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Development of a new mouthwash for reducing risk of ventilator-associated
pneumonia (VAP)
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Oral health care is a viable method of reducing the risk of
ventilator-associated pneumonia (VAP). However, in Japan, oral care with chlorhexidine has been
little used to prevent the development of pneumonia. The purpose of this study was to evaluate the
in vitro antimicrobial effect of low- and high-viscosity experimental mouthwashes containing
cetylpyridinium chloride (CPC) and 4-isopropyl-3-methylphenol (IPMP) on Streptococcus pneumoniae,
Klebsiella pneumoniae, Porphyromonas gingivalis, Streptococcus mutans, and Candida albicans.
Non-viscous mouthwashes containing either CPC- or IPMP were used as controls. The antimicrobial
activity (sterilization or exposure time) of mouthwashes was evaluated based on the bactericidal
criterion of <10 viable cells in 0.1 mL of culture medium. Consequently, the low-viscosity mouthwash

containing anodal CPC and neutral IPMP exhibited superior antimicrobial effects against pneumonia-
and oral infection-related bacteria compared with the controls.
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1
A) 5 CPC 0.1 4-isopropyl-3-methylphenol IPMP
Exp-Mw-L 0.3 hydroxyethyl cellulose
Exp-Mw-H 0.4 hydroxyethyl cellulose
B)
GUM CPC-Mw 0.05 CPC Sunstar Inc. Osaka
Japan
IPMP-Mw IPMP Lion Co.
Tokyo Japan
2 (mPa s)
A) Rheometer (Rheo Stress 6000 Thermo Fisher Scientific HAAKE Germany)
B)
Cone diameter 35 mm
Cone angle 1°
Truncation gap 52 pm
25 37
Shear rate 5/s 50/s
3
C) Two-way ANOVA Tukey’s post hoc test 5
3
A) Exp-Mw-L Exp-Mw-H
Streptococcus pneumoniae NBRC 102642 Columbia CA sheep blood
agar Kohjin bio Co. Sakado Japan 37 24
Klebsiella pneumoniae  NBRC 13277 Nutrient agar medium Nissui
Pharmaceutical Co. Tokyo Japan 35 24
Porphyromonas gingivalis (ATCC 33277) Brain heart infusion agar Japan Becton
Dickinson Co. Tokyo Japan) 37 48
Candida albicans (NBRC 13275, NBRC 1594) Sabouraud dextrose agar
Nissui Pharmaceutical Co. Tokyo Japan) 25 48
108/mL 0.1mL
10 mL 25 10 20 30 60 120 180 1,800 3,600
7,200 10 CFU
S. pneumoniae P. gingivalis , 37 48 72
K. pneumoniae C. albicans 35 25 48 72
3 0.1 mL
<10t PBS pH
7.4
B) C. albicans Exp-Mw-L

1 3 5 10 15 20 25 30 60



C) Streptococcus mutans NBRC 13955

Exp-Mw-L S. pneumoniae P. gingivalis

S. mutans C. albicans CPC-Mw IPMP-Mw
S. mutans Soybean-casein digest agar Nissui Pharmaceutical Co. Tokyo
Japan 37 48 108/mL
0.1 mL 10 mL S. pneumoniae P. gingivalis
S. mutans 10 20 30 C. albicans
10 20
1
Shear rates 5/s 50/s 25 37 Exp-Mw-L Exp-Mw-H
mPa s 1 Shear rate Exp-
Mw-L Exp-Mw-H P<0.01
USA National Dysphagia Diet criteria Exp-Mw-L 25 29.3+ 0.5
mPa s thin Exp-Mw-H 56.1+£0.5mPa s nectar-like
37 Exp-Mw-L 22.8 + 3.2 mPa s Exp-Mw-H 41.3 £
1.8mPa s thin
1 Exp-Mw-L Exp-Mw-H mPa s n=3 +
25 37
Shear rate Shear rate
5/s 50/s 5/s 50/s
Exp-Mw-L 35.7+0.8 29.3+0.5 26.0+2.1 22.8+3.2
Exp-Mw-H 81.4+2.7 56.1+0.5 54.7+ 2.6 41.3+1.8
2
A) Exp-Mw-L Exp-Mw-H S. pneumoniae K. pneumoniae P, gingivalis
C. albicans CFU/mL 2 S. pneumoniae
10 K. pneumoniae P. gingivalis Exp-
Mw-L 20 Exp-Mw-H 120 C. albicans
Exp-Mw-L 1,800 30 Exp-Mw-H 3,600 60
2 Exp-Mw-L L Exp-Mw-H H S. pneumoniae K. pneumoniae
P, gingivalis C. albicans n=3 CFU/mL Control C
10 20 30 60 120 180 1,800 3,600 7,200
< < < < < < < < <
L 5.2x 106
10t 10t 10t 10t 10t 10t 10t 10t 10t
S. pneumoniae < < < < < < < < <
5.2x 10¢
NBRC 102642 10t 10t 10t 10t 10t 10t 10t 10t 10t
63 54 55 56 56 57 54 56 58
C 5.2x 106 X X X X X X X X X
106 108 106 108 10¢ 108 108 106 106




