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ABSTRACT (Zfy)

This Stimuli article proposes the use of water as an alternative test-sample fill medium for
water-vapor  transmission rate (WVTR) determinations described in  general
chapter Containers—Performance Testing { 671 for container-closure systems for solid oral
drug products. The use of water as the test-sample fill medium eliminates problems with the
handling of desiccants and also maintains a constant vapor-pressure difference across the
container wall for the duration of the study, thereby reducing bias and variability in the WVTR
determinations.
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Use of water-filled test containers is already provided in the chapter { 671} method for the
determination of weight loss for Multiple-Unit Containers and Unit-Dose Containers for

Liquids, but has not been extended to the determination of the WVTR of bottle and blister
container-closure systems for solid oral drug products.
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1. INTRODUCTION  (iZU®IiZ)

Traditionally, the water-vapor transmission rate (WVTR) of container-closure systems for solid
oral drug products has been determined by using desiccant-filled test containers stored in
environmental chambers to create a difference in relative humidity (RH) or vapor pressure
inside versus outside the test containers. Use of desiccants can be problematic, however,
because an inadequate amount of desiccant or incompletely dried desiccant may result in
variability of the vapor-pressure differences between the inside and outside of the container
during the study. This potential variability of the vapor-pressure difference can both bias and
increase variability in WVTR determinations.

(N SRk D BB DR g1 > AT LD K-FR5K BB L (water-vapor transmission rate ; WVTR) %, ¥z
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Eli Lilly and Company has proposed that the water-filled container method be adopted as an
industry standard, by inclusion in general chapter { 671}, for WVTR determinations of
container-closure systems for solid oral drug products. The authors anticipate that readers will
incorporate this alternative method into their WVTR testing program.

Eli Lilly and Company %, EENIRAIOREHES 27 20 WVTR JIEICR LT, EFEREL LT,
K FE R # 1) (water-filled container method) % | general chapter <671> (ZERFH$ 25 Z &L 2R ET 5,
EEEFIT, COMMABRENTL T 2N WVTR BB 7' 0 77 M2, ZOREEZEZD L2 L e liRT
LHHDThHD,

2. USE OF DESICCANTS FOR WVTR DETERMINATION
(WVTR HIE D 7= O RzIEEF| O ff )

According to the WVTR methods described in chapter Containers—Performance Testing ¢

671}, test containers are to be filled with sufficient anhydrous desiccant to maintain an inside
RH close to 0% during the study. Desiccant-filled test containers are held in an environmental

chamber, and weight determinations are made over time. Under constant environmental
conditions, plastic [e.g., polyethylene, polypropylene, polyvinylchloride (PVC), and
polychlorotrifluoroethylene (PCTFE)] container walls reach a steady state of water
concentration after a preconditioning period.

chapter Containers—Performance Testing <671> (Zif X541 TW 5D WVTR IZHE 2 IR, ARBRASRIIT
5372 B D HEEK O RLIEA (anhydrous desiccant) & FRIET D, ZAUE, FHEFIZIZ. FEENE 0%V HE
KR EEICHERF T 5 72 T 5, kA2 I L 1R A S 2 BREET ¥ /X — T & = | FRIRFAY (over time)
WCEEZWET 5, —EOBRESMATT, 7Z7A2F v 27 (HlxiX. polyethylene, polypropylene,
polyvinylchloride (PVC) 35 X T polychlorotrifluoroethylene (PCTFE)) HUAZROEET, LT 4
va T WIS, KDTREN —EDIREE (steady state) (ZRIFET 5,
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The inside RH remains constant during testing if adequate anhydrous desiccant is present. The
weight gain of the desiccant is determined at this steady-state condition and is translated into a
permeation rate for the test container-closure system. In this Stimuli article, %RH is used to
express the environmental chamber conditions and the headspace inside the test containers.

