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Background
Malodor associated with ulcerating tumors is 
caused by invasion into the skin or metastases. 
Cancers  that  are l ikely  to  develop skin ulcers  
include breast cancer, head and neck cancer, and 
s q u am o u s  c e l l  c a r c i n om a  o f  t h e  s k i n .  I n  
particular, the rate of ulcers in breast cancer is 
h igh ,  w i th  an inc idence of  approximate ly  4%.  
Such skin ulcers are accompanied by severe pain, 
b leed ing ,  and  format ion  o f  l a rge  amounts  o f  
exudate .  The discharged f luid is  infected with 
anaerobic bacteria such as Trichomonas species, 
fung i ,  and decomposi t ion compounds such as  
putrescine and cadaverine, which are produced 
from bacteria and cause a strong odor 1‒3）.  The 
malodor  causes  d is t ress  in  pat ients  and  a l so  
a f f e c t s  t h o s e  a r ound  t h em ,  s u ch  a s  f am i l y  
members and healthcare workers. Not only does 

th is  make i t  d i f f icul t  for  pat ients  to  mainta in 
personal relat ionships,  but it  also lowers their 
self-esteem and reduces their quality of life. The 
qual i ty  of  medical  care  can a lso be adverse ly  
affected. Thus, ulcerating tumors place a heavy 
burden on all concerned, making it important to 
s imu l t a n e o u s l y  r e d u c e  b o t h  t h e  p a i n  a n d  
malodor 4）.
Me t ron idazo l e  (MTZ )  i s  a  we l l - known  and  
effective antibiotic that can reduce the malodor 
of ulcerat ing skin cancers 5,6）.  Thus,  the World 
Heal th  Organizat ion and American Society  of  
Clinical Oncology have recommended its topical 
application 4,7）. However, until recently it was not 
a pp r o ved  i n  J a p an ,  a nd  f o rmu l a t i o n s  we r e  
individually prepared by each hospital  6 ,8 ,9）.  In 
2015, a topical medicine containing MTZ, 0.75% 
MTZ (Rozex®) gel, was approved for use in Japan 
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as a bactericide and for the reduction of odor at 
skin ulcer sites in cancer. MTZ gel acts against 
Gram-pos i t i ve  and  Gram-nega t i ve  anaerob i c  
bacteria, which produce malodorous substances 
such as putrescine and cadaverine at the sites of 
ulcerating skin tumors in patients with advanced 
cancer .  A  c l in i ca l  t r i a l  showed  tha t  MTZ ge l  
reduced the intensity of  malodors in 95.2% of 
breast cancer patients 10）.
P a t i e n t s  w i t h  u l c e r a t e d  s k i n  c a n c e r  who  
deve l op  e i t h e r  s e ve r e  p a i n  o r  b l e ed i ng  a r e  
typical ly  administered topical  MTZ gel  mixed 
w i th  2%  l i do ca ine  j e l l y  o r  s od ium  a l g i na t e ,  
respect ive ly.  However,  the  v iscos i ty  o f  these  
m i x ed  MTZ  ge l s  d e c r e a s e s  and  t h ey  do  no t  
adhere  we l l  to  the  a f fec ted  areas .  Moreover ,  
pat ients with ulcerated skin may find a topical 
agent painful to apply if the base material is too 
thick; however,  the medicine wil l  not adhere if  
the material lacks sufficient viscosity. Hence, the 
correct viscosity, expansibility of the base, and 
usabi l i ty are essent ial  for topical  appl icat ion.  
Carboxyvinyl  polymer (CVP) ,  which is  used in 
MTZ  ge l s ,  ha s  modera t e  v i s cos i t y  and  good  
release characteristics, and as such, is used as a 
matrix for various pharmaceutical products. Its 
viscosity changes depending upon the pH and 
cat ionic components of  the product .  However,  
there have been no reports of its incompatibility 
with MTZ gel.
In  th i s  s tudy,  we  examined  the  changes  in  
viscosity and pH of  MTZ gel  mixed with other 
agents and analyzed the mechanisms leading to 
t h e  o b s e r v e d  c h a n g e s ,  w i t h  t h e  g o a l  o f  
elucidating the factors that affect its viscosity.

