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Abstract
·AIM: To demonstrate the apoptosis-inducing effect of
lidocaine on human corneal stromal (HCS) cells ,
and provide experimental basis for safety anesthetic
usage in clinic of ophthalmology.

·METHODS: cultured HCS cells were treated
with lidocaine at different doses and times, and their
morphology was monitored successively with inverted
phase contrast microscopy. The membrane permeability
of them was detected by acridine orange/ethidium
bromide (AO/EB) double staining. The DNA
fragmentation of them was examined by agarose gel
electrophoresis, and their ultrastructure was observed by
transmission electron microscopy (TEM), respectively.

· RESULTS: Exposure to lidocaine at doses from
0.3125g/L to 20g/L induced morphological changes of
HCS cells such as cytoplasmic vacuolation, cellular
shrinkage, and turning round, and elevated membrane
permeability of these cells in AO/EB staining. The change
of morphology and membrane permeability was dose -
and time -dependent, while lidocaine at dose below
0.15625g/L could not induce these changes. Furthermore,
lidocaine induced DNA fragmentation and ultrastructural
changes such as cytoplasmic vacuolation, structural
disorganization, chromatin condensation, and apoptotic
body appearance of the cells.

·CONCLUSION: Lidocaine has significant cytotoxicity
on human corneal stromal cells in a dose- and
time-dependent manner by inducing apoptosis of these
cells. The established experimental model and findings

based on this model here help provide new insight into
the apoptosis-inducing effect of local anesthetics in eye
clinic.
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INTRODUCTION

H uman corneal stroma (HCS), constituting 90% of the
corneal volume, is a highly organized and transparent

flattened lamellae of collagen fibrils and proteoglycans with
HCS cells present between the lamellae [1]. HCS cells,
specialized mitotically quiescent fibroblasts, play the major
role in keeping HCS transparent, healing its wounds, and
synthesizing its components [2-5]. The number of HCS cells
declines with age, at a rate approximately 0.45% per year [6].
In a healthy cornea, HCS cell apoptosis is a rare occasion,
but they undergo apoptosis immediately after an injury to the
uppermost layer of HCS [7]. Excessive HCS cell apoptosis is
often observed after eye operations and degenerative corneal
disorders, and may play a role in the development of
post-surgery complications[8,9].
Lidocaine, a local amide-type anesthetic possessing both
lipophilic and hydrophilic properties, is widely used in eye
examinations and surgeries [10,11]. Long term and repeated
exposure to lidocaine at the concentrations supplied
commercially leads to cytotoxicity on porcine or rabbit
corneal endothelial cells, causing significant cell loss,
corneal thickening, and opacification [12-14]. The toxicity and
side effects of lidocaine on HCS cells, and the underlying
mechanisms remain unknown. In this study, HCS cells from
recently established untransfected HCS cell line were treated
by lidocaine, and cell morphology, membrane permeability,
DNA fragmentation, and cell ultrastructure were examined.
The results demonstrated that we established a useful
experimental model to investigate the cytotoxicity and
mechanism by which topical local anesthetics cytotoxic on
HCS cells.
MATERIALS AND METHODS
Materials HCS cells from the untransfected HCS cell line
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(utHCSC01) established previously in our laboratory, were
maintained and cultured in 10% fetal bovine serum (FBS;
Hyclone, Logan, Utah, USA)-containing Dulbecco's
modified Eagle medium: Ham's nutrient mixture F-12 (1:1)
medium (DMEM/F12; Invitrogen, Carlsbad, CA, USA) at
37℃ .
Methods
Morphological observation of human corneal stroma
cells HCS cells from the utHCSC01 cell line were
inoculated into a 24-well culture plate and cultured in 10%
FBS-DMEM/F12 medium (Invitrogen) at 37℃ for 24h in a
5% CO2 incubator as described previously. The culture
medium of HCS cells at logarithmic phase was replaced with
10% FBS-DMEM/F12 medium containing lidocaine (Hualu
Pharmaceutical Co., Ltd, Liaocheng, Shandong, China) at
concentrations from 0.078125g/L to 20g/L, using HCS cells
without lidocaine treatment as blank controls. The
morphology and growth status of the cells were monitored
with a TS100 light microscope (Nikon, Tokyo, Japan) at a
3h interval.
Membrane permeability detection of human corneal
stroma cells Plasma membrane permeability was measured
by acridine orange (AO)/ethidium bromide (EB) double-
fluorescent staining according to the method described
previously[15]. The medium of HCS cells at logarithmic phase
in a 24-well culture plate were replaced with lidocaine-
containing medium and cultured as described above. The
cells were harvested every 2h or 4h by 0.25% trypsin
digestion (1-2min) and centrifugation (120g, 10min) methods
as described previously[16]. After cell pellet was re-suspended
with 0.1mL serum-free DMEM/F12 medium, 4滋L of AO/EB
(Sigma-Aldrich, St. Louis, MO, USA) solution (100滋g/mL
AO: 100滋g/mL EB=1:1) was added, mixed, and stained for
1min at room temperature. About 1 drop of stained cell
suspension from each group was dripped onto a glass slide
and covered with a coverslip. The AO/EB stained HCS cells
were observed under a Ti-S fluorescent microscope (Nikon).
The cells with red or orange nuclei were designated as
apoptotic cells while the cells with green nuclei designated
as non-apoptotic cells, and the apoptotic rate of HCS cells
was calculated on condition that at least 400 cells were
counted in each group. Data were presented as mean依SEM
and analyzed by the Student's -test using SPSS 17.0
software (SPSS Inc., Chicago, IL, USA). Differences were
considered significant at <0.05.
DNA detection of human corneal stroma cells DNA
fragmentation was examined by agarose gel electrophoresis
as described previousl [17]. Briefly, HCS cells in 25cm2 flasks
were treated with lidocaine at doses from 0.625g/L to 20g/L
for 1h to 12h. Then the cells were harvested with a cell
scraper and collected by centrifugation as described above.
After washed once with ice-cold phosphate-buffered saline

