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In Vitro Investigation of the Antibacterial

Effects of Lidocaine and Bupivacaine Alone and

in Combinations with Fentanyl

Lidokain ve Bupivakain’in Tek Bagina ve
Fentanil ile Kombinasyonlarinin
Antibakteriyel Etkilerinin In Vitro Incelenmesi

ABSTRACT Objective: It was aimed to investigate the in vitro antibacterial activities of the com-
bined use of local anesthetic agents like lidocaine and bupivacaine, the antibacterial effects of which
have been demonstrated, with fentanyl. Material and Methods: The in vitro antimicrobial activi-
ties of lidocaine, bupivacaine alone and in combination with fentanyl at different concentrations
were investigated using microdilution technique. Microorganisms used in the test were Escherichia
coli ATCC 25922, Yersinia pseudotuberculosis ATCC 911, Pseudomonas aeruginosa ATCC 10145,
Listeria monocytogenes ATCC 43251, Enterococcus faecalis ATCC 29212, Staphylococcus aureus
ATCC 25923, Bacillus cereus 702 Roma, Mycobacterium smegmatis ATCC607, Candida albicans
ATCC 60193, and Saccharomyces cerevisiae RSKK 251. Antibacterial assays were performed in
Mueller-Hinton broth at pH 7.3 and antifungal analyses were performed in buffered Yeast Nitro-
gen Base at pH 7.0. Results: While lidocaine, bupivacaine, and fentanyl demonstrated antibacter-
ial activity when they were used alone, no antibacterial effect was observed when they were used
in combination. Conclusion: The antibacterial efficacy of both lidocaine and bupivacaine is evident
when both local anesthetic agents are used alone. However, the antibacterial efficacy is reduced
when both agents are combined with fentanyl, which shows that the risk of infection may be more
likely.
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OZET Amag: Antibakteriyel etkinligi gosterilmis lidokain ve bupivakain gibi lokal anestezik ilag-
larin, fentanil ile kombine kulanimlarinin antibakteriyel aktiviteleri tizerine etkisinin in vitro or-
tamda aragtirilmasi hedeflenmistir. Gereg ve Yontemler: Farkli konsantrasyonlardaki lidokain,
bupivakain ilaglarinin tek bagina ve fentanil ile kombinasyonlarinin, in vitro antimikrobiyal akti-
viteleri mikro diliisyon teknigi kullanilarak arastirildi. Testte kullanilan mikroorganizmalar Esc-
herichia coli ATCC 25922, Yersinia pseudotuberculosis ATCC 911, Pseudomonas aeruginosa ATCC
10145, Listeria monocytogenes ATCC 43251, Enterococcus faecalis ATCC 29212, Staphylococcus
aureus ATCC 25923, Bacillus cereus 702 Roma, Mycobacterium smegmatis ATCC607, Candida al-
bicans ATCC 60193, ve Saccharomyces cerevisiae RSKK 251. Antibakteriyel deneyler, pH 7,3'te
Mueller-Hinton sivisinda gergeklestirildi ve pH 7,0'da tamponlu Maya Nitrojen Tabani'nda anti-
fungal analizler yapildi. Bulgular: Lidokain, bupivakain ve fentanil tek bagina kullanildiklarinda
antibakteriyel etki gosterirken, kombine kullanimlarinda antibakteriyel etki gozlemlenmemistir.
Sonug: Lidokain ve bupivakainin tek baglarina kullanildiklarinda antibakteriyel etkinlik gosterdik-
leri agiktir; Ancak bu lokal anestezikler fentanil ile kombine edildiklerinde antibakteriyel etkinli-
gin azalmasi, kombine kullanimin enfeksiyon riskini arttiracagini diistindiirmektedir.

Anahtar Kelimeler: Antimikrobiyal aktivite; lidokain; bupivakain; fentanil

t has been shown that local anesthetic agents like bupivacaine and li-
docaine exhibited bacteriostatic, bactericidal, fungistatic, and fungi-
cidal properties against a wide spectrum of microorganisms.'*
Infection may occur as a complication after the administration of any
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technique of regional anesthesia. The use of local
anesthetic agents in cases of infections of the tis-
sues around the spinal cord and the spinal canal is
dangerous.>®

The addition of other agents such as preserva-
tives, opioids, or intravenous anesthetics to the
local anesthetic solutions may modify the overall
antimicrobial activity through either synergistic or
antagonistic action.” But there are not enough stud-
ies showing the use of combinations where the in-
volved agents increase the overall antimicrobial
activity and of combinations where they decrease
it. The aim of this study was to investigate the in
vitro antibacterial effects of fentanyl, lidocaine,
bupivacaine and to compare their antibacterial ef-
ficacy with fentanyl-lidocaine and fentanyl-bupi-
vacaine combinations.

