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Changes in the Adhesive Properties of Ketoprofen Tape during Storage Without
Packaging and their Causes

Tamaki Miyazaki®, Hitomi Kanno, Akiko Usui, Yasuhiro Abe, Daisuke Ando, Eiichi Yamamoto,
Hiroyuki Yoshida, Ken-ichi Izutsu

This study aimed to investigate possible changes in the adhesive properties of medical ketoprofen
(KPF) tape several days after opening the bag for use. For all 11 currently available brands in Japan,
the product is distributed in packages containing seven sheets of KPF tape in one bag, meaning some
of the sheets might be left in an open bag for several days. Since the KPF tape formulation contains
highly volatile excipients, changes in the composition of the adhesive layer over time, and concomitant
changes in quality can be expected after opening the bag. Furthermore, two of the 11 products
purchased showed visible KPF crystals in the adhesive layer even when the product was opened
for the first time. The amount of crystallization remarkably increased when the sheets of KPF tape
were stored without the bag. After opening the bag, highly volatile excipients such as ¢ -menthol,
dibutylhydroxytoluene and crotamiton vaporized from the tape. X-ray computed tomography revealed
that a greater amount of crystallization occurred at the interface with the backing rather than with
the liner in the adhesive layer. The nonhomogeneous distribution of crystals suggested that KPF
crystallization progressed with the transfer of volatile excipients through the knit backing. Further, the
X-ray computed tomography images showed that the crystals reached the adhesive surface as they
increased in size. Results from probe tack testing demonstrated that the tack of the product containing
KPF crystals decreased during its storage without the bag: from 6.8 = 0.3 N/cm® (initial) to 59 =+
09 N/cm® (7 days) and 44 += 12 N/cm® (28 days) . Physically, the reduction in tackiness was due to
a decrease in the adhesive surface area that contacted the test probe because of crystallization near
the surface. Moreover, from the perspective of quality control, the presence of crystals on the order
of a millimeter in size near the adhesive surface where it contacts with skin might not be desirable.
Some KPF tape products showed no obvious crystals even after storage for 3 months, suggesting that
an appropriate composition of excipients might help retain KPF in a molecular state. When choosing
a tape formulation, it is important to consider its physical stability during both the shelf life and the
period after opening the bag until all the sheets of KPF tape are used. In addition, patients should
follow instructions to store the products appropriately, and use the sheets of KPF tape within a short
time period after opening the bag.
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Fig.1 Precipitated crystals in KPF tape B

(a) appearance of the adhesive surface when the package was opened, (b) electron microscope photograph of

the crystal, (c) X-ray CT image of the cross section of the tape.
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Adhesive layer without crystal
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DSC thermograms of KPF reagent and adhesive layer of KPF tape B
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Fig. 3 X-ray diffraction patterns of KPF reagent and adhesive layer of KPF tape B
The pattern from PDF #00-038-1582 is shown at the bottom of the figure.
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Fig.4 GC/MS charts of components volatilized from KPF tape C
(a) at the time of opening the package, (b) after leaving for one month in a laboratory environment
1, 4 -menthol: 2, BHT: 3, myristyl alcohol: 4, crotamiton

Table 1 Changes in tack during storage at 25°C/60%RH

Tack (N/cm?)

KPF Tape Package Initial 7 days later 28 days later
A - 38 =03 39 = 04 39 =04
+ - - 34 =02
B - 68 = 0.3 59 £ 09" 44 £ 12%"
+ - - 6.1 = 08
C - 20 =01 21 =02 19 =02
+ - - 21 =03

The results are shown as mean and standard deviation (n = 6). Significant
differences were analyzed by t-test (* p <005, ** p < 0.01).

a— ), BHT, RY 75, E/F LA VBBV IVES »,
RY VIR —1+80) OHT, HIEENENL-A ¥ b—
J, BHT, IYAFALTILVI—), 27Uy I rO¥—
s AEEE N (Fig. 4 A). F72, HOUIRECERE

3.4. Wi h

3.4.1. Fu—7% v 78
BWRAARFCIIUEOFEIIIIPDST, 17O

SIS BT 2GR OT INIRRD b, v 7 ITH

B3 (18~20T /#20% RHOZ Y W & {B)E) 1214 H
MREL72& 25, FBEERICHLTL- XY b=V
04%, IYAFLTILVI—VII31%, Zar 3 bt
1.0% A L, BHTEIARMILE 272 (Fig. 4 B).

