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oxidative stress and aging
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Abstract

Background: Dendrobium officinale flowers (DOF) have the effects of antiaging and
nourishing yin, but it lacks pharmacological research on skin aging.

Objective: Confirming the role of DOF in delaying skin aging based on the “in vitro
animal-human” model.

Methods: In this experiment, three kinds of free radical scavenging experiments
in vitro, D-galactose-induced aging mouse model, and human antiaging efficacy test
were used to test whether DOF can improve skin aging through anti-oxidation.
Results: In vitro experiment shows that DOF has certain scavenging effect on
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical, hydroxyl free radical, and
superoxide free radical, and its IC;, is 0.2090pg/mL, 15.020, and 1.217 mg/mL
respectively. DOF can enhance the activities of T-AOC, SOD, CAT, and GSH Px in the
serum of aging mice, increase the content of GSH, and reduce the content of MDA
when administered with DOF of 1.0, 2.0, and 4.0g/kg for 6 weeks. In addition, it can
enhance the activity of SOD in the skin of aging mice, increase the content of Hyp,
and decrease the content of MDA, activated Keap1/Nrf2 pathway in the skin of aging
mice. Applying DOF with a concentration of 0.2g/mL on the face for 8 weeks can
significantly improve the skin water score and elasticity value, reduce facial wrinkles,

pores, acne, and UV spots, and improve the facial brown spots and roughness.

Abbreviations: BL, baseline; CAT, catalase; DOF, Dendrobium officinale flowers; DPPH, 2,2-diphenyl-1-picrylhydrazyl; GSH, glutathione; GSH-PX, glutathione peroxidase; H&E,
hematoxylin and eosin; Hyp, hydroxyproline; Keap1, kelch-1ike ECH-associated protein |; MDA, malondialdehyde; Nrf2, nuclear factor-erythroid-2-related factor 2; SOD, superoxide

dismutase; T-AOC, total antioxidant capacity.
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skin quality.
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1 | INTRODUCTION

Dendrobium candidum is the dry stem of orchid plant Dendrobium offi-
cinale et Migo, which possesses the effect of benefiting stomach and
facilitating fluid production, nourishing yin, and clearing heat.! D. can-
didum is listed as the first of the “Nine Fairy Grasses” in Taoist collec-
tion, and it is a large variety of traditional Chinese medicine in Zhejiang
Province. Contemporary pharmacological researches have found that
D. candidum has the effects of moisturizing, anti-oxidation, antiag-
ing, enhancing immunity, and improving metabolic diseases.>™* The
Chinese Pharmacopoeia stipulates that D. candidum is applied as medi-
cine with dry stems. At present, D. candidum is widely used in medicine,
health food, and daily chemical industry due to its rich pharmacological
effects. Compared with the traditional medicinal part of D. officinale-
stem, Dendrobium officinale flowers (DOF) are commonly directly
discarded or exclusively processed into food as by-products in the pro-
cess of drug collection, resulting in a waste of resources. Studies have
shown that DOF have certain antioxidant activity,‘:”7 but there are few
reports on the application of DOF in anti-skin aging. Therefore, based
on the rational and diversified utilization of D. officinale resources, this
experiment studies the antioxidant functional advantages of DOF, and
provides scientific basis for the rational utilization of D. officinale re-
sources and the enrichment of scientific connotation of D. officinale.

The team participated in the formulation of the Zhejiang Local
Food Safety Standard Dry D. officinale flowers (DB33/3011-2020).
The team's previous research demonstrated that both water-soluble
and alcohol-soluble components of DOF have certain antioxidant
activity. However, it is unclear whether DOF can regulate oxidative
stress in the body to combat aging when the human body absorbs
the drug ingredients. We need to figure out whether it can play its
anti-oxidation and antiaging effect to enhance skin condition and re-
lieve skin wrinkles, and pore spots.

Therefore, we desire to investigate the anti-skin aging effect and
mechanism of D. candidumin vitro, animals and human body. In this ex-
periment, first, the scavenging rates of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radicals, superoxide free radicals and hydroxyl free
radicals of water-soluble components of DOF were compared. We
selected and applied the extracts to the aging model mice induced
by D-galactose and we tested the MDA, SOD, T-AOC, CAT, GSH,
GSH-Px, Keapl, Nrf2, and other indicators associated to oxidative
stress in animal serum and skin tissue to evaluate the pharmacody-
namic effect on aging mice of DOF. In addition, when the volunteers
applied the extract of D. officinale on their facial skin, we use a five
spectrum skin detector to further verify the antioxidant effect of D.

Conclusion: DOF can significantly improve skin aging caused by oxidative stress, and

its mechanism may be related to scavenging free radicals in the body and improving

antioxidant capacity, Dendrobium officinale flower, in vitro animal-human model, skin aging

officinale with monitoring indicators of wrinkles, pores, UV spots,
and brown spots of human facial skin.

