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Abstract: Retinopathy caused by ultraviolet radiation and cancer chemotherapy has increased
dramatically in humans due to rapid environmental and social changes. Therefore, it is very im-
portant to develop therapeutic strategies to effectively alleviate retinopathy. In China, people often
choose dendrobium to improve their eyesight. In this study, we explored how Dendrobium fimbria-
tum extract (DFE) protects ARPE-19 cells and mouse retinal tissue from damage of ultraviolet (UV)
radiation and chemotherapy. We evaluated the antioxidant capacity of DFE using the
1,1-diphenyl-2-trinitophenylhydrazine (DPPH) assay. The protective effects of DEF from UV- and
(OXA)-induced ARPE-19
3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay and immunofluores-

oxaliplatin damage were examined in cells  using
cence (IF) stains, and in mouse retinal tissue using immunohistochemistry (IHC) stains. Our re-
sults show that DFE has excellent antioxidant capacity. The ARPE-19 cell viability was decreased
and the F-actin cytoskeleton structure was damaged by UV radiation and OXA chemotherapy, but
both were alleviated after the DFE treatment. Furthermore, DFE treatment can alleviate OXA
chemotherapy-induced reduced expressions of rhodopsin and SOD2 and increased expressions of
TNF-a and caspase 3 in mouse retinal tissue. Thus, we suggest that DFE can act as suitable treat-

ment for retinopathy through reducing oxidative stress, inflammation, and apoptosis.

Keywords: Dendrobium fimbriatum; retinopathy; chemotherapy; UV; oxidative stress; inflammation;
apoptosis; ARPE-19 cells; mice

1. Introduction

Retinopathy is an increasingly important public health problem due to an aging
population and increased longevity of life [1]. Retinal pigment epithelium (RPE) cells are
primarily responsible for cell structure maintenance and nutrient supply to maintain the
health and function of photoreceptors. Oxidative stress can trigger RPE dysfunction, and
atrophic changes in the RPE are a key feature of the progression of age-related macular
degeneration [2]. Recently, ultraviolet (UV) radiation has increased significantly because
of a gradual disappearance of the ozone layer in the atmosphere, exacerbating the dam-
age of UV radiation to the human retina. As a result, the occurrence of retinopa-
thy-related diseases has increased significantly [3]. With the rapid development of soci-
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ety and economy, eating habits have gradually changed. Unhealthy eating habits and
excessive sugar intake have led to the occurrence of diabetes and cancer. Patients with
long-term diabetes are prone to have inflammation and chronic vascular damage in the
retina, which can even lead to blindness in severe cases [4,5].

According to data in 2020, there were 19.3 million new cases of cancer and nearly 10
million deaths worldwide [6]. That is to say, 1 in 5 people will develop cancer in their
lifetime; 1 in 8 men and 1 in 11 women will die from cancer. Although chemotherapy
could improve the survival rates of cancer patients, the adverse effects of the treatments
may seriously impair long-term functional status, work productivity, and quality of life.
For example, platinum chemotherapy drugs such as cisplatin, carboplatin, and oxali-
platin are widely used in the clinical treatment of various cancers. However, these plati-
num chemotherapy drugs may cause severe hearing loss [7]. Cisplatin-induced hearing
loss is particularly harmful in children. Even mild hearing impairment can adversely af-
fect academic and social development [8]. Approximately 500,000 patients diagnosed
with cancer each year in the United States may be candidates for cisplatin treatment [9].
Cisplatin increases the risk of hearing damage or ototoxicity by 5-fold. More than half of
adult and pediatric cancer patients treated with cisplatin develop hearing impairment,
which has a significant impact on patients’ health-related quality of life [10]. Furthermore, it
has been reported that platinum chemotherapy drugs such as oxaliplatin (OXA) not only
cause peripheral neuropathy but also induce retinopathy in some patients [11,12]. OXA is a
third-generation platinum-based chemotherapy drug used in the first-line treatment of ad-
vanced colorectal cancer [13]. The side effects of OXA treatment are ocular toxicity and neu-
rotoxicity. Ocular toxicity is transient and reversible but neurotoxicity is a prominent side ef-
fect [14]. Clinical evidence has confirmed that patients undergoing OXA chemotherapy may
develop retinopathy, visual loss, and other symptoms [15].

