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Antibacterial Effect of Lidocaine in Mouse Model of Acute Rhinosinusitis
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ABSTRACT

Background and Objectives : This study was performed to verify the antibacterial effect of lidocaine against common bacterial
pathogens which causes acute bacterial rhinosinusitis in vitro, and also to evaluate in vivo effects in the nasal cavity of mice with
an acute rhinosinusitis induced by Streptococcus pneumoniae inoculation. Materials and Method : The initial cultures of
Streptococcus pneumonia, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus and Hemophilus influenza
were done in Mueller-Hinton broth and the subsequent culture in 5% sheep blood agar (SBA) . Minimal inhibitory concentration
(MIC) was obtained by making culture broth to a turbidity of McFarland No 0.5 overnight by having it diluted by 1 : 200 times,
and medicating 100 L lidocaine in each culture. It was cultured for 24 hours at 36°C and analyzed spectrophotometrically.
Minimal bactericidal concentration (MBC) was obtained by the same work as MIC and was followed by the subculture in 5%
SBA to obtain the minimum concentration of no growth. Two percent concentration of lidocaine, MBC of S. pneumoniae was
used for in vivo study. Thirty-six experimental mice (C57BL6/J) were divided : the control Group I contained only broth ino-
culation, Group II S. pneumoniae inculation and Group III to VI varying concentrations of lidocaine inoculation in different
intervals and exposure time. On the 6th day, nasal lavage was done and mucosal neutrophil count was sought by dissecting the
mice head by selecting three sections of anatomicallynd same site and 4 randomly selected places from each section. Results :
MIC and MBC values of S. pneumoniae were 1%, 2%, K. pneumoniae 2% and 2%, P, aerusinosa 2% and 4%, S. aureus 2% and
4%, H. influenzae 0.25%, and 1%, respectively. Mucosal neutorophils revealed a more statistically significant increase in Group
1I than all other groups followed by Group V, VI, III, and IV. The nasal lavage showed larger colony count in Group II, III, and
V than those of other groups without any statistical meaning. Conclusion : This study enabled us to find out the MIC and MBC
of lidocaine on various pathogens, the causes of an acute rhinosinusitis in vitro. It also showed that an acute rhinosinusitis is
developed by using S. pneumoniae in vitro and that the longer the exposure time and higher the exposure frequency of lidocaine,
the greater were antibacterial effects. (Korean J Otolaryngol 2004;47:741-6)
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Table 1. Bacterial strains used in this study

Organisms Collection and strain number
Streptococcus pneumoniae ATCC 49619
Klebsiella pneumoniae ATCC 13883

ATCC 27853
ATCC 25923

Clinical strain

Pseudomonas aeruginosa
Staphylococcus aureus

Haemophilus influenzae

Muller-Hinton broth
only incoulation ¢

After 5 days

5

Distilled water @ 6 hrsx 4
inoculation

S. pneumoniae inoculation

2% Lidocaine
inoculation

,, Sl

Termination q 6hrsx 2 q 6hrsx 4

at éth day

Termination
at éth day

Group | Group Il

Group il Group IV

b

q 12hrsx 1 q 12hrsx 2

Group V Group VI

Fig. 1. Algorithm of this study.
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Table 2. Minimal inhibitory concentration (MIC) and minimal

bactericidal concentration (MBC) of lidocaine against bacte-
rial strains used in this study

Organisms MIC MBC
Streptococcus pneumoniae 1% 2%
Klebsiella pneumoniae 2% 2%
Pseudomonas aeruginosa 2% 4%
Staphylococcus aureus 2% 4%
Haemophilus influenzae 0.25% 1%
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¢ 54.50*
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n
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+ 26.00
20 16.00 25.00
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$1L67 g4, : 1200
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I I i Y \ v
Group

Fig. 3. Mean grade of nasal lavage for culture. Graded accor-
ding fo standard microbiological techniques. 00 no growth, 10
growth only the first streak, 20 growth on the first and second
streaks, 30 growth on first, second and third strecks.

