893 £534 3.6+0.7 6.2+1.7 12 583 +4 030.2 13 230 +4 175 19
20 1796 +580 3.70 £1.01 5.09+1.43 il 583 £3 619 11998 +3 712 AR5
16 : g = to .o g ¢
= 2 y :.'mw\,w. 671 Z‘é y = 8.099 4x+52.391 7 S y :«r,.: 5x-250.95 Z“ 3 y =7.837 2x-770.14
2 R'=0.305 1 R'=0374 1 2 R'=0.170 | [I R=02189
(-il() 45 5055 60 65 70 75 80 (—’W 4550 55 60 65 70 75 80 (l/-l() 150 160 170 180 190 140 150 160 170 180 190
fAE (kg) fAd (kg) i (em) B (em)

Bl #ERREEEGERSESS_PARNMANESNEXE

F B — %% 5 {418 B ¥ (first-order conditional es-
timation, FOCE) # 7RIl &, RIBEBIR R HE
( objective function value,OFV) ‘Zﬁzjji AL E
BRHEARE R EFREHEL, NONMEM RERAT
BB/ _ i (extended least square, ELS) ,ELS 5
e AL SR B ( maximum likelihood , ML) — %% ,OFV &5
BRMUAE -21gL,, BRI, Bl #TREER,
21gL, IR 2 534 . OFV /b, BRI A 55 R
BitE. Bayes ERMBE M RIFIENRREREMN
BHEEE,
2.4.2.2 FEOLNIKEE!  FE YL R BN E AN
EEFHNEATER (XFRE). RABIRE

HRAEEER P = TV(Pi) xeni , HH,Pi R
AR BE S, TV(P) R ESRABE
FLRUE ,mi & Pi MXFF TV(P) BRI ZE S, IR
HWEKO0, FER O WEEN .

HFHYEEC MR, RAFEEXAM
AR, Bl InCobs = InCpred + £, H 1, Cobs
M ZGHERE LI (E , Cpred HEB TP E, ¢ HRIR

E.RAHEHXRO, FEN o WIESHi,
2423 hER BREEFIMMHOAD¥(ERG
YR R R E R ERE, MALBT R R R R
AREM B HE TN . X FIEMESEH TR
HSE TV(P) MW, AREE LT A NEEHFTIF

TV(P) =6P x (covariate)

TV(P) =0P + 0C x ( covariate)

TV(P) = 9P x e ( covariate X 0c)

TV(P) =0P x ( covariate/means of covariate ) fc

MHENBTHEREE, AFRESEM R
FARRME, P B R0, Ny 1, 350 5 1% B8
T REGE R R

TV(P) = 0P +9C x ( covariate)

TV(P) =98P x e (covariate X 8¢ )

TV(P) =8P x @covariate

Hreh TV(P) ARFAMRIE, 0P RIES BB
A THE , 0c RAEHEBMTTEKE T

182 M AT AL 2 B (forward inclusion ) 5 [\ 5 B B&
5 (backward elimination ) 3R {8 & MR, B{RIE
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HirsE S E T (AOFV) , EBEHKEHN a =
0.05, H i & df =1,AOFV Ji/h Kk F 3. 84 By R X125
BESPYRBEY WM ER, BIRMAZERBER,
MAFMAXNERHAREBEX MY EE , KEGLER
IS4 (full regression model) ., TR MG MK,
AP EERERREN O FEITHE, ERE
HEKFEH a=0.01, HHE df =1, AOFV i KF
6. 64 HVERVENXTSHE BEEL W, R B EEE
FONTRGRAE KR, MEAHFESHER
{8 FAn 2@ i Bayes G E .
SRIEAFSEWEN(—FR_FHEE, LR

AEFEHENE) , RESHRBE-RREHN—=F
WAL, T _HNUMERR AOREH, KA EY
FIRE(F) REERGE, DL EREESTERE
ARKCL/F R VA/F, BaiER G CL/F & Vd/F 53
B %(95.8 + 7.46) L/h (553 + 45.9)L, RuE=R
B K, 5(0.59% + 0.070)/h, 2HEUET AFE4
BRE(SEFR KE. S8 EH UAFFRZE
(clearance of creatinine, CL) Xf — AL Z5 ¥ 2 ¥
RIS, R BLE S AR ARSI AKEER CL/F K
Vd/F a8 . OFV T4 RIK 6.8 F17.1(P<
0.05), BAHMESTHIWEI Fin.

