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Pulp cells are essential for tooth development, and dentin repair and regeneration. In addition these cells have been identi�ed
as an important stem cell source. Local anesthetics are widely used in dental clinics, as well as the other clinical disciplines
and have been suggested to interfere with human permanent tooth development and induce tooth agenesis through unknown
mechanisms. Using pig model and human young permanent tooth pulp cells, our research has identi�ed that the local
anesthetics commonly used in clinics can affect cell proliferation. Molecular pathway pro�ling suggested that LC3II is one of
the earliest molecules induced by the agents and p62 is the only common downstream target identi�ed for all the drugs tested.
The effect of the drugs could be partially recovered by V-ATPase inhibitor only if early intervention is performed. Our results
provide novel evidence that local anesthetics could affect tooth cell growth that potentially can have impacts on tooth
development.
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INTRODUCTION
Dental treatment involves similar or more frequent use of local
anesthesia compared with any other clinical discipline. Local
anesthetics are known to work by binding to voltage-gated Na+

channels in nerves, therefore block sodium transportation and
nerve conduction.1 Although the maximum doses of various local
anesthetics are established, the side effects of these agents on
dental tissues have not yet been fully investigated. The only
relevant literature in this regard relates to a canine model, which
reported that local anesthetics could accumulate in natural cavities
such as the crypts of tooth buds and the mandibular canal.2
A recent clinical epidemiological study showed that local anesthesia
can potentially interferes with human permanent tooth develop-
ment and induces tooth agenesis through unknown mechanisms.3

Autophagy is a catabolic process involving the degradation of
unnecessary or aberrant cellular components through hydrolysis
of lysosomes. It therefore controls the turnover of organelles and
proteins within cells, and of cells within organisms.4 During this
process, targeted cytoplasmic constituents are isolated within
autophagosomes, which then fuse with lysosomes to form
autolysosomes where the cellular material is degraded or
recycled.4 It was previously observed that anesthesia drugs could
induce vacuolation.5 However, neither the mechanisms respon-
sible for vacuolation nor its consequence has been reported.
Vacuoles have a major role in autophagy and maintain a balance
between biogenesis (production) and degradation (or turnover)
for many substances and cellular structures.

In this study, using a pig model and in vitro human cell culture,
we systematically tested the local concentrations of the agents
and the cellular effects and molecular interactions of several local
anesthetics routinely used in dental clinics.

RESULTS
Local anesthetics remain at high concentration in tooth pulp cells
after nerve block injection
The 5-month-old pig we used had a mixed dentitions including
deciduous teeth and young permanent teeth, as well as
developing third permanent molar tooth that are similar to
adolescent children. We decided to test �ve commercial
anesthetic drugs that are commonly used in the clinics of the
four dental schools involved in this study: articaine-based agents:
Ubistesin, Ubistesin forte and Septanest; mepivacaine-based
agent: Scandonest and Lidocaine based agent: Xylocaine.
Fluorescein-labeled local anesthetics were injected either
around mandibular foramen (for lidocaine) for nerve block
(Supplementary Figure 1A) or under the mucosa of the mesial
buccal and lingual periapical regions of the �rst molar (for
Ubistasin and Scandonest, not shown) for in�ltration, exactly
simulating clinical situations. It is noticeable that with nerve block,
local anesthetics were able to penetrate into developing third
molar in a posterior–anterior direction (Supplementary Figure 1B),
with a concentration of 19.88 ± 14.19 mM at the posterior site and
8.72 ± 9.43 mM at the anterior site 2 h after injection and could
reach to 16.39 ± 8.36 mM and 22.23 ± 17.45 mM respectively after
16 h inside the two proximities of the tooth (Supplementary
Figure 1C and E). In contrast, at 2 h, the in�ltration injection could
reach to very high concentration at the outermost cell layer
of the tooth pulp with 49.54 ± 22.57 mM for Ubistesin and
21.16 ± 15.44 mM for Scandonest (Supplementary Figures 1D and E).
However, notably the inner layer cells had much lower concentrations
of the drugs at 6.67 ± 7.21 mM for Ubistesin and 9.89 ± 10.28 mM
for Scandonest (Supplementary Figures 1D and E). Contrary
to nerve block methods, in in�ltration injection, the drug
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concentration rapidly decreased after 16 h with the outermost
cell layer only held 16.65 ± 10.70 mM for Ubistesin and
9.89 ± 10.28 mM for Scandonest, whereas in the inner cell layer
of the tooth pulps the drugs were entirely eliminated
(Supplementary Figures 1C and E).

