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Introduction
T h e  J a p a n e s e  g o v e r nm e n t  i s  c u r r e n t l y  
promoting the use of generic drugs as a policy to 
control increasing medical costs1）. The Minister 
of Health, Labour and Welfare approves generic 
drugs based on evidence that they are confirmed 
to be equivalent to the respect ive brand-name 
drug in a bioequivalence study.  I t  is ,  however,  
not necessary for generic drugs to be completely 
“ i d en t i c a l ”  t o  t h e  b r and -name  d rug ,  and  s o  
generic drugs can contain different addit ives2）. 
Although the physical properties of drugs have 
been reported to differ depending on additives of 
d i f ferent  pharmaceut ica l  formulat ions3 ,4）,  the 
bioequivalence study on generic drugs does not 
va l idate  these  propert ies .  Some s tud ies  have  
reported that topical preparations with different 
phys ica l  propert ies  may cause  d i f ferences  in  
functional usability or even in efficacy3,4）. It was 

also reported that  generic  patches for  topical  
application usually differ in physical properties 
from those of the brand-name drug5,6）, and that 
patients placed special emphasis not only on the 
e f f i c a c y  bu t  a l s o  on  f un c t i ona l  u s ab i l i t y 7）.  
Furthermore, in application of an ointment or gel 
preparation, the functional usability of different 
physical properties affects the drug compliance 
and  i t  was  the re fo re  r ecommended  tha t  the  
formulat ion of a topical preparat ion should be 
selected by the pat ients who use i t 8）.  Physical  
p rope r t i e s  a r e  key  i n f o rma t i on  f o r  med i ca l  
professionals to select a suitable pharmaceutical 
p r e p a r a t i o n  o r  c o n d u c t  p h a r m a c e u t i c a l  
counselling. 
I n  the  Japanese  Pharmacopoe ia  ( JP  XVI I ) ,  
lot ions are as def ined as "Lot ions are  external  
liquids in which active substance(s) are dissolved, 
emu l s i f i ed  o r  f i n e l y  d i spe r s ed  i n  an  aqueous  
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vehicle" and is classified into "emulsion lotion", 
" s o l u t i o n  l o t i o n "  a n d  " s u s p end i n g  l o t i o n " .  
Espec ia l ly  "emuls ion lo t ion"  i s  a  formulat ion  
form prepared by emulsifying the base composed 
o f  t h e  o i l y  c om p o n e n t s  a n d  t h e  a q u e o u s  
components with the surfactants. Since previous 
study,  the spread-meter  test  was used for  the 
physical property comparison of the lotions5）, we 
u s e d  t h e  s p r e a d -me t e r  t e s t  t o  e x p l o r e  t h e  
d i f f e r e n c e  i n  t h e  p h y s i c a l  p r o p e r t i e s  o f  
brand-name drug A, generic drugs B and C in this 
experiment.
Concerning topical  heparinoid ointments or  
c reams ,  some phys ica l  proper t i es  have  been  
r e p o r t e d 9 , 1 0 ）,  b u t  o n l y  a  f ew  s t u d i e s  h a v e  
compared the brand-name and generic topical  
0 .3% heparinoid lot ions .  In addit ion,  whereas 
s t ud i e s  on  phy s i c a l  p r ope r t i e s  a r e  u su a l l y  
conducted at  room temperature ,  no study has 
been done under condit ions that  approximate 
skin temperature.
In this study, the physical properties affecting 
functional usability were compared between the 
b r a n d - n ame  a n d  two  g e n e r i c  t o p i c a l  0 . 3%  
hepar ino id  l o t i ons  a t  t empera tures  c l o se  to  
actual skin temperature, to provide information 
to enable selection of the most appropriate drug 
for a specific patient application.

Methods
1. Materials
Brand-name topical 0.3% heparinoid lot ion A 
and generic lot ions B and C were used.  Before 
the tests, the drugs were held for 1 h in a water 
bath  ( Thermominder  SDminiN ,  No .  3062017,  
TAITEC, Japan) that was set to 25°C.