Methods
Materials
Rozex® gel 0.75% (containing 0.75% MTZ; MTZ 
g e l ) ,  X y l o c a i n e®  J e l l y  2%  ( c o n t a i n i n g  2%  
lidocaine) and Alto® (sodium alginate powder) 
were purchased from Galderma Co., Ltd. (Tokyo, 
Japan), Aspen Japan Co., Ltd. (Tokyo, Japan), and 
K a i g e n  P h a rm a  C o . ,  L t d .  ( O s a k a ,  J a p a n ) ,  
respectively. Water was purchased from Otsuka 
Pharmaceutical Factory, Inc. (Tokushima, Japan). 
Sod ium ch lo r ide  was  purchased  f rom Kan to  
Chemical Co., Inc. (Tokyo, Japan).

Viscosity measurements
Viscosity measurements were performed using 
a stress-control led rheometer (HAAKE RS600;  
Thermo F isher  Sc ient ific ,  Wal tham,  MA,  USA)  
equ ipped  w i t h  a  Pe l t i e r - ba s ed  t empe ra tu r e  
c o n t r o l  d e v i c e .  A l l  m e a s u r e m e n t s  w e r e  
performed at 25 °C. The viscosities of individual 
s u b s t a n c e s  w e r e  m e a s u r e d  b y  c o n e - p l a t e  
geometry (35 mm diameter, 1 ° cone angle), and 
the viscosities of the mixed gels were measured 
w i t h  a n  e v a p o r a t i o n  a s s i s t  p l a t e  ( 5 0  mm  
diameter,  0 .5  mm gap) .  The v iscos i ty  of  each 
s amp l e  wa s  mea su r ed  t h r e e  t ime s ,  a nd  t h e  
results are presented as the mean ± standard 
deviat ion (SD) .  The viscosi t ies  of  the MTZ gel  
and lidocaine jelly were measured at a shear rate 
o f  1 0  s - 1 ;  s u b s e q u e n t l y ,  t h e  v i s c o s i t i e s  o f  
l idocaine je l ly  or  sodium alg inate  mixed with 
MTZ gel were measured.  MTZ gel (0.22 g) was 
s e t  i n  t h e  a p p a r a t u s  a n d  t h e  v i s c o s i t y  
measurement was started at a shear rate of 10 
s-1. After 2 min, lidocaine jelly, sodium alginate, 
or an aqueous solution of sodium chloride (0.9%, 
0 .09%,  0 .009%;  0 .05 mL)  was  added ,  and the  
viscosity was measured for 4 min. MTZ gel and 
l idocaine jel ly were mixed at a weight rat io of 
4 :1,  and MTZ gel  and sodium alg inate powder 
were mixed at a weight ratio of 20:1; those are 
the rat ios used in actual clinical practice at St .  
Luke’s International Hospital in Tokyo. Sodium 
alginate aqueous solution was prepared with the 
same amount of sodium alginate powder used in 
the previous test experiment in 0.05 mL water.

pH measurements
The pH values of the samples were measured 
us ing  a  pH  meter  (pHTes t r  10  BNC ,  Oak ton ,  
Vernon Hills, IL, USA). The temperature of each 
sample was adjusted to 25 °C, and after mixing 
for 3 min, the pH meter was directly placed into 
the prepared sample and the pH was measured. 
The pH of each sample was measured 3 t imes,  
and the measurement results were presented as 
the mean and standard deviat ion.  The samples 
were prepared at the same ratios as those used 
in the viscosity tests.
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Results
Viscosity measurements
The v iscos i ty  of  the MTZ gel  was 10.2±0.3 
Pa·s at 25 °C, and the shear rate was 10 s-1 (Fig. 
1A). The viscosity of the lidocaine jelly was 2.6 
Pa·s .  The viscosit ies  of  the MTZ gels  abruptly 
decreased upon addi t ion of  l idoca ine  je l ly  to  
1.08±0.11 Pa·s (Fig. 1B). After sodium alginate 
powder was added, the viscosity decreased but 

f luc tuated ,  poss ib ly  due  to  the  powder ;  thus  
sodium alginate dissolved in aqueous solut ion 
was  added  t o  t he  MTZ  ge l .  A f t e r  4  m in ,  t he  
viscosity abruptly decreased to 0.83±0.09Pa·s 
that after addition of the powder (Fig. 1D). Thus, 
the sodium alginate lowered the viscosity of the 
MTZ gel, and it was thought that the influence on 
viscosity after water was added was negligible.

Figure 1. Changes in viscosity of the MTZ gel after the addition of other agents.

Lidocaine jelly, sodium alginate power, or sodium alginate solution was added 2 min after viscosity measurement of the original MTZ gel 
at 25°C. A, MTZ gel; B, MTZ gel + lidocaine jelly; C, MTZ gel + sodium alginate powder; D, MTZ gel + sodium alginate solution.
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alginate aqueous solution were added to the MTZ 
gel, respectively, which were similar to the pH of 
the original gel (Table 1).

pH measurements
The MTZ gel had a pH of 4.87±0.02 and was a 
weak acid .  The pH levels  were 4.84±0.03 and 
4 .79±0 .03  a f t e r  l i do ca ine  j e l l y  and  sod ium 

Fo r  l ow  concen t r a t i on s  o f  s o d i um  ch l o r i d e ,  
gradual restitution of the viscosity occurred, but 
for high concentrat ions (0.9%),  i t  decreased to 
less than 1 Pa·s and remained in a state of low 
viscosity.

Changes in viscosity of MTZ gel after addition 
of sodium chloride
The viscosit ies of  MTZ gels upon addit ion of  
s o d i um  c h l o r i d e  a q u e o u s  s o l u t i o n s  ( t h r e e  
c o n c en t r a t i o n s )  w e r e  me a s u r e d .  A l l  o f  t h e  
samples showed decreases in viscosity (Fig.  2) .  

u l ce r  and  the  t r ea ted  a rea  i s  covered  w i th  a  
dressing.  In the other,  the gel  is  spread onto a 
dressing that is then placed over the ulcer. Thus, 
i t  i s  essent ia l  tha t  the  MTZ ge l  has  adequate  
viscosity.  The viscosity of the MTZ gel without 

Discussion
I n  th i s  s tudy,  t he  v i s cos i t y  o f  the  MTZ  ge l  
rapidly decreased when mixed with other agents. 
In  c l in ica l  pract ice ,  MTZ gel  i s  appl ied in  two 
ways.  In one,  the gel  is  direct ly appl ied to the 

Figure 2. Changes in viscosity of the MTZ gel after addition of sodium chloride aqueous solutions.

Sodium chloride aqueous solutions at 0.009, 0.09, and 0.9 w/v% were added 2 min after viscosity measurement of the original 
MTZ gel at 25°C.