Fig. 5. Mean count of infiltrating neutrophils in the mucosa (ori-
ginal magnificationx 400). A randomized sampling of four high
power fields, were determined for each of the 3 anatomically
identical sections per mouse. *p<0.01.
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Fig. 2. Three paraffin-embedded coronal sections of a mouse nasal cavity. Sections are representative of anterior (A), middle (B)

and posterior (C) regions of the nasal cavity. Arrows indicate maxillary sinuses (H & E, original magnificationx 10).

(o) B

Fig. 4. Light microscopic findings of sinus mucosa of Group | (A and B), Group |I
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(C and D), Group IV (E and F). In group II, the

8§

mucosal infiltrating neutrophil has shown the most, and in group IV, the mucosal infiltrating neutrophil has decreased. Arrows
indicate neutrophil cluster (H & EO A, C and E original magnificationx 1000 B, D and F original magnificationx 400).
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000 000 00000 (Figs. 4 and 5).

O O

00000 O0O00 00 00000 00 000 00
00 OO0 0000 OO0 0000 0000 00 00
OO0 000 0000 000 000 000 ooog.®0
0, 00000 0000 OO0 00000 00000 O
0, 0000 00, 000 0000 00 000 O 00
000 00 00 000 0000 000 0000 O0.
00 4% 00000 O OO0 OO0 000 0000 O
0000 00000 000 0000 000 00 000
0O 000 O O0. Kiefer 00 00000 OOO OO
00 D0O0O0O0 00000 000000, Ohsuka 020
00000 00000 0000 00000 0000 00

Korean J Otolaryngol 2004:47-741-6



OO0 0D0O0O0 000 OO0 00000 000 00000,
00 O0O000 000 00000 000000 000
000 000 0000 D000O0 0000 00 000
D.l—3)6—8)

00000 D00 000 000 000 00000 O
00000 000 00 OO0 OO0 000 000 00
0O 00 000 OO0 000D 000 000 000 00
000D 000 00 DOO0. 0000 00 000000
000000 000 00 000 0000,®? 000 0
000 000000 0000 00D 0000 00 00
00 00000 00 000 00D 00 00og 00
0O OO0 000 000 0O 00 00.0000 00 O
000 000 000 D00 OO0 00 0000000
000 0OOO0OD 000 0000 000 000 000
000 00 O OO0 D00 0000 000 OO0 000
000 000 O, 000 00000 oooOoooo O
000D 0O 000 000 00D 000 O 000 00
O ooooo®

OO0 000D 0000 000 000 00 000 00
0 OO0 OO0 O OO0 000 004, Bomer OO
000D 000 0000 000 000 00 0000,
000D 0000 000 000 000 0000 000
000 000 00 00 000 000 00 OO0 000
OO0 00000 0000 000 00000 000 00
000D00000D 0000 000 000. Min 020
000D OO0 0D 00000 O 000 00,000
OO, 00000 OO0, 000 00, 000 000 00
O, 000, 000, 0000 OO0 00000 000 O
00000 OO0 00000 000 O 00000 000
OO0 00 O O 00d.

00 000000 0000 0000 31%, 00000
00000 21%, 0000 00 9%, 000 00 6%, O
000D 00000 D0O0OO0O0 0000 5%, 0000
00 4% 000 000 0000 0o0 0o oo™

0 00000 DO00000 00000 MICO MBCO
0000, 2% 00000 00000 oo0ooo0 00
0O 0O D00OO0.000 000 00000 00 00000
0 000 0O 00000 0D 000 00 000 000
0 0000 00 OO0 00000 00000 00000
000, 00000 00000 0000 0000 000
OO0 000D Oood.

0 0000 00000 00000 00000 000

ol

ot

=9
o -

i

0O 0000000000000 o000 oo oob o
oooo 0ooo 0ooo oo booo Ooo oo oooo
0O 000oooo Ooooo ooo ooooboo oo ooo
oooo.

0 000 boooooOo ooo oooo ooo oo
0O 00 000 oooo ooooo ooo o oooo
0o OO0 o015 mLO ODOOOOO OO0 O 0O Oooo
0o oooO ooooo oooo ooo ooo oo o
0o Oooo Oooo ooooo ooo ooo oooo
000 000 00 Oooooo ooo oooo oo o
0o 0 o000 oobo oooo.

