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Abstract: This study was to investigate the effects of Rosa laevigata Michx. (RLM) extract on reactive oxygen species 
(ROS) production and mitochondrial membrane potential (MMP) in lens epithelial cells (LECs) cultured under high 
glucose. SRA01/04 cell models of diabetic cataract were established by high glucose culture, and these cells were 
administrated with RLM extract. Levels of ROS and MMP in SRA01/04 cells were detected with fluorescent probes. 
HO-1 expression level, Akt phosphorylation, and Nrf2 translocation were detected by Western blot. RLM treatment 
could exert protective effects on SRA01/04 cells under high glucose condition, decreasing the ROS production and 
elevating the MMP in these cells. Western blot analysis indicated that the expression level of HO-1 was significantly 
elevated in SRA01/04 cells after the RLM treatment. Moreover, when HO-1 was interfered with siRNA, the effects of 
RLM on the levels of ROS and MMP were diminished, indicating that HO-1 induction was necessary for the function 
of RLM. Furthermore, HO-1 inducing effects of RLM were mediated by the PI3K/Akt and Nrf2/ARE pathways. The 
effects would be abolished when either pathway was inhibited by pharmacological manipulation or siRNA silencing. 
RLM inhibits ROS production and elevates MMP, through the induction of HO-1 expression, in LECs under high glu-
cose condition. The protective effects of RLM are mediated by the PI3K/Akt and Nrf2/ARE pathways. Our findings 
provide theoretic basis and experimental evidence for the application of RLM in the treatment of diabetic cataract.
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Introduction

Diabetic cataract is the most serious complica-
tion of diabetes mellitus [1]. The pathogenesis 
of diabetic cataract is complicated, which could 
probably be induced by osmotic changes, oxida- 
tive stress, and altered crystallin glycosylation 
[2, 3]. More and more evidence indicates that 
metabolic abnormality in mitochondrial produc-
tion of reactive oxygen species (ROS) might be 
an important factor in diabetic cataract. ROS 
can not only interfere with the activities of Na+, 
K+-ATPase, but also induce the lens epithelial 
cells (LECs) to differentiate into lens fiber cells 
[4, 5]. Apoptosis of LECs is actually the final 
step in the pathogenesis of diabetic cataract 
[6]. Therefore, early intervention targeting the 
oxidative stress may be beneficial in the man-

agement of diabetic cataract, preventing or 
delaying the disease onset.

Rosa laevigata Michx. (RLM) is one of the well-
known medicinal plants in China, belonging to 
the Rosaceae family. Studies have shown that 
RLM extract can exert potent anti-oxidant and 
free radical-scavenging effects [7]. It has been 
shown that RLM significantly reduces the levels 
of ROS and MDA, enhances the activities of 
SOD and T-AOC, decreases the oxidative stress 
level, and down-regulates the expression levels 
of NF-κB, MCP-1 and TNF-α, in kidney tissues in 
rat models of diabetes [8]. In addition, the anti-
oxidant effects of RLM ingredients have also 
been confirmed in vitro [9]. However, the thera-
peutic effects of RLM extract on diabetic cata-
ract, especially concerning its anti-oxidant 
activities, have not yet been fully elucidated.
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In the present study, LEC model of diabetic cat-
aract was established by high glucose culture, 
and the effects of RLM extract on the ROS  
production and the mitochondrial membrane 
potential (MMP) were investigated. Possible 
molecular mechanisms were also explored and 
discussed. Our findings provide theoretic basis 
for the application of RLM in the treatment of 
diabetic cataract in clinic.

Materials and methods

Rosa laevigata Michx. (RLM) extraction

RLM was provided by the Shiyan Chinese 
Herbal Medicine Company (Shiyan, Hubei, 
China). After the seeds were removed, the 
medicinal herbs were boiled in an extracting 
machine. RLM extract with a final concentra-
tion of 2.0 g/mL was used as the store solution 
for the following experiments.

