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IVRT study on cyclosporine ophthalmic emulsion

DONG Shuang — tao', LI Bao —xia', MA Zheng’"

(1. Shanxi Pharmaceutical Vocational College, Taiyuan 030030, China; 2. Zhejiang Arthur Pharmaceutical Co., Ltd., Jiaxing 314001, China)

Abstract Objective: To develop a method for characterizing in vitro release of cyclosporine ophthalmic emul-
sion. Methods: The Franz diffusion cell and the polyvinylidene fluoride membrane were adopted with buffer — eth-
anol (40:60) as receiving media. The sampling time was set at 60,125,190,255,320,385 min, respectively.
Results: The in vitro release method showed that the inertia of membrane, specificity, sensitivity and selectivity
met the requirements. The validation of HPLC showed that the quantitative limit of the method was 0.07 pg -
ml " and a good linear relationship between the concentration range of 0. 07 —44. 62 g - mL™'. The average re-
covery was 98. 9% . Compared with the original preparation by FDA guideline, the in vitro release of the self — de-
veloped preparation was the same as the reference preparation. Conclusions: This method is suitable for the in
vitro release evaluation of cyclosporine eye drops.

Keywords : cyclosporine ophthalmic emulsion; in vitro release (IVRT) ; reference preparation; self — developed

preparation; method validation
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TS A0 o Ak 3 BT ALY R — B, AT
A AERERIFSE . BRI 550 9 26 4 45 350 ( bioequiv-
alence , BE ) PFA 75 1k 2 A (R IR IO LI PR 2% 55
SEHG B LI A . H R 24 Bl A S — T A
FLPREMER TAE . —J7 1w, IR IR BE AFRA G
DU 1L 25 v BE 0 vk R T . oy — T, BT
F 7K BURE A R, X A 22 R BURE , AL s 2 HR 1A o 7K
T 2R B e PTERAEE o (RSN (in witro
release test, IVRT ) /E N —Ff o] &0 BE PEH 15,
BT S B WA AR T r i 32, 2016 4, FDA &
VT T RHISEAE S R0 e S50 5 T 4% P9 4 R ) 1
SMBETBEWE 5T A R R I 5 O 0 O AR A A
PESEEG . B B ORI 5 2 el A 7 ) Q1 Fl
Q2 —F, FEUEHT B A 5 2 L il R A AR SR T T
R —F, AT e A W A A MR . 2018 4F T 2019
AEARAME L T SR TRV i R < T IR TR 50 | e
T Je s e R FHTR S8 700 1 A= 0 1) S S0 1k 0K, | i ok
1 LA PK g 2 S48 bR 09 AR ) S8 30 PE SR 3 " 1B 1T
AL EL L PK OS8R A R ESE 8

AHIGETT JE T PR 2 R FH 2L 750 1 A A1 B ik A
Gto FKHTIMMGE Y HUAR G, LA Franz 7850, 4K
i FDA AHSCHE S oy Rk 1) sy T 3R 2R
FHZLRARSMRE S 36 0P 5 1%, FEEAT T 300k, A2
5 IVRT J5ik ) ug Bt v € @ vk R e 81k
HENT T HPLC R0 HE SO R PR 3R 125, SR 5 XoF
B B R SNBSS B AT T VR .
1 XE5RG

SYSTEM 918 — 6 T-hi#asE 2 ¥ 8l &2 48 ( LOGAN
5] s DF = 1018 BUKE5s (JLL T TR A F])
1260 Infinity [T 15 250 W& AR (0 35 (2 E 42 A Al )5
XSR205DM F3-#r K- (M358 23 7)) 5 S210pH 3 (
Bt w]) s HWS — 26 BUHEE KSR (i —1EA R
NIV &) Y

A 2 0BRSS (A R B A PR A D ik
211201, 4 99. 1% ) 5 H AR IR (S50 = H
il , BLA% 0.05% it 5 21090513, ) , FF 4t 22 7% 0 5
(Allergan 23 w], #i#g 0.05% , #it5 T3352) ; S AL 4N
(L2 B A BRA A, b5 201916, 434 460 ; ik
MR — A (i AR MR A PR | dit5 201811, 43
Brafi) s Wi iR & — 40 ( B 28 0B IR A W)L it 5
201919, 43#r 4 s S A AL AN (B 28 B A R A
A, iS5 201421, 43 Hr 4k ) s Took LB (Fisher 23 7], 4t

