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Introduction 
In anesthesia management for oral and maxillofa-
cial surgery, a tracheotomy is frequently performed 
in view of postoperative airway obstruction. Tube 
discomfort and pains frequently appear due to the 
placement of endotracheal tubes after surgery. On 
the other hand, it is said that injecting lidocaine or 
alkalinized lidocaine into the cuff of an endotra-
cheal tube instead of air causes the lidocaine to 
extravasate out of the cuff, thus reducing tube dis-
comfort and pain (Huang et al., 1999; Altintaş et 
al., 2000; Dollo et al., 2001; Estebe et al., 2004; 
Jean et al., 2005). 

Lidocaine has a surface anesthetic action and 
is also frequently used in dental clinical practice, 
but there is no report on a study of tissue injury by 
alkalinized lidocaine in the skin or mucosa. In this 
study, we studied the survival rate of cells affected 
by lidocaine and alkalinized lidocaine using a 
three-dimensional cultured skin model. 
 
Materials 
Preparation of test solutions 
Prior to the experiment, the pH of mixed solutions 
of 2 ml of 4% lidocaine and 4 ml of water for in-
jection, 2 ml of 4% lidocaine and 4 ml of dibasic 
potassium hydrogen phosphate (K2HPO4), and 2 
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ml of 4% lidocaine and 4 ml of sodium bicarbonate 
(NaHCO3) was measured. Based on the obtained 
pH values, dibasic potassium hydrogen phosphate 
and sodium bicarbonate were added to phosphate 
buffered saline (PBS) and adjusted so that they 
would have the same pH. In addition, PBS was 
used as a control drug. 
 
Experimental Groups 
Divided into the following six groups: Lidocaine + 
water for injection (pH 6.7); lidocaine + K2HPO4 
(pH 7.85); lidocaine + NaHCO3 (pH 7.90); PBS 
(pH 7.4); PBS + K2HPO4 (pH 7.85); and PBS + 
NaHCO3 (pH 7.90). 
 
Methods 
Cell viability test 
A three-dimensional cultured human skin model 
(TESTSKINTM, LSE-d, Toyobo, Japan; Fig.1) 
(Ramsamooj et al., 1998; Hada et al., 2005; Imai et 
al., 2008; Yamaguchi et al., 2008) was used for the 
purpose of studying cytopathy. 80 µl each of two 
specimens from each group was added to the 
air-exposed surface of a transwell having a diame-
ter of 12 mm, totaling twelve wells, and cultured in 
an assay medium for 24 hours at 37°C. After 
washing, the human skin model (LSE-d) was 
transferred to new 12-well assay plates with 1mL 
of assay medium containing MTT (Sigma Chemi-
cal Co., MO, USA) and then as incubated for 3 hr 
at 37℃. At the end of staining, the exposed portion 
of the human skin models were excised using an 8 
mm diameter skin biopsy punch and extracted in 
0.3 mL isopropanol containing 0.04N HCl. The 

extracts (0.2 mL)were transferred to a 96 well plate 
and absorbance was read on a plate reader 
(SPECTRAmax PLUS, Molecular Devices, To-
ronto, Canada) at 570 nm with the instrument 
blanked on isopropanol extraction medium. 
 
Statistical analysis 
The absorbance was shown as the mean±standard 
deviation. For statistical processing, Kaleida Graph 
4.0 (Synergy Software, PA, USA) for Windows 
was used, and after an analysis of variance was 
performed using two factor repeated measure 
ANOVA, a Fisher’s PLSD multiple comparison 
test was performed. Less than 1% of the hazard 
ratio was determined to be a significant difference. 

 
Results 
Very little Formazan pigment production was ob-
served in Lidocaine + K2HPO4 or lidocaine + Na-
HCO3.The absorbance of each of the test drugs 
was 0.126±0.004 for lidocaine + water for injec-
tion, 0.062±0.004 for lidocaine + K2HPO4, and 
0.059±0.006 for lidocaine + NaHCO3. The ab-
sorbance of PBS was 0.145±0.005, with 
0.152±0.016 for PBS + K2HPO4 and 0.184±0.007 
for PBS + NaHCO3. Compared to the PBS, PBS + 
K2HPO4, and PBS + NaHCO3, lidocaine + 
K2HPO4 and lidocaine + NaHCO3 showed low 
values of formazan absorbance as well as signifi-
cant differences. However, no significant differ-
ence was observed in formazan absorbance be-
tween PBS and lidocaine + water for injection (Fig. 
2). 
 

