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Abstract Abstract 
Distichochlamys benenica is a newly discovered plant belonging to the Distichochlamys family, which exerts many important 
biological activities. However, the anti-cancer, anti-inflammatory, and anti-oxidant effects of the crude (ME) and fractioned 
extracts of D. benenica, such as hexane (HE), chloroform (CE), and ethyl acetate extracts (EAE), have not been elucidated 
yet. The antioxidant activity of the extracts was evaluated via DPPH free radical scavenging and phosphomolybdate assays. 
The anti-inflammatory potential of the extracts was assessed via their inhibitory effects on protein denaturation and nitric 
oxide production. The anti-cancer effect of the extracts against A549 and MDA-MB-231 cell lines was determined via MTT 
assay. The results revealed that among four extracts, the polyphenol concentration was highest in EAE (350.59 ± 13.26 mg 
GAE/g) while the flavonoid content was highest in HE and ME. Furthermore, the greatest DPPH radical capture efficiency 
was demonstrated by EAE (89.76 ± 0.68%), and total antioxidant activity was greatest in HE (204.18 ± 3.51 mg AAE/g). The 
greatest suppression of NO generation was similarly shown by EAE and HE, with IC50 values ranging from 3.72-4.06 µg/mL, 
respectively. Additionally, HE and EAE exhibited an inhibitory effect on protein denaturation (ranging from 12.76%-28.81%). 
HE and EAE had the greatest effectiveness against MDA-MB-231 cell lines in the antitumor test. These findings validate the 
potent antioxidant, anti-inflammatory, and anti-cancer properties of D. benenica extracts, especially EAE and HE, and pave 
the way for the application of the extracts in the pharmaceutical industry as promising anti-inflammatory and anti-cancer 
medicines.

Keywords: Keywords: Distichochlamys benenica, fractionated extracts, anti-oxidant activity, anti-inflammatory effect, anti-cancer effect.

Introduction Introduction 
Free radicals are molecular entities capable of existing independently and containing an 
unpaired valence electron, many of them are unsteady and highly reactive such as reactive 
oxygen species (ROS) or reactive nitrogen species (ROS). Suppose the imbalance between 
free radicals being generated and the body's antioxidant defense system occurs- in that 
case, oxidative stress arises and leads to damage not only in molecular levels, such as 
proteins, nucleic acids, and lipids but also in cellular and tissue levels [1]. In addition, 
both oxidative stress and inflammatory response, the physiological reaction of animals 
to protect them from infection and tissue injury, have a close relationship and interplay 
together in the onset of some diseases. The oxidative stress can trigger pro-inflammatory 
signaling pathways and accumulation of inflammatory mediators, and the inflammation 
response in turn can promote the overproduction of free radicals [2]. Consequently, 
oxidative stress plays a significant role in the development of numerous inflammatory-
associated diseases, including arthritis, asthma, bronchitis, and inflammatory bowel 
disease [3]. Furthermore, some previous studies indicate that long-term exposure to 
oxidative stress can oxidize the molecules of life, trigger inflammatory signaling pathways, 
alter transcription factors, genes, and proteins, and result in the progression of cancers 
[4]. According to Vaidya et al. (2020), the induction of some transcription factors such 
as NF-kB, HIF-1α, and Nrf2 which interplay in inflammation response and oxidative 
stress lead to the reforming in growth factors, oncogenes, tumor suppressor genes, cell 
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           Plant Biotechnology cycle regulators, which in turn boosts the cancer development 
[5]. Therefore, some research has been conducted to target 
oxidative stress and cancer-promoting inflammation to treat or 
prevent cancers [6, 7].