7 210754, HPLC %% ) ; W B (R RH1E A Al it 5
2020MHO12 ,HPLC %) ; Z i (FRFHE 2w, it 5
2020AHO12HPLC %% ); W M2 ( Fisher 2% 7, it &
210944 ,HPL 2% ) ; — WPk 1 5 2 (35 g 48 I AR W 3
AR, 1 mL, #t45- P1905249 ) 5 8 5 ( 5% Mk A 11 3R D 960
SR, KT L S 06 B A B W) A 7= fLAR Yy
K 0.45 pm; i BB £F 4 R R, Cytiva 24 &, L&
0.45 pm) ,

2 MZEFRE

2.1 IRIMBEHGRE:

2.1.1 ek SR Franz 47850, 2200 25 & 12
mL, AP HEAUY 1.5 em® . KB R 35 C +
0.5 °C,%%3# 600 v - min~', {56 I 4R AT, 203 Wikh
G ARSI, TR BERE  HEBRIE T 1<, BUAR
TR MRAFIREN 300 WL, 218 AR 6 3 Hut IE
% F,F 60,125,190 255 320 385 min HHUEE 8 mL,
S BV s e 7 [ B A TRl AR B I

2.1.2 Bl FRECEILEA 16.76 o, B A
3.4 g, BEIRAE —HN3.55 ¢, 11 1 L4k (2
600 W, #5i%R 40 kHz) 75 , F-FH 1 mol - L_l/%:[‘%:l/ﬂj
BN IUR T pH & 6.8 0. 05, 15 B R £h 2% vh i o
BURS IR R v 1.5 L Ok Z e 1.5 LIRS,
7 15 min, B15 .

2.1.3 JEMETUGE  BUOERE, BT E AR N 25 mm ()
AT , FHAE 4K Rk )5, 76 42 0 12 36 30 min Ji5
o

2.1.4 BARALEE # LR 2 SO A R Rt
PR

On = C,,XZ + st] C.,

Qn = & M AUAE B A (n) BRI A &=
(pg - em ™) ;C, = NEEREERTA] (n) F 52 i
2R E (g em ™) 5 Vs = FEE AR (em® ) 5V, =
ez B AR (em’) A, = HRY WA (em®) .

DABE AN 97 50t 507 B 150 1w AR i 4 25 W) =
(mg « em™*) JpGhAL AR, B E] A9 5 AR (h'72) S
PRAEE LR, TF L B AR 254 B 0 1 <7
Higuchi J7 R, BB 2 B 25 I B o7 T AR B3Rk
TR A S 5 AR R LR O R, HA I M RERAR
FHYINREGH R
2.2 (RIMBRC TR 2R BIE
2.2.1 YR 7E35 CF, AR M EAE“2.1.27

RO R
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TG 22 MACTRE A A0 75 AR A B A 0. 814 mg + mL ™'
2 2yl 300 WL B (S T25 0.3 g, A i AR A%
4 0.05% 352 AR R 12 mL) |, A 5T rp B i
KU N 0.125 mg - mL™", R UOR BEB AT &
T 254 o

FRIBUER 0L 25 ) HE 3 2, in B2 A0 ViR 3 A O
BLEIE R 5. 621 pg - mL™ BIE, 1 A R
VW ETCE 8 h, AT N 5. 644 pg - mL7,
I %A 100. 4% , Ui BP0 22 7E B 0K = R CE
8 hfoud . REERFM W GE A 1E N AR IR
FHFLAMA SR O ISOR
2.2.2 JERETEME OBLC2. 1017 IR X BRSO W
12 mL, 53R AR % 2SR, T 35 “CoKifn N iRl
6 h HR“2.3. 17 @SS HE I , TR 45 R 5k
ZEUR R W 1 TR LU R TR SR R AR A .
PRI VAT 4 3 . 1296 hig , iR LT 4 KK
FA RIS, U SO, AN %552,
VEHEE PED R 5 R LR 1, p g SR T 0, R SR B0
JEERISCRAE 93% ZoAs, UL W IZ A S DR B X A 1 3R A
—E TR EE IR B o SR FH SR A IR & TR, T W P P
REIEICR I (E S 99% . 1E 100% + 5% K [
P R IR R PR A R

