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Abstract: (1) Background: Roselle (Hibiscus sabdariffa) is a flowering plant reported to have anti-
obesity, antioxidant, antibacterial, and anti-inflammatory effects. This study aims to evaluate the
UV-absorbing and antioxidant activities of roselle aqueous extracts (RAE) and test the protective ef-
fects of RAE against UV radiation in zebrafish embryos. (2) Methods: DPPH assay and UV-spectrum
methods were applied to evaluate the antioxidant and UV-absorbing activities, respectively. The
protective effects of RAE were evaluated using fin morphology recording, Kaplan—Meier analysis,
and Cox proportional hazards regression. Real-time PCR experiments were also applied to detect
both the UV- and RAE-induced gene expressions. (3) Results: Our results show that (i) RAE had
UV-absorbing abilities and significantly reduced ROS production in vitro; (ii) the mean times of
malformed fins in the UV + RAE (36 and 48 ppm) groups were 3.56 and 4.44 days, respectively, and
were prolonged compared to those in the UV-only group (3.36 days); (iii) zebrafish in the UV + RAE
(36 and 48 ppm) groups were 0.963 and 0.496 (p < 0.001) times more likely to develop to malformed
fins, respectively, than those in the UV-only group; and (iv) the RAE treatment led to the 0.19- to
0.62-fold downregulation of the p53, p21, mdm2, and bcl2 gene expressions, compared to the UV-
only group. (4) Conclusions: The UV-protective effects of RAE might derive from both the in vitro
UV-absorbing activity and in vivo regulation of the p53, p21, mdm2, and bcl2 gene expressions.
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Key Contribution: This study highlights the important roles of roselle for UV protection in a
zebrafish model.

1. Introduction

Roselle (Hibiscus sabdariffa) is a flowering plant native to Africa. Its flowers and
calyces contain many bioactive compounds, such as anthocyanins, citric acid, hibiscus acid,
flavonoids, gossypetin, hibiscetine, and quercetin, and these active ingredients have anti-
obesity, antioxidant, antibacterial, or anti-inflammatory effects [1,2]. Roselle is renowned
for its high anthocyanin content. Anthocyanins can inhibit transcription factors through
various pathways, achieving anti-inflammatory effects. Through regulating the expression
of cancer-related genes and proteins, roselle can suppress cancer cell growth [3]. It also has
outstanding anti-obesity effects, effectively inhibiting the accumulation and formation of
lipids, thereby preventing cardiovascular diseases and hyperlipidemia.

Additionally, anthocyanins can suppress UV-induced oxidative stress and apoptosis,
thereby preventing oxidative damage to skin tissues [4]. The flavonoid compound quercetin
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similarly achieves protection against UV damage by scavenging reactive oxygen species
(ROS) and inducing the expression of the P53 protein, accelerating cancer cell apoptosis [5].

The ability of roselle to eliminate free radicals has been confirmed in both in vivo and
in vitro experiments. In a mouse model, the extract of roselle was confirmed to exhibit
antioxidant, antihypertensive, and immune-stimulating activities at non-toxic doses [6].
In particular, its antioxidant and antihypertensive properties can reduce the severity of
multi-organ damage [7]. The extract has shown significant cellular gene-protective efficacy
against HyO,-induced DNA damage [8]. It was inferred that roselle may have the ability
to restore the intracellular antioxidant system, protecting mouse hematopoietic stem cells
(HSC) from oxidative damage induced by ROS [8]. The ability of roselle to remove ROS
has been reflected in animal experiments and confirmed by a reduction in luminol chemi-
luminescence intensity. It has been demonstrated that roselle can eliminate free radicals
generated through radiation [9].

This study aims to investigate the antioxidant ability and UV radiation protection
efficiency of roselle aqueous extracts (RAE) in a zebrafish model in vivo. Embryonic
zebrafish fins are very sensitive to UV radiation, which could be used as an indicator to
evaluate UV-induced damage and the protective effects of RAE.

2. Materials and Methods
2.1. Preparation of Roselle Aqueous Extract (RAE) and UV Absorbance Assay

Dried roselle was bought from the local market (Taitung Area Farmers’ Cooperative
Supermarket, Taitung, Taiwan). For roselle aqueous extract (RAE) preparation, around
10 g of dried roselle was mixed with sterile distilled water (200 mL) and was heated to
100 °C (5 min), to harvest their aqueous extracts. At room temperature, the supernatant
was filtered through filter paper. The volume of RAE was measured and stored at 4 °C
before use. Regarding the calculation of the RAE concentration, the air-dried unsolvable
parts of the roselle weighed 6.2 g; thus, the stock concentration of RAE in this study
was around 24,000 ppm (mg/L). Different concentrations of RAE were used for the UV
absorbance assay, and their UV absorbance from 400 to 700 nm was measured using a
UV-3100 Spectrophotometer (Apple Valley, MN, USA).

