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Bioequivalence of domestic and imported Cefdinir Granule in healthy volunteers

ZHAO Hong-na, LIU Man, WANG Xiao-lin, MA Jing-yi, ZHANG Li-na, LIU Min, ZHANG Dan, TONG Yang,
LIU Hui-chen
Department of Clinical Pharmacology, Aerospace Center Hospital, Beijing 100049, China

Abstract: Objective To develop a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method for the determination of
cefdinir in human plasma and evaluate the bioequivalence of its two granules. Methods A single oral dose of 100 mg cefdinir test and
reference granules were given to 24 healthy male volunteers in a randomized, two-way crossway study. The concentrations of cefdinir
in plasma were determined by LC-MS/MS, and the pharmacokinetic parameters were calculated by WinNonlin 6.3 Software, and the
bioequivalence of the two preparations was evaluated. Results The linear range for determining cefdinir in plasma samples was
10.0 — 2000 ng/mL (» = 0.999 7), with the lower limit of quantification (LLOQ) of 10.0 ng/mL. The intra- and inter-batch relative
standard deviation (RSD) was lower than 6.0%, and relative error (RE) was within + 4.0%. Degradation degree of cefdinir in human
plasma was increased under the room temperature storage with the extension of storage time. The main pharmacokinetic parameters of
test and reference preparations were as follows: AUC,, were (6238.22 + 1993.74) and (6331.35 + 1850.42) ng-h/mL; AUC,_,, were (6
343.68 £2070.73) and (6429.76 £ 1901.33) ng-h/mL; C,.x were (1290 +391) and (1330 + 384) ng/mL; #,,,x were 2.50 (2.00 — 4.50) h
and 2.50 (2.00 — 3.50) h; ¢, were (1.61 £ 0.17) and (1.61 £ 0.17) h, respectively. The geometric mean ratios (GMRs) for AUC,_,,
AUC .o, and Cpox were 97.88% (90% CI, 91.75% — 104.42%), 97.95% (90% CI, 91.76% — 104.56%) and 96.75% (90% CI,
90.43% — 103.52%), respectively. Conclusion The established method is rapid, sensitive, accurate, selective, reliable, and sufficient
for the determination of cefdinir in human plasma, andthe two preparations are bioequivalent.

Key words: Cefdinir Granules; cefdinir; LC-MS/MS; bioequivalence

YimHEA: 2015-05-18

PEZ I BLLER (1987—), o, Wb MAT A, 2500, 2011 fEENETwlIbA 3B 255 &, WHFSE0T ) IR 24 80 2 B 22 %2
Tel: (010)59971773  E-mail: zhaohongna610@163.com

HBEEE ME (1963—), Y, Jbst A, TALLIN, 2005 ML THACBERIC:, RIG L2260, BIFFU5 WA IR 25 1127 ) 25 5))°F o
Tel: (010)59971772  E-mail:: huichenliu@163.com



AR HwH%A  Drugs & Clinic

3% F10H 2015410 A * 1193 -

Skfuih e k5 3 A R AER, HHA
FEBE 20 TN A RIWE AR, 1991 4R 15 IRAE H A i,
1997 444 56 [H £ i 24 WA HE ) (FDAD kIR AR AL
FM, - HAE F ML A BEL L 20 1 40 B 1) 75 e, 3o
HEBRGAEALSS, AR, w5
ZAET P, Sttt JE o % B A R A R AT
TS R B PTBA RS, AR S T 2 B e R A
JE . BERRBEE S, L AR D IR 29 TR
PUBEETER], RSP R - R R E
XF B- P It 1 = A B B A O S e e,
IR BT Z N T NEN AN BREE E/=RE W
PR ERGURAR 18 5 SRS, 0o i 5 sl 5 A
Hh S AR ) LI R 7V AR A R R AR (B -
AN I CHPLC-UV)VEFI A= 1321 HPLC-UV
R RS EAG WEAHEHIR 2. (it
AR RIS TR A e o TE R B
Ptk o T kAUl B 45 25 IR, LR 25k
FEARNE FCAth S AU TR A, BT LIRS 732 1 R RS
BUR . ARSI T POE . R Wi T8
PEoR. EHMELA LC-MS/MS 25, N T 24 444
FESZARE FR IR 100 mg Skt Je ks 32158 41 571
FNZs L) 1 2% Sk kb e il s, IFPPAR T Bl
TR A ) S 5k
1 NEE5RH
1.1 {488