I MATERIAL AND METHODS

Five experimental groups of local anesthetic
drugs (lidocaine and bupivacaine), alone and in
combination with fentanyl, were constituted
(Table 1).

ANTIMICROBIAL ACTIVITY ASSESSMENT

All of the tested microorganisms were obtained
from the Hifzissihha Institute of Refik Saydam
(Ankara, Turkey) and they were as follows: Es-
cherichia coli ATCC 25922, Yersinia pseudotuber-
culosis ATCC 911, Pseudomonas aeruginosa ATCC
10145, Listeria monocytogenes ATCC 43251, En-
terococcus faecalis ATCC 29212, Staphylococcus
aureus ATCC 25923, Bacillus cereus 709 ROMA,
Mycobacterium smegmatis ATCC607, Candida al-
bicans ATCC 60193, and Saccharomyces cerevisiae
ATCC 60193.

TABLE 1: Groups and the drugs administered.
Groups Drug used
Group 1 Lidocaine 2%
Group 2 Bupivacaine 0.5%
Group 3 Fentanyl 50 meg/mL
Group 4 Lidocaine + Fentanyl
Group 5 Bupivacaine + Fentanyl
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DETERMINATION OF MINIMAL INHIBITORY AND MINIMAL
BACTERICIDAL CONCENTRATIONS

The antimicrobial activities of the substances were
tested quantitatively in broth media by using dou-
ble dilution and the minimum inhibitory concen-
tration (MIC) values (pg/ml) were determined.'?
The antibacterial assays were performed in
Mueller-Hinton broth (MH) at pH 7.3 and the an-
tifungal assays were performed in buffered Yeast
Nitrogen Base (YNB) (Difco, Detroit, MI) at pH 7.0.
Dilution of each chemical substance to be tested
was prepared in 0.1 ml volumes of sterile MH and
YNB broth to give concentrations ranging from
5000 pg/mL to 5 ug/mL. After preparation of the
suspensions of test microorganisms in MH and
YNB broth (approximately 10° microorganisms per
mL), one drop of suspension (0.02 ml) was added
to the extract/broth dilutions. After incubation at
35°C for 18-72 h, the tubes were examined for
growth again. The MIC was defined as the lowest
concentration that showed no growth. The dilu-
tions without visible growth were used for mini-
mum bactericidal concentration (MBC) deter-
mination; the samples (100 pL) were spread across
the surface of dried MH and YNB agar with sterile,
bent glass rods and then incubated at 35°C for 18
h. The MBC of each extract was taken as the low-
est concentration that showed no growth on an
agar plate. Ampicillin, streptomycin, and flucona-
zole were used as standard antibacterial and anti-
fungal drugs, respectively.

MIC: The minimum effective dose: This dose
may be bactericidal or bacteriostatic (inhibiting the
growth and reproduction of bacteria continues
when the effect of the drug ceases). MBC is deter-
mined at this state.

MBC: Minimum bactericidal (killing) concen-
tration. It is the lowest concentration of an anti-
bacterial agent required to kill a particular
bacterium.

I RESULTS

Lidocaine was observed to have an inhibitory ef-
fect on the growth of Gram-negative non-encap-
sulated bacteria (E. coli) and Gram-negative
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encapsulated bacteria (Y. pseudotuberculosis) with
MIC values ranging from 5000 to 10000 pg/mL
(Table 2). It was observed that when used sepa-
rately, both local anesthetics under study (bupiva-
caine and lidocaine) and fentanyl had an inhibitory

Sc
<8

Ca
<8

effect on the growth of B. cereus which is a Gram-

Ms
2500
625
12
4

positive spore-forming bacillus in concentrations
of 5000, 2500 and 25 pg/mL; but they had no in-
hibitory effect on the same bacilli when combined.
When lidocaine, bupivacaine and fentanyl were

Bc
5000
2500

25

<1

tested against M. smegmatis which was an acid-fast
staining bacterium, it was observed that they had
an inhibitory effect on growth with MIC values in TR R RPN
concentrations of 2500, 625 and 25 pg/mL respec-
tively; but they had no inhibitory effect when they
were used in combination (Table 2). It was deter-
mined that each of the three drugs tested had no
antipseudomonal (P. aeruginosa) activity. Simi-
larly, it was observed that they had also no activity
against Gram-positive coccus (S. aureus and E. fae-

Sa
2

Pa
>128

calis) and species of yeast (C. albicans and S. cere-
visiae).

