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ABSTRACT

Ehretia asperula is a medicinal plant rich in polyphenols and flavonoids, with potential
bioactive properties, and is used in traditional medicines. This study aimed to extract and optimize the
antioxidant activity of the extract and determine its hepatoprotective effects. The extraction conditions
were optimized using the Box-Behnken method at different temperatures, ethanol concentrations, and
solid-liquid ratios. Antioxidant capacity was assessed using ABTS"*, DPPH, reducing power (RP), and
total antioxidant capacity (TAC) assays, and hepatoprotective efficacy was evaluated in a CCls-induced
liver injury mouse model. The results showed that the optimal conditions for antioxidant extraction were
58.97°C, 59.08% ethanol, and a 1:26.16 w/v liquid ratio. The maximum polyphenol and flavonoid
contents were 182.44 mg GAE/g and 336.77 mg QE/qg, respectively. The antioxidant activities under
optimal conditions were 1.21-2.17 fold higher than those of the initial extracts. CCls-injured mice fed

the extract showed a lower liver/body ratio and higher ALT, AST, and MDA levels, whereas GSH levels
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remained unchanged. The liver tissue of mice fed with the extract was similar to that of healthy mice.
The optimized E. asperula extract exhibited strong antioxidant and hepatoprotective properties, making

it a promising natural therapeutic agent for liver disorders associated with oxidative stress.

KEYWORDS: Antioxidant, Box-Behnken design, Ehretia asperula, flavonoids,

hepatoprotective, polyphenols

1. INTRODUCTION

Oxidative stress has been implicated in various clinical conditions, including
liver damage (Ramos-Tovar & Muriel, 2020; Vona, Pallotta, Cappelletti, Severi, &
Matarrese, 2021). It induces hepatic injury by altering the structure and function of
biomolecules and disrupting molecular signaling pathways that regulate normal liver
functions (Allameh, Niayesh-Mehr, Aliarab, Sebastiani, & Pantopoulos, 2023).
Consequently, reducing oxidative stress through antioxidant administration has
emerged as a promising therapeutic approach to prevent or treat oxidative stress-

induced liver damage (Ponnampalam et al., 2022).

In some Asian countries, several plants are rich in antioxidants and are known
as herbs (Nguyen, Nguyen, & Kim, 2021). Dietary phytochemicals are known for their
potent antioxidant properties (Lee, Park, Kang, & Paik, 2023; Tuan & Men, 2024).
Flavonoids are a class of phytochemicals found in plants, fruits, vegetables, and leaves
and have garnered attention for their potential medicinal benefits. Flavonoids exhibit
diverse pharmacological activities including anticancer, antioxidant, anti-
inflammatory, and antiviral effects. In addition, they exhibit neuroprotective and
cardioprotective properties. These biological actions depend on the type of polyphenol
and flavonoid, their mechanisms of action, and their bioavailability. Flavonoids have
demonstrated significant potential as cost-effective pharmaceutical agents for treating
various diseases including liver disorders (Damavandi, Shojaei, & Esfahani, 2023).

Ehretia asperula, a member of the Boraginaceae family, grows widely across

provinces in Vietnam including Ha Nam, Ninh Binh, Hoa Binh, and Tay Ninh.
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Traditionally, it has been used to treat ulcers, tumors, liver detoxification, and
inflammation. Ethanol extracts from the fruits and flowers of E. asperula have shown
anticancer activity against colon and liver cancer and inhibitory effects on HIV
replication in H9 lymphocytes cells.(Tram, Suong, & Tien, 2021; Tram, Suong, &
Tien, 2022) Additionally, Tam et al.(Tam et al., 2021) reported that rosmarinic acid,
lithospermic acid B, astragalin, and kaempferol-3-rutinoside from E. asperula leaf
extract effectively prevented oxidative stress-induced retinal cell death. The leaf extract
also exhibited anti-inflammatory activity against lipopolysaccharide-stimulated
RAW264.7 macrophages (Le, Hong, & Yang, 2024).

Previous study (Duc et al., 2024) identified four flavonoid compounds,
kaempferol, astragalin, nicotiflorin, and rutin, in the ethyl acetate fraction of E.
asperula. These compounds demonstrated strong antioxidant activity in TAC, RP,
FRAP, DPPH, and ABTS"" assays. However, the hepatoprotective properties and in

vivo antioxidant activities of E. asperula remain poorly understood.

Recent research has explored advanced methodologies and animal models to
isolate flavonoids, synthesize analogs, and evaluate their health effects. Thousands of
flavonoids have been identified, with this list continuously expanding (Ullah et al.,
2020). To optimize the extraction of polyphenols and flavonoids, Response Surface
Methodology (RSM), particularly the Box-Behnken model, has been widely employed

in experimental design and mathematical analysis (Elgudayem et al., 2023).

To harness the health benefits of E. asperula extract, optimizing polyphenol
and flavonoid extraction is essential. This study aimed to optimize the extraction
conditions for polyphenol- and flavonoid-enriched E. asperula extracts and evaluate
their in vitro and in vivo efficacies. Key parameters, such as solvent type, temperature,
time, and solid-to-solvent ratio, were investigated. Furthermore, the hepatoprotective

potential of the extracts was assessed in a CCls-induced liver injury mouse model.
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2. MATERIALS AND METHODS
2.1. Plant material and extraction

Ehretia asperula was collected from Tay Ninh Province, Vietham, and was
botanically identified. A voucher specimen (SGN) was deposited at the Southern
Institute of Ecology in Vietnam. The leaves were cut into small pieces, air-dried, and
ground into a fine powder using a high-speed universal grinder (DFY-600, Linda
Machinery Co., Ltd, China). The powdered sample was extracted using 99.5% ethanol
(w/v) at a solid-to-liquid ratio of 1:10 (w/v) at 30°C for 24 h. Subsequently, the solvent
was removed from the extract using a rotary vacuum evaporator. The resulting extract

was stored at -20°C for further analysis and biological testing.
2.2. Quantitative analysis of the phytochemical in E. asperula leaf extract

The total phenolic content (TPC) and total flavonoid content (TFC) of the E.
asperula leaf extract (EALE) were quantified using a modified colorimetric method
(Dai, Chau, Truong, Tran, & Nguyen, 2024). TPC and TFC were expressed as
milligrams of gallic acid equivalents (mg GAE) and milligrams of quercetin
equivalents (mg QE) per gram dried extract, respectively. All measurements were

performed in triplicates to ensure accuracy and reproducibility.
2.3. Determination of antioxidant activities

