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Abstract  The corneal endothelium is a monolayer, 
which mediates solute and water flux across the pos-
terior corneal surface. Alcaine’s main component 
proparacaine is paramount in human corneal endothe-
lium (HCE) cell regulation. This study explored 
the mechanism of alcaine in regulating HCE cells. 
HCE cell morphology under gradient concentrations 
was observed by an optical microscope. Cell prolif-
eration and viability were detected by MTT assay to 
determine the half inhibitory concentration (IC 50). 
Cell apoptosis rate, HIF-1α mRNA expression, and 
HIF-1α, p/t-JNK and Caspase-3 protein levels were 
detected by flow cytometry, RT-qPCR, and Western 
blot. After treatment with alcaine at 0.625–5 g/L con-
centration range for 24 h, HCE cells showed cytoplas-
mic vacuolation, cell shrinkage, separation from cul-
ture matrix, and eventual death. Alcaine treated-HCE 
cell proliferation was decreased in a dose-dependent 
manner. The IC 50 of alcaine was 1.26  g/L. After 

alcaine treatment, HCE cell apoptosis rate was pro-
moted and HIF-1α levels in HCE cells were stimu-
lated. Knockdown of HIF-1α partially annulled the 
effects of alcaine on inhibiting HCE cell proliferation 
and facilitating apoptosis. Alcaine might activate the 
JNK/caspase-3 pathway by increasing HIF-1α. The 
inhibition of the JNK/caspase-3 pathway partially 
abrogated the effects of alcaine on inhibiting HCE 
cell proliferation and promoting apoptosis. Alcaine 
might affect HCE cell proliferation and apoptosis 
by upregulating HIF-1α and activating the JNK/cas-
pase-3 pathway.
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Introduction

Human corneal endothelium (HCE) is the most essen-
tial monolayer of the cornea physiologically (Tokuda 
et  al. 2020). The unique hexagonal cells work as a 
barrier for the fluid moving into the stroma because 
glycoaminoglycan composition can adsorb huge 
amounts of fluid creating an edematous cornea, which 
lead to vision loss, and the cell density and monolayer 
integrity are the key to maintaining the normal thick-
ness, transparency, and visual acuity of the cornea 
(Peh et al. 2011). In adulthood, HCE cells that have 
formed a confluent monolayer not only lose their 
proliferation ability but also die at a rate of 0.3–0.6% 
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per year, which can only rely on the expansion and 
migration of adjacent cells to repair the integrity of 
the monolayer (Sabater et al. 2013; Yu et al. 2014). In 
addition to aging, accidental injury, surgical trauma, 
and diseases may also lead to excessive loss of HCE 
cells, thus damaging the physiological function of 
the cornea (Ishino et  al. 2004; Schmedt et  al. 2012; 
Zhu et al. 2008). The decrease of cell density beyond 
a threshold will damage the integrity of corneal 
endothelium, which can cause mild corneal edema, 
reduced transparency and decreased visual acuity, 
and more seriously, lead to HCE decompensation, 
and eventually cause corneal endothelium blindness 
(Tran et al. 2020). Increasing evidence has shown that 
HCE injury is related to the abuse of local anesthetics 
(Borazan et al. 2009; Schellini et al. 2007; Wen et al. 
2015).

Topical ocular anesthesia plays a vital role in the 
practice of ophthalmology, both for procedures in 
the operating room and in the office, and although 
generally well tolerated, it can be toxic, especially 
when abused, which has toxicities to the ocular sur-
face including deep corneal ulceration, infiltrates and 
even perforation (Shah et  al. 2010). The most com-
monly adopted drugs at present are tetracaine, pro-
paracaine (0.5% alcaine), lidocaine, and benoxinate 
(oxybuprocaine) cocaine (McGee and Fraunfelder 
2007). Proparacaine, the main component of alcaine, 
one of the commonly used surface anesthetics, is an 
active anesthetic agent, which is a commonly used 
anesthetic for ophthalmology surgery (Dang et  al. 
2022). Proparacaine has cytotoxicity to both cat cor-
neal endothelial cells in vivo and HCE cells in vitro, 
and its time- and dose-dependent cytotoxicity to HCE 
cells is realized by inducing apoptosis through the 
mitochondrion-mediated caspase-dependent path-
way (Wen et  al. 2015). Hypoxia inducible factor-1α 
(HIF-1α) is a transcription factor in response to the 
hypoxic conditions, and its involvement in apopto-
sis regulation is thought to be achieved indirectly 
through transcriptional activation of genes encoding 
pro- or anti-apoptotic factors (Mylonis et  al. 2017). 
Silenced HIF-1α reduces the area of corneal neo-
vascularization, represses neovascularization, and 
improves pathological changes (Fu and Xin 2019). 
c-Jun N-terminal kinase (JNK) participates in oxida-
tive stress injury and also has a critical role in mediat-
ing mitochondria-related apoptosis (Xia et al. 2020). 
Additionally, both extrinsic and intrinsic pathways of 