R HERREEEOR_PNMERRREAHFESY

BEARR RAKE
— — Bootstrap i
(R F I E (FRAEIR) 95% ] {5 KX |8
Z8(6)
CL/F(01) (L/h) 95.8 (7.46) 59.9 (8.95) 56.0 ~63.8 61.0(3.74)
Vd/F(82) (L) 553 (45.9) 339 (49.7) 317 ~ 361 349(21.7)
K,(83) (1/h) 0.596 (0.070) 0.599 (0.070) 0.57 ~0.63 0.636(0.060)
(64) — 0.617 (0.20) 0.53~0.70 0.652(0.136)
(85) — 3.69 (1.06) 3.23~4.15 3.82(0.71)
TMEEER( m)
nCL, % 26.8 (19.0) 23.3 (17.3) 15.7 ~30.9 25.0 (4.1)
nVd, % 21.2 (18.6) 16.0 (17.3) 8.42 ~23.6 18.3 (5.6)
nKk,. % 36.9 (21.0) 34.0 (20.8) 24.9 ~43.1 31.5 (6.2)
RE (e)
e, % 41.7 (16.9) 37.7 (16.4) 30.5~44.9 37.9 (2.7)

T 0-BUEBN (3 ES WM BRE) : n-BEOLERN (MEEER ) e

2.4.2.4 HMAERBRE HTHREEREF_FIN
MER R BERFAHLHENER, B TRIEHERR,
MABEHALBHHERR , FAHRTHANZIK
FREBB /. BHHK R FAEE Y EE (data split-
ting) MR A T W &I IE % 89 3E 2 B Bootstrap ¥
ERAEEMREE 5 EE#TRIE. Bootstrap
HBREEHBENERE RHEH AR (random resampling )
A KB B BAE$HE , A B 5 H 3 S B Bootstrap 7%
PEYLE ERH 400 K, RERLERTES -AK
R PPK S8, B X PPK S5 M FHE 54x

rot

¥ I=1

PRED(ng/ml)

OO

#EiR 5 NONMEN # A5 HE IR, F MR R R E
o

FRRABAE S LM E AR R TN
YR B AR A SR S B 8] 5 A B iR 2 (WRES) Z [H]
T B fhe 4T 5 2 0k BE 0 T 22 7E OE £ 2 1% A
EZG)ZHERBNARRT. FHBRMEEN
37.7% (95% C1:30.5% ~44.9% ) (lWE2), B
FEHWERRBOAR LS LTNERFTREFN—
Bt 400 1K Bootstrap IR G HRARBEH/ER
—H(F£3),

0 5 10 15 20 25 30 35 0D 35
A B

0 5 10 1s 20 25 30
D

B2 20uRtESEE-PRNMBKAHZHMEUARE

A-RE {k B e JE ( PRED) & SCil K BE ( Cone) B~ & HI I ¥ BE ( IPRE ) 55 3K J 7 £ ( Cone) s
C-AUE [ 118 22 (WRES) 55 B & 1 ¥ J& ( PRED) ; D-BU & 5 iR % ( WRES) 5],
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AR5 K FIEFH ZERF PPK AL E
BREEERAATEEBR P UMERR N

