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Protective effect and molecular mechanism of liquiritin
on oxybuprocaine-induced apoptosis of
human corneal endothelial cells
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Abstract. This study was designed to investigate the protec-
tive effect and possible molecular mechanism of liquiritin on
oxybuprocaine-induced apoptosis of human corneal endothe-
lial cells (HCECsS). In this study, the effect of oxybuprocaine on
the proliferation of HCEC-12 was detected using cell counting
kit-8 (CCK-8). The inductive effect of oxybuprocaine on
HCEC-12 apoptosis and protective effect of liquiritin against
oxybuprocaine-induced HCEC-12 apoptosis were tested by
Annexin V/propidium iodide (PI) staining and flow cytometry.
The production of reactive oxygen species (ROS) was analyzed
by 2,7-dichlorodi-hydrofluorescein diacetate (DCFH-DA)
staining and fluorescent-activated cell sorting (FACS), and
the expression of nuclear factor-kB (NF-kB) p65 and apop-
tosis-related proteins, caspase-3 and Bax, was determined by
western blot analysis. Our results show that liquiritin resisted
the inhibitory effect of oxybuprocaine on the proliferation of
HCEC-12, and cell activity had the most significant increase
in pretreatment with liquiritin group in the concentration of
8 mg/ml; compared with thatin oxybuprocaine group.Apoptosis
in pretreatment with liquiritin was distinctly decreased and
liquiritin resisted the production of ROS in HCEC-12 induced
by oxybuprocaine. Investigation of molecular mechanism
revealed that the pretreatment with liquiritin and pyrrolidine-
dithiocarbamic acid (PDTC) obviously blocked the expression
of NF-«kB p65 in nuclear protein increased by oxybuprocaine
and the expression levels of total proteins, caspase-3 and
Bax.Moreover, tumor necrosis factor-o (TNF-a) blocked the
inhibitory effect of liquiritin on the expression of NF-xB p65
in nuclear protein and total proteins, caspase-3 and Bax, thus
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obstructing the protective effect of liquiritin on corneal epithe-
lial cells. The results of this study indicated that liquiritin
reduces the expression of apoptosis protein and increases the
expression of anti-apoptotic protein through inhibiting NF-xB
signal pathway, thus resisting HCEC-12 apoptosis induced by
oxybuprocaine.

Introduction

Oxybuprocaine, as an ophthalmic topical anesthetic, is widely
applied in a variety of eye surgery procedures. After drop
administration with anesthetic, corneal sensation decreases or
disappears and the epithelium loses its regularity and easily
becomes dry, so it has certain toxic effects (1). One study (2)
reported that allergic conjunctivitis and severe corneal damage
have occurred after drop administration of oxybuprocaine
after operation in clinical practice. Another study (3) revealed
that 0.5-4 g/l oxybuprocaine has an obvious inductive effect
on apoptosis of human corneal endothelial cells (HCECs),
displaying a significant concentration- and time-dependent
manner, but the concentration of oxybuprocaine used in clinical
practice is 4 g/, so oxybuprocaine with clinical concentration
has a strong inductive effect on apoptosis of HCECs. Thus,
there is a need to develop efficient new drugs for HCECs to
inhibit oxybuprocaine toxicity.

Licorice, belonging to Leguminosae Glycyrrhiza, is derived
from the dry roots and rhizomes of Glycyrrhiza uralensis,
Glycyrrhiza glabra and Glycyrrhiza inflata Batal., which is
commonly added into a variety of traditional Chinese medicine
compounds as an adjuvant or messenger drug; it tastes sweet and
is neutral in nature, with effects such as invigorating spleen and
replenishing gi, clearing away heat and toxic materials, expelling
phlegm and arresting coughing, relieving spasm and stopping
pain and moderating the property of herbs (1-3). Liquiritin is
one of the main flavonoids in Glycyrrhiza uralensis, which has
antidepressant, neuroprotective and therapeutic effects on heart
system diseases (3-7). In Chinese traditional medicine, licorice
has been used to treat eye disease, for example, viral keratitis,
ulcerative keratitis, and irritability of keratitis. Liquiritin can
significantly reduce apoptosis of human umbilical vein endo-
thelial cells (HUVECs) induced by AGEs (8.,9) and play a strong
protective effect on vascular endothelial cells in myocardial
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ischemia-reperfusion injury model (6,10). It can also protect
smoking-induced lung epithelial cell injury (11). Our past
studies (unpublished)showed liquiritin was worthy of further
study by HPLC-MS analysis and biological experiments.
However, whether it can resist corneal epithelial cell damage by
oxybuprocaine has not been reported yet.