AR A OWNAIOFXHEE X, © L, #UI 7R BAK DRI NFIEL T DO ThivX, SRRk
T —EDIRRETHFIEL TWD, T DOEFIRIESM: ( steady—statecondition) T, Z OFERAI O E BN (weight
gain) DWEZITV, iEBRRIG L 7R o T2 RE- K2V AT L OB IRHEE (permeation rate) & FHT 5, 2D
Stimuli D&t TIE, “%RH”IZ, TERBEAH T ¥ > 73— (environmental chamber) D ZR{f] & THER 72 a5 VAR
D~y RAN—R () | Z2RET D20 5,

To obtain reliable WVTR determinations, humidity must remain constant inside and outside
the test container throughout the study. Results from desiccant-filled test containers do not
account for potential variability introduced if the internal RH of test containers neither starts at
0%, nor remains at 0% during the study. A recent Stimuli article describes improvements in
desiccant preparation that are designed to maintain the internal RH below 10% throughout the
study. However, this internal RH range (0%-10%) translates to variability in the internal RH.
In contrast, a test container filled with water will maintain a constant RH (100%) from the
beginning to the end of the WVTR study, thereby reducing potential variability.

B TE 5 WVTR OREZGFDH 72D, 1 (humidity ; R FSHEETHS 5. LIFFEL) (X, A
ZiE U T, BRAMNIE —EICRT-RIE72 D7, FlEdl 2 B LB A b ofE R, &)
R OWNERD RH 23 0% TAZ— R L7ch H2DWITRERTIZ 0% ISHERF S LTV 2hhy il &
T A TL ZEFAFIZEHL ToFM & L TR TE RV, 20 Stimuli OFaa Tldk, #H&EFIC
RO RH 23 10%LL FIZHERF 415 XK 9 IZERFF S U7 Al SR LR BR 25 2% (desiceant preparation) 0D 0 3%
BT DOTHSD, LirL, ZONEHO RH &P (0%-10%) ZF>Z &iX, WERH O/N7 >

ZH M (ranslate) SAVDZETHD, T EITHFRAIIC, KTz L7-RBRAaX. WVTR @
Fﬁﬁéﬁ)%ﬁ@b 0 £ TOHIM., —ED RH (100%) THERF S 415725, ZHIUTIAT Y N FAT5HZ &I
LERDLLDOTHD,

3 USE OF WATER AS AN ALTERNATIVE FILL MEDIUM
(RAREAR & LT oKD

To address the challenges involved in the use of desiccant-filled test containers, it is proposed
to use the water-filled container method as an alternative approach for the determination of
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WVTR of container-closure systems for solid oral drug products. Desiccant-filled test

containers stored in a 40°/75% RH chamber achieve a vapor-pressure difference of 65%-75%
if the internal RH created by the desiccant ranges from 0% to 10%. On the other hand,

water-filled test containers stored in an environmental chamber at 40°/25% RH achieve and
maintain a constant vapor pressure difference of 75%.

LI & FEHE U 72 SRR R AR Ol IS RE 5 INEE 2R S35 7212, [ETENIRBIO K ds-te > AT
LD WVTR HIE D72 DZEE (alternative approach) & L C., K FSHEZRERE (waterfilled container method) D
MERET D, Frv o /3— (40C, 75% RH) HUTERE U 7o i 2 il U7 BRA R E,. b LN
®D RH % 0% ~ 10%D 245 (desiccant ranges) & L 7=FEIE, 65%~75%DKAKKDER L 725,
—J. BETF ¥ 3 —D 40CT 5% DHIIRAF LT DKAE T L7 BRAESR) 13, 75% &9 —
ERIRFERIEZ R L, DORERFR S5,

3.1 Experience with Water-Filled Test Containers (K FEIEHERE 28 TORER)

In practice, multiple benefits have been realized by implementing WVTR testing using water
as the test medium for blister samples. With water, the variability of the fill amount does not
result in variability of internal RH, and no interaction with container walls has been observed.
The stability of the internal RH afforded by water facilitates holding the samples or reusing
them at a later time, or in multiple studies (e.g., different storage conditions using the same
samples). Additional measurements or extensions of studies are possible without concern about
depleting the water.

FEERIZ, 7V AL — (lister) VTV OFRBREAR L U COKEZMEH L7 WYTR B2 £ 2 2 &
IZRY, ZHEREROGOLND Z ENFER LD, KTIIFEROLETIL, WO RH OEH) %4
CH3IHEDHZLIFES, BEOEEL OFEAAER (nteraction) HAFIEL TRV, KIZL->THZ LN
HNERH OZEIX, TV ORERC, R AICENEERT S Z &0, Lok iz, R
P TNEHH L CORBORFSEM) T ThEABEHTL2 275 L35, £72. ZOKN
HES 72 % LD LERZR LIS, FRE OB ARRESCERE N L 72 5,

In addition, potential exposure of desiccant to moisture during filling and handling before
testing is eliminated with the water-filled container method, and physical damage to foil
lidding caused by desiccant is also eliminated. This includes elimination of special handling
requirements to protect desiccant-filled blister samples from excessive exposure to moisture
before testing. Also, samples filled with aqueous dye can be used for leak testing before or
after WVTR testing. Use of dye enhances visual detection of gross leaks during the study.