Whether retinopathy results from UV radiation, diabetes, or cancer chemotherapy,
it is always caused by oxidative stress and inflammation in retinal tissue. Actively
searching for natural medicines that can relieve oxidative stress and inflammation is
very important for preventing and treating retinopathy. In China, traditional Chinese medi-
cine (TCM) has been used for the alleviation of retinopathy for thousands of years [16].
Among these TMCs, dendrobium is often chosen to enhance the production of body
fluid and improve eyesight. The main biological components of dendrobium are poly-
saccharides, alkaloids, bibenzyl, phenanthrenequinone, etc. These components have
been reported to have neuroprotective, anti-cancer, immunomodulatory, antioxidant,
platelet aggregation inhibition, and anti-aging activities [17]. Polysaccharides isolated
from dendrobium were found to have antioxidant and anti-hyperglycemic activities [18].
Many studies have found that dendrobium can reduce diabetic retinopathy by prevent-
ing oxidative stress and inflammation in the retina [19,20]. Dendrobium fimbriatum Hook,
one of dendrobium species, is a famous and valuable TCM. D. fimbriatum polysaccha-
rides can exhibit a variety of biological activities, such as immune regulatory, hypogly-
cemic, and anti-oxidative effects [21,22]. Therefore, it is possible that D. fimbriatum can
act as suitable treatment for retinopathy.

In this study, we selected Dendrobium fimbriatum extract (DFE) as an experimental
material to explore the therapeutic effect of DFE on retinopathy caused by UV radiation
and OXA chemotherapy. We used ARPE-19 cells and mouse retinas as experimental
models. Our experimental results show that DFE has good antioxidant and an-
ti-inflammatory effects and can be suitable for the treatment of retinopathy.



Plants 2024, 13, 617

3 of 14

2. Materials and Methods
2.1. Preparation of the Dendrobium Fimbriatum Extract (DFE)

In this study, the DFE was selected as a TCM for alleviating chemotherapy-induced
retinopathy. The Dendrobium fimbriatum was propagated and cultivated into plants using
tissue culture technology by Sun-Ten Pharmaceutical Company (New Taipei City, Tai-
wan). The DFE was extracted and prepared from the stems of Dendrobium fimbriatum. The
DEFE preparation method was as follows: We pre-extracted the dried stem powder with
95% ethanol at 25 °C for 24 h, stirred it, and then reacted it with distilled water at 80 °C
for 2 h. The extracts were precipitated with ethanol at a final concentration of 80% (v/v)
for 24 h, and the proteins were removed using the Sevag method. The alcohol-insoluble
material was then freeze-dried for 48 h to obtain DFE.

2.2. Determination of Chromatographic Fingerprinting of the DFE

The determination of chromatographic fingerprinting of the main active compounds
of DFE was entrusted by HERBIOTEK Company (New Taipei City, Taiwan). Briefly,
HERBIOTEK Company used high-performance liquid chromatography (HPLC, SHI-
MADZU LC 20-A) to perform chromatographic fingerprint analysis of all compounds of
the DFE that were dissolved in distilled water/methanol. The active compound of DFE
was inferred by comparing the retention time of each peak with that of an actual control.
HERBIOTEK Company used denchrysan A, erianthridin, dendroflorin, moscatilin, con-
fusarin, gigantol, dengibsin, chrysotoxin, moscatin, erianin, and chrysotobibenzyl as
analysis index components and the purity of all the reference standards was above 98%.
Conditions of HPLC were summarized as follows: (a) column: waters/sunfire RP18, 5
pm, 150 mm x 4.6 mm ID; (b) mobile phase: (A) 0.05% TFA aqueous solution, (B) ace-
tonitrile; (c) detection: PDA (A = 220 nm); (d) injection volume: 10 pL; (e) analytic con-
centration: 0.4 mg/mL; (f) oven temperature: 30 °C, (g) run time: 70 min.

2.3. DPPH Assay of the DFE

We used a,a-diphenyl-B-trihydrazide (DPPH) to detect the anti-free radical and an-
tioxidant capabilities of DFE. First, we placed DFE at different concentrations (0.1, 0.5, 1,
5, 10 mg/mL) in a 96-well plate and then evenly mixed with 100 uL of 1.5 mM/mL DPPH
(D9132, Sigma-Aldrich Co., St. Louis, MO, USA). After incubation at room temperature
for 30 min, we used a microplate spectrophotometer (uQuant, Biotek Intruments, Inc.,
Winooski, VT, USA) to record the absorbance value at a wavelength of 517 nm. In addi-
tion, we also recorded appropriate blank treatments and standards (L-ascorbic acid;
A5960, Sigma-Aldrich) as controls. We used the following formula to calculate the DPPH
scavenging activity (%) of DFE: 100 x [(DFE + DPPH absorbance) — (DFE blank absorb-
ance)]/[(DPPH absorbance) — (methanol absorbance)].

