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1. Introduction

It is estimated that the medical care expense for citizens 
in Japan will be 52.3 trillion yen in 2025 from 34.8 
trillion yen in 2008, among which the medical expenses 
of the late-stage medical care system for the elderly will 
increase from 11.4 trillion yen to 24.1 trillion yen (1). 
As a solution to this problem, the use of generic drugs 

containing the same principal ingredients as brand-
name drugs is recommended. However, the brand-name 
and generic drugs differ in the manufacturing processes 
and additives (2), and their use has not progressed as a 
result of external appearance, feeling of use, and safety 
being not the same as brand-name drugs. Especially, the 
patient finds it easy to feel a difference in the feeling 
of use of a patch, and many cases have been reported 
cases in which patients complain of differences in the 
feeling of use when a brand-name drug is changed to a 
generic drug (3).
	 Diclofenac sodium tape is a nonsteroidal anti-
inflammatory drugs (NSAIDs) discovered in 1965, 
and it is widely known that it shows strong anti-
inflammatory and analgesic effects. It has gained a high 
reputation for many years. In Japan, "Voltaren® tape (4)" 
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and "Naboal® tape" as patches were launched in 2004 
as brand-name drugs.
	 In this study,  we conducted a comparative 
evaluation of the brand-name and generic drugs of 
diclofenac sodium tape, and conducted research aimed 
at providing information that could be the basis for drug 
selection at the pharmacy. In addition, among the two 
types of the brand-name drugs, "Voltaren® tape" with 
many clinical research reports was compared with other 
patches (5).

2. Materials and Methods

2.1. Materials

As diclofenac sodium tape (7 cm × 10 cm), brand-name 
drugs, Voltaren® tape 15 mg (Dojin Iyaku-kako Co., 
Ltd., Tokyo, Japan) and Naboal® tape 15 mg (Hisamitsu 
Pharmaceutical Co., Inc., Tokyo, Japan), and generic 
drugs, diclofenac sodium tape 15 mg "Teikoku" 
(Teikoku Seiyaku Co., Ltd., Kagawa, Japan), diclofenac 
sodium tape 15 mg "Yutoku" (Yutoku Pharmaceutical 
Ind. Co., Ltd., Saga, Japan), diclofenac sodium tape 
15 mg "Sanwa" (Sanwa Kagaku Kenkyusho Co., Ltd., 
Aichi, Japan), diclofenac sodium tape 15 mg "NP" 
(Nipro Pharma Co., Ltd., Osaka, Japan), diclofenac 
sodium tape 15 mg "JG" (Nihon Generic Co., Inc., 
Tokyo, Japan), diclofenac sodium tape 15 mg "Nippon-
zoki" (Nippon Zoki Pharmaceutical Co., Ltd., Osaka, 
Japan), diclofenac sodium tape 15 mg "Nichi-
Iko" (Nichi-Iko Pharmaceutical Co., Ltd., Toyama, 
Japan), diclofenac sodium tape 15 mg "Towa" (Towa 
Pharmaceutical Co., Ltd., Osaka, Japan), and diclofenac 
sodium tape 15 mg "Rakool", (Mitomo Yakuhin Co., 
Ltd., Tokyo, Japan), were purchased and used in this 
experiment (Table 1). All the other reagents were of 
analytical grade. 
	 Table 1 shows the product name, abbreviated name, 
classification, company name, and lot number of the 
diclofenac sodium tape used in this study. Lot numbers 
A and B were set according to the time when the test 
was carried out.

2.2. Measurement of pH

We measured pH values, as described by Wada et al. 
(6,7). Briefly, each preparation was cut into sections 
measuring 20 × 30 mm, placed in sample bottles 
containing 20 mL of purified water, and agitated for 
185 rpm × 24 h. Subsequently, the pH of the solution 
was measured using a Benchtop pH meter F-74 and 
ISFET pH electrode 0040-10 D (HORIBA, Ltd., Kyoto, 
Japan). For each product, measurement was conducted 
6 times at 24 ± 2℃, and the mean was adopted as its 
pH value.