RCIIILFREER BB I 25 THH Y £F, FCIFCOBRE BT 5 /B 72 FEIC |_ite Scientia
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BT, AKZ S L 72 F A Tl ARBRATO SREOBHR N IS, UK L TE ORISR EE S
B AREMEDHEBR & B, & L CRZEHIC L - THA U 5 foil lidding Grit : Eskrss, #lzid, Wiz 7 e 37
roa— s (T 2R E S FMYERT S, ZhdiE, BRI e RE LT ) A4 —
OV TN % | BRERATOWRUS KT 2RI 2R DIRET 720D, Rl B OO ER bR E
ENDHZELEENTND, o, KBEMERE TR LIz 7% WVTR B BRAi%ZO U — 7
AREBRIZ BT 5 2 kD,

Sample preparation techniques are important for filling blisters with water. The best practice
for delivering water into the cavities on the packaging line was developed using a manual
syringe filled with water, allowing delivery of a few drops of water to each cavity without
causing sealing problems.

TVAZ—Z/KCHRETHOOV TNV T 7 =y 7 REBEL D, KeRBELIE~v=a2T L

(FoETz) YU U VEHBALT, AT A NCHDIT Y ET 4 (cavities: (1L H T EAEIHT 52
RN, KERETDROBWHELRAE L, Znid, =V 7 EToMBELETISEDL 2
EHES, BX Y ET ITKOEIRAZAND Z EZFREICT HHDTH 72,

3.2 Amount of Water for Test Containers (GREZIZOKNOE)

For blisters, approximately 10-100 mg of water (about 1-10 drops), depending upon expected

WVTR, is adequate for all blister types at 40°/25% RH. As an example, consider the
preparation of a low-barrier WVTR package, e.g., a PVC water-filled blister as shown in Table
1. The expected WVTR is about 1.5 mg water/(day x cavity) at 40" and a 75% RH

vapor-pressure difference. The initial amount of water required to create 100% RH at 40° in
this blister (approximately 0.5 cc volume) is 0.025 mg of water, on the basis of absolute

humidity. For a typical WVTR study of a low-barrier blister, 2 days are allowed for
equilibration, followed by a study period of 15 days for obtaining 3-5 weight determinations.
This is a total exposure time, or permeation time, of 17 days. According to Equation 1, a
minimum of 25.5 mg of water is needed.

7Y AF TR LTI, PREND WVTR IZHESW T, £ 10~100mg (8 1~10 i) DKOFIN
23, 40C25% RH TORTDO T Y AL —HZ A FIZiR b D Th D, —2DFEFE LT, £1I1TR
L7k 9572, PVC OKRFET Y 2L —Dkk7Ze, RANY 77— WVTR WO EZE X THhbd, £
DF BRI DH WVTR (%, 40°C T 75% RH DIKZEK D Z£H T, #J 1.5 mg water, /' (day x cavity) Td 5,
ZDT IV AX—(#105cc FE) TD40°CTD 100% RH % 4E U S5 72 DI B KO W Eix,
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HoxHEE  (absolute humidity) (ZH-3&, /K 0.025 mg & 7225, &N T —MEDT U A Z—DREN
72 WVTR FRALZ6 LT $@&@é@ 2HW%&U\8~5@®E%@EK%LT&BH%%
LD, LIeiio T, RIRERRH (72 I@BRH) 1317 AL 7ed, A 711> T KON EIT
255mg & 725,

1.5 mg water / (day x cavity) x 17 days + 0.025 mg = 25.5 mg water/cavity (1) =(7)

The recommended amount of water for this blister system is about 50 mg. Equation 1 can be
used to determine the minimum amount of water for all blister types, and this amount should
then be multiplied by 2-3 to achieve an excess. For bottles, a 10%-25% fill volume of water
will create and maintain 100% RH during the entire study.