2 | MATERIALS AND METHODS

2.1 | Materials and reagents

Dendrobium officinale flowers were provided by the Zhejiang Senyu
Co., Ltd., and the batch numbers are 201704 and 202206. Test kits
including malondialdehyde (MDA), catalase (CAT), total antioxidant
capacity (T-AOC), Coomassie brilliant blue, hydroxyproline (Hyp),
superoxide dismutase (SOD), glutathione peroxidase (GSH-PX), and
trace-reduced glutathione (GSH) kits were purchased from Nanjing
Jiancheng Institute of Biotechnology. Keapl, Nrf2 antibody was
purchased from HUABIO. Secondary antibody HRP-conjugated
goat antirabbit 1gG was purchased from Zhongshan Goldenbridge
Biotechnology Co. Ltd. Analytical-grade acetic acid was purchased
from Jiangsu Enox Chemical Co., Ltd. Liquid LS-MS-HPLC-grade ace-
tonitrile was purchased from Sinopharm Chemical Reagent Co., Ltd.
The reference standards naringin, and farrerol were purchased from
National Institutes for Food and Drug Control, the reference stand-
ards naringenin were purchased from Shanghai Yuanye Biotechnology
Co., Ltd, The reference standards isoschaftoside were purchased from
Chengdu Manchester Biotechnology Co., Ltd. Anhydrous ammonium
sulfate, ferrous sulfate, and tri (hydroxymethyl) aminomethane were
purchased from Shanghai Linen Technology Development Co., Ltd. 1,
1-Diphenyl-2-2-picrylhydrazine, HE staining kit, Masson staining kit
was supplied by Shanghai Yuanye Biotechnology Co., Ltd. Absolute
ethanol was provided by Tianjin Yongda Chemical Reagent Co., Ltd.
Salicylic acid was provided by Aladdin Reagent Co., Ltd. Thirty per-
cent hydrogen peroxide was provided by Shanghai Lingfeng Chemical
Reagent Co., Ltd. Phloroglucinol was supplied by Shanghai Meiruier
Co., Ltd. Hydrochloric acid was provided by Xilong Science Co., Ltd.
Vitamin E is provided by Xinchang Pharmaceutical Factory of Zhejiang
Pharmaceutical Co., Ltd. D-galactose were purchased from Acros

Organizations.

2.2 | Preparation of DOF extract and
HPLC-UV analysis

Put DOF into the oven for drying, then crush them with a high-speed
multi-function pulverizer and pass them through an 80 mesh sieve.
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Take DOF and extract it three times with purified water at a ratio
of 1:50 of material to liquid, each time for 1h. During the extrac-
tion process, the solution remains slightly boiling. After extraction,
combine the filtrate, decrease the pressure and concentrate, pour it
into an evaporating dish, place it in a 100°C constant temperature
water bath, and evaporate it to dryness to acquire the water extract
of DOF.

The quality of DOF was determined by HPLC equipped with
Ultimate LP-C18 column (4.6 mmx250mm, 5um). Detection wave-
length was set at 273 nm. The mobile phase was consisted of aceto-
nitrile (A) and 0.2% acetic acid solution (B) and the gradient elution
procedure was as follows: 0-30min,14% B; 30-40min, 14%-20% B;
40-60min, 20%-30% B; 60-80min, 30%-65% B; 80-90 min, 65%-
80% B; flow rate: 1mL/min; injection volume: 10 uL. Isoschaftoside,
naringin, naringenin, and farrerol were set as the quality control to
make the chemical components of DOF of different batches nearly
the same.

2.3 | Free radical scavenging test in vitro
2.3.1 | Determination of DPPH free
radical clearance

The aqueous extract of DOF was prepared into 2.5, 5, 10, 15, and
20mg/mL solutions. Accurately suck 100 sample solution and 100
absolute ethanol solution with concentration of 0.1 mmol/L DPPH
pL was positioned in 96 well plate, and reacted in the dark at room
temperature for 30min. The absorbance measured at 517 nm was
recorded as A. Three parallel experiments were conducted. When
we calculate the DPPH radical scavenging rate, we can use half inhi-
bition concentration (IC,,) to express the DPPH radical scavenging
ability.8?

DPPH radical clearancerate / % = [1— (A= A;) /Ao] X 100%

A, is the absorbance of the solvent reacting with DPPH; A, is the
absorbance of sample and absolute ethanol; A is the absorbance of

the sample after reaction with DPPH.

2.3.2 | Determination of hydroxyl radical
scavenging rate

The aqueous extract of DOF was prepared into 2.5, 5, 7.5, 10, and
12.5mg/mL solutions. Prepare 6mmol/L FeSO,, 0.3% H,O,, and
6mmol/L salicylic acid ethanol solution, add 1mL FeSO,, 1mL sam-
ple solution, 1mL 0.3% H,0,, and 1 mL salicylic acid ethanol solution
in turn, mix evenly and put them in a 37°C water bath to react for
30min. Determine the absorbance value of the solution at 510nm and
record it as A for three parallel experiments. When we calculate the
hydroxyl radical scavenging rate, we can use half inhibition concen-

tration (IC,) to express the hydroxyl radical scavenging capacity.” ™!
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Hydroxyl radical clearance rate / % = [1 — (A — A;) /A] x 100%

A, is the absorbance of the reaction system of solvent and hy-
droxyl radical; A, is the absorbance of the reaction system of sample
and hydroxyl radical with purified water replacing 0.3% H,0,; A is
the absorbance of the reaction system between the sample and hy-

droxyl radical.