2.3. Measurement of the elongatedness

An elongatedness test was performed, as described 
by Wada et al. (7). The end (70 mm) of a section of 
each product measuring 70 × 100 mm was fixed on an 
experimental table with the adhesive surface. A weight 
(300 g) was suspended on the other short side, and 
the length (mm) of the preparation after 10 seconds 
was measured. The elongatedness was calculated 
from the values before and after. For each product, a 
measurement was conducted 6 times, and the mean was 
regarded as the elongatedness. The elongatedness of 
change in elongation was calculated by the following 
formula: elongatedness (E) = L/L0 [L: Length (mm) 
after 10 seconds, L0: Length before test (mm)]

2.4. Measurement of water-vapor permeability

The water-vapor permeability test was performed, 
as described by Sugino et al. (8). Briefly, 10 mL of 
purified water was placed in an Erlenmeyer flask, and 
its opening was covered with a round section of each 
product measuring 20 mm in diameter. After the weight 
was measured, each sample was allowed to stand for 24 
hours in an environment chamber KCL-2000W (Tokyo 
Rikakikai Co., Ltd., Tokyo, Japan) under the following 
conditions: temperature, 25°C; relative humidity, 55%. 
Additionally, the weight was measured. As a control, the 
weight of the Erlenmeyer flask containing purified water 
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Table 1. Tape products used in this experiment

Product name

Voltaren® Tape 15 mg
Naboal® Tape 15 mg
Diclofenac sodium tape 15 mg "Teikoku"
Diclofenac sodium tape 15 mg "Yutoku"
Diclofenac sodium tape 15 mg "Sanwa"
Diclofenac sodium tape 15 mg "NP"
Diclofenac sodium tape 15 mg "JG"
Diclofenac Na tape 15 mg "Nippon-zoki"
Diclofenac Na tape 15 mg "Nichi-Iko"
Diclofenac Na tape 15 mg "Towa"
Diclofenac Na tape 15 mg "Rakool"

Abbreviated name

Voltaren
Naboal
Teikoku
Yutoku
Sanwa
NP
JG
Nippon-zoki
Nichi-Iko
Towa
Rakool

Class

BN
BN
GE
GE
GE
GE
GE
GE
GE
GE
GE

BN: brand-name drug, GE: generic drug.

                 Company name

Dojin Iyaku-kako Co., Ltd.
Hisamitsu Pharmaceutical Co., Inc.
Teikoku Seiyaku Co., Ltd.
Yutoku Pharmaceutical Ind. Co., Ltd.
Sanwa Kagaku Kenkyusho Co., Ltd.
Nipro Pharma Co., Ltd.
Nihon Generic Co., Ltd.
Nippon-zoki Pharmaceutical Co., Ltd.
Nichi-Iko Pharm. Co., Ltd.
Towa Pharmaceutical Co., Ltd.
Mitomo Yakuhin Co., Ltd.

Lot number A

40420
50103
4J150
5C050
AH00601
LM068
407060
4J130
IP0801
A102
G20XR

Lot number B

170190
U201U
7H010
8B040
AL00101
17R201
710170
7H040
KD2101
A0122
A02XW
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constant rate (5 mm/sec) so that the adhesive surface 
was peeled off to be 90° or 180° to a digital force 
gauge, ZP-20N (Imada Co., Ltd., Aichi, Japan), until the 
tape had been completely exfoliated from the stainless 
plate. With respect to each product, measurement was 
conducted 6 times, and the mean was regarded as the 
peeling-force.