LD 5N h o7 (Tablel).

—J7, KGRI LTV BA B, O TORLE
WX DREREIZ Y v 724K L, #IHME & OFEAEDR
FICKREL o7z, REAFOWLAEICDH, FIHHEIZHIME



MUFIREORAEIC L 27 P 707 = v 7 — 7T OMERF UL E 2O RICE S 28 37

IDHTHHRERTLTOAY, AEAIRB IR
ol
3.4.2. IR — % v 2 ik

AR DS v 7 OIRTF2SHHE TH - 72 BABIZO X,
AR = 7 v 7 R B&EC 6 MO D K LIE %17 -
7o, BWEERIE, HAREERKE (JIS) ONo. 24 (& 1!
$19.1 mm, 282¢g) F—)IL % 61, No.25 (B : ¢
198 mm, 319g) K—Iv % 4nl, {1 X872 28H M,
MR BEIRAE CHRAE L 72 30RHE, No. 24K — v % 6 4]
Kg7275 No 26 R =)V 1 B EILEEL 2 ENTE
Loz,

4. B

HWHIBIZB W T HHTH MDD & N o B R
1, DSCHll 52 12 3B\ TKPF O Rl s 1 #1243 % i sk
(94~97C) 1T ¥ — 7 2R L7722 & (Fig.2), 7u—
FTidd 52XRD/SY — > D ¥ — 7 (7B HKPF O K%
MY —2o2 0L EEEFc—®RL-2L (Fig.3)
Mo, T ANESOKPFTH 5 LR sz i
W, BAIAROCIE, FYIMIA A a—TEHw
7o EVE T K OVRF O B O F RO #1%E, DSCHll
5%, XRDUED VT I ib\/‘fi)KPF‘(anB@ﬁﬁ:ﬁiﬁﬁ
BN oz

F 72, HH B2 I IRECRET 5 &L RHHE YA
W, HRENDHEAE O 5 A IZEZEICH KL
7z. Fig 4 TRLA-L 91, HEEATS k’%ﬁ‘*@ﬁ

ST . IFICHEE IR S Nzl s #e

3, BHBICE TN LR ﬁmmw&ﬁief/b~
VEBHTCTH A, 759 AF v 78D 4 F—I3F K
DIRFEVES) Vﬂ@%ﬁ@*ﬁﬁéikhkﬁﬂﬁﬁ&
VOIZH L, = v MEHOZFRIIREEEB ST L7
DR OBERMBITIEM LT v, XHCTHEZIC L -
T, BIREFHMRORIMIZ BT BERDL T L2 5
P o 72hs, UL, BRHDEOZLA S b % it
L7-RREEZ BNz BIROHEMIEIIBT 5, HX)

55 D JRAEAL DRI S 7z,

4‘@*%:53‘5@%22: L72KPFF—7D ko< ) v Y
AR OBFNIL, HEAAREZFAHIT LI, A
w&\®¢WN@%ﬁﬁ%ﬁL§%fﬁ®#%w”m
L2 L, #EFIREBIZ B AR E R 720, AR
B X o TIZEMAHR BT B YA H 510055,
RAAE T ST BRI~ DY ORI, BERICE
F N5 VEH R VTR B A 00 BE A3 53 F- RIS D2 eI
BB AT, IFICRE S N2 o BHhic L
A B K V4 BIEE 22 MG AT o T R W SRR IR
bS5 728 5 1 oOBFNTHIC, o 9 B TR
fEHE N T WIRMABREEEH S hTnwb. BE

Tt

WA 22 72 DHEM DI A& W 2 WS, 2 S O H3
KPFO#E b R ET 2R & e o 2 EEIE/E T

Ehwv, 3502, FEBIERERIN WA L2
& THE AR & <’7'“113L F bR S - & F 2
bz, 72720, FRRICHFEMEA I 2358 A L 72585 A
R CTl i’]‘ﬁu‘fﬁ;ﬁfﬁﬁp@‘fnaﬁ*ﬁﬂﬂﬁ‘ 2O NLeholzl b
M5, BB O ERENE, ERIREICH 5KPFST
DERPTOREEC ESL’C bR | N T+ BTholzk
Fi5.