2.3.3 | Determination of superoxide radical
scavenging rate

The aqueous extract of DOF was prepared into 2.5, 5, 7.5, 10,
and 12.5mg/mL solutions. Prepare 50mmol/L Tris HCI solution
(PH=8.2), 25 mmol/L pyrogallol solution, and 8 mmol/L hydrochloric
acid solution. Add 4.5mL Tris HCI solution, 1mL sample solution,
and 0.4mL pyrogallol solution in turn, stir to blend and heat them
in a water bath at 25°C for 4min. Then add 1 mL hydrochloric acid
solution to terminate the reaction, measure the absorbance value
at 299 nm and record it as A. Carry out three parallel experiments.
When we calculate the scavenging rate of superoxide free radicals,
we can use half inhibition concentration (IC;,) to express the scav-

enging capacity of superoxide free radicals.*?"1*

Superoxide radical scavenging rate / % = [1 — (A—A;) /Aq| x 100%

A, is the absorbance of the reaction system of solvent and su-
peroxide radical; A, is the absorbance of the reaction system be-
tween the sample and the hydroxyl radical in which purified water is
applied to substitute pyrogallol; A is the absorbance of the reaction

system of sample and superoxide revolutionary.

2.4 | Animal handling

70 maintained ICR male mice, weighing 18 +2g, were delivered by
Zhejiang Experimental Animal Center (SCXK (Zhejiang) 2014-0001
Zhejiang, China). All animal experiments conform to ethical and legal
requirements. All animals were supplied at 25°C room temperature and
45%-55% relatively humidity. The mice were fed a standard diet and
water. All studies were conducted in accordance with the Guidelines
for the Use and Care of Experimental Animals issued by the Zhejiang
Province. The operation was sanctioned by the Ethics Committee of
the Zhejiang University of Technology (SYXK (Zhe) 2017-0001).

2.5 | Animal grouping

ICR mice were randomly divided into seven groups: normal control
group (NC), model control group (MC), vitamin E group (100 mg/
kg), low-dose group of DOF (1.0 g/kg), medium-dose group of DOF
(2.0g/kg), and high-dose group of DOF (4.0g/kg), with 10 mice in
each group. The DOF concentration was 0.1, 0.2, and 0.4g/mL at
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the time of administration. The drug was administered orally once
a day for 6 weeks. At the same time, the normal control group and
the model control group were given 1mL/100g of water. In addi-
tion to the normal control group, the additional six groups of mice
were subcutaneously injected with 200mg/kg D-galactose 0.5h
after administration, and the normal control group was subcuta-
neously injected with normal saline of the same volume every day
for 6 weeks.

2.6 | Collection of serum samples and detection of
oxidative stress indicators

After the experiment, the mice fasted overnight, took blood from
the ophthalmic vein plexus, bathed at 37°C for 30 min, centrifuged
at 3500rpm for 10min, and took serum to detect the content of
total antioxidant capacity (T-AOC), malondialdehyde (MDA), cata-
lase (CAT), glutathione (GSH), superoxide dismutase (SOD), and glu-
tathione peroxidase (GSH Px). All procedures are tested according to
the instructions of the kit. SOD and MDA shall be detected accord-
ing to the instructions of the biochemical method kit. GSH Px and
CAT were detected using ELISA test kit instructions. The process is
described as follows: Dilute the sample in 96-well plate with 0.1%
BSA/Tris buffer saline, followed by incubation at 37°C for 30min,
then wash the plate with 0.05% Tween20/PBS, incubate it with the
corresponding secondary resistance for 30 min, then wash the plate

again, and add color developer. OD value is obtained at 450 nm.

2.7 | Collection of skin samples and detection of
oxidative stress indicators

After the experiment, use depilatory cream to remove the skin hair
on the back of mice, cut the back skin, clean it, and dry it with filter
paper. Weigh 0.1g of skin into a centrifuge tube filled with physi-
ological saline to prepare 10% homogenate, which is centrifuged at
3500r/min for 15min. Take the supernatant, and measure the pro-
tein content in the skin homogenate with Coomassie brilliant blue
method. The contents of superoxide dismutase (SOD), malondialde-
hyde (MDA), and hydroxyproline (Hyp) in skin were measured. All
procedures are tested according to the instructions of the kit.

2.8 | Hematoxylin and eosin (H&E) staining and
Masson staining

Tissues (skin) were collected from each mouse, and gross lesions
were recorded. The collected tissues were then fixed with a 4% for-
malin solution, dehydrated using different concentrations of alco-
hol, and embedded in paraffin. Subsequently, 4 um paraffin sections
were prepared from the embedded tissues. Finally, the histopatho-
logical examination of the tissue was assessed using hematoxylin and
eosin (H&E) staining, Masson staining. All H&E and Masson staining

were photographed with the biological microscope (BX43, Olympus,

Japan) and analyzed with the Image-Pro Plus software.