Medicinal plants are promising sources for the extraction 
of bioactive compounds which possess a variety of health-
beneficial effects, due to their abundant bioactive compounds 
and the well-described information from long historical use of 
these species. Among them, several species of the Zingiberaceae 
family, such as ginger and turmeric, have a high potential 
application in the pharmaceutical industry for treating oxidative 
stress or inflammatory-associated diseases, and cancer [8]. The 
Zingiberaceae family, also called the ginger family, comprises 
more than 1960 species and about 57 genera. These species 
are mainly distributed in either tropical or subtropical parts 
globally, with considerable populations in Africa, America, 
Asia, and Southeast Asia [9]. In 1995, M. F. Newman made the 
initial discovery of the genus Distichochlamys, a new genus 
of the Zingiberaceae family, in Vietnam National Park named 
Bach Ma, located in Thua Thien Hue Province [10]. Within 
this genus, four species have been determined: D. citrea [10], 
D. orlowii [11], D. rubrostriata [12], and the most recently 
discovered, D. benenica [13]. The extracts or essential oils 
from some representatives from the Zingiberaceae family are 
known for their anticancer, antibacterial, antioxidant, and anti-
inflammatory potentials [14, 15, 16]. Recent studies have also 
explored the biological activities of Distichochlamys species 
[17, 18], like anti-oxidant, anti-diabetic, and anti-thrombotic 
activities, although research on D. benenica's biological 
activities is still very limited. Most studies focus on its essential 
oils, including reports on the chemical composition, mosquito 
larvicidal effects, and antimicrobial properties [19], as well as 
the chemical profile and acetylcholinesterase inhibitory effects 
of its rhizome essential oil [20]. Additionally, there is only one 
article examining the antibacterial and anti-inflammatory 
activities of compounds isolated from D. benenica [21]. To 
date, there have been no studies on the biological activities of 
different fractions extracted from D. benenica, which suggests 
that the scientific medical potential of D. benenica has not been 
fully exploited. In this work, we prepared the crude (methanol, 
ME) and different fractionated extracts from D. benenica 
including hexane (HE), chloroform (CE), and ethyl acetate 
extracts (EAE), determined and compared their antioxidant 
contents, such as polyphenols and flavonoids, as well as their 
bioactivities, like antioxidant, anti-inflammatory and anti-
cancer potentials for investigation of their potential utilization 
in the pharmaceutical industry.

Materials-MethodsMaterials-Methods
2.1. Chemicals and reagents
Bovine serum albumin at molecular biology grade was 
obtained from Himedia Laboratories company (Maharashtra, 
India). The Griess reagent was purchased from Promega (WI, 
USA), and the Folin-Ciocalteu reagent was obtained from 

Merck (Darmstadt, Germany). Media and fetal bovine serum 
were provided by Cytiva (MA, USA). Dimethyl sulfoxide 
(DMSO), dexamethasone, and lipopolysaccharide (LPS) were 
purchased from MilliporeSigma (MA, USA). All extraction 
solvents (methanol, chloroform, n-hexane, and ethyl acetate) 
were at laboratory reagent grade from Chemsol company (Ho 
Chi Minh City, Vietnam), and all reagents used in this study 
were at analytical levels instead of the others would be stated.  

2.2. Preparation of the crude and fractionated extracts
Distichochlamys benenica was cultivated in Phu Vinh commune, 
A Luoi rural district, Thua Thien Hue Province, Vietnam. The 
samples were collected in October 2023 and authenticated by 
morphological comparison with voucher specimens from the 
herbarium at the Faculty of Chemistry, University of Education, 
Hue University [21]. After harvesting, the raw materials were 
washed and unused parts were removed. Then the rhizomes 
of D. benenica were dried, ground, and extracted by soaking in 
methanol. Specifically, 315 g of dried D. benenica was extracted 
with 2.0 L of methanol, repeating the extraction 4 times, each 
time lasting for 5 days. Next, a rotary vacuum evaporator (at 
60oC, 190 mBar) was used to eliminate the solvent and obtain 
the methanol extract (ME) (Figure 1).

A part of the methanol extract (ME) of Distichochlamys 
benenica was re-dissolved in distilled water at a ratio of 1 
extract: 10 water (w/v). Firstly, the suspension was transferred 
to a separating funnel and partitioned with n-hexane (ratio 1 
extract: 2 hexane, v/v). The mixture was thoroughly shaken 
then let it settle to separate the methanol and hexane. The upper 
layer of hexane was collected, and then the procedure was 
repeated the partitioned extraction with hexane more 2 times. 
The resulting extracts were combined and the residue solvent 
was removed using a rotary vacuum evaporator (at 60oC, 190 
mBar) until the hexane extract (HE) was in solid form. 