2.6.2. 90° peel test using EVA (Ethylene-vinyl acetate) 
membrane

The peeling-force was measured according to the 
Japanese Pharmacopoeia 17th Edition (9). According to 
the method of 2.6.1, after attaching the EVA membrane 
to the stainless plate, each product was further stuck 
thereon, and was performed 6 times for each patch. 
Incidentally, the peel test was measured 6 times for each 
patch 24 hours after attaching (24 h) and 24 hours after 
attachment in tepid water (40°C) for 30 minutes (24 h + 
tepid water).

2.7. Statistical analysis

For each experimental result, the values were compared 
using Dunnett's test, Tukey-Kramer-test and Bonferroni/
Dunn-test of the multiple comparison test or Pearson's 
correlation coefficient test (10). A p-value of 0.05 
(marked with *) or 0.01 (marked with **) was regarded 
as significant in the figure.

3. Results

3.1. Measurement of pH

The pH is an important factor reflecting the stability 
of the active component in each preparation or skin 
irritability. The results of pH measurements for each 
product are shown in Figure 1. There were marked 
differences in pH among the brand-name and generic 
products. The pH values of a brand-name drug Naboal 
(pH 5.2), generic drugs Sanwa (pH 5.2), NP (pH 5.1), 

(10 mL) not covering the opening was measured. The 
water-vapor permeability was calculated from the rate of 
change in the weight using the following formula: water-
vapor permeability (%) = (W0 − W1/Ww0 − Ww1) × 100 
[W0: weight before testing (g), W1: weight after testing 
(g), Ww0: weight of control before testing (g), Ww1: 
weight of control after testing (g)]. With respect to each 
product, measurement was conducted 6 times, and the 
mean was regarded as the water-vapor permeability (%).

2.5. Measurement of adhesion testing

2.5.1. Probe tack testing method

The adhesive-force was measured according to the 
probe tack testing method established in the Japanese 
Pharmacopoeia 17th Edition (9). After sticking a tape 
preparation to the jig of the probe tack examination 
device MED-IS-20N (Imada Co., Ltd., Aichi, Japan), 
without looseness, and placing the specified columnar 
probe in contact with the adhesive surface of the tape 
for a fixed time, the probe was removed vertically from 
the adhesive surface at a speed of 5 mm/s. Then, the 
maximum load required for peeling was determined.

2.5.2. Inclined ball tack testing method

The adhesive-force was measured according to the 
inclined ball tack testing method established in the 
Japanese Pharmacopoeia 17th Edition (9). A section 
of each product was attached to the inclined ball tuck 
examination device TransTack® Ball-Tack Meter 
Trans Tack-W (CosMED Pharmaceutical Co. Ltd., 
Kyoto, Japan). The maximum ball number (No. 1-32) 
was measured by the inclined ball tuck examination 
device. With respect to each product, measurement was 
conducted 6 times, and the mean was regarded as the 
adhesive force.

2.6. Measurement of the peeling-force

2.6.1. 90° or 180° peel test

The peeling-force was measured according to the 
Japanese Pharmacopoeia 17th Edition (9). Briefly, a 
slide table P90-200N (Imada Co., Ltd., Aichi, Japan) 
for 90° or 180° peeling test was fixed on an MX2-500N 
(Imada Co., Ltd., Aichi, Japan) stand for measurements 
according to the method of Wada et al. (7). On its 
surface, a section of each product (90°: 35 mm × 65 
mm, tong hold 5 mm; 180°: 35 mm × 54 mm, tong 
hold 30 mm) was longitudinally attached. In addition, 
a crimp roller (2 kg: Japanese Industrial Standards: JIS, 
Z0237: 2009) was rolled over each drug. Subsequently, 
the peeling-force was measured by pinching a 5 or 
30 mm area of the upper margin with a film clip FC-
40 (Imada Co., Ltd., Aichi, Japan) and pulling it at a 

Figure 1. pH measurement of various preparations (Lot 
#A) (n = 6). **p < 0.01 (vs. Voltaren, Dunnett-test).
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JG (pH 5.0), Nichi-Iko (pH 5.3) and Towa (pH 5.2) 
were similar to that of a brand-name drug Voltaren (pH 
5.2). On the other hand, the pH values of the generic 
drugs Teikoku (pH 6.3), Yutoku (pH 6.1), Nippon-
zoki (pH 6.0) and Rakool (pH 6.0) were significantly 
higher than the brand-name drug Voltaren (pH 5.2). 
Significance tests of these drugs were conducted. There 
were significant differences between Teikoku, Yutoku, 
Nippon-zoki, and Rakool (p < 0.01) (Figure 1).