API3200 7! — DU AR AT o R O A . 55
Applied Biosystems 2w 7™ i, BCAT FELIBE 25 25 - AL JH
(ESD LAz Analyst 1.4.2 #dii &b BE% 44 ; Prominence
20A WAHEIE: HA Shimadzu 23w/ 5, A5
CBM-20A #H 4 ¥l 45, LC-20AD % — 04,
DGU-20A3 FUJE S ML, SIL-20A 7 [ BhdkkE 4%,
CTO-20A AUAiE4; SORVALL LEGEND MICRO
17 £ EHEOHL, EH Thermo Fisher Scientific
Sigma 3-18K & =\ End B0 L, 1#[H Sartorius
Stedim Biotech GmbH.,

1.2 AR5

Skttt Je Fivkr (2], RS 50 mg/A¥, A
FIE R 2 A R THE AR, #b'5 311130108);
Skttt e ok (S LEHIR, R4 AR, B
50 mg/4%, HABERZGM TIA T, #t5 025310,
SAELHh e 0 G OB 74 95.6%, I £ 24
K it bedeflt, LS 130502-201002); kI mi%
KRS CAFR, TR 3L 93.2%, A & 25 i

Inc.;

SENTFRRAL, S 130481-200503). FHEE K (i
4fi, Z2[E Thermo Fisher Scientific Inc., fit5 127848;
KAERAK, hEE /KL KLZ-UV 4ikiaithifl
4; RN EEa, 32E Dima Technology Inc., #t
514111 HARRFI A el o E ANk B
TR, HUUR 0 I eI R 24 B s 243
2 HESHR
21 XA
5<% Phenomenex Inc. Security Guard Cartidges
Cig TRY'F (4.0 mmX2.0 mm, 5 pm); HA GL
Sciences Inertsil ODS-SP {4 i 4+ (75 mm X 2.1 mm,
3um); FAIAH: FEE - 0.5% R KE W (30 2 70);
EFRmE: 0.3 mL/min; AdE: 35 C; HkE:
10 pL,
2.2 FRIESM
BRI B TR BT s 5.5k Vs
WAL 500 C; YENAAR T (N JEJJ: 310 kPa;
KAk 2 (Ny) JEHg: 310 kPa; 774k (N K-
138 kPa; 1 &5 7 kil $945 7 Aok 2 8 ) b i
W (MRMD; I TE &A1 N2 miz
396.0 — m/z 227.1 Ck{iHhje) Fl m/z 367.9 —>m/z
106.2 CGkffivdi), f@EfzEmk (DP) 2054 364 32
V, fillfERER (CE) 2054 19, 37 eV; A< (N,)
JEJ7: 34.5kPa; Ql. Q3 73#E#H) ) UNIT.
2.3 ARFIIM R AR R ECH
231 kil eI ICH] R ARk Uk e
o B R, T 10 mmol/L 2 FRAR VTR S ik B
RI75 0.200 mg/mL Sk fth JE il 45
2.3.2 RS IR AECH] 23 Bk e it v
WiE, A MERRE, FHR Skt )g 10.04
30.0. 100. 300. 1000, 1500, 2 000 ng/mL %}
W I .
233 JREEFEARIIECE] BGOSR, A
H IR ARRE, Aol e Skt Je 25.0. 300, 1 600
ng/mL A
2.3.4  FUEEMIIECE] ol S E, 10
mmol/L T4 (pH 3.0) Fike, Mol pk & kit
H1JE 0.250. 3.00. 16.0 pg/mL [ JFRAEIE R -
2.3.5  ShATEIE AR TR ECH] RS IARECK A v
TR S, 10 mmol/L LA (pH 4.25)
WARITFARE, BB 1.00 mg/mL SkH OIS TR . K5
W EBCZERE &, F 10 mmol/L HREL I (pH
3.0 #ke, BTG 10.0 pg/mL kA vE AR
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2.4 MIZHEKRIIE 2,52 ZMEVEEEE 4 5IEL 10.04.30.04 100, 300.

