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ABSTRACT Objective Comparing the dissolution curves and bioequivalences of the imported reference naproxen tablets

and generic drugs, to evaluate their consistency and give some reasonable suggestions for their formulations and manufacturing.

Methods

The dissolution curves of the reference listed drug (RLD) produced by Japanese Tanabe Mitsubishi Corporation and

the generic drugs produced by 8 pharmaceutical enterprises were determined in five dissolution mediums: hydrochloric acid
solution (pH 1.2), acetate buffer (pH 5.5) , phosphoric acid salt buffer (pH 6.0) , phosphoric acid salt buffer (pH 6.8) and

water.The dissolution curves of consistency were evaluated by the f, similarity factor method.In the meantime, the in vitro-in vivo

correlation models were established using GastroPlus™

the RLD and the generic drugs.

significant difference between the simulated parameters of generic drugs and the previous reported in vivo values.

combined with in vitro dissolution data to evaluate the bioequivalence of
Results The dissolution curves between generics and RLD were dissimilar (f,<50).There was

Conclusion

The dissolution behaviors of generic drugs and RLD are dissimilar, which indicates that the formulations and manurfacturing

technology of generic drugs should be optimized. And GastroPlus™

generic drugs and RLD.

software can be used to predict the bioequivalence of the

KEY WORDS Naproxen tablets; Generics ;In vitro-in vivo dissolution; Consistency evaluation; GastroPlus™ software
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Tab. 1 Results of cumulative dissolution with two

dissolution methods %
Vb3 Omn S5Smin 10mn 15 min 30 min 45 min 60 min
HAR T 0.00 7407 97.19 99.33 99.63 99.97 100.19
(i \RALFIE
2i1)2015 4ERR 0.00 90.81 98.70 98.80 98.69 98.64 98.61
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MM e 25 5 | DA B 2538 A A AR P S RS o7, e %
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AN 28 mL, ISR — S8 6.80 g, KA IF
FilE % 1000 mL); @ pH {H 5.5 Bl 2 +h 2% nh W
(2 mol - L™ R 3.0 mL, INEEHR4H 5.98 g, K
JFEFBE R 1000 mL) ; @ pH {4 1.2 h BRI W (Eh R
7.65 mL, IIZKF B E 1000 mL) ;&K
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AL HE<2.1.37 T R BT A TR AT
g2, pH {H 5.5 .pH A 6.0, pH {H 6.8 /i
1£5,10,15,30,45,60 min B HURE  pH {H 1.2 /v Fi 57K
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10 mL, S AFAMNRE 10 mLL, P15 R B ) o5 SRR 1 o,
SR IE 1,
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Tab.2  Solubility of naproxen in different dissolution Tab.3 Results of recovery tests on naproxen tablets in
media dissolution media at pH6.8 n=9
e B, AR REAA AR 755 B &
(mg+ mL™")  AFV/mL TR A mg %
pH 1 1.2 TEMIE R 0.0285 3514 & 79.86 78.85 98.74
pH 14 4.0 BEERERZE 0l 0.0452 2214 & 79.19 78.62 99.28
K 0.0466 2146 % 80.66 80.04 99.23
pH 1 4.5 BERRELSE thif 0.0485 2062 & 100.30 99.49 99.19
pH {H 4.5 kR 22 b 0.0615 1626 w 100.28 99.48 99.20
pH {H 4.5 BERR RS2 vl 0.1040 962 % 101.35 100.27 98.93
pH {H 5.0 Fkm 2% b 0.1270 787 e 120.25 120.06 99.84
pH 18 5.5 TR EE5Z ik 0.2890 346 & 121.23 121.12 99.91
pH {H 5.5 flkm gz b 0.3150 318 & 121.68 121.38 99.75
pH {H 5.5 BFRELSE Wl 0.4000 250 7
e o
Eggﬁji gfﬁﬁiﬁ 2 v " LI, B HAAA R ZE pH (K 1.2 7

2.2 EBEME G R IRIE

221 REMEFE  BIREGAERZ, B A,
TE LR W E ST, sl A B3R 5 Fpigs A
(37 C), T 30,45,60,90, 120,240 min BRI &
331 nm PEARAEWOGREE 45 KR Z5E L FE 240 min N