(PBS) by centrifugation, the cells were re-suspended in
200滋L PBS and their DNA were isolated with a Quick
Tissue/Culture Cells Genomic DNA Extraction Kit
(Dongsheng Biotech, Guangzhou, China) following its user's
manual. The DNA preparation from each group was
electrophoresed on a 1% agarose gel (200mA, 260min).
After stained with 0.5mg/L EB, the gel was observed with an
EC3 Imaging System (UVP, LLC Upland, CA, USA).
Ultrastructural observation of human corneal stroma
cells After treated with 1.25g/L lidocaine for 10h, HCS cells
were collected by trypsin digestion and centrifugation as
described above. The cells were fixed with 40g/L
glutaraldehyde in 0.1mol/L sucrose with 0.2mol/L sodium
cacodylate buffer (pH 7.4) overnight at 4℃ . After washing
with sodium cacodylate buffer and post-fixing with 10g/L
osmium tetroxide for 1.5h, the fixed cells were dehydrated
and embedded in epoxy resin. Ultrathin sections were stained
with 20g/L uranyl acetate-lead citrate and observed by an
H700 transmission electron microscope (TEM; Hitachi,
Tokyo, Japan).
RESULTS
Morphological Changes of Human Corneal Stroma
Cells After HCS cells were treated with lidocaine at
different doses and times, it was found that the cells treated
12h with lidocaine at doses from 0.3125g/L to 20g/L
exhibited morphological changes similar to those of
apoptotic cells, including cytoplasmic vacuolation, cellular
shrinkage, turning round, and cell death (Figure 1B-D, F-H,
J, N). Cells treated 28h at doses of 0.15625g/L and
0.078125g/L showed no morphological features of apoptotic
cells (Figure 1K, L, O, P). The extent of morphological
changes of HCS cells exposed to lidocaine was dose- and
time-dependent. These indicate that lidocaine at dose above
0.3125g/L has obvious toxicity on HCS cells, while that
below the dose of 0.15625g/L has not.
Plasma Membrane Permeability of Human Corneal
Stroma Cells Changes of the plasma membrane
permeability of lidocaine-treated HCS cells were examined
with AO/EB staining and results were shown in Figure 2. It
was found that the membrane integrity of HCS cells treated
with 0.3125g/L to 20g/L lidocaine was destroyed, membrane
permeability elevated, and nuclear chromatin was stained
into orange color by EB incorporation. It was also found that
the orange nuclei were all in well-proportioned condensed
round or pyknotic morphologies, while the green nuclei were
all unevenly stained, indicating that lidocaine might induce
apoptosis in HCS cells. The apoptotic rate of these cells,
increased with time and dosage, was shown in Figure 3.
Among these, the apoptotic rate of HCS cells reached almost
to 100% when treated with 20g/L lidocaine for 1h, 10g/L for
4h, 5 and 2.5g/L for 16h( <0.01). That of HCS cells treated
with 1.25g/L and 0.625g/L lidocaine for 20h reached only
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Figure 1 Effect of lidocaine on the morphology of HCS cells A: Control, 4h; B: 20g/L, 4h; C: 10g/L, 4h; D: 5g/L, 4h; E: Control, 16h;
F: 2.5g/L, 16h; G: 1.25g/L, 16h; H: 0.625g/L, 16h; I: Control, 24h; J: 0.3125g/L, 24h; K: 0.15625g/L, 24h; L: 0.078125g/L, 24h; M:
Control, 28h; N: 0.3125g/L, 28h; O: 0.15625g/L, 28h; P: 0.078125g/L, 28h.

