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Abstract. Posterior capsular opacification (PCO) remains 
a major complication of cataract surgery and is the most 
common reason for loss of vision. PCO is primarily 
associated with uncontrolled proliferation of residual human 
lens epithelial cells (HLEs). Sanguinarine is a type of 
benzophenanthridine alkaloid extracted from the herbaceous 
plant Sanguinaria canadensis, which is widely used for 
its anti‑microbial, anti‑inflammatory, anti‑oxidative and 
anti‑proliferative properties. However, studies examining 
the effect of sanguinarine on HLEs and the underlying 
mechanism are scarce. The present study aimed to investigate 
the effects of sanguinarine on HLEs. An MTT assay was 
used to determine the effect of sanguinarine on cell viability. 
Flow cytometry was used to evaluate cell apoptosis, and 
the mitochondrial membrane potential and reactive oxygen 
species (ROS) levels. A caspase 3/7 activity assay was 
also used to evaluate cell apoptosis, while western blotting 
was performed to determine protein levels. The results 
demonstrated that sanguinarine exerted an anti‑proliferative 
effect by inducing ROS, and caused cell apoptosis via 
mitochondrial and caspase‑dependent pathways. Treatment 
with sanguinarine led to the loss of mitochondrial membrane 
potential. Sanguinarine also significantly increased the 
phosphorylation levels of c‑Jun N‑terminal kinase and p38, 
which indicated the involvement of the mitogen‑activated 
protein kinase signaling pathway. These results suggested that 
sanguinarine may have a noteworthy pro‑apoptotic effect on 
HLEs, and may be used as a potential drug for PCO or even 
cataract prevention.

Introduction

Posterior capsule opacification (PCO) and impaired vision 
are complications associated with cataract surgery, and the 
high complication rate is due to regeneration of residual lens 
epithelial cells (1). PCO remains a major complication of 
cataract surgery and the most common cause of vision loss (2). 
Despite current advances in PCO research, including basic 
research on cataracts, the development of surgical techniques 
and the development of materials used in intraocular lenses, 
PCO prevalence is reported to be close to 100% in children 
and 30‑40% in adults within 5 years post‑surgery (3‑5). 
Pharmacological drugs and small molecules have been used 
to prevent PCO in recent years, but their efficiency is poor and 
they may cause serious side effects (6). Therefore, it is neces-
sary to develop novel drugs that may effectively inhibit the 
proliferation of HLEs or prevent PCO.

Sanguinarine is a type of benzophenanthridine alka-
loid extracted from the roots of the herbaceous plant 
Sanguinaria canadensis (7), which is widely used for 
its anti‑microbial, anti‑inflammatory, anti‑oxidative and 
tumor‑suppressing properties (8‑12). Recent studies have 
indicated that sanguinarine is able to suppress inflamma-
tion by reducing the expression of inflammatory cytokines, 
including tumor necrosis factor‑α and interleukins 1β and 6 
in rats (13). Moreover, sanguinarine has been reported to 
exhibit anti‑tumorigenic activity by promoting apoptosis in 
acute lymphoblastic leukemia (ALL), basal‑like breast cancer 
and colorectal cancer (14‑16). Treatment of ALL cells with 
sanguinarine was reported to cause apoptosis through loss 
of mitochondrial membrane potential (MMP), activation of 
caspase pathways and generation of reactive oxygen species 
(ROS) (15). Furthermore, sanguinarine‑induced apoptosis is 
strongly associated with multiple signaling pathways including 
the mitogen‑activated protein kinase (MAPK) (17), phos-
phoinositide‑3‑kinase/protein kinase B (18), Wnt/β‑catenin (19) 
and Toll‑like receptor 4/nuclear factor‑κ B signaling path-
ways (20). However, to the best of our knowledge, few studies 
have focused on examining its efficacy on HLEs and its under-
lying mechanism.

The purpose of the present study was to understand the 
effects of sanguinarine on HLEs and the its underlying mecha-
nisms of action. Firstly, the potential anti‑proliferative effects 
of sanguinarine on HLEs were examined. Subsequently, 
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the induction of apoptosis or autophagy was verified to be 
the mechanism underlying the anti‑proliferative effect of 
sanguinarine. In addition, the present study further assessed 
whether sanguinarine‑induced apoptosis was achieved via 
mitochondrial and caspase‑dependent pathways, whether ROS 
generation served a role in this process and whether MAPK 
signaling was also involved in human lens epithelial (HLE) 
cell death following treatment with sanguinarine.