23 I 25 F — B UK 500 mg, 4 i 4 4 F B
YR 50% ~60% , EHAR N HERFTERELH:
B S TR — B LA 500 ~ 2 500 mg, W i B9 25 & 3F
7R Bt A0 A 8 0 T AR B S T AR B9 XL
MERHANWGNEFRREB ALY ERMETR,
ZREENERBUEZRE AR ERE S HIE
BERER KBNFEFELHFSHEE 0l
C,..AUC,_#1 AUC,_ %, Hi{&KEXF — XK &
BRE R AR SR AR T IR XL
5@ 7] 1 000 mg J5 ¢, K (1.61 £0.32) h, i
C...n (2340 £300) ng /ml, H 7= B XK 2% 58 41 7] 2§
FEHAS, 44 (3.20 £0.38) h,12 h 5 90% iEK, H
WHERET R ZUWAA, I B M KRERKIHEK,
AMRER, ZHWMERFH C,.. 8 (1 796 +580)
ng/ml, bt Ak P 3 58 A B E K, ., M,
(3.70 £1.01) F1(5.09 +1.43) h, 4> 540 24 F %8 )
FIE 2.3 A 1.6 45, L35 @ il 7l B FE K, /T LUK
31198 5% 25 49y WSk VAU AR AU ot 25 3 1R e Bh M 9 LB

PPK (1) 55 K4 55 R I 4 2 SR 3 R 245 3h 2 1t
BB BB E R AN AR BE RN ah¥d
BRI, PPK ik B FFictE, il L0 R [E 5k 15 i
BRGAE—RET N, T EEEE MR EMB |
BEEMK EROUBTRE, PPKHS —-IEEMR
T2 VT LAFI P A% B0 3008, 72 SE PR AR 55 R AT 45 6 I B
FM BERAERAEAGYNMRTE, RIEEE
BAUEERER AR UN-NEEZIRE, —
AT EUZRERE2 -4 R, BRFEEREE
WP EERF A TESARRAN, BE
TR S B BRA B 25 VK BN ] ESS B T
Ve ISR KRBT 5 I M B B A R 5 b
WRESR A LARE A B R AR I B8 S 2B, i — 5
GiamAKEIE, BRTERWRA PPK JriE s —H
MARERE R AT s %05 B AN ABRERS
FBEM BN T ZHE R R 0y PPK K8, 3
BT AR AERE RN Az ELROE R,

AHRABR, _RUMEBRRFAH%EHFE—F
BERY 3R A Bayesain SR AT UM E 18 5] 20 AL 23K
F_RWMERR G R EEE RN (0,611 =
0.154)/h, R S XMMEFE —EER, HIEH
AREEHTAYNRESIERBEAIE R, THEZR
MK, ZREZHEREZ 0 WA, B FHEH

WA R AR B PR, 13 RS YRR B o X, £
FERR T AR MR GRR, & BN 05 S AR
— RPN E S, RECH PR, ZF IR
SmEBALS, TRSEATERT KNS
e, BHEENERKTEESE, VL REKEHN
10 ~100 %5, % FF BN EEANMEIRER 2
&%, R8I = B BKAT A4 38 A ZLIE T,
BEEBKMDGER, BB UNEHEBE, &
P P9 R 2 5 REEARGBS , T LA DR T PR T e, AR
BERIR#E, RIFEMRIE Bayesian i G5 20 (L ZIRHE
) CL/F #1 Vd/F 4335 (99.4 + 27.6) L/h I
(557 = 91) LRAFHEHEBKBTHIEMNGSR
(94.2 + 39.3) L/h F1(693 + 386) L.

BH L HIRAL T K E S ERE R DT
B _HBRMER EBHHESHMEH, SR
RMAEREZLW CL/F X Vd/F, 5l AKEF,
OFV 45 FM T 6.8 #7.1,1i CL/F % Vd/F 4
R[] 28 543 5 AN 26. 8% F0121.2% T (&K 23.8% F
16.0% ,MimET MM 41.7% T KR 37.7% , &
HEWIN 1 kg, CL/F 5840 0.617 L/h, Vd/F 30
3.69 L, BHMRMER: BT P MM EELE
ENEREHER, B EXN AR FEEE
AR R R EEE, & BSR4
FEFHEME/N, FENEYER, Bt R RANEHE
BEMRENNEMREN A RMER %S
B m,

