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OPEN Extraction and purification of total

flavonoids from Zanthoxylum
planispinumVar. Dintanensis leaves
and effect of altitude on total
flavonoids content

Jiyue Wang'*, Xianqi Huang*, Zhenyu Chen?, Nian Chen?, MingliYang?, Chenggang Liang?,
Yanghua Yu? & Denghong Shi'™*

To investigate the impact of varying altitudes on the functional components of the leaves of
Zanthoxylum planispinum var. Dintanensis, this research collected leaf samples from three different
elevations: 610 m, 833 m, and 1083 m. Utilizing water and ethanol as extraction solvents, the study
optimized extraction parameters via an ultrasonic-assisted technique to maximize the yield of total
flavonoids. Following extraction, five types of macroporous adsorption resins were employed for
purification. Significant flavonoid constituents within the purified extracts were qualitatively analyzed
using liquid chromatography-mass spectrometry (LC-MS). The antioxidant activity of the extracts

was also assessed pre- and post-purification. Findings indicated that water was a more effective
solvent than ethanol for flavonoid extraction, yielding optimal results at 70 °C, with a solid-to-

liquid ratio of 1:70, 30 min, and 480 W. Conversely, ethanol extraction yielded optimal results at a
concentration of 65%, a liquid-to-solid ratio of 1:30, 60 °C, 30 min, and 360 W. Among the tested
resins, AB-8 demonstrated the highest efficacy for purifying flavonoid extracts, with adsorption data
conforming best to the Freundlich isotherm model. Optimal conditions for AB-8 purification included
a crude extract concentration of 2.50 mg/mL, pH 5, and temperature 25 °C, eluted with 10 mL of 60%
(v/v) ethanol. A notable increase in total flavonoid content was observed, rising from an average of
3.43-16.00%, with a recovery yield of 82.12%. Leaves collected at 830 m contained the highest total
flavonoid content, with rutin predominating over naringenin chalcone and naringenin. At 1083 m,
naringenin chalcone was most abundant, while the highest concentration of naringenin was recorded
at 610 m. This study provides optimized protocols for the extraction and purification of total flavonoids
from Z. planispinum var. Dintanensis leaves, contributing to the development of potential applications
for these bioactive compounds in various fields.

Keywords Zanthoxylum planispinum Var. Dintanensis, Total flavonoids, Extraction, Purification,
Antioxidant activity

The efficacy and quality of medicinal plants are intrinsically linked to the environmental factors that influence
their growth and development. It is well-established that the production of secondary metabolites, the
pharmacologically active constituents in these plants, represents an adaptive mechanism enabling them to cope
with environmental stressors. Numerous studies have demonstrated the significant impact of environmental
factors, particularly altitude, on the growth and secondary metabolism of medicinal plants, ultimately
influencing the content of active ingredients. Liu et al.'., reported that ecological factors, including annual
average precipitation, July mean temperature, frost-free period, sunshine duration, soil pH, soil organic matter,
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and soil potassium availability, significantly affected the content, though not the type, of active ingredients in the
anti-cancer plant Sinopodophyllum hexandrum (Royle) T.S. Ying, with annual average precipitation emerging as
the most influential determinant factor. Similarly, Sun et al.%, found that both chemical analyses and delayed
luminescence (DL) measurements revealed a correlation between altitude and the quality and composition of
rhubarb, suggesting the potential of DL parameters as a novel tool for assessing rhubarb quality. Saffariha et
al3., observed that the optimal harvest time for extracting the highest oil content in Salvia limbata was during
the vegetative stage at 1500 m, whereas the highest content of monoterpenes, including a-pinene and B-pinene,
could be obtained at 2000 m during the same phenological stage. Conversely, sesquiterpene content reached
its peak in the ripening stage at both 1500 and 2500 m. Qiao et al., reported that the flavonoid content in
the leaves and roots of Lamiophlomis rotata increased with altitude. Elkady et al.”., demonstrated that altitude
influences the essential oil compositions of Pinus halepensis L., which consequently affects its anthelmintic and
antimicrobial activity. These findings underscore the crucial role of environmental factors in determining the
medicinal properties of plants. Therefore, controlling environmental conditions becomes paramount in ensuring
the consistent production and preservation of desired therapeutic efficacy in medicinal plant cultivation.

Zanthoxylum planispinum var. Dintanensis, belonging to the Rutaceae family, is a semi-deciduous shrub or
small tree, typically reaching a height of 2-4.5 m®. The stems and branches are characterized by sharp, reddish-
brown thorns, distinguished by their wide and flat bases. Since 1992, large-scale plantings of Z. planispinum
var. Dintanensis have been established in a region characterized by a typical karst plateau canyon landscape.
This environment is dominated by carbonate rocks, which contribute to the rapid loss of nutrients through
water and soil, resulting in infertile and ecologically fragile soil conditions. Z. planispinum’s high adaptability,
ease of cultivation, calcium preference, drought resistance, and notable soil and water conservation properties
make it a suitable species for this challenging environment’. Z. planispinum is rich in volatile oils, which impart
its distinctive aroma and flavor. Research has demonstrated the presence of various medicinal properties in Z.
planispinum, including antioxidant, antitumor, analgesic, anti-inflammatory, and antimicrobial activities®. These
beneficial effects are attributed to the presence of bioactive compounds such as amides, alkaloids, flavonoids,
lignans, and coumarins®.