2.2. In Vitro Antioxidant Assay

We used 1,1-diphenyl-2-picryl hydrazyl (DPPH, DPPH Antioxidant Assay Kit) (Do-
jindo Co., Rockville, MD, USA) assay to evaluate the free-radical scavenging property
(antioxidant activity) of RAE. The detailed protocols for this assay are described in the
manufacturers’ instructions. In brief, DPPH was dissolved in 10 mL of 99.5% ethanol to
make a stock solution. Then, 200 uL of the solution containing DPPH in 100 uL of ethanol
was used as the control. In another test tube, 100 uL. DPPH was combined with 100 uL of
RAE (60-1500 ppm) as test samples. Subsequently, the tubes were kept in darkness at 25 °C
for 30 min, and the absorbance was detected at 517 nm. By using the following formula,
the percentage of antioxidant activity was calculated:

Percentage (%) of antioxidant activity (free radical scavenging activity) = [(Acs — As) + Acs] x 100

where Acs—control reaction absorbance; As—testing specimen absorbance.

2.3. Experimental Animals and Images

Wild-type (AB strain) zebrafish were obtained and maintained as previously de-
scribed [10]. The Use of Laboratory Animal Committee, Tamkang University approved
the animal studies and all procedures. All embryos were observed under a DM 2500
microscope (Leica, Wetzlar, Germany).

2.4. Survival Rate Analysis, UV Radiation, RAE Treatment, and Fin Morphology Recording

Each experimental group (20 embryos/each) was treated with two different exposure
protocols (Methods I and II) and for different concentrations (0, 36, 48, 60, 300, and 600 ppm)
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of RAE to calculate their survival rates. All experiments were repeated three times. For the
UV exposure and RAE treatment, the detailed protocols are described in the previously
published paper [11]. In brief, each group (embryos by 72 hpf, 50 embryos/each group)
was exposed to either water (UV only) or to different concentrations of RAE (36, 48, and
60 ppm) in parallel to receive 100 mJ/cm? of UVB (302 nm, UV cross-linker, XL-1000,
Spectroline, Melville, NY, USA) three times. For fin morphology recording, the pelvic
fins of the experimental groups were compared to the pelvic fins of non-experimental
healthy zebrafish and subjectively classified as normal (>80%), reduced (20-80%), or absent
(<20%) [11-13].

2.5. Real-Time PCR

The RNA extraction, cDNA synthesis, and real-time PCR analysis experimental proce-
dures were described previously [11,12]. In this study, five primer sets were synthesized
to detect the expressions of B-actin (internal control; 5'-CGAGCAGGAGATGGGAACC-3/,
and 5-CAACGGAAACGCTCATTGC-3'), p53 (5'-GGCTCTTGCTGGGACATCAT-3/, and
5-TGGATGGCTGAGGCTGTTCT-3), p21 (5'-CAGCTTCAGGTGTTCCTCAGC-3/, and
5'-CGAGTGAACGTAGGATCCGC-3'), mdm2 (5'-GTGAACCAGATCGAGGACCC-3', and
5'-GTCAGGGAAAAGCTGTCCGA-3'), and bcl2 (5'-CCTTCAATAAAGCAGTGGAGGAA-
3/, and 5-CGGGCTATCAGGCATTCAGA-3').

2.6. Statistical Analysis

We used the R packages “RemdrPlugin.survival” and “RemdrPlugin. EZR” (R version
3.5.0) to do statistical analysis. “Malformation” is defined as “fin absent or death.” We
treated “progress to malformation” as the event, and regarded embryos that did not achieve
“malformation” before the end of the fifth day as censored data. The Kaplan-Meier and the
Cox proportional hazards methods were used for all assays [11-13].