2. Test methods
2-1. Spread-meter test
The  tes t  fo l lowed  the  Method  us ing  Spread  
M e t e r ,  a s  s p e c i f i e d  b y  J I S  K 5701 - 1 : 2 000 ,  
Lithographic inks-Part 1:  Test methods11）.  The 
temperature of the laboratory was held at 25 ± 
2℃.  I n  add i t i on  t o  t he  va l ue  o f  25  ± 0 .5℃ 
specified by the standard, the application-surface 
temperatures of the spread meter were also set 
to 31 ± 0.5℃ or 33 ± 0.5℃ to simulate actual 
mean skin temperature12）. Each drug was applied 

onto the meter to measure the spread diameter 
(mm) at selected t imes (5, 10, 50, 100, 150, or 
200 s) .  When the drug f lowed beyond at  least  
one of the four sides of the f ixing plate of the 
s p r e a d  m e t e r ,  t h e  t i m e  t o  s c a l e - o v e r  w a s  
m e a s u r e d  ( s c a l e - o v e r  t im e ) .  T h e  t e s t  w a s  
conducted six times for each application-surface 
t empe r a t u r e .  Me an  v a l u e s  o f  s l o p e  ( S )  1 1 ）,  
i n t e r cep t  ( I C )  1 1 , 1 3）,  y i e l d  va lue  ( YV )  1 1）,  and  
scale-over time were calculated as follows:

S ＝ (D2 － D1)/log10 (T2/T1),　　　　　　　(1)
where D1 and D2 are the spread diameters (mm) 
at measuring t imes (s)  T1 and T2,  respect ively,  
where T2 > T1, 5 ≤ T1, T2 ≤ 100, and ΔT = (T2 － 
T1) > 40. In this test, T1 was set to 10 s and T2 to 
100 s.

IC (mm) = D2 － 2(D2 － D1) = 2D1 － D2.　   (2)

YV (Pa) = (4.8 WVG)/(π2D∞5),　　　　　　　(3)
where W is the mass of the loading glass-plate 
(kg), V is sample volume (m3), G is the standard 
free-fall velocity (m/s2), and D∞ is the maximum 
spread diameter (m) at 200 s.

2-2. Fluidity test
The test followed the measurement method of 
Fluidity by Horisawa et al14）. Using a syringe, 0.5 
mL of  the test  drug preparat ion was dropped 
onto an acrylic resin plate, the elevation angle of 
which was set to 45°, and the time (s) taken to 
move a distance of 100 mm was measured in a 
room held at 25 ± 2℃. Each test was conducted 
six times and the mean values calculated. When 
the distance moved by the cut-off t ime (300 s) 
was less  than 100 mm, the distance moved at  
tha t  t ime  po in t  was  measured  and  the  mean  
values calculated.

3. Statistical analysis
The  sp read  d i ame te r  a t  5  s  was  compared  
between the brand-name and generic drugs, and 
the slope, intercept, and yield values measured at 
the  appl icat ion-surface  temperature  a t  25 ± 
0.5℃ were compared with those at 31 ± 0.5℃ 
and 33 ± 0.5℃ using the mult iple comparison 
Dunnett ’s  T3 test .  The stat ist ical  s ignif icance 
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level was set at a p-value below 0.05. All analyses 
were conducted us ing SPSS sof tware (vers ion 
20.0, IBM, Japan).

Results
2-1. Spread-meter tests
Figure 1 shows the spread-meter test results. 
Brand-name drug A slowly spread until 200 s at 
all application-surface temperatures. The mean 
v a l u e s  o f  s p r e a d  d i a m e t e r s  o n  t h e  
applicat ion-surface temperature at 25 ± 0.5℃ 
we r e  48 . 92  ±  0 . 49  mm  (mean  ±  s t a nda r d  
deviation, S.D.) and 61.00 ± 2.43 mm at 5 and 
200 s, respectively. Similarly, these values were 

49.67 ± 0.75 mm and 65.92 ± 1.07 mm at 31 
± 0.5℃ and 49.67 ± 0.61 and 64.83 ± 1.51 
m m  a t  3 3  ±  0 . 5 ℃  a f t e r  5  a n d  2 0 0  s ,  
respectively. In contrast, the spread diameters of 
generic drugs B and C were measurable only at 5 
s. The mean scale-over times of generic drugs B 
and C were 10.5 ± 2.26 s and 8.2 ± 1.17 at 25 
± 0.5℃, respectively, 8.8 ± 0.41 s (B) and 8.2 
± 0.98 s (C) at 31 ± 0.5℃, and 9.8 ± 0.75 s (B) 
and 7.8 ± 0.75 s (C)  at  33 ± 0.5℃. Al l  drugs 
s p r e a d  o u t  f r o m  w i t h i n  1 4  s  a t  a l l  
a p p l i c a t i o n - s u r f a c e  t e m p e r a t u r e s .  I n  
consequence, it was not possible to calculate the 
charac te r i s t i c  va lues  o f  S ,  I C ,  and  YV  o f  the  