Flavonoids, a diverse class of polyphenolic compounds, are universally present in plants, ranging from roots
to fruits. To date, over 8000 distinct flavonoids have been identified, including anthocyanins, quercetin, catechin,
apigenin, and luteolin!®. As secondary metabolites, they play pivotal roles in various plant processes, such as
photosynthesis, respiration, growth, development, and defense against environmental stresses!!. Flavonoids
possess a wide range of medicinal properties, including enhancing human nutrition, offering potential benefits
in treating excitotoxicity, oxidative stress, inflammation, and thrombin’s cellular toxicity, as well as protecting the
blood-brain barrier and contributing to a reduced risk of cardiovascular diseases, immune-mediated diseases,
cancer, and Alzheimer’s disease!>!3. Notably, flavonoids exhibit strong free radical scavenging and antioxidant
capacity, particularly evident in Chinese prickly ash!'®. To optimize flavonoid extraction, advanced techniques
such as ultrasound-assisted, microwave-assisted, and enzyme-assisted extraction methods have gained
widespread acceptance!>!°.

Previous research has established the potential of Z. planispinum var. Dingtanensis in various industries,
emphasizing its sensitivity to altitude and identifying key flavonoid metabolites, such as naringenin chalcone
and naringenin, which are involved in environmental stress response Wa'”. This study aimed to further elucidate
the influence of varying altitudes (610 m, 833 m, and 1083 m) on the functional components of Z. planispinum
var. Dingtanensis leaves. Ultrasonic-assisted extraction methods were optimized for both water and ethanol
to maximize total flavonoid (TF) yield. Subsequently, crude TF extracts were purified using macroporous
resin. Key flavonoid compounds, including rutin, naringenin, and chalcone, were qualitatively analyzed using
liquid chromatography-mass spectrometry (LC-MS). Additionally, the antioxidant activity of TF extracts
was measured both pre- and post-purification. This study introduces a novel method for the extraction and
purification of flavonoids from the leaves of Z. planispinum var. Dintanensis, systematically examining how
altitude affects flavonoid composition. Additionally, it identifies specific flavonoid constituents within the plant.
This research contributes to a deeper understanding of phytochemical extraction processes and highlights their
potential applications.

Materials and methods

Sample collection

Leaf samples were collected from 7-year-old Z. planispinum var. Dintanensis trees grown at three distinct
altitudes, specifically 610 m.a.s.l. (A1), 833 m.a.s.l. (A2), and 1083 m.a.s.l. (A3). The collected leaves were dried
in a hot air oven at 70 °C for 48 h, then ground and sieved through 100 mesh screens to obtain the powdered leaf
material for further experiment.

Determination of total flavonoids
The total flavonoid content was determined using the methodology described by Masci et al.!8. The calculation
was performed according to the following formula:

C+«VxN
content % = 3100 * 100

Where C is the concentration of the rutin standard solution (mg/mL), V is the volume of the sample solution
(mL), N is the dilution factor, M is the weight of the leaf (g).
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Extraction of total flavonoids using water as the solvent

The extraction of TF was conducted using distilled water as the solvent via ultrasonic-assisted extraction (UAE).
A single-factor experimental design was employed to initially assess the impact of material-to-liquid ratio (1:30,
1:50, 1:70, 1:90, 1:110), extraction temperature (20 °C, 30 °C, 40 °C, 60 °C, 70 °C, 80 °C), extraction time (10 min,
20 min, 30 min, 40 min, 50 min, 60 min, 80 min, 100 min), and ultrasonic power (320 W, 400 W, 480 W, 560 W,
640 W) on extraction efficiency. Based on these results, an orthogonal design was implemented to optimize the
extraction process considering material-to-liquid ratio, temperature, ultrasonic power, and time .

Extraction of total flavonoids using ethanol as the solvent

The optimization of total flavonoid extraction using an UAE method with ethanol as the solvent was investigated.
A series of single-factor experiments were also conducted to explore the effects of various parameters, including
ultrasonic power (320 W, 400 W, 480 W, 560 W, 640 W), temperature (20 °C, 30 °C, 40 °C, 50 °C, 60 °C, 70 °C,
80 °C), and ethanol concentration (10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%). According to the results of the
single-factor experiment, design-Expert v.8.0 software was used to investigate the effects of four independent
variables on the yield of TFs, including ethanol concentration (A), material-liquid ratios (B), extraction power
(C), and temperature (D). The four-factor three-level response is shown in .