Following fractional extraction with hexane, the remaining 
liquid portion was extracted once more using a chloroform 
solvent (ratio 1 extract: 2 chloroform). To separate the extract 
and chloroform, the mixture was shaken and then let it settle. 
After that, the bottom layer of chloroform was collected and 
the partitioned extraction with chloroform was repeated two 
more times. The resulting extracts were combined and the 
residue solvent was removed using a rotary vacuum evaporator 
(at 60oC, 190 mBar) until the chloroform extract (CE) was in 
solid form.

Ethyl acetate was mixed with the remaining liquid after the 
chloroform extraction process (ratio 1 extract: 2 ethyl acetate). 
Layers of ethyl acetate and water were separated by shaking the 
mixture thoroughly and let them settle. The top layer of ethyl 
acetate was collected and the procedure was repeated 2 more 
times. The resulting extracts were combined and the residue 
solvent was removed using a rotary vacuum evaporator (at 
60oC, 190 mBar) until the ethyl acetate extract (EAE) was in 
solid form. The extracts (ME, HE, CE, and EAE) were divided 
into several vials, and a free-drying procedure was applied to 
obtain the extract powders, then the powders were stored at 
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4oC until use in further experiments.

2.3. Determination of total flavonoid content (TFC)
The total flavonoid content in the extracts was determined 
through a colorimetric assay with aluminum chloride [22]. To 
each test tube, 0.5 mL of extracts at a concentration of 5 mg/
mL was added, along with 1.5 mL of methanol. Subsequently, 
0.1 mL of 1 M potassium acetate together with 0.1 mL of 10% 
AlCl3 were added. Distilled water was then added to reach a 
final volume of 5.0 mL. Absorbance was quantified at 415 nm 
using a spectrophotometer. The TFCs of the extracts were 
calculated using a quercetin calibration curve and the results 
were presented as milligrams of quercetin equivalents (QE) per 
gram of extract (mg QE/g).

2.4. Determination of total polyphenol content (TPC)
The total polyphenol content of the extracts was determined 
by the Folin-Ciocalteu method [23].  Specifically, 1600 µL of 
the extracts was put together with 200 µL of Folin-Ciocalteu 
reagent. After a 3-minute incubation, 200 µL of 20% (w/v) 
sodium carbonate was added. Following thorough mixing, 
the mixture was kept in the dark at room temperature for 30 
minutes. Absorbance was quantified at the wavelength of 760 
nm using a spectrophotometer. A standard curve was created 
using gallic acid at concentrations ranging from 0.195 µg/mL 
to 50 µg/mL. The total phenol content was demonstrated as 
milligrams of gallic acid equivalents (GAE) per gram of extract 
(mg GAE/g).

2.5. Antioxidant assay
2.5.1. 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay
Following the Tran et al. approach (2020) [24], the antioxidant 
property of the extracts was evaluated via assessment of the 

scavenging DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 
capacity of the extracts. A volume of the diluted extracts 
(0.1 mL) was combined with 1.5 mL of 0.1 mM DPPH 
solution (dissolved in methanol). The mixtures were shaken 
thoroughly and allowed to stand at room temperature for 
30 minutes. Absorbance was quantified at 517 nm using a 
spectrophotometer, with ascorbic acid as a positive control. The 
free radical scavenging activity percentage was defined using 
the following formula:
 

Where A1 represents the control sample absorbance at 517 nm
A2 represents the test sample absorbance at 517 nm

