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artificial membrane permeability assay (PAMPA) data by evaluating the solubility and in witro permeability of
levofloxacin, comparing the prescription differences between the generic and reference formulations, assessing the
impact of disparate excipients on the permeation behavior of the active pharmaceutical ingredient (API) , and pre-
dicting the bioequivalence of the two formulations. Methods: The dissolution of the raw material at pH 1. 0 to pH
6.8 was determined using high — performance liquid chromatography. The pFlux™ system was employed to deter-
mine the permeability of the raw material and the mixture of raw material with sodium stearyl fumarate in various
media. pH 5.0 fed - state intestinal fluid, pH 6.5 fasted — state intestinal fluid, and pH 7.4 phosphate buffer
(16 mL) were precisely added to the donor chamber, while 16 mL of Accepter Sink Buffer was added to the re-
ceptor chamber. The rotor speed was set at 200 r -+ min ', and the collection time was 180 min. Determine the
permeability of the raw material and the mixture of raw material with sodium stearyl fumarate in various media, as
well as the permeability of the raw material in the reference and generic formulations powders. The impact of newly
added excipients and other changed excipients on APl was evaluated through a two — tailed ¢ — test. The Macro
Flux™ system was used to measure the dissolution — permeation curves of the reference and generic formulations,
intestinal simulation fluids at pH 5.0 and pH 6.5 (1 000 mL) were added to the dissolution cup as dissolution
media, with a stirring speed of 75 r + min ™' using a paddle method, 12 mL of Accepter Sink Buffer was added to
the receptor chamber, and the stirring speed of the micro — stirring rod was set at 450 r - min~', one tablet of
each reference or generic formulation was placed in the dissolution cup, and the dissolution — permeation curves of
the formulations were measured. The similarity of dissolution curves was compared, and the permeability rate
(J, ) and cumulative drug permeation amount ( AMT) were calculated to predict the bioequivalence of the two
formulations, ensuring that the 90% confidence interval for the geometric mean ratio of Jy,, and AMT of the two
formulations fell within the range of 80% to 125%. Results: Levofloxacin solubility ranged from 16. 4 mg + mL ™'
to 62.7 mg + mL~" across different mediums, its permeability in pH 5. 0 fed — state simulated intestinal fluid, pH
6.5 fasted — state simulated intestinal fluid, and pH 7.4 phosphate — buffered saline was 2.92 x 10 ° em - s ™",
1.01 x10 2 em +s™', and 1.07 x 10 e¢m + s ', respectively. The addition of sodium stearyl fumarate showed
no significant difference in permeability compared to the original API (P <0.05), and there were no significant
differences between the powder APT of the reference and generic formulations (P <0.05). The dissolution curves
of both formulations were similar, with the 90% confidence interval for JFlux and AMT within the predefined
range. Conclusion: Levofloxacin tablets, classified as BCS Class [ , demonstrated that the altered excipients in
the formulation did not impact on the API’ s permeability, confirming bioequivalence between the reference and
generic formulations. The bioequivalence exemption study based on PAMPA can be utilized for permeability stud-
ies of raw materials, excipient screening and optimization, and prediction of formulation bioequivalence, effective-
ly reducing drug development costs and time. This study provides reference data for pharmaceutical companies ap-
plying for bioequivalence exemptions.
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ability assay; permeation rate; cumulative permeation
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Tab.1 Solubility of levofloxacin

RETEL VAR (solubility )/ (mg - mL ! )

(number of tests) pH1.0 pH3.0 pH45 pHS50 pH6.0 pH6.8
1 2.7 501 29.4 189 29 164
2 6.8 49.8 294 184 208 164
3 6.6 496 2938 185 208 165

I (average) 6.7 498 295 186 208 164

RSD/ % 0.16  0.51 0.78 1.4 0.28  0.35

V. inglo  dose” ML 12 15 25 40 36 46

TE(note) : ™ Viugto - dose A TE AR ER H 1 5 2E A/ IR R = BIR 45
iR (0.75 o) 1)+ et L gL (¢ Viingle - dose 1 the volume of
medium required to dissolve the maximum single dose = maximum single

dose (0.75 g) + solubility)