Purification of total flavonoids with macroporous resin

To enhance TF in Z. planispinum leaf extract, five different macroporous resins (HPD600, HPD100, XAD-2,
AB-8, and D101) were employed to separate the flavonoids from crude TF extracts, following the methodology
described by Wang et al.'. Static adsorption and desorption tests of TF on macroporous resins were conducted
according to the protocol outlined by Xie et al.?’. The optimal resin was selected based on a comprehensive
evaluation of adsorption capacities, adsorption ratios, and desorption rates. The following equations were used
to quantify the equilibrium adsorption capacity and adsorption ratio and desorption ratio:

Qmg/g =V * (Co — C1) /M
R% = [(Co — C1) /Co] % 100
E% = [Ca/ (Co — Ca)] * 100

where Q is the equilibrium adsorption capacity at adsorption equilibrium; R is the adsorption rate; E is the
desorption rate (%); C, and C | are the initial and equilibrium concentrations of total flavonoids in the solution,
respectively (mg/mL); C, is the concentration of total flavonoids in the desorption solution (mg/mL); V is the
volume of the initial sample solution (mL); W is the weight of resin (g).

The adsorption isotherms of total flavonoids on selected resin were investigated by mixing 1 g of resin
with 100 mL of sample solutions containing varying concentrations of total flavonoids (0.07-0.40 mg/mL).
The mixtures were continuously agitated at 150 rpm for 5 h at temperatures of 25 °C, 30 °C, and 35 °C. The
equilibrium adsorption data were analyzed using the Langmuir and Freundlich models.

(Qmaxka«dce
1+ kad Cc

kcel
n

Langmuir equation : Q, =

Freundlich equation: Q. =

In these models, Qe (mg/g) denotes the theoretical maximum adsorption capacity, Ce (mg/mL) represents the
concentration of total flavonoids, Kad (L/mg) is the Langmuir adsorption constant, while n and K [mg/g (L/
mg)/(1/n)] refer to the Freundlich constants.

The adsorption kinetics of the total flavonoids on the selected resin were investigated. A sample solution with
a total flavonoids concentration of 3.00 mg/mL was blended with 1 g of the AB-8 resin at a shaking speed of
150 rpm and a temperature of 25 “C for 12 h. The adsorption capacity of the AB-8 resin was measured at various
time intervals, ranging from 0 to 12 h, with a 0.5-h increment. Additionally, The effects of pH on the adsorption
capacity of the selected resin were investigated. The influence of ethanol concentration and elution volume
on the desorption ratio was examined to determine the optimal purification conditions. Following flavonoid
adsorption saturation in resin columns loaded using the wet loading method, a sequential elution protocol is
employed. Initially, the column is rinsed with water at a flow rate of 2 bed volumes per hour until the effluent
clarifies. Subsequently, the column is eluted with 60% ethanol at the same flow rate, and the ethanol-eluted
fractions are collected. An elution curve is then plotted accordingly, illustrating the optimal elution conditions
for flavonoid recovery.

Analysis of LC-MS

The quantitative analysis of three flavonoids, namely rutin, naringin chalcones, and naringin, present in
Z. zanthoxylum extracts, was carried out using LC-MS. The analysis was executed on an Agilent 1100 liquid
chromatography mass spectrometry system equipped with an Agilent Poroshell 120 EC-C18 2.7 pm column
(3% 50 mm) maintained at a column temperature of 35 ‘C. The mobile phases comprised of 0.5% formic acid
in water (solvent A) and acetonitrile (solvent C), employing a gradient elution method. The elution program
comprised the following steps: (1) 0-1 min, 0-95% A; (2) 1-8 min, 95-75% A; (3) 8-12 min, 75-40% A; (4)
13-16 min, 40-0% A; (5) 16-16.1 min, 0-95% A; (6) 16.1-20 min, 95-95% A.The flow rate was set at 0.6 mL/
min, and the injected sample volume was 10 pL.
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HOSC assay and FRAP assay

The antioxidant properties of crude TF extracts and purified final products were comprehensively evaluated
using the hydroxyl radical scavenging capacity (HOSC) assay and the ferric reducing antioxidant power (FRAP)
assay, following the methodologies described by Dienaiteé et al.2! and Zhao et al.?%.

Statistical analysis

The results were statistically analyzed using one-way analysis of variance (ANOVA) and Tukey’s post-hoc test at
a95% confidence level, employing SPSS statistical software version 26.0 (https://www.ibm.com/support/pages/d
ownloading). Additionally, regression analysis and response surface optimization were performed using Design-
Expert software version 8.0.6 (www.statease.com/software/design-expert/). All measurements were carried out
in triplicate and expressed as mean + standard deviation. Graphical representations were generated using Origin
software version 2022 (https://www.originlab.com/index.aspx?go=Products/Origin/2022&pid=4418).