B R FEA 100 puL, KU Sk F 5 72 A AR
10 pL. 10 mmol/L FRRFH WK (pH 3.0) 200 pL,
WU 1 min, A 10% =5 LR 80 L, iR 1
min, 12 000X g &0 10 min. B 150 pL &t
e, 84T LC-MS/MS 23 #7 .
2.5 SFAEWIE
251 LREMRE  EX A I Sk e Xf
HETH IR G AT A B s B2 FUREAS R N Skt v 14
WRE AT A BE ;s (R 3EAT AR B s B LLOQ
FE IR FEREA AT A B B 1 42523808 F 205 R
MM REA AT A B . BCLL_EAE s, #3eaik
Bl WL 1. AT Sk ARt e R P A Sk 5 i 11 £ B
I TR) 23 302920 1.97. 2.10 mino 25 I A ) P9 U5
PE T IASTH S F 1 JE R P b S £ 5 9% 1R 000 5

e IL

C wMM
[t
/\2

0.4 1.2 2.0 2.8

1

0.4 1.2 20 28
t /min

A-0.250 pg/mL kiEHiJE  B-10.0 pg/mL Skflscd  C-Z 1ML
D-10.0 ng/mL LLOQ FEAMIA 10.0 pg/mL bR E-L3EFEA A
10.0 pg/mL WA5  1-kAEHJE  2-3ke sk

A-0.250 pg/mL cefdinir B-10.0 pg/mL cefaclor C-blank serum
D-10.0 ng/mL LLOQ sample added 10.0 pg/mL internal standard
E-sample added 10.0 pg/mL internal standard 1-cefdinir 2-cefaclor

1 K RFRIRAA &R H#E MRM & iEE
Fig. 1 Representative MRM chromatograms of cefdinir

and internal standard cefaclor

1 000+ 1500 2 000 ng/mL =k Hh J& %J B i 5% 100
ul, MKAINPAREH 10 pL. 10 mmol/L FFER ¥ %
W (pH 3.0) 200 pL, ¥t 1 min, JHIA 10% =524
FRYAW 80 uL, W&V 1 min, 12 000X g B0 10 min.
WFEM 150 pL B HEFE P2 T LC-MS/MS 7347 .
DAL 2R A 73 BT 400 (R 30 TR R B B A AR, o3BT
55 YRR TR (1 ELAE R AR b, HTIAL (=1/X)
B ZREAT RIS, RIS E LR,
REMARIE MR . BN At g Sr— S bt £,
FEAS PRI EE 2 MFEA, ESE 3 N Friteix,
4 bR 4 25 5T B A FEE m (1) 5 s vk B 5 PR
SR L 2 AN R % (RE) AL +15%,
BB RS R EL () KT 0.99, HLAd[H]
IHJ5RE R Y=1.42X107 X-3.87X107, r=0.999 7.
gE RN, I Sk i e 1 EVE A 10.0~
2 000 ng/mL.,

2,53 LLOQ M $4& “IMIFEAIALEE” TR,
AR LLOQ FEAS, kI HE 6 MFEAS, 8 3
ik, DAL AR AE i 42 o1 55 LLOQ FEA IR it
FOE, AR e 45 Rt 5L RE {8 #kA RSD 1A
fILIF] RSD fH. AT LLOQ AEA I a2 i ik F 5
WHEIREEN RE HIAHE +20%, T390 5 i
IR SR UK RE HAEE +£20%, H
L ikl RSD HE)/N T 15%. PlbER FER A
10.0 ng/mL, &K 3.50 ng/mL, KRN 1.06
ng/mL.

254 SBT3 lH 6 SRR IE R
M3, 4% “MZEFEAALEL” TR, 152817310
M3 FE TS, A 25.00 300, 1 600 ng/mL Skt
HhyJE T HE TSI AR, DAL IEREAS 21 1 e i
TR LIAH 95 £ R FEE 1) Sk Flu b 6 %) Lt Vv S P e
TR E AR B I AR CREAN SR I 1 Ve i
F3 0 5 A R B A I P S W TR BUARD , TH 5
1fin 25 F A YR TR Sk A0 M JE R P bR Sk P TS T
BN Ao 85 R M3 T NI 6] 25.04 300.04
1 600.0 ng/mL Skffith & fi A A b S 7t Je ) i
FUBN R IR 1o (2% IR PE) O P s Sk f
SIS TNV R TR (105.542.3) %,

255 YOG SRR 4% MR FEAR T AR EE”
TWiefE, AbFE 25.00 300, 1 600 ng/mL kit e i1
QC FEA, AN URIKFEIEI 6 ANMFEA, LT 3
fit, LAIR—HEIARAE I TH . QC FEAM BRI %,
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FRE I 52 45 AT ST e BE RS 3 8, 450 L
K 2. A QC FEANINE BT vk . BRI BT L
(1) RE {H A +15%, AN TEIRE T QC FEA
()P 35 D 5 o ok B S B TR Y RE {3
AN +15%, HALW . #kfal RSD {HIIA KT
15%.