Table 1. The pH of MTZ gel, lidocaine jelly, and MTZ gel mixtures (n=3)
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addit ional agents was approximately 10 Pa·s in 
this study. In contrast,  the viscosity of the MTZ 
gel mixed with lidocaine jelly or sodium alginate 
decreased to 1 Pa·s, which was one-tenth that of 
the original gel. These findings showed that the 
decreases in viscosity in this study resulted in 
viscosities that were even lower than the typical 
viscosity of glycerin (1.5 Pa·s). 
MTZ gel contains the gell ing agent,  CVP. CVP 
forms a transparent gel  with good rheological  
cha rac t e r i s t i c s ,  s o  i t  i s  w ide l y  u sed  i n  bo th  
pharmaceutical products and cosmetics. MTZ gel 
also contains sodium edetate hydrate, propylene 
g l y c o l ,  m e t h y l  p - h y d r o x y b e n z o a t e ,  p r o p y l  
p -hydroxybenzoate ,  and sodium hydrox ide  as  
additives, and adequate viscosity is maintained in 
the  presence of  these  ingredients .  This  lower  
viscosity of  the MTZ gel  was thought to result  
from changes in the components of the gel l ing 
a g en t ,  n ame l y  CVP.  CVP  g e l  i s  p r epa r ed  b y  
dispersing CVP in water at a concentration of 1% 
or  l ess ,  and  then  neutra l i z ing  i t  w i th  a  bas ic  
solution to a pH of 6‒8. When dispersed in water, 
CVP  h a s  a  pH  o f  a p p r o x ima t e l y  4 ,  a n d  t h e  
v i scos i ty  g radua l l y  increases  w i th  as  the  pH 
increases towards alkaline levels. The viscosity is 
h i g h e s t  a t  p H  6 ‒ 8  a n d  d e c r e a s e s  a s  t h e  
preparation becomes more alkaline 12）. The pH of 
MTZ gel is approximately 5, which is relat ively 
low, and there were no significant changes in pH 
after  i t  was mixed with other  agents ,  showing 
that the changes in viscosity of MTZ gel mixed 
with multiple agents were not due to changes in 
pH.
The viscosities of CVP gels are also affected by 
salt and buffers 11）;  thus, we suspected that the 
change in viscosity of the MTZ gel was due to the 
presence of salt .  To this end, we added aqueous 
so lu t ions  o f  sod ium ch lor ide  to  the  MTZ ge l ,  
which resulted in a sharp decrease in viscosity, 
s im i l a r  t o  t h a t  o b s e r v e d  u p o n  a d d i t i o n  o f  
l i d o c a i n e  j e l l y  o r  s o d i um  a l g i n a t e  a queou s  
solution. Because the amount of sodium chloride 
solut ion was f ixed at  0 .05 mL,  the decrease in 
viscosity was dependent on the concentration of 
sodium chloride and not on the addition of water. 
Th i s  was  a l so  suppor ted  by  the  fac t  tha t  the  
change in viscosity was not strongly affected by 

the water of dissolved sodium alginate. Because 
CVP  i s  an ion i c ,  neu t ra l i z a t i on  o f  the  charge  
o c cu r s  due  t o  i n co rpo ra t i on  o f  t h e  c a t i on i c  
components, resulting in the abrupt reduction of 
viscosity, aggregation, and turbidity. The addition 
of  sodium chloride caused a sharp decrease in 
viscosity.
Sodium alginate powder contains 0.116 g Na/g. 
In  th i s  v i scos i ty  s tudy,  approx imate ly  10  mg 
sodium alginate powder was added to 0.22 g MTZ 
gel, so a greater amount of sodium was added to 
the MTZ gel  with addit ion of  the powder than 
w i th  add i t ion  o f  0 .05 mL of  the  0 .9% sod ium 
ch l o r i d e  s o l u t i on .  Thu s ,  s o d i um  i on s  l i k e l y  
explain the effects  of  sodium alg inate on MTZ 
gel.
L i do ca ine  j e l l y  con t a in s  add i t i ve s  such  a s  
methy l  paraben ,  p ropy l  paraben ,  ca rme l lose  
sodium, and a pH regulator. Carmellose sodium 
contains 6.5‒8.5 Na/g;  however,  the causat ive 
substance in lidocaine jelly is unknown. Because 
it produced a sharp decrease in MTZ gel viscosity 
s imi lar  to  that  of  sodium alg inate and sodium 
chloride aqueous solution, a cationic component 
of the additive may be the cause. Realdon et al. 13） 
showed that  the v iscosi t ies  of  hydrogels  were 
r e d u c e d  b y  p r o c a i n e  h y d r o c h l o r i d e  i n  a  
c o n c en t r a t i o n - d ep end en t  manne r .  B e c au s e  
l i doca ine  has  a  s im i l a r  ca t i on i c  s t ruc ture  to  
procaine, cations may play a role in reducing the 
viscosity of the hydrogel.

Conclusions
The  r e su l t s  o f  t h i s  s t udy  showed  t ha t  t h e  
viscosity of MTZ gel was reduced by mixing it with 
other drugs such as l idocaine jel ly and sodium 
a lg ina te ,  poss ib ly  due  to  the  e f fec t s  o f  the i r  
cationic components. 
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