2.5.2. Total antioxidant capacity (TAC) assay
The total antioxidant capacity (TAC) was determined using the 
protocol described by Khiya et al. (2021) [25]. A reagent solution 
containing sulfuric acid 0.6 mol/L, ammonium molybdate 4 
mmol/L, and sodium phosphate 28 mmol/L was diluted to 1.8 
mL, to which 0.2 mL of the extract was put in. After incubating 
the mixture at 95°C for 90 minutes, it was cooled back to room 
temperature. The samples were then put in a centrifuge at 5000 
rpm for 5 minutes to gain the supernatant. Absorbance was 
quantified at 695 nm using a spectrophotometer. Ascorbic acid, 
in concentrations ranging from 37.5 to 600 μg/mL, was applied 
to create the standard curve. The extract's antioxidant property 
was demonstrated as milligrams of ascorbic acid equivalents 
(AAE) per gram of extract (mg AAE/g).

2.6. Cell culture
Human lung cancer (A549), human metastatic breast cancer 
(MDA-MB-231), and murine macrophage (RAW 264.7) 

Figure 1. Preparation of D. benenica extracts. A. Fresh sample of D. benenica; B. Rhizome after drying and grinding; C. Dried 
rhizome soaked in methanol solvent; D. Methanol extract of D. benenica.
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cell lines were obtained from the cell culture collection of 
Laboratory of Pharmacology, Faculty of Pharmacy, Ton Duc 
Thang University, Vietnam. These cells were grown in a suitable 
environment (DMEM or MEM) supplemented with 10% heat-
inactivated FBS, 100 units/mL of penicillin, and 100 µg/mL of 
streptomycin. The cultures were maintained at 37°C in a 5% 
CO2 humidified incubator for 2-3 passages before using in 
further experiments.

2.7. Anti-inflammation assay
2.7.1. Bovine Serum Albumin (BSA) denaturation inhibition 
assay
With a few minor adjustments, the Tran et al. technique was 
used to evaluate the D. benenica extracts' capacity to suppress 
albumin denaturation [26]. Briefly, 0.2 mL of a 1% BSA solution 
was mixed with 0.2 mL per extract (final concentration of 
0.725, 015, and 0.3 mg/mL). A volume of phosphate-buffered 
saline (PBS, pH 6.4, 0.6 mL) was added to this mixture. After 
20 minutes of incubation at 37°C, the solution was heated for 
10 minutes to 70°C. At 660 nm, the absorbance was measured 
upon cooling. The positive control was diclofenac sodium 
(Voltaren, 75 mg/3mL, Lek Pharmaceuticals D.D., Slovenia), 
while the negative control was a reaction solution without a 
sample or extract. Using the following formula, the percentage 
of protein denaturation inhibition (I) was determined:
 

Where A1 represented the control sample absorbance at 660 
nm; A2 represented the test sample absorbance at 660 nm.

2.7.2 Determining nitric oxide (NO) production inhibition 
assay
The extract's anti-inflammatory properties were assessed 
through the measurement of nitric oxide generation using 
Griess reagent [27]. The murine macrophage cells (RAW 264.7) 
were seeded in a 96-well plate with a cell density of 1.0 × 104 
cells/well, and the cells were grown for 24 hours. After that, 
the cells were treated for two hours with 4 doses (6.75, 12.5, 
25, and 50 µg/mL) of each D. benenica extracts (HE, EAE, ME, 
CE). A vehicle control treated with the same volume of DMSO 
was included (concentration 0 µg/mL). A positive control was 
provided by adding dexamethasone (final concentration at 
1.96 µg/mL). Subsequently, cells were stimulated for 24 hours 
using 2 µL of LPS at 0.1 mg/mL. After adding Griess reagent 
to the culture media in a 1:1 ratio, the mixture was allowed 
to sit at room temperature for 10 minutes. Using a microplate 
reader (Infinite 50, Tecan, Switzerland), the absorbance was 
quantified at 540 nm. A standard calibration curve generated 
with sequential dilutions of sodium nitrite was used to 
calculate the nitrite content in each sample. The macrophages' 
cell viability was evaluated using the 3-(4,5-dimethylthiazol-
2-yl)-2,5 diphenyltetrazolium bromide MTT test (Invitrogen) 
[27]. Another group without adding either LPS or the extracts 
was used as the control for cell viability. The results of three 

replicates were used to determine and represent the inhibition 
of nitric oxide production and cell viability.