highest to 41.57% and 27.33% , respectively ( <0.01).
Lidocaine at dose of 0.3125g/L exhibited a little
apoptosis-inducing effect on HCS cells ( <0.05), and
lidocaine at doses of 0.15625g/L and 0.078125g/L showed
no obvious apoptosis-inducing effect on HCS cells when
compared with that from blank control. All these indicate
that lidocaine at dose above 0.3125g/L might have an
apoptosis-inducing effect on HCS cells in a dose- and
time-dependent manner.
DNA Fragmentation of Human Corneal Stroma Cells
DNA extracted from HCS cells treated with 0.625g/L to
5.0g/L lidocaine for 1h to 12h showed typical DNA ladder in
agarose gel electrophoresis in a dose-dependent manner
(Figure 4C-F), and DNA extracted from the cells treated
with lidocaine at doses of 10g/L and 20g/L for 1h was almost
completely fragmented (Figure 4A, B). In other words, DNA
fragmentation was found in these cells. No DNA
fragmentation was found in HCS cells treated with lidocaine
at dose below 0.3125g/L, which was almost the same as the
blank control (Figure 4G, H) (Data of 0.15625g/L and
0.078125g/L lidocaine were not shown). All these imply that

lidocaine at dose above 0.3125g/L, most probably, has an
apoptosis-inducing effect on HCS cells in a dose- and
time-dependent manner.
Ultrastructural Changes of Human Corneal Stroma
Cells Since the apoptosis-inducing effect of lidocaine on
HCS cells was dose- and time-dependent, the ultrastructures
of HCS cells treated 10h with 1.25g/L lidocaine was studied
for further verification of the apoptosis-inducing effect of
lidocaine. Ultrastructural changes of HCS cells treated 10h
with 1.25g/L lidocaine were shown in Figure 5. It was found
that the ultrastructure of some HCS cells exhibited early
apoptotic characteristics including cytoplasmic vacuolation,
structural disorganization, and chromatin condensation
(Figure 5B), compared with that of HCS cells in blank
control (Figure 5A). The ultrastructure of some cells
exhibited late apoptotic characteristics including cytoplasmic
vacuolation, disorganization, disaggregation of cell and
nucleus, and presence of a lot of apoptotic bodies (Figure
5C). All these indicate that lidocaine does have an
apoptosis-inducing effect on HCS cells
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Figure 4 Effect of lidocaine on the DNA fragmentation of HCS
cells M: Molecular weight standards marker. A: 20g/L, 1h; B:
10g/L, 1h; C: 5g/L, 1h; D: 2.5g/L, 4h; E: 1.25g/L, 4h; F: 0.625g/L,
12h; G: 0.3125g/L, 12h; H: Control, 12h. One percent of agarose
gel was used.