IERAD AR — B WAL PPK A B 1 5
il b, LA g 89 A R R He AR, B L PK-PD
BRI Z B UMK R i 4 A AL, 3o 25 4 A BELL
BREHMFAERAEREENENL ", EARF
FETEN MERIEER B, 73— 5] Al R R
B B B 2 TR B K i %E S A R AR R
Bayesian {5t 55 TN S8 8 0 AL 2 B 22 A%
BECAEHMR R OISR AR5 R %R
A B,

€ 49

[1] Krentz AJ,Bailey CJ. Oral antidiabetic agents: current role in type
2 diabetes mellitus[ J]. Drugs ,2005,65(3) :385.

[2] Johansen K. Efficacy of metformin in the treatment of NIDDM,
mea-analysis[ ]]. Diabetes care,1999;22(1) ;33.

[3] Wildasin EM,Skaar D], Kirchain WR et al. Metformin, apromis-
ing oral antihyperglycemic for the treatment of noninsulin-depend-
ent diabetes mellitus[ J]. J Pharmacother, 1997 17(1) :62.

[4] Graham GG,Punt J, Arora M, et al. Clinical pharmacokinetics of
metformin[ J]. Clin Pharmacokinet,2011,50(2) :81.

(TF4% 346 W)



346

20349 A2 HE3 HESH

Journal of Pharmaceutical Practice,Vol.31, No.5,September 25,2013

I B FF R E AT R
(&%)

[1]

(2]

(3]

(4]

Reynolds A, Hamilton-Miller J, Brumfitt W. Newer aminoglyco-
sides-amikacin and tobramycin: An in vitro comparison with ka-
namycin and gentamicin[ J]. Brit Med J,1974,3(5934) .778.
Murillo-Cuesta S, Contreras J, Cediel R, et al. Comparison of dif-
ferent aminoglycoside antibiotic treatments to refine ototoxicity
studies in adult mice[ J]. Lab Anim-uk,2010,44(2) :124.
Peloquin CA,Berning SE, Nitta AT, et al. Aminoglycoside toxici-
ty:daily versus thrice-weekly dosing for treatment of mycobacteri-
al diseases[ J]. Clin Infect Dis,2004 ,38(11) :1538.

Penha FM, Rodrigues EB,Maia M et al. Retinal and ocular toxic-
ity in ocular application of drugs and chemicals-part II; retinal
Toxicity of current and new drugs[ J]. Ophthalmic Res,2010,44
(4):205.

[5]

(6]

7]

(8]

[9]
[10]

Ovalles JF, Brunetto MR, Gallignani M. A new method for the a-
nalysis of amikacin using 6-aminoquinolyl-N-hydroxysuccinimidyl
carbamate ( AQC) derivatization and high-performance liquid
chromatography with UV-detection[ J]. J] Pharmaceut. Biomed. ,
2005,39(1) :294.
F H.0N K EEREY ETALENERRMARE
WR R EEIREE R B 4E.2012,32(2) .
318.
e, BEE,BILT. HRAKFESRRA XYIN
HPLC-ELSD il [1]. o B B 7§ Tk ¢ & ,2005,35(3) :171.
EHH HEH, &M MMM X FREB A XYY
HPLC 34387 [ J]. H E B4 # 47,2001 ,26(5) :345.
British Pharmacopoeia. 2010 Volume M [S].2010.
FEZGH 2010 IR —FF[S]. 2010.984.
{ Y3 B 9 12012-12-17
{ 4@ H 15120130408

(E#%F 342 1)

[5]

[6]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Jabbour S, Ziring B. Advantages of extended-release metformin in
patients with type 2 diabetes mellitus[ J ]. Posigrad Med, 2011,
123(1) :15.

Schwartz SL,Gordi T,Hou E, et al. Clinical development of met-
formin extendedrelease tablets for type 2 diabetes: an overview.
Expert Opin Drug Metab Toxicol[ J].2008,4(9) :1235.