apoptosis eventually merge in the caspase cascade, 
with activated caspase-3 as the most abundant execu-
tioner caspases (Beroske et  al. 2021). Importantly, 
HIF-1α is identified to be involved in cell apoptosis 
by regulating the JNK/caspase-3 signaling pathway 
(Song et  al. 2020). However, the role of alcaine in 
HCE cell proliferation remains elusive. This study 
aimed to identify the effect of alcaine on the prolifera-
tion of the HCE cells, so as to provide some reference 
values for the ophthalmic diseases.

Materials and methods

Ethics statement

The experiments were authorized by the academic 
ethics committee of Tianjin Eye Hospital. All pro-
cedures strictly followed the code of Declaration of 
Helsinki.

Cell culture and transfection

HCE cells (CP-H134) acquired from Procell (Wuhan, 
Hubei, China) were cultured in the Dulbecco’s modi-
fied Eagle medium/Nutrient mixture F12 (DMEM/
F12) containing 10% fetal bovine serum (FBS) (Inv-
itrogen, Carlsbad, CA, USA) at 37 °C with 5% CO2.

Cells were allocated to the following 4 groups: 
(1) control group (without treatment); (2) alcaine 
group (treated with 1.25  g/L alcaine for 24  h); 
(3) alcaine + si-NC group (transfected with si-NC 
and treated with 1.25  g/L alcaine for 24  h); (4) 
alcaine + si-HIF-1α group (transfected with si-HIF-1α 
and treated with 1.25  g/L alcaine for 24  h); (5) 
Alcaine + DMSO group [added with the same dose 
of dimethyl sulfoxide (DMSO), and treated with 
1.25  g/L alcaine for 24  h]; (6) Alcaine + SP600125 
group (added with 10  μM SP600125, and treated 
with 1.25 g/L alcaine for 24 h). si-NC and si-HIF-1α 
were synthesized by GenePharma (Shanghai, 
China). Cell transfection was performed using Lipo-
fectamine®2000. The transfection concentration was 
50  nM. After 24  h, the following experiments were 
performed. JNK inhibition was induced with 10 μM 
SP600125 inhibitor (Calbiochem, La Jolla, CA, USA) 
with a 10  μM stock solution in DMSO (Lo et  al. 
2022).
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Morphological observation of HCE cells

HCE cells were seeded into 24-well plates and cul-
tured in the DMEM/F12 medium containing 10% 
FBS at 37 °C with 5% CO2 for 24 h. Cells in the loga-
rithmic phase were cultured with 0.625 g/L, 1.25 g/L, 
2.5 g/L, and 5 g/L alcaine (Sigma-Aldrich, St. Louis, 
MO, USA). HCE cells without alcaine treatment were 
used as the control. After 24 h, the cell morphology 
and growth state were observed under an Eclipse 
TS100 inverted light microscope (Nikon, Tokyo, 
Japan).

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay

HCE cells were seeded at 1 × 104 into the 96-well 
plates and cultured under the same conditions. After 
cells were treated with 0.625–5  g/L alcaine for 0, 
6, 12, 24, and 48 h, the medium was refreshed with 
the serum-free DMEM/F12 (200  μL) supplemented 
with 1.1  mM MTT (all from Sigma-Aldrich). After 
4-h incubation in the dark at 37  °C, the produced 
formazan was dissolved with 150 μL DMSO (Sigma-
Aldrich), and the optical density at 490  nm was 
detected using a microplate reader (Thermo Scien-
tific, Waltham, MA, USA).