30 kHz, F[A])2 h,# & 30 min J5#F

pH 6.5 {755 HE AU FRBCE AL 6. 19 g, &
EALEN 0. 42 g, “IK BHEIR A 4N 4. 47 g, Inglifkok
F1L,A0.1 mol - L™ &4 b Va i sk B B2 A 17 pH
% 6.5, I HBHNA Original SIF Powder 0.39 g, 75
2 h,#E 30 min J5HH.

pH 7.4 BB ER R 5% vh i B R — 40 6. 8 g,
J0.1 mol + L™ & A ALANIA W 395 mL, /K BZE
1 L,Bpf5,

2.2.2 XFREAR AR AR R BC A o0 AR BUZE SR

T BT IR 300 .20 mg KE AR , BT ANA R 10 mL
SRR, BRI RO AR R R A, 4R AT, I
il AeEE 1 mL 547 30.2 mg 9P, 20 bR
FIAZ R 2 %) HE Sl B A T

2.2.3 FRfEMZRNE P AR bR o 2 r I
5 IMDGLFHRL O 2 mm) A 100 mL f AN [A]
PR T , BE A 1 IR 350 L A iR 55 0] HR
At AR, R 1 YR , A i vk D 100,200
300,400,500 pg - mL~" f 2 SRR IS R MR A 5
SMEIEEL, T AuPRO™ BB (F [ SRR AR IR ),
BRIl 364 ~ 382 nm, DLk i K Bl P £ 5
ARARFELSC TR Y S AR R, DL B BE X A A Al
PRaEAT AL RN, 25 R WK 2,

SR AR E R R I E R 5 A O £ R Sk
(wFlux Y6#2£ 4 20 mm, Macro Flux Y6824 10 mm) jig
A 50 mL [ Accepter Sink Buffer H7, & il A 1 X
20 wLIYSZAARZE N BT AR AU, R AR 1 OB , A5
N 0.8.1.6.2.4 3.2 4.0 pg - mL™ GRS
AR IS GIE K, - P RBOEROE T, R
K304 ~322 nm, FEATEAE RN, R IR 2, fEK
T FISZARZE b i 9 [ 9 75 FR A AR OC R %34 > 0. 99, 4t
A2 RS2 A 3 2 WA e PR AR A R P WIS B2 /) — e
FENFT R 2 RIFRZME R R

R2 HEEMZEEREBRLHEEAGE

Tab.2 Regression equations of standard curves of donor chamber and receiver chamber

[7] 9 77 #2 ( regression equation )

j# 8 1( channel 1)

jif 18 2 ( channel 2)

jifi 18 3 ( channel 3)

EY I I et
( chamber) (medium) (probe ) /mm
fi4A % (donor chamber) pH5.0 2
pH 6.5 2
pH 7.4 2
Z k% (receiver chamber) ASB 10
20

Y =2796.73X -7.54
Y=1793.92X -5.97
Y=1586.60X-7.62
Y =16.70X -0.017
Y =31.36X-0.016

Y =2539.01X-9.41
Y=1625.97X-7.39
Y =1438.70X -9.03
Y=16.62X -0.012
Y =32.39X-0.018

Y =3452.90X-7.70
Y=1838.00X -7.32
Y=1631.58X-9.09
Y=16.76X -0.014
Y=31.94X -0.014

2.2.4 pFlux # Macro Flux il R4 pFlux Fl
Macro Flux J5& % & qn[&l 1.2 s, $ d bk % fi s
R AL A, R 2 AR B i s, 2 = AR 1M
WA, R ] A AR T (oA B I DR B (A Vi)
B 5, T 3 3 TR S AL Rk | Bt G A s ] g 34
I A g B 25 i 5 A A AR E L 2
Yy B e A IR ET DAD A I g S I, B a)
RN s A () 2 ANS s ith 2k, B £
AuPRO™ B AF(Pion Inc /A H] ) SREEFFALHE,

