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Abstract: Objective In this study, we took Litchi chinensis as the research object, obtained its antioxidant active substances
by ultrasonic-assisted extraction, and took rosmarinic acid as the main evaluation index. On the basis of single-factor ex-
periments, the solid-liquid ratio, ultrasonic power and ethanol concentration were optimized using Box-Behnken response
surface design. The optimal extraction conditions were determined as follows: solid-liquid ratio 1: 19, ultrasonic power
about 350 W and ethanol concentration 43%. Under these conditions, the extraction rate of rosmarinic acid was 5.43 mg/g,
and the predicted value was in good agreement with the measured value. The in vitro experiments showed that the extracts
of Litchi chinensis had significant DPPH free radical scavenging activity and certain iron ion reducing activity. Cytotoxicity
assay showed no significant toxicity to RAW 264.7 cells in the range of 0—500 pg/mL. The mouse asthma model experiment
further revealed that oral administration of Litchi chinensis extract could reduce airway resistance, suggesting that it might
exert the anti-inflammatory and anti-asthma potential through an antioxidant mechanism. This study has provided a basis for
the development and application of the active components in Litchi chinensis, and further analysis of its pharmacodynamic
material basis and in vivo action mechanism is still needed.

Keywords: Litchi chinensis; Ultrasound-assisted extraction; rosmarinic acid; antioxidant activity; response surface optimi-
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1. Introduction

Chinese medicinal plants are an important source of natural products for the development of new drugs and drug
intermediates. Salvia plebeia R.Bris an herb of Salvia of Labiatae family, and is produced all over the country except Xinjiang,
Gansu, Qinghai and Xizang in China. Japan, korea, India, and Australia [1]There are also distributions. In the traditional
Chinese medicine prescription, the whole plant of Litchi chinensis can be used for treating hepatitis, bronchitis, common cold,
influenza and other diseases[2]. Modern medical studies have shown that litchi has a variety of pharmacological activities,
such as anti-inflammatory[3], anti-angiogenesis[4], antiviral[1,5], protect liver[6,7]the underlying molecular mechanism
about the hepatoprotective effects of S. plebeia remains largely unknown. Here, we investigated the antioxidant activities
and antiinflammatory effects of ethanol extracts of S. plebeia (SPEEAnd oxidation resistance; Wherein the flavonoid
compound is the main active ingredient[2]. Flavonoids are a class of secondary metabolites produced by plants, which are
composed of a series of compounds with two benzene rings and phenolic hydroxyl groups linked by a central three-carbon
chain. Flavonoids in anti-inflammation[8,9]Anticancer[10], antiviral[11]Anti-diabetes[12,13]And antioxidant[14]And so
on. Rosmarinic acid is also one of the substances in litchi with strong antioxidant activity[15], an ester of caffeic acid and
3, 4- dihydroxyphenyllactic acid, commonly found in plants of the labiatae family[16], antibacterial[17], antioxidant[ 18],
antiviral[ 19]Anti-inflammatory[20,2 | Janti-inflammatory and insulin-sensitizing effects. However, whether rosmarinic acid
protects against diabetic atherosclerosis re mains unknown. In this study, we aimed to investigate the protective effect
of rosmarinic acid against diabetic atherosclerosis and the related signaling pathway. oxLDL-mediated oxidative stress
upregulated thioredoxininteracting protein (TXNIP, sedative hypnosis[22]the most common sleep disorder, is characterized
by a longer sleep latency, greater sleep fragmen tation, and consequent excessive daytime fatigue. Due to the various side
effects of prescribed hypnotics, demand for new drugs is still high. Recent studies have suggested the adenosine receptor
(ARSuch as pharmacological activity.

At present, the methods for extracting the active components in traditional Chinese medicinal plants mainly include
a hot water extraction method, an organic solvent reflux extraction method, a supercritical carbon dioxide fluid extraction
method, and the like. although the extraction process is convenient, the problems of large solvent usage amount, high energy
consumption, low extraction rate, long extraction process time consumption, high cost, poor safety and the like exist[23,24].
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Therefore, the traditional extraction process is changing to a safe, energy-saving, efficient and green direction. More suitable
solvents such as ionic liquids are developed[25], deep eutectic solvent[26]But also can effectively improve that extraction
efficiency; and in the proces of synthesizing the liquid, the cost of raw material is high, the energy consumption is high, the
liquid is difficult to degrade in the nature, and the environment is greatly affected. Ultrasonic-assisted extraction combine
ultrasonic with traditional solvent extraction to improve extraction efficiency, especially utilizes ultrasonic cavitation effect
generate by ultrasonic in extraction medium to generate strong liquid shearing force to crush plant tissue; Ultrasonic waves
can also enhance the penetration of solvents into cells and destroy the cell walls of plant tissues, thereby improving mass
transfer and promoting the release of cell contents, thereby significantly improving the extraction rate and bioavailability of
effective active substances[27]pharmaceutical, and nutraceutical industries. These components are gaining popularity due
to their potential benefits for overall health. The growing interest has resulted in a continuous rise in demand for bioactive
components, leading to the exploration of both edible and non-edible sources to obtain these valuable sub stances. Traditional
extraction methods like solvent extraction, distillation, and pressing have certain drawbacks, including lower extraction
efficiency, reduced yield, and the use of significant amounts of solvents or resources. Furthermore, certain extraction
methods necessitate high temperatures, which can adversely affect certain bioactive components. Consequently, researchers
are exploring non-thermal technologies to develop environ mentally friendly and efficient extraction methods.","container-
title":"Ultrasonics Sonochemistry","DOI":"10.1016/j.ultsonch.2023.106646","ISSN":"13504177","journal Abbreviation":"
Ultrasonics Sonochemistry","language":"en","page":"106646","source":"DOIl.org (CrossrefAnd has the advantages of high
yield, simple operation, high efficiency and the like[14].

On this basis, ultrasonic-assisted extraction was used to extract the antioxidant active substances from Litchi chinensis,
with rosmarinic acid as the main evaluation index. In order to determine the optimal extraction conditions for the ultrasonic-
assisted extraction of antioxidant active substances, five single factor conditions were selected, including ultrasonic power,
extraction temperature, extraction time, ethanol concentration and solid-to-liquid ratio. The experimental design of Box-
Behnken was used to optimize the extraction conditions. The content of rosmarinic acid in the extract was determined and
the biological activity of natural antioxidant derived from litchi was evaluated in order to encourage the development and
utilization of this medicinal material.

2. Materials and methods

2.1 Materials and reagents

Litchi Chinese herbal pieces were purchased from Anhui Bozhou Guangshuo Pharmaceutical Co., Ltd. The DPPH total
antioxidant capacity test kit, the FRAP total antioxidant activity test kit, and the CCK-8 cell viability test kit were obtained
from Shanghai Macklin Biochemical Technology Co., Ltd.

2.2 Ultrasound-assisted extraction

The samples (1-3 g) were weighed, placed in a 50 ml conical flask, and a proper amount of solvent was added. The
ultrasonic probe was immersed in the solvent and used as the ultrasonic source for the experiment. UAE was performed on
an ultrasonic processor with an ultrasonic power range of 15-1500 W, followed by filtration and concentration under reduced
pressure.

2.3 Rosmarinic acid content analysis

Rosmarinic acid in the extract of Litchi chinensis Sonn. was analyzed by Agilent 1260 HPLC with DAD detector under
the following chromatographic conditions: GALAK EF-C18H, S5um, 4.6x250mm;

Mobile phase: methanol (A)-water (B), containing 0.5% formic acid; The flow rate was ImL/min, the injection volume
was 20pl, and the detection wavelength was 330nm.

2.4 Single factor experiment

All other parameters remained unchanged, but one factor was examined, the following being the factors observed and
their levels: extraction time (10 min, 20min, 30min, 40min, 50min), solid to liquid ratio (10, 15, 20, 25, 30 mL/g), ultrasonic
power (150W, 300W, 450W, 600W, 750W), temperature (30 C, 40 C, 50 C, 60 C, 70 C), ethanol concentration (20%, 40%,
60%, 80%, 100%).

2.5 Box-Behnken Experimental Design
The response surface methodology (RSM) was used to investigate the effects of the solid to liquid ratio (A), ultrasonic
power (B), and solvent ethanol concentration (C) on the extraction of antioxidant active substances. The Box-Behnken
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design (BBD) method was used to design the experiments. After the initial extraction range was determined by single factor
test, three factors and three levels of experiments were performed. The range and levels of independent variables were listed
in Table 1, and the functional response value (Y) was the rosmarinic acid extraction rate (mg/g).

2.6 In vitro antioxidant activity experiment

2.6.1 DPPH radical scavenging activity

At Wang et al[28]On the basis of the reported method, a certain modification was made to test the DPPH free radical
scavenging activity of the extract of Litchi chinensis. Dissolve 5 mg of D PPH in 50ml of anhydrous ethanol and store in a
brown volumetric flask. Subsequently, 100ul of different concentrations (1, 5, 10, 25, 50, 75, 100, 250, 500, and 1000pg/
ml) of Litchi chinensis extract solution were added to 96-well plates followed by 100 u L of PPH solution per well. Next,
the system was incubated in a dark, dark environment at room temperature for 30min, and the absorbance was measured at
517nm. The DPPH clearance was calculated as follows:

DPPH radicalscavenging activity (%) = [1 - (Ai-Aj)/A0] x 100 %

Where A0 was the absorbance of the solution containing no Litchi chinensis extract in the control group, Ai was the
absorbance of the solution containing Litchi chinensis extract after reacting with DPPH solution, and Aj was the absorbance
of the background containing no DPPH radical.

2.6.2 Iron ion removal capacity

The antioxidant capacity of Litchi chinensis extract was determined by FRAP kit according to the kit instructions.

2.7 Cytotoxicity Experiment

The extracts of Litchi chinensis were dissolved in DMEM solution at the concentrations of 100, 200, 300, 400 and
500pg/mL, respectively. Briefly, RAW 264.7 macrophages were incubated at 37 C and 5% CO- in DMEM containing
10% (V/V) PBS, 100 U/mL penicillin and 100 U/mL streptomycin. Subsequently, 2 x 104 /mL RAW 264.7 macrophages
were transferred to 96-well plates and incubated for 24 hours at 37 C in 5% CO-. Then, 100uL Litchi extracts of different
concentrations (100-500pg/mL )were added into the wells and incubated for 24 hours. Then, 10 L of CCK-8 solution was
added to each well and incubated in the dark for 1 hour. The absorbance of each well supernatant was detected at 450nm to
analyze the toxicity of the Litchi chinensis extract. The DMEM medium without the Litchi chinensis extract was used as the
control.

2.8 Anti-asthma experiment

Using an ovalbumin-induced mouse model of asthma, the mice were divided into a model group,a high-dose oral group,
and a low-dose oral group; from days 0 to 14, the mice were intraperitoneally injected every 7 days with 200 pL of an OVA
sensitization solution consisting of 80 pg OVA, 1 mg aluminum hydroxide, and 200 pL PBS, followed by daily intranasal
administration of 50 uL. OVA challenge solution (comprising 5 mg OVA and 100 uL PBS) from days 21 to 27, during which
time the high-dose group received a daily gastric lavage of 300 pL Salvia plebeia R. Br. extract at a concentration of 250 mg/
mL and the low-dose group received 150 pL of the same extract from days 25 to 27, until the airway resistance of the mice
was finally measured on day 28 using a Whole-Body Plethysmograph (WBP) system.

Oral gavage of
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Sensitization Phase 50 uL OVA challenge solution
Challenge Phase

Figure 1. Flowchart of mouse asthma experiment
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3. Results and Discussion

3.1 Single factor experiment
The results of single factor experiment are shown in Figure 2.
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Figure 2 Results of single factor experiment

3.1.1 Effects of extraction time

Time is an important factor to be considered in the ultrasonic-assisted extraction technology. Different extraction times
have different effects on the extraction efficiency, stability, composition of the extraction components, and extraction cost
of the antioxidant active compounds. With the prolongation of ultrasonic treatment time, the fragmentation of plant cells
increases, and the solvent can penetrate deep into the plant tissue, thereby greatly improving the extraction rate. However,
ultrasonic treatment for a long time could dissolve more other substances, and the long extraction time might lead to the
degradation of antioxidant active substances in the solvent, damaging the active substances, and reducing the extraction rate.
Therefore, an appropriate extraction time is required to dissolve the target extract as much as possible without damaging the
active substances. According to the single factor experiment results, the extraction rate of rosmarinic acid increased slightly
with the increase of ultrasonic time, and the optimal time of ultrasonic extraction was 20 min.

3.1.2 Effects of liquid-solid ratio

Generally, when the liquid-solid ratio is small, the target substance cannot be fully dissolved due to insufficient extracting
solution, and other substances dissolved in the solution such as polysaccharides compete with the target substance for
solvent, and the high solid-liquid ratio increases the extraction rate, but increases the extraction cost. In this study, with the
increase of the liquid-solid ratio, the overall extraction rate of rosmarinic acid showed a downward trend, but the downward
trend was not significant. This was because rosmarinic acid had a high solubility in solvents, and plant tissues received a
relatively concentrated ultrasonic action at a low solid-liquid ratio, so rosmarinic acid could be completely dissolved out.
The high solid-liquid ratio resulted in the dispersion of plant tissues, and ultrasonic energy was dispersed, resulting in the
reduction of the ultrasonic energy density of the materials, thus slightly reducing the extraction rate.

3.1.3 effect of ultrasonic power

With the increase of ultrasonic power, the extraction rate of rosmarinic acid from Litchi chinensis presented an
increasing and then decreasing trend. With the increase of ultrasonic power, the cavitation effect was enhanced and the cell
fragmentation was increased, which was conducive to the improvement of the extraction rate. When the ultrasonic power is
too high, the propagation of shock wave in the solvent is hindered due to the increase of cavitation bubbles; And cavitation
caused by excessive ultrasonic may cause chemical bonds of solute molecules in the solvent to be broken and degraded, or
generate free radicals to destroy antioxidant active substances. According to the single-factor extraction results in Figure 1,
300W was the optimal ultrasonic power.

3.1.4 effect of temperature

In general, higher temperature helped to accelerate the movement of solvent molecules and enhanced the release and
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diffusion of the target extract into plant tissues. Excessive temperatures may also lead to thermal decomposition of the active
substance. In this study, the temperature had no significant effect on the extraction result. The local high temperature and
high pressure generated during the bubble rupture due to ultrasonic cavitation effect resulted in the overall environment
temperature having no excessive effect on the extraction result.

3.1.5 Effects of ethanol concentration

With the increase of ethanol concentration, the extraction rate of rosmarinic acid showed a downward trend. This is
because rosmarinic acid structure contains a large number of hydroxyl, strong polarity, high solubility in water. However,
the lower ethanol concentration resulted in the dissolution of a large number of polysaccharides, which increased the
viscosity of the extract and made it difficult to conduct post-treatment. However, high concentration of ethanol was more
unfavorable for extraction due to plant cell dehydration, collagen shedding and cell protein degeneration. Therefore, the
appropriate concentration of ethanol was conducive to the extraction of antioxidant active substances in Litchi chinensis.
After comprehensive consideration of the extraction rate, the difficulty of post-treatment steps and solvent cost, the optimal
ethanol concentration was determined to be 20%.

3.2 Response surface methodology experimental results

Table 1. Response surface method experimental results

Run Factor Response

No. A:(mL/g) B:(W) C:(%) RA:(mg/g)
one 15 300 40 4.72
2 35 300 40 6.15
three 25 300 60 5.59
four 35 450 60 4.66
five 15 300 80 5.27
six 25 300 60 5.88
seven 25 300 60 5.82
eight 25 300 60 5.70
nine 15 450 60 4.76
10 35 150 60 6.03
11 25 150 40 6.30
twelve 25 450 40 6.17
13 35 300 80 6.54
14 15 150 60 4.19
15 25 150 80 7.16
16 25 300 60 5.83
17 25 450 80 6.37

For the BBD design, 17 experiments were performed to optimize the three parameters. Under the specified test
conditions, the solid to liquid ratio was 25mL/g, the ultrasonic power was 150W, the ethanol concentration was 80%, and
the maximum extraction rate of RA was 7.16 mg/g. The response (RA) and the test variables (A,B,C) were determined by
multivariate regression analysis of the following second-order polynomial equations:

RA=5.77+0.5540A-0.2151+0.2503C-0.4876 AB-0.0399AC-0.1611BC-0.8426A2-0.0111B2+0.7465C2

The ANOVA results for fitted models for all test responses are presented in Table 2, and the ANOVA shows that the
regression equation model is highly significant (< 0.01). Figure 3-5 shows the comprehensive influence of each extraction
factor on the extraction effect.

Table 2. ANOVA results of the fitted model for test response

Source Sum of Squares df Mean Square F-value p-value
Model 9.46 nine 1.05 43.04 <0.0001 significant
A-Solid-liquid ratio 245 one 2.45 100.52 <0.0001
B-Power 0.3702 one 0.3702 15.16 0.0059
C-Ethanol concentration 0.5011 one 0.5011 20.52 0.0027
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Source Sum of Squares df Mean Square F-value p-value

AB 0.9512 one 0.9512 38.95 0.0004
AC 0.0064 one 0.0064 0.261 0.6251
BC 0.1038 one 0.1038 425 0.0782
A? 2.99 one 2.99 122.4 <0.0001
B? 0.0005 one 0.0005 0.0213 0.8881
c 2.35 one 2.35 96.09 <0.0001
Residual 0.171 seven 0.0244
Lack of Fit 0.1166 three 0.0389 2.86 0.1682 not significant
Pure Error 0.0544 four 0.0136
Cor Total 9.63 16

Rosmarinic acid extraction rate

A: Solid-liquid ratio

150 15

Figure 3. Comprehensive influence of ultrasonic power and material-liquid ratio on extraction effect
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Figure 4. Comprehensive effects of material-liquid ratio and ethanol concentration on extraction efficiency

According to the optimization results of response surface methodology, the optimal extraction conditions were as
follows: solid-liquid ratio 19: 1, ultrasonic power 353.8W, and ethanol concentration 42.672%. Under these conditions, the
extraction rate of rosmarinic acid was 5.585 mg/g.

According to the prediction results of response surface methodology, based on the ultrasonic equipment and the
convenience of operation, the experimental condition data were rounded: solid-to-liquid ratio 19:1, ultrasonic power 350w,
and ethanol concentration 43% in three groups of parallel experiments. The results showed that the extraction rate of
rosmarinic acid in Litchi chinensis was 5.629mg/g,5.274mg/g,5.386mg/g, and the average extraction rate was 5.429 mg/g,
with RSD of 3.34%. The error was small compared with the theoretical prediction value, indicating that the condition was
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stable and reliable.

3.3 in vitro antioxidant test results
3.3.1 DPPH radical scavenging activity

Rosmarinic acid extraction rate

C: Ethanol concentration

40 150

Figure 5. Comprehensive effects of ultrasonic power and ethanol concentration on extraction efficiency

The DPPH radical scavenging results determined by the method in 2.7.1 are shown in Figure 6.
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Figure 6. Experimental results of DPPH free radical scavenging capacity of Litchi grass extract

As shown in Figure 6, when the concentration of Litchi chinensis Sonn. extract reached 75ug/ml, the DPPH free radical
scavenging capacity reached a high level, and further increasing the concentration would result in poor scavenging effect.

3.3.2 FRAP Act
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Figure 7. Results of FRAP assay for antioxidant capacity of Litchi grass extract

Determination of antioxidant capacity of Litchi chinensis extract by FRAP method is shown in Figure 7. According to
the results of Figure 7, the reduction capacity of Litchi chinensis extract to iron ions was poor when the concentration was
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less than 100pg/ml. The reduction capacity to iron ions was significantly improved when the concentration was increased to
more than 500pg/ml. The results of two in vitro antioxidant activities showed that the DPPH radical scavenging ability of
the extract of Litchi chinensis was stronger than its reducing ability to iron ions.

3.4 Cytotoxicity Experiment
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Figure 8. Effect of Litchi Grass Extract on the Activity of RAW 264.7 Cells

The experimental results of cytotoxicity of Litchi chinensis Sonn. extract are shown in Figure 8. The experimental
results showed that in the cell culture medium, the concentration of Litchi chinensis Sonn. extract in the range of 0-500 p g/
mL had no significant effect on cell viability. It can be deduced that within the concentration range, Litchi chinensis Sonn.
extract had no significant toxic effect on the cell line.

3.5 Mouse anti-asthma experiment

According to the mouse anti-asthma experiment mentioned in 2.9, the airway resistance of mice in different groups was
measured on day 28. This value can better reflect the severity of mouse asthma symptoms. In general, the higher the value
is, the Asthma is more serious, and the airway resistance of healthy mice should be less than 1. The experimental results are
shown in Figure 9.
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Figure 9. Experimental results of anti-asthma in mice

As shown in Figure 9, the airway resistance value of mice in the model group was relatively high. However, oral low-
dose and high-dose groups could both reduce the airway resistance of asthmatic mice, which could be reduced to about half
of that of the model mice. The dosing concentration in the high-dose group was twice that in the low-dose group, but the
therapeutic effect on asthma in mice was limited.

4. Summary

In this study, the antioxidant active substances in Litchi chinensis Sonn. were extracted by ultrasonic-assisted extraction,
and the extraction process conditions were optimized by response surface methodology. The cytotoxicity and antioxidant
activity in vitro of the extract of Litchi chinensis were investigated. The results showed that the extract of Litchi chinensis
had no significant toxicity to cells and had certain antioxidant activity in vitro. In view of the fact that the pathogenesis
of asthma involves intracellular oxidative stress pathway, we believe that the extract of Litchi chinensis with antioxidant
activity should have a certain treatment or relief effect on asthma, which has been proved by experiments. Unfortunately,

Journal of Clinical Medicine Research 200 | Jiayu Yan, et al.



no other characterization of the therapeutic effect of Litchi chinensis extract on asthma was available in this study, such as
the concentration of inflammatory factors in bronchoalveolar lavage fluid, pathological sections of the lungs, and analysis
of inflammatory gene expression. Besides, the pharmacodynamic material basis of the extract was not studied in depth.
Subsequent studies on the pharmacological activity of Litchi chinensis could be further explored in this direction.
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