Flow cytometry

Apoptosis was detected using the Annexin V-fluo-
rescein isothiocyanate (FITC) apoptosis detection kit 
(BD Biosciences, San Jose, CA, USA). In short, HCE 
cells in 24-well plates were treated with alcaine, and 
the cells were collected at 24 h according to the previ-
ous method. The cell particles were resuspended with 
0.1  mL serum-free DMEM/F12, washed twice with 
phosphate buffer saline, added with 500  μL buffer 
solution and 10  μL annexin V-FITC, and reacted at 
37 °C in the dark for 30 min after shaking. The apop-
tosis was detected by flow cytometry.

Reverse transcription quantitative polymerase chain 
reaction (RT‑qPCR)

Total RNA was extracted from HCE cells using 
the TRIzol reagent (Invitrogen). The total RNA 
was reverse transcribed into cDNA using the 
Prime Script RT kit (Perfect Real Time) (Takara, 

Tokyo, Japan). Then, qPCR was performed using 
SYBR®Premix Ex Taq™II (Takara) on ABI 
7900HT rapid PCR real-time system (ABI, Fos-
ter City, CA, USA). The reaction conditions were 
as follows: pre-denaturation at 95  °C for 10  min, 
and 40 cycles of denaturation at 95  °C for 10  s, 
annealing at 60 °C for 20 s and extension at 72 °C 
for 34 s. With β-actin as the internal reference, the 
expression of HIF-1α was measured. The relative 
expression was calculated by the 2−△△ct method. 
The experiment was conducted in triplicate. Primer 
sequences are shown in Table 1.

Western blot

The cells were treated with radio-immunoprecip-
itation assay lysis (Acmec Biochemical Co., Ltd, 
Shanghai, China) for 20  min. The cell lysate was 
centrifuged at 16,000 rpm for 10 min and the super-
natant was collected. The protein was separated by 
10–12% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis, transferred to the nitrocellulose 
membranes, and incubated with primary antibod-
ies HIF-1α (ab179483, 1:1000, Abcam, Cambridge, 
MA, USA), JNK (ab179461, 1:1000, Abcam), 
p-JNK (ab124956, 1:1000, Abcam), Caspase-3 
(ab32351, 1:5000, Abcam), and β-Actin (ab8227, 
1:1000, Abcam) at 4  °C overnight. Subsequently, 
the membranes were washed 3 times with Tris-
buffered saline with Tween-20 and incubated with 
horseradish peroxidase-labeled secondary antibody 
IgG (ab6721, 1:5000, Abcam) at room tempera-
ture for 1 h. The band density was measured using 
ImageJ analysis software (Wright Cell Imaging 
Facility, Toronto, ON, Canada). β-actin was used as 
an internal parameter.

Table 1   Real-time PCR primer sequence

Gene Forward 5′-3′ Reverse 5′-3′

HIF-1α CAT​CAG​CTA​TTT​GCG​
TGT​GAGGA​

AGC​AAT​
TCA​TCT​
GTG​CTT​
TCA​TGT​C

β-actin CAT​CGA​GCA​CGG​CAT​
CGT​CA

TAG CAC 
AGC CTG 
GAT AGC 
AAC​
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Statistical analysis

SPSS 21.0 statistical software (IBM Corp. Armonk, 
NY, USA) and GraphPad Prism 8.01 (GraphPad Soft-
ware Inc., San Diego, CA, USA) were employed for 
statistical analysis and mapping. Shapiro Wilk test 
revealed that the data were normally distributed. 
The data were expressed as mean ± standard devia-
tion. Independent t test was employed for compari-
sons between groups and one-way analysis of vari-
ance (ANOVA) was applied for comparisons among 
groups, followed by Tukey’s multiple comparisons 
test. P < 0.05 was indicative of statistical significance.

Results

Alcaine inhibited the proliferation of HCE cells in a 
concentration dependent manner

To evaluate the cytotoxicity of alcaine in  vitro, the 
morphology, growth state, and viability of alcaine-
treated HCE cells were studied. The morphology of 
HCE cells was observed using an optical microscope. 
HCE cells treated with alcaine at the concentration 
range of 0.625–5 g/L for 24 h showed growth delay 
and abnormal morphological changes similar to 
apoptotic cells in a dose-dependent manner, includ-
ing cytoplasmic vacuolation, cell shrinkage, detach-
ment from the culture matrix, and eventual death 
(Fig. 1A). In addition, MTT results revealed that with 
the increase of alcaine concentration, cell prolifera-
tion rate showed a gradual downward trend, and when 
the concentration of alcaine was 0.625 g/L, 1.25 g/L, 
2.5 g/L and 5 g/L, and the action time increased from 
6 to 24 h, cell survival rate was decreased (P < 0.05). 