WHBTIE, MRmoMmeikicrao—7% vy 7 H3ET
FTLHRBMREIN. & v 7%, B I)CER R
LtF"‘ RSN AV TH Y, FRFE DR

BRI N TV, R LAEMET A F =1k, ¥
&b%,7n—7t®%%ﬁ FTELTVWALZ EN
XMCTHE CT/REN. PR ELZHBHIBIT 3
7y o O, 7u—7 T 59 E N e BRI
OWLBEREZ 2z 57z

H R — iR B LR 25 ) 3R BRiE™ 23U & 5 LU o
l’i%ﬁxﬁn%iﬁﬁﬁﬁ?’éﬁ i, [#HENo. 4 L EOTEWAR—)V
DI L 25 E6 BNV RIFTH L L b Tw5 ]

ﬁﬁéﬂfw%w.::TQMAﬁ—wwﬁfx
JISHAME DONo. 10 (Z#E1fE : ¢79mm, 20g) ZHYHT
5. MABOIFIZHHA YL LT, [THHFEAF—
WER=V (No.4Dl) #2A0FEE AF—)IVFR—
WVITHE I CEIET 5 ] L oREAR NS, IR
HEC28H [ PRAF L 72 ##IBIX, JIS No. 10K — v o#14
fEoERE AT ANo. 2dR— NV zfEIEs87. FEHNR
A2 5id, HSONBIZX RGO BT R
L9 B#iNTH 7. LaL, AT A FEPRE
SEARAANL, BRI btk)ﬂiﬂﬁﬁﬁ‘%% %
W, F 7, RPMEHEETH B 720, [F—BENITHE D b
F5Z LIl b. BHCIRECTEA L 72KPFO R i§HliH
PEIZOWTIE, BB CTREDORRIIME I N TS
2 BRTH B RIEKPFOLEME S RET— 5 ¥ —

b (https://labchem-wako.fujifilm.com/sds/W01W0111-
0109JGHE]JP.pdf, 2022/05/02) TIi%, R A T
ENTWD., BEEICHT2WAMLRHE ) HTH,
HHTED RSN A XORMOMFEITET L
v T2, F—7RNIBT B HRESG O L
FHESE SR Z 5 2 2K E LTHRESNTE
DB SRR T ORI, BHI R AR o 1 PR A
OB NPE ) AT EREEZ b,

5. M

TR 2 BRE S &, Wl A L1$6HE O IR HHKPF
T = 7OV THEROIMIRPERL LR &2 KL 72
&2, KT OGS 7 — 7 HE KOG %A



38 EIRRVANAEE T

=]
on

.
=

AW %8 A $5140% (2022)

DREIIEFMIC L o TRZ D ZEPPIRENTz. AT
O A FEHUIERA AN, BRAD—RICA 5 72wd
HAUTHELTH Y, @, Huikbs I TICBHM%E
Kb, W SNRHNORENIE X — 5 — OPRFLHPH
WCTd 57, g S EMME RIS ED? R E LML
Lawiiaeatid, Joseledinh, BRIEEEMIZhNDb S
FTEEEEZONS. /o, HHFEIEEFEHLF-T
BENCRF 2 RE L, RIS 2 & Eh 5.

5D STHR

1) “20194E k5t oo B AV R ", R, TPC

X—=r 74 70 —FAat, KB, pp 30-33

(2019)

Mz, AHmBas - HAE0REE, 2020,67:9-13.

Saita A, Inoue A, Ishibashi H, Tominaga K,

Hore S, Miki A, Ohtani H, Ono N, Sawada Y:

Yakugaku Zasshi. 2008;128:795-803. doi: https://doi.

org/10.1248/yakushi.128.795

Ohtani M, Matsumoto M, Namiki M, Yamamura

Y, Sugiura M, Uchino K: Yakuzaigaku. 2011;71:120-

125. doi: https://doi.org/10.14843/jpstj.71.120

Awa K, Satoh H, Hori S, Sawada Y: Yakugaku

Zasshi. 2012;132:135-144. doi: https://doi.

org/10.1248/yakushi.132.135

AL, EAYESE, SRR A, 2013;64:3175-

3179.

BIARMEZR T, PR 1, LGy B AR o 5 AT S B,

2013;85:83-89.

Matsumoto K, Kohno T, Sugiyama T, Sakamoto Y,

Shimada A, Kuroda Y, Terajima T, Maezawa K,

Kizu J: Jpn J Pharm Health Care and Sci. 2014;40:

672-676. doi: https://doi.org/10.5649/jjphcs.40.672

Wada Y, Kihara M, Nozawa M, Shimokawa K, Ishii

F: Drug Discov Ther. 2015;9:229-233. doi: 10.5582/

ddt.2015.01032

REARELAL, ANAREET], R, KT —, Bl

BERA, MR, EREH  HAWEEREAZ

#iE, 2016,52:513-517.

Azuma M, Fujii M, Inoue M, Hisada H, Koide T,

Kemper M, Yamamoto Y, Suzuki N, Suzuki T,

Fukami T: Biol Pharm Bull. 2018;41:1348-1354. doi:

https://doi.org/10.1248/bpb.b18-00019

Miyazaki T, Kanno H: Pharm and Med Device

Regulatory Sci. 2020;51:234-245.

13) Nozawa M, Goto M, Wada Y, Ishii F, Shimokawa
K: Drug Discov Ther. 2021;15:87-92. doi: 10.5582/
ddt.2021.01034

2)
3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

14) Kato H, Nagata O, Yamazaki M, Suzuki T, Nakano
Y: Yakugaku Zasshi. 2002;122:57-69. doi: https://doi.
org/10.1248/yakushi.122.57

Yamazaki M: Membrane. 2003;28:255-262. doi:
https://doi.org/10.5360/membrane.28.255

McAfee DA, Hadgraft J, Lane ME: Eur J
Pharm Biopharm. 2014;88:586-593. doi: 10.1016/
j.6jph.2014.08.007

Cilurzo F, Casiraghi A, Selmin F, Minghetti P:
Curr Pharm Des. 2015;21:2733-2744. doi: 10.2174/13
81612821666150428125046

Schulz M, Fussnegger B, Bodmeier R: Eur J
Pharm Biopharm. 2011;77:240-248. doi: 10.1016/
j.€jph.2010.11.011

Suksaeree J, Siripornpinyo P, Chaiprasit
S:JDrug Deliv. 2017, 2017:7358042. doi:
10.1155/2017/7358042

Santos P, Watkinson AC, Hadgraft J, Lane ME:
Int J Pharm. 2011;416:155-159. doi: 10.1016/
jijpharm.2011.06.024

21) Sadeghi M, Ganji F, Taghizadeh SM, Bahram D:
Iran J Pharm Res. 2016;15:283-294.

Mohamed LA, Kamal N, Elfakhri KH, Willett D,
Wokovich A, Strasinger C, Cruz CN, Raney SG,
Ashraf M, Zidan AS: Int J Pharm. 2020;578:119132.
doi: https://doi.org/10.1016/j.ijpharm.2020.119132
Yamamoto Y, Yamauchi R, Ohno S, Asai K,
Fukami T, Koide T: Biol Pharm Bull. 2019:42:2102-
2108. doi: https://doi.org/10.1248/bpb.h19-00758
Subedi RK, Oh SY, Chun MK, Choi HK: Arch
Pharm Res. 2010;33:339-351. doi: 10.1007/s12272-
010-0301-7

Schurad B, Tack J, Lipp R: Drug Dev Ind Pharm.
2005; 31: 505-513. doi: 10.1080/03639040500215842
Furuishi T, Io T, Fukami T, Suzuki T, Tomono K:
Biol Pharm Bull. 2008;31:1439-1443. doi: 10.1248/
bph.31.1439

Jain P, Bang AK: Int J Pharm. 2010;394:68-74. doi:
10.1016/j.ijpharm.2010.04.042

Schulz M, Fussnegger B, Bodmeier R: Fur
J Pharm Sci. 2010;41:675-684. doi: 10.1016/
j.ejps.2010.09.011

Jain P, Banga AK: Pharm Res. 2013;30:562-571. doi:
10.1007/s11095-012-0901-7

Michaelis M, Leopold CS: Drug Dev Ind Pharm.
2015;41:1532-1540. doi: 10.3109/03639045.2014.971029
31) {WEEW : HAZTABAGE 2003,76:412-417.

15)

16)

17)

18)

19)

20)

22)

23)

24)

25)

26)

27)

28)

29)

30)



MUFIREORAEIC L 27 P 707 = v 7 — 7T OMERF UL E 2O RICE S 28 39

32) BT ASIERARER T, EATEE EE - A 116-117 (2012)
£/, pp 159-161 (2021) 34) Lee BS, Choi YG, Son WC, Jung KM, Kim JJ, Kim
33) BRI GELGENGEIRE2012", —MHBIEAL F 2 BH: Arch Toxicol. 2007;81:743-748. doi: 10.1007/

7MY =t T RERHE CIE), WE, pp s00204-007-0199-0