2 Ph B A O BRI N N T A B, 2 A R Al
LM LKA i A 22 B AL 98 A (fLA2 0. 22 ~
0.45 pm) EIRIR T A R BS0 14 WA 9 9, DL P
(95 15 o it , 300 T TR AR W (19 2L U L], PAMPA i
W54 9 H Wil (GIT — PAMPA ) | Ifil i b F ( BBB -
PAMPA ) i1 K2 ik i i ( SKIN — PAMPA ) 45 ) {4 S £
Y DA A R A S ok o 2 R i BRI
BIFETFHER Z AR, wFlux (LA R 5 2 R = Sk
B, — B T ORI S Gl B AR Ay T 1 P,
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S LA HARAE Ry A =2, S 24 0 Hh R ORI 58
W MAC T S S0 0 ) 700 ) e R AMT T 5 B S A
AN S, 2765 5 2R AL J7 L 2RIt 55 o Ath
SN R R R BB 22 5% B4k UL, wFlux 1 Mac-
roFlux Z54-8 1, W] 52 390 MR ) 20 2% 22 i i 2]
L P PN A S AR 1 A 4 THT R ATF S o

SR
' (fiber optic probe) i

(don(;f chamber)

-. — BT _—

(stirrer)” :
L 25 mm J

E1 pFlux ™S BN R 5
Fig. 1 pFlux™ permeability testing system

Eiced i
(miero stir bar) (teceiver chamber)
i JeEFRk
(bignidrﬁﬁc (fiber optic probe)
membrane)
JeEr L
(fiber optic probe)
— | fir=
(donor chamber)

B2 Macro Flux"™ & i B 58 F R ML RS
Fig.2 Macro Flux™ dissolution and permeation rate measurement

system
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b T3 FEATRE B A3 A, S B3 ] 7 R0 BT T R A
RN, JT HIHAbR R A ALVS R R A 22
S, R B ux ™ B M I3 R G0 AR i o
JERH P, (JEEER P,) ca 22503000 B kL b, 5
BHE AT R SO SR BERE B SRR & (LR ARIR
B e Z LR B AIE 2R 5 d. A il ) 500 BIF 400k
K, % ] IBM SPSS statistics 22 kR FHAT AU ¢ A6 56,
S a F b LUK ¢ #0 d 1 P.(P,,) #EAT5E
T2 VEAL IR 20 R] 22 e e 5 1B 3, B Al i
T EH IR A S AL T3 v At A AR B JURHES i IR
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PRIUEIRC S (29 & 72 S D B 8 mg) B A%,
TEALR S ORI 16 mL, 7252 7K % ok
ZMA Accepter Sink Buffer 16 mL, 7K 51§ #0158 B
(37 £0.5) °C,H F3E 200 r » min~ ', REESI %R
30 s, REEM}E] 180 min, SRAEK K 5“2.2. 3" Wi FR
HEM I E K — B SR B MA T M Z A=
HEG P ROBOGTE , T4 SR AR SN P A IO 2y
VIR L , 15 B 2 W s i s s it 2k LAZ AR
250 ~ 120 min2 &ML M RPRARA RO 185
MR, M Q5 2 22 J R B P, DL 5
FHES PR A R P, o

de V

JFlungxx ﬁ@

At Ty A V2GR [ i
BOBETRA t (ug + mL ™"« em ™) S Sy

AR 2 T ) S A A BB i 4R
(pg - mL™" = min™") VR ZIRE P AR A
NN AR (pFlux B9 A & 1.54 em’, Macro Flux
fl9 A 33,88 em’)

St .
PP =t 2@

AKrp P (P,,) NBE MRS E M

(em + s7") 5 C N TR ) BE P 324 % v 290 13
W (pg - em™)
2.2.6  PRAE SR ECRNG S wFlux ™ 0 £ R
BHAE RS B R g & 3 Fros, ik =
1) 24 ) T I R 3k B e KR B, sz AR & h 2 ) ik
JEE Bt EsF ()38, ot 4 36 B R MR Kt 3, U I AE
N B[] 365 L P, 25 0 A A5 A B A5 33 ol R R
AHXTE E o

IR AR BRI G Y 75 25 CT MR ES
HHL(pK,) 435K 6.2 F18. 2" 1E pH 5.0 (1L /)N
AR (pH 6. 5 1147 /N AU A pH 7. 4 1
PRz PR 95 i I 4k LU ULIET 4, P, 43 5 Ry 2. 92 x
107 1.01 x10 71 1.07 x 10 "cm - s, 5 fiEfA ==
VWY pH Ty, P O, I —E 1) pH AR5
PE, T pH ORI 259 0+ 51 2 DL AE B e X
e ININEIR & Svixcaivp: )l