Fig. 1   Alcaine inhibited the proliferation of HCE cells in a 
concentration dependent manner. The HCE cells were treated 
with alcaine (0.625–5  g/L) or without alcaine for 24  h, and 
A The morphology of HCE cells at gradient concentration 
was observed using an optical microscope; B Cell prolifera-

tion rate was detected by MTT assay. The cell experiment was 
performed 3 times independently, and the data were expressed 
as mean ± standard deviation. One-way ANOVA was applied 
for comparisons among groups, followed by Tukey’s multiple 
comparisons test. *P < 0.05, **P <0.01
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But interestingly, when the action time increased from 
24 to 48 h, cell proliferation rate did not decrease sig-
nificantly (P > 0.05) (Fig.  1B). In addition, through 
calculation, the IC50 values of alcaine at 6  h, 12  h, 
24 h and 48 h were 7.27 g/L, 3.36 g/L, 1.26 g/L and 
1.06  g/L, respectively, and there was no significant 
difference between the IC50 values at 24 h and 48 h 
(Fig.  1B). Therefore, alcaine 1.25  g/L was selected 
for the following experiments.

Alcaine might affect HCE cell apoptosis through 
HIF‑1α

To determine whether the cytotoxicity of alcaine 
was achieved by inducing apoptosis, the apoptosis 

was detected by flow cytometry. Compared with the 
control group, the apoptosis rate of alcaine-treated 
HCE cells was promoted (P < 0.01) (Fig. 2A), indi-
cating that alcaine increased the apoptosis rate of 
HCE cells. HIF-1α is involved in apoptosis (Song 
et al. 2020). Therefore, the expression of HIF-1α in 
HCE cells was measured by RT-qPCR and West-
ern blot. Compared with the control group, the 
expression of HIF-1α in alcaine-treated HCE cells 
was facilitated (P < 0.01) (Fig.  2B, C). These sug-
gested that alcaine might affect HCE cell apoptosis 
through HIF-1α.

Fig. 2   Alcaine may affect HCE cell apoptosis through 
HIF-1α. A The apoptosis rate of HCE cells was detected by 
flow cytometry; B mRNA expression of HIF-1α in HCE cells 
was detected by RT-qPCR; C Protein level of HIF-1α in HCE 

cells was detected by Western blot. The cell experiment was 
performed 3 times independently, and the data were expressed 
as mean ± standard deviation. Independent t test was applied 
for comparisons between groups. **P < 0.01
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Knockdown of HIF‑1α partially annulled the effects 
of alcaine on HCE cells

To further explore the mechanism of HIF-1α in HCE 
cell apoptosis, the expression of HIF-1α was silenced 
by introducing si-HIF-1α into alcaine-treated HCE 
cells. RT-qPCR and Western blot demonstrated that 
compared with the alcaine + si-NC group, HIF-1α 
levels in the alcaine + si-HIF-1α group were dimin-
ished (P < 0.01) (Fig.  3A, B). Cell proliferation was 
detected by MTT assay. Inhibition of HIF-1α expres-
sion partially abrogated the inhibiting effect of 

alcaine on HCE cell proliferation (P < 0.01) (Fig. 3C). 
Flow cytometry manifested that silencing of HIF-1α 
expression partially averted the promoting effect of 
alcaine on HCE cell apoptosis (P < 0.01) (Fig.  3D). 
These results suggested that silencing HIF-1α par-
tially reversed the effects of alcaine on HCE cells.

Alcaine might activate the JNK/caspase‑3 pathway 
by stimulating HIF‑1α

HIF-1α can act as a pro-apoptotic factor by activat-
ing the JNK/caspase-3 pathway (Song et  al. 2020). 