DISCUSSION
Since HCS cells play key roles in keeping cornea
transparent [3,4], identifying and characterizing the toxicity of
topical corneal anesthetics and drugs to these cells will be of

great importance in the security of ophthalmic medication [2,10].
With an untransfected HCS cell line culture system, widely
used for cytotoxicity evaluation in most clinically used
agents, the cytotoxicity of lidocaine with a clinical dosage of

Figure 2 Fluorescent double staining photographs of lidocaine-treated HCS cells A: Control, 4h; B: 20g/L, 1h; C: 10g/L, 4h; D:
5g/L, 4h; E: Control, 16h; F: 2.5 g/L, 16h; G: 1.25g/L, 16h; H: 0.625g/L, 16h; I: Control, 24h; J: 0.3125g/L, 24h; K: 0.15625g/L, 24h; L:
0.078125g/L, 24h; M: Control, 28h; N: 0.3125g/L, 28h; O: 0.15625g/L, 28h; P: 0.07825g/L, 28h.

Figure 3 Effect of lidocaine on the apoptotic rate of HCS
cells Data are presented as mean依SEM values. a <0.05;b <0.01
relative to control cells.
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Figure 5 Effect of lidocaine on the ultrastructure of HCS cells A: Control, 10h; B, C: 1.25g/L, 10h; N: Nucleus; V: Vacuole; Asterisk:
Apoptotic body.

20g/L was investigated in this study[18].
Light microscopic observation showed that HCS cells,
treated with lidocaine at dose above 0.3125g/L, underwent
dramatic morphological changes such as cytoplasmic
vacuolation, cellular shrinkage, detachment, and death with
time and concentration, which was similar to those of
apoptotic cells [19]. It implies that lidocaine might have an
apoptosis-inducing effect on HCS cells . To validate
the apoptosis-inducing hypothesis, membrane permeability of
HCS cells was then examined by AO/EB double staining
assay, because increase of membrane permeability is one of
the remarkable features of apoptotic cells [20]. Induced
elevation of membrane permeability was detected in HCS
cells after treated with lidocaine at dose above 0.3125g/L in
a dose- and time-dependent manner. Thus it can be
postulated that lidocaine probably have an apoptosis-
inducing effect on HCS cells. To verify this, DNA
fragmentation, one of the most remarkable features of
apoptotic cells [21], of lidocaine treated HCS cells was further
inspected by agarose electrophoresis. It was found that DNA
from lidocaine treated HCS cells appeared as typical DNA
ladder in electrophoresed agarose gel. Then it can be
concluded that lidocaine, most probably, has an
apoptosis-inducing effect on HCS cells. To support this
conclusion, ultrastructural changes of HCS cells treated 10h
with 1.25g/L lidocaine were further checked by TEM. The
results showed that lidocaine treated HCS cells underwent
ultrastructural changes such as cytoplasmic vacuolation,
structural disorganization, chromatin condensation,
disaggregation of cell and nucleus, and presence of a lot of
apoptotic bodies, which was similar to those of apoptotic
cells [22,23]. From all of the above, it can be concluded for
certain that lidocaine does have an apoptosis-inducing effect
on HCS cells in a dose- and time-dependent manner,
especially at its clinical dose of 20g/L, which is coincident to

that of oxybuprocaine hydrochloride on human corneal
endothelial cells [24]. The time span used in this study was to
proclaim the time-dependent cytotoxic effect of lidocaine on
HCS cells , not to induce cytotoxicity and/or create
apoptosis. Whether this data is relevant to actual
clinical application of lidocaine or not needs to be further
investigated with an model system.
In conclusion, lidocaine has strong cytotoxicity on HCS cells

, especially at the concentration supplied
commercially. Its cytotoxicity on HCS cells, in a dose- and
time-dependent manner, is acomplished by inducing
apoptosis of these cells. The experimental model we
established and our observations based on this model help
provide new insight into the apoptosis-inducing effect on eye
examination and surgery. It should be noted that the usage of
this agent in eye clinic may be a potential risk factor for
corneal stromal injury. Further studies elucidating the
apoptosis inducing mechanism of lidocaine in corneal cells
would be intriguing and could be exploited for overcoming
its cytotoxicity in eye clinic.
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