The antioxidant activities of the non-optimized and optimized E. asperula leaf
extracts (EALE) were evaluated using 2,2-Azino-bis-3-ethylbenzothiazoline-6-
sulphonic acid (ABTS™), 2,2-diphenyl-1-picryhydrazyl (DPPH) radical scavenging,
reducing power (RP), and total antioxidant capacity (TAC) assays. All
spectrophotometric assays were conducted following established protocols as
described in previous studies, without modifications (Anh et al., 2021). Antioxidant

activity results are expressed as ECs, values.
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2.4. Optimization of conditions using a one-factor-at-a-time experimental design

The primary factors influencing the total phenolic content (TPC) and total
flavonoid content (TFC) include ethanol concentration, extraction temperature,
extraction time, and—d the liquid ratio. Based on the extraction parameters reported in
previous studies, the ranges for the critical factors in this study were determined as
follows: ethanol concentrations of 40%, 50%, 60%, 70%, 80%, 90%, and 99.5%;
extraction temperatures of 30°C, 40°C, 50°C, 60°C, 70°C, 80°C, and 90°C; extraction
durations of 6, 12, 18, 24, 30, 36, and 42 h; and solid-liquid ratios (w/v) of 1:10, 1:15,
1:20, 1:25, 1:30, 1:35, and 1:40.

2.5. Experimental design and equation analyses

A Box-Behnken experimental design, as outlined by Elgudayem et al. (2023)
(Elgudayem et al., 2023), was utilized to develop a predictive model and analyze
response patterns influenced by three independent variables: temperature (X;), ethanol
concentration (X;), and liquid-to-solid ratio (X3). The experimental design involved
three levels for each factor: low (-1), medium (0), and high (+1), to systematically
explore their effects. Seventeen experimental runs were conducted to estimate the

experimental error and ensure robustness including five replicates at the center point.

A second-order polynomial equation (1) was employed to investigate the
individual and interactive effects of the independent variables as well as their optimal
levels and impact on the responses:

3 3 3
o= B+ ) AKXt ) fXe ¥ ) AKX, )
i=1 i=1

i=1,j=2,i#]

Where, Y;: the response of the phenolic compounds content, Y: the response

of the flavonoid content, fo: the regression coefficient of the model (intercept
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coefficient), Xi and X; were the independent factors, £, fi and S were the coefficient

of the interaction, squared and linear coefficient, respectively.

Analysis of variance (ANOVA) was conducted to assess the significance of the
factors and their interactions on the target responses. Key statistical metrics, including
the coefficient of determination (R?), adjusted R? lack-of-fit significance, and
regression coefficients (£), were evaluated to determine the quality and accuracy of the
model. Rz was specifically used to assess the predictive strength of the model, while
the lack of fit evaluated its overall suitability. The F-value was calculated to compare
the experimental and predicted values, further validating the reliability and

performance of the model.
2.6. Experimental animals

The animals used in this study were bred and maintained at the animal facility
of the Pasteur Institute in Nha Trang, and subsequently transported to the Department
of Biology, College of Natural Sciences. A total of 42 healthy adult male and female,
aged 6-12 weeks and weighing 25-30 g, were selected for experimentation (Tuan &
Men, 2024). The mice were randomly grouped and housed in individual glass cages,
each lined with clean paddy-husk bedding. Prior to experimentation, the animals were
acclimatized to laboratory conditions for one week to minimize nonspecific stress
(Girish et al., 2009). Male and female mice were housed in separate cages throughout

the study, to ensure controlled experimental conditions.
2.7. Induction liver damage in mice

The hepatoprotective effects of EALE were evaluated using a mouse model of
hepatic injury induced by carbon tetrachloride (CCl,) (Kang & Koppula, 2014). Liver
damage was initiated by the oral administration of CCl, dissolved in olive oil. One

hour after CCIl, administration, mice were treated with EALE at different
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concentrations to assess their protective potential. Silymarin served as a positive

control, providing a benchmark for the hepatoprotective effects of EALE.
2.8. Experimental design

EALE was prepared by dissolving it in 1% DMSO solution and stored under
appropriate conditions. Carbon tetrachloride (CCl,) was dissolved in olive oil at a ratio
of 1:4 and administered orally at a dose of 2.5 mL/kg body weight (b.w) per day for
four consecutive weeks(Mclean & Mclean, 1966). This dose was below the LDsg of
CCl,, which ranged between 12,000 and 14,000 mg/kg BW, as reported in previous
studies. Furthermore, CCl, at a level of 1,200 mg/kg BW has been shown to induce
chronic hepatotoxicity over 90 days without causing mortality in experimental

animals(Hayes, Condie, & Borzelleca, 1986).

All solutions were administered orally using a syringe with a curved needle to
deliver 200 uL directly into the stomachs of mice. The physiological conditions of the
animals were monitored twice daily, in the morning and evening. In the event of death
of a mouse, necropsy was conducted to examine the internal organs. In this study, mice

were randomly assigned to six groups, each consisting of six animals.
Group I (Control): Mice received only food and water.
Group II: Mice received 1% DMSO one hour after olive oil administration.
Group Il (CCly-intoxicated control): Mice were given CCl,.

Group 1V (positive control): Mice received silymarin at a dose of 16 mg/kg b.w

one hour after CCl, administration.

Groups V, VI, VII (EALE-treated groups): Mice were treated with EALE at
doses of 100, 200, and 400 mg/kg b.w, respectively, one hour after CClI,

administration.
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2.9. Biochemical analysis and histopathological examination

Following four weeks of treatment, the animals were anesthetized using diethyl
ether and subsequently sacrificed. Body weight (b.w) and liver weight were recorded,
body weight gain was calculated as the difference between the initial and final body
weights, and relative liver weight was determined as the ratio of liver weight to body
weight. Blood samples were immediately collected and liver tissues were dissected.
Each liver sample was divided into two portions: one was washed with 0.9% ice-cold
saline and stored at -20°C for biochemical analysis, while the other was fixed in 10%

formalin for histopathological examination.

Plasma was isolated from blood samples by centrifugation at 3,000 rpm for 10
min at room temperature. The levels of alanine transaminase (ALT) and aspartate
transaminase (AST) were measured using a semi-automated Erba Chem-7 analyzer

(Erba, Germany).

To assess the effects of EALE on endogenous oxidants and antioxidants in the
liver, malondialdehyde (MDA) and glutathione (GSH) concentrations were analyzed,
representing lipid peroxidation and antioxidant status, respectively. MDA and GSH
concentrations (nM/g tissue) were calculated using linear regression equations derived
from their respective standard curves (Moron, Depierre, & Mannervik, 1979; Ohkawa,
Ohishi, & Yagi, 1979).