3. Results
3.1. In Vitro Free-Radical Scavenging Activities and UV Absorbance of Roselle Aqueous
Extract (RAE)

Previous studies have shown that UV exposure leads to free radical production. As
an efficient UV-protective substance, roselle might possess free radical scavenging activity
and/or UV-absorbing activity. In this study, we first detected the free radical scavenging
activity of RAE using a DPPH assay. As shown in Figure 1, the high concentration (600 ppm)
of RAE possessed a 26.5% inhibition ratio, whereas the low concentration (<60 ppm) of
RAE still had a 1.6% inhibition ratio, following a dose-dependent manner. For the UV
absorbance in the RAE experiment, different concentrations of RAE (0, 60, 360, 480, and
600 ppm) were used to measure the absorbance (200-400 nm). Figure 2 showed the RAE
had UV absorbance, especially in the 260-350 nm wavelength range. The absorbance peak
of RAE appeared in the wavelength of 283 nm (in the range of UVB). Additionally, the UV
absorbance of RAE followed a concentration-dependent manner. These results indicate
that RAE possessed both UV-absorbance and free radical scavenging (antioxidant) activity.
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Figure 1. In vitro antioxidant assay of RAE. The free-radical scavenging property (antioxidant) of
RAE was detected using 1,1-diphenyl-2-picryl hydrazyl (DPPH, DPPH Antioxidant Assay Kit). The
percentage of antioxidant activity (free radical scavenging activity) was calculated using the following
formula: percentage (%) of antioxidant activity = [(Acs — As) <+ Acs] x 100. Acs: control reaction
absorbance; As testing specimen absorbance. x-axis: concentrations of RAE; y-axis: percentage (%) of
antioxidant activity (inhibition ratio). The regression line indicates that the inhibition radio increased
as the concentrations of RAE increased.
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Figure 2. The UV absorbance activity of RAE. RAE with 60 (orange line), 360 (blue line),
480 (green line), and 600 (purple line) ppm was used to measure the absorbance between 200
and 400 nm, respectively.

3.2. Survival Rate Analysis of RAE

Zebrafish embryos were divided into 20 embryos per group. Then, each experiment
was treated with different concentrations of RAE (0, 36, 48, 60, 300, and 600 ppm) through
Methods I or II (Figure 3), and their survival rates were calculated. The results show that,
when using exposure protocol Method I (0-96 hpf), the survival rates were 65-85% in
the low concentrations of the RAE-exposure groups (36, 48, and 60 ppm), but decreased
to 0-55% in the 300 and 600 ppm groups (Figure 3). These observations suggest that
the survival rates and RAE concentrations followed a dose- and duration-dependent
manner. Additionally, when using exposure protocol Method II (24-96 h), the survival
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rates were high (60-100%) in almost all the RAE-exposure groups (Figure 3). Based on
these observations, we selected low concentrations of the RAE-exposure groups (36, 48,
and 60 ppm) for the subsequent UV-induced fin damage experiments.
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Figure 3. Exposure methods for survival rate analysis were used in this study. (A) Schematic
illustration of exposure protocols. (B) Zebrafish (AB strain) embryos were treated with different
concentrations (0, 36, 48, 60, 300, and 600 ppm) of RAE from 0 to 96 hpf (Method I) or from 24 to
96 hpf (Method II). Twenty embryos were used for each group. All experiments were repeated three
times. hpf: Hours postfertilization.

3.3. Effects of RAE on Fin Repair

Zebrafish fins are sensitive to UV radiation, which makes them an efficient indicator
for monitoring UV-induced damage [13]. In this study, pelvic fins after UVB exposure
were examined to evaluate the preventive effect of RAE (Figure 4). First, we used the
Kaplan-Meier method to describe time-to-malformation phenomena. The non-malformed
rate curve for each group is presented in Figure 4, and the mean times (with the standard
error) and median times (with 95% confidence limits) of “progress to malformation” are
listed in Table 1. The results reveal that the 48 ppm group (n = 48) had the longest average
time (4.44 days) and a median time (5 days) of “progress to malformation” (Table 1), and
for the estimated rates of the non-malformed embryos, for example, after exposure to UV
for 4 days, the UV-only group had 17.71%. In contrast, the rate was around 6.25% for the
36 ppm group, 58.33% for the 48 ppm group, and 2.08% for the 60 ppm group (Figure 4).

Table 1. Summarized results of Kaplan-Meier analysis for each group.

. n (Number of Mean Time of .
Experimental Group Embryos) Malformation SE of Mean Time
UV only 96 3.36 0.103
UV + 36 ppm 48 3.56 0.110
UV + 48 ppm 48 4.44 0.110

UV + 60 ppm 48 3.08 0.128
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Figure 4. UV radiation and RAE treatment exposure methods, fin morphology recording, and
statistical analysis were used in this study. Zebrafish embryos that developed at 72 h postfertilization
(hpf) were collected (30 embryos per experimental group), exposed to UV, and treated in water (no
RAE, 0 ppm), or in RAE (36, 48, and 60 ppm). Embryos displayed normal fins before UV exposure but
exhibited reduced- or absent-fin phenotypes after exposure to UV (left panels). Non-malformation
rate curves for the four groups (UV only, UV + 36 ppm, UV + 48 ppm, and UV + 60 ppm), estimated
using the Kaplan-Meier method (right panel).

We also assessed the effect of RAE on the time to malformation via the Cox propor-
tional hazards regression method. Table 2 showed that the relative probabilities of “progress
to malformation” (with corresponding 95% confidence limits) for the 36 ppm, 48 ppm,
and 60 ppm groups, compared to the control (UV-only) group, were 0.963 (0.675~1.370),
0.496 (0.345~0.715), and 1.360 (0.953~1.930), respectively. This indicates that the zebrafish
embryos in the 48 ppm group were 0.496 times more likely to achieve malformation than
those in the control (UV-only) group, with significant evidence (p-value < 0.001).