Materials and methods

Chemicals. Sanguinarine powder, dimethyl sulfoxide (DMSO) 
and the ROS inhibitor N‑acetylcysteine (NAC) were obtained 
from Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany). 
Antibodies against B‑cell lymphoma 2 (Bcl‑2) and apop-
tosis regulator BAX (Bax) were purchased from Santa Cruz 
Biotechnology, Inc. (Dallas, TX, USA), while antibodies 
against p38, c‑Jun N‑terminal kinase (JNK), phosphorylated 
(phospho)‑JNK, phospho‑p38 and β‑actin were purchased 
from Cell Signaling Technology Inc. (Danvers, MA, USA). The 
pan‑caspase inhibitor benzyloxycarbonyl‑Val‑Ala‑Asp (OMe) 
fluoromethylketone (z‑VAD‑FMK), Annexin V‑fluorescein 
isothiocyanate (FITC) and propidium iodide (PI) were 
purchased from BD Pharmingen (BD Biosciences, San Jose, 
CA, USA).

Cell culture and sanguinarine treatment. HLE B‑3 cell line 
was obtained from the American Type Culture Collection 
(Manassas, VA, USA) and cultured in an incubator containing 
5% CO2 at 37˚C in RPMI 1640 medium (cat. no. 21875091; 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) supplemented with 20% fetal bovine serum (Gibco; 
Thermo Fisher Scientific, Inc.), 100 µg/ml streptomycin and 
100 U/ml penicillin (Gibco; Thermo Fisher Scientific, Inc.). 
Sanguinarine (0.5 g) was dissolved in 1 ml DMSO and diluted 
into a 50 ml stock solution with distilled water, which was 
used to prepare the testing concentrations. The experimental 
groups were treated with different concentrations of sanguina-
rine, and with or without pan‑caspase inhibitor z‑VAD‑FMK 
or ROS inhibitor NAC. Z‑VAD‑FMK and NAC were dissolved 
in DMSO to obtain stock solutions of 50 mM each, and added 
to 1 ml culture wells at a final concentration of 50 µM. The 
control groups were treated with DMSO as vehicle.

MTT assay. HLE B‑3 cells were seeded at a density of 
4,000 cells/well in 96‑well plates, and treated with 1, 2, 3 
or 4 µM sanguinarine. The control group was treated with 
the sanguinarine‑free carrier solution (DMSO). After 24 or 
48 h, 10 µl 0.5% MTT solution was added to each well and 
further incubated for 4 h. Subsequently, 100 µl triple solution 
(10% SDS, 5% isobutanol and 0.1% HCl) were added to each 
well to dissolve the formazan crystals and incubated overnight. 
The value of absorbance was measured at 570 nm using a micro-
plate reader (Tecan Group, Ltd., Mannedorf, Switzerland). 
Cell proliferation was calculated as the percentage difference 
in the absorbance of treated cells compared with untreated 
cells (21). The anti‑proliferative activity of sanguinarine 
was expressed as the half‑maximal inhibitory concentration 
(IC50) and the calculation formula was as follows: Inhibition 
(%)=[1‑(ODobserved/ODcontrol)] x100%.

Detection of apoptosis rate by flow cytometry. Flow cytometry 
was used to analyze the apoptosis of cells treated with 2 µM 
sanguinarine. A total of 1x105 cells were harvested, washed 
with precooled PBS, and stained with Annexin V‑FITC and 
propidium iodide (PI) for 15 min, at room temperature and in 
the dark. The percentage of apoptotic cells was determined 
via flow cytometry (BD FACSAria™ III; BD Biosciences) and 
analyzed with BD CellQuest Pro™ Software (version 5.1, BD 
Biosciences). Early stage apoptotic cells were stained only with 
Annexin V‑FITC, and late stage apoptotic cells were stained 
with Annexin V‑FITC and PI. Apoptotic cells were considered 
to be the sum of all early and late apoptotic cells.