This study investigated the protective effect of liquiritin on
oxybuprocaine-induced apoptosis of HCECs, so as to provide
some experimental foundation and theoretical basis for its
application in clinical protection of corneal epithelial cells
from injury.

Materials and methods

Cell culture. The HCEC-12 cells were purchased from
Creative-Bioarray Co. (cat. no. CSC-C3457; New York, NY,
USA) and placed in the RPMI-1640 medium containing 10%
fetal bovine serum (FBS) (both from HyClone, Logan, UT,
USA), followed by placement in a cell culture incubator (37°C,
5% CO,). Penicillin and streptomycin with each concentration
of 1.0x10° ul were added into nutrient solution to resist bacte-
rial contamination. Microscopic observation showed that cells
were in the adherent growth in culture fluid, with multiplica-
tion every 26-48 h. The cell concentration was controlled at
10° cells/ml. The fluid was changed every two days, and cells
were subcultured once every four days. Oxybuprocaine: 0.4 g
oxybuprocaine powder was dissolved in 100 ml Dulbecco's
modified Eagle's medium (DMEM)/F12 for preparation of
4 ¢/1 solution, adding medium to the desired concentration.
Cells were cultured and oxybuprocaine was added into the
cells on the second day for the required time.

Cell counting kit-8 (CCK-8). The HCEC-12 in logarithmic growth
phase was inoculated to the wells of a 96-well plate, followed by
adjustment of density to 2x10° in each well. Subsequently, 200 pl
RPMI-1640 medium containing 10% FBS was added. Six dupli-
cated wells were set in each group. After culture for 24 h, 10 pl
CCK-8 solution was added into each well, and then the sample
was incubated in an incubator containing CO, for 4 h. The well
with phosphate-buffered solution (PBS) was regarded as the
control, and the absorbance A value at 450 nm was detected by
the enzyme analyzer. The growth curve was drawn.

Detection of apoptosis by flow cytometry. The adherent
cells were digested with trypsin without ethylene diamine
tetraacetic acid (EDTA) and collected (the digestion time was
shortened as much as possible to avoid false positive); cells
were rinsed by PBS twice (centrifuged at 600 x g for 5 min),
and then 1-5x10° cells were collected. Cell suspension (500 ul)
with binding buffer was added. After 5 ul of Annexin V-family
of intracellular (FITC) protein was added, followed by mixing
well, then 5 ul propidium iodide (PI) was added. The fluid was
mixed well, and reacted at room temperature avoiding light for
5-15 min. The sample was observed and determined by flow
cytometer within 1 h with excitation wavelength Ex=488 nm
and emission wavelength Em=530 nm. The green fluorescence
of Annexin V was detected by FITC channel (FL1). The red
fluorescence of PI was determined by PI channel using FL3.
Statistical analysis was performed by GraphPad Software, Inc.
(La Jolla, CA, USA).
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Detection of reactive oxygen species (ROS). The treated cells
were digested by pancreatin, followed by collection. The cells
were re-suspended using pre-cooling PBS. Subsequently,
serum-free medium was used to prepare 10 M probe dyeing
working fluid. The pre-cooling and re-suspended cells were
centrifuged and re-suspended in the probe dyeing working
fluid, followed by mixing well to make the probe fully contact
with cells. After incubation, cells were rinsed by serum-free
medium three times, so as to fully remove 2,7-dichlorodi-hydro-
fluorescein diacetate (DCFH-DA) that did not enter the cells.
The sample was detected by flow cytometry, followed by
excitation with 480 nm wavelength and determination of emis-
sion light at 525 nm. ROS-positive cells showed strong green
fluorescence correspondening to FL1 detection channel of BD
Biosciences (Franklin Lakes, NJ, USA) flow cytometer.

Western blotting. Polyacrylamide gel electrophoresis (PAGE)
was conducted. The loading amount of protein in each well
was 150 pg. Eighty volts was changed to 100 V for electro-
phoresis when Marker began to separate. When Marker was
completely separated and the target band could be obtained,
the electrophoresis was stopped. The protein was electrically
transferred onto polyvinylidene fluoride (PVDF) membrane
with electric current of 350 mA for ~2 h. The membrane was
sealed with 5% bovine serum albumin (BSA)/milk at room
temperature for 1 h, followed by incubation with the diluted
rabbit anti-human primary monoclonal antibodies [NF-xB p65
(cat. no. 4764), caspase-3 (cat. no. 9665), Bax (cat. no. 2774),
B-cell lymphoma-2 (Bcl-2; cat. no. 2872) and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH; cat. no. 2118); (all
1:1,000; Cell Signaling Technology, Inc., Danvers, MA,
USA)] according to the instructions at 4°C overnight. On the
second day, goat anti-rabbit secondary polyclpnal antibody
(cat. no. 7074; 1:2,000; Cell Signaling Technology, Inc.) was
added. Then, the sample was incubated at 37°C for 1 h and
added with exposure liquid, followed by photographing using
chemiluminescence apparatus.

Statistical analysis. Statistical results were analyzed by
GraphPad Prism 5 software. The data are expressed as
mean =+ standard deviation. The independent samples t-test
was used for comparison of difference between two groups,
and analysis of variance was adopted for comparison of
multivariate means. P<0.05 indicates that the difference was
statistically significant.

Results

Oxybuprocaine inhibits the proliferation of HCEC-12,
HCEC-H9CI, and HCEC-B4GI2. Oxybuprocaine is a
common medicine for eye anesthesia. In order to study its
influence on different human corneal endothelial cells, oxybu-
procaine media with different concentrations were adopted to
induce HCEC-12, HCEC-H9C1 and HCEC-B4G12 for 0, 3,
6, 12 and 24 h, and the effect of oxybuprocaine on activity of
HCEC-12, HCEC-H9C1 and HCEC-B4G12 was detected by
CCK-8. The results displayed that HCEC-12, HCEC-HOC1 and
HCEC-B4G12 activity was inhibited and it was dependent on
the concentration of oxybuprocaine; moreover, the cell activity
of HCEC-12 was significantly inhibited after the reaction
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Figure 1. Detection of proliferation of HCEC-12, HCEC-H9C1, HCEC-B4G12 using CCK-8. (A-C) The effect of oxybuprocaine (0, 10, 20, 50, 100 and
200 mg/1) on the proliferation of HCEC-12, HCEC-H9C1 and HCEC-B4GI2 is detected using CCK-8. (D) Liquiritin (0.5, 1, 2, 4 and 8 mg/ml) resisting the
inhibitory effect of oxybuprocaine on the proliferation of HCEC-12 was detected using CCK-8. "P<0.05 and “P<0.01.

with concentration of oxybuprocaine over 100 mg/1 for 12 h
compared with those of HCEC-H9C1 and HCEC-B4G12
(P<0.05) (Fig. 1A-C). So we chose HCEC12 for the study.

Liquiritin resists the proliferation of HCEC-12 inhibited by
oxybuprocaine. The high concentration of oxybuprocaine
can induce HCEC-12 thus significantly reducing the activity
of HCEC-12. In order to investigate the effect of liquiritin
on proliferation of HCEC-12 induced by oxybuprocaine,
HCEC-12 was pretreated by liquiritin in different concentra-
tions, followed by being induced by 100 mg/l oxybuprocaine
for 0, 3, 6, 12 and 24 h. The activity of cells in each group was
detected by CCK-8. The results showed that oxybuprocaine
could significantly decrease cell activity compared with that in
control group (P<0.05); the cell activity in pretreatment with
liquiritin group was distinctly increased compared with that
in oxybuprocaine group, and it showed the most significant
increase in pretreatment with liquiritin group in the concentra-
tion of 8 mg/ml (Fig. 1D), indicating that liquiritin could resist
the inhibitory effect of oxybuprocaine on the proliferation of
HCEC-12.

Oxybuprocaine induces HCEC-12 apoptosis and ROS
production. A variety of pro-apoptotic signals (such as
unfavorable environmental factors, injury, radiation, chemo-
therapeutic agents, excitatory amino acid and death ligand)
can cause increased cell endogenous or exogenous ROS or
altered redox equilibrium. The production of ROS can serve
as a signal triggering apoptosis in transduction pathway. Thus,
HCEC-12 was intervened by oxybuprocaine media in different
concentrations for 12 h in this study, and apoptosis was
assessed by flow cytometry, revealing that compared with that
in control group (1.9%), 200 mg/l oxybuprocaine can signifi-
cantly induce HCEC-12 apoptosis (20%) (Fig. 2A and B).
Additionally, DCFH-DA staining and fluorescent-activated

cell sorting (FACS) were used to analyze the production
of ROS after HCEC-12 was stimulated by oxybuprocaine,
suggesting that different concentrations of oxybuprocaine
could significantly induce the production of ROS in HCEC-12,
which was concentration-dependent (Fig. 2C and D).

Liquiritin resists proliferation of HCEC-12 apoptosis and
ROS production is induced by oxybuprocaine. In order to
explore the effect of liquiritin on HCEC-12 apoptosis and
ROS production induced by oxybuprocaine, HCEC-12 was
pretreated by liquiritin in different concentrations for 1h, and
then induced by 100 mg/1 oxybuprocaine for 12 h in this study,
and apoptosis and ROS production were detected by flow
cytometry. The results revealed that compared with that in
control group, apoptosis in oxybuprocaine group was distinctly
increased, and it was remarkably reduced in pretreatment
with liquiritin group compared with that in oxybuprocaine
group (Fig. 3A and B). The production of ROS analyzed by
DCFH-DA staining and FACS obtained results that were
consistent with that of apoptosis, suggesting that liquiritin
could resist the production of ROS in HCEC-12 induced by
oxybuprocaine (Fig. 3C and D).

Liquiritin resists the NF-kB signal pathway activated by
oxybuprocaine. Liquiritin can significantly reduce HCEC-12
apoptosis induced by oxybuprocaine thus protecting HCEC-12.
It is well known that NF-kB signal pathway is widely involved
in the process of apoptosis in many cells (12-15). Hence, this
study aimed to investigate whether HCEC-12 apoptosis induced
by oxybuprocaine is dependent on the NF-«B signal pathway,
and whether liquiritin resists the induction of HCEC-12 apop-
tosis by oxybuprocaine through inhibiting the NF-«xB signal
pathway. The results revealed that 50 mg/l oxybuprocaine
could significantly increase the expression of NF-kxB p65
in nuclear protein (Fig. 4A) and decrease the expression of
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Figure 2. Effect of oxybuprocaine on HCEC-12 apoptosis and ROS production. (A and B) The effect of oxybuprocaine (0, 50, 100 and 200 mg/l) on HCEC-12
apoptosis detected by flow cytometry. (B) Apoptosis percentage of early stage. (C and D) The effect of oxybuprocaine (0, 50, 100 and 200 mg/l) on ROS
production in HCEC-12 cells analyzed by DCFH-DA staining and FACS. “P<0.05 and ““P<0.01.
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Figure 3. Effect of liquiritin on HCEC-12 apoptosis and ROS production induced by oxybuprocaine. (A and B) The effect of liquiritin (1, 2 and 4 mg/ml)
on HCEC-12 apoptosis induced by oxybuprocaine was detected by flow cytometry. (B) Apoptosis percentage of early and late stage. (C and D) The effect
of liquiritin (1, 2 and 4 mg/ml) on ROS production in HCEC-12 cells induced by oxybuprocaine was analyzed by DCFH-DA staining and FACS. “"P<0.05
compared with control group; “P<0.05 compared with oxybuprocaine group; #P<0.01 compared with oxybuprocaine group.
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Figure 4. Liquiritin resistance of NF-kB signal pathway activated by oxybuprocaine. (A and B) The expression of NF-kB p65 in nuclear protein of HCEC-12
cells is determined by western blotting. (C and D) The expression of NF-kB p65 in plasmosin in HCEC-12 cells is determined by western blotting. a, Control
group. b, 50 mg/l oxybuprocaine group; c, oxybuprocaine + 2 mg/1 liquiritin group; d, oxybuprocaine + 50 ymol/l PTDC group; e, oxybuprocaine + 2 mg/l
liquiritin + 10 ng/ml TNF-a group. "P<0.05 compared with oxybuprocaine + 2 mg/1 liquiritin group; “P<0.05 compared with 50 mg/l oxybuprocaine group;

#P<0.05 compared with control group.
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Figure 5. NF-«B signal pathway participates in liquiritin resistance of HCEC-12 apoptosis induced by oxybuprocaine. The expressions of caspase-3, Bax
and Bcl-2 proteins related to HCEC-12 apoptosis were determined by western blotting. a, Control group; b, 100 mg/l oxybuprocaine group; c, oxybupro-
caine + 2 mg/1 liquiritin group; d, oxybuprocaine + 50 gmol/l PTDC group; e, oxybuprocaine + 2 mg/1 liquiritin + 10 ng/ml TNF-o group. ‘P<0.05 compared
with oxybuprocaine + 2 mg/1 liquiritin group; “P<0.05 compared with 50 mg/l oxybuprocaine group; “P<0.05 compared with control group.

NF-kB p65 in plasmosin (Fig. 4B), and the pretreatment with
2 mg/ml liquiritin and 50 pgmol/l pyrrolidinedithiocarbamic
acid (PDTC) obviously blocked the expression of NF-xB
p65 in nuclear protein increased by oxybuprocaine (Fig. 4A).
Additionally, 10 ng/ml tumor necrosis factor-o (TNF-a)
blocked the inhibitory effect of liquiritin on the expression of
NF-«B p65 in nuclear protein (Fig. 4A), thus obstructing the

protective effect of liquiritin, indicating that liquiritin resists
HCEC-12 apoptosis induced by oxybuprocaine through inhib-
iting the NF-«xB signal pathway.

NF-xB signal pathway participates in liquiritin resistance of
HCEC-12 apoptosis induced by oxybuprocaine. Caspase-3,
Bax and Bcl-2 are important proteins that can directly reflect
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the extent of apoptosis (16-18). In order to explore the molec-
ular mechanism of liquiritin resistance of HCEC-12 induced
by oxybuprocaine, western blot was utilized to determine the
expressions of caspase-3, Bax and Bcl-2 proteins. The results
showed that oxybuprocaine increased the expression levels of
caspase-3 and Bax and reduced the expression levels of anti-
apoptotic protein Bcl-2, and pretreatment with liquiritin and
PDTC inhibited the increasing effect of oxybuprocaine on
expression levels of caspase-3 and Bax proteins and reduced
the inhibitory effect of oxybuprocaine on Bcl-2 expression
level; pretreatment with TNF-a blocked the inhibitory effect
of liquiritin on the expression levels of caspase-3 and Bax
proteins and reduced the increasing effect of liquiritin on
Bcl-2 expression (Fig. 5), revealing that liquiritin reduced the
expression of apoptosis proteins and increased the expression
of anti-apoptosis proteins through inhibiting the NF-«xB signal
pathway, thus resisting HCEC-12 apoptosis induced by oxybu-
procaine.

Discussion

With the development of ophthalmic surgery techniques and
equipment, ophthalmic topical anesthetics have been widely
applied, and its side effects on cornea are getting increasing
attention. The most commonly used topical anesthetic is
oxybuprocaine (8-10). Cornea is mainly composed of endo-
thelium, stroma, epithelium and its derivatives, and corneal
endothelial cells in mammals (except for rabbits) lose their
regenerative ability in adulthood. Therefore, the damage of
human corneal endothelial cells cannot be repaired, and the
study on HCEC is of uppermost priority. Previous studies show
that oxybuprocaine can induce apoptosis of corneal epithelial
cells, which causes certain damage on corneal epithelial cells,
so it is urgent to develop drugs that can resist toxicity of oxybu-
procaine (15-18).