For histopathological analysis, a small portion of the liver was preserved in 4%
formaldehyde for at least 24 hours. The tissues were then gradually dehydrated with
ethanol, cleared with xylene, and embedded in paraffin wax (Russell, 1951). Sections
of 5 um thickness were prepared using a microtome (Leica, Germany), stained with
hematoxylin and eosin, and examined under a microscope to evaluate histopathological

alterations.
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2.10. Ethical Approval and Animal Welfare

This study adhered to the ethical guidelines outlined in the US National
Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH
Publication No. 85-23, revised 1996). Approval for the study was granted by the
Animal Ethics Committee of Can Tho University (CTU-AEC) under permission code
CTU-AEC24012. Measures were taken to minimize the number of animals used and
to reduce pain and distress throughout the experimental procedures. Humane
euthanasia was performed at the conclusion of the experiment to ensure the animals

did not experience unnecessary suffering.

2.11. Statistical Analysis

All experiments were conducted with a minimum of three replicates.
Experimental data are expressed as the mean + standard deviation. Statistical analyses
were performed using Minitab 16 software, employing ANOVA followed by Tukey's
post-hoc test for multiple comparisons. Correlation analyses were conducted using the
Pearson's correlation method. Statistical significance was set at p < 0.05. Graphical
representations of the results were created in Microsoft Excel 2016 and GraphPAD
Prism 9.5.0.

3. RESULTS
3.1. Single-factor effects on the extraction of flavonoids and polyphenols

Figure 1A illustrates the effects of varying ethanol concentrations on the
polyphenol and flavonoid contents of E. asperula leaf (EAL) powder. Polyphenol
content increased from 62.13 mg GAE/g extract at 40% ethanol to 74.65 mg GAE/g
extract at 60% ethanol. Similarly, flavonoid content rose from 207.85 mg QE/g extract
at 40% ethanol to 282.06 mg QE/g extract at 60% ethanol. However, both polyphenol
(60.95 mg GAE/g extract) and flavonoid (246.21 mg QE/g extract) contents
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significantly decreased at 70% ethanol concentration. Based on these results, 60%

ethanol was selected as the center point for the RMS model.

Temperature is another critical factor that affects the extraction of polyphenols
and flavonoids. Total polyphenol content (TPC) increased proportionally from 39.29
mg GAE/g extract at 30°C to 71.44 mg GAE/g extract at 60°C. A similar trend was
observed for total flavonoid content (TFC), which increased from 192.59 mg QE/g
extract at 30°C to 255.17 mg QE/g extract at 60°C (Figure 1B). However, further
increase in temperature resulted in a marked decline in both TPC and TFC.

Consequently, 60°C was chosen as the central temperature for the RMS.

The solid-to-liquid ratio also significantly influences the extraction process.
Various ingredient-to-solvent ratios (w/v), ranging from 1:10 to 1:40, were tested. TPC
and TFC increased substantially as the ratio increased from 1:10 to 1:25. Beyond this
ratio, a decline in both TPC and TFC was observed. Accordingly, 1:25 was fixed as the
central ratio for the RMS.

The effect of the extraction time on the TPC and TFC yields is shown in Figure
1D. The polyphenol and flavonoid contents steadily increased with longer extraction
times from 6 to 42 h. TPC values ranged from 29.29 mg GAE/g extract at 6 hours to
48.85 mg GAE/g extract at 42 hours. TFC values similarly rose from 192.59 mg QE/g
extract at 6 hours to 242.28 mg QE/g extract at 42 hours. However, the increase in TPC
and TFC over time was gradual, and 6 h was deemed sufficient for the EAL extraction

procedure based on its practical efficiency.
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Figure 1. Effect of ethanol concentration (A), temperature (B), material/
solvent ratios (C), and extraction time (D) on TPC and TFC. TPC and TFC were
expressed as mg GAE/g and mg QE/g extract, respectively. Data are presented as the

mean = SD of triplicate experiments.
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3.2. Optimal conditions for polyphenol and flavonoid-enriched extract

Temperature, ethanol concentration, and solid-to-liquid ratio were identified as
critical factors that significantly influenced the polyphenol and flavonoid contents of
the extract, as indicated by single-factor analyses. However, the extraction duration did
not have a significant impact. Consequently, the Box-Behnken model was developed
using the temperature, ethanol concentration, and solid-to-liquid ratio as independent

variables.

The central treatments (13-17) demonstrated superior total polyphenol content
(TPC) and total flavonoid content (TFC) compared to other treatments. Treatment 16
produced the highest TPC and TFC values, with 181.81 mg GAE/g extract and 335.6
mg QE/g extract, respectively. The TPC and TFC values obtained across all 17

treatments closely matched the model predictions, as shown in Table 1.

Table 1. Rotable central composite design setting in the original and code forms of the
independent variables (A, B, C) and experimental results of TPC (Y1) and TFC (Y?2).

Run TPC (mg GAE/mL) TFC (mg QE/mL)
A B C Observed Predicted Observed Predicted

1 50 50 1/25 100.959+0.14 100.73  185.499+0.51 185.66
2 70 50 1/25 105.027+0.57 104.58  193.877+0.46 193.41
3 50 70 1/25 61.71+0.76 62.16  113.92'+0.77 114.39
4 70 70  1/25 52.44i+0.60 52.66 96.80%+0.51 96.64
5 50 60 1/20 126.47°+0.91 126.39  233.45°+0.85 233.31
6 70 60 1/30 120.719+0.75¢ 120.86  222.839+0.70 223.31
7 50 60 1/30 133.73°+0.20 133.59  246.85°+0.56 246.38
8 70 60 1/30 133.38°+0.25 133.47  246.21°+0.57 246.37
9 60 50 1/20 104.707+0.89 105.08  193.27%+0.97 193.26
10 60 70  1/20 60.201+0.75 59.84  111.131+0.75 110.83
11 60 50 1/30 114.629%+0.56 114.99  212.60°+0.52 212.91
12 60 70 1/30 69.948"+0.83 69.65 127.27"+0.51 127.30
13 60 60 1/25 180.822+0.57 181.27  333.79%+0.60 334.62
14 60 60 1/25 181.23%+0.98 181.27  334.53*+0.72 334.62
15 60 60 1/25 181.762+0.60 181.27  335.51%+0.76 334.62
16 60 60 1/25 181.81%+0.56 181.27  335.60°+0.98 334.62
17 60 60 1/25 180.74°+0.39 181.27  334.63°+0.73 334.62

A: temperature (°C); B: ethanol concentration; C: ratio solid-liquid
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Regression analysis and ANOVA were used to fit the model and evaluate the
statistical significance of the terms. Table 2 presents the ANOVA results, which
revealed a coefficient of determination (R2) of 0.9999 for both TPC and TFC. The lack-
of-fit test was not statistically significant (p>0.05), indicating that the model reliably
predicted the responses. Additionally, the 3D response surface graphs (Supplementary
Figures 1 and 2) depict the interactive effects of the independent variables on the

responses.