Table 2. Cox proportional hazards regression for assessing the effects of each treatment on the time
to malformation.

Experimental Group Relative Probability p-Value
UV + 36 ppm 0.963 0.834
UV + 48 ppm 0.496 <0.001
UV + 60 ppm 1.360 0.091

3.4. Possible Mechanisms That Underlie Protection from UV by RAE

It has been reported that P53 signaling is one of the most evident pathways after UV
exposure, including the expressions of the p53, p21, mdm2, and bcl2 genes. As shown in
Figure 5, the expression levels of p53, p21, mdm2, and bcl2 in the embryos derived from
the UV groups increased by 3.83-, 3.57-, 2.20-, and 2.18-fold, respectively, in comparison to
those of the embryos derived from the no-treatment group. However, the expression levels
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of p53, p21, mdm2, and bcl2 from the UV + RAE (48 ppm) embryos decreased by 1.55-, 0.69-,
1.37-, and 0.86-fold, respectively, in comparison to those of the embryos derived from the
no-treatment group (Figure 5). This indicates that the groups treated with RAE had around
0.19- to 0.62-fold more protection than those of the embryos derived from the UV group.
This suggests that RAE exposure might attenuate the UV-induced P53-related pathway.

p53 mdm2
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Figure 5. RAE affects the expressions of p53, p21, mdm2, and bcl2. Relative quantification of mRNA
expression using the comparative CT method (CT: cycles of real-time PCR; relative fold to control
group = 2722CT) The RAE + UV group is significantly different from the corresponding UV-
treated group.

4. Discussion

It has been reported that UV-induced damage might be due to the production of free
radicals, leading to DNA damage [14,15]. Our previously published paper demonstrated
that UV exposure led to cell apoptosis and caused damage in zebrafish fins [11,13]. In this
study, we observed that fin damage in zebrafish embryos caused by UV could be attenuated
by roselle aqueous extract (RAE) exposure. The UV protection effects of RAE might come
from three aspects: (i) the absorption of extracellular UV, reducing its energy; (ii) acting
as an antioxidant to scavenge free radicals; or (iii) the enhancement of zebrafish embryos’
repair system through the regulation of p53-related genes.

As shown in Figure 2, our results indicate that RAE absorbed UV, especially in the
260-350 nm wavelength range. Previous reports have shown that roselle extracts contain
many known chemicals, including anthocyanins (~22%), citric acids (~12-22%), chlorogenic
acids (~18%), quercetin (<0.5%), and rutin (<0.5%) [16,17]. They all reported that they
possess UV-absorbing activities but in different wavelength ranges. It has been reported
that the UV-absorbing wavelength ranges for anthocyanins, citric acids, chlorogenic acids,
quercetin, and rutin are 260-280 nm, 200 nm, 200-400 nm, 240-500 nm, and 200—400 nm,
respectively [18-22]. Figure 2 shows that the maximum UV-absorbing wavelength for
RAE occurred at 283 nm. Anthocyanins and citric acids are hydrophilic. Compared to the
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UV absorbances of RAE and the above-mentioned known chemicals, we suggest that the
UV-absorbing abilities of RAE might derive from its anthocyanins and citric acids.

This study demonstrated that RAE had free radical-scavenging activity in vitro
(Figure 1). RAE is rich in anthocyanins, citric acids, chlorogenic acids, quercetin, and
rutin, which suggests that it possesses free radical-scavenging (anti-oxidant) activity. For
example, anthocyanins, chlorogenic, quercetin, and rutin have been found to have protec-
tive effects against UV-irradiated DNA damage and ROS-scavenging activities in cultured
human cancer cells as well as in fibroblasts [4,5,23-26]. Based on these observations, we
suggest that the free radical-scavenging activity of RAE might come from its anthocyanins,
citric acids, chlorogenic, quercetin, and rutin. Considering the water solubility, antho-
cyanins and citric acids might contribute more than chlorogenic, quercetin, and rutin in
the RAE.

The results in Figure 5 show that RAE treatment regulated UV-induced gene expres-
sions, such as p53-related genes. Previous reports have demonstrated that cells treated
with anthocyanins, chlorogenic, and quercetin-regulated p53, mdm?2, bcl2, and p21 expres-
sions [27-30]. These observations strongly suggest that the activity of RAE-attenuated
UV-induced P53-related gene expressions might come from these chemicals. In conclusion,
our data demonstrate that RAE (a natural product) is efficient in protecting cells from
being damaged by UV radiation. Therefore, RAE might have potential applications in the
cosmetics industry.

5. Conclusions

In conclusion, we suggest that the UV-protective effects of RAE might derive from
both its in vitro UV-absorbing activity and in vivo regulation of the p53, p21, mdm2, and
bcl2 gene expressions.
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