Cell culture and drug treatment

Immortalized human lens epithelial cell (LEC) 
lines (SRA01/04) were obtained from the 
American Type Culture Collection (ATCC), and 
cultured with low glucose DMEM medium 
(Gibco, Grand Island, NY, USA), containing 20% 
fetal bovine serum (Gibco), in a 37°C, 5% CO2 
incubator. In the normal control group, cells 
were cultured with 5.5 mmol/L glucose and 2% 
serum in the DMEM medium. In the model 
group, cells were treated with high concentra-
tion of glucose (30.5 mmol/L). In the RLM-
treated groups, cells were first cultured with 
high glucose, and then subjected to the incuba-
tion with RLM extract at indicated concentra-
tions, i.e., 0.1, 5 and 10 g/L, for 24 h before 
subsequent assessments. 

RNA silencing analysis

RNA interference of Heme Oxygenase-1 (HO-1) 
and Nrf2 was performed with the kits from 
Ambion (Austin, TX, USA), according to the man-
ufacturer’s instructions. Small interfering RNA 
(siRNA) sequences specific for HO-1 and Nrf2 
were produced by Invitrogen (Shanghai, China): 
HO-1, forward 5’-AACUUUCAGAAGGGCCAGGU- 
GTT-3’ and reverse 5’-CACCUGGCCCUUCUGA- 
AAGUUTT-3’; Nrf2, 5’-GCCGCUUAGAGGCUCAU- 
CUtt-3’. SRA01/04 cells were cultured in 100-
mm dishes. After washing, 0.5 mL transfection 
solution (containing 8 μL siPORT Amine and 20 

nM siRNA) was added to incubate the cells at 
37°C, 5% CO2 for 5 h. Then 1.5 mL complete 
medium was added for a further incubation for 
48 h. The expression levels of the target genes 
were confirmed by Western blot.

Western blot analysis

Total proteins were collected with the kits from 
Pierce (Rockford, IL, USA), according to the 
manufacturer’s instructions. Protein samples 
were subjected to SDS-PAGE, and then trans-
ferred onto PVDF membranes (Bio-Rad, Hercu- 
les, CA, USA) by the semi-dry transfer method. 
After blocking and washing, the membranes 
were incubated with the primary antibodies 
against HO-1 (Santa Cruz, Santa Cruz, CA, USA), 
Nrf2 (Santa Cruz), phospho-Akt (Cell Signaling, 
Beverly, MA, USA), and total Akt (Cell Signaling), 
respectively, at 4°C for 12 h. Then HRP-labeled 
goat anti-mouse secondary antibody was 
added for a further incubation. The protein 
bands were visualized after ECL development.

ROS level determination

SRA01/04 cells were incubated with 5 μmol/L 
H2DCFDA staining solution, at 37°C in dark, for 
30 min. After washing, these cells were collect-
ed and re-suspended in PBS. The fluorescence 
intensity was detected using a fluorescent plate 
reader, at excitation wavelength of 485 nm and 
emission wavelength of 530 nm. 

Mitochondrial membrane potential (MMP) de-
tection

MMP was detected with rhodamine 123 stain-
ing. Cells in each group were collected, and 
0.25 μmol/L rhodamine 123 was used to incu-
bate the cells at 37°C in dark for 20 min. After 
centrifugation at 1000 rpm for 5 min, cells 
were washed and then re-suspended in PBS. 
The fluorescence intensity was detected with a 
microplate reader, at excitation wavelength of 
490 nm and emission wavelength of 520 nm. 