Table 2. ANOVA for the effect of temperature (A), ethanol concentration (B), ratio
solid-liquid (C) on TPC and TFC of the E. asperula leaf extract using a response

surface model.

Source  df Sum of Squares Mean Square F-value p-value

TPC TFC TPC TFC TPC TFC TPC TFC
Model 9 33924.17 1.160E+05 3796.35 12888.95 13288.23  19525.83 <0.0001 <0.0001
A 1 15.95 50.02 15.95 50.02 56.22 75.78 0.0001 <0.0001
B 1  4095.03 14121.05 4095.03 14121.05 14436.37 21392.37 <0.0001 <0.0001
C 1 196.07 652.73 196.07 652.73 691.23 988.84 <0.0001 <0.0001
AB 1 44.56 162.44 44.56 162.44 157.09 246.09 <0.0001 <0.0001
AC 1 7.31 24.91 7.31 24.91 25.77 37.74 0.0014 0.0005
BC 1 0.0080 2.52 0.0080 2.52 0.0281 3.82 0.8717 0.0916
A? 1 3794.27 12928.69  3794.27 12928.69 13376.07 19586.03 <0.0001 <0.0001
B2 1 21358.04  73010.38 21358.04 73010.38 75294.26 1.106E+05 <0.0001 <0.0001
C? 1 2165.63 7379.24  2165.63 7379.24  7634.57 11179.02 <0.0001 <0.0001
Residual 7 1.99 4.62 0.2837 0.6601
Lack of 3
Fit 0.9770 1.18 0.3257 0.3946 1.29 0.4592 0.3919 0.7256
Pure 4 1.01 344 02522  0.8592
Error
Cor 16 33926.16 1.160E+05
Total
R? 0.9999 0.9999
R2adjusted 0.9999 0.9999
Rpredicted 0.9995 0.9998
CV% 0.43 0.35
N 17 17

Among the variables, the quadratic effects of temperature (X1, coded A),
ethanol concentration (X2, coded B), and solid-to-liquid ratio (Xs, coded C)
significantly influenced TPC and TFC (p < 0.05), followed by the interactive effects
AB and AC. However, the BC interaction was not significant (p>0.05). The
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relationships between the variables and responses were described by the following
second-order polynomial equations:

Yrpc = -3991,84 + 37,21A + 85,23B + 44,78C - 0,03AB + 0,03AC - 0,0009BC -
0,30A%-0,71B2-0,91C?
Ytpc = -3991,84 + 37,21A + 85,23B + 44,78C - 0,03AB + 0,03AC - 0,0009BC -
0,30A2-0,71B2 - 0,91C?

Equations (2) and (3) provide accurate predictions of experimental
observations. TPC and TFC values peaked under both experimental and predicted

conditions, as shown in Supplementary Figures 1 and 2, and Figure 2.

[ [ [ |
50 70 30 70
A Temperature (°C) = 58.9689 B: Ethanol (%, v/v) = 59.0783
1] 1
% % 52.4407 181.807
C: Solid-liquid ratio (w/v) = 26.1628 TPC = 182439
96.8011 335.602
TEC =336.768

Figure 2. Optimization of extraction conditions for polyphenol and flavonoid.
Total polyphenol content (TPC, mg GAE/g) and total flavonoid content (TFC, mg
QE/g) derived from the response surface methodology. The graphs illustrate the
optimal levels of temperature (°C), ethanol concentration (% v/v), and solid-to-liquid
ratio (w/v) corresponding to maximum TPC and TFC values. Predicted optimal TPC

and TFC values are shown as 182.439 mg GAE/g and 336.768 mg QE/qg, respectively.
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The optimal conditions for maximizing TPC and TFC were determined to be a
temperature of 58.97°C, an ethanol concentration of 59.08%, and a solid-to-liquid ratio
of 1:26.16 (w/v). Under these conditions, the E. asperula leaf extract (EALE) achieved
TPC and TFC concentrations of 182.44 mg GAE/g and 336.77 mg QE/qg, respectively
(Figure 2). In the actual experiments, the observed TPC and TFC values were 186.22
mg GAE/g and 335.09 mg QE/g, respectively, which closely aligned with the model’s

predictions.
3.3. Antioxidant properties of optimized EAL extract

As previously reported, E. asperula leaf (EAL) extract obtained using a non-
optimized extraction method exhibited antioxidant properties. This method involved
extraction with 99.5% ethanol (w/v), solid-to-liquid ratio of 1:10 (w/v), extraction
temperature of 30°C, and duration of 24 h. Key parameters, including total polyphenol
content (TPC), total flavonoid content (TFC), ABTS radical scavenging activity,
DPPH radical scavenging activity, reducing power (RP), and total antioxidant capacity
(TAC), were evaluated for both non-optimized and optimized extracts to assess their

impact on antioxidant properties. The results are summarized in Table 3.

Table 3. Total phenolic contents (TPC), total flavonoid contents (TFC), antioxidant
activities (ABTS, DPPH, RP, TAC) of EAL extract obtained from non-optimized and

optimized extraction

Non-optimized Optimized Fold changes
(Optimized/Non- optimized)
TPC (mg GAE/g extract) 49.78 +0.98  186.22+0.76 3.74
TFC (mg QE/g extract) 169.63 + 2.88 335.09 +2.05 1.98
ABTS"* (ECso, ng/mL) 143.40 + 4.68 66.22 + 0.53 2.17
DPPH (ECso, ng/mL) 93.98 + 3.64 49.75+4.38 1.89
RP (ECso, ng/mL) 16.67 +0.70 13.80 + 1.34 1.21
TAC (ECso, ug/mL) 147.25+5.46  115.94 + 3.86 1.27

The findings revealed that all measured parameters were significantly enhanced
in the optimized extraction method compared to the non-optimized method. This

demonstrates that the optimization of the extraction process using the Box-Behnken
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Design (BBD) and Response Surface Methodology (RSM) effectively enhanced the
antioxidant activity of the EAL extract. Thus, the optimized EAL extract represents a

superior formulation for harnessing the antioxidant properties of plants.