Yp
10000
32

I DISCUSSION

Local anesthetic agents are drugs blocking the

5000: 12
5000: 1250

transmission of nerve impulses in nerve fibers re-
versibly when they get in touch with nerve fibers

Microorganisms and Minimal Inhibition Concentration (MIC)

in appropriate concentrations. It has also been de-

Ec
5000
2500: 6
5000: 1250
2

termined that they have antibacterial and anti-
fungal activities. Their antibacterial activities
were discovered for the first time by Jonnesco in

TABLE 2: Antimicrobial activity of some anesthetic drugs (ug/mL).

1909.2 Inhibition of growth, a decrease in the liv-
ing cells, the destruction of protoplasts, changes
in membrane permeability, characteristic ultra-

10 000: 2500
10 000: 2500:25

2500: 25

structural changes, and inhibition of membrane-

Test Concent. pg/mL
20000
5000
50
10000: 25

dependent enzymatic activity are the factors
enabling the antibacterial activities of local anes-
thetic agents.’

Local anesthetic agents can be used together
with narcotics during the administration of re-
gional anesthesia. Prolonged use of local anesthetic
agents and narcotics, especially in cancer patients
via the epidural route increases the risk for infec-
tion in these patients. Therefore, antimicrobial ac-

Drug Name

Lidocaine (20 mg/mL}
Bupivacaine (100 mg/20 mL)
Fentanyl (0,5 mg/10 mL)
Lidocaine + Fentanyl (1:1)
Bupivacaine + Fentanyl (1:1)
Lidocaine + Bupivacaine (1:1)
Lidocaine + Bupivacaine+Fentanyl (1:1:1)
Ampicillin

Streptomycin

Fluconazole

tivities of local anesthetic agents are a desired

Ec: E. coli ATCC 35218; Yp: Y. pseudotuberculosis ATCC 911; Pa: P. aeruginosa ATCC 27853; Sa: S. aureus ATCC 25923; Ef: E. faecalis ATCC 29212; Be: B. cereus 709 Roma; Ms: M. smegmatis ATCC607; Ca: C. albicans ATCC 60193; Sc: S. cere-

visiae RSKK 251; Ampicillin, Streptomycin; Fluconazole; (-): no activity of test concentrations.

characteristic. Local anesthetic agents with antimi-
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crobial activity can be used as an adjunct to the tra-
ditional antimicrobial therapy in the clinical or lab-
oratory setting. On the other hand, since the
antimicrobial activities of local anesthetics can lead
to false-negative results and inadequate culture
yield, caution should be exercised in this respect.?

A number of cases were reported regarding
the development of central nervous system in-
fections like epidural abscess and meningitis after
spinal and epidural anesthesia and analgesia. Oth-
erwise, recent studies reveal that the develop-
ment of injection complications related to the
administration of neuraxial blockade has in-
creased.'” Moen et al. raise concern over the cases
of meningitis, alpha-hemolytic streptococci and
nosocomial infections after spinal blockade.!! Ad-
ditionally, in a study performed, the incidence of a
spinal epidural abscess after epidural analgesia was
reported to be 1/1000.1°

In our study, it was observed that lidocaine
had an inhibitory effect on the growth of Gram-
negative non-encapsulated bacteria (E. coli) and
Gram-negative encapsulated bacteria (Y. pseudo-
tuberculosis). It was observed that lidocaine, bupi-
vacaine, and fentanyl had an inhibitory effect on
the growth of B. cereus which was a Gram-positive
spore-forming bacillus, but no inhibitory effect was
observed when they were used in combination
since the dose was more diluted. It can be suggested
that lidocaine, bupivacaine, and fentanyl were ef-
fective against M. smegmatis, an acid-fast staining
bacterium, but no inhibitory effect was observed
when they were used in combination, possibly due
to the dosage. It was determined that the drugs
tested had no antipseudomonal (P. aeruginosa) ac-
tivity. Similarly, it was also determined that they
had no activity against Gram-positive cocci (S. au-
reus and E. faecalis) and species of yeast (C. albi-
cans and S. cerevisiae).