 

Fig.1 Three-dimensional cultured human skin model (living skin equivalent, LSE-d, Toyobo, Lot.MS7657)
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Discussion 
It has been believed that the action of local anes-
thetic drugs is reversible and that tissue toxicity 
would not develop after a nerve block or infiltra-
tion anesthesia. However, in recent years, cauda 
equina syndrome(Rigler et al.,1991) that has de-
veloped after spinal anesthesia has been reported, 
as has damage of the corneal endothelium and the 
retina after surface anesthesia using a 
highly-concentrated local anesthetic drug for oph-
thalmic surgery (Guzey et al., 2001), and therefore 
the neural toxicity and local tissue toxicity of local 
anesthetic drugs have become apparent. 

In general, local anesthetic drugs are alkales-
cent, but they are used in a form of hydrochloride 
when used for treatment in order to obtain solubil-
ity and stability. Adding sodium bicarbonate to 
lidocaine followed by alkalinization increases the 
ratio of a non-ionization-type of local anesthetic 
drug, which is important for diffusion, and en-
hances the anesthetic action. In clinical practice, 
for the purpose of reducing discomfort and pains 
due to an endotracheal tube, the usefulness of an 
injection of alkalinized lidocaine into the cuff has 
been reported (Dollo et al., 2001; Estebe et al., 
2004; Jean et al., 2005). However, there are no 
reports of any studies on the toxicity of lidocaine 
and alkalinized lidocaine on the tracheal tissues. 

The tunica mucosa is covered with pseu-
dostratified ciliated columnar epithelium consist-

ing of ciliated cells, goblet cells, and basal cells. 
The three-dimensional cultured skin model 
(TESTSKINTM) used in this study consists of a 
dermal layer and an epidermal layer comprising 
human skin fibroblast and collagen gel, and differs 
from component cells of the trachea mucosa, but 
using these involved a simple method of detecting 
colors for analyzing the number of living cells us-
ing the MTT method, and it is believed that they 
would be useful for assessing the tissue toxicity of 
liquid test drugs. 

The pH of HCl-lidocaine is low, at 3.5–5, but 
when administered to tissues, it breaks down into 
ionization-type (cation) and non-ionization type 
(base) of molecules, and the ratio of cation to base 
is determined depending on the environment of the 
surrounding body fluid. It is believed that, if lido-
caine is preliminarily alkalinized as in this study, 
the ratio of the base increases due to the 
ion-trapping effect (Wong et al., 1993). In this 
study, using a cultured human skin model, PBS 
was alkalinized so that the pH would become the 
same as alkalinized lidocaine, and the cytotoxicity 
was compared using the MTT method. Conse-
quently, the formazan absorbance decreased in 
alkalinized lidocaine. MTT is broken down into 
formazan via a succinate-tetrazolium reductase 
system that belongs to mitochondrial respiratory 
chains and only shows activity in living cells. In 
addition, it is said that the amount of formazan 

 

 
Fig.2  Cell Viability of Alkalinized Lidocaine with LSE-d (mean±SD) 

*Significantry difference from lido+water, PBS, PBS+K2PO4 
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pigment is directly proportional to the number of 
cells having metabolic activity in cultured cells 
(Watanabe et al., 2001), and it was indicated that 
the increase in the lidocaine base was significantly 
involved in a decrease in the survival rate of cells. 
However, no difference was observed in formazan 
absorbance between HCl-lidocaine (pH 6.7) and 
PBS (pH 7.4). On the other hand, compared to 
HCl-lidocaine (pH 6.7), the absorbance decreased 
in alkalinized lidocaine (pH 7.85, pH 7.9), result-
ing in having properties that damage tissues, indi-
cating that there is a risk of lidocaine decreasing 
cell viability by being alkalinized. 

The injection of alkalinized lidocaine into a 
tracheal tube cuff accelerates the permeability of 
lidocaine into the cuff, but it is believed that there 
is a risk that it might cause tracheal tissue damage. 
 