2.9 | Immunohistochemical staining

The expression and localization of Nrf2, Keapl proteins in the skin
was evaluated using immunohistochemical staining. The paraffin
tissue sections were incubated with Nrf2, Keapl1 antibodies, A sec-
ondary antibody HRP-conjugated goat antirabbit I1gG was added.
The signals were visualized using DAB solution and the nuclei were
counterstained with hematoxylin. Under the microscope, positive
expression appeared as a yellow color and sections incubated with-
out primary antibody was used as negative control. The protein lev-
els were quantified by measuring the integrated option density (IOD)

within the positive area.

2.10 | Human skin efficacy test

Thirty subjects aged 20-35years were randomly selected for the
human skin efficiency test. Volunteer conditions include: No severe
systemic diseases, no immune deficiency or autoimmune diseases,
no skin treatment, cosmetic, or other tests that may affect the re-
sults of the test site; individuals without active allergic diseases; in-
dividuals without physical high sensitivity; those who have not used
hormone drugs, anti-inflammatory drugs, or immunosuppressants
within the past month; those who have not participated in other
clinical trials on the test site currently or in the past 3months. Avoid
strong sun or artificial ultraviolet radiation during the test; all sub-
jects voluntarily participated in the study and signed the informed

consent form.*

2.10.1 | Short-term skin moisturizing test

Before the test, the subjects cleaned and dried the inside of their
forearms, and waited for more than 30min in an environment with
a temperature of (25+2)°C and a relative humidity of (55+5)%.
Mark in the forearm of the subject's hands in the area of 2cm? to
be tested, took the sample to be tested and the reference sample
according to the dosage of (2.0+0.1) mg/cm?, and used latex gloves
to uniformly smear DOF until it is absorbed. Used the skin detector
to measure the skin moisture content and skin elasticity of the sam-
ple and the control before and 4 h after application in the test area.
Replicated the measurement three times, and took the mean value
as the test value.'®

2.10.2 | Skin antiaging test

The test area for the volunteers consisted of both cheeks and
forehead, where they applied moisturizing essence water every
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night for 8 consecutive weeks until the end of the test. The vol-
unteer's face was photographed with a five-spectrum skin de-
tector before use and on the day of the end of the test, and the
data of skin wrinkles, roughness, UV spots, and brown spots
were collected for statistical analysis. The data collected be-
fore use served as the baseline (BL), and the improvement rate
at each time point was calculated as follows: (test value at each
time point-BL value)/BL value, to observe the improvement of

each indicator.'”1®

2.11 | Statistical analysis

All data were expressed by mean+standard deviation. SPSS19.0
software was applied to analyze the data. The t-test for compar-
ing the mean of two samples was performed for the differences
between groups. p<0.05 indicated a significant difference, and
p<0.01 indicated a highly significant difference. Use Graph Prism
software for plotting.

3 | RESULTS

3.1 | HPLC-UV analysis of DOF

There are studies indicating that the total flavonoids in DOF have
good antioxidant activity.5 Therefore, our study conducted quality
control on the flavonoids in the extract of DOF and searched for the
major active components with higher content.

280 —f isoschaftoside

= —_—
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HPLC-UV analysis of the DOF water extract (Figure 1) identified
four flavonoids (isoschaftoside, naringin, naringenin, and farrerol)
by comparing retention times against verified authentic references.
The contents of these flavonoids, isoschaftoside, naringin, narin-
genin, and farrerol, were 9.13+1.91, 28.46+1.22, 2.51+0.05, and
17.99 +2.44 mg/mL, respectively (Table 1).

3.2 |
in vitro

Comparison of antioxidant activity of DOF

At present, in vitro free radical scavenging test is one of the com-
monly used methods to evaluate cosmetics for delaying skin aging.
The evaluation indicators predominantly include DPPH free radical,
superoxide free radical and hydroxyl free radical scavenging test.

DPPH is a stable nitrogen center free radical, which possesses a
single electron and can receive an electron or hydrogen ion. When
there is a free radical scavenger, the single electron of DPPH is cap-
tured to create its color lighter. The level of decreased absorbence
indicates the strength of antioxidant capability. The DPPH free rad-
ical scavenging test was applied to detect the DPPH free radical
scavenging rate of water extract of DOF.

Superoxide anion is active in nature and the longest active free
radical in the body. It has potent oxidizing and reducing properties.
Excessive accumulation of superoxide anion free radicals in the
body will destroy macromolecular substances in cells and damage
the health of the body. We used pyrogallol autoxidation method to
determine the scavenging rate of water extract of DOF on superox-
ide anion free radicals.

naringin

farrerol

oH

oH o \3

s

L LI L L L L LA L L L L L L L L L LA L LA LA LA LA LA L L AR LAY LA LAAN AAR) AARE ERRN AR AR AR RN RN LR LN A LA AN
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 T4 76 78 80 82 84 86 8§ min

FIGURE 1 DOF water extract. 1=isoschaftoside, 2=naringin, 3=naringenin, and 4 =farrerol with retention time 26.591 min, 37.215min,

62.913min, and 70.190min, respectively.
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Hydroxyl radical is one of the most active and toxic free radicals.
When excessive hydroxyl radicals are generated in the body, it will
lead to pathological changes in cell tissues. The Fenton system was
used to detect the hydroxyl radical scavenging ability of water ex-
tract of DOF.