Analysis of MMP. The mitochondria‑specific fluorescent dye 
tetraethylbenzimidazolylcarbocyanine iodide (JC‑1; Abcam, 
Cambridge, UK) was used to determine the alterations in the 
MMP of HLE B‑3 cells treated with 2 µM sanguinarine. Cells 
were harvested, washed and stained with JC‑1 for 30 min at 
37˚C in the dark, followed by washing and re‑suspension with 
300 µl PBS. Variations in the MMP levels were measured at 
527 and 590 nm by flow cytometry and data analyses were 
performed using Summit software (version 5.2, Beckman 
Coulter, Brea, CA, USA). In cases of mitochondrial damage, 
JC‑1 will predominantly occur in its monomeric form in the 
cytoplasm and will emit green fluorescence, while in healthy 
cells, JC‑1 forms aggregates and emits red fluorescence (22).

Caspase‑3/7 activity assay. The activity of caspase‑3/7 was 
detected by Caspase‑GIo 3/7 Assay kit (Promega Corporation, 
Madison, WI, USA). An advantage of this kit is that it provides 
a luminogenic substrate of caspase‑3/7 containing the tetrapep-
tide sequence DEVD, which has optimized caspase activity, 
luciferase activity and cell lysis. Following treatment of HLE 
B‑3 cells with different concentrations of sanguinarine, with or 
without pan‑caspase inhibitor z‑VAD‑FMK and ROS inhibitor 
NAC for 24 h, 100 µl caspase‑GIo 3/7 reagent were added to 
each well of the 96‑well plates. Cells were incubated with the 
reagent for 1 h, at 37˚C and in the dark, and the luminescence 
signal was measured by a Luminometer (Tecan Group, Ltd.).

Detection of ROS. Following attachment, HLE B‑3 cells were 
pretreated with 20 µM 2',7'‑dichlorofluorescein diacetate 
(CM‑H2DCFDA; Invitrogen; Thermo Fisher Scientific, Inc.), 
a specific superoxide tracer dye, for 30 min at 37˚C prior to 
testing. HLE B‑3 cells treated with 2 µM sanguinarine, with 
or without z‑VAD‑FMK, were incubated for 1 h, harvested 
and re‑suspended in PBS. Fluorescence was measured by flow 
cytometer with excitation/emission wavelengths of 488/525 nm 
and data analysis was performed as described above (23).

Western blot analysis. Following treatment with various 
concentrations of sanguinarine for different time intervals, 
HLE B‑3 cells were lysed with radioimmunoprecipitation assay 
lysis buffer (Santa Cruz Biotechnology, Inc.) with protease and 
phosphatase inhibitors. The concentration of protein was deter-
mined using the Lowry‑based Bio‑Rad DC™ protein assay kit 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA). Following 
denaturation, 30 µg of proteins were loaded per lane and 
separated via 10% SDS‑PAGE. The separated proteins were 
transferred to a nitrocellulose membrane. The membranes were 
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blocked with 5% skimmed milk in TBS‑Tween‑20 for 1 h at 
room temperature. Primary antibodies against Bcl‑2 (1:500; cat. 
no. sc‑23960), Bax (1:500; cat. no. sc‑20067), p38 (1:1,000; cat. 
no. 9212), JNK (1:1,000; cat. no. 9251), phospho‑JNK (p‑JNK; 
1:1,000; cat. no. 9251), phospho‑p38 (1:1,000; cat. no. 9211) and 
β‑actin (1:1,000; cat. no. 4967) were incubated overnight at 4˚C. 
Following three 5 min washes with TBS‑Tween‑20, membranes 
were incubated with a horseradish peroxidase‑labeled 
secondary antibody (1:5,000 dilution; cat. no. sc‑2350; Santa 
Cruz Biotechnology, Inc.) for 1 h at room temperature, followed 
by enhanced chemiluminescent detection (Merck KGaA). 
β‑actin was used as a loading control and for normalization. 
ImageJ Software version 1.46 (National Institute of Health, 
Bethesda, MA, USA) was used for densitometry analysis.