Liquiritin is derived from Glycyrrhiza uralensis which
belongs to leguminous plants. It has good anti-inflammatory
and antioxidant activity (18). However, its protective effect
on corneal epithelial cell injury has not been reported. The
experimental results showed that oxybuprocaine inhibited the
proliferation of human corneal epithelial cells and induced its
apoptosis, which was concentration-dependent. The results of
pretreatment with liquiritin revealed that oxybuprocaine signif-
icantly decreased cell activity compared with that in control
group (P<0.05); the cell activity in pretreatment with liquiritin
group was distinctly increased compared with that in oxybu-
procaine group, and it showed the most significant increase in
pretreatment with liquiritin group in the concentration of 8 mg/
ml, indicating that liquiritin could resist the inhibitory effect
of oxybuprocaine on the proliferation of HCEC-12. The results
of apoptosis experiment showed that compared with that in the
control group, apoptosis in oxybuprocaine group was distinctly
increased, and it was remarkably reduced in pretreatment with
liquiritin group compared with that in oxybuprocaine group.
The production of ROS analyzed by DCFH-DA staining and
FACS obtained results which were consistent with that of apop-
tosis, suggesting that liquiritin can resist the production of ROS
in HCEC-12 induced by oxybuprocaine.

The results of molecular mechanism investigation revealed
that oxybuprocaine significantly increased the expression of
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NF-«xB p65 in nuclear protein and decreased NF-xB p65 in
plasmosin, and the pretreatment with liquiritin and PDTC
obviously blocked the expression of NF-kB p65 in nuclear
protein increased by oxybuprocaine. Additionally, TNF-a
blocked the inhibitory effect of liquiritin on the expression of
NF-«B p65 in nuclear protein, thus obstructing the protective
effect of liquiritin. The results of western blotting showed that
oxybuprocaine increased the expression levels of caspase-3
and Bax and reduced the expression levels of anti-apoptotic
protein Bcl-2, and pretreatment with liquiritin and PDTC
inhibited the increasing effect of oxybuprocaine on expression
levels of caspase-3 and Bax proteins and reduced the inhibitory
effect of oxybuprocaine on Bcl-2 expression level; pretreat-
ment with TNF-a blocked the inhibitory effect of liquiritin
on the expression levels of caspase-3 and Bax proteins. NF-kB
has been reported to inhibit apoptosis or promote apoptosis
depending on the contexts (19). The downregulation of Bcl-2,
upregulation of Bax, and activation of caspase-3 are widely
known in the occurrence of apoptosis. We found that oxybu-
procaine induced changes of protein levels of NF-«xB, Bcl-2,
Bax and caspase-3, but did not further analyze the relationship
between NF-kB and Bcl-2, Bax, or caspase-3. Regarding the
relationship between NF-kB and Bcl-2, Bax, or caspase-3,
Wier et al (20) showed that despite the cleavage of NF-xB p65
by caspase-3, the cleavage-generated p65 N-terminal fragment
interferes with the RPS3/NF-xB-confering gene transcription.
Cao et al (21) also found that inhibition of NF-xB lead to
increase of Bcl-2 expression and attenuates caspase-3 activa-
tion. Therefore, there were interactions between NF-xB and
Bcl-2, Bax or caspase-3, but the detailed relationships in the
context of liquiritin against oxybuprocaine-induced apoptosis
need to be analyzed in further studies.

In conclusion, the results of this study indicated that
liquiritin reduces the expression of apoptosis proteins and
increases the expression of anti-apoptosis proteins through
inhibiting NF-xB signal pathway, thus resisting HCEC-12
apoptosis induced by oxybuprocaine. The protective effect of
liquiritin on corneal epithelial cells is expected to be used in
the clinical practice to inhibit the toxicity of oxybuprocaine on
corneal epithelial cells.
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