Results

Effect extraction of total flavonoids with water as solvent

Regarding the extraction of total flavonoids using ultrasound with water as the solvent (Fig. 1), the yield initially
increased but subsequently decreased as the material-to-liquid ratio, temperature, time, and ultrasonic power
were increased. The single-factor experiments revealed that the optimal conditions for maximum adsorption
were a material-to-liquid ratio of 1:70, a temperature of 70 ‘C, an extraction time of 30 min, and an ultrasound
power of 480 W.
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Fig. 1. Yield of total flavonoid with water. (a) material-to-liquid ratios, (b) ultrasound power, (c) times, (d)
temperatures.
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Total flavonoid yield(%)

Total flavonoids yield(%)

Effect extraction of total flavonoids with ethanol as solvent

Similarly, the extraction of total flavonoids using ultrasound with ethanol as the solvent (Fig. 2) showed an initial
increase in the adsorption ratio followed by a decrease as the ethanol concentration, material-to-liquid ratio,
ultrasound power, temperature, and extraction time were increased. The single-factor experiments indicated
that the maximum adsorption ratio was obtained with an ethanol concentration of 60%, a material-to-liquid
ratio of 1:70, an ultrasound power of 320 W, and a temperature of 60 °C.

Optimization of extraction process by orthogonal experiment

The results of the orthogonal experiment, which employed a four-factor, three-level (L9 (3%)) design, are
presented in Table 1. Range analysis indicated that the material-to-liquid ratio (B) has the most significant
influence on total flavonoid extraction rate, followed by extraction power (C), then extraction time (A), and
finally temperature (D). The optimal extraction conditions were determined to be A3B2C1D3, corresponding
to ultrasound-assisted extraction at 70 °C, a material-to-liquid ratio of 1:70, an extraction time of 30 min, and a
ultrasound power of 480 W.

Optimization of extraction process by response surface experiment
The Response surface design scheme and results are shown in Table 2. a multiple quadratic response
surface regression model was established: Y=2.19+0.016 A-0.11B-0.014 C -8.333¥*10-3- 0.090AB-
0.030AC+0.013AD +0.060BC +0.015BD +0.053CD-0.69A2-0.32B2-0.37C2-0.34D2.

As illustrated in Table 3, the model exhibited statistical significance with an F-value of 53.22 (p<0.0001),
indicating a strong fit. The lack-of-fit test produced a non-significant p-value of 0.403, suggesting that the lack
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Fig. 2. Yield of total flavonoid with ethanol. (a) ethanol concentrations, (b) material-to-liquid ratios, (c)
ultrasound power, (d) temperatures (e).
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Factors
No. | A B C D Total flavonoids yield %
1 1(50) | 1(1:60) | 1(30) | 1(320) | 3.03
2 |1 2(1:70) | 2(40) | 2(400) | 2.80
3 1 3(1:80) | 3(50) | 3(480) | 2.13
4 2(60) |1 2 3 3.26
5 2 2 3 1 2.73
6 2 3 1 2 3.20
7 3(70) | 1 3 2 3.46
8 3 2 1 3 3.85
9 3 3 2 1 2.53

]

7.96 |7.79 9.18 | 7.29
K2 |7.78 |10.34 8.49 | 8.46
K3 |9.25 |6.86 7.32 | 9.24
R 049 | 1.16 0.62 | 0.65

Table 1. Results of the orthogonal experiment.

Factors Total flavonoids yield

No. A (B |C |D |%

1 0 0 1 1 1.42
2 1 -1]0 0 1.34
3 -1]0 0 -1]112
4 0 -11]0 -1 175
5 0 -1]0 1 1.72
6 0 0 0 0 2.25
7 0 0 -1]1 1.42
8 -1]-1 1|0 0 1.15
9 0 0 -1|-1]162
10 |-110 -11]0 1.10
1 |0 0 0 0 2.16
12 |0 1 0 1 1.40
13 |-110 1 0 1.16
14 |0 0 0 0 2.14
15 1 0 1 0 1.17
16 1 0 0 -1]111
17 |0 0 0 0 2.26
18 |0 0 0 0 2.12
19 |0 0 1 -1]141
20 |0 -1 | -110 1.62
21 |0 1 0 -1 (137
22 |0 1 1 0 1.47
23 |-1]|1 0 0 1.18
24 |1 0 -1]0 1.23
25 1 1 0 0 1.01
26 |0 1 -1]0 1.33
27 |1 0 0 1 1.18
28 |-110 0 1 1.14
29 |0 -1]1 0 1.52

Table 2. The results of response surface design.

