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Abstract
tion were investigated in present research. [ Methods] The optimal extraction conditions of TFFAI were determined by single factor and orthogonal experiments, and
the survival rate of TFFAI on HaCaT cells irradiated with UVB rays was investigated. It’s antioxidant capacity was determined by ABTS. [ Results] The results
showed that the highest yield of TFFAI was obtained with 70% ethanol at a solid-to-liquid ratio of 1 : 50 (w/v) and 40 °C for 1.5 h by single-factor and orthogonal

experiments. Total flavonoids (0.25 —1.00 mg/ml) could significantly improve the survival rate of HaCaT cell line. Meanwhile, the maximum absorption peak of

[ Objectives ] Optimum extraction conditions of total flavonoids from Fructus Aurantii Immaturus (TFFAI) and its resistance activity to ultraviolet radia-

TFFAI was found at 283 nm, and in-vitro antioxidant experiment identified that TFFAI had a good clearance rate to ABTS. It suggestes that TFFAI could protect the
cells from UVB damage by absorption of UVB rays and anti-oxidation. [ Conclusions] TFFAI played a protective role on UVB irradiated cells through UVB ultravi-

olet absorption and antioxidant pathways.
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Bitter orange is the dried young fruit of lime and its cultivated
varieties or sweet orange in the family Rutaceae. The main active
components of bitter orange are phenolic acids or flavonoids, vola-
tile oils and alkaloids'' ™ | which have the effects of liver protec-
tion, antioxidation, antibacterial, antitumor, hypoglycemic and

B-197  Among them, fat-soluble citrus biofanones are

antianxiety
unique polymethoxyflavonoids ( PMFs ) of citrus, which have
stronger biological activity than general flavonoids.

More and more people are suffering from skin photodamage
caused by excessive ultraviolet radiation due to the aggravation of
ozone layer destruction”’’ , and sunscreens are the most effective
way to prevent skin from photodamage. However, in view of di-
struction disadvantages of traditional sunscreens, it is urgent to de-
velop plant-based sunscreens with no toxic side effects. Many re-
searchers have reported about plant origined UV filters, such as
Lonicera caerulea L., Bilberry fruit polyphenols, Codium fragile,
green tea polyphenols, Sophora japonica L, blackberries, raspber-
ries, Coffea Arabica, Ginkgo Biloba L, Vitis vinifera L, Amor-
phophallus , Litchi chinensis, Hylocereus polyrhizus, solanum nig-
rum, Guava-fruit, Perilla frutescens, etc. 021 but the anti-UV
ability of TFFAI has not been reported.

In present research, the anti-UVB irradiation ability of
TFFAI was investigated in human epidermal cell model. It is
meaningful for developing plant origined products as UVB fiter for

sunscreens.
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Materials and Methods
Materials and Reagents

Fructus aurantii was purchased from the standardized demon-
stration area of ecological cultivation of Fructus aurantii in Hunan
Province, and dried at 50 — 55 °C, then crushed at 100 — 200

mesh. 98% hesperidin analytical standards were purchased from

’

Aladdin. Human immortalized epidermal cell line HaCaT was pur-
chased from Wuhan Procell Life Technology Co. ,LTD. Penicillin-
streptomycin DMEM medium, trypsin-EDTA, and others were
purchased from Life Science Co. ,LTD. Absolute ethanol and con-
centrated sulfuric acid were analytically pure.
Experimental Methods
Drawing of new hesperidin standard curve 0.01 g of the new
hesperidin standard was prepared with 60% ethanol solution to
concentrations of 10, 20, 30, 40, 50 and 60 pg/ml, respectively.
The absorbance of each standard solution was measured by a
UV-VIS spectrophotometer at the wavelength of 283 nm. The re-
gression equation was obtained by drawing a standard curve with
absorbance as the ordinate and concentration as the abscission.
Determination of TFFAI According to the maximum absorption
at 283 nm of neohesperidin and TFFAI extract, the content of
TFFAI extract was determined by ultraviolet spectrophotometry
with neohesperidin as the standard. The egression equation was
€ =30.914 —1.381 4 (correlation coefficient R* =0.999 9).

Formula for calculation of total flavonoid content :

cexV, xn
P (%)=—"—7x100
Wx10

where ¢ is the concentration of total flavonoids (g/ml) calculat-
ed from the regression equation obtained from the new hesperidin
standard curve; V| is the total volume (ml) of immature orange
extract; n is dilution factor; W is the feed amount of immature

orange (g).
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Optimization of extraction conditions for TFFAI
Single factor experiment The basic conditions of single factor
experiments were 60% of ethanol, solid-to-liquid ratio as 1 : 20
(w/v) ,60 C and 1 h, and then the single variables such as etha-
nol concentration (50% , 60% , 70% , 80% , 90% ), solid-to-
liquid ratio (1 : 10, 1 :20, 1:30, 1:40, 1 :50 g/ml), tem-
perature (40, 50, 60, 70, 80 C), and time (0.5, 1.0, 1.5,
2.0, 2.5 h). Four single factors were used as variables to investi-
gate effect on the extraction rate of TFFAL

Orthogonal experiment According to the results of single factor
experiments, solid-to-liquid ratio ( A ), ethanol concentration
(B), time (C) and temperature (D) were used as the investiga-
tion levels (Table 1), and the extraction rate of TFFAI was used
as the index to conduct an L, (3*) orthogonal experiment

(Table 2), and the results were verified by the experiment.

Tablel Factors and levels of orthogonal experiment for TFFAI extrac-

tion

Level A (solid-to-liquid B (ethanol C (time) D (temperature)
ratio) //g/ml  concentration) // % h oC

1 1:30 50 ) 40

2 1:40 60 1.5 50

3 1:50 70 2.0 60

Qualitative analysis of the extract

The standard substance of TFFAI extract was scanned under
UV using a UV-vis spectrophotometer in the wavelength range from
200 to 450 nm.
Cytotoxicity test of TFFAI on HaCaT cells

Human immortalized epidermal cells were cultured in MEM
complete medium (37 °C, 5% CO,) containing 10% fetal bovine
serum to 80% confluence and seeded into 96-well plates at a den-
sity of 5 x 10" cells/ml. On the next day, the medium containing
serial concentrations of TFFAI (0. 125 — 4. 000 mg/ml) were
changed to continue to culture for 24 h. Then, the culture medium
containing 10% CCK-8 was changed for another 0.5 h, and the
0D, value was measured. Cell survival rate was calculated ac-
cording to Cell survival rate = (0D drug group /OD normal control
group) x 100% , and the cell survival rate of normal control group
was set as 100% .
Protective effect of TFFAI on HaCaT cells irradiated by UVB

Cells grown to a confluence of 80% were seeded at a density
of 5 %104 cells/ml into a 96-well plate at 100 pl per well. The
next day, the cells were divided into three groups: normal control
group, UVB radiation group (30 — 120 mJ/cm’ ), UVB radiation
and TFFAT group (0.125, 0.25, 0.5, 1 mg/ml). After the cells
were incubated with the medium containing serial concentrations of
TFFAI for 2 h, the medium was removed and replaced with 30 l
of MEM medium for cell infiltration. To prevent cell damage
caused by the heat generated by UV irradiation, the culture plate
was placed on ice. After exposure to different doses of UVB (30,
60, 90, 120 mJ/cm’) (UVB tube, 312 nm, irradiation intensity
of 210 ww/cm’), fresh medium was added to 100 pl, and the
cells were further cultured for 24 h. After 0.5 h of incubation with
10% CCK-8 medium, the cells were cultured for 24 h. The 0D,

value was determined. Cell viability was calculated.
Evaluation of antioxidant capacity of TFFAI ( ABTS) in vitro
According to the determination method of Wang Hui

et al.

, ABTS working solution was prepared with slight chan-
ges, and an appropriate amount of TFFAI was weighed. Sample
solutions with concentrations of 0. 1 — 1.0 mg/ml were prepared
with 60% ethanol solution, and then placed in a test tube with
ABTS working solution at the amount of 1 : 100. After mixing,
the reaction was carried out at 30 °C for 10 min, and the absor-
bance at 734 nm was measured.
Statistical analysis

Experimental data were expressed as mean + SEM. ANOVA
and T test were used for data analysis. P <0.05 was considered as
significant difference, and P <0.01 was considered as extremely
significant difference.

Results and Discussion
New hesperidin standard curve
The new hesperidin standard curve (Fig. 1) was drawn, and

the regression equation was y =0.032 3x +0.044 8, R =0.999 9.
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Fig.1 Standard curve of neohesperidin

Single factor experiments on extraction of TFFAI
Effect of ethanol concentration on extraction yield of TFFAI
The effect of ethanol concentration on the extraction yield of TF-
FAI was tested under the conditions of solid-to-liquid ratio as
1:20 (w/v), 50 C and 1 h with only ethanol concentration
changed, and the results are shown in Fig. 2. According to the fig-
ure, the extraction rate increased first and then decreased with the
increase of ethanol concentration, and the extraction rate of TFFAI
was the highest under the condition of ethanol concentration of 60% .
Effect of solid-to-liquid ratio on extraction yield of TFFAI
The effect of solid-to-liquid ratio on the extraction yield of TFFAI
was tested at 60% ethanol concentration, 50 °C and 1 h, and the
results are shown in Fig. 3. According to the figure, the extraction
rate gradually increased with the increase of solid-to-liquid ratio and
then decreased slightly. The increase of solvent amount is conducive
to the full dissolution of the effective components, but too large sol-
id-to-liquid ratio will cause the waste of solvent and energy, so the
optimal solid-to-liquid ratio of 1 : 40 (w/v) was determined.
Effect of temperature on extraction yield of TFFAI  The
effect of temperature on the extraction yield of TFFAI was tested

under the conditions of ethanol concentration of 60% , solid-to-liquid
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ratio of 1 : 20 (w/v) , and water bath time of 1 h. The results are
shown in Fig. 4. According to the figure, with the increase of
temperature, the extraction rate of TFFAI gradually increased
first, then decreased and then increased, and the extraction rate of
TFFAI was the highest at the temperature of 50 C.

Effect of extraction time on the extraction yield of TFFAI
The effect of extraction time on the extraction yield of TFFAI was
tested at ethanol concentration of 60% ,
1:20 (w/v),
shown in Fig. 5. According to the figure, the extraction rate at
1.5h (9. 7% ) decreased slightly, and the extraction rate at
2.5h (9.93% ) increased again, but the range was not large.

solid-to-liquid ratio of
and temperature of 50 °C, and the results are

The optimal extraction time was 1.5 h from the perspective of en-

ergy saving.
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Fig. 2 Effect of ethanol concentration on extraction yield of TFFAI
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Fig. 5 Effect of time on extraction rate of TFFAI

Optimization of extraction condition of TFFAI

Orthogonal experimental design and results The L, (3*) or-
thogonal test was designed on the basis of the single factor test re-
sults, and the results and range analysis are shown in Table 2.

Table 2 L, (3*) Table of orthogonal experimental design and results of
the orthogonal test

No. A B C D Extract // %
1 1 1 1 1 9.68
2 1 2 2 2 9.34
3 1 3 3 3 9.69
4 2 1 2 3 13.84
5 2 2 3 1 13.15
6 2 3 1 2 12.84
7 3 1 3 2 17.09
8 3 2 1 3 16.49
9 3 3 2 1 18.73
K, 28.71 40.61 39.01 41.56

K, 39.83 38.98 41.91 39.27

K, 52.31 41.26 39.93 40.02

R 23.6 2.28 2.9 2.29

According to the R value in Table 2, the order of the effects
of solid-to-liquid ratio, ethanol concentration, time and tempera-
ture on the extraction rate of TFFAI was A >C > D > B, that is,
solid-to-liquid ratio > time > temperature > ethanol concentra-
tion. The optimal extraction condition of TFFAI was A,C,D B,,
which was extracting with 70% ethanol at a solid-to-liquid ratio of
1:50 (g/ml) at 40 °C for 1.5 h. The TFFAI extraction yield was
19.14% +1.56% under these conditions.

Preparation of total flavonoids from Fructus Aurantii Immaturus

According to the best extraction conditions obtained under "
Orthogonal experimental design and results" , the TFFAI were ex-
tracted, and the combined extraction supernatant was collected
distilled and concentrated under reduced pressure, and freeze-
dried in vacuum to obtain the dry powder of TFFAL
Qualitative analysis of extract

The full UV scanning patterns of standard and immature or-
ange extract sample solutions are shown in Fig. 6 and Fig. 7.

There were obvious peak at 283nm in UV scanning specturum
of standard( Fig. 6) and the samplesolution ( Fig. 7), indicating
that the extract contained neohesperidin.
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Fig.7 UV scanning spectrum of sample solution

Evaluation of cytotoxicity of TFFAI

The viability of HaCaT cells was determined by CCK-8 assay
after incubation of cells with TFFAI for 24 h, and the results are
shown in Fig. 8. According to the figure, the cytotoxicity of
TFFALI increased following with the increased concentration, so the

maximum concentration of TFFAI in subsequent experiments was

1 mg/ml.
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Fig. 8 Effect of FTFAI on the survival rate of HaCaT cell line

Evaluation of anti-UV radiation activity of TFFAI

The effect of TFFAI on the survival rate of HaCaT cells under
UVB irradiation was shown in Fig. 9. According to the figure, the
cell survival rate decreased significantly with the increase of UVB
irradiation dose, and the cell survival rate was only 41. 83% at
120 mJ/em’.

cantly improve the cell survival rate, and the protective effect was

However, pretreatment with TFFAI could signifi-

more obvious with the increase of irradiation dose. 1mg/mL TF-
FAI could increase the cell survival rate from 46.42% to 69.23%
in 90 mJ/cm’ group. In addition, from the results of cytotoxicity,
1 mg/ml of TFFAI was still poisonous to the cells, and the cell

survival rate was only 35.12% , but the UVB radiation on cell sur-
vival and UV scanning results showed that the TFFAI had strong
ultraviolet absorption ability in UVB segment. The treated epider-
mal cells preferentially absorbed UVB rays when receiving ultravi-
olet radiation, reduced the damage of ultraviolet radiation to cells,
and greatly improved the survival rate of cells. Therefore, the an-
ti-ultraviolet radiation activity of TFFAI was confirmed.
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Fig. 9 Effects of TFFAI on the survival rate of UVB-irradiated

HaCat cells, P <0.05, ** P <0.01,vs UVB group

Evaluation of antioxidant capacity of TFFAI in vitro

The antioxidant capacity of TFFAI was determined by ABTS
clearance rate, and the results are shown in Fig. 10. The clear-
ance rate of ABTs was 97. 85% when TFFAI concentration was
0.8 mg/ml, and 100% when TFFAI concentration was 0.9 mg/ml.
These results indicated that TFFAI had strong antioxidant capacity.
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Fig. 10 Evaluation of antioxidant capacity of TFFAI ( ABTS clear-
ance rate)

In recent years, scholars have focused on extracting effective
ingredients from natural resources that can reduce ultraviolet light
damage and enhance skin protection, such as Lonicera caerulea L.,
Bilberry fruit polyphenols, Codium fragile, green tea polyphenols,
Sophora japonica L, blackberries, raspberries, Coffea Arabica,
Ginkgo Biloba L., Vitis vinifera 1., Amorphophallus, Litchi chinen-
sis, Hylocereus polyrhizus, solanum nigrum, Guava-fruit, Perilla

rutescens, ete. ' ™). Among them, polyphenols or flavonoids
g polyp:
have excellent absorption ability to ultraviolet rays in the 280 —

320 nm band. Zhang et al. "' also concluded that the maximum
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absorption value of UVB zone of 30 common Chinese herbal medi-
cine chemicals is mostly between 280 and 320 nm. Li et al. "™
summarized the research on UV-resistant components from plants
in the past five years and found that most of them are flavonoids.
The maximum UV absorption peak of total flavonoids in the pres-
ent study was also in this range, indicating that it had UV absorp-
tion ability. Studies on total flavonoids in passion fruit, leve, kiwi
fruit, jujube, green tea and other components™ ' have found
that they have strong antioxidant capacity, thereby reducing intra-
cellular oxidative damage caused by UVB radiation and showing
anti-UV radiation activity. By in witro antioxidant experiment
shows the optimal ABTS clearance level was obtained with
0.9 mg/ml TFFAI in this study, at the same time by cytology have
confirmed that its cells and dermis of UVB radiation has a good
protective effect. These tips for health food of the code is sunscreen
function development and application of Chinese medicine has a
good potentiality. This study provides a certain research basis for
the screening and development of plant sunscreens and clinical
drug candidates for the treatment of skin photodamage. The specif-
ic mechanism of the protection of TFFAI against UV light damage
needs to be further studied.

Conclusion

In this study, the yield of TFFAI was the highest (19.14% )
under the conditions of solid-to-liquid ratio 1 : 50 (w/v), 1.5 h,
40 °C and 70% ethanol concentration. Cytological experiments
showed that TFFAI pretreatment could significantly improve the
survival rate of UVB-irradiated cells, 1 mg/ml TFFAI could in-
crease 22. 81% of the survival rate on 90mJ/cm’ dose group.
These results indicate that TFFAI has good anti-UVB radiation ac-
tivity. Meanwhile , TFFAI had the strongest absorption peak at 283
nm, and has a good clearance ability to ABTS. Therefore, TFFAI
may played a protective role on UVB-irradiated cells through both
UVB ray absorption and antioxidant pathways.
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application value of various model algorithms, and puts forward
the difficulties and future prospects that may be encountered in the
establishment and application of models. In addition, in the mod-
eling practice of species distribution models, the rationality and
accuracy of model results are closely related to the correct selec-
tion of prediction factors and modeling methods, the interaction
between time and space scales and between environmental and ge-
ographical factors, and the impact of model extrapolation. There-
fore, scholars need to understand the supporting framework of
models as much as possible, clarify the way to build models, and
correctly select model algorithms. Future research should attach
great importance to important historical and geographical factors
that lead to current species distribution patterns, and possible role
of species ecological niche evolution. In the modeling process, the
genealogical biogeography and landscape genetics theories are
combined, and the natural processes such as biological interaction
are reasonably introduced into the model framework. Meanwhile,
a large amount of geographic data (such as remote sensing data )
has been effectively utilized, greatly improving the accuracy of
models. Therefore, with the development of various models and
the improvement of their accuracy, the application of species dis-
tribution models in the study of various biological habitats and the
prediction of changes in biological habitats caused by climate
change will be further promoted, providing a reference for the es-

tablishment of biological reserves.
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