ZDT YN AZ = AT KK D KOHELERIT, #150mg TH D, H1iF, BTHOTIVAF—DXF
A TDOKOENEERTET DHT-OIFEHTHZENRHRLIEDTHY, LT, ZEEETHED
I, 2~3DFHAEFRLSHZ L, A ML (bottles ; ) 1Tk LTiE, AD 10 ~ 25% O FHERE
23, REHMEOSKIZR LT 100% RH 24T SH, MO T5H0ThH D,

3.3 Comparison of Results for Water-Filled and Desiccant-Filled Test Containers

(KFEIE L ZRAIFIEDHABRTHRDOBRDOLLE)

Observed differences in WVTR results for water-filled test containers versus desiccant-filled
test containers are practically insignificant. Several sets of data are provided in Table 1. The
raw data for each set are shown graphically in Figure 1.

K 72 FEH U 72 BB AR o6 2 M MRA SR BB A BRI DUV T D WVTR R OB S - 22 R
EEEE WAHIZELRNHDThoT, OO T—XEy e X 1R, &y MZONT
DAET—H % Figure 1 (2R LT,
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Table 1. Summary of WVTR Studies Comparing Desiccant-Filled and Water-Filled Samples
(F1 WBRFAFRELKFREOY V2T 5 WVTR fREDEK)

Sample description Fill medium Char.n.ber Number_ oF test Average WVTR
conditions containers
7.5 mil PVC Molecular sieves 40°C/75% RH 10 1.46 mg/(day x cavity)
Water 40°C/25% RH 5 1.39 mg/(day x cavity)
0.6 mil PCTFE Calcium chloride 40°C/75% RH 10 0.161 mg/(day x cavity)
Water 40°C/25% RH 6 0.162 mg/(day x cavity)
2 mil PCTFE Molecular sieves 40°C/75% RH 10 0.104 mg/(day x cavity)
Water 40°C/25% RH 10 0.105 mg/(day x cavity)
325 mL HIS2 HDPE® Bottle Molecular sieves 40°C/75% RH 10 2.97 mg/(day x package)
325 mL HIS HDPE Bottle Water 40°C/25% RH 5 3.20 mg/(day x package)
& HIS, heat induction sealed.
® HDPE, high-density polyethylene.
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Sample type (desiccant-filled vs. water-filled) within package type

Figure 1. Graphic representation of raw data for Table 1.
(1. R1DET—FDT T 712K BKT)

R KRR OEFIZ. T b 75%RH T, # OIFOEEEIL 40°CTh 5
4. SUMMARY AND CONCLUSIONS (B4 & #fim

WVTR can be measured in terms of desiccant weight gain or water weight loss for a
container-closure system held in an environment with constant temperature and RH. Test
containers filled with water provide a constant vapor-pressure difference across test container
walls, offering potential improvements in WVTR testing compared to desiccant-filled
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containers where the vapor pressure inside may neither start nor remain at 0% RH. Also, use of
water-filled containers mitigates many of the challenges inherent in the preparation and
handling of desiccant and desiccant-filled containers. Eli Lilly and Company has proposed that
the water-filled container method be included in general chapter ¢ 671} and be adopted as an
industry standard for WVTR determinations of container-closure systems for solid oral drug
products.

WVTR 3, —EDIRER X OMHIRE TOREE PICEN N A G-I AT LI LT, Bl o
AN (desiccant weight gain) & 5 UMKy B & (water weight loss) DFEIEDBLS N HHIET 5 Z & A3 HIE
Do ARTHRIALZHBRALRIL, MEBRA IR OBEZ B 5 /KKK D—E LTI EEZ 52 5, FIH TR
Ben Tl BAWRIOKZELED 0% RH TAZ — b LW bRV L, 0% RH IZRFF S
VN ALY, A& LT, KA FRHE L7 B %R T WVTR BRI, £ ORI EEED
AREMEZ R T 26D TH L, [ UL, KEFRE L HRBRASROME L, wRAlR L ORI RIE
KR DOVER & B NC BT 2 A 72N D% < #8535 D Th 5, Eli Lilly and Company i3,
general chapter <671>12., /KICIEZ S (water-filled container method) % A% S, [N ARA D & ga-F2 >
AT 5O WVTR HIEDEREAREL LTRHAT L 2 &2 RET 5,
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