3.2. Measurement of elongatedness

In many products, a stretchy material is used for the 
support layer to prevent turning-up or peeling after 
attachment to articular regions such as the knees and 
elbows. The results of elongatedness measurement are 
shown in Figure 2. The elongatedness of the generic 
drugs Teikoku (1.39), Yutoku (1.40), and Nippon-
zoki (1.43) were significantly higher than the brand-
name drug Voltaren (1.2). On the other hand, the 
elongatedness of a brand-name drug Naboal (1.22), 
generic drugs Sanwa (1.20), NP (1.20), JG (1.23), 
Nichi-Iko (1.19), Towa (1.24) and Rakool (1.26) were 
similar to that of a brand-name drug Voltaren (1.22). 
In addition, there were significant differences between 
Teikoku, Yutoku, Nippon-zoki, and Rakool (p < 0.01) 
(Figure 2).

3.3. Measurement of water-vapor permeability

The water-vapor permeability of each preparation 
may induce maceration stimuli when the skin water 
permeability is low on attachment. We measured the 
water-vapor permeability of each product. The results 
are shown in Figure 3. There were marked differences 
in the water-vapor permeability among the products; 
the water-vapor permeabilities of a brand-name drug 
Naboal (1.63%), generic drugs Sanwa (1.74%), NP 
(1.61%), JG (1.65%), Nichi-Iko (2.45%) and Towa 
(1.82%) were higher than the brand-name drug Voltaren 
(0.92%). On the other hand, Yutoku (0.42%), Nippon-

zoki (0.67%) and Rakool (0.39%) were lower than that 
of Voltaren (0.92%).

3.4. Measurement of adhesive force

3.4.1. Probe tack testing

Preparations with a strong adhesive force may not peel 
off when attached to the skin, whereas those with a 
weak adhesive force tend to peel off. We measured the 
adhesive force of each product. The results (bar graph) 
of the probe tack testing of each product are shown 
in Figure 4. There were marked differences in the 
adhesive force among the products; the adhesive forces 
of the brand-name drug Naboal (6.8 N/cm2) and the 
generic drugs Teikoku (6.1 N/cm2), Yutoku (5.9 N/cm2), 
Nippon-zoki (6.2 N/cm2), and Rakool (6.2 N/cm2) were 
higher than that of Voltaren (2.0 N/cm2). In addition, 
the results showed significant differences between all 
products and Voltaren (p < 0.01) (Figure 4).

3.4.2. Inclined ball tack testing

The results (line graph) of the inclined ball tack testing 

Figure 2. Elongatedness of various preparations (Lot #A) (n 
= 6). **p < 0.01 (vs. Voltaren, Dunnett-test).

Figure 3. Water-vapor permeability of various preparations 
(Lot #A) (n = 6).

Figure 4. Adhesive force of various preparations (Lot #B) 
(n = 6). Probe tack testing (bar graph), Inclined ball tack 
testing (line graph) **p < 0.01 (vs. Voltaren, Dunnett-test).
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of each product are shown in Figure 4. There were 
marked differences in the adhesive force among the 
products; the adhesive forces of the brand-name drug 
Naboal (18.0) and the generic drugs Teikoku (24.0), 
Yutoku (21.5), and Nippon-zoki (22.7) were higher than 
that of Voltaren (7.2). The numbers in parentheses for 
each of the above products indicate average ball number 
value. In addition, the results showed significant 
differences between all products (p < 0.01) (Figure 4). 

