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Abstract: Objective To determine the biopharmaceutics classification system (BCS) of zopiclone and compare the key
physicochemical characteristics of the original and generic drug materials. Methods The intrinsic dissolution rates of zopiclone in
pH 6.8 and pH 7.4 phosphate buffer were measured; The crystal form of zopiclone was investigated by differential scanning
calorimetry (DSC) and X-ray powder diffraction (XRD); The equilibrium solubility and apparent oil-water partition coefficient of
zopiclone in different pH media were determined by high performance liquid chromatography (HPLC); Parallel artificial membrane
permeability model (PAMPA) and Caco-2 cell model were used to investigate the effective permeability of zopiclone. The BCS of
zopiclone was preliminarily determined, and the differences of raw materials between original research and imitation enterprises
were investigated. Results The crystal form of zopiclone from original research and imitation enterprises was the same crystal form,
which was an anhydrous noncentrosymmetric orthorhombic compound formed by enantiomer; Zopiclone had the highest solubility
in acid medium, which was a high solubility drug. The results of apparent oil-water partition coefficient showed that zopiclone had
almost no absorption in the stomach, and there were different degrees of absorption in different intestinal segments. Both Pampa and

Caco-2 cell models showed that zopiclone was a highly permeable drug. P-gp transporter was involved in the intestinal transport
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process of zopiclone. There was no significant difference in the intrinsic dissolution rate, crystal form, solubility, apparent oil-water

partition coefficient and effective permeability between the original and generic drug materials, although there were obvious

differences in the synthesis process. Conclusion Zopiclone is classified into class I in the BCS. By comparing the key parameters of

the original and generic drug materials, the data support can be provided for the in vitro dissolution behavior evaluation and in vitro

and in vivo correlation research of zopiclone tablets.

Key words: zopiclone; physicochemical properties; biopharmaceutics classification system; generic drug consistency evaluation;

solubility; permeability; parallel artificial membrane permeability model (PAMPA); Caco-2 cell model

W2y A #4922 R 4 (biopharmaceutics
classification system, BCS) /& #& - 25 ¥ 7 /K b 19 %
fifk 2 0 gy B 05 3 e 00 0k 25 W kAT R A 0 R Ak
B TN 250k A SRR SN B B AR AR L AR 2
B R A7 ) 25 4 W HR AR AR = 25RO R AR B DL R
TR 2 VRN S T T A A N . H TR
R 22 1) M LA L 24 il BT R R R A R A R 2
T BCS By ME &, b 56 [H £ 25 M B
J5 (FDAD 5 T A 20 23 CWHOD il RR G 24 ity 87 2
JRi (EMAD A AT B % T BCS 70 145 5 Ji7 ) B B AL
R o B E AR ] 25— B VRO AR R R AT
CNAA A 25 20 6 36 e i 3 L D )t 2 ik T 245
VI BCS 73 JH2 &, EORAE G sl b A2
P (bioequivalence, BE) B #2259 1) BCS 15 & o

12 UG 78 B (zopiclone) /& 1987 4F LT [ 88 — />
FER TR KRB IR 245, B B PUER R PN
AR AN UL PR st A 5 S B R P Il S5 5 = A B A M R
YRR BT LAY H s A, T 1989
EAEE N L. H A E L R O g N
WM FE R H . £ WHO. % B B 7 )L E RS
N R & BFFE T (NICHD) Fl FDA T A 4 1) #4324
YIBCS 73 K45 R B R U B e DL s g™ fEJE T
LGk A B EY SN R R
4 (biopharmaceutics drug disposition classification
system, BDDCS) /1 , 12 UL v & DL A2 A5 e UG v [ 4% 15
HE 1, RISV R A I 25 . X B AR
WEH SRR G T HETEMAR, TR &S
A 7r 285 F o AN [R] WL X 9 2 1A R0
WK B G "o DR 0 X 2 UG 5 B 1 V45 i
PR i BE V25 M BEAT BIE AT, WA 3L BCS 7338, I
P 25— SR A TARSR LK -

AR TS 0 K F T DA 24 400 i B 0% 3 A 1
P B A ST —— 47 N B M 07 A
2  (parallel artificial membrane permeability assay
PAMPA) FiI A 45 % 9 4 i ( Caco-2) 5L 400 i )23 1 41 15
FRRLY, 2 SR UL T (A RS &, IR 45 & TR
FE WA T LR BRI 3R W oK 2 i R

#( (apparent oil-water distribution coefficient, P, )

appow

XL P A, 2 R 45 2R, A DT 5 B 1 BCS 43 2Kk AT
VI e o 38 I b R 5 4 ) £l 72 T 7 B iR
H [ A R R A R 2 S i
TF A5 1) 25 1A A0 AT S PEAD R4 N A0 R G 1
TP BEHHE SCHRF
1 #e
1.1 FEUEE

XS8205DU HL T 43 #1 K P (Mettler Toledo 2 7D 5
S220-B [ & i} (Mettler Toledo 2 7] ) ; SB25-12D ##
FE WS AL CTBOR Z AR A B IR A 7DD 5125
15 A U 2 0 HL (Beckman Coulter A &] ) 3 HZQ-
F160-4x 4R % 3 772 48 G M HOLGER AR A FD s &
RO AR B A 2 FEAR B A R A A, Agilent
1260) ; FODT-101G S £F [ 4 ¥ th 2 55 B il s X ¢ |
= B M A B A 7)) s DSC 214 Polyma %
7~ 39 4 B U (4 E NETZSCH A 7)) ; SmartLab
OKW X 5 2B AT S A ( H A HE 22 0 7] ) 5 pFlux™ 24 24
W15 3% PRI 2 4% (2 [E Pion Inc. A ) ;3144 CO, 1%
F£ 48 (Thermo 2~ 7] ) ; Plus384 fiff #51% (Spectra /A ] )
18] B A 2 B3 (H A Nikon /A ) ;1389 A2 A=) %
4> #6 (Thermo A 71 ; 22 Foiki 11 H 7 #7144 (Beckman
Coulter A7)
1.2 AR FEZERF