2.4. Experimental Design

The schematic experimental protocol for studying the therapeutic application of
DFE in retinal damage caused by ultraviolet radiation and chemotherapy using ARPE-19
cells and BALB/c mice as cell and animal models, respectively, is shown in Figure 1. In
this experiment, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT,
M5655, Sigma—Aldrich) was used to examine the protective effect of the DFE on the in-
jury of ARPE-19 cells caused by UV radiation and chemotherapy of oxaliplatin (OXA,
TTY Biopharm Co., Ltd., Taipei, Taiwan). Inmunofluorescence was used to examine the
damage of F-actin structure in ARPE-19 cells caused by chemotherapy of oxaliplatin. In
the animal experiment, 9 BALB/c mice (aged 4 months) were divided into sham group (n
= 3), oral DFE treatment group (DFE, n = 3), and oral DFE and OXA chemotherapy
treatment group (DFE + OXA, n = 3). The DFE and DFE + OXA groups were treated with
DFE (150 mg/kg) twice a day for two weeks. The dose of DFE was mainly selected for
cell and mouse experiments based on the optimal dose that shows the best antioxidant
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Dendrobium fimbriatum

capacity using the DPPH assay. The sham group were fed ad libitum. During the third
week, the DFE + OXA groups were administered intraperitoneal injections of OXA (2.4
mg/kg) every other day for two weeks, and the sham and DFE groups were adminis-
tered intraperitoneal injections of saline solution at the same time. After the fourth week,
all mice were sacrificed after anesthesia, and then the eye tissues were collected for fur-
ther immunohistochemical (IHC) staining.
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Figure 1. Schematic experimental protocol using ARPE-19 cells and BALB/c mice as cell and ani-
mal models, respectively, to study the therapeutic application of DFE in retinal damage caused by
ultraviolet radiation and chemotherapy. DFE: Dendrobium fimbriatum extract; OXA: oxaliplatin.

2.5. ARPE-19 Cells Preparation

In this experiment, we used ARPE-19 cells to study the therapeutic application of
DEFE in retinal damage caused by ultraviolet radiation and chemotherapy. ARPE-19 cells
possess the structural and functional properties of human RPE cells, providing im-
portant evidence for in vitro research on retinal damage. ARPE-19 cells were purchased
from the Hsinchu Food Industry Development Research Institute Cell Bank (FIRDI, Cat.
No.: BCRC-60383). We prepared the culture medium for ARPE-19 cells that contains
high-glucose DMEM (Gibco BRL, Grand Island, NY, USA), 10% FBS, 1.5 g/L sodium bi-
carbonate, 0.11 g/L sodium pyruvate, 4 mM L-gluten, amino acid, 100 U/mL penicillin,
and 100 pg/mL streptomycin. We maintained ARPE-19 cells in a humidified incubator at
37 °C and 5% CO, and then we used a scraper to collect the ARPE-19 cells and moved
them into a 24-well culture plate. We adjusted the density of ARPE-19 cells to 1 x 105 cells
per well for subsequent experiments. In this study, a total of 5 x 105 cells/mL ARPE-19
cells were added to a 24-well plate, and 0, 0.1, 0.5, 1, 5, and 10 mg/mL of DFE were add-
ed to ARPE-19 cells. Then, ARPE-19 cells were divided into sham, UV, and OXA groups.
Those ARPE-19 cells of the sham group were cultured in a humidified incubator at 37 °C
and 5% COz Those ARPE-19 cells of the UV group were exposed under a cus-
tom-designed UV irradiation unit at 37 °C and 5% COz. UV exposure of the ARPE-19
cells was conducted 10 cm from the source at 365 nm with the intensity of ~0.06 J/cm?/s
for 30 min. For minimizing absorption of radiation by the medium, a thin layer of me-
dium was retained above the cells throughout the UV exposure. Those ARPE-19 cells of
OXA group were added to 10 ug/mL OXA (TTY Biopharm) followed by culturing within
24 h in a humidified incubator at 37 °C and 5% CO..
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2.6. MTT Assays of ARPE-19 Retinal Cells

We added 0.5 mg/mL of 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) solution (M5655, Sigma-Aldrich Co., St. Louis, MO, USA) into ARPE-19
cells of sham, UV, and OXA groups, and then we cultured the ARPE-19 cells for 2 h and
removed the supernatant. After adding 100 uL/well of DMSO organic solvent followed
by 5 min shaking, absorbance measurements were taken at 570 nm.