H H

0O 0000 000 000 oo oooooo oooo
00 00 OO0 ooooo ooooooo oooogoo
O 000 0O 000,00 2% 000 00000 1200
00 00 000 0 oooboooo oo ooo ooo
oo 000o0o0.00,00000 ooOoOoo oooo
00 Ooooooo oo O 0o oo 0o0oooooo
000 000 0000 ooooo ooooo oooo
0O 0000 Ooooo oooo ooo ooo o ooo.

ooooooobo oo Oooo o boooo booboo
0ooo o0oo0 ooooo ooooo ooo oooo oo
0O 00 0000 00 0oo0o ooooo oo o oo
0o 00 00 oo oooo oob oo o o ooao
ooooo oooo ooo oooo.

00 goooooo- oo oooo.

REFERENCES

1) Wimberley N, Willey S, Sullivan N, Bartlett JG. Antibacterial pro-
perties of lidocaine. Chest 1979;76:37-40.

2) Lebeda MD, Haller JR, Graham SM, Hoffman HT. Evaluation of
maxillary sinus aspiration in patients with fever of unknown origin.
Laryngoscope 1995,105:683-5.

3) Ohsuka S, Ohta M, Masuda K, Arakawa Y, Kaneda T, Kato N. Li-
docaine hydrochloride and acethylsalicylate kill bacteria by disrup-
ting the bacterial membrane potential in different ways. Microbiol
Immunol 1994;38:429-34.

4) Schmidt RM, Rosenkranz HS. Antimicrobial activity of local anes-
thetics: Lidocaine and procaine. J Infect Dis 1970;121:597-607.

5) Kiefer RT, Ploppa A, Krueger WA, Plank M, Nohe B, Haeberle HA,
et al. Local anesthetics impair human granulocyte phagocytosis ac-
tivity, oxidative burst, and CD11b expression in response to staphylo-
coccus aureus. Anesthesiology 2003, 98:842-8.

6) Stratford AF, Zoutman DE, Davidson JD. Effect of lidocaine and
epinephrine on staphylococcus aureus in a guinea pig model of sur-

745



YF0AM ReE SYRHSHUA 2l=7ele] &7 A&

gical wound infection. Plast Reconstr Sur 2002, 110:1275-9.

7) Aydin ON, Eyigor M, Aydin N. Antimicrobial activity of ropivacaine ~ 11)
and other local anaesthetics. Eur J Anaesthesiol 2001, 18:687-94.

8) Aldous WK, Jensen R, Sieck BM. Cocaine and lidocaine with pheny-
lephrine as topical anesthetics: Antimicrobial activity against com- 12)
mon nasal pathogens. Ear Nose Throat J 1998,77:554-7.

9) Westrin KM, Norlander T, Stierna P, Carlsoo B, Nord CE. Experi-

mental maxillary sinusitis induced by bacteroides fragilis. Abacteri-

ological and histological study in rabbit. Acta Otolaryngol 1992;112:

107-14. 13

Scharf KE, Lawson W, Shapiro JM, Gannon PJ. Pressure measure-

ments in the normal and occulused rabbit maxillary sinus. Laryn-

=

10

=

746

goscope 1995,105:570-4.

Bomer K, Brichta A, Barody F, Boonlayangoor S, Li X, Naclerio RM.
A mouse model of acute bacterial rhinosinusitis. Arch Otolaryngol
Head Neck Surg 1998,124:1227-32.

Min YG, Kim YK, Choi YS, Shin JS, Juhn S. Mucociliary activity
and histopathology of sinus mucosa in experimental maxillary sinu-
sitis: A comparison of systemic administration of antibiotic and anti-
biotic delivery by polylactic acid polymer. Laryngoscope 1995;105:
835-42.

Gwaltney JM. Acute community-acquired sinusitis. Clin Infect Dis
1996;23:1209-25.

Korean J Otolaryngol 2004:47:741-6