2.4

< < < < < < < <
L 4.1x 108 b
10t 10t 10t 10t 10t 10t 10t 10t
102
] 9.7 3.0 1.0 1.0
K. pneumoniae < < < < <
4.1x 106 X X X X
NBRC 13277 10t 10t 10t 10t 10t
102 10t 10t 10t
41 51 46 47 43 42 43 39 5.0
C 4.1x 106 X X X X X X X X X
106 108 108 108 106 106 106 106 108
2.0
< < < < < < < <
L 21x 108 b
10t 10t 10t 10t 10t 10t 10t 10t
101
o 40 20 1.0 1.0
P. gingivalis < < < < <
H 2.1x 108 x X X X
ATCC 33277 10t 10t 10t 10t 10t
10t 10t 10t 10t
25 26 29 3.2 2.7 24 34 3.0 3.3
C 2.1x 106 X X X X X X X X X
106 108 108 108 108 106 106 106 108
1.2 60 63 63 49 36
< < <
L 2.6x 108 X X X x X X
10t 10t 10t
106 105 10> 10> 104 104
i 83 7.0 8.7 27 48 43 27
C. albicans < <
H 2.6x 106 X X X X X X X
NBRC 13275 10t 10t
105 105 105 105 104 104 10t
25 20 14 26 2.0 19 30 26 1.9
C 2.6x 106 X X X X X X X X X
106 108 108 108 108 106 106 106 108
1 3 5 10 15 20 25 30 60
2.7 1.7 15
< < < < < <
L 2.3x 106 x X X
] 10t 10t 10t 10t 10t 10t
C. albicans 103 108 102
NBRC 1594 2.0 1.6 2.2 20 20 23 23 25 1.9
C 2.3x 106 X X X X X X X X X
106 108 108 108 106 106 106 106 108
<10t 0.1 mL
B) Exp-Mw-L C. albicans 10

C. albicans

10



C) Exp-Mw-L S. mutans CFUcfu/mL CPC-Mw IPMP-Mw

S. pneumonia P gingivalis S. mutans C. albicans 3
S. pneumonia CPC-Mw IPMP-Mw 10
P. gingivalis CPC-Mw 10
IPMP-Mw S. mutans Exp-Mw-
L CPC-Mw 10 IPMP-Mw
C. albicans CPC-Mw IPMP-Mw
10 20
CPC S. pneumoniae P gingivalis S. mutans
10 IPMP P. gingivalis
S.mutans 10 30 CPC IPMP

C. albicans 10 20

3 Exp-Mw-L S. mutans CPC-Mw IPMP-Mw
S. pneumonia P gingivalis S. mutans C. albicans n=3
CFU/mL
10 20 30
CPC-Mw 3.4x 108 <10t <10t <10t
S. pneumoniae
IPMP-Mw 3.4x 106 <10t <10t <10t
NBRC 102642
Control 3.4x 106 1.3x 106 1.8x 108 1.7x 108
CPC-Mw 3.4x 106 <10t <10t <10t
P. gingivalis
IPMP-Mw 3.4x 106 4.6x 106 2.3x 106 1.8x 108
ATCC 33277
Control 3.4x 106 2.5x 106 2.9x 106 4.5% 106
Exp-Mw-L 1.9x 106 <10t <10t <10t
S. mutans CPC-Mw 1.9x 108 <10t <10t <10t
NBRC 13955 IPMP-Mw 1.9x 108 1.2x 108 1.1x 108 1.0x 108
Control 1.9x 106 1.3x 106 1.8x 108 1.7x 108
10 20
CPC-Mw 1.9x 108 4.9x 104 2.3x 104
C albicans
IPMP-Mw 1.9x 108 2.2x 104 9.3x 103
NBRC 1594
Control 1.9x 106 2.3x 106 1.8x 108
<10t 0.1 mL
Exp-Mw-L
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