JEURFL BGR A W  Z B SR R R rh
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S
S - A
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Fig.4 Penetration curve of levofloxacin

Curves of API in donor chamber (A) and receiver chamber (B)

b
=
=
0 T T T T T T T T T
30 40 60 80 100 120 140 160 180
{/ min
(pH6.5)

RIGZE A F- 2418, RSD 1 10% LAN . X JEORHRITR
B UL B AT RS 0B K 115 35 1 25 51 o ) gk
FEXUM ¢ K343 BT, P 17 > 0. 05, Yi BHZE 4L 11 3 Fil
AT B M TC B 25 25 5 IR BH T B R A
S R BRI i 1 750 Hh A 0% At e R AS R i
BHY B BTN, HAKS B R o 55625
WS,

2.2.7 Ju K1 AMT fJill5E R Macro Flux™ 24549
Vi BE 505 0 ORI E R G, BRI R S R R
FE T 2020 AR (A N RS S RN [ 2 ) Y R 5 D)
093125 3k, 43 B HLS L il 700 A0 4 i i 501 5 8

%3 EMSRAMEP(P,,)(n=6)

Tab.3 P.(P,,) of API and mixtures
pnR=3 JERL(APT) P/ ( x 10 %em-s™h) JEORF(APL) + RS & S BR4M (sodium stearyl fumarate ) Pupp/( x10 %cm +s71)
(No.) pH 5.0 pH 6.5 pH 7.4 pH 5.0 pH 6.5 pH7.4
1 3.1 9.8 11.3 2.9 9.9 12.0
2 2.9 10.9 11.0 2.9 10. 4 10.9
3 2.9 10.0 8.8 2.8 9.4 11.5
4 2.9 9.7 11.6 2.7 9.5 10.9
5 2.8 10.0 11. 1 2.9 10.7 10. 4
6 3.0 9.9 10. 6 2.8 11.5 11.6
{8 (mean) +SD 2.9+0.1 10. 1 0.5 10.7 1.0 2.8+0.1 10.2 +0. 8 11.2 £0.6
RSD/ % 3.8 4.5 9.3 3.1 7.8 5.2
AR, DL pH 5.0 MM IR /N EEIR LpH 6.5 /Y WAERUE .
HNH B 1 000 mL Sy A i, Ry AMT =C,,, xV F¥6)

75 r - min ' KA EL ASB ZE 0Pk 12 mL, B T2k
R R A 5 450 ¢ - min T OREESIF S
D7 P 52, 2. 57 TP —%, MR 4% 50 ~ 120 min
BB &R R OB Jo,, U TOIHE
180 min Z& BT AMT, FEARHE =X @115 2 Fi il 77
Jr AT AMT JU 348 90% ‘& 15 DX 18], T i 351 1) A

KX AMT B4 S 2P BB 5 & (pg) ;
C s FSZ IR L2 (g - mL™") 5V R 57
TR IR AR
CS,

A =
nMﬁﬁ%%%EEE@=5ﬁJ A®

RO S
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=4 FHRSFIFSEHFIBERG P, (n=6)
Tab.4 P, of reference and generic formulation powders
P/ (% 10 %em-s7!)
P
(No.) Z I FIH K (reference formulation powder) 175 %1 15754 K ( generic formulation powder)
0.
pH 5.0 pH 6.5 pH 7.4 pH5.0 pH 6.5 pH 7.4
1 2.9 10. 1 10.9 3.0 10. 1 11.2
2 2.9 10. 4 11.0 2.9 10.5 11.3
3 2.8 10.6 10.0 2.9 11.4 11.5
4 2.8 8.7 11.3 3.0 10.6 11.5
5 2.8 10.0 10.6 2.8 10.7 11.3
6 2.9 10.0 11.8 2.9 10.3 12.1
Y41 ( mean) = SD 2.8 +0 10.0 £0.6 10.9 £0.7 2.9+0.1 10.6 0.4 11.5+0.3
RSD/ % 1.4 6.7 5.6 2.6 4.2 2.8
1.6x107 1 IR EURI(APT) 16410 Il 2 ELfil5U ATk Greference powder)
B ERH AP A & & B84 (sodium steary] fumarate) [ {7731 #1155 400 (generic powder)
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