Fig. 3   Inhibition of HIF-1α partially averted the effects of 
alcaine on HCE cells. The expression of HIF-1α was knocked 
down by transfection of si-HIF-1α into alcaine-treated HCE 
cells. A The mRNA expression of HIF-1α in HCE cells was 
measured by RT-qPCR; B Protein level of HIF-1α in HCE 
cells was measured by Western blot; C Cell proliferation rate 

was detected by MTT assay; D The apoptosis rate of HCE cells 
was detected by flow cytometry. The cell experiment was per-
formed 3 times independently, and the data were expressed as 
mean ± standard deviation. Independent t test was applied for 
comparisons between groups. **P < 0.01
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To further study whether alcaine activated the JNK/
caspase-3 pathway by increasing HIF-1α, the protein 
levels of p/t-JNK and Caspase-3 in HCE cells of each 
treatment group were analyzed by Western blot. As 
shown in Fig.  4, compared with the control group, 
the protein levels of p/t-JNK and Caspase-3 in HCE 
cells treated with alcaine was elevated (P < 0.01). 
Compared with the alcaine + si-NC group, the levels 
of p/t-JNK and Caspase-3 in the alcaine + si-HIF-1α 
group were lowered (P < 0.01). The results suggested 
that alcaine might affect the proliferation and apopto-
sis of HCE cells by increasing HIF-1α and activating 
the JNK/caspase-3 pathway.

Inhibition of the JNK/caspase‑3 pathway partially 
reversed the effects of alcaine on HCE cells

To further confirm that alcaine activated the JNK/
caspase-3 pathway, we added 10 μM SP600125 (JNK 
inhibitor) to inhibit the JNK/caspase-3 pathway in 
alcaine-treated HCE cells. Western blot revealed that 
the expression of JNK in the Alcaine + SP600125 
group was lower than that in the Alcaine + DMSO 
group (P < 0.01) (Fig.  5A). MTT assay showed that 
inhibition of JNK expression partially averted the 
effect of alcaine on HCE cell proliferation (P < 0.01) 
(Fig. 5B). Flow cytometry manifested that inhibition 
of JNK expression partially annulled the effect of 
alcaine on HCE cell apoptosis (P < 0.01) (Fig.  5C). 
The results indicated that inhibition of the JNK/cas-
pase-3 pathway partially averted the effects of alcaine 
on HCE cells.

Discussion

A transparent cornea is principal for vision because it 
mediates the light entering into the eyes, and the HCE 
cells that form a monolayer of hexagonal, polarized 
cells lying on the Descemet’s membrane, influence 
the entire cornea transparency because its main prop-
erty is to maintain the adequate thickness and hydra-
tion of the corneal stroma (Smeringaiova et al. 2021). 
The damage to HCE cells by a number of pathologi-
cal conditions results in severe vision loss (Tokuda 
et  al. 2020). Topical anesthetic agents including 
proparacaine have a role in ophthalmic operations, 
and the abuse of local anesthetics is associated with 
HCE injury (Borazan et al. 2009; Moreira et al. 1999; 
Schellini et al. 2007). This study revealed that alcaine 
might affect HCE cell proliferation and apoptosis 
by upregulating HIF-1α and activating the JNK/cas-
pase-3 pathway.

Topical ocular anesthesia, including proparacaine, 
is essential for ophthalmology practice but can be 
toxic to the ocular surface including deep corneal 
ulceration, infiltrates and even perforation (Shah 
et  al. 2010). To evaluate the cytotoxicity of alcaine, 
we treated HCE cells with alcaine at a concentration 
range of 0.625–5 g/L for 24 h and observed that the 
cells manifested growth delay, abnormal morpho-
logical changes, and decreased proliferation ability 
in a dose-dependent manner, and the IC 50 of alcaine 
was 1.26  g/L. Consistently, HCE cells have a time- 
and dose-dependent toxic response to proparacaine 
(Wen et  al. 2015). Therefore, we chose alcaine with 
1.26 g/L concentration for study.

Fig. 4   Alcaine might 
activate the JNK/caspase-3 
pathway by stimulating 
HIF-1α. The protein levels 
of p/t-JNK and Caspase-3 
in HCE cells were measured 
by Western blot. The cell 
experiment was performed 
3 times independently, and 
the data were expressed as 
mean ± standard deviation. 
One-way ANOVA was 
applied for comparisons 
among groups, followed by 
Tukey’s multiple compari-
sons test. **P < 0.01
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HIF-1α is involved in the regulation of cell apop-
tosis (Song et  al. 2020). To determine whether the 
cytotoxicity of alcaine was achieved by inducing 
apoptosis, our results manifested that alcaine stimu-
lated the apoptosis rate of HCE cells. HIF-1α expres-
sion in alcaine-treated HCE cells was augmented. It 
is consistent that proparacaine induces mitochondria-
dependent apoptosis and cytotoxicity in corneal stro-
mal cells both in vivo and in vitro (Fan et al. 2016). 
However, at present, there is little foreign and abroad 
report on the relationship between alcaine or propa-
racaine and HIF-1α. This study demonstrated that 
alcaine might affect HCE cell apoptosis through 
HIF-1α for the first time. To further study the effects 
of HIF-1α on HCE cell apoptosis, we knocked down 