3.5. Measurement of peel force

3.5.1. Measurement of 90° and 180° peel force

The peeling-force refers to a force required to peel off 
the preparation after attachment. We measured the 90° 
and 180° peeling-force of each product. The results are 
shown in Figure 5. The 90° peeling-forces of Naboal 
(0.95 N), Teikoku (0.96 N), Yutoku (0.94 N), and 
Nippon-zoki (1.01 N) were higher than that of Voltaren 
(0.68 N), whereas those of Rakool (0.58 N) was lower 
than that of Voltaren. Similarly, the 180° peeling-forces 
of Naboal (0.72 N), Teikoku (1.11 N), Yutoku (1.16 
N), and Nippon-zoki (1.07 N) were higher than that 
of Voltaren (0.33 N). In addition, significance tests 
of various preparations were conducted. The brand-
name drug Naboal and generic drugs Teikoku, Yutoku, 
and Nippon-zoki showed significant differences in 
comparison with Voltaren (p < 0.01) (Figure 5, 90° peel 
force). All products showed significant differences in 
comparison with Voltaren (p < 0.01) (Figure 5, 180° 
peel force).

3.5.2. Measurement of 90° peel force using EVA 
membrane

The results of the 90° peel force using the EVA 
membrane of each product are shown in Figure 6. 
The peeling-forces of Teikoku (4.41 N), Yutoku (4.29 
N), and Nippon-zoki (4.18 N) were higher than that 
of Voltaren (1.15 N). Teikoku, Yutoku, and Nippon-

zoki showed significant differences in comparison 
with Voltaren (p < 0.01). Similarly, the peeling-forces 
after 30 minutes in tepid water (40℃) of Yutoku (5.76 
N) and Nippon-zoki (2.24 N) were higher than that of 
Voltaren (1.40 N). Yutoku and Nippon-zoki showed 
significant differences in comparison with Voltaren (p < 
0.01) (Figure 6).
	 In addition, in the case of 24 hours and 24 hours 
+ tepid water (40℃), when compared with the values 
of Teikoku, Yutoku, and Nippon-zoki, the values of 
Yutoku increased to 1.47 N, but Teikoku and Nippon-
zoki decreased to 2.68 N and 1.94 N, respectively. 
There were significant differences between Teikoku, 
Yutoku, and Nippon-zoki (p < 0.01) (Figure 6).

4. Discussion

NSAIDs are widely used for the treatment of various 
disorders in expectation of analgesic/ anti-inflammatory 
actions, but the incidence of adverse reactions has been 
reported to be higher in tape preparations compared 
with other dosage forms (11). Contact dermatitis is the 
most frequent adverse reaction, accounting for 80% 
of all adverse reactions. In elderly patients, who have 
thinner epidermis and are more sensitive to stimuli than 
younger patients, the incidence of adverse reactions 
is particularly high, and special attention to adverse 
reactions is required in using tape preparations.
	 Usually, the corneum is mildly acidic at a pH of 4.5 
- 6.5 (12), and the use of a preparation with a pH that 
markedly deviates from this range may well induce skin 
irritation or skin trouble. As shown in Figure 1, the pH 
of all products was 5.0 - 6.3, and irritation of skin due 
to the pH is considered to be mild.
	 Elongatedness is considered to affect the feeling of 
use of adhesive skin patches when they are applied to 
flexible parts such as the knee and arm. As shown in 
Figure 2, Teikoku (1.39), Yutoku (1.40), and Nippon-

Figure 5. Comparison of 90° and 180° peel force in various 
preparations (Lot #B) (n = 6). **p < 0.01 (vs. Voltaren, 
Dunnett-test, solid line: 90°, dotted line: 180°).