2.7. Immunofluorescence of Cytoskeleton Using ARPE-19 Retinal Cells

In this study, we used rhodamine phalloidin dye R-415 (Thermo Fisher Scientific,
Waltham, MA, USA) for cytoskeleton labeling, and then used 4'6-diamidino-
2-phenylindole, dihydrochloride (DAPI) dye (Thermo Fisher Scientific) for nuclei label-
ing in ARPE-19 retinal cells. We viewed and analyzed fluorescent images of cytoskeleton
and nuclei in ARPE-19 retinal cells using Leica DM IRB inverted fluorescence microscope
and Leica Application Suite software (LAS) V4.12 (Wetzlar, Germany) individually. We
visualized the rhodamine-labelled cytoskeleton of ARPE-19 retinal cells by red fluores-
cence that was excited at 540 nm and detected the dye emission at 565 nm. We visualized
DAPI-labelled nuclei of ARPE-19 retinal cells labeled by blue fluorescence that were ex-
cited at 358 nm and detected the dye emission at 461 nm.

2.8. Animal Preparation

As for animal experiments, BALB/c mice were purchased from the National Labor-
atory Animal Center (NLAC; Taipei, Taiwan). The animal experiment protocol was ap-
proved by the Institutional Animal Care and Use Committee of National Taiwan Normal
University (Project No. 110026). Animal experiments were conducted in accordance with the
International Guide for the Care and Use of Laboratory Animals, and animal experiments
were considered to comply with the 3R principles (replacement, reduction, and im-
provement) to optimize experimental design. All BALB/c mice used in this experiment
were housed in the animal facility of National Taiwan Normal University at 22 °C + 2 °C
with a 12 h light/dark cycle, and the BALB/c mice had ad libitum access to water and food.

2.9. IHC Staining Analysis Using Mouse Retinal Tissue

BALB/c mice were anesthetized and perfused with PBS containing 4% formaldehyde
(EM grade glutaraldehyde solution, Sigma-Aldrich Corporation). Eye tissue samples
from BALB/c mice were fixed with 4% formaldehyde (Sigma-Aldrich) and embedded in
paraffin. Eye tissue specimens were cut into 5 um thick sections by using a tissue micro-
tome, and then sections were mounted on glass slides. Some eye tissue sections were
stained with hematoxylin and eosin (H&E) (Sigma-Aldrich Corporation) to assess tissue
integrity. Other eye tissue sections were subjected to IHC staining with antibodies of
rhodopsin (Cat. numbers ab221664; Abcam, Waltham, Boston, USA), SOD2 (Cat. num-
bers ab110300; Abcam), purified rat antimouse tumor necrosis factor (TNF)-a (Cat.
numbers #3707; Cell Signaling Technology, Danvers, MA, USA), and caspase 3 (Cat.
numbers #3623; Cell Signaling Technology) for 1 h at room temperature, respectively.
Sections were incubated with biotinylated secondary antibody (NovolinkTM Polymer
Detection System 1, Leica Biosystems Newcastle Ltd., Newcastle, UK) for 30 min and
avidin-biotin—horseradish peroxidase (HRP) complex (Novolink™ Polymer Detection
System 1, Leica Biosystems Newcastle Ltd.) for additional 30 min. Immunostaining was
visualized by using DAB Chromogen (NovolinkTM Polymer Detection System 1, Leica
Biosystems Newcastle Ltd.) and slides were counterstained with hematoxylin (Novo-
linkTM Polymer Detection System 1, Leica Biosystems Newcastle Ltd., Benton Ln,
Newcastle, UK). By means of Image J software 1.x (NIH, Bethesda, MD, USA), the rela-
tive number of cells in the outer nuclear layer (ONL) and inner nuclear layer (INL)
within the retinal tissue of BALB/c mice were counted by adjusting the threshold when
the image converted to 8 bit and then were measured to obtain the overall area. The protein
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expressions of rhodopsin, SOD2, TNF-a, and caspase 3 within the retinal tissue of BALB/c
mice were obtained from the image of IHC staining by adjusting parameters such as color,
saturation, and brightness, and then we calculated an area with uniform colors.

2.10. Statistical Analysis

In this study, SigmaPlot 12.5 (Systat Software Inc., Chicago, IL, USA) was used for
data analysis and chart production. Each group of experiments was repeated at least
three times, and all experimental values were expressed as mean values + standard error
of the mean (SEM). Differences between the groups was tested using one-way or
two-way ANOVA, followed by the Student-Newman-Keuls multiple comparison post
hoc tests. A p-value less than 0.05 was considered statistically significant.