Cullen E, Liao J, Lukacska P, et al. Pharmacokinetics and dose
proportionality of extended-release metformin following adminis-
tration of 1 000,1 500,2 000 and 2 500 mg in healthy volunteers
[J]. Biopharm Drug Dispos,2004,25(6) :261.

Sheiner LB, Rosenberg B, Marathe VV. Estimation of population
characteristies of pharmacokinetic parameters from routine clinical
data[ J]. ] Pharmacokinet Biopharm,1977,5(5) :445.

Vozeh S, Steimer JL, Rowland M, et al. The use of population
pharmacokinetics in drug development[ J]. Clin Pharmacokinet,
1996,30(2) .81.

Aarons L., Balant LP, Mentré F, et al. Population approaches in
drug development. Report on an expert meeting to discuss popu-
lation pharmacokinetic/pharmacodynamic software [ J]. Eur J
Clin Pharmacol, 1994 ;46 (5) .389.

Hong Y, Rohatagi S, Habtemariam B, et al. Population exposurere-
sponse modeling of metformin in patients with type 2 diabetes
mellitus{ J1.J Clin Pharmacol 2008 ,48 (6) :696.

Charles B, Norris R, Xiao X, et al. Population pharmacokinetics of
metformin in late pregnancy[J]. Ther Drug Monit,2006,28(1) :67.
GHEZ . XRE. 8 K S _PUMERFABERHN
FERHEMMEYMABE[I]. IR % 516 K 85,2006, 14
(2):72.

% B HETIER.E EFER_FUMERFOA
HHSE R AN EY R AE(T]. & E 2% E,2005,14
(2):197.

BRI, B ZEAN. 5 EM_BUANERAMNHRE
NEREMEYFHAEFE)]. BALH ¥ % E,2007,22
(5):227.

BRI MEE,E S5 RM_FUNERA AKX

(17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

EMFAEREARDAEHRI]. E-EEKRFFNR,
2005,27(21) .2148.
B WK% HLE RO BUMERS AR
HNFEMEEDFRMEHR)] BEREMNREER -84
BL2ERR ,2007,27(9) :920.
¥ OE.BEE.E HEFRBR_WOURERRATHN
EREMEMMETR]. Eh B REZIR . E¥ T, 2007,
36(4):517.
BHE. KFEE RS LBR_WUMEREF SESIE
WRMAAFLBERENISMRERRI]. T REGEES
# ,2005,21(3) ;284.
Proctor WR, Bourdet DL, Thakker DR. Mechanisms underlying
saturable intestinal absorption of metformin[ J]. Drug Metab Dis-
pos,2008,36(8) :1650.
Robert F,Fendri S,Hary L,et al. Kinetics of plasma and erythro-
cyte metformin after acute administration in healthy subjects[J].
Diabetes Metah,2003,29(3) :279.
Briggs GG, Ambrose PJ, Nageotte MP et al. Excretion of metform-
in into breast milk and the effect on nursing infants[ J]. Obstet
Gynecol ,2005,105(6) :1437.
Pillans PI,Landsberg PG, Fleming AM , et al. Evaluation of dosage
adjustment in patients with renal impairment[)]. Intern Med J,
2003,33(1-2); 10.
Stepensky D, Friecdman M, Raz I, et al. Pharmacokinetic-pharma-
codynamic analysis of the glucose-lowering effect of metformin in
diabetic rats reveals first-pass pharmacodynamic effect[ J]. Drug
Metab Dispos,2002,30(8) :861.
Lee SH, Kwon KI. Pharmacokinetic-pharmacodynamic modeling
for the relationship between glucose-lowering effect and plasma
concentration of metformin in volunteers[ J ]. Arch Pharm Res,
2004,27(7) .806.
Sun L,Kwok E,Gopaluni B,et al. Pharmacokinetic-pharmacody-
namic modeling of metformin for the treatment of type Il diabetes
mellitus[ J]. Open Biomed Eng J,2011,5,1.
[ W78 B #312012-12-17
[ &5 B#3]2013-04-08