2.8. Anti-cancer assay
Applying the MTT test, the extract's anticancer properties on 
human lung cancer (A549) and breast cancer (MDA-MB-231) 
cells were accessed [27]. Briefly, A549 and MDA-MB-231 cells 
were grown for 24 hours after being seeded in 96-well plates at 
densities of 0.8 × 104 and 0.4 × 104 cells/well, respectively. After 
that, the medium was switched out for new ones including 
the extracts (dissolved in DMSO) at a final concentration of 
0 (the vehicle control, the same volume of DMSO), 12.5, 25, 
50, and 100 µg/mL or doxorubicin (0.58 or 2.90 µg/mL) as a 
positive control. The cultures were then allowed to incubate 
with a tested compound or reference drug (doxorubicin, LC 
Laboratories, MA, USA) for 48 hours. After incubation, the 
cells underwent four hours of incubation at 37°C in a 5% CO2 
humidified environment with MTT solution (5 mg/mL in 
phosphate-buffered saline). The generated formazan crystals 
were dissolved by adding 100 µL DMSO, and a microplate 
reader (Infinite 50, Tecan, Switzerland) was used to detect 
the absorbance at 540 nm. The average percentage from three 
replicates was used to detect the extract's cytotoxicity against 
A549 and MDA-MB-231 cells.

2.9. Statistical analysis
Each determination was performed three times to ensure 
accuracy. The experimental findings were presented as the 
mean ± standard deviation (SD) of three replicates. Statistical 
examination was conducted using GraphPad Prism 8.0 
software. One-Way Analysis of Variance (ANOVA) was applied 
to evaluate differences across the different treatment groups, 
and multiple comparisons using the Tukey Honestly Significant 
Difference post hoc test were then employed. For determining 
statistical significance, a p-value of less than 0.05 (p < 0.05) was 
used.

ResultsResults
3.1. Extract yields
After being extracted with MeOH at room temperature, the 
crude methanol extract (ME) went through a segmented shake 
process with hexane, chloroform, and ethyl acetate to form 
different fractions, namely hexane (HE), chloroform (CE), and 
ethyl acetate extracts (EAE). The yields of the extracts in this 
single extraction are shown in Table 1 below. The yield was 
calculated by dividing the mass of the extract by the mass of 
the initial dry material.  The extraction yield ranged between 
11.01% for ME and 0.54% for HE.

3.2. Determination of total flavonoid (TFC) and total 
polyphenol contents (TPC)
Figure 2 presents the results of the TFC and TPC of the crude 
and fractionated extracts. Among four extracts, the EAE 
extract possessed the highest value of TPC with 350.59 ± 13.26 
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mg GAE/g, followed by ME, HE, and CE (238.39 ± 9.15, 74.70 
± 1.15, and 49.72 ± 2.40 mg GAE/g, respectively, p<0.05). 
Furthermore, the TFC of HE was comparable with that of ME 
and both of them were higher than that of EAE, while TFC was 
not found in CE. Polyphenols and flavonoids are two well-known 
groups of antioxidants, the high abundance of polyphenols 
and flavonoids in the extracts implied the anti-oxidant activity 
of these extracts. Therefore, we conducted subsequently the 
DPPH free radical scavenging and phosphomolybdate assays 
to verify the antioxidant activity of the extracts.

3.3. Antioxidant activity of the extracts
The DPPH assay is widely employed to assess the compound's 
capacity to function as a scavenger of free radicals or donor 
of hydrogen. In this method, the decolorization of the violet 
solution serves as an indication to evaluate antioxidant activity. 
At a concentration of 5 mg/ml, the DPPH inhibition rate order 
of the tested extracts is as follows: EAE > ME > HE > CE (Figure 
3). Of note, the order of antioxidant activity of the extracts 
detected via DPPH assay was in line with the polyphenol 
contents in the extracts. This could be due to the nature of 
polyphenol as a good scavenger, giving electrons or hydrogen 
atoms [28]. Figure 3 also provides the total antioxidant capacity 
of the different extracts as investigated by the total antioxidant 
capacity method. The highest and lowest total antioxidant 

capacity was recorded in HE and CE, which were 204.18 ± 3.51 
and 29.24 ± 0.60 mg AAE/g of extract respectively. Meanwhile, 
the remaining TAC value ranged from 81.38 ± 0.53 (ME) to 
75.38 ± 1.01 (EAE) mg AAE/g of extract.