3. Results
3.1. HPLC Fingerprint of the Dendrobium Fimbriatum Extract (DFE)

In Figure 2, index compounds of DFE samples were identified by comparing the
HPLC retention times of standard components. Under the HPLC chromatographic con-
ditions, we established that the retention times of possible index components in the DFE
HPLC chromatogram are very similar to those of the standard. Using Denchrysan A, er-
ianthridin, dendroflorin, moscatilin, confusarin, gigantol, dengibsin, chrysotoxin, mos-
catin, erianin, and chrysotobibenzyl as standard components, we found that the main
active compounds of DFE were moscatilin, gigantol, and chrysotobibenzyl using the
HPLC fingerprint in Figure 2.

OH

O OCH3;
200-400 nm HsCO O

Gigantol
OH l

0.7

0.6

Time (min)

Figure 2. The HPLC fingerprint of the Dendrobium fimbriatum extract (DFE). The main active com-
pounds of the DFE were moscatilin, gigantol, and chrysotobibenzyl. The chemical structures of the ac-
tive compounds are shown in the upper blank space. Color of peaks represents differences in data scale.

3.2. Antioxidant Capacity of the DFE

With the DPPH assay, we found that the free radical scavenging activity was gradually
increased with the dose of DFE treatment (Figure 3). The result showed that the free radical
scavenging activities were greater than 50% when concentrations of DFE treatments were 0.5,
1, 5, and 10 mg/mL and significantly better than the concentrations of DFE treatments at 0.1
mg/mL (Figure 3, p <0.01). In other words, DFE treatments have a better antioxidant capacity
which is able to possibly mitigate or prevent oxidative stress damage.
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Figure 3. Antioxidant capacity of DFE treatments. Quantified DPPH free radical scavenging activ-
ities are significantly increased with concentrations of DFE treatments. (n = 3 for each group, ** p <
0.01, one-way ANOVA followed by Student-Newman-Keuls multiple comparison post test).

3.3. DFE Treatment Alleviates UV Radiation Damage in ARPE-19 Cells

With the MTT assay, we examined the effects of DFE treatment on ARPE-19 cell vi-
ability under sham and UA radiation damage. Our results showed that UA radiation
damage obviously decreased ARPE-19 cell viability (Figure 4A, Sham vs. UV), and DFE
treatment obviously alleviated the reduction in ARPE-19 cell viability under UA radia-
tion damage (Figure 4A, DEF + UV vs. UV). We quantified ARPE-19 cell viability with
DEFE treatment that was significantly greater than that of ARPE-19 cells with sham and
UV radiation damage (Figure 4B, DEF vs. Sham, UV, and DEF + UV, p < 0.01). Under UA
radiation damage, DFE treatment can significantly alleviate the reduction in ARPE-19
cell viability (Figure 4B, DEF + UV vs. UV, p <0.01).

We further examined and quantified ARPE-19 cell viability after UA radiation
damage over time. Our results showed that the ARPE-19 cell viability with UA radiation
was gradually decreased over time after UA radiation damage (Figure 4C, UV), but DFE
treatment can significantly alleviate the reduction in ARPE-19 cell viability caused by
UV radiation damage (Figure 4C, DEF + UV vs. UV, p < 0.01-0.05). Our results revealed
that DFE treatments may potentially provide therapeutic protection in ARPE-19 cells
under UV radiation damage.