of fit was not statistically significant when compared to pure error (p=0.017). The high adjusted R? value of
0.963 demonstrated a substantial correlation between the observed and predicted values. These findings indicate
the model’s accurate representation of the relationship between the independent variables and the outcomes.
Additionally, the factors influencing the yield of total flavonoids, in order of significance, were material-to-liquid
ratio (B), ethanol concentration (A), extraction power (C), and temperature (D).
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Source SS DEF MS F-value P-value
Model 3.98 14 0.28 53.22 <0.0001
A-ethanol concentration | 3.008x1073 | 1 3.008x 1073 | 0.56 0.4651
B-material-to-liquid ratio | 0.15 1 0.15 28.05 0.0001
C-ultrasound power 2.408x1073 | 1 2.408x107% | 0.45 0.5126
D-temperature 8.333x107 | 1 8.333x107* | 0.16 0.6986
AB 0.032 1 0.032 6.07 0.0273
AC 3.600x1073 | 1 3.600x107* | 0.67 0.4252
AD 6.250x107* | 1 6.250x107* | 0.12 0.7372
BC 0.014 1 0.014 2.70 0.1227
BD 9.000x107* | 1 9.000x107* | 0.17 0.6875
CD 0.011 1 0.011 2.07 0.1726
A? 3.07 1 3.07 574.77 <0.0001
B2 0.65 1 0.65 121.66 <0.0001
c? 0.86 1 0.86 162.04 <0.0001
D? 0.76 1 0.76 141.65 <0.0001
Error 0.075 14 5.335x1073

Lack of fit 0.058 10 5.797x1073 | 1.39 0.4031
Pure error 0.017 4 4.180x 1073

Total 4.05 28

R?=0.9816 R?,, =0.9631

Table 3. Analyze of mean square in the regression model. SS: Sum of Squares, DF: Degrees of Freedom, MS:
Mean Square.

The TF regression model demonstrated substantial linear effects of ethanol concentration, material-to-
liquid ratio, extraction power, and temperature, as well as significant interactions between the four independent
variables (p < 0.05). Specifically, the interaction between ethanol concentration and material-to-liquid ratio (AB)
exhibited a significant effect. The impacts of the independent variables on the TF are illustrated in Fig. 3. An
increase in ethanol concentration, coupled with an increasing material-to-liquid ratio, resulted in a higher TF
yield. Regression analysis predicted that the optimal extraction parameters were an ethanol concentration of
63.70%, a material-to-liquid ratio of 28.09:1 (mL/g), a temperature of 62.62 °C, an extraction time of 30 min,
and an ultrasonic power of 360 W.

TF content of Z. planispinum leaves at different elevation

The yield of total flavonoids extracted using water (ranging from 2.13 to 3.85%) was significantly higher than
that obtained through alcohol solvent extraction (which ranged from 1.11 to 2.26%), as presented in Tables 1 and
2. As a result, water was selected as the solvent for extracting total flavonoids from the leaves of Z. zanthoxylum
at varying elevations. The flavonoid content was highest in sample A2, with a concentration of 3.74%, followed
by sample A3 at 3.58% and sample Al at 3.15%.

Screening of macroporous resin

The adsorption and desorption properties of five macroporous resins (XAD-2, AB-8, HPD-100, D101, and HPD-
600) were rigorously investigated for the purification of total flavonoids. As shown in Fig. 4, AB-8 exhibited
the most favorable performance among these resins, demonstrating significantly enhanced adsorption capacity
(Q), adsorption rate (R), and desorption rate (E) across various experimental samples. Notably, the adsorption
rate of AB-8 on sample A2 was lower than those of the other resins. Nevertheless, based on a comprehensive
comparative analysis, AB-8 was ultimately chosen as the optimal resin for purifying crude TF extracts from the
leaves of Z. planispinum.

Adsorption isotherms and adsorption kinetics of AB-8 resin

The adsorption capacity of the AB-8 resin exhibits a gradual decline as the adsorption temperature increases.
Notably, the highest adsorption capacity is attained at 25 ‘C, significantly surpassing the capacities observed at
other temperatures, as depicted in Fig. 5a—c. These findings suggested that 25 ‘Crepresents the optimal conditions
for the adsorption process. A comparative analysis of the Freundlich and Langmuir isotherm models revealed
that the former provides a superior fit to the experimental data for parameters of Langmuir and Freundlich
equations for the adsorption of AB-8 resin, evident from its higher correlation coefficient R? (0.98519-0.99541)
within the tested temperature range. This indicated that the adsorption of total flavonoids from Z. planispinum
leaves onto the AB-8 resin follows a monolayer adsorption behavior. Furthermore, the adsorption kinetics
curves for total flavonoids on AB-8 resins (Fig. 5d) demonstrated a rapid increase in adsorption capacity with
time, reaching equilibrium at approximately 8 h and achieving 48-50 mg/g.
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Fig. 3. The effects of independent variables on the TF (a) interaction between material-liquid ratios and
temperature, (b) interaction between extraction power and temperature, (c) interaction between ethanol
concentration and material-liquid ratios, (d) interaction between ethanol concentration and extraction power,
(e) interaction between ethanol concentration and temperature, (f) interaction between material-liquid ratios
and extraction power.
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Fig. 5. Adsorption isotherms (a, b, ¢) and adsorption kinetic curve (d) for TF on AB-8 resins.

Effect of pH value on adsorption capacity of AB-8 resin and maximum adsorption capacity
The influence of pH value on the adsorption capacity of AB-8 resin is illustrated in Fig. 6a. The results showed
that pH significantly impact the adsorption capacity of the resin. Specifically, the adsorption capacity of AB-8
resin at pH 5 is substantially higher than at other pH levels, a trend consistently observed across all three samples.
The adsorption performance of AB-8 resin for total flavonoids was thoroughly investigated through an
equilibrium adsorption study at varying concentrations of the crude flavonoid extracts. As depicted in Fig. 6b,
the adsorption capacity of total flavonoids initially increased with the concentration of the crude extracts, but
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subsequently decreased. The maximum adsorption capacity was observed when the concentration of the crude
flavonoid extracts was 2.50 mg/mL, indicating that the optimal concentration for the adsorption of flavonoids
onto the AB-8 resin is 2.5 mg/mL.

Dynamic desorption

The breakthrough point was defined as the instant at which the effluent’s total flavonoid concentration reached
10% of the initial value, as reported by Liu et al. . The breakthrough curves obtained from the AB-8 resin-packed
column are illustrated in Fig. 7a. To optimize operational efficiency, the breakthrough volume was set at 10 ml,
indicating the complete penetration of total flavonoids through the resin. The influence of ethanol concentration
on the desorption rate was investigated, as depicted in Fig. 7b. An initial increase in ethanol concentration led
to a rise in the desorption rate, which subsequently decreased upon further increases. Notably, at an ethanol
concentration of 60%, the desorption rate peaked, surpassing 60%, with this trend consistently observed across
all three samples. Additionally, gradient elution was examined within the context of dynamic desorption. It was
determined that when the eluent volume was maintained at 10 mL, the concentration of total flavonoids reached
its maximum value of 16 mg/mL (Fig. 7c). Consequently, the optimal conditions for desorption were identified
as an ethanol concentration of 60% and an eluent volume of 10 mL.

Based on the aforementioned experimental findings, an investigation into the purification process of
total flavonoids from Z. planispinum crude flavonoid extracts was conducted on AB-8 resin under optimized
parameters. A crude flavonoid extract solution, with a concentration of 2.50 mg/mL, a pH of 5, and a temperature
of 25 °C, was loaded onto a pre-treated AB-8 resin column. After adsorptive saturation, the column was eluted
with 10 mL of 60% (v/v) ethanol. This process resulted in a final product containing 16.00% total flavonoids,
corresponding to an 82.13% recovery rate. These results indicate the feasibility and reliability of the AB-8 resin
for the preparative purification of flavonoids.
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Al 7.31 1.44e+07 | 37.90 ¢ 11.10 2.18e+04 | 097 a 11.40 8.33e+03 | 0.63¢
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Table 4. Content of Rutin, Naringin, and naringenin chalcone determined by LC-MS. The same letters in the
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Content of Rutin, naringin Chalcones, and naringin in TF extracts

The LC-MS chromatogram revealed three distinct peaks with retention times of 7.11-7.33, 11.1, and 11.4 min,
corresponding to rutin, naringin chalcones, and naringin, respectively. The content of these flavonoids exhibited
significant variation among the three samples analyzed (Table 4). Specifically, the rutin content followed the order
of A2>A3>Al, while the naringin content was ordered as A1>A2>A3. The naringin chalcone content was
significantly higher in A3, followed by A2 and then A1l. Across all samples, rutin had the highest concentration,
whereas naringin chalcone had the lowest concentration.

Antioxidant activity of total flavonoids

Herein, we present a comprehensive analysis of the antioxidant activity of crude TF extracts and the final products
purified using AB-8 resin. As demonstrated in Fig. 8, within the concentration range of 0.007-0.035 mg/mL, both
before and after purification, the the clearance ratio of TF on -OH increased with the rising TF concentration.
Notably, HOSC value was significantly higher than that of Vitamin C (Vc). Additionally, as depicted in Fig. 9,
within the concentration range of 2-10 pg/mL, FRAP capacity of the TF extracts increased proportionally
with the TF concentration. The FRAP strength hierarchy for the crude TF extract was observed as follows:
Vc>A2=A3>Al. Conversely, for the TF extracts purified with AB-8 resin, the order was A2>A3>Vc>Al. In
addition, the IC, values of HOSC assay for the crude TF extracts from sample Al and A3 were significantly
lower than those of the purified products (Table 5). Similarly, FRAP assay performed on the crude TF extract
from sample Al indicated a significantly reduced IC, value (Table 6). These results suggest that the purification
process enhances the antioxidant activity of TE.

Discussion

The total flavonoid yield was found to be highest when using the ultrasound extraction method with water as
the solvent, compared to using ethanol as the solvent. This finding is consistent with the study by Gonzalez-
Centeno et al.*, who utilized water for the extraction of phenolic compounds, flavonoids, and antioxidants from
grape pomace. Similarly, Egiiés et al.? reported the successful extraction of bioactive compounds from apple
pomace using an ultrasound-assisted technique with water as the solvent. Water, being a highly polar solvent,
is more effective in extracting highly polar flavonoid compounds, such as flavonoid glycosides with multiple
hydroxyl groups?. In contrast, ethanol, with its lower polarity, results in a relatively lower extraction rate for
flavonoid compounds. The solubility of flavonoid compounds in different solvents significantly influences the
extraction efficiency. For certain flavonoid compounds, their solubility in water may be higher than in ethanol,
leading to a greater extraction yield when water is used as the solvent?”2%. Flavonoid compounds in plants often
exist as flavonoid glycosides, which contain one or more sugar molecules, increasing their polarity and water
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Fig. 9. FRAP value of TF extract. (a) crude TF extracts, (b) purified extracts.

Sample | Calibration curve | R? EC,, (ug/mL)

Ve y=0.6803x+0.1966 | 0.9874 | 0.03b

Al-b y=2.3047x+0.8075 | 0.9944 | 0.07a
A2-b y=1.8634x+0.8012 | 0.9774 | 0.02¢
A3-b y=1.8904x+0.8086 | 0.9896 | 0.02b
Al-a y=1.7873x+0.7816 | 0.9527 | 0.03b
A2-a y=1.943x+0.07789 | 0.9619 | 0.02¢
A3-a y=1.4129x+0.7748 | 0.9686 | 0.02¢

Table 5. Calibration curves and IC, value for HOSC. A1-b, A2-b, A3-b, represents the crude TF extract, Al-a,
A2-a,A3-a, denotes TF after undergoing purification using an AB-8 resin, the same below.

Sample | Calibration curve | R? EC,, (ug/mL)
Ve y=0.1095x+0.1266 | 0.9826 | 5.57b
Al-b y=0.0573x+0.0703 | 0.9882 | 7.18a
A2-b y=0.0708x+0.1204 | 0.9551 | 4.69d
A3-b y=0.0657x+0.1354 | 0.9723 | 4.91c
Al-a y=0.064x+0.1321 | 0.9810 | 5.11b
A2-a y=0.0971x+0.0183 | 0.9974 | 4.47d
A3-a y=0.0895x+0.0117 | 0.9967 | 4.97c

Table 6. Calibration curves and IC, value for FRAP.

solubility?. Therefore, water is more suitable for extracting these water-soluble flavonoid glycosides, suggesting
that the leaves of Z. planispinum var. Dintanensis contain a higher proportion of water-soluble substances, such
as polysaccharides and polyphenols.

The yield of TF extracted from Z. planispinum leaves at an altitude of 830 m (A2) is significantly higher than
that at 1083 m (A3) and 610 m (A1). Various environmental factors associated with different altitudes, including
light, temperature, moisture, and soil conditions, have a substantial impact on the accumulation of secondary
metabolites in Z. planispinum. Rocky desertification areas, especially at higher altitudes, typically receive more
direct sunlight and ultraviolet (UV) radiation, which prompts the plants to produce more protective secondary
metabolites, such as flavonoids, to mitigate UV-induced damage and reduce photooxidative stress>’. Moreover,
extreme temperature fluctuations in rocky desertification areas can adversely affect the normal growth of Z.
planispinum, leading them to adjust their secondary metabolite production as a means of adaptation®'. Severe
water shortages in these regions further stimulate Z. planispinum to synthesize additional secondary metabolites,
such as acrylic acid derivatives and specific alkaloids, to enhance drought resistance and maintain cellular water
balance®. Furthermore, the reduced atmospheric pressure and nutrient availability at higher altitudes may
stimulate metabolic pathways involved in flavonoid biosynthesis®*. Consequently, the increased total flavonoid
content at higher altitudes results from a synergy of environmental stress factors and physiological adaptations,
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significantly impacting secondary metabolite production. Therefore, the significant environmental differences
at various altitudes, which influence secondary metabolite production, result in varying total flavonoid yields in
Z. planispinum leaves when subjected to ultrasound-assisted extraction.

This study compared the adsorption performance of five different macroporous resins (AB-8, D101, HPD-
100, HPD-600, and XAD-2) and found that AB-8 resin exhibited the best adsorption data for total flavonoid
extracts. This result aligns with the findings of Hou et al.*$, who established the AB-8 macroporous resin
column chromatography (MRCC) method for the purification of total flavonoids from S. tonkinensis. The
unique macroporous structure and pore size of AB-8 resin effectively adsorb and release large molecules
such as flavonoids, reducing molecular diffusion resistance and improving adsorption efficiency. Its chemical
properties enhance flavonoid affinity and selectivity, thereby increasing adsorption capacity, reducing non-target
adsorption, and improving purity. Compared to other resins, AB-8 also has the highest desorption rate, enabling
the rapid adsorption and release of target compounds, thus improving production efficiency and reducing
energy consumption®”.

The LC-MS analysis of the three flavonoid compounds revealed that the content of rutin in sample A2
was significantly higher than in samples A3 and Al, suggesting that the increased total flavonoid yield
in A2 may be attributed to its higher rutin content. However, sample A3 exhibited a significantly higher
concentration of naringenin chalcone compared to A2 and Al, while sample Al demonstrated a significantly
higher concentration of naringenin relative to A2 and A3. The biosynthesis of naringenin chalcone, a critical
intermediate in the flavonoid pathway, plays an essential role in the production of diverse flavonoid classes.
Naringenin chalcone is synthesized through the condensation of p-coumaroyl-CoA with three malonyl-CoA
molecules, a reaction catalyzed by the enzyme chalcone synthase (CHS). The resultant naringenin chalcone is
subsequently converted to naringenin by the action of chalcone isomerase (CHI), which serves as the branching
point for the further diversification of flavonoids, including isoflavones, flavanones, flavones, flavanols, flavan-
3-ols, and anthocyanins®. The differential accumulation of naringenin chalcone in the leaves of Z. planispinum
var. Dintanensis across varying elevational environments suggests its adaptive significance in response to
environmental conditions, underscoring the importance of this metabolic intermediate in the regulation
of flavonoid biosynthesis. This result is consistent with the study by Giupponi et al.¥”, which demonstrated
that environmental conditions influenced by elevation are significant factors in inducing variations in the
secondary metabolite composition of hemp inflorescences, including terpenes, cannabinoids, and flavonoids.
All plants grown at higher altitudes exhibited a higher total amount of terpenes compared to those grown at
lower elevations, with f-Myrcene, trans-Caryophyllene, and a-Humulene being the main contributors. The
unique environmental conditions of karst rocky desertification mountainous areas, characterized by prolonged
ultraviolet radiation exposure and harsh environmental stresses, exert a significant influence on the flavonoid
content of plants in these regions. This influence is likely a consequence of the plants’ high adaptability to
fluctuating climatic and geographical conditions, suggesting a strong correlation between flavonoid levels and
resilience to these environmental pressures.

Based on HOSC and FRAP assays, the antioxidant activity of the TF final product significantly improved
through AB-8 resin purification compared to the crude extract. Furthermore, the antioxidant capacity of TF
increased in a dose-dependent manner. Similarly, in the investigation of blackened jujube (Ziziphus jujuba
Mill.), the purified triterpenic acids exhibited stronger antioxidative capacity than the crude extract and
demonstrated excellent protective effects against H,0,-induced damage in HUVEC cells*®. The difference in the
types of compounds between the final product and the crude extract may also contribute to variations in their
antioxidant capacity!’. Purification resulted in the enrichment of more active components, which significantly
enhanced the antioxidant activity of the TF extract.

Conclusion

This study investigated the extraction and purification of flavonoid compounds from Z.planispinum var.
dintanensis leaves using ultrasonic-assisted extraction. Two solvents, water and ethanol, were employed to
evaluate their efficacy in extracting flavonoids. The optimal conditions for water extraction were determined
to be: 70°C temperature, 1:70 solid-to-liquid ratio, 30 min extraction duration, and 480 W power. For ethanol
extraction, optimal conditions were: 65% ethanol concentration, 1:30 liquid-to-solid ratio, 60°C temperature,
30 min duration, and 360 W power. The results indicated that water extraction yielded a higher total flavonoid
content compared to ethanol extraction. Purification of the crude flavonoid extracts was conducted using five
macroporous adsorption resins (AB-8, D101, HPD-100, HPD-600, and XAD-2). Among these, AB-8 resin
demonstrated the most effective adsorption, with the adsorption data best fitting the Freundlich isotherm model.
The optimal adsorption conditions for AB-8 were: 2.50 mg/mL crude flavonoid extract solution concentration,
pH 5, and 25°C temperature. Elution with 10 mL of 60% (v/v) ethanol resulted in a significant increase in total
flavonoid content, reaching an average of 16.00% with a 4.67-fold increase from the initial 3.43%. The recovery
yield of the purification process was 82.12%. Furthermore, it was found that the highest total flavonoid content
was present in the leaves of Z. planispinum var. dintanensis at an altitude of 830 m (A2). The rutin content
significantly exceeded that of naringenin chalcone and naringenin. At an altitude of 1083 m (A3), the naringenin
chalcone content in leaves was the highest, while at 610 m (A1), the naringenin content was the highest.The
findings of this study will contribute to a deeper understanding of the impact of altitude on the functional
components of Z. planispinum var. dingtanensis, a species with significant potential in various industries. The
optimized extraction and purification methods developed in this research can also be applied to the efficient and
effective isolation of valuable bioactive compounds from this plant.
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