The results of DPPH free radical, hydroxyl free radical, and su-
peroxide free radical scavenging rate of water extract of DOF are
shown in Table 2. The aqueous extract of DOF can effectively scav-
enge DPPH free radicals, hydroxyl free radicals, and superoxide free
radicals, and the scavenging rate increases with the increase of sam-
ple concentration, exhibiting a substantial dose effect relationship.
The calculated IC,, of the aqueous extract of DOF on DPPH free
radicals, hydroxyl free radicals, and superoxide free radicals were
0.209 pg/mL, 15.020, and 1.217 mg/mL, respectively. It can be seen
that the aqueous extract of DOF possesses good antioxidant activity

in vitro.

3.3 | Antioxidant activity of DOF on aging model
mice induced by D-galactose

3.3.1 | Effect on serum MDA, SOD, T-AOC, CAT,
GSH, and GSH-Px of model mice

The essence of the aging process is the imbalance of oxidation and
antioxidant functions in the body. When the production rate of free
radicals in the body is faster than the clearance rate, it can lead to
the accumulation of free radicals in the body and DNA damage, lead-
ing to aging.!” T-AOC is the overall level of various antioxidant mac-
romolecules, antioxidant small molecules, and enzymes in a system.
SOD, GSH-Px, and CAT are the primary antioxidant enzymes. GSH
can scavenge o7, H,0,, and LOOH free radicals and is the sub-
strate of GSH-PX. MDA is the assessment index of lipid peroxide in

organisms.20

TABLE 1 Amounts of Compounds 1-4 in the DOF.

Standard Amount of extracts (mg/mL)
1. Isoschaftoside 9.13+1.91

2. Naringin 28.46+1.22

3.Naringenin 2.51+0.05

4. Farrerol 17.99+2.44

DPPH clearance O, clearance

Concentration (mg/mL) rate/% rate/%

2.5 53.40+4.87 20.07 +4.87
5 82.02+8.73 33.30+4.87
10 88.07+3.39 43.06+2.57
15 92.97 +3.63 44.95+5.96
20 94.11+2.21 49.86+2.43

The results proved that compared with the normal group, the
activities of SOD, T-AOC, CAT, and GSH-Px in serum of the aging
model mice were considerably decreased, meanwhile, the level of
MDA was significantly increased (p <0.01), and the level of GSH had
a downward trend. Compared with the model control group, low,
medium, and high doses (1.0, 2.0, and 4.0g/kg) of DOF could mark-
edly increase the activity of SOD, T-AOC, CAT, and GSH-Px in serum
of model mice (p<0.05,0.01), and reduce the level of MDA (p <0.05,
0.01). In addition, 1.0g/kg of DOF could raise the level of GSH in
serum of model mice (p<0.05). It can be seen that take the aqueous
extract of DOF orally has better antioxidant activity in vivo in aging
model mice (Figure 2).

3.3.2 | Effect on skin MDA, SOD, and Hyp of
model mice

The appearance of subacute aging mice induced by D-galactose
showed that the skin became thinner with fine wrinkles, the thick-
ness of dermis and epidermis decreased, along with the reduction
of collagen and elastic fibers. Moreover, the activity of SOD and the
content of hydroxyproline (Hyp) in the skin of the aging model mice
decreased, while the content of MDA increased.?!

The results revealed that compared with the normal control
group, the content of MDA in the skin of model mice increased
significantly (p <0.05), the content of Hyp decreased, and the ac-
tivity of SOD had no significant difference. Compared with the
model control group, low, medium, and high doses of DOF (1.0,
2.0, 4.0g/kg) could significantly decrease the content of MDA in
the skin of model mice (p <0.01); Low and high doses of DOF (1.0
and 4.0g/kg) can considerably increase the content of Hyp in skin
(p<0.05), as displayed in Figure 3. It can be inferred that DOF has
a superior anti-skin aging and oxidative damage activity in vivo on

aging model mice.

3.3.3 | Effect on skin pathological morphology and
collagen content of model mice

To explore the effects of DOF on aging skin induced by D-galactose,
histomorphometric analysis of the skin was conducted (Figure 4A,B).
HE staining results showed the interface between the epidermis and

dermis becomes flatter, the epidermis and dermis become thinner.

TABLE 2 Free radical scavenging

SRl capacity of DOF in vitro.

rate/%

13.81+2.51
21.03+2.77
35.55+1.86
43.06+4.43
48.65+2.47
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FIGURE 2 Effect of DOF on serum
antioxidant indexes in aging mice induced
by D-galactose. (A) Serum T-AOC activity;
(B) Serum SOD activity; (C) Serum CAT
activity; (D) Serum MDA content; (E)
Serum GSH content; (F) Serum GSH-Px
content. #p<0.01, compared with NC
group; *p<0.05; **p<0.01, compared with
MC group.

FIGURE 3 Effect of DOF on skin
antioxidant indexes of aging mice induced
by D-galactose. (A) Skin MDA content; (B)
Skin SOD activity; (C) Skin Hyp content;
#n<0.05, compared with NC group;
*p<0.05; **p<0.01, compared with

MC group.