®1 REBEEARER

Tab.1 The results of membrane inertness

WEREA ST 2 e/ e P iR
(filter (pg-mL™")  (recovery)/  (average
material ) Con 6n % recovery) /%
BRI ZMEEL(PVDF)  5.621  5.568 99. 1 99.0
5.569 99.1
5. 606 99.7
REERIR (PES) 5.201 9.5 93.0
5.212 9.7
5.219 9.8

2.2.3 LlEt KIS LB Ty, A S ] 3 A
FiA% (0. 025% 0.05% 0. 075% ) i34 2 HE FH L
(#t%5 21090513 ,21090514 .21090515) , #HE“2.1”
T RSN BT SE 00y s, AT AR AP BB . &5 R
k2,

DARER Y AR, HLkS X S RE AL bR, 154tk
A o A5 A 7 A

HWEHR L

R2 OB EREER
Tab.2 IVRT results of specificity
KL 6 bR
('specification ) /

% diffusion)

BT

(average

fits
(batch)

(slopes of the six

slopes)

21090513 0. 025 0.009 3 0.010 1
0.010 0
0.009 9
0.010 8
0.010 7
0. 009 7
0.023 7
0.023 1
0.022 6
0.021 3
0.0230
0.022 9
0.0320
0.032 8
0.0317
0.030 5
0.0319

0.0330

21090514 0. 05 0.022 8

21090515 0. 075 0.0320

Y =0.440 5X -0.000 400 0 r=0.992 5
SRR RSN A R Rk AT

2.2.4 REJE B3 NHUME (0.025% .0.05% |
0.075% ) 1y ¥F 48 % MR I 2L 7 (4t % 21090513
21090514 ,21090515) , #HE“2. 11730 F{ARSMEEEL
BSJ7 s N2, L A7 TR i TH RN, nE 1y
7N FHIEIH AT L, AN [ 9 BE KT 1 8 A R R ik 34
6 Higuchi J5FE, [FIET, AN [R] KA il 500 (0 R i
AN, ELRB T3 25 B 5 it RS P 3 R T 34 K, 1A
Ak REE R

0.060 07— 0.025% [ (self-developed)

——— 0.05% [ Tiff(self-developed) 7=0.032 1X-0.027 9

5]
& 0.0500- 0.075% [ fiff (self-developed) 12=0.990 9
5=
T 00400 A
§ Y=0.022 7X-0.019 7
2 0.0300+4 =0.988 1
2 £
2 00200 £
£ 7',4! Y=0.010 1.X-0.008 8
= i " 1 A 2
E 00100 il F0SE8 8
5
I 0 - Q’ . T T )
i} 0 0.5 1 1.5 2 25 3
N Jt/h

1 FNBHRBENESR
Fig.1 The IVRT results of sensitivity
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2.2.5 JEFRME RA0.05% E IR O 2 i R
JEBFRIFIAE 9 2 B3R #Hls SUPAC - SS 45 R
PRk Gt J5 %, 5 6 A9 T8 b A9 S2 AR
ARG 355 2 B 3R] 104 R IOE SR AL AL, 7531 36 A
U, RN EIR A RS, Herp 2 8 AR E A
5 29 MRAERY FT oy BOE XK AE 75% ~ 133. 33% 1)
TWHl A 0. 025% 0. 075% 2 > HiA% B Wi 57 7

oo | IR i R s o R 7o SR O Y
(0.025% 0. 075% )90% ‘& 5 X [f] 3 55 45 A N 5 7E
75% ~ 133.33% W30 [, 45 28 W3 3. 45 R n] A,
0. 05% FR461 2% MR LR E BIFA1 50 14 90% & 45 X 6] 3%
TE 75% ~ 133.33% (5 i, %5 40 2 A~ 3048 (0.025%
0. 075% ) #1171 90% &A= X [AIANTELE 75%~ 133. 33% [1)
T AR R F DR . AR R RAT

