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Closure Integrity of Eye Drops Packaging System by the Fluorescence-Tracer

Liquid Method
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ABSTRACT: The work aims to establish a fluorescence-tracer liquid method to test the closure integrity of ribavirin eye

drops packaging system, and provide a universal and cheap scheme for the closure integrity verification of eye drops

packaging. With Rhodamine B as the tracer, high performance liquid chromatography-fluorescence detector was used to

test and evaluate the sealability of ribavirin eye drops during shelf life and after simulated clinical opening. The method

could accurately detect 5 um aperture leakage in packaging materials, and the detection limit level was up to level 3 in

"Technical Guide for Sealing Research of Packaging System for Chemical Injection" (For Trial Implementation), and ef-

fectively evaluate the closure integrity of packaging system for ribavirin eye drops. The method has strong versatility and

high sensitivity, which can provide technical support for testing the closure integrity of eye drops packaging.
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G B ot BRI AR TR 20T FE 2 )
TEZG i A7 RV BEMLTE (2010 4FE3T ) (TARRS
8079 F) PRRTRRRAGERCRMEZOR, JFT
2020 AFIEFEAT T (AL 28 b S ke R G B
AR SE R (A1) ), KR R B e
PR ZSRAE R T — B s B2,

ARG E BT Z R 2R, ARG
KIE L BEYIPREGE | BUERBOEL | aRERURE L
2RI | R TR O | e A O,
LETRESAIS , iR R 2RI, (3
8 H R AU AR s R Y PR OE T E AR N DL R
AR B Ll IR s HAb DT i A B AR 0L |
T Fi 1 A G 9 1 T EL B SR A e o I B AR
P A 28 i T 50 60256 R G B PO S B AR g
ClAT ) BB IR B, T4 T 95 —R BR
Wik, UK a2 RGN EEE I, S FIY] B
R7RERF R RORAR (5 ORI ik HEA T AR
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1 K

1.1 R E=H

FLEME: P B (43 Ar4l, #it5 C10788105,
aifE 100% ), &M d; WEE (HPLC 2%, it
201209 ), Fisher Chemical 2 &) ; F| B 55 AR7E IR ik ( BF
i AL B CEBERIERUN M), 4l 3 AE A
SEE K R F B 2K .

FZAUAS: 1100 B SRR A S (B2 Bk
M), FEZHERAF; XS205DU BT K, fE[E
M2 7] Milli-Q Advantage A10 #4li/KHL, £
IR

1.2 7
1.2.1 HPLC @i &

L) Waters Symmetry C18 (250 mmx4.6 mm, 5 um )
TR, U SIAE A H KR (Vo -V 4=65 1 35),
A 1.0 mL/min, #¥EK 30 °C, #EHEE A 10 uL,
RPN 550 nm, KK N 574 nm, PMT 34
A 11,

1.2.2 REARHHE

WP B4 11 mg, K%FRE, BT 10mL &
s, IBAUKFE R EZIRE, $5), RN XTI
HW(Sp)o KEHHBUE T S, JHM Al KIZE LR
Z Uk FE X BRI S1—S ): 0.055,0.110,0.221

0.552., 1.103, 2.206. 5.515. 11.03. 22.06 pg/mL.
1.2.3 #HiX@mARNEE

1) PAPERER o BURE R LIRS i (RES
CA1%% ), IMAMBELIK 5 mL, TEMZE RO w40 FbLsE
BT RS (PP JIE ) %5 E . 7EV I N 7 HAME 0.45 mm
A S TR HLAL, BN 5 pm MARIETE
YA ( R 7 BN gt FiRFLAL,
Fil PP B AN SFLAA R, 5 PP ICHEM AT
N, AN B A, R IR DR N R
AR ATREA, JFUIR B4 A IEZE, LI bR
PHMERE . [A3EHI £ 5. 10, 20 um 3 FhbuERH RS,
%63,

2) FIPERE S, . HUIREE B R R IR 2 (B
i CAL%E ), FRREPHMERE S A bl e s, YT
N, DAL A RAMERE S .
1.2.4 ik

B BHPERE SR B PEAE S B T2 P B AR
ROBER T (REWEZN 1 mg/mL, B 0.45 um J§
P8 ), BRI AL, & T EEAY, n
JEZ 0.1 MPa, {54% 30 min, R/GZE BT, BULAE
mh, FHABZIKPEVRAE LR, FH U840 TAE S R THIK
g%, PREE, HRPEIRIRS . BURMWA, # 1.2.1
W EGE R AT, e anE A,

2 HR5HH

2.1 mEMRKFTXAYIEE

R T A YRR ACRE SN, 8 SR U
sUMIE R 2, e GRR, I PR R AE
RN R =M, PRI R =
B A it R P ) AR 00 3 s T i — 2 ) L B, AT
I A Candekl ) SEARE SR o %0y ik
HREMT R, JUHE IR AL ST /Nt 24 8 (4
e RS ) AT RE SR g SR AL, 1
BB BA PSS S o SCH R ADINE 5 =X, K 2 PR A
BEHIEEARN, ARG T . 280E, 7EmE
B IE] S8 30 min B BB AR TIE I 19 A 2 o