Statistical analysis

Data were expressed as mean ± SD. SPSS 15.0 
software was used for statistical analysis. One-
way analysis of variance and Student’s t-test 
were applied for the comparisons. P < 0.05 was 
considered statistically significant. 
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Results

RLM extract reduces ROS production and el-
evates MMP in SRA01/04 cells cultured under 
high glucose

To investigate the protective effects of RLM 
extract on SRA01/04 cells cultured under high 
glucose conditions, the levels of ROS and the 
MMP in these cells were measured after RLM 

treatment. The cells were cultured with 30.5 
mmol/L glucose, and then treated with RLM 
extract at indicated concentrations, i.e., 0.1, 5 
and 10 g/L, for 24 h. The detection of the oxida-
tive stress level indicated that, compared with 
the normal control cells, high glucose culture in 
the high glucose model group induced signifi-
cantly higher levels of ROS (136%) in SRA01/04 
cells (P < 0.05) (Figure 1A). However, after the 
treatments with RLM extract, ROS levels in 

Figure 1. RLM decreased ROS production and increases MMP in SRA01/04 LECs under high glucose. SRA01/04 
cells were cultured under high glucose condition, and treated with RLM extract, at indicated concentrations (0.1, 5 
and 10 g/L), for 24 h. Then the levels of ROS (A) and MMP (B) in SRA01/04 cells were detected, respectively, with 
fluorescent probes. Compared with the normal control group, ##P < 0.01; compare with the model group, *P < 0.05, 
**P < 0.01.

Figure 2. Effects of RLM depended on HO-1 in-
duction in SRA01/04 LECs under high glucose. 
(A) Expression level of HO-1 was up-regulated 
in SRA01/04 cells treated with RLM extract. (B, 
C) Interference of HO-1 blocked the effects of 
RLM on the levels of ROS (B) and MMP (C) in 
SRA01/04 cells. HO-1 was interfered with siR-
NA, and then the effects of 10 g/L RLM extract 
on levels of ROS and MMP in SRA01/04 cells 
were assessed. Compared with the normal con-
trol group, ##P < 0.01; compared with the model 
group, *P < 0.05; compared with the RLM-treat-
ed group, &P < 0.05.
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these cells under high glucose were dramati-
cally decreased (105%), to a comparable level 
to those in the control cells with the highest 
treatment concentration (100%) (Figure 1A). 

On the other hand, as shown in Figure 1B, MMP 
was significantly declined to 42% in the high 
glucose model group, compared with the con-
trol group (100%) (P < 0.05). In the RLM-treated 
groups, MMP was increased along with the 
increasing concentrations of RLM. The MMP in 
the model cells treated with 10 g/L RLM was 
restored to 86.4% of the control level. Taken 
together, these results suggest that RLM treat-
ment could decrease the ROS production and 
elevate the MMP in these cells, thus exerting 
protective effects on SRA01/04 cells under 
high glucose condition.

Protective effects of RLM extract depend on 
HO-1 induction in SRA01/04 cells cultured 
under high glucose

HO-1 expression levels have been found to be 
associated with the oxidative stress and the 
apoptotic process in cells under pathophysio-
logical conditions. So we next investigate 
whether the expression level of HO-1 was 

affected in SRA01/04 cells cultured under high 
glucose, and whether its expression could be 
changed by the treatment of RLM. Our results 
indicated that the expression level of HO-1 was 
relatively low in the control group, and the high 
glucose culture condition caused a slightly 
increased expression of HO-1 in these cells 
(Figure 2A). Surprisingly, the expression levels 
of HO-1 in LECs under high glucose were drasti-
cally elevated after RLM extract treatments, in 
a dose-dependent manner, indicating that RLM 
extract could induce HO-1 up-regulation in 
SRA01/04 cells under pathological conditions. 

To investigate the role of over-expressed HO-1 
in the protective effects of RLM, HO-1 RNA 
interference was conducted in these model 
cells. As shown in Figure 2B, when treated with 
HO-1 siRNA for 24 h, the inhibiting effects of 
RLM on ROS production was significantly weak-
ened (P < 0.05). Similar results were observed 
for MMP. HO-1 siRNA interfered with the MMP-
increasing effects of RLM extract (P < 0.05) 
(Figure 2C). These results indicate that RLM 
extract could significantly induce HO-1 expres-
sion in SRA01/04 cells under high glucose, 
which is necessary for the protective effects of 
RLM in these cells. 