By immunofluorescence (IF) staining assay, we examined the effects of DFE treat-
ment on the morphology of F-actin structures in ARPE-19 cells under sham treatment
and UV radiation damage. Our results showed that DFE treatment obviously enhanced
IF expression of F-actin in ARPE-19 cells (Figure 5A, DFE), UV radiation obviously de-
creased IF expression of F-actin in ARPE-19 cells (Figure 5A, UV), and DFE treatment
obviously alleviated the reduction in IF expression of F-actin in ARPE-19 cells under UV
radiation (Figure 5A, DFE + UV). We quantified IF expressions of F-actin in ARPE-19
cells with DFE treatment that were significantly greater than those ARPE-19 cells with
sham treatment and UV radiation damage (Figure 5B, DEF vs. Sham, UV, and DEF + UV,
p <0.01). Under UA radiation damage, DFE treatment significantly alleviated the reduc-
tion in IF expressions of F-actin in ARPE-19 cells (Figure 5B, DEF + UV vs. UV, p < 0.01).
The results revealed that a DFE treatment can potentially protect the morphology of
F-actin structures in ARPE-19 cells under UV radiation damage.
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Figure 4. DFE treatment alleviates UV radiation-induced damage in ARPE-19 cells. (A) ARPE-19
cell staining with treatments of sham, DFE, UV radiation, or DEF + UV radiation. Scale bar = 100
um. (B) Quantified ARPE-19 cell viability with DFE treatment significantly greater than those cells
with sham and UV radiation damage (p < 0.01, DEF vs. sham, UV, and DEF + UV). Under UA radiation
damage, DFE treatment significantly alleviated the reduction in ARPE-19 cell viability (p < 0.01, DEF +
UV vs. UV). (C) Quantified ARPE-19 cell viability with UA radiation was gradually decreased over
time, but DFE treatment significantly alleviated the reduction in ARPE-19 cell viability caused by
UV radiation damage (p < 0.01-0.05, DEF + UV vs. UV). Data are shown as mean + SEM (n = 3 for
each group, ** p <0.01, * p <0.05, one-way ANOVA followed by Student-Newman-Keuls multiple
comparison post tests).
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Figure 5. DFE treatment protects the morphology of F-actin structures in ARPE-19 cells under UV
radiation damage. (A) Rhodamin-phalloidine (red) and DAPI (blue) staining of ARPE-19 cells with
treatments of sham, DFE, UV radiation, or DEF + UV radiation. Scale bar = 100 um (B) Quantified
IF expression of F-actin among ARPE-19 cells with treatments of sham, DFE, UV radiation, or DEF
+ UV radiation. Data are shown as mean + SEM (n = 3 for each group, ** p <0.01, one-way ANOVA
followed by Student-Newman-Keuls multiple comparison post tests).
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3.4. DFE Treatment Alleviates OXA Chemotherapy Damage in ARPE-19 Cells

With the MTT assay, we examined the effects of DFE treatment on ARPE-19 cell vi-
ability under the sham treatment and OXA chemotherapy damage. Our results showed
that 0.1-10 mg/mL DFE treatment obviously increased ARPE-19 cell viability (Figure 6A,
Sham), but OXA chemotherapy damage obviously decreased ARPE-19 cell viability
(Figure 6A, OXA). We further observed that DFE treatment can obviously alleviate the
reduction in ARPE-19 cell viability under OXA chemotherapy damage (Figure 6A,
OXA). We quantified ARPE-19 cell viability that was significantly increased with con-
centrations of DFE (Figure 6B, Sham, p < 0.01-0.05) but was significantly reduced after
OXA chemotherapy damage (Figure 6B, OXA, p < 0.01). Furthermore, DFE treatment signif-
icantly alleviated the damage to ARPE-19 cell viability caused by OXA chemotherapy, and
the efficacy was increased significantly with the increase in DFE concentration (Figure 6B,
OXA, p <0.01-0.05). Our results revealed that DFE treatments can potentially provide thera-
peutic protection in ARPE-19 cells under OXA chemotherapy damage.
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~ < = OXA
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Figure 6. DFE treatment alleviates OXA chemotherapy-induced damage in ARPE-19 cells. (A) Ef-
fects of the DFE on ARPE-19 cell viability under sham and OXA chemotherapy damage by MTT
assay. (B) Quantified ARPE-19 cell viability was significantly increased with concentrations of DFE
treatments (p < 0.01-0.05) but was significantly reduced after OXA chemotherapy damage (p < 0.01).
Furthermore, ARPE-19 cells with OXA chemotherapy damage can significantly increase with con-
centrations of DFE treatments (p < 0.01-0.05). Data are shown as mean + SEM (n = 3 for each group,
**p <001, *p<0.05 #p<0.01, *p<0.05 two-way ANOVA followed by Student-Newman-Keuls
multiple comparison post tests).

3.5. DFE Treatment Alleviates OXA Chemotherapy Damage in the Retinal Tissue of Mice

With the IHC staining assay, we examined the effects of DFE treatment in the retinal
tissue of BALB/c mice under sham treatment and OXA chemotherapy damage. Our re-
sults showed that DFE treatment can alleviate OXA chemotherapy-induced rhodopsin
deficiency, oxidative stress, inflammation, and apoptosis in the retinal tissue of BALB/c
mice. (Figure 7A). Rhodopsin is a binding protein composed of retinal and opsin. Also,
we observed that the cell thickness of the outer nuclear layer (ONL) and inner nuclear
layer (INL) is thinner within the retinal tissue of mice under OXA chemotherapy damage
than that of mice under sham and DFE treatments; thus, we quantified the relative
number of cells in ONL and INL within the retinal tissue of BALB/c mice with treat-
ments of sham, OXA chemotherapy, and DEF + OXA chemotherapy. Our results showed
that mice with treatments of sham and DEF + OXA chemotherapy showed a more rela-
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tive number of cells in both ONL and INL of the retinal tissue than that of mice with
treatments of OXA chemotherapy only (Figure 7B p <0.05).