2.2 telge I HIIEIE

Beas (s (Haligk ). X R EIATR . BATERES
ARV FLAR BHEAE & 2 B T I . 25 SRR, &5
F L BRI E B ARG R 43 H WA B Y TEmR N o 7E X
AT, 5. 10, 20 pum 3 FfFHAAE S X RERGIN , A5
FRL R 53158 30 € A 2 R S T AL R e B F R L
ARIGET CRA7)) I 3 % (WLEE 1), Giba HiEH .
FHVERESD . FHPERESL AR, 4551 L3R 2, (k&
W 1o 5 um PHPERES B9 IR R DLIE 2, nl I3 B
FOFAR
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x1 SHtREERSHRFEAERTHXER
Tab.1 Relationship between gas leakage rate and
leakage aperture size

RN SRR sdem? sy U
]S /um
1 <1.4x10°° <0.1
2 1.4x10°%~1.4x10"* 0.1~1.0
3 >1.4x10*~3.6x 107 >1.0~5.0
4 >3.6x1073~1.4x102 >5.0~10.0
5 >1.4x1072~0.36 >10.0~50.0

Bl 2 5 pum fLAEBIHERE S IR A
6 >0.36 >50.0 Fig.2 Photograph of positive

N samples with 5 um aperture
. 1std-em’/s=0.1 Pa-m’/s, P Hm ap

&2 HaNIEER 2.3 ZiESEE RN R
Tab.2 Peak area of tested samples
S 10w 20w HERE ST 2 B I VA S1—So, DA AN
i OBEUK WIERE jppiee mpbre mpbe B OY) XREE (X BATERRERIA, VIR SR K
IR FRE H2R3R], D PHI B 7Ei sk B2 3 il N 46

1 0 0 5.08 178.92 945.50
PR RAF, Lt RE: Y=118.610 1X-2.432 0,
2 0 0 391 19525 79227 %%%&jﬂ 0999 90
3 0 0 4.08 17545  902.94 X BRI AR R RS, FRRAE R b 3 1 1 AR
4 0 0 478 18981 1435.39 Krupe , #eM{Eme 10 0 1 HEERR, BR N
9.675 pg/L, ERMRHN 32.249 pg/L. FFHH B (4
5 0 0 8.96 212.33 844.72 N N ” N 5 N
0 B e 8 ok 7 B I T AR R 1.10, BP0 TR FROK TiZ(E
6 0 0 558 231.66  903.50 PO, 5. 10, 20 pm 3 Ff BHAEARE S 24 BE A 2%
WiE 0 0 5.40 197.24 970.72 KTL\EH o
) 24 RBEE
o L
0 ZHHUB (S,) HOGT RE S Sy, TR BERIR ik i L2 AR 6 £,
0 2 4 6 8 10 12 14 ORISR, THRAF I 2 43 Ao kE 2 B 0 1) R X bR
fif]/min W22 R 1.22%, Z LIRS %
K40
Ezg BIpERE 25 REME
0 2 4 6 8 10 12 14 BOG R SRR Sy, FRATIR AT LS FE 0, 81,
) fif A /min 99, 207 h WH#EFES T, FHEEWFENE, PP B
%% opps S mmBEERE R AWCTE 207 h NEEAE  AHRTRRIEH 220 1.38%.

o 2 4 6 8 10 12 14 2.6 Hmlli{ERKEDH

o FHRmin 261 FIEHHHRARLHES
£ 9260 10 R 2.2 WYL RATAL, DUKCIERT, WA 5 um
e, s EREROTRMRETRUY 5.40, WS ) SR B
W min HZGWE. R 3 BRI E RO A 451
& 40 , % FH B (B R 500 ng/mL ) #ffh . Z5RF%E
£ P\ PR | s Y B s AT
0 2 4 6 8 10 12 14 25, WM EFEAEIRE (FEd C) SHEH, Bl
B Rmin LKA S pm FEEREN A4 1300 (Y
- TS5 HH IR PR PR . 6 e 0 W T U

Fig.1 Chromatogram of samples 4.33, AAXTARUENR 25 0 3.32%, IGEHE P B BN
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JFE A R 62.52 ng/mL. LU B 5 b5 HR 0 75 771
W, XPRZAY S wm BHPERE GG EFLR 4.33, 3@
PR, AR N 0 TR /N T, TR A A i TG
T, HRRREEEERE,
2.6.2 MEMIRXR

B3 LRGN 45 10 52, 3% 1.2.4 ke, %
SO AIRE i A B ek . DI 3 HEREESL S 10
X, ARG R IS . [ EIFE Sk, BRREFH S
A e B, BT RA P P B BRIk
20 1 mg/mL, T 0.45 pm JEREEIE ), KA
[ 7 B VERE S, AR I B S, 5 E
b Y7 HIR VA S B ol D e R ) 2 s e e

HUGRHRIRE i MU B R RE S, 2 1.2.1 9 (3%
FAFEHERE AT, R PTINES R SR MR S um
PR 25 S EAT oA, W% 3—4. L5 um SRSl BR B
PEMARAE AT 2, S5, B IR 5 7E A 2L
WIN P2 REH B R A, AR M ; = 2T
5 ARR S BT [ R B A ik O
2.6.3 HSMIEIT R E