Histopathological analysis proved that compared with the normal
group, the thickness of dermis and epidermis of the aging model
mice were considerably decreased (p <0.01), meanwhile, the content
of dermal collagen was significantly decreased (p <0.05). Compared
with the model control group, low, medium, and high doses (1.0, 2.0,
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and 4.0g/kg) of DOF dramatically increased the thickness of dermis
and epidermis (Figure 4D,E).

Dermal collagen content was quantified by Masson trichrome
staining (Figure 4C,F), The dermal collagen content from model mice
was reduced significantly compared to normal mice (p<0.05), and
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FIGURE 4 Effect of DOF on skin pathological morphology and collagen content of aging mice induced by D-galactose. (A) The skin
tissues were stained with H&E staining to observed dermis (x200); (B) The skin tissues were stained with H&E staining to observed
epidermis (x400); (C) The skin tissues were stained with Masson staining to observed dermal collagen content (x200); (D) Histopathological
analysis of dermal thickness; (E), Histopathological analysis of epidermal thickness; (F), Masson staining analysis of dermal collagen content.
#p<0.05; #p<0.01, compared with NC group; *p <0.05; **p <0.01, compared with MC group.

the results demonstrated that medium and high doses (2.0 and 4.0g/
kg) of DOF led to an increase in dermal collagen content (p <0.05).
Together, DOF increased dermis, epidermis thickness and dermal

collagen content, thus improving skin aging.

3.3.4 | Effecton skin Keapl, Nrf2 expression of
model mice

Nrf2/Keap1 signaling pathway plays a crucial role in maintaining oxida-
tive balance in the body. On this basis, we further evaluated the effect
of DOF on the expressions of Keapl and Nrf2 in skin tissues of aging
mice induced by D-galactose by IHC staining as shown in Figure 5.
The results of immunohistochemical study showed that the ex-
pression of Keapl protein in the skin tissue of the model group was
higher than that of the normal group (p<0.01), and the expressions
of Nrf2 proteins in skin were significantly reduced (p<0.05). The
expression level is high near the epidermal layer and hair follicles.
Compared with the model group, the expression of Keapl protein
in the skin tissue of mice in the DOF-M and DOF-H group reduced

(p<0.01, 0.05), as well as DOF-H remarkably increased Nrf2 protein
expression in skin (p<0.05). It is suggested that the DOF can acti-
vated Keap1/Nrf2 pathway in the skin of aging mice, thereby exert-

ing antioxidant stress effects.

3.4 | Evaluation of antiaging effect of DOF on
human skin

3.4.1 | Effect of DOF on skin moisture and elasticity
before and after use

The human bioelectrical impedance pulse technology can be em-
ployed to quantify the moisture content and skin elasticity of the
cuticle,?? and indirectly reflect the aging of the skin. The results re-
vealed that compared with the control group (BL baseline), the skin
water score and elasticity value after DOF topical application were
significantly increased (p<0.01) by 26.03% and 10.29%, respec-
tively. It can be seen that DOF possesses a good moisturizing and
tightening effect (Figure 6 and 7).
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FIGURE 5 Effect of DOF on skin pathological morphology and collagen content of aging mice induced by D-galactose. (A) Skin Keap1
IHC pictures (x400); (B) Skin Nrf2 IHC pictures (x400); (C) Skin Keap1 OD value; (D) Skin Nrf2 OD value. #p <0.05; #p <0.01, compared with

NC group; *p<0.05; **p<0.01, compared with MC group.

FIGURE 6 Fixation method of arm test area for short-term skin
moisturizing test.

3.4.2 | Effect of DOF on skin aging-related
indicators before and after use

With the increase of age, the metabolic capacity of human skin tissue
gradually decreases, and long-term staying up late will generate
a substantial number of free radicals to accelerate skin aging.
Therefore, it is imperative to intervene with antiaging ingredients to
slow down skin aging. In recent years, when evaluating the anti-aging

effect of cosmetics and other skin care effects, the human body
test is one of the most intuitive and efficient means, and the image
analysis method has the advantages of convenience, noninvasive,
visualization, quantitative analysis of skin characteristics, etc.”®

The five-spectrum skin detector used in this experiment has deep
autonomous learning technology, automated face recognition tech-
nology, and five-spectrum imaging technology. Through RGB visible
light, UV ultraviolet light, PL-positive polarized light, PL-negative
polarized light, and blue light 405, the human face is scanned and
photographed, and automatically processed to generate data to
detect skin wrinkles, pores, UV spots, brown spots, roughness, and
other skin aging-related indicators.?#%° Among them, feature count
is the number of indicators obtained by the instrument. The lower
the number value, the better the skin condition. Therefore, by com-
paring the changes of various skin indicators before and after use,
we can comprehensively and objectively evaluate the anti-skin aging
effect of DOF.