In Figure 7C, we quantified relative protein expressions of anti-oxidative
stress-related SOD2, inflammation-related TNF-a, and apoptosis-related caspase 3 in the
retinal tissue of BALB/c mice with treatments of sham, OXA chemotherapy, and DEF +
OXA chemotherapy. Our results showed that mice with treatments of sham and DEF +
OXA chemotherapy showed significantly greater SOD2 expression and significantly
lower TNF-o and caspase 3 expressions in the retinal tissue than those of mice with
treatments of OXA chemotherapy only (Figure 7C, p <0.01-0.05).
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Figure 7. DFE treatment alleviates OXA chemotherapy-induced photopigment deficiency, oxida-
tive stress, inflammation, and apoptosis in the retinal tissue of BALB/c mice. (A) IHC staining in-
dicating expressions of rhodopsin, SOD2, TNF-0, and caspase 3 in the retinal tissue of BALB/c
mice with treatments of sham, OXA chemotherapy, and DEF + OXA chemotherapy. Scale bar = 150 pm.
(B) Quantified relative number of cells in outer nuclear layer (ONL) and inner nuclear layer (INL)
within the retinal tissue of BALB/c mice with treatments of sham, OXA chemotherapy, and DEF +
OXA chemotherapy. (C) Quantified relative protein expressions of anti-oxidative stress-related
SOD?2, inflammation-related TNF-a, and apoptosis-related caspase 3 in the retinal tissue of BALB/c
mice with treatments of sham, OXA chemotherapy, and DEF + OXA chemotherapy. Data are
shown as mean + SEM (n = 3 for each group, ** p <0.01, * p < 0.05, one-way ANOVA followed by
Student-Newman-Keuls multiple comparison post tests). IPL: inner plexiform layer; INL: inner
nuclear layer; OPL: outer plexiform layer; ONL: outer nuclear layer; PR: photoreceptors; RPE: ret-
inal pigment epithelium.

4. Discussion

In this study, we used ARPE-19 cells and mouse retinal tissue to study the thera-
peutic effects of DFE for retinopathy by UV radiation and chemotherapy. The HPLC
fingerprint showed that the main active compounds of DFE were moscatilin, gigantol,
and chrysotobibenzyl (Figure 2). Our results showed that DFE showed excellent antiox-
idant capacity (Figure 3). DFE treatment can alleviate a reduction in ARPE-19 cell viabil-
ity by UV radiation and OXA chemotherapy (Figures 4 and 6); can alleviate damage of the
F-actin cytoskeleton structure of ARPE-19 cells by OXA chemotherapy (Figure 5); and can
alleviate oxidative stress, inflammation, and apoptosis by OXA chemotherapy (Figure 7).
These results demonstrate that DFE can be suitable for the treatment of retinopathy.
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The World Health Organization (WHO) defines herbal medicines as labeled fin-
ished medicinal products containing active ingredients of plants or combinations of
plants [23]. According to the WHO, approximately 80% of the world’s population relies
on traditional medicine for their primary health care needs. Even in developed coun-
tries, complementary or alternative medicine is growing in popularity [24]. Chinese
herbal medicines contain a variety of chemical components that are used for their phar-
macological effects on the body. However, the lack of assurance of the safety and efficacy
of most herbal products is largely due to insufficient pharmacokinetic, pharmacological,
and clinical data [25]. Therefore, we hope that these challenges can be reduced or over-
come through our scientific verification.

The most relevant phytochemical elements in dendrobium species include poly-
saccharides, alkaloids, and polyphenols, and the bioactive components of dendrobium
include gigantol, moscatilin, dendrofalconerol A, dendrochrysanene, crispidatin, con-
fusarin, denbinobin, and chrysotobibenzyl [26]. Polysaccharides are among the main ac-
tive components of dendrobium, exerting antioxidant, anti-inflammatory, and an-
ti-apoptotic effects [27-30]. In this study, we found that the main active compounds of
DFE were moscatilin, gigantol, and chrysotobibenzyl (Figure 2). Moscatilin is a major
bibenzyl compound in Dendrobium. Moscatilin from Dendrobium nobile Lindley has been
considered to protect retinal cells from ischemia/hypoxia by downregulating placental
growth factor and upregulating Norrie disease protein [31]. Gigantol is a major poly-
phenol compound in Dendrobium. Gigantol can protect retinal pigment epithelial cells
against high glucose-induced apoptosis, oxidative stress, and inflammation by inhibiting
the NF-kB signaling pathway [32]. Chrysotobibenzyl is an aromatic compound. Chryso-
tobibenzyl extracted from Dendrobium pulchellum has been shown to inhibit the growth
of lung cancer cells in anchorage-independent conditions [33]. However, the protection
effect and underlying mechanisms of chrysotobibenzyl in retinal tissue have not yet
been investigated. Whether chrysotobibenzyl can protect or even treat retinopathy will
be an interesting topic for us to explore in the future.

Long-term exposure to UV radiation can cause vision deterioration. When the eyes
are exposed to UV radiation, reactive oxidative species (ROS) are easily produced, which
are associated with retinopathy [34]. Human exposure to UV radiation is associated with
many eye diseases, such as cataracts, retinitis pigmentosa, and age-related macular de-
generation. UV radiation can initiate free radical formation and ROS production, leading
to protein modification, lipid peroxidation, DNA breakdown and mitochondrial dys-
function, and increased apoptotic activity [35]. Dendrobium nobile extract has been shown
to protect retinal cells from UV-induced oxidative stress damage via the Nrf2/HO-1 and
MAPK pathways, which may have a beneficial effect on eye diseases [36]. Our study
showed that Dendrobium fimbriatum extract has excellent antioxidant capacity and can
protect retinal cells from UV damage. We further observed that UV radiation can atten-
uate F-actin cytoskeleton expressions in ARPE-19 cells, but the attenuation of expres-
sions can be alleviated after treatment with DFE. Our findings thus concluded that DFE
can act as a promising therapeutic candidate for UV-induced retinopathy.

Furthermore, our results show that the chemotherapy drug OXA can cause a loss of
photoreceptor cells, reducing rhodopsin expression of photoreceptor cells and increasing
oxidative stress, inflammation, and apoptosis expressions in mouse retinas. Physicians
can pay special attention to this potential retinal toxicity when using chemotherapy
drugs, especially OXA. Photoreceptor cells are the first sensory neurons that produce vi-
sion. In order to maintain light transmission, photoreceptor cells require a more active
metabolism than ordinary neurons to meet high energy demands [37]. Therefore, pho-
toreceptor cells produce a large amount of ROS as an inevitable by-product of metabo-
lism. Once the production of ROS exceeds the intrinsic antioxidant capacity, oxidative
stress will occur, resulting in the pathogenesis of visual impairment and retinopathy.
Excess ROS are lethal to retinal cells because they can damage cellular proteins, lipids,
and DNA and even lead to retinal cell death. Oxidative stress is an important mecha-
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nism for OXA-induced retinal toxicity because of the high oxygen consumption in pho-
toreceptors. In addition to reducing antioxidant enzyme activity, OXA also induces oxi-
dative stress by increasing ROS or free radicals and lipid peroxidation [38]. Our study
further confirms that DFE can have preventive and alleviating therapeutic effects on reti-
nopathy induced by the cancer chemotherapy drug OXA. The results indeed bring a novel
therapeutic application to patients with retinopathy induced by cancer chemotherapy.

In fact, oxidative stress is known to be implicated in the pathology of age-related
diseases such as Alzheimer’s, Parkinson’s, Huntington’s, and stroke. Additionally,
age-related macular degeneration is a multi-factorial disease, with both environmental
and genetic factors playing a role. Environmental causes of age-related macular degen-
eration remain the subject of discussion. Several risk factors such as cigarette smoking,
an excessively high-fat diet, hypertension, and excessive exposure to sunlight have been
associated with age-related macular degeneration [39]. As mentioned previously, Den-
drobium nobile extract can protect ARPE-19 cells from oxidative stress damage by regulating
MAPK and Nrf2/HO-1 signaling [36]. Recent evidence also suggests that cGAS-STING sig-
naling plays an important role in mediating inflammation-related diseases such as diabetic
retinopathy and age-related macular degeneration [40]. Whether DFE can protect or even
treat age-related macular degeneration is a topic of interest to us in the future.

5. Conclusions

To sum up our study, we clarified how DFE protects ARPE-19 cells and mouse reti-
nal tissue from damage from UV radiation and chemotherapy. We found that DFE can
show excellent antioxidant capacity, alleviate damage of ARPE-19 cells under UV radia-
tion and OXA chemotherapy, and protect mouse retina from damage from the chemo-
therapy drug OXA by increasing rhodopsin expression and reducing oxidative stress,
inflammation, and apoptosis. Thus, we suggest that DFE can be suitable for the treatment
of retinopathy:.
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