251 AR DR S LA R R I 25 R 1T IR S5

FET B — R CRRAL AL LB TR A
A ORMEE B EE AL ) (REMh B, S - R
OB BHEIE ) (RRH C) 3 FhESHIRYRE . TETT )R
B, TSNS — R CRE R (RERD A AYIRME A
ISP E % E (WK 3), FILEMIS e BA i
R B, (R A P R v e BHOT 1T R
ZNN R AR, EURNE LT 28 10 4 %
Pt R, T B R FE IR #E R 2 P B R
Gyt NI o LR 2 A OO A s EL Y )
FEdn (B ) PR & o0 B AR R A2 (DLIET 4),
BT — R BT FRAR T AN AR AXRE , fELA
RSBt S-S5 R B C 5 P el i o
Peo i RN S A O B HETE ) RERD
( CORPI I S B AR AL BT 1 — BUHE AT B L
K 4), fLEREUN, TEMERZ Y] B #E AP Y RH
TR, P IHE AR A 1) it T , 202 28 400 100 o B P e o
WY 3 MR R BETH 5 AE it , TEARTT B 25 H
A R SR, BT R T A9 2 S B
BRI ZES: C>B>A MLl i, 2500 E =l 7
T30 HR 7R 24 G0 5 B RIS O O 45 R B X 25 T
JE RS EE R

x3 HREPHMTHEMNLER
Tab.3 Test results of sealability of samples during shelf life
TR A
B

1 2 3 4 5 6 7 8 9 10
A <433 <433 <433 <433 <433 <433 <433 <433 <433 <433

(ﬁ&ﬁ/ﬂ;ﬂizonﬁfllﬂ ) . . . . . . . . . .

B

CAAOHZ 2023 4510 H ) <433 <433 <433 <433 <433 <433 <433 <433 <433 <433
¢ <433 <433 <433 <433 <433 <433 <433 <433 <433 <433

CHARZ 2023 461 F ) . . . . . . . . . .

* 4 REFHERMXER
Tab.4 Test results of repeatedly opened samples
TR
B

1 2 3 4 5 6 7 8 9 10
A 11.81 98.42 15457 <433 <433 181.39 <433 <433 488.02 <433

(HRINE 20224 11 ) ' ' ' ' ' ' ' ' ' '
B <433 <433 7.02 431.52 <433 179.70 <433 <433 <433 <433

(HRIE 2023410 A ) ' ' ' ' ' ' ' ' ' '

C

<433 <433 <433 <433 <433 <433 <433 <433 <433 <433

(AR ZE 2023 4E1 )
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K3 ream i
Fig.3 Photograph of samples

K4 SR
Fig.4 Photographs of bottle mouth

F 3% 22 50 5% B 7 MRS T S5 B AR A 1 I 2 i 0k
A3 AR ARG U FIVRE i 4 A A JELIIAG I AR (25
PR BEALTE ) (2010 R ) A (2 i 55004
B R G EME R FEARIER (17T)) MRLE, Kk
B (ISR ) T 100%A48 ik
05, At 24 2 2 A0 2 e I ARl RV AR A T i AR
Ry o B s R AR P R E L 0 T2, R
REME B 1 o Lt 0 i, e SC ol T EAT 100%

s o Rl o 4 P A A 7 0 S R A T AT
YR AR, DRI 2 S D0 7 ik b A R ) SR B
P, W ELEE I M TR 25 RS h 2
LRI G BB i, T T S R AR T R e A
L R B LRI B BE A, DLBRIIE R4 RGN %
B, il R AT ORI B IR A A R

FUAT, BT R SR B A Z /IR T
77 i AL S BRI, X T B B IR B 25
Pl B SEEMERE AR BRI, WA AT
W58, HHEATRAE . 72ROk T RE IR
T B PEAR A, W R TEAE i 7 EER 2 I 4 = e
SO PR A — B, [ Ik sl o 1 AT P40 s I A
mh, RESR AR R AR ZESR

BHAE A o ) o) 2 B TR AN 75 VR BE ) ) OB,
75 X HOCAT AL o BURMRIE A e pp A —
TE SRR AR, SRR LA ROEAT AL 50,
il FLAR KNS 2, 5 BB R A i 25 B . SOk
B H & BHVERE AL, RERSHER 2 AL R, A
IR 7 552 P R A T £ 6 0 A A B8 A R )
FEAPRFF— 2 ARG A 25 i B R G B e B RY
Tk % ARAE R v A B A 2% A D) R A
A A o SCrp R Akt 9 (K i (SOLF -7 BR
WL ), AT R ARG 6 2 2R AR b B IR ) %
RGEHAAAER) 5 pm FLARTH , G I BRI A B AR 5
BORIERIEY 3 G, RIA A ) L 5 P R it 2L
HARGIEE SR 2Tk B A YR . RAUE
e SEDE AR, XA AN B3 SRR, A MR 7
B e R PR A AR B TR AR TS
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