M2 DG g e %sf FEL i (HEE 5 100870-201502 , Jift 5 43
#599.9%, r [E £ il 24 it K g B FU R 5 2 UL v B i
HF 4k J5URE (Sanofi-Aventis, it 5 Z51000WS01) ; 1=
VG e B [ Py Al A B GR & 25 R A A it S
511028HD) ; [H P £k B Uk} CF5 Ak 4 18 1) 25 I 1
P2 A, 45 20170303) 5 B Y Ak C LT AR AR
T i vég 255k A PR A A, iS5 20170102) 5 4 7
K 5 & 49 $98% , Sigma-Aldrich 24 &) 5 3 R 3% 25
& R0 L (FIE S5 100783-201202, 57 & 43 %1 100%,
Hh B 2 R I AR 5 TR A R S RIS AR
mb (165 100084-201403 , 7 5 5 30 99.9% , H [H £ i
24 i R i IE TR ) 5 BT I R 0 I (HE S 100117-
201606, it & 4 %1 99.9%, 1 [F & & 25 & K E o



$F44% FE6H 2021F6 8 ﬁ!‘l-i{-‘[ﬁti Drug Evaluation Research

Vol. 44 No. 6 June 2021 + 1173 -

FLBE) o

oWl e R 2% R 42 b W Cacceptor sink
conditioned buffer, ASB) . & Jiz & # #1 fiig Joi 44 (Hit =
520426) W H Pion Inc. 4 @ ; DMEM X 7%
JE (Macgene 2 7] ) 5 it 4 IfiL i « Pen-Strep XU HT ¥
0.25% Trypsin-EDTA . HBSS #J I 4 Gibco A # ;
transwell 12 fL#R (3401, Coring /A &) ) 5 + e FE I IR
BN\ IE B N (il 4l 1 H Sigma-Aldrich 2 7] 5 H
A3 R 3 A Al . AT 5T R AN 5] pH AE 22 4 %
T3 2 B 1 ] A ) 700 B R B R 98 5
55 0P v f B S )
1.3 A8

N &5 JWpd Caco-2 ZH LBk, 1 F ATCC, 1058 FH 41
HIAREC A 25~50 1% .
2 FEMER
2.1 BEBBFLHERNE

HUAS TR S8 i M2 DG o 2 J5URE24 100 mg 236\ R
AL F (E AR 4 mm), 150 kg J& 77 5 00 & £ £
2 min, 3K, BUHE R, B\ R T 56 B S
LHELENEL b RN FISEI8 A 7 (pH 1.0 SRRV
W pH 4.0 BS TR+ 2% 10 . pH 6.8 Fll pH 7.4 B IR $h 2%
PO L A FRARFA 700 mL, #5E A 37 °C, i HEHE
J% 8300 r/min, K4 24 h, 7F 303 nm J% KAk (S L
K H 550 nm) K A 2 4R Sk 43 00 I e 25 R L 4
AR s 2k . SPATIRER 3 K.

qix Mk C {4 UG v B SRR AS [R] pH AR R 2% v A
J A AT AR . 7E pH 1.0 Al pH 4.0 (14 i
w2 UG o s 1) T A S B0 TR VA AR
AV AT i 2 3 e, 78 R I 1] P 4 0 A 5
LT G A, BRI 2 A o AN & T 3R AT A L e o [
A HEE R E . 7EpH 6.8 FlpH 7.4 KA,
Me VT 5L 7E 24 h P9 LB 8 13 229 ), 2 m AR S i
G e o [ A7 9 33 2R 1003000 5 2% A1

PE UL T £E pH 6.8 Al pH 7.4 [ 5 o (1) [ 4 v
O AR E S5 A B 1 PR . m LR — AR AR Y
M2 VG 57 1% JEURHE pH 6.8 Fl pH 7.4 A5 Hb 1) [ 45 v
HEFEAR — 5, HIR — i FANET KA1
M UG e e JEoRk ) [ A 7 R R B AR — 3, M R
EMER,
22 MEER

53 AR 22 7R A 4l i ARG (DS CO R X S 2R 8 oK
T 5 A [ A ol A TG e e Dk 1 o 2R ik AT 5 52
i 2 B EUAS [ i b 1 42 U e B k) 3~5 mg, 45
BT, S U e 5 /£ 8 7 B3 1A

0.007

0.006-

0.005

0.004 -

0.003 -

0.002 -

7 R/ (ug'mL ™ min™)

0.001

0.000-

pH68 pH74

Bl1 {£ILSERE7E pH 6.8 pH 7.4 N P EIH A HiE
#(n=3)
Fig. 1 Intrinsic dissolution rate of zopiclone in media with
different pH value (n=3)
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Fig. 3 X-ray powder diffraction result of zopiclone
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Fig. 4 Equilibrium solubility of zopiclone in media with
different pH value(37 °C)
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Fig.5 Simulation result of zopiclone in gastrointestinal

tract using Gastroplus software
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(pH 6.8 or 7.4)
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Fig. 8 Permeability results of zopiclone with active trans-

port in Caco-2 monolayer cell model (;d:s,n=3)
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