#3 IVRTEFHELER
Tab.3 IVRT results of selectivity

57 (tested preparation) M2 (lot No. ) BAE TR (low CI) /% % 1 (high C1) /% 43 (equivalency )
0. 5% HA% ( strength ;0. 05% ) 21090513 101. 87 111. 40 % (pass)

0. 025% #% ( strength ;0. 025% ) 21090514 41.79 45. 81 A H (not pass)
0. 075% # % (strength ;0. 075% ) 21090515 135.93 145. 81 A HE (not pass)
2.3 EORAE I R T 2 100 A

2.3.1 {AjEgft % ODS Hypersil (250 mm x4.6 B |

S wm) EEEE, TN T - Ak - AR - 2 @ {

R (750:200: 50:0.5) , Ji#k 1.0 mL « min ™" JEREHR £ | 33

4150 wl, KL 80 °C , P 210 nm, iZ A 15 min, Ba N ’ﬁ\\

2.3.2 LlEbE GRS B2, 2. 17 IR B X inzi - — i& 10 11 12 13 14

MV o Z 100- B
PEAGEE B2, 1 TR A% kit 2 %) p

ERCH S S T R 5 S0
RS AR 0.3 ¢, 2 L UVBUF 2 ) (-

i AR BB 2 VAL A AN |
BB RS B, 2.3 1 R gy, P2 0 s e T s e s

WK . AEREV: AR A TR R 20 r ¢

7E . E zg

233 GEHE 22 USUMEERERR L4

B OISR RO 20 10 fIE 0 R i A |

WA BRI IE N 0. 07 g - mL ™', -

1 2 3 4 5 6 7 8 9 10 11 12 13 14

2.3.4 MRSV RS2 3,37 IR X gL 2 119 ¢/ min

(i A O i, B SO RO FE AP 0 44,62, £ %0 D

17.85.8.93.1.79.0.45.0. 14 .0.07 pg - mL~"' B% £ &

W, LT Y LA B, DIVREE X WA AR, 25 2 10

RIAIE g 0

Y =125.453 7X +0.0727 r=0.999 8 B e

A E LT HEIAE 0. 07 ~44.62 g - mL ™' 2R
WL R
2.3.5 [ISCR ORSEEIEL2. 3. 37 IR XA A A
VEROE B, s R B AR B 01 8. 93 1. 79

t/min
A. %] B8 i (standard sloution)  B. £ /5 ( sample )
D. %3 [ (blank)
E2 HPLC ZEM4EEE
Fig.2 The specificity chromatograms of HPLC
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0.07 g - mL™" VI, 1A R R 3 SR BE KR
14 TSR, B W BE KA T 2% 3 . DASE
PRy s #4530 24 100. 7% 98. 1% 97. 9% , -
9 [8] g %2k 98.9% , RSD 43 %4 1.4% 2. 1% A
3.5% E5 SRR, & Tk DGR R4

2.3.6 ket U SA TR, 00 AR E
JHE 0.2.4.6.8 h 5 04 T LAY AR b, S5 0 AL
RSD, 25 538 RSD Wy 1. 7% , 32 B A6 54 v T 25 UL

JHCE 8 h AZE
3 ESMEREFRETEN

>R 1B R, 2R AT 8 BF ) 580 5 ST il 770 %)
FEFST, 1 i B T AR R (9 R BB 0 i AR
SRR )R] g5 A 60,125,190 ,255,320,385 min,
LRI 4 R B W 6 SRR B -5 BT
7 SZ A RS 6 AR R ACEE (R, 15 21 36 S HUE
(WFS5) .

x4 SHLEIF(#S T3352) 5 BRFHIF (S 21090513 ) B ER TH RRBHE
Tab.4 Cumulative penetration of reference preparaton (lot T3352) and self — develop preparation ( lot 21090513)