Statistical analysis. Data are expressed as the mean ± standard 
deviation of individual groups. Differences between groups 
were adequately determined using one‑way or two‑way 
analysis of variance followed by Bonferroni post‑hoc tests 
for multiple comparisons. P<0.05 was considered to indicate 
a statistically significant difference. All statistical analyses 
were performed using GraphPad Prism software version 6. 
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

Sanguinarine reduces the proliferation of HLEs. To determine 
the effects of sanguinarine on the proliferation/viability of HLE 
B‑3 cells, an MTT assay was performed. As exhibited in Fig. 1, 
the proliferation of HLE B‑3 cells tended to decrease with 
increasing concentrations of sanguinarine and longer exposure 
times. The IC50 values of sanguinarine on HLE B‑3 cells at 
24 and 48 h were 3.60±0.68 and 2.02±0.53 µM, respectively. 
At the same time points, compared with the control group, 
the proliferation of HLE B‑3 cells decreased with increasing 
concentrations of sanguinarine. Similarly, at the same sanguina-
rine concentration, the proliferation of HLE B‑3 cells was 
significantly decreased following longer treatments. Therefore, 
these results indicated that sanguinarine may have significantly 
inhibited the proliferation of HLE B‑3 cells (P<0.01).

Sanguinarine inhibits the growth of HLEs by inducing cell 
apoptosis. To investigate the anti‑proliferative mechanism 
of sanguinarine on HLEs, the apoptosis of HLE B‑3 cells 
was evaluated using f low cytometry based on PI and 
Annexin V‑FITC staining (Fig. 2). A significant number of 
HLE B‑3 cells underwent apoptosis following treatment with 
2 µM sanguinarine for 24 h. The apoptosis rate [the sum of late 
apoptosis (Q2) and early apoptosis (Q3)] of HLE B‑3 cells was 
30.00±2.36% following treatment with sanguinarine, while the 
apoptosis rate in the control group was 7.67±0.98% (Fig. 2). 
There was a significant difference between the two groups 
(P<0.01). These results demonstrated that treatment with 
sanguinarine induced apoptosis of HLEs, which may contribute 
to the inhibitory effect of sanguinarine on cell viability.

Sanguinarine induces apoptosis through a mitochondria‑ 
dependent pathway. A study reported that mitochondrial 
dysfunction may be a critical mediator of apoptosis in cancer (24). 
To investigate whether mitochondria are involved in the 

sanguinarine‑induced apoptosis of HLEs, the MMP was 
analyzed by JC‑1 staining. As exhibited in Fig. 3A, the 
percentage of cells which emitted red fluorescence was reduced 
in the mitochondria of HLE B‑3 cells treated with sanguinarine, 
while the percentage of cells which emitted green fluorescence 
increased. These results indicated that MMP was significantly 
reduced following treatment of HLE B‑3 cells with sanguina-
rine compared with the control group (P<0.01; Fig. 3A and B).

The process of apoptosis involving mitochondria is regu-
lated via the ratio of Bcl‑2 (anti‑apoptotic protein) and Bax 
(pro‑apoptotic protein), and a decrease in this ratio indicates the 
activation of the apoptotic pathway (25). This ratio is considered 
to be a key factor in controlling the integrity of mitochondrial 
membranes. Therefore, the protein levels of Bcl‑2 and Bax were 
detected via western blotting. Subsequent to treatment with 
sanguinarine, the anti‑apoptotic protein Bcl‑2 was observed 
to be significantly decreased (P<0.01), while the pro‑apoptotic 
protein Bax was increased (P<0.05). Therefore, the ratio of 
Bcl‑2/Bax was decreased, which further supported the evidence 
that the mitochondria in HLE B‑3 cells were damaged following 
treatment with sanguinarine (Fig. 3C). The flow cytometry and 
western blotting results suggested that sanguinarine may affect 
mitochondrial function and integrity and that mitochondria may 
be involved in sanguinarine‑induced apoptosis.

Sanguinarine induces the activation of caspase in HLEs. 
Caspases 3 and 7 are considered key mediators of mitochondrial 
events of apoptosis, as their activation leads to the execution stage 
of apoptosis (26). In order to elucidate whether the activation of 
caspases was involved in sanguinarine‑induced apoptosis, the 
activity of caspases 3 and 7 in control and treatment groups 
was analyzed using luminescent signal peaks proportional to 
the levels of caspase activity. The results demonstrated that 
sanguinarine stimulated caspase‑3/7 activity in HLE B‑3 cells 
in a concentration‑dependent manner (Fig. 4A).