Figure 3. RLM induced HO-1 expression through the PI3K/Akt and Nrf2/ARE pathways in SRA01/04 LECs. A, B. 
The PI3/Akt pathway was involved in the function of RLM in LECs cultured under high glucose condition. A. RLM 
significantly elevated the levels of phosphorylated Akt (p-Akt) in SRA01/04 cells under high glucose. B. PI3K inhibi-
tor down-regulated the expression levels of HO-1 in SRA01/04 cells under high glucose. C-E. The Nrf2/ARE pathway 
was involved in the function of RLM in LECs cultured under high glucose condition. C. RLM stimulated the transloca-
tion of Nrf2 from cytoplasm into nucleus in SRA01/04 cells. D. RNA silencing of Nrf2. Cells were treated with 30 
μmol/L RLM, 30 μmol/L RLM + control siRNA, and 30 μmol/L RLM + Nrf2 siRNA, respectively. E. RNS silencing of 
Hrf2 canceled the inducing effects of RLM on HO-1 expression in SRA01/04 cells. RLM extract was administrated 
at the concentration of 30 μmol/L.
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RLM extract induces HO-1 expression through 
PI3K/Akt and Nrf2/ARE pathways

HO-1 is a heat shock protein, whose expression 
and function have been closely linked with sev-
eral cell signaling pathways, including the PI3K/
Akt and Nrf2/ARE pathways. To find out if these 
signaling pathways were involved in the HO-1-
increasing effects of RLM in SRA01/04 cells 
under high glucose, the phosphorylation levels 
of Akt in these cells, with or without RLM treat-
ments, were detected with Western blot. As 
shown in Figure 3A, the phosphorylation level 
of Akt was very low in the control SRA01/04 
cells, which was marginally increased under 
high glucose condition. After the treatments 
with RLM extract, the levels of phosphorylated 
Akt were significantly up-regulated (P < 0.05), 
in a dose-dependent manner, while the Akt lev-
els did not change among these groups. To 
investigate whether the activated Akt was 
associated with the HO-1-inducing effects of 
RLM, these cells were pre-treated with PI3K 
inhibitor LY294002. Our results showed that 
after the treatment with LY294002, the over-
expression of HO-1 in the RLM-treated group 
was obviously suppressed (Figure 3B), indicat-
ing that the PI3K/Alt pathway might be involved 
in the inducing effects of RLM on HO-1 
expression. 

In addition, our results showed that Nrf2, the 
transcription factor of HO-1, was mainly located 
in the cytoplasm in the control and high glu-
cose groups, with extremely low abundance in 
the nucleus. However, when treated with RLM 
extract (0.1-10 g/L), the Nrf2 levels in the cyto-
plasm were gradually decreased, while the 
Nrf2 contents were increased in the nucleus 
(Figure 3C). Moreover, after Nrf2 was interfered 
with siRNA, the expression levels of HO-1 in the 
RLM-treated groups were dramatically declined 
(Figure 3D and 3E). These results suggest that 
the HO-1 up-regulation induced by RLM are 
mediated by the PI3K/Akt and Nrf2/ARE path-
ways, which would also be necessary for the 
beneficial effects of RLM extract on SRA01/04 
LECs under high glucose condition.

Discussion

In patients with diabetes mellitus, the levels of 
ATP and GSH in lens are declined, and the 
transport function of active cations like Rb+ is 
damaged, vulnerable to ROS insult [10, 11]. 