Figure 6. Comparison of 90° peel force in various 
preparations (Lot #A) (n = 6). *p < 0.05, **p < 0.01 (vs. 
Voltaren, Dunnett-test; Teikoku vs. Teikoku + tepid water 
(40℃), Yutoku vs. Yutoku + tepid water, Nippon-zoki vs. 
Nippon-zoki + tepid water: Tukey-Kramer-test and Bonferroni/
Dunn-test; solid line: after 24 h, dotted line: after 24 h + tepid 
water).
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zoki (1.43), which showed significantly higher 
elongation rates than the brand-name drug Voltaren 
(1.22), were 14.0-17.2% more stretchable and are 
considered to be suited for application at movable 
areas, such as the joints, and to cause wide differences 
in the feeling of use in flexible areas.
	 Next, products with low water-vapor permeability 
have been reported to increase the wetness of the skin at 
the site of application, reduce the strength of attachment 
of corneocytes, and promote cuticle exfoliation (13). As 
shown in Figure 3, the water-vapor permeability (%) 
calculated from the amount of water-vapor permeation 
during 24 hours after application of each product was 
significantly higher in Nichi-Iko (2.45%) than in the 
brand-name drug Voltaren (0.92%), and Nichi-Iko is 
considered to be more permeable to moisture on the 
skin and less likely to cause skin wetting. Products with 
low water-vapor permeability are considered to allow 
less water to permeate and to be more likely to cause 
skin wetting, and Yutoku (0.42%) and Rakool (0.39%) 
were shown to be more likely to wet the application site 
than the brand-name drug Voltaren.
	 Next, tape preparations, which are attached to the 
skin, must have appropriate adhesive force. Therefore, 
we performed probe tack testing to compare the 
adhesive force of various products in peeling off. As 
shown in Figure 4, the adhesive force was significantly 
higher in Naboal (6.8 N/cm2), Teikoku (6.1 N/cm2), 
Yutoku (5.9 N/cm2), Nippon-zoki (6.2 N/cm2), and 
Rakool (6.2 N/cm2) compared with Voltaren (2.0 N/
cm2), and these products are considered to be more 
adhesive. Similarly, from the results of the inclined 
ball tack testing, the adhesive force is considered to be 
stronger in the products with a higher ball number than 
the brand-name drug Voltaren (mean ball number: 7.2). 
Also, since the initial adhesiveness, which is derived 
from the adhesive components of the tape preparation 
(e.g., styrene-isoprene-styrene block copolymer), can 
be evaluated by the inclined ball tack testing (8), we 
consider that Naboal (18.0), Teikoku (24.0), Yutoku 
(21.5), NP (18.0), JG (17.5), and Nippon-zoki (22.7), 
which showed mean ball numbers higher than that of 
Voltaren, have a stronger initial adhesive force than 
Voltaren. We further examined the correlation between 
probe tack testing and inclined ball tack testing 
using Pearson's correlation coefficient and found a 
significant difference (p = 0.0498) positive correlation 
(r = 0.52) between the two tests. Thus, following the 
initial adhesion of the tape product, the adhesiveness 
of products to the skin is considered to depend on 
adhesion between the skin and the product and cohesive 
force of the product itself that resists peeling off (14), 
and these two factors are considered to determine 
the total adhesive force, but the positive correlation 
demonstrated between the probe tack and inclined 
ball tack testing results is considered to suggest that 
the initial adhesive force is nearly proportionate to the 