Subsequently, the pan‑caspase inhibitor z‑VAD‑FMK 
and the ROS inhibitor NAC were used to investigate whether 
caspase activation and ROS generation, respectively, are 

Figure 1. Sanguinarine has a significant anti‑proliferative effect on HLE 
cells. The viability/proliferation of HLE cells treated with different concen-
trations of sanguinarine was evaluated at 24 and 48 h using an MTT assay 
(n=3). The results are expressed as the mean ± standard deviation. *P<0.05 
and **P<0.01 vs. the control group (0 µM of sanguinarine as a control group). 
#P<0.05 and ##P<0.01 vs. 24 h (at the same concentrations of sanguinarine). 
HLE, human lens epithelial.
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required for sanguinarine‑induced apoptosis. The results 
of the flow cytometry analysis indicated that exposure to 
z‑VAD‑FMK or NAC significantly attenuated the effect of 
sanguinarine in inducing apoptosis compared with the single 
sanguinarine treatment group (P<0.01; Fig. 4B). These results 
demonstrated that z‑VAD‑FMK and NAC significantly reduced 
the levels of apoptosis induced by sanguinarine, and that 
sanguinarine‑induced apoptosis may be caspase‑dependent.

Sanguinarine‑mediated ROS generation leads to apoptosis 
in HLEs. The association between ROS and mitochondria has 
been studied for a long time (27). A study has reported that the 

accumulation of ROS may be responsible for the mitochon-
drial dysfunction (28). Therefore, the association between the 
generation of ROS and mitochondrial dysfunction induced 
by sanguinarine was evaluated. CM‑H2DCFDA was used to 
detect the amount of ROS in HLE B‑3 cells. As presented in 
Fig. 5, following treatment with sanguinarine, flow cytometry 
data indicated that more cells exhibited the peak of fluores-
cence intensity (the peak shifted to the right), revealing that 
sanguinarine greatly increased the amount of ROS in HLE 
B‑3 cells (P<0.01). To evaluate whether ROS generation serves 
an essential role in the process of apoptosis, the levels of ROS 
were determined following treatment with z‑VAD‑FMK and 

Figure 3. MMP and HLE cell integrity are reduced following treatment with sanguinarine. (A) JC‑1 dye was used as an indicator of MMP. Compared with control 
group, the number of red fluorescence emitting cells, which is indicative of healthy mitochondria, was markedly decreased in the sanguinarine treatment group; 
however, the green fluorescence emitting cells, representing damaged mitochondria, were increased. (B) Quantification of types of fluorescence‑emitting HLE 
cells obtained following staining with JC‑1 (n=3). (C) The western blotting results demonstrated that the relative proportions of Bcl‑2 and Bax, key regulators 
of mitochondrial membrane integrity, were significantly altered following treatment with sanguinarine (n=3). The results are expressed as the mean ± standard 
deviation. *P<0.05 and **P<0.01 vs. respective control. HLE, human lens epithelial; JC‑1, tetraethylbenzimidazolylcarbocyanine iodide dye; Bcl‑2, B‑cell 
lymphoma 2; Bax, apoptosis regulator BAX; MMP, mitochondrial membrane potential.

Figure 2. Sanguinarine induces apoptosis in HLE cells. Cell apoptosis of HLE B‑3 cells was detected via flow cytometry (n=3). In the control group, >90% of 
cells were gathered at the Q4 area, and <10% of cells underwent apoptosis (Q2+Q3 areas). However, following treatment with 2 µM sanguinarine for 24 h, 
cells in the Q4 area decreased to 65.7%, whereas cells in the Q2 and Q3 quadrants, which represent late and early apoptosis, respectively, were significantly 
increased. The results are expressed as the mean ± standard deviation. **P<0.01 vs. the control group. HLE, human lens epithelial; PI, propidium iodide.
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sanguinarine. This treatment, however, did not prevent the 
generation of ROS, suggesting that ROS generation may be an 
upstream step in sanguinarine‑induced apoptosis.