222 HMXAFE WIREATRZY 105.66 mg, K

FRRAE , B 100 mL 1, pH {H 6.8 % A v i T
TEAY R %W OIS A, S A AR ORE, AR 21,13,
42.26,63.40,84.53,105.66,126.79,149.50 png - mL™' £
FUGST M AE DK 331 nm Ab 4% ik B VS VR 1 R O\ {1
435114 0.1468 ,0.2904,0.4352,0.5821,0.7165,0.8625
1.0218, ZxME 72K . Y=0.0068X+0.0037,r> =0.9999
223 ERFETZR BAYTESRAER 1 R 4E,
F LIRS % PR E B 100 mL 5, 20 B AGE #2453
A XS BEG H pH (A 6.8 ¥ A A A O 8 25, R 2
WG i, W A T B, i AR 24 ik B K
80% ,100% , 120% FIVAI, M5 P4 331 nm ARG R,
PR ESR, RR (%) = W45 B/ FR A R X 100%
gL 3, F % 99.46% ,RSD=0.41%,
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85% ., Lre VA g R, 8 Pl 2582k R 7E 5 Fhigs i
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(R-T) *17* %100}
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P& MZE £, 1B > 50 B, AT A st il AR AL, HLAE R
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R f1E>50, BIEIN 8 A2 A R iR s it 4k 5
Z IR EAR A —HL,
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Fig.1 Dissolution curves of generic drugs from eight companies and reference listed drug in five media (n=6)

x4 FARBHNFAHELZERBHMLBMUESTE

R(f.1H)
Tab.4  Similarity analysis of dissolution of naproxen
tablets in different media(f,)
% pH {H 6.8 pH 15 6.0 pH 1§ 5.5
A 25.6 16.8 16.3
B 30.6 18.6 14.3
C 58.7 43.1 39.2
D 23.2 15.1 13.9
E 31.6 19.4 17.7
F 39.3 24.1 21.9
G 26.0 13.4 11.7
H 33.6 21.2 25.4

2.5 GastroPlus™ #4285 A5 A4 | 1K A 9N AR 2 M AL I
AR W SCERIGE AR R 45 245848 R 250 i 24
a2k, L K GastroPlus™ 3144 3% T 2835 A= fb 22 45 1
BN EALSE, FESHA logP' " O 3.18, pKa '
h 415, VHEE (pH 18 3.96) 7 0.0649 mg - mL™' ¥ &
¥ 0.87x10° em® « 87 R FHEE RN 1.2 ¢ - mL7 BB
TN 1.461x10% em - s 2300 12.8 h, MEIEBRER R
1.249 16 L - h™' WA BIR0.048 94 1 - kg™',

251 ELEBITH PKERNHE  EHRAWRIICH
Ab AR P I 28R A 1 B Ak 2 BRI i e S 2 il 2k
BOETS R0 2 Ak P T B A B, B T A 5 Sk
TR S 2 5 VA A 70 0000 o A 4 3 A 70 5

W C,. 1 AUC {H 5L PrfE R 2 <2 % P& >0.7 B
A B ST AR R S A B (R ) B B
TR RS , 5L 2,

Bl 2 7, T i 2 55 SE 0 ACHE s SR AR E A, PK
FEHY R*3K 0.976 5 F AW EEST 1) PK A7 BEAZ 4011 1l
J2 MR ZEE 25 25 T A2 AR N )3 B R 43 A A

24
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20

BB (g - mL™)
s
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Fig.2  Simulative PK model (line) and clinical data

('squares) of intravenous administration
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Fig.3

('squares) of oral administration of naproxen at 500 mg

Simulative PK model (line) and clinical data

252 DLpH fE 6.8 KA H A HFMAEAN PK 4
TEC SRR BRI b 4 2 Lol ) M 8 REEE A
il HF7E pH {H 6.8 ¥ A BT T BYMRSME i B0H
K3 GastroPlus™ # M4, ¥ Dissolution Model % & N Z-
factor , FAE LRSS H T 2538 2E Z-factor {H,
FEH 7 2R L e nAR Y PKOHZR [] 520 44 1 25
R IEA T b, 25 SR LI 4,

SERRW  BRS LIS, 8 K25 A F 1) il 1 71

() PK AL i 2 [) 52 B0 B AF A e k2= 5%, i 8
Fp 2230 A B 45 1 390 5 2 HL 30 R P AR AR AN —
.
253 HEHPK HZHKR ZEBEHMLERFE, R
FHRTEEST A PK AL, XN R 4l 4 & LA 2 EL il 571
(R PN 25 Bh 2 2 B AT 0, 1385 SOk Sz il 26 )
WAL,

SEIRFI B S L R T A5 S 50 SOk S O AR
—HLR* 40979, 8 ZAFHIHIF] C. 1, [FSCHRIC 2
SHPEERRES  RPEMLT 0.7, i) 8 ROUihl 25
52 HHIF) PE A1 BE JEAR—%,