When other relevant studies in the literature
were investigated; in a study performed by Rosen-
berg et al., it was observed that higher clinical con-
centration of local anesthetic agent bupivacaine
(0.25%) had an inhibitory effect on many bacterial
and fungal organisms like Escherichia coli, S. au-
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reus, S. epidermidis, S.pneumoniae, S. pyogenes,
Enterococcus faecalis, Bacillus cereus, and Candida
albicans." This study was performed using an agar
dilution method. According to the results of the
study, it was suggested that bupivacaine could ex-
hibit a protective effect against some bacterial and
fungal infections. Again in the same study, bupiva-
caine did not inhibit the growth of P. aeruginosa.
On the other hand, in a study performed by Noda
et al. it was reported that both bupivacaine and li-
docaine at standard concentrations exhibited bac-
tericidal activity in the colonies of S. aureus, S.
epidermidis, and P. aeruginosa.'> Moreover, when
MIC values were compared, it was reported that
bupivacaine had a greater antibacterial activity
than lidocaine. Aydin et al. investigated the an-
timicrobial effects of local anesthetics ropivacaine,
bupivacaine, lidocaine and prilocaine on E.colj, S.
aureus, P. aeruginosa and C. albicans, and it was
pointed out that lidocaine and prilocaine had more
powerful antimicrobial effects than the other two
local anesthetics.'* Additionally, while both lido-
caine and prilocaine at 2% concentrations had an-
timicrobial effects, prilocaine at 1% concentration
inhibited the growth of E. coli, S. aureus, and P.
aeruginosa and lidocaine at 1% concentration in-
hibited only the growth of P. aeruginosa. It was de-
termined that bupivacaine at 0.25% concentrations
inhibited the growth of P. aeruginosa and ropi-
vacaine failed to inhibit the growth of the mi-
croorganisms tested. In another study, it was
investigated whether sufentanil modified the an-
tibacterial activity of bupivacaine and ropivacaine
or not, while it was observed that when both bupi-
vacaine and ropivacaine were used alone they in-
hibited the growth of E. coliand S. aureus, but they
did not inhibit the growth of E. faecalis. When
sufentanil was combined with bupivacaine, it in-
creased the antimicrobial effect of bupivacaine but
decreased the inhibitory effect of ropivacaine on
the growth of S. aureus.” Consequently, it was re-
ported that sufentanil provided a partial synergistic
effect on bupivacaine and a partial antagonistic ef-
fect on ropivacaine’s antibacterial activity. In a
study performed by James et al. in 1976, the effect
of bupivacaine on bacterial growth was investi-
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gated and additionally the incidence of contami-
nation of catheters and syringes used during
epidural analgesia was studied. In this study, it
was determined that syringes in 5/101 cases were
contaminated by commensal skin organisms (S.
epidermidis) and bupivacaine (0.25%) was bacteri-
cidal to both S. epidermidis and Corynebacterium
spp. at 37°C but not at room temperature. '

When the results obtained from our study and
the results of the other studies in the literature are
investigated, it is seen that there are many different
results regarding the spectrum and potency of an-
timicrobial activity. It should be emphasized that
these differences might result from the concentra-
tion of the drug used, the in vitro setting, pH and
temperature of the environment, and the species of
the bacteria involved. The common point of all
these studies is that most local anesthetics have an-
timicrobial activity and these activities also in-
crease directly proportional to the increase in
concentration.

I CONCLUSION

Our study has shown that, while both lidocaine
and bupivacaine had antimicrobial activities
against several bacteria when they were used
alone, this activity disappeared when they were
used in combination with fentanyl. The de-
creased antibacterial efficacy might be attributed
to dilution of the local anesthetics, which leaded
a decrease in their concentration. This result
confirms the importance of the concentrations of

the local anesthetics regarding their antimicro-
bial activity. Based on our findings, it can be said
that there might be an increase in the risk of in-
fection during the combined use of lidocaine or
bupivacaine with fentanyl since the combination
might cause a decrease in antibacterial activity.
However, it is necessary to perform further and
more extensive in vitro and in vivo studies to
evaluate whether the combined use of local anes-
thetics decrease their individual antibacterial ac-
tivities.

This examination is not a human research.
Laboratory animals was not used. It is an in vitro
experimental study conducted in laboratory condi-
tions. There is no patient consent and ethics com-
mittee approval.
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