Wrinkles refer to wrinkles on the skin. The more wrinkles, the
more severe the aging of the skin; Pore refers to the opening of hair
follicle sebaceous gland visible to the naked eye and the opening
of hair follicle sebaceous gland containing angle plug.?¢?” With the
increase of age, the pore wall becomes thicker due to the reduction
of elasticity, which is one of the symptoms of skin aging; ultraviolet
spot is the result of melanin condensation under the epidermis due
to long-term exposure to ultraviolet radiation; Brown spots refer to
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TABLE 3 Changes of acne, pores, wrinkles, roughness, brown spots, and UV spots in volunteers before and after using DOF topically.
Evaluation parameter BL 8W Invalid Effective Efficient
Acne score 34.54+5.32 35.14+5.40 17 11 39.29%
Pores score 37.68+8.01 42.29+10.37* 11 17 60.71%
Brown spot score 29.07+3.60 29.04+4.21 19 9 32.14%
Wrinkle score 44.46+10.86 46.68+7.91 12 16 57.14%
Roughness score 47.50+2.60 48.64+3.19 12 16 57.14%
UV spots score 26.79+3.26 27.64+3.03 11 17 60.71%
Acne Count 81.39+131.08 54.07 +84.02 11 17 60.71%
Pores Count 1219.46 +521.52 920.54+622.37* 4 24 85.71%
Brown spot Count 14.75+5.72 14.46 +5.80 14 14 50.00%
Wrinkle Count 1038.39+441.33 545.46 +345.03** 0 28 100.00%
UV spots Count 198.29+73.81 153.36+65.86** 19 67.86%

Note: *p<0.05, **p<0.01, compared with BL.

deep pigmentation of skin, such as frequent chlosma and freckles;
roughness refers to the smoothness of the skin surface and is one
of the significant indicators to objectively reflect the aging degree
of the skin.

Table 3 and Figures 8 and 9 show the changes of characteris-
tic counts and scores of skin aging associated indicators before and
after the topical use of DOF. The results demonstrated that after
8weeks of continuous use of DOF once a day, the clinical indicators
related to skin aging were significantly enhanced (p<0.05, 0.01),
the pore fraction increased by 4.61 points, the number of pores de-
creased by nearly 300, the number of wrinkles decreased by 47.5%,
and the number of ultraviolet spots decreased by 45. The effective
rate of improving wrinkles, pores, UV spots, and acne was as high
as 100.00%, 85.71%, 67.86%, and 60.71%. The trend of improve-
ment in skin roughness and texture was further observed, but due
to the small sample size, these changes were not statistically signif-
icant.?® In the entire research, DOF was well tolerated, without skin

irritation and other adverse reactions, and was safe for the duration
of the study.

4 | DISCUSSION

Genetic factors can influence the aging, which is a gradual process
that occurs with the aging of organisms, and the deterioration pro-
cess of the total body's morphological structure and physiological
function. The skin is the largest organ of the human body and the
initial line of defense of the body. It plays a role in protecting, feeling,
regulating body temperature, secreting, excreting, and immunity.?’
The evolutionary process of skin aging is extremely intricate. At
present, the etiology of skin aging has not been thoroughly studied.
Studies believe that skin aging is the result of the interaction of en-
dogenous factors and exogenous factors.>® Endogenous factors refer
to the fact that, in the process of natural aging, the body generates
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FIGURE 8 Image Acquisition of Human Facial Skin by DOF. (A) Acne in BL (B) Pore in BL (C) Wrinkle in BL (D) Roughness in BL (E) Brown
spot in BL (F) UV spot in BL (G) Acne after 8 week treatment (H) Pore after 8 week treatment (I) Wrinkle after 8 week treatment (J) Roughness
after 8week treatment (K) Brown spot after 8 week treatment (L) UV spot after 8 week treatment.

FIGURE 9 Image acquisition of human facial skin by DOF (300 x 300 pixel area). (A) Acne in BL (B) Pore in BL (C) Wrinkle in BL (D)
Roughness in BL (E) Brown spot in BL (F) UV spot in BL (G) Acne after 8 week treatment (H) Pore after 8 week treatment (l) Wrinkle after
8week treatment (J) Roughness after 8 week treatment (K) Brown spot after 8 week treatment (L) UV spot after 8 week treatment.

excessive free radicals due to the decline of free radical scavenging
capacity, the decline of immune function, and the imbalance of body
endocrine, which makes the free radicals in the body unbalanced.®!
Excessive free radicals induce body damage. When the damage can-
not be repaired by the body, it will lead to the change and loss of cell
differentiation status and induce aging. Exogenous factors contain
physical and chemical environmental pollution (ozone, exhaust gas
from gasoline and diesel, cigarettes, halogens, heavy metals, etc.),
which will generate oxidative stress on skin, form ROS, and damage
skin cells.®? To sum up, lowering the damage of free radicals is es-
sential for delaying skin aging. Therefore, upgrading the antioxidant
ability and protecting the skin barrier function are of great impor-
tance to the quality of life of contemporary people.

DOF can be used to create tea or as a medicinal material. The con-
tents of nutritional ingredients in DOF, including 18 kinds of amino

acids, 7 kinds of minerals, and 6 kinds of vitamins,33 and the primary
active ingredients are polysaccharides, flavonoids, and polyphenols,
which are potent antioxidants. Previous studies have proved their
antioxidant effect in vitro.*¢ Our experimentation shows the major
components' contents of flavonoids, isoschaftoside, naringin, narin-
genin, and farrerol, were 9.13+1.91, 28.46+1.22, 2.51+0.05, and
17.99 +2.44mg/mL. Based on its main chemical composition and
confirmed pharmacological activity, we speculate that DOF may
have the function of anti-aging and skin protection. In the research,
the “in vitro animal human” model of free radical scavenging trial
in vitro, D-galactose mice in vivo experiment simulating human aging
process and human efficiency test was employed to research its ef-
fect on skin aging.

Aging is that the body generates excessive reactive oxygen
radicals (hydroxyl radical HO and superoxide anion O27), which
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breaks the oxidation/antioxidant system of the body. This research
demonstrated that the scavenging rates of DPPH, superoxide, and
hydroxyl radicals of aqueous extracts of DOF were concentration
dependent. 1C;, were 0.209 pg/mL, 15.020, and 1.217mg/mL.
Recent studies have shown that the scavenging capability of ex-
tracts from flowers and leaves of D. officinale on DPPH free rad-
icals and ABST free radicals was better than that of stems of D.
officinale, which is a traditional medicinal part.5 DOF have a good
antioxidant effect.

MDA is an index reflecting the degree of lipid peroxidation and
the damage to cell membrane.®* SOD, CAT and GSH-Px are the main
antioxidant enzymes. SOD can catalyze 0% to generate H,0,, and
eventually generate water under the action of CAT or other anti-
oxidant enzymes®®; GSH-Px has the functions of scavenging free
radicals, inhibiting free radical reaction system and decreasing lipid
peroxidation.3® Compared with the normal control group, the level
of MDA in the model group significantly increased, and the activ-
ity of antioxidant enzymes was significantly diminished. The results
of this research are consistent with those of other papers.®”*® DOF
could increase the levels of serum SOD, T-AOC, CAT, and GSH-Px
and decrease the content of MDA in model mice; DOF 1.0g/kg can
increase the serum GSH level of model mice. It proves that take DOF
orally can restore the activity of antioxidant enzymes, clear free rad-
icals in the body, enhance lipid metabolism, alleviate the excessive
accumulation of free radicals in the body, and have good antioxidant
activity.

Hydroxyproline (HYP) is a unique amino acid in collagen, which
maintains the stability of collagen fiber. Its content decreases with
skin aging.®” DOF 1.0 and 4.0g/kg can increase the content of
Hyp in skin tissue, implying that DOF can delay skin aging and
have certain beauty and beauty effects. On the other hand, DOF
can decrease the content of MDA in the skin tissue of model mice,
indicating that DOF can reduce the excessive accumulation of skin
free radicals. Studies have shown that D. officinale flavone can
increase the content of superoxide dismutase (SOD), malondial-
dehyde (MDA), HYP, Type | collagen, and Type Il collagen in the
skin tissue of mice with skin aging, reduce CAT activity, and effec-
tively delay the skin aging of model mice.*® Concurrently, H&E and
Masson trichrome staining results proved that the three doses of
DOF markedly increased the thickness of dermis and epidermis,
and DOF 2.0 and 4.0g/kg increased the content of dermal col-
lagen, thus improving skin aging. The results demonstrated that
DOF could balance the oxidation system and antioxidant system
to delay skin aging.

Nrf2 is one of the most important transcription factors in reg-
ulating antioxidant stress response in the body. It regulates cellu-
lar redox homeostasis and protects cells from oxidative damage.41
Keapl is specific receptor for Nrf2. Under normal physiological
conditions that Nrf2 is in a relatively inactive state, it couples with
Keapl to form a polymer.*> However, when activated by oxidative
damage, the conformation of Keapl changes, and Nrf2 separate
with Keapl. Then Nrf2 release and transfer to the nucleus, activat-
ing downstream gene transcription. Downstream genes produce a

large number of protective enzymes, including enzymes related to
the generation of glutathione, reduce the levels of ROS and alleviate
cellular lipid damage.43'44 Immunohistochemical results showed that
DOF 2.0 and 4.0g/kg obviously reduced the expression of Keapl
protein, at the same time DOF 4.0g/kg significantly increased Nrf2
protein expression in skin. DOF can resist oxidative stress by acti-
vated Keap1l/Nrf2 pathway in the skin.

The content of skin natural moisturizing factor will gradually de-
crease, the metabolism of keratinocytes slows down, the synthesis
of skin collagen will decrease, the deterioration will increase, the
skin immunity will also weaken, and then the aging performance will
appear to grow.30 The characteristics of skin aging are mainly mani-
fested in the reduction of skin water content, collagen content, wrin-
kles, rough skin, large pores, dark yellow skin, pigmentation spots or
irregular pigmentation.”’45 After using DOF topically for 8 weeks,
the facial moisture and elasticity of the subjects increased signifi-
cantly, and wrinkles, pores, purple spots, brown spots and roughness
were improved to varying degrees. The number of facial wrinkles,
pores, purple spots, and brown spots decreased significantly com-
pared with that before use. These results indicate that external use
DOF may resist skin aging by replenishing moisture in the cuticle of
the skin, enhancing collagen synthesis, enhancing skin immunity, and
activating the skin regulatory function.

5 | CONCLUSION

To sum up, DOF possesses a good antioxidant effect. Both oral and
external use can delay skin aging. The aqueous extract of DOF can
significantly improve skin aging induced by oxidative stress, and its
mechanism may be associated to scavenging free radicals and up-

grading skin quality.
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