Acknowledgments 
The present study was partly supported by 
"High-Tech Research Center" Project for Private 
Universities: matching found subsidy from MEXT, 
2007-2011. This study was carried out using the 
Institute of Dental Research, Osaka Dental Uni-
versity. 
 
References 
Altintaş, F., Bozkurt, P., Kaya, G. and Akkan, G. 

(2000) Lidocaine 10% in the endotracheal tube 
cuff: blood concentrations, haemodynamic and 
clinical effects, Eur J Anaesth, 17, 436-442. 

 
Dollo, G., Estebe, J.P., Corre, P.L., Chevanne, F., 

Ecoffey, C. and Verge, R.L. (2001) Endotracheal 
tube cuffs filled with lidocaine as a drug delivery 
system: in vitro and in vivo investigations, Eur J 
Pharm Sci, 13, 319-323. 

 
Estebe, J.P., Delahaye, S., Corre, P.L., Dollo, G., 

Naoures, A.L., Chevanne, F. and Ecoffey, C. 
(2004) Alkalinization of intra-cuff lidocaine and 
use of gel lubrication protect against tracheal 
tube-induced emergence phenomena, Br J Anaesth, 
92, 361-366. 

 
Guzey, M., Satici, A. and Dogan, Z. (2001) The ef-

fects of bupivacaine and lidocaine on the corneal 
endothelium when applied into the anterior cham-
ber at the concentrations supplied commercially, 
Ophthalmologica, 216, 113-117. 

 
Hada, N., Hasegawa, T., Takahashi, H., Ishibashi, T. 

and Sugibayashi, K. (2005) Cultured skin loaded 
with tetracycline HCl and system: mathematical 
evaluation of the cultured skin containing antibiot-
ics, J Control Release, 108, 341-350. 

 
 

Huang, C.J., Tsai, M.C., Chen, C.T., Cheng, C.R., Wu, 
K.H. and Wei, T.T. (1999) In vitro diffusion of li-
docaine across endotracheal tube cuffs, Can J 
Anesth, 46, 82-86. 

 
Imai, K., Momota, Y. and Hayakawa, T. (2008) In-

fluence of the human skin model on cell viability 
test and the formation test of very low concentra-
tions copper, titanium and zinc ions. J Oral Tissue 
Engin, 6, 56-61. 

 
Jean, P.E., Marc, G., Pascal, L.C., Gilles, D., François, 

C. and Claude, E. (2005) Alkalinization of in-
tracuff lidocaine: Efficancy and safety, Anesth An-
alg, 101, 1536-1541. 

 
Ramsamooj, R., Strande, L., Kain, M.H., Doolin, E.J. 

and Hewitt, C.W. (1998) A novel in vitro model for 
xenorejection and immune mechanism using bio-
engineered living skin equivalents, Transplant 
Proc, 30, 1087-1088. 

 
Rigler, M.L., Drasner, K. and Krejcie, T.C. (1991) 

Cauda equina syndrome after continuous spinal 
anesthesia, Anesth Analg, 72, 275-281. 

 
Watanabe, T. (2001) Utility of the three-dimensional 

cultured human skin model as a tool to evaluate 
skin permeation of drugs. Altern Animal Test Ex-
periment, 8, 1-14. 

 
Wong, K., Strichartz, G.R. and Raymond, S.A. (1993) 

On the mechanisms of potentiation of local anes-
thetics by bicarbonate buffer: drug struc-
ture-activity studies on isolated peripheral nerve, 
Anesth Analg, 76, 131-143. 

 
Yamaguchi, K., Morita, K., Mitsui, T., Aso, Y. and 

Sugibayashi, K. (2008) Skin permeation and me-
tabolism of a new antipsoriatic vitamin D(3) ana-
logue of structure 16-en-22-oxa-24-carboalkoxide 
with low calcemic effect, Int J Pharm, 353, 
105-112. 

 
(Received: October 24, 2008/ 

Accepted: December 25, 2008) 
 

Corresponding author:  
Dr.Yoshihiro Momota 
Department of Anesthesiology,  
Osaka Dental University 
1-5-17, Otemae, Chuo-ku, Osaka 540-0008, Japan 
Tel: +81-6-6910-1031 
Fax: +81-6-6910-1032 
E-mail: momoda@cc.osaka-dent.ac.jp 