3.4. Anti-inflammation activity
3.4.1. Determining nitric oxide (NO) production inhibition 
assay
The reduction of nitric oxide (NO) generation in RAW 264.7 
cells was used to measure the anti-inflammatory impact of D. 
benenica extract. As shown in Table 2, ME and CE extracts 
showed little toxicity to macrophages at the highest tested 
dose (50 µg/mL), with cell viability still exceeding 85%, while 
the cell viability of HE and EAE extracts only above 85% in 
the lower doses (25 µg/mL) (Table 2). Therefore, the values of 
inflammatory effects of HE and EAE extracts at the dose of 50 
µg/mL were excluded from the calculation of IC50. With IC50 
values of 3.72 ± 0.41 µg/mL and 4.06 ± 0.49 µg/mL, the EAE and 
HE showed a strong capacity to control the generation of NO. 
While the IC50 value for CE could not be obtained due to its 
exceeding the test concentration (IC50 > 50 µg/mL In addition, 
the IC50 values of NO production inhibition of HE and EAE 
were approximately 2 times the effective dose of the reference 
drug (dexamethasone, 1.96 µg/mL), which implied the strong 
anti-inflammatory effect of the extract.  The reference drug 

Table 1. Extraction yields of D. benenica extracts.
Samples Mass of the extracts (g) Yields (%)

ME 34.68 11.01
HE 1.70 0.54
CE 13.87 4.40

EAE 2.26 0.72
ME: methanol extract, HE: hexane extract, CE: chloroform extract, EAE: ethyl acetate extract.

Figure 2. Total polyphenol contents and total flavonoid contents in the D. benenica extracts. ME: methanol extract, HE: hex-
ane extract, CE: chloroform extract, EAE: ethyl acetate extract. The letters a, b, c, and d: Results showing statistical significance 
between the tested groups (p < 0.05, using One-way ANOVA and Tukey HSD test). TPC: total polyphenol contents; TFC: total 
flavonoid contents
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was a pure and validated compound, while the extracts were 
combinations of several compounds, which in turn resulted 
in a higher concentration of the extracts to achieve the same 
effectiveness as the reference drug. That finding also suggested 
further investigation to isolate the main effective compounds 
from the HE and EAE extracts. 

3.4.2. Bovine Serum Albumin (BSA) denaturation inhibition 
assay
According to Figure 4, EAE had the most anti-inflammatory 
action when used at 0.3 mg/mL, and its inhibition rate of protein 
denaturation reached 28.81 ± 0.36%. Of note, the EAE at the 
dose of 0.3 mg/mL exhibited similar efficacy with diclofenac 

at the same dose (p>0.05). At 0.3 mg/mL, the inhibitory effect 
of EAE on protein denaturation was higher than that of HE 
(20.52 ± 0.88, p<0.0001). On the contrary, at the studied 
doses, neither CE nor ME showed the capacity to suppress 
protein denaturation. Furthermore, the inhibitory effects on 
protein denaturation of EAE and HE have increased in a dose-
dependent manner, which suggests EAE and HE could be good 
candidates for the development of anti-inflammatory agents. 

3.5. Anti-cancer assay
The MTT test was used to assess the anticancer effects of D. 
benenica extracts. Even though all the extracts showed anti-
cancer effects, only the HE and EAE could determine the IC50 

Figure 3. Antioxidant activity of D. benenica extracts ME: methanol extract, HE: hexane extract, CE: chloroform extract, EAE: 
ethyl acetate extract. The letters a, b, c, and d: Results showing statistical significance between the tested groups in the same col-
umn (p < 0.05).