Sanguinarine induces apoptosis of HLEs by activating the 
MAPK pathway. The MAPK pathway has been demonstrated 
to be closely associated with the process of apoptosis (29). 
To test whether the MAPK pathway serves a similar role in 
sanguinarine‑induced apoptosis, HLE B‑3 cells were treated 
with different concentrations of sanguinarine. As presented 

in Fig. 6A, treatment with sanguinarine promoted the phos-
phorylation of JNK and p38 in a dose‑dependent manner. 
Moreover, longer treatments with 2 µM sanguinarine (2, 4 and 
6 h) significantly up‑regulated the expression of p‑JNK and 
p‑P38 compared with the control group (Fig. 6B). Among these 
exposure times, the 2 h treatment resulted in higher levels of 
phosphorylation. To further determine whether the activation 
of JNK and p38 is a key step in sanguinarine‑induced apoptosis, 
HLE B‑3 cells were exposed to sanguinarine with or without 
ROS inhibitor NAC to assess whether reduced ROS generation 

Figure 4. Caspase and ROS serve essential roles in sanguinarine‑induced apoptosis in HLE cells. (A) Caspase‑3/7 activity results demonstrated that following 
incubation with 1, 2 or 3 µM of sanguinarine for 24 h, caspases 3/7 activity levels were significantly increased (n=3). (B) In the sanguinarine only treatment 
group, 31% of cells underwent apoptosis (Q2+Q3); however, in HLE B‑3 cells co‑treated with pan‑caspase inhibitor z‑VAD‑FMK and sanguinarine, the 
apoptosis induced by sanguinarine was reduced; and cells co‑treated with the ROS inhibitor NAC and sanguinarine also exhibited lower levels of apop-
tosis (n=3). These results suggested that ROS generation and caspase activity were required for sanguinarine‑induced apoptosis. The results are expressed 
as the mean ± standard deviation. **P<0.01 vs. sanguinarine‑only treatment. HLE, human lens epithelial; ROS, reactive oxygen species; z‑VAD‑FMK, 
benzyloxycarbonyl‑Val‑Ala‑Asp (OMe) fluoromethylketone; NAC, N‑acetylcysteine; PI, propidium iodide.

Figure 5. ROS generation is the initial step in sanguinarine‑induced apoptosis in human lens epithelial cells. The data in the distribution plots represents the 
percentage of ROS‑negative cells, and the bar graph indicate the percentage of ROS‑positive cells, calculated by subtracting the percentage of ROS‑negative 
cells to the total number of cells. The results are expressed as the mean ± standard deviation. **P<0.01 vs. sanguinarine‑only treatment. ROS, reactive oxygen 
species; z‑VAD‑FMK, benzyloxycarbonyl‑Val‑Ala‑Asp (OMe) fluoromethylketone.
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prevents the phosphorylation of p38 and JNK. Co‑treatment 
of HLE B‑3 cells with sanguinarine and ROS inhibitor NAC 
significantly increased the expression levels of p‑JNK and 
p‑P38 compared with sanguinarine or NAC alone (Fig. 6C). 
These results suggested that the MAPK pathway is associated 
with sanguinarine‑induced apoptosis, but it is not the primary 
target of sanguinarine.

Discussion

Over 8 million cataract operations are performed every year 
in Europe and the United States, and the number is even 
higher in China (30). PCO is the most common complica-
tion encountered following cataract surgery, and it seriously 
affects the quality of life of the patients through secondary 
loss of vision (2). The development of PCO is affected by 
various factors, but the proliferation and migration of HLEs 
is a common cause of PCO (31). Discovering novel agents that 
may effectively suppress the proliferation of HLEs and prevent 
PCO is of the utmost importance.

In the present study, it was verified that sanguinarine 
significantly reduced the viability of HLE B‑3 cells in a dose‑ 
and time‑dependently manner, and that it induced apoptosis. 
The apoptosis effects were possibly mediated by early ROS 
generation, which may promote the activation of p38 and JNK, 
leading to the activation of the caspase pathway and causing 
apoptosis. Furthermore, the results seem to suggest that ROS 
generation may be essential for sanguinarine‑mediated apop-
tosis. Thus, sanguinarine may be a potential therapeutic agent 
in the treatment of patients with PCO in the future.

ROS, the by‑products of ATP production, are primarily 
formed by the interaction of oxygen molecules with electrons 

escaping from the mitochondrial respiratory chain (32). 
Normally, there is an antioxidant system that controls the basal 
levels of ROS as, in excess, these may cause cellular damage 
by reacting with DNA, proteins, lipids and even the electron 
transport chain itself (33,34). Therefore, ROS generation is 
closely associated with mitochondrial function and cell health. 
Reports have also demonstrated that elevated levels of basal 
ROS in cancer cells are conducive to increased cell prolifera-
tion (35). Thus, ROS have complex roles within the scope of 
biological processes that occur in cells, making it difficult to 
understand how levels of oxidants are involved in cell growth 
and maintenance and how ROS may be used therapeuti-
cally (35). The present results seem to suggest that treatment 
with sanguinarine may have significantly increased the gener-
ation of ROS in HLE B‑3 cells, and inhibiting its generation 
may have reduced the levels of apoptosis observed in these 
cells.

As mentioned previously, upregulation of ROS in cells may 
result in serious mitochondrial and cellular damage (36,37). 
In the present study, the MMP of HLE B‑3 cells treated with 
sanguinarine was significantly reduced compared with the 
control group. The pro‑apoptotic protein Bax was also upregu-
lated, while the anti‑apoptotic protein Bcl‑2 was downregulated. 
This alteration in the Bax/Bcl‑2 ratio is an indicator of mito-
chondrial membrane damage (38,39). Once mitochondria 
are damaged, cytochrome c is released and forms a complex 
with apoptosis protease‑activating factor‑1 to further activate 
caspase‑9, which in turn activates caspases 3 and 7 (40‑42). 
The present study indicated that the activation of caspases is 
involved in sanguinarine‑induced apoptosis, as the use of 
pan‑caspase inhibitor z‑VAD‑FMK resulted in the reduction 
of apoptosis levels following treatment with sanguinarine. 

Figure 6. MAPK pathway is involved, but serves a subsidiary role in sanguinarine‑induced apoptosis in human lens epithelial cells. The effect of different 
concentrations of sanguinarine (A) and different time treatments (B) on the activation of MAPK pathway‑related proteins (JNK, p‑JNK, P38 and p‑P38) was 
detected using western blotting (n=3). The western blotting results demonstrated that both JNK and p38 were activated by sanguinarine in a dose‑dependent 
manner (n=3). (C) NAC, a specific ROS inhibitor, was applied in a co‑treatment with sanguinarine to determine whether it affected the activation of MAPK 
pathway components observed following treatment with sanguinarine (n=3). Compared with sanguinarine single treatment group, co‑treatment with sanguina-
rine and ROS inhibitor NAC significantly increased the levels of p‑JNK and p‑P38. The results are expressed as the mean ± standard deviation. *P<0.05 and 
**P<0.01. MAPK, mitogen‑activated protein kinase; ROS, reactive oxygen species; NAC, N‑acetylcysteine; p, phosphorylated; JNK, c‑Jun N‑terminal kinase.
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Therefore, sanguinarine may have induced apoptosis through 
caspase‑associated pathways.

Finally, the involvement of the MAPK pathway, which is 
closely associated with cell proliferation and survival (43,44), 
was evaluated. Sanguinarine promoted the phosphorylation of 
JNK and p38 kinases in HLE B‑3 cells, suggesting that MAPK 
signaling pathway may be involved in sanguinarine‑induced 
apoptosis.

In conclusion, sanguinarine may significantly affect 
the viability of HLE B‑3 cells by inducing apoptosis. ROS 
generation and caspase activation may serve as key mediators 
of sanguinarine‑induced apoptosis. The MAPK signaling 
pathway may be involved. Sanguinarine may possibly be used 
as a potential drug for preventing PCO or even the develop-
ment of cataracts in the future. However, the present study is 
only preliminary. Further in vivo research and clinical studies 
should be undertaken to verify the potential beneficial effects 
of sanguinarine on PCO treatment.
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