2.5.6 FoEtEiE: B 25.0. 3004 1 600 ng/mL
LUt JE I QC FEAS, RN BT IR LT 3 MEAR,
53 P N2 SR 2 h R AR AL S T H
SR PCE 22 hy —80 C e R %L 3 IKF1-80
CIKGRINE 28 d HsEt:, 4R WAL 3. PFradle

(PR S B R R 1 RE (HIUTE £ 15%
DN

257 PEEUABCRIREG 4% MLIRFEAS IR A2
TP, AbFE 25.0. 300, 1600 ng/mL ks JE xf
WL, BRI BE IR 6 MFEA, DAL
HERELS 20 1 06 THTAR Bk DAVES 65 2% 11 1L 2% 28 b 34/ 73
A 25.0. 300, 1 600 ng/mL kit J& xf B A
BRI UG ERES B I AR, THE I h Sk A
Je ST BRI RDSc A . SkAbL i Jé 4 E R
RN 4, MHFEA bR A v i HE BRI
H (78.1+1.0) %.

*1 ERMHERBER ( Xs, n=18)

Table 1 Results of matrix factor test ( X+s,n= 18)

JREI Y /(ngmL ™) MLIRFEA 3 BT e T A VERREAS 3 M e T AN B HF1%
25.0 471X10°£1.34X 107 4.86X10°+£4.26X 107 96.9+2.7
300.0 6.41X10*+1.53X10° 6.10X 10+9.54 X107 1052+2.5
1 600.0 3.50X10°+1.23%x10* 3.49X10°+1.67X10° 100.3+3.5
R2 OEHBEMBEERRER ( xxs, n=18)
Table 2 Results of precision and accuracy tests ( X£s,n=18)
R Tk H IFKE %5 FI PG 25 W%
R /(ngrmL ") I 5E G /(ng-mL ™) RSD/% I E M/ (ngrmL ™) RSD/%
25.0 24204131 5.4 24.80+1.22 49 -3.2
300.0 300.00+7.83 2.6 298.00+4.32 1.4 0.0
1 600.0 1 638.00+34.6 2.1 1617.00+£37.2 2.3 2.5
%3 BREMRAKER (n=3)
Table 3 Results of stability test (N =3)
. S CE 2 h AbBEJETRCE 22 h —80 ‘C¥h 3 Ik —80 CUKIINE 28d
PR R R — — — —
R ugmL ) &wﬂﬂﬁﬁ;j&fg/ RE% wﬂﬂ)ﬁﬁ;l‘/&fg/ " ;w}lllJ)ﬁEj&E/ RE/% x-‘uﬂﬂﬁiiwfg/ RE%
(pgmL ) (ngmL ) (ngmL ) (ngmL )
25.0 249+1.0 -0.4 237408 -5.3 245403 -1.9 24.8+1.1 -0.8
300.0 295.0£12.0 -1.6 303.0£7.0 0.9 301.0+4.0 0.3 293.0£9.0 -2.2
1 600.0 1627.0+15.0 1.7 1650.0%35.0 3.1 15970120  —-02  1610.0£10.0 0.6
F4 EREKRRKEER ( x£s, n=18)
Table 4 Results of recovery ( X+ s, n=18)
S /(ng'mL ™) $REUG 73 ) e T AR AALH 3 B e T AR FRELERC AR /%
25.0 3.22X10°+2.23X107 471X10°£1.99X 10 68.41+4.6
300.0 424X10°+£1.19X10° 6.05X10*+1.17X 10 70.1+2.8
1 600.0 238X 10°+£4.96X10° 337X 10°+1.08X 10 70.7+2.1
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2.6 EYEYETM