Fig. 1. Mean values of spread diameter of 0.3% topical heparinoid lotions measured by spread
　　　meter at different application-surface temperatures. (n = 6, mean ± standard deviation)
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drugs B and C were significantly larger at 78.08 
± 1.86 mm (p < 0.001) and 82.83 ± 1.21 mm (p 
< 0.001),  respectively.  Even at 31 ± 0.5℃ and 
33 ± 0.5℃, the mean spread diameters of the 
generic  drugs at  5 s  were s ignif icant ly  larger  
than that of brand-name drug A (p < 0.001 for all 

generic drugs.
F igure  2  shows  the  mean  va lues  o f  the  5  s  
spread  d iameters  o f  the  three  drugs  a t  each  
application-surface temperature. In comparison 
with brand-name drug A (48.92 ± 0.49 mm at 
25 ± 0.5℃),  the spread diameters  of  gener ic  

2-2. Fluidity tests
Ta b l e  2  s h ow s  t h e  f l u i d i t y  t e s t  r e s u l t s .  
Brand-name drug A did not reach 100 mm within 
the  cut -o f f  t ime  o f  300 s :  the  mean d i s tance  
moved was 75.17 ± 1.72 mm. In contrast ,  the 
mean times for movement of 100 mm of generic 
drugs B and C were 0.69 ± 0.07 s and 0.51 ± 
0.04 s, respectively.

Discussion
The purpose of  th is  s tudy is  to  compare the 
differences in physical properties of brand-name 
and generic drugs. Generally, variations in quality 
i n c l u d e  v a r i a t i o n s  among  l o t s  o f  t h e  s ame  
product and variat ions in brand-name drug and 
other generic drug of the same pharmaceutical 
compound. However, with regard to the former, 
only pharmaceut icals  conforming to approved 

cases).
Tab le  1  shows  the  S ,  IC ,  and  YV  ind ices  for  
brand-name drug A at each application-surface 
t empera ture .  When  look ing  a t  changes  w i th  
application-surface temperature, the S value of 
10.42 ± 0.20 at 31 ± 0.5℃ was signif icantly 
higher than that of 7.42 ± 1.59 at 25 ± 0.5℃ (p 
<  0 .05) .  There  was  no  s ign i f i cant  d i f f e rence  
between the value of 9.58 ± 0.38 at 33 ± 0.5℃ 
and that at 25 ± 0.5℃. IC showed no significant 
difference in comparison of values of 43.42 ± 
1.46 mm at 25 ± 0.5℃ with 41.67 ± 0.98 mm 
at  31 ± 0.5℃ and 42.50 ± 1.14 mm at  33 ± 
0.5℃. YV was 0.22 ± 0.02 Pa at 31 ± 0.5℃ and 
0.24 ± 0.03 Pa at 33 ± 0.5℃, both values being 
significantly lower than that of 0.33 ± 0.07 Pa 
at 25 ± 0.5℃ (p < 0.05 in all cases).

Fig. 2. Spread diameter at 5 s of brand-name and generic 0.3% heparinoid lotions measured by spread meter at different 
　　　application-surface temperatures. (n = 6, mean ± standard deviation)
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spread diameters of generic drugs B and C at 5 s 
were  more  than 1 .5  t imes  larger  than that  o f  
b rand -name drug  A  a t  the  three  app l i ca t ion -  
surface temperatures tested. 
Brand-name drug A is  categorized for  lot ion 
preparation, having excellent spreadability when 
compared with ointments and creams containing 
the same act ive ingredient  (Hirudoid® Cream 
0 . 3% ,  H i r u d o i d®S o f t  O i n tm e n t  0 . 3% ,  a n d  
Hiludoid® Lotion 0.3%. Pharmaceutical Interview 
Forms,  revised in Feb.  2016 (Ver.9)) ;  however,  
generic drugs B and C were more spreadable than 
brand-name drug A.  Generic drugs B and C are 
accordingly presumed to spread too far at narrow 
application sites, such as fingers and arms, when 
compared wi th  drug A :  the  gener ic  drugs  wi l l  
remain for a shorter period at the affected site, 
but may be more easily applied onto broad sites, 