Excess ROS production can inhibit the activity 
of GAPDH, and accelerate the development of 
diabetic cataract [12, 13]. In addition, ROS  
can also lead to increased dihydroxyacetone 
phosphate and fructose 6-phosphate levels, 
which in turn activate PKC and the hexosamine 
pathway [14-16]. Rosa laevigata Michx. (RLM) 
(Rosaceae) is a commonly distributed ever-
green climbing shrub in South China, and its 
fruits are rich in saponins, flavonoids, polysac-
charides, and other physiologically active ingre-
dients. Pharmacological studies have shown 
that RLM could exert potent antioxidant effects, 
protecting against the cell membrane damages 
and the lipid peroxidation induced by excessive 
free radicals [17, 18]. Based on these findings, 
we investigated the role of RLM extract in  
the treatment of diabetic cataract. Our results 
indicated that, when treated with RLM extract, 
the ROS level in SRA01/04 cells cultured  
under high glucose condition was significantly 
decreased, indicating that RLM could exert  
protective effects in LECs under high glucose 
by inhibiting ROS. On the other hand, another 
important function of ROS is inducing apopto-
sis in LECs, in which the change in MMP has 
been considered as an indicator for early apop-
totic processes [19]. Our results showed that 
RLM extract could dramatically elevated MMP 
in SRA01/04 cells, which might antagonize the 
toxic effects of high glucose on LECs.

HO-1 is an inducible enzyme located on chro-
mosome 22q12, which is also known as heat 
shock protein 32 (HSP32). HO-1 is expressed in 
almost all tissues, specifically with the highest 
expression level in the endoplasmic reticulum. 
The expression could be stimulated by a variety 
of injuries. HO-1 can catalyze the degradation 
of hemocrystallin into CO, ferrous ion, and bili-
verdin, which could subsequently be converted 
to bilirubin by biliverdin reductase [20, 21]. 
Studies have shown that HO-1 and its metabo-
lites have anti-inflammatory, anti-proliferative, 
anti-oxidant, and anti-apoptotic effects in main-
taining cellular homeostasis [7, 12]. For exam-
ples, the down-regulated expression or absence 
of HO-1 (pharmacological inhibition or knock-
out) could reduce the body’s tolerance to the 
oxidative stress, leading to extensive oxidative 
damage or organ failure [14]. In this study, 
although the high glucose condition could 
induce the expression of HO-1 in SRA01/04 
cells, this feedback response is not strong 
enough to fight against the oxidative stress. 
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Our results showed that RLM could efficiently 
up-regulate the expression of HO-1. Further- 
more, after RNA interference of HO-1, the ROS 
level was increased, while MMP was decreased, 
indicating that HO-1 could inhibit the produc-
tion of ROS and restore the declined MMP. This 
might be one of the mechanisms underlying the 
antioxidant effects of RLM. However, further 
studies are still needed to investigate the way 
HO-1 protects against the oxidative stress.

We have also found that RLM could activate the 
PI3K/Akt pathway, and induce the nuclear 
translocation of Nrf2. Nrf2 can bind with anti-
oxidant response elements (ARE) to facilitate 
the expression of a variety of endogenous anti-
oxidant enzymes (including HO-1), achieving in 
vivo rebalancing without causing excessive 
antioxidant responses [22, 23]. These results 
suggest that, the anti-oxidant effects of RLM in 
LECs under high glucose are mediated by the 
PI3K/Akt and the Nrf2/ARE pathways. Our 
results also showed that, when the PI3K/Akt 
pathway was pharmacologically inhibited, or 
the expression of Nrf2 was interfered with 
siRNA, the inducing effects of RLM on HO-1 
expression could be eliminated. In addition, 
under normal conditions, there were no obvi-
ously elevated expression of HO-1 and Nrf2  
in LECs, indicating that the modulation of  
antioxidant cell signaling pathways might be  
necessary for the inducing effects of RLM on  
HO-1 expression. Of course, further studies  
are still needed to investigate the detailed 
mechanism.

In conclusion, our results showed that RLM 
extract could up-regulate the expression of 
HO-1, inhibit ROS production and elevate MMP, 
in LECs cultured under high glucose condition. 
The effects of RLM on HO-1 expression are 
mediated by the PI3K/Akt and Nrf2/ARE path-
ways. Our findings provide the theoretic basis 
and experimental evidence for the application 
of RLM in the treatment of diabetic cataract.
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