2.6.1 ZZARHEH B WIS RO BE B
F YRR IEAIAL T A ARSI & St , 3k
BT RN B BAC B A HE . 24 iR
RGN B, FR (2412 B, & (1.71+
0.06) m, KFHE (63.1+7.1) kg, 1A EIRH
(2242) kg/m®, IR T B A0 R4S . RHIBENL
BUEM S A S A8 SRR TE, K 2k AN 4Ly
Yo SLRANL A A 2 21, A8 SO 52 a7 5 2 L il 711
(252575 100 mg), JHVEWIN 7 do 2k T
A1 d EEE R R A, R H R R
MR 2RI S Ll . T2 A 25)5 0.5, 1.
1.5, 2. 2.5, 3. 3.5, 4, 45, 5. 5.5, 6. 7. 8.
10, 12h F BB E BKEUL 4 mL, & AT SRR,
4 "CF 3 500 r/min 0> 5 min, HUMYY CHLFEESS 2
R EP BE UKD EH-80 CUKA T RAE
SV

2.6.2 231224 KA LC-MS/MS 7AE 24 4
AR R AZAR 7RI 2 L5701 b Sk ftth )
(PR B, A BT R B Y ULOQ,  WIRH]
TABFEREE, BUMSE 50 uL, HCUCHIATN A i
H 50 pL, % “HMLZRFEARMALEL” TN EAEAR .
PRI 2 B - IR 28 WL 2. RA WinNonlin
6.3 BAF RSy SRR I A R B A B SR,
GRS,

2.6.3  EWERVEVEAY K S IR R 2 L A
(13 Z 2552 50 AUC),» AUC . Fl Conay X 5%
BoJg BEAT 7 2250 B, SRR B ¢ K 5 90%
B DX D)2 VAT AR A0 Wi 1 7] R) 2 75 B A AR A A
PEo S5 EH], AUCo. AUC.-f LT FH %t
i (GMR) 73514 97.88%. 97.95%, J:90%%

2000 - 2 HHH
ol o S
T_] [
2 L
21200 |
g 800 |
R L
g 400 |

0

1M 3% F S 78 3t e B - 14 3 B - B ) gt 2

Fig. 2 Mean plasma concentration — time curves of cefdinir

2

in serum

x5 EEHHFSY
Table 5 Main pharmacokinetic parameters

S8 AL S Z: L)

AUC,, nghmL™ 6238224199374 6331.35+1 850.42
AUC,., nghmL™ 6343.68+2070.73 6429.76+1901.33

Cpax ~ ngmL’! 12904391 13304384
e h 2.50 (2.00~4.50) 2.50 (2.00~3.50)
tn h 1.61+0.17 1.61+0.17

5 X8 2 50k 91.75% ~ 104.42% « 91.76% ~
104.56%, £ 80.00%~125.00%; Cpax ] GMR 4
96.75%, JL 90%EAF X 1124 90.43%~103.52%, 1L
75.00%~133.00%. P IA Ky 52 3651 5 2 L il 771
HAT W00k
3 e

ARG T W52 N i 2% S AR JE i sk
(1) LC-MS/MS %o M IRAEAKE BT T, X TTE 7
A CHEE. LI 10% =58 L) AT T
R, SRR IR UTRE R, (LI e o,
SKALH JE W BB SIS AE AT RIS, AL T
e, sk e iR e, ik, &
ZALFE 10% = A SR BAE A DUE R BFEA, &b
PEOTVETEAE P, i EAY 100 pL, H (g
g T RTI . [R 4F , AR )R AN Tt Sk A kb B TR
WIS ARG SRR RS S, 4 T o BT[],
Sk A6 i JE TN A Sk A v v 1R DR B IS TR] 20 0l 4 A
1.97. 2.10 min,

FyANs AR AT T AL R B, I
b Sttt e 78 RO & S AR S, Rt
DL 3. WA AE T IR Sk ik B 75 2 h WERSE,

60 [

40 [

R/ %

¥+

f

20 |

0 2 4 6 8 10 12 14 16
t/h

B3 miRepk@iteE=nmE R4 TR
Fig. 3 Degradation efficiency of cefdinir in human plasma

at room temperature storage
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FIRTICE 4 h Gk FRARLT 15%, 15 h G B
25 50%. DRI, FRCE R G Sk At e i A A i AR
SEME R K . S8 rp [ 25 58 S At JE i SRR A
FokoKt HcE 6 h 5ol FteE. Bk, ASEE
M REA S B8 i R AR IR B CE T UK ), i
KREARRRBIAE 2 h WoER, AORIE IR AE A Sk 7
Hby B I PRI

AL SE R TR S E R W], LC-
MS/MS ¥EVEDHE . R A, AER . LBk, EHLE
if, TSRS Sk kb e R S I, AT
I FH T3k Ah0 s Je 1R R A A4 24 80 25 R AR A vk
(FIAFF 5T o
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