standards are in the market and it is considered 
that there is no variation in quality among lots of 
the same product in the market. Therefore, in this 
study, we do not consider the physical properties 
due to differences between lots and focused on 
p h y s i c a l  d i f f e r e n c e s  b e tw e e n  p r o d u c t s  o f  
brand-name and generic drugs.
The spread meter is used to calculate the slope, 
i n t e r c e p t ,  a n d  y i e l d  v a l u e s  o f  o i n t m e n t  
preparations9,15）. In these tests, brand-name drug 
A slowly spread until 200 s after the start of the 
test ,  making i t  possible to measure the spread 
diameter; however, generic drugs B and C flowed 
out  o f  the  f ix ing  p la te  w i th in  14 s ,  making  i t  
impossible to calculate their values. The physical 
properties of generic drugs B and C suggested a 
d e f i n i t e  g r e a t e r  s p r ead  i n  c ompa r i s on  w i t h  
b r and -name  d rug  A .  Fu r the rmore ,  t h e  mean  

Table 1. Slope (S), intercept (IC), and yield value (YV) of 0.3% heparinoid lotions measured by spread meter. 
　　　　(n = 6, mean ± standard deviation)

Table 2. Time taken by 0.3% heparinoid lotions to move 100 mm on acrylic resin plate.
　　　    (n = 6, mean ± standard deviation)
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such as the back and chest, within a short time.
Of the property characterist ics calculated for 
brand-name drug A, S was 10.42 ± 0.20 at 31 ± 
0.5℃, which was larger than the value of 7.42 ± 
1.59 measured at 25 ± 0.5℃. This allowed better 
spreading at higher temperature. YV was 0.22 ± 
0.02 Pa at 31 ± 0.5℃ and 0.24 ± 0.03 Pa at 33 
± 0.5℃, compared with 0.33 ± 0.07 Pa at 25 ± 
0 .5℃,  i nd i c a t i ng  t ha t  i t  b e came  so f t e r  w i th  
higher applicat ion temperature.  In these tests ,  
the IC value showed no significant difference at 
t h e  d i f f e r e n t  t empe r a t u r e s .  I t  i s  t h e r e f o r e  
considered necessary to evaluate these physical 
propert ies  o f  top ica l  preparat ions ,  which  are  
l i k e l y  t o  s i gn i f i c an t l y  a f f e c t  t h e  me thod  o f  
a pp l i c a t i o n  a nd  f u n c t i o n a l  u s a b i l i t y ,  a t  a n  
applicat ion-surface temperature approximating 
that of skin.
In the fluidity test,  f luidity was considered to 
be  h igher  when  the  t ime  requ i red  to  move  a  
specified distance was shorter. When compared 
with brand-name drug A, generic drugs B and C 
both reached 100 mm dis tance wi th in  0 .78 s ,  
suggesting that the fluidity of these preparations 
is quite high. All  three drugs can be eff iciently 
applied without waste to sites such as the palm 
and back of a hand, which are relatively easy to 
keep horizontal; however, the highly fluid generic 
drugs may drop off or spill over to other than the 
target at affected sites such as the face or neck, 
wh i ch  a r e  d i f f i cu l t  t o  k eep  ho r i z on t a l .  Th i s  
results not only in excessive drug use, but also 
influences its efficacy because insufficient drug is 
reta ined at  the af fected s i te15）.  In  contrast ,  in  
cases of applicat ion onto a broad area,  such as 
the  back and extremit ies ,  the  h ighly  f lowable  
generic  drugs B and C are more convenient  to  
apply and can shorten the application time, when 
compared with brand-name drug A. For example, 
i t  was  cons idered  that  gener ic  drugs  B  and C  
we re  su i t ab l e  f o r  pa i n  ow ing  t o  c i r cu l a t o ry  
d i s t u r b a n c e  w i t h  a  w i d e  a f f e c t e d  p a r t  a n d  
brand-name A was suitable for thrombophlebitis 
with a narrow affected part.
The additives are different between brand-name 
drug A and generic drugs B and C. The additives 
include the oily components, the surfactants, etc. 
The oily components are mixed in the additives of 

brand-name drug A.  However,  the addit ives of  
gener ic  drugs B and C do not  conta in  the o i ly  
components .  I t  was inferred that  dif ference of  
addit ives influences physical propert ies in this 
study.
I n  t h i s  p i l o t  s t udy  ba s ed  on  t he  u s e  o f  an  
appropriate applicat ion-surface temperature to 
compare the physical properties of brand-name 
and generic drugs, the results revealed that their 
physical properties did differ: it was not possible 
to calculate the indices S, IC, or YV of the generic 
drugs. Pharmacists should therefore select drugs 
appropriate for the patient application based on 
their physical properties.
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