3 itig

ZE A B SRR FDA AR 0.5 g BUA% 1Y

“Naprosyn” (ATHNAHS PHARMA US LTD) ,{H HEiE
7 HOAR B AR ZE S S
MITSUBISHI Tanabe Pharmaceutical Co.Ltd. ( H i1 =%
ZAH]) “NAIXIN”0.1 g BLA& , H-5 [ Py 2250075 i 50 HL
FAHIR]  BAIEFER HHOR S el R E AT, B 3R
SCHRTP, B AR Z R A BT RO AT Y
W EEA B0 WA, Ho AR WLERTE 2538 A (K N A
KNERYHIE , BOAS BT 5T n] S 3 [ 05 ) 25 Jo i ) 52 T e
JoT e AT R — B PEAN SR AET DL S A L

ARG, T2 S 8 05l il 7 pH {H
1.2 FUK PR HH A BT P R8I, I AU pH 8
6.8 .pH 1 6.0 . pH {H 5.5 =FE AP 2584 A 1Y
W RO AR AT L R RSME IR T A S
Z: IR EL , 8 iy 1l i 770 v Hh AR e i Hh o
PR T HCEL RN, SN HOA —S0nT B8 Skl 22 5+ A
R T2

PRI TE 12 34 2 L il 50 1) 44 P S0 B8, ok 2 1
il 3R F1 8 Z A7 il 1l 770 (A M s S0 A 0 A B Bl
TR A R N S ] SOk S S A AT R, 4
RRIZ: I A5 2 5m) SCIRHR T8 2 80O A — 2
11T 8 25 il 1l 77 BT 15 2 80 5 STk il W A7 7E — 0 22
S, BEERMN C,, B W T, BOR B T T AR
10 22 S S B2 ) B BRI [B) A7 22 5, WAOR2 MR A4 TN 245 )
AR AL S AR

AT AL 7 T2, th T 2838 A e 1 24
Yy, 2 Ll 50 18 T 2R 2 T 2 3% 1 25 9 14 (active
pharmaceutical ingredient, API) A R T A i) il 351
WTT R Z R WG R, 256 — B 4R 05
il fl R Ak J7 T A e — 2B, LAIK B AT
W52 Hoiln —2

1L GastroPlus™ AR 37 258 A= F iy W g Ak
AR T A 2 R I 2 AR R it e S AR N 2
B 4 Z RN AR DG PR A & — B P A — A
a2 RSN T SRz ) B
LA HRAH DG, D AT 36 5 Ak S0 HSCHiE T 24 1
NG R TR/ BE 157 ok i) 22 3F T 48, JF HL
A L2 HORIT A F A e AT o 550 2 T A S5 ORI

£ 2% 3Tk
(1] HEZEHHZET=RMRIEEA(2017)12 5] [S].H

% BE,2017.

(2] WRARRC A RRE L 1T v B 6 R AR [ ).
P E B 25 Tl 245 ,2012,43(3) :243-252.

[3] #shif RN B RS EA [N hE B2
#,2017-01-10(06) .
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Fig.4 Simulative PK model (line) and clinical dete ( squares) of reference listed drug and domestic naproxen tablets from

eight companies
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Tab.5 Comparison of in vivo parameter simulation and R-squared among generic drugs from eight pharmaceutical
companies and reference listed drug
e Con/ AUC,, AUC,, IS5 S ph £
(ng - mL™") h (pg-h- mL™) WAE (R)

SCHkH 115.00 2.620 1960.6 1834.2

Z: il ) 114.00 2.493 1974.4 1931.4 0.979
A 63.12 8.637 1716.1 1668.5 0.371
B 61.21 9.295 1692.2 1644.6 0.363
C 100.30 3.590 1923.2 1878.1 0.617
D 56.46 10.830 1621.3 1573.6 0.346
E 65.77 7.680 1744.5 1697.1 0.383
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Tab.5

ZRS5 SHHFS 8 RIAHEIFERN PK SRR IS E LB

companies and reference listed drug

Comparison of in vivo parameter simulation and R-squared among generic drugs from eight pharmaceutical

oy Con/ (. AUCy, AUC,, TS i 2
a (ng - mL") h (pg+h- mL") AT (R)
F 83.71 4.708 1856.8 1810.5 0.473
G 66.70 7.380 1753.2 1705.8 0.387
H 71.13 6.144 1787.7 1740.6 0.407
[4] Maese BRIREH, &3R4, 45 i A S A% 5 H (RSN www.sda.gov.cn/WS01/CLO087/147583. html.
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