FEf FRF [F F - J5 AR BB ) BT B (cumulative release per unit area) /(mg + om ~?) BER
(group) (square of time) No. 1 No.2 No. 3 No. 4 No. 5 No. 6 (slope)
Z: il ) ( reference 1.0 0. 004 0.0119 0.018 9 0.025 1 0.031 4 0.037 4 0.022 9
preparaton ) 1.4 0.003 8 0.011 2 0.016 4 0.022 4 0.028 5 0.034 4 0.021 1
1.7 0.004 1 0.010 7 0.016 7 0.022 8 0.03 0. 035 0.021 4
2 0.003 6 0.010 1 0.016 3 0.022 6 0.028 9 0.034 8 0.021 6
2.2 0.003 5 0.009 7 0.016 1 0.022 1 0.028 1 0.034 0.021
2.4 0.003 4 0.008 2 0.014 9 0.021 0. 027 0.032 8 0.020 4
SF-¥4 18 (average) 0.003 7 0.010 3 0.016 6 0.022 7 0.029 0 0.034 7 0.021 4
E W 5157) ( self - de velop 1.0 0.004 2 0.010 4 0.016 2 0.022 0 0.027 6 0.033 2 0.020 0
preparaton ) 1.4 0.004 2 0.010 6 0.016 7 0.022 9 0.029 0 0.034 8 0.021 2
1.73 0.004 3 0.010 7 0.016 7 0.022 6 0.028 4 0.034 1 0.020 6
2 0.003 4 0.009 0 0.014 5 0.020 0 0.0255 0.030 7 0.018 9
2.2 0.004 1 0.0103 0.016 1 0.021 8 0.027 6 0.033 2 0.020 1
2.4 0.003 5 0.009 4 0.0150 0.020 6 0.026 1 0.031 7 0.019 4
SEA4{H (average ) 0.003 9 0.010 1 0.0159 0.021 6 0.027 4 0.0330 0.020 0
x5 BMEFSSLEEFNRELE
Tab.5 Slope ratio of self — developed preparation to reference preparaton
e e E WF 571428 (slope of self developed reference preparaton)
(slope of reference preparaton) 0.020 0 0.0212 0.020 6 0.018 9 0.020 1 0.019 4
0.022 9 1.1450 1.080 2 1.111 7 1.211 6 1.1393 1.180 4
0.021 1 1.0550 0.9953 1.024 3 1.116 4 1.049 8 1.087 6
0.021 4 1.070 0 1.009 4 1.038 8 1.1323 1.064 7 1.103 1
0.0216 1.080 9 1.019 7 1.049 4 1.143 8 1.075 5 1.114 3
0.0210 1.050 0 0.990 6 1.019 4 1.1111 1.044 8 1.082 5
0.020 4 1.020 0 0.962 3 0.990 3 1.079 4 1.014 9 1.0515
Bk b 36 DMEMESZ IR MUNEIRR RS, L 4 g
HER 8 ANHIEE 29 MRERY R R 101.97% | By 4.1 IVRT CHESH

111.43% 3575 75% ~ 133. 33% {930 B Y, W] B BF
3005 IR AR S MR T — 3K

HWEHR L

MR FE 700 A S8 BT 5, v T Bk L3 1 2
FIFENSCIR o B B 0 R il 700 325 o 2 S i
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PROMRE IS B vl 5 2 9 A 22, DR T — A R 8 1k

IFTE . 6 T H T BRI S 4K

R 6 DIARBIFZE W i & 5@ SN RGN I 4 T bE

Tab.6 The different characteristics between oral preparation dissolution cuve and IVRT

1 IRl ik

H 15, ( characteristic )

(dissolution curve of oral preparations )

IR FHI R RS MR
(IVRT of eyes preparations )

i858 H At (objective)

AP LEANGETT s BHUAR N 25327, 325 BE SCR o,

FAELHRECERE ;s X7 L2 J7 524 01.Q2.Q3 —2, H5

it BEU T (e BCS 4SR5  distinguish SIS MROHEHC R IO 19,22 5, W46 BE'™ (character-

between process and prescription; evaluate pharmacokinetics ize drug release properties; differentiate between process and pre-

in vivo to improve the success of BE experiments; exemptions

from BE!'?) require caution and are based on BCS classifica-

tion and guidelines)

J B (program design)

{815 % (instruments and
equipment ) are included in Pharmacopoeia)

AT ( synthetic membrane ) N3 (no need)

A J% (medium)

guidelines specify four types)
A1 medium tempe- 37 C
rature

S+ pH (medium pH) 1.0/1.2 4.5,6.8 7K(1.0/1.2 4.5,6. 8 \water)

&3 (rotation speed ) 4100 r - min "3 HE 50475 ¢ -
min~!; paddle 50/75 r - min~!)