Local anesthetics affect tooth pulp cell proliferation in a dose-
dependent manner
As we found that local anesthetics remained high concentrations
particularly in the nerve block method even after 16 h although
the test was not performed in vivo. We then decided to test the
dose effect of the agents on tooth pulp cells by measuring cell
proliferation, differentiation and apoptosis, the key parameters
that control tooth germ tissue and cell development. At increasing
concentrations of the drugs tested, there was a signi�cant dose-
dependent reduction of Ki67 mRNA expression (Figure 1a).
In contrast, there was no change in the levels of cell differentiation

and cell death upon anesthetic challenge in mRNA expression for
the tooth pulp differentiation markers Runx2 and p38, and the
apoptosis marker Bax at different concentrations (Figure 1b and d,
Xylocaine also showed similar regulation pattern of the markers
tested, data not shown). The TUNEL assay con�rmed that
apoptosis was not induced by these drugs (data not shown).

Local anesthetics induce autophagy in tooth pulp cells
In parallel to the decreased cell proliferation, in the presence of all
the drugs, increased vacuole formation was also observed in the
cytoplasm of dental pulp cells (Figure 2a and data not shown).
Immuno�uorescence analysis showed that the vacuoles contained
LAMP-1 (Figure 2b and Supplementary Figure 2A). As LAMP-1
overexpression is often associated with an accumulation of
autophagic vacuoles, we therefore measured the level of
autophagy. Autophagosome numbers correlate with the levels
of autophagosome-associated protein LC3-II or the number of

Figure 1. Local anesthetics affect tooth pulp cell proliferation but not differentiation and apoptosis. Real-time RT-PCR analysis of Ki67 (a), Runx2
(b), p38 (c) and Bax (d) mRNA expression in cells treated with increasing concentrations of the drugs tested for 16 h, normalized to expression
of the 36�4 housekeeping gene. TUNEL analysis was performed on the same samples and no differences of apoptosis index have been found
(data not shown). UBI, Ubistesin; UBI-F, Ubistesin forte; Scan, Scandonest; Sept, Septanest.
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Figure 2. Local anesthetics induce autophagy in tooth pulp cells. (a) Phase-contrast microscopy images of drug-treated and control cells.
(b and c) Immuno�uorescence analysis of LAMP-1 and LC3 (red) expression in control cells and cells treated with 2 mM anesthetic drug.
(d) Western blot (left panel) analysis of LC3 expression in two primary dental pulp cell lines with and without drug treatment. Note that LC3 is
expressed as two isoforms with molecular weights 17 kDa (LC3-II) and 19 kDa (LC3-I). �-Actin was used as a loading control. Signal
quanti�cation (right panel) was performed on C-DiGit Blot scanner acquired gel images using Image Studio 4.0 software (LI-COR Biosciences
UK Ltd, Cambridge, UK). Relative signal was calculated as LC3II (17 kDa) versus LC3I (19 kDa) then normalized against �-Actin signal. (e) GFP–
LC3 fusion protein expression (green) in control cells and cells treated with 0.5 mM anesthetic drug. Cells were counterstained for Phalloidin
(red). Cell nuclei were visualized using 4�,6-diamidino-2-phenylindole (DAPI). Additional analysis can be found in Supplementary Figure 2.
Scale bars, 20 �m. UBI, Ubistesin; UBI-F, Ubistesin forte; Scan, Scandonest; Sept, Septanest. Scale bars, 10 �m.
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