HIF-1α expression in HCE cells and discovered that 
knockdown of HIF-1α partially annulled the effects 
of alcaine on blocking HCE cell proliferation and 
inducing HCE cell apoptosis. Similarly, downregu-
lation of HIF-1α represses the apoptosis of aortic 
endothelial cells in chronic intermittent hypoxia mice 
(Ding et al. 2020). Knockdown of HIF-1α prevented 
hypoxia-induced increase of C/EBP homologous pro-
tein and apoptosis in alveolar epithelial cells (Delbrel 
et al. 2018). In conclusion, HIF-1α silencing partially 
abrogated the effects of alcaine on HCE cells.

Shenshuaikang Enema inhibits hypoxia and 
reoxygenation-mediated apoptosis in renal tubular 
epithelial cells by repressing the oxidative damage-
dependent JNK/Caspase-3 pathways (Lu et al. 2020). 

Fig. 5   Inhibition of the JNK/caspase-3 pathway partially 
averted the effects of alcaine on HCE cells. The JNK/caspase-3 
pathway was inhibited by adding 10  μM SP600125 (JNK 
inhibitor) to alcaine-treated HCE cells. A The expression levels 
of JNK and caspase-3 in HCE cells were assessed by Western 
blot; B MTT assay was used to detect cell proliferation rate; 

C HCE cell apoptosis rate was detected by flow cytometry. 
Cell experiment was repeated 3 times independently. Data 
were expressed as mean ± standard deviation. The comparison 
between 2 groups was performed by independent sample t-test. 
**P < 0.01
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The attenuation of the JNK/caspase-3 pathway activa-
tion reduces apoptosis in Neuro2a cells (Wang et al. 
2021). To further determine whether alcaine activated 
the JNK/caspase-3 pathway by stimulating HIF-1α 
expression, we analyzed p/t-JNK and Caspase-3 pro-
tein levels in HCE cells and found that the p/t-JNK 
and Caspase-3 protein levels were raised in alcaine-
treated HCE cells, while the levels were diminished 
after knockdown of HIF-1α. Consistently, propa-
racaine has cytotoxicity to HCE cells, and its dose-
dependent cytotoxicity to HCE cells is realized by 
promoting apoptosis through a caspase-dependent 
pathway (Wen et  al. 2015). HIF-1α induces hypoxic 
apoptosis of osteocytes through the JNK/caspase-3 
pathway and the apoptotic-osteocyte-mediated oste-
oclastogenesis in  vitro (Song et  al. 2020). In short, 
alcaine might influence HCE cell apoptosis and pro-
liferation by promoting HIF-1α expression and acti-
vating the JNK/caspase-3 pathway. Subsequently, we 
inhibited the JNK/caspase-3 pathway using 10  μM 
SP600125 (JNK inhibitor) and elaborated that the 
inhibition of the JNK/caspase-3 pathway partially 
averted the effects of alcaine on inhibiting HCE cell 
proliferation and promoting apoptosis.

In summary, this study supported that alcaine 
might affect HCE cell proliferation and apoptosis 
by upregulating HIF-1α and activating the JNK/cas-
pase-3 pathway. However, the results of this study 
lack further animal experiment in  vivo validation 
and clinical data. The specific mechanism of alcaine 
in activating the JNK/caspase-3 pathway by regu-
lating HIF-1α expression remains elusive. In addi-
tion, other target genes and downstream pathways 
that may be regulated by alcaine need to be further 
studied. In the further, we will carry out experimen-
tal validation and clinical research in animals and 
study the mechanism of alcaine regulating other 
downstream target genes. Moreover, we will study 
the mechanism of other topical ocular anesthesia on 
the proliferation and apoptosis of HCE cells.
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