3.4. Hepatoprotective assay of optimized E. asperula leaf extract by against carbon

tetrachloride-induced liver toxicity in mice
3.4.1. Effects of EALE on body weight and liver weight

Table 4 summarizes the effects of E. asperula leaf extract (EALE) on body
weight (b.w.), liver weight, body weight gain, and relative liver weight in mice
subjected to CCl,-induced hepatotoxicity. In the hepatotoxic group (Group 11), CCl,
treatment significantly reduced body weight and increased liver weight, resulting in
lower body weight gain (1.93 + 0.73 g) and elevated relative liver weight (8.71 +
0.95%) compared to the control group (1.59 + 0.12 g and 6.09 + 0.48%, respectively).

Administration of silymarin (16 mg/kg b.wt) in Group IV significantly
improved body weight gain (2.70 + 0.61 g) and reduced liver weight (1.63 + 0.07 g),
leading to a lower relative liver weight (6.04 + 0.27%), which was comparable to that

of the control group (Group I) and significantly better than that of Group I11.

In contrast, Group V, treated with the lowest dose of EALE, did not exhibit a
significant improvement in body weight gain or relative liver weight compared to
Group I11. However, Groups VI and VI, treated with higher doses of EALE (200 and
400 mg/kg b.wt, respectively), demonstrated significant improvements. Body weight
gain in Groups VI (3.80 £ 0.49 g) and VI (4.47 £ 0.31 g) was significantly higher than
that in Group Il (negative control), although not significantly different from that in
Group | (healthy control). Additionally, the relative liver weights in Groups V1 (6.82 +
0.59%) and VII (5.63 + 0.46%) were significantly reduced compared to Group Il and

closely aligned with the control group values.
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These findings indicate that higher doses of EALE effectively mitigated the
adverse effects of CCl, on body weight and liver weight, demonstrating its potential

hepatoprotective efficacy.

Table 4. Effect on EALE on final body weight, liver weight and relative liver weight

against CCls induced liver damage in mice

Groups Body weight Liver weight Body weight Relative liver
(9) (9) gain (g) weight (%)
| Normal control 26.20+1.42 1.59+0.12 4.28%+0.63 6.09%+0.48
1 Olive, DMSO 1% 27.13+1.12 1.52+0.12 4.67%+0.63 5.649+0.69
Il CCls, DMSO 1% 23.48+0.12 2.03+0.12 1.93+0.73 8.71°+0.95
IV CCly, silymarin 16 26.95+0.68 1.63+0.07 2.70°40.61 6.04%+0.27
\% CCl4, EALE 100 25.46+1.15 1.95+0.05 2.089+0.24 7.91%+0.40
VI  CCls, EALE 200 26.28+1.04 1.79+0.09 3.80°+0.49 6.82°+0.59
VIl CCl4, EALE 400 27.62+1.55 1.55+0.46 4.47*10.31 5.63+0.46

3.4.2. Effects of EALE on serum biomarkers AST and ALT

Mice intoxicated with CCl, exhibited significantly elevated levels of aspartate
transaminase (AST) and alanine transaminase (ALT), which are key indicators of liver
injury, compared with the control group. AST levels increased to 1660.0 + 89.6 U/L
and ALT levels to 986.3 + 29.9 U/L in the CCl,-intoxicated group, compared to the
control group's values of 86.0 + 3.8 U/L and 65.0 + 2.8 U/L, respectively (Table 5).

Treatment with EALE demonstrated significant hepatoprotective effects by
reducing the biomarker levels in a dose-dependent manner. AST levels were reduced
by 133.3, £ 20.7, 74.2, £ 8.0, and 55.0 £ 5.5 U/L at EALE doses of 100, 200, and 400
mg/kg body weight (b.w.), respectively. Similarly, ALT levels decreased by 65.8 +
10.2, 38.3 + 6.8, and 23.3 £ 5.2 U/L at the same respective doses when compared to
the CCl,-intoxicated group.

Notably, EALE treatment at doses of 200 and 400 mg/kg b.w. resulted in AST
and ALT levels comparable to those in the control and silymarin-treated groups, with
no significant differences observed between them (Table 5).
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These findings highlight the potent hepatoprotective efficacy of EALE,
particularly at high doses, in mitigating CCl,-induced hepatic damage. These results
suggest that EALE effectively reduces liver injury by decreasing serum AST and ALT

levels, indicating its therapeutic potential in protecting against hepatotoxicity.

Table 5. Effect on EALE on serum AST, ALT, MDA and GSH against CCl4 induced

liver damage in mice

MDA GSH
Groups AST (U/L) AST (U/L)  (nmole MDA/ (nmole GSH/
g tissue) g tissue)
I Normal control 86.0°+3.8 65.0°+2.8 8.91°+0.54 246.259+6.05
| Olive, DMSO 1% 76.5°+18.2 62.2°+11.9 8.88°+0.46 247.40%+6.52
I CCls;, DMSO 1% 1660.02+89.6 986.32+£29.9 89.10%t£3.50 57.18'+4.72
IV CCly, silymarin 16 83.2°+15.4 55.2°+10.4 19.66%+0.51 657.10°+23.17
V CCls, EALE 100 133.3°+20.7 65.8+10.2 56.53"+2.61 153.32°+4.53
VI CCls, EALE 200 74.2°+8.0 38.3"°+6.8 33.34°+0.63 598.88°+14.98
VIl CCls, EALE 400 55.0°+5,5 23.3%45.2 7.556+0.87 720.92°+15.67

3.4.3. In vivo antioxidant activity of EALE in CCl-intoxicated mice

A significant reduction (p < 0.05) in hepatic glutathione (GSH) content and a
marked increase (p < 0.05) in malondialdehyde (MDA) levels were observed in CCl,-
intoxicated mice compared to the normal control group (Table 3). Treatment with
EALE at doses of 100, 200, and 400 mg/kg body weight (b.w.) significantly increased
hepatic GSH levels to 153.32 + 4.53, 598.88 + 14.98, and 720.92 + 15.67 nmol GSH/g
tissue, respectively, compared to the reduced levels in CCl,-intoxicated mice (57.18 +
4.72 nmol GSH/g tissue). Notably, hepatic GSH levels in the 400 mg/kg b.w. EALE-

treated group surpassed those in the normal control group.

In addition, EALE treatment at all tested doses significantly mitigated CCI-
induced elevation in hepatic MDA levels. In particular, at a dose of 400 mg/kg b.w.,

MDA levels in EALE-treated mice were comparable to those in the normal control
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group and were significantly lower than those in CCl,-intoxicated mice treated with

silymarin.