A% (number of tests)

oped formulations )

_FAERE (sample size) AN#P M (not applicable)

SKAERTE] (sampling time )

P )5 (evaluation
methods )

5.10,15 .20 30 45 min

TR — TR
(general process of method
establishment )

T — T

fixed parameters [*1)

min ~! (basket 100 r -

12 AL SRR F TR (12 formu-

lation units. sequential operation of original and self — devel-

Lo R T 65 (comparison of f, similarity factors )

ik, S50 %t i[lﬂ ( dissolution
methods generally do not require screening and have relatively ~Higuchi 7572, #&)5 HEAT 7 g gy yEL 15 - 16) (receiving solution

scription; exempt from BE when Q1, Q2, and Q3 are consistent
and not significantly different from the in vitro release rate of the

original developer! )

AR AR LE , SCIIE £ 2 (clearly defined  JEMABINLE , SEIR BT RAQIFTE (no clear regulations, experi-

in national guidelines, with more reported in the literature)

Wk 24, 20k ( basket, paddle method, etc.

mental design is innovative)
SO ; R s Franz 78O, 25 M 350 10 (vertical
diffusion cell; flow cell; Franz diffusion cell. Not included in the

Pharmacopoeia)

SN B N 2 (key item for focused research)

VA B A S E U B ARHLE 4 Ff( dissolution medium: the  HESZ IR : N MBI ILIN SR, N0 JE Ikl 2% (R A e

(acceptor fluid; is the key experimental parameter to be exam-
ined. Should meet leaky tank conditions and stability)
35C

RIATRALE . IR TIHIK 6.5 ~7.5(not specified. simu-
late artificial tears 6.5 to 7.5)

Franz 3" #0thii % 7 600 r - min ~' ( Franz diffusion cells are typ-
ically 600 r + min ')

SLE ARG — MR 6 o IS B FRGR 28 SRR
(reference semi — solid formulations: typically 6. Cross — sam-
pling of originator and self — developed formulations )

22 AR, } 0.3 g(reference semi — solid formulation ,
as 0.3 g)

TCHIHALSE (no clear regulations )

A Higuchi 7578, MRIBSETT22 5T, 56 8 ANFNEE 29 P AETS
TE 75%~ 133. 33% 5P (based on the Higuchi equation, the
8th and 29th values fall within the range of 75% to 133.33%

based on statistical principles)

AT EOR T, ST IVRT J5 k-2, 7 22

and artificial membrane were first screened, and then IVRT meth-
odology validation was performed, which needed to satisfy the
Higuchi equation. Then perform methodology validation)

JrFIRE (methodology vali- W Jr K B G BORBEA T 24 000E, T BT A Bl 2 IR R0, HL 5 (07 &R )

dation)

B— R ICTFYE ( determination methods are methodologically

(examines selectivity, specificity, sensitivity, and is conceptually

validated according to the requirements of the chromatographic  different from chromatographic methods)

method, and the dissolution method itself is generally not

required to be validated )

4.2 IRk

AN T 0 A 00 R A, IR A 590 1 2% i
BT LA F A A LI, — BB A SR O L, {5
HBIA R &, R AE S 5 RGBE . Ak, i)
AR 23 AR 7 1k 1) R Mk $5 4. BR 2 17
Sb, SER IR T ARG PR AN SDS ., i TR

K SDS HAT LB AR Sk, TR I 25 5 77 2 00, <
TR AEDERSE T 07, Wit 250 A R CA T O, MO 28 3
FEURRRER — CWFR AR o FRWSCRTE O A7 22 R4 T
o MR ATIR B, — O 2Y 32247 2, >R
35 °C, HIRFRE —8 PHRER R, 5P IEN KT
RS E PR, HLAHIN 2 G4, 38 A dh g 451

RO R
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4.4 TVRT Jypkesis & [12]  #AB S, 5SS . 7 B o B0 (o A 0 R il 50 A 9 55
. o . SPER TR I (T]. B2 2R ,2014,23(1) 44
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