cohesive force of the product itself that resists peeling 
off.
	 Next, unlike oral or injection preparations, tape 
products must be removed from the skin after a period 
of application. Since the force required to peel off the 
product greatly affects the compliance, the peeling 
force is an important criterion in its evaluation. The 
peeling force of a product is considered to depend on 
the adhesive force and cohesive force of the adhesive 
agent used on the adhesive surface of the product. 
Figure 5 compares the peeling forces in removing 
various tape products at 90° and 180°. First, at 90°, the 
peeling force was significantly higher in Naboal (0.95 
N), Teikoku (0.96 N), Yutoku (0.94 N), and Nippon-
zoki (1.01 N) than in the brand-name drug Voltaren 
(0.68 N). At 180°, the peeling force was significantly 
higher in Naboal (0.72 N), Teikoku (1.11 N), Yutoku 
(1.16 N), and Nippon-zoki (1.07 N) than in the brand-
name drug Voltaren (0.33 N). In addition, when the 
correlation between the results of the peeling force 
testing were compared between 90° and 180° using 
Pearson's correlation coefficient, a high positive 
correlation (r = 0.88) with statistical significance (p = 
0.0002) was observed between 90° and 180°. Moreover, 
when the peeling force was compared between 90° 
and 180°, it was 0.68 N and 0.33 N, respectively, in 
Voltaren, indicating that it can be removed with about 
half the force at 180°. Similar results were obtained 
with Naboal, Sanwa, NP, JG, Nichi-Iko, Towa, and 
Rakool, but Teikoku, Yutaka, and Nippon-zoki could 
be removed with a weaker force at 90° than at 180°. 
From these results, the angle is a very important factor 
in peeling off tape products. Although we measured 
the peeling force only at 90° and 180° in this study, the 
stimulus to the skin is considered to be mitigated by 
appropriately adjusting the angle of removal in each 
product.
	 Next, regarding the dose and administration method, 
since the package inserts of the products used in this 
study say, "apply to the affected area once a day", we 
attached each product to an EVA membrane (15), which 
is used as an artificial permeable membrane, with a 
fixed load and compared the peeling force in removing 
it from the EVA membrane after 24 hours. As shown 
in Figure 6, the peeling force was significantly higher 
in Teikoku (4.41 N), Yutoku (4.29 N), and Nippon-
zoki (4.18 N) than in Voltaren (1.15 N). Therefore, 
if Voltaren (1.15 N) or Naboal (0.89 N) has been 
changed to one of the above generic drugs because of 
the insufficient adherence of the brand-name drug, it 
is more likely to remain attached, but the patient may 
feel pain in the skin in removing it because of the large 
force, 3.63-3.83 times greater, required to peel it off. 
Therefore, assuming that the patient takes a bath 24 
hours after application of a product without removing 
it, we performed the peeling off test after immersing 
the product in tepid water at 40°C for 30 minutes. As 
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a result, while Yutoku showed a significant increase of 
1.47 N (p = 0.00074), Teikoku and Nippon-zoki showed 
significant decreases of 2.68 N (p = 2.7E-0.5) and 1.94 
N (p = 2.3E-0.7), respectively. Since the peeling force 
increased in some products but decreased in others 
after immersion in tepid water at 40°C for 30 minutes, 
attention to the temperature at application is also 
considered necessary depending on the characteristics 
of the adhesive base used in each product. However, 
information concerning the constituent contents of 
each product obtained from the interview form was 
insufficient for thorough discussion. A large peeling 
force is a factor that contributes to detachment of the 
cuticle, other factors including "wetness" have also 
been reported to exert large effects (13). Therefore, 
in compliance guidance for patients, informing them 
that the tape can be removed more readily after a bath 
would be useful if a brand-name drug is changed to a 
generic drug such as Teikoku and Nippon-zoki.
	 From these results, in changing a brand-name 
product to a generic product, the feeling of use may 
be affected by selecting a product shown to have 
significantly different physicochemical properties 
compared with the one that has been used. Since, as 
indicated by the results of this study, pharmaceutical 
and physicochemical properties differ widely among 
the brand-name and generic products, the feeling of 
their use is expected to vary, and it becomes possible to 
select products according to the feeling of use preferred 
by each patient. Thus, in changing brand-name tape 
products to generic products, anticipating changes in 
the feeling of use and providing information based on 
the characteristics of each product are considered to 
contribute to the establishment of a relationship of trust 
between patients and medical staff.

References

1.	 Ministry of Internal Affairs and Communications of 
Japan. Challenges posed by super aged society. http://
www.soumu.go.jp/johotsusintokei/whitepaper/ja/h25/
html/nc123120.html (accessed June 16, 2019).

2.	 Sekimoto K, Abe K, Yamazaki M. Comparative study 
of pharmaceutical additives and effects of these on 
sense of use between brand-name and generic tapes. 
Pharmacomet. 2013; 85:83-89. (in Japanese)

3.	 Miura T, Matsuzaki H, Nouno H. Questions from 
patients: adhesiveness of percutaneous bronchodilator 

delivery system tulobuterol. Jpn Ambul Gene Pediat. 
2008; 11:14-19. (in Japanese) 

4.	 Voltaren® tape interview form: March 2015 (revised 8th 
edition). 

5.	 Ito K, Masuda N, Sugimura S, Fujii C, Miyazaki A, 
Oguchi M, Onotogi M, Yotsuzuka F. Assessment of the 
anti-inflammatory and analgesic effect of Voltaren® tape 
(1% diclofenac-sodium tape) vs. 3.5% or 0.5% felbinac 
tape and 3.75% lndomethacin tape. Jpn Pharmacol Ther. 
2009; 37:1015-1023. (in Japanese)

6.	 Wada Y, Kihara M, Nozawa M, Shimokawa K, Ishii F. 
Generic selection criteria for safety and patient benefit 
[IV]: Physicochemical and pharmaceutical properties of 
brand-name and generic ketoprofen tapes. Drug Discov 
Ther. 2015; 9:229-233.

7.	 Wada Y, Takaoka Y, Nozawa M, Goto M, Shimokawa K, 
Ishii F. Generic selection criteria for safety and patient 
benefit [VI]: Comparing the physicochemical and 
pharmaceutical properties of brand-name, generic, and 
OTC felbinac tapes. Drug Discov Ther. 2016; 10:300-
306.

8.	 Sugino M, Mikami M, Ishihara T, Hosoya O, Juni K. 
Effect of adhesives on the properties of adhesion, drug 
release and skin permeation of lidocaine tapes. Yakugaku 
Zasshi. 2015; 135:977-985. (in Japanese)

9.	 The Japanese Pharmacopoeia Seventeenth Edition, 
Ministry of Health, Labour and Welfare, https://
www.mhlw.go.jp/file/06-Seisakujouhou-11120000-
Iyakushokuhinkyoku/JP17_REV_1.pdf (accessed June 
16, 2019).

10.	 Yanai H. 4 Steps Excel Statistics (4rd Edition), OMS 
Publishing, Saitama Japan 2015. (in Japanese)

11.	 Ohyama K, Takahashi S, Fukuoka K. Study on 
tendencies of topical adverse effects caused by different 
dermatological formulations of diclofenac. Jpn Soc 
Pharm Health Care Sci. 2015; 41: 360-366. (in Japanese)

12.	 Miyaji Y, Naganuma M. Dermatology for researchers 
of cosmetic and external medicine (Bunkodo Co., Ltd.), 
Tokyo, Japan, pp. 74 (2005). (in Japanese)

13.	 Shinkai N, Okumura Y, Saito H, Kusunoki A, Yamauchi 
H. Drug properties and skin irritation of analgesic/anti-
inflammatory patches. Pharma Medica. 2007; 25:113-
117. (in Japanese)

14.	 Nakamura Y, Yamamura K, Fujii S. Adhesion strength 
and interfacial adhesion of pressure-sensitive adhesive. J 
Surf Finish Soc Jpn. 2012; 63:728-732. (in Japanese)

15.	 Inoue S, Hirabayashi T, Yorifuji R, Inagaki O, Mori H, 
Fujita Y, Shin, J. Performance characteristics of new 
dialyzer membranes. Jpn J. Artif Organs. 1984; 13:635-
638. (in Japanese)

	 (Received May 25, 2019; Revised June 17, 2019; Accepted 
June 22, 2019)