These findings underscore the potent in vivo antioxidant activity of EALE, as
demonstrated by its ability to restore hepatic GSH levels and reduce MDA
accumulation, thereby offering robust protection against CCl,-induced oxidative stress

and liver damage.
3.4.4. Histopathological findings

Histopathological analysis of liver sections from the normal control group
(Group 1) revealed a typical hepatic architecture, including a normal central vein, well-
organized hepatocytes arranged in radiating plates, and polygonal cells with central,
spherical, and vesicular nuclei. Additionally, intact hepatic sinusoids surrounded by
endothelial cells were observed (Figure 3A).

In the DMSO-treated group (Group I1), liver sections exhibited architecture that
remained largely intact. Key features include a central vein with normal morphology,
radiating hepatic cords, polygonal hepatocytes with clear nuclei, and well-defined
sinusoidal spaces. No significant pathological changes were observed, indicating that

DMSO treatment did not adversely affect hepatic structure (Figure 3B).

In contrast, liver sections from the CCl,-intoxicated group (Group I11) exhibited
severe histopathological alterations, including extensive necrosis, ballooning
degeneration, lymphocyte infiltration, and loss of cellular boundaries, indicative of

significant hepatotoxic damage (Figure 3C).

Silymarin treatment (16 mg/kg b.w.) in Group IV mitigated the deleterious
effects of CCl,, resulting in improved hepatic architecture. While patches of necrotic
hepatocytes were still present, the overall cellular organization was markedly improved

compared to the CCl,-intoxicated group (Figure 3D).

BRADLEYA "



ISSN:0265-086X Vol. 43 (n. 5, 2025)

Treatment with EALE at doses of 100 mg/kg (Figure 3E), 200 mg/kg (Figure
3F), and 400 mg/kg (Figure 3G) progressively alleviated the hepatic damage. The liver
sections of these groups displayed a relatively normal lobular pattern, with reduced
necrosis and moderate lymphocyte infiltration. Notably, the 400 mg/kg b.w. EALE-
treated group showed the most substantial improvement, closely resembling normal

hepatic architecture.

These histopathological findings highlight the hepatoprotective potential of
EALE, particularly at high doses, in mitigating CCl,-induced liver damage and

restoring hepatic integrity.

Figure 3. Histopathological examination of liver tissues.

Histopathological analysis of liver sections from mice treated with Ehretia
asperula leaf extract (EALE) under varying experimental conditions. (A) Normal
control group showing typical hepatic architecture with well-organized hepatocytes
and intact sinusoids. (B) DMSO-treated group with no significant histopathological
changes. (C) CCl,-intoxicated group showing severe necrosis, lymphocyte infiltration,
and loss of cellular structure. (D) Silymarin-treated group exhibiting partial restoration
of hepatic architecture. (E-G) EALE-treated groups at doses of 100, 200, and 400

mg/kg body weight, respectively, demonstrating progressive restoration of hepatic
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structure, with the highest dose showing near-complete recovery. Hematoxylin and
eosin staining, scale bar = 20 um. Central vein (1), radiating hepatic cords (2),
polygonal hepatocytes with centrally located nuclei (3), intact sinusoidal spaces
surrounded by endothelial cells (4), (5), hepatic sinusoids monocyte (6), bile ducts (7),
(8) lymphocyte infiltration and mild necrosis, (9) lymphocyte infiltration, mild necrosis
(10).

4. DISSCUSSION

In previous study, flavonoid compounds isolated from E. asperula leaf extract
(EALE) demonstrated notable antioxidant activity (Duc et al., 2024). However, the
extraction was performed under non-optimized conditions, which can reduce the
extraction efficiency, prolong the processing time, and increase the use of plant
material. In this study, extraction conditions were optimized using the Box-Behnken
design (BBD) and Response Surface Methodology (RSM) to enhance the antioxidant
potential of the extract. The optimized EALE was subsequently evaluated for its
antioxidant activity in vitro and hepatoprotective effects in a CCl,-induced liver injury

model.

The analysis of variance (ANOVA) results (Table 2) demonstrated the
reliability of the optimization process, with a high coefficient of determination
(R?>99%) and low probability values (p < 0.05), indicating a significant relationship
between the independent variables and extraction outcomes. The non-significant lack
of fit (p>0.05) further confirmed the predictive accuracy (Elgudayem et al., 2023). The
coefficients of variation (CV) for total polyphenol content (TPC) and total flavonoid
content (TFC) were 0.43% and 0.35%, respectively, reflecting the precision of the
extraction process (Koraqi et al., 2023; Lubis, Sumaiyah, Lubis, Fitri, & Astyka, 2024).
Optimized extraction conditions resulted in significantly higher TPC, TFC, and
antioxidant activities (ABTS™", DPPH, RP, and TAC) than non-optimized conditions
(Table 3).
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CCl, is a potent hepatotoxin widely used to induce liver injury in experimental
models, mimicking human hepatotoxicity and serving as a platform for screening
hepatoprotective agents (Frank et al., 2020). Upon activation by cytochrome P450
enzymes, CCl, generates trichloromethyl (CCl3) and trichloromethyl peroxy (CCl50,)
radicals, which propagate lipid peroxidation, oxidative stress, DNA damage, and
hepatocyte necrosis (Ritesh, Suganya, Dileepkumar, Rajashekar, & Shivanandappa,
2015). This cascade depletes antioxidant defenses such as glutathione (GSH) and
stimulates reactive oxygen species (ROS) production, exacerbating hepatic
inflammation (Mooli, Mukhi, & Ramakrishnan, 2022; Sharma et al., 2023).

In this study, CCl, administration caused severe hepatotoxicity, as evidenced
by elevated serum ALT and AST levels, significant histopathological damage,
increased hepatic malondialdehyde (MDA) levels, and reduced GSH levels. These
findings align with those of previous studies on CCl,-induced oxidative stress (Ayala,
Mufioz, & Arguelles, 2014; Ritesh et al., 2015).

Treatment with optimized EALE at doses of 100, 200, and 400 mg/kg b. w.
effectively mitigated these effects. EALE significantly reduced ALT and AST levels
and normalized hepatic MDA levels. At higher doses, EALE's effects of EALE were
comparable to those of silymarin, which is a standard hepatoprotective agent.
Furthermore, EALE treatment restored GSH levels, suggesting improved antioxidant
defenses. Histopathological analysis confirmed these biochemical findings, showing

reduced necrosis and preserved hepatic architecture in the EALE-treated group.

The antioxidant activity of EALE, demonstrated through ABTS™*, DPPH,
reducing power, and total antioxidant capacity assays, is primarily attributed to its
flavonoid and polyphenol content. Flavonoids such as kaempferol, astragalin,
nicotiflorin, and rutin, previously isolated from EALE (Duc et al., 2024), exhibit strong
radical scavenging activity and contribute to the hepatoprotective effects observed in
this study (Liao, Lv, Quan, Wang, & Li, 2024; Sahu, Goswami, Narahari Sastry, &
Rawal, 2023).
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This study is the first to demonstrate the antioxidant and hepatoprotective
properties of the optimized EALE in vitro and in vivo, highlighting its potential as a

natural therapeutic agent for liver diseases caused by oxidative stress.
5. CONCLUSIONS

This study recommends the use of the Box-Behnken design to optimize the
extraction of polyphenols and flavonoids from E. asperula leaves. The optimized
EALE exhibited strong antioxidant potential and hepatoprotective efficacy against
CCl,-induced liver injury, which was attributed to its high antioxidant capacity and
free radical scavenging ability. Furthermore, optimized EALE enhan ced the
endogenous antioxidant defense system disrupted by CCl,, likely due to the abundance
of bioactive polyphenol and flavonoid compounds. These findings suggest that EALE

may serve as a promising natural remedy for oxidative stress-related liver disorders.
Declaration of interests

The authors declare that they have no known competing financial interests or personal

relationships that could have appeared to influence the work reported in this paper.
Funding

This study was supported by a grant from the People Committee of Tay Ninh
Province, Viet Nam, Decision No. 2629/QD-UBND signed on Nov 03", 2020.

Credit author statement

Dai Thi Xuan Trang: Conceptualization, Methodology, Formal Analysis, Resources,
Writing-Original draft, Writing-Review & Editing Nguyen Trong Tuan:
Conceptualization, Methodology, Formal Analysis, Writing — Review & Editing,
Visualization, Supervision Tran Chi Linh: Investigation, Formal analysis Luu Thai
Danh: Investigation, Formal analysis, Writing Original draft Chau Thanh Tuan:
Investigation, Formal analysis, Writing-Original draft, Writing-Review & Editing Ly

BRADLEYA -



ISSN:0265-086X Vol. 43 (n. 5, 2025)

Huynh Lien Huong: Investigation, Formal analysis, Writing-Original draft, Writing-
Review & Editing

REFERENCES
Allameh, A., Niayesh-Mehr, R., Aliarab, A., Sebastiani, G., & Pantopoulos, K. (2023). Oxidative

Stress in Liver Pathophysiology and Disease. Antioxidants (Basel), 12(9), 23.
doi:https://doi.org/10.3390/antiox12091653

Anh, V.T. T, Trang, D. T. X,, Kamei, K., Linh, T. C., Pham-Khanh, N. H., Tuan, N. T., & Danh,
L. T. J. H. (2021). Phytochemicals, antioxidant and antidiabetic activities of extracts
from Miliusa velutina flowers. Horticulturae, 7(12), 555.
doi:https://doi.org/10.3390/horticulturae7120555

Ayala, A., Mufioz, M. F., & Argiielles, S. (2014). Lipid Peroxidation: Production, Metabolism,
and Signaling Mechanisms of Malondialdehyde and 4-Hydroxy-2-Nonenal. Oxidative
Medicine and Cellular Longevity, 2014(1), 360438.
doi:https://doi.org/10.1155/2014/360438

Dai, T. T. X,, Chau, T. T., Truong, T. T. P,, Tran, L. C., & Nguyen, N. T. K. (2024). Isolating
Miliusa velutina endophytic bacteria to generate antioxidants and optimizing culture
conditions for antioxidant production. South African Journal of Botany, 166, 561-570.
doi:https://doi.org/10.1016/j.sajb.2024.01.052

Damavandi, M. S., Shojaei, H., & Esfahani, B. N. (2023). The anticancer and antibacterial
potential of bioactive secondary metabolites derived From bacterial endophytes in

association with Artemisia absinthium. Scientific ~reports, 13(1), 18473.
doi:https://doi.org/10.1038/s41598-023-45910-w

Duc, C. K. T., Linh, T. C., Thanh, N. Q. C., Nhien, P. Q., Danh, L. T., & Tuan, N. T.J. I. J. 0. C.
(2024). Isolation and Evaluation of the Antioxidant Capacity of Compounds from
Ehretia asperula Zoll. & Moritzi. Indonesian Journal of Chemistry, 24(4).
doi:https://doi.org/10.22146/ijc.94762

Elgudayem, F., Aldiyab, A., Albalawi, M. A., Omran, A., Kafkas, N. E., Saghrouchni, H., . . .
Sakran, M. (2023). Box-Behnken design based optimization of phenolic extractions
from Polygonum equisetiforme roots linked to its antioxidant and antibacterial
efficiencies. Frontiers in Sustainable Food Systems, 7, 1141207.

Frank, D., Savir, S., Gruenbaum, B. F., Melamed, 1., Grinshpun, J., Kuts, R,, .. . Boyko, M. (2020).
Inducing Acute Liver Injury in Rats via Carbon Tetrachloride (CCl4) Exposure
Through an Orogastric Tube. Journal of visualized experiments : JoVE(158), e60695.
doi:https://doi.org/10.3791/60695

Girish, C.,, Koner, B. C,, Jayanthi, S., Rao, K. R, Rajesh, B.,, & Pradhan, S. C. (2009).
Hepatoprotective activity of six polyherbal formulations in paracetamol induced liver
toxicity in mice. Indian Journal of Medical Research, 129(5), 569-578.

BRADLEYA .




ISSN:0265-086X Vol. 43 (n. 5, 2025)

Hayes, J. r., Condie, L. w., jr., & Borzelleca, ]. f. (1986). Acute, 14-Day Repeated Dosing, and 90-
Day Subchronic Toxicity Studies of Carbon Tetrachloride in CD-1 Micel2. Toxicological
Sciences, 7(3), 454-463. doi:https://doi.org/10.1093/toxsci/7.3.454

Kang, H., & Koppula, S. (2014). Hepatoprotective effect of Houttuynia cordata thunb extract
against carbon tetrachloride-induced hepatic damage in mice. Indian journal of
pharmaceutical sciences, 76(4), 267.

Koraqi, H., Petkoska, A. T., Khalid, W., Sehrish, A., Ambreen, S., & Lorenzo, J. M. (2023).
Optimization of the Extraction Conditions of Antioxidant Phenolic Compounds from
Strawberry Fruits (Fragaria x ananassa Duch.) Using Response Surface Methodology.
Food Analytical Methods, 16(6), 1030-1042. doi:https://doi.org/10.1007/s12161-023-02469-
6

Le, B, Hong, V. T. K,, & Yang, S. H. (2024). Anti-Inflammatory Effects of Hydroethanolic
Extract from Ehretia asperula on Lipopolysaccharide-Stimulated RAW264.7
Macrophages. Journal of microbiology and biotechnology, 34(6), 1340-1347.
doi:https://doi.org/10.4014/jmb.2403.03006

Lee, N. K, Park, Y.-5, Kang, D.-K, & Paik, H.-D. (2023). Paraprobiotics: definition,
manufacturing methods, and functionality. Food Science and Biotechnology, 32(14), 1981-
1991.

Liao, Y., Lv, F,, Quan, T., Wang, C., & Li, J. J. F. i. P. (2024). Flavonoids in natural products for
the therapy of liver diseases: progress and future opportunities. Frontiers in
pharmacology, 15, 1485065.

Lubis, M. F., Sumaiyah, S., Lubis, L. D., Fitri, K., & Astyka, R. (2024). Application of Box-
Behnken design for optimization of Vernonia amygdalina stem bark extract in relation
to its antioxidant and anti-colon cancer activity. Arabian Journal of Chemistry, 17(4),
105702. doi:https://doi.org/10.1016/j.arabjc.2024.105702

Mclean, A. & Mclean, E. (1966). The effect of diet and 1,1,1-trichloro-2,2-bis-(p-
chlorophenyl)ethane (DDT) on microsomal hydroxylating enzymes and on sensitivity
of rats to carbon tetrachloride poisoning. Biochemical Journal, 100(2), 564-571.
doi:https://doi.org/10.1042/bj1000564

Mooli, R. G. R., Mukhi, D., & Ramakrishnan, S. K. (2022). Oxidative Stress and Redox Signaling
in the Pathophysiology of Liver Diseases. Comprehensive Physiology, 12(2), 3167-3192.
doi:https://doi.org/10.1002/cphy.c200021

Moron, M. S., Depierre, J. W., & Mannervik, B. (1979). Levels of glutathione, glutathione
reductase and glutathione S-transferase activities in rat lung and liver. Biochimica et
Biophysica Acta, 582(1), 67-78.

Nguyen, K.-N. H,, Nguyen, N.-V. T., & Kim, K. H. (2021). Determination of phenolic acids and
flavonoids in leaves, calyces, and fruits of Physalis angulata L. in Viet Nam. Pharmacia,
68(2), 501-509. doi:https://doi.org/10.3897/pharmacia.68.e66044

BRADLEYA o




ISSN:0265-086X Vol. 43 (n. 5, 2025)

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid peroxides in animal tissues by
thiobarbituric =~ acid  reaction.  Analytical ~ Biochemistry,  95(2),  351-358.
doi:https://doi.org/10.1016/0003-2697(79)90738-3

Ponnampalam, E. N., Kiani, A., Santhiravel, S., Holman, B. W. B., Lauridsen, C., & Dunshea,
F. R. (2022). The Importance of Dietary Antioxidants on Oxidative Stress, Meat and
Milk Production, and Their Preservative Aspects in Farm Animals: Antioxidant
Action, Animal Health, and Product Quality-Invited Review. Animals (Basel), 12(23),
3279. doi:https://doi.org/10.3390/anil12233279

Ramos-Tovar, E., & Muriel, P. (2020). Molecular Mechanisms That Link Oxidative Stress,
Inflammation, and Fibrosis in the Liver. Antioxidants (Basel), 9(12), 1279.
doi:https://doi.org/10.3390/antiox9121279

Ritesh, K. R., Suganya, A., Dileepkumar, H. V., Rajashekar, Y., & Shivanandappa, T. (2015). A
single acute hepatotoxic dose of CCl(4) causes oxidative stress in the rat brain.
Toxicology Reports, 2, 891-895. doi:https://doi.org/10.1016/j.toxrep.2015.05.012

Russell, D. S. (1951). Practical section cutting and staining. Journal of Clinical Pathology, 4(4),
496.

Sahu, R., Goswami, S., Narahari Sastry, G., & Rawal, R. K. (2023). The Preventive and
Therapeutic Potential of the Flavonoids in Liver Cirrhosis: Current and Future
Perspectives. Chemistry & Biodiversity, 20(2), €202201029.
doi:https://doi.org/10.1002/cbdv.202201029

Sharma, P., Nandave, M., Nandave, D., Yadav, S., Vargas-De-La-Cruz, C,, Singh, S., . . . Behl,
T. (2023). Reactive oxygen species (ROS)-mediated oxidative stress in chronic liver

diseases and its mitigation by medicinal plants. American Journal of Translational
Research, 15(11), 6321-6341.

Tam, L. T., Kang, T. K., Ha, D. T., Duc, N. T., Lee, W.-B., & Jung, S. H. (2021). Protection Against
Oxidative Stress-Induced Retinal Cell Death by Compounds Isolated From Ehretia
asperula.  Natural = Product  Communications,  16(12),  1934578X211067986.
doi:https://doi.org/10.1177/1934578X211067986

Tram, P. T. M., Suong, N. K., & Tien, L. T. T. (2021). Effects of plant growth regulators and
sugars on Ehretia asperula Zoll. et Mor. Cell Cultures. Indian Journal of Agricultural
Research, 55(4), 410-415.

Tram, P. T. M., Suong, N. K., & Tien, L. T. T.]J. A.]. 0. C. S. (2022). Rosmarinic acid production
of Ehretia asperula'Zollinger and Moritzi cell suspension cultures: Effects of cell
aggregate size, glucose, and chitosan. Australian Journal of Crop Science, 16(3), 402-407.

Tuan, C. T., & Men, T. T. (2024). Peperomia pellucida's Ingredients, Antioxidant Properties, and
Safe Usage as Food and Herbal Medicine. Journal of Microbiology and Biotechnology,
34(11), 1-10. doi:https://doi.org/10.4014/jmb.2406.06025

BRADLEYA

91



ISSN:0265-086X Vol. 43 (n. 5, 2025)

Ullah, A., Munir, S., Badshah, S. L., Khan, N., Ghani, L., Poulson, B. G,, . . . Jaremko, M. (2020).
Important Flavonoids and Their Role as a Therapeutic Agent. Molecules, 25(22), 5243.
doi:https://doi.org/10.3390/molecules25225243

Vona, R, Pallotta, L., Cappelletti, M., Severi, C., & Matarrese, P. (2021). The Impact of
Oxidative Stress in Human Pathology: Focus on Gastrointestinal Disorders.
Antioxidants (Basel), 10(2), 201. doi:https://doi.org/10.3390/antiox10020201

BRADLEYA .