Table 2. Anti-inflammatory activity of D. benenica extracts using NO production inhibition assay.

Sample NO production inhibition (%) Cell viability
(%)

Dexamethasone
(1.96 µg/mL)

45.57 ± 3.12 107.21 ± 1.33

IC50 value for NO production inhibition (µg/
mL)

Cell viability
(%)

HE 4.06 ± 0.49a 101.86 ± 1.45
(at the dose of 25 µg/mL)

EAE 3.72 ± 0.41a 85.25 ± 3.14
(at the dose of 25 µg/mL)

CE > 50
99.09 ± 1.71

(at the dose of 50 µg/mL)

ME 10.92 ± 0.60b 90.88 ± 6.29
(at the dose of 50 µg/mL)

ME: methanol extract, HE: hexane extract, CE: chloroform extract, EAE: ethyl acetate extract. The letters a, b, c, and d: Re-
sults showing statistical significance between the tested groups in the same column (p < 0.05, using One-way ANOVA and 
Tukey HSD test)
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values (48.26 ± 2.74 and 46.09 ± 2.47 µg/mL) in the MDA-
MB-231 cell line (Table 3). As shown in Figure 5, both HE and 
EAE exhibited the most effective treatment for A549 cancer 
cell lines at the dose of 100 µg/mL (50.29 ± 2.54% and 48.01 
± 2.23%, respectively). Compared to the positive control, 
doxorubicin, which showed inhibition rates of 66.06 ± 0.32% 
for MDA-MB-231 cells (at a dose of 2.9 µg/mL), both EAE 
and HE showed higher rates of inhibition at the 100 µg/mL 
(p<0.001, Table 3 and Figure 5). At the highest dose of treatment 
(100 µg/mL), the inhibitory effect of ME on A549 cells was 
27.56 ± 1.38*% while CE showed a lower potential inhibition 
rate (17.56 ± 2.35, p<0.01). Moreover, ME also exhibited a 
higher anti-cancer effect in MDA-MB-231 than that of CE 
at the dose of 100 µg/mL (43.73 ± 2.84 versus 16.03 ± 1.69%, 
respectively, p<0.0001). Therefore, the potential anti-cancer 
effect of the extracts followed the order: EAE and HE>ME>CE. 
This first study revealed the anti-cancer effects of the crude and 
fractionated extracts from D. benenica, which highlighted the 
further application of these extracts as anti-cancer medicines.

DiscussionDiscussion
Polyphenols and flavonoids are two common anti-oxidants 
in plants, both of them possess a variety of pharmacological 
properties such as anti-diabetic, anti-cancer, anti-osteoporotic, 
anti-obesity, anti-oxidant, cardio-protective, neuro-protective, 
and anti-inflammatory effects [29, 30]. However, there is no 
study reporting polyphenol and flavonoid contents in the 
crude and fractionated extracts of D. benenica. The presence 
of these compounds in the extracts has been confirmed in this 
study, which gives a possibility of health-beneficial effects of 
the extracts including antioxidant, anti-inflammatory, and 
anti-cancer effects. In the previous study, the presence of 
flavonoids in other species of the Distichochlamys genus, like 
D. citrea, has also been recorded. Still, the total flavonoid 
concentration has not been studied yet [18]. Moreover, Tung 
et al. (2023) reported that the polyphenol content of 6.02 
-12.81% of fractionated extracts of D. orlowii, another member 
of the Distichochlamys genus. That is consistent with our results 
in which the polyphenols of the extracts range from 49.72 – 

Figure 4. Anti-inflammatory activity of D. benenica extracts using BSA denaturation inhibition assay. ME: methanol extract, HE: 
hexane extract, CE: chloroform extract, EAE: ethyl acetate extract. The mark **** (p < 0.0001) denoted statistical significance 
among the tested groups with positive control, diclofenac (using One-way ANOVA and Tukey HSD test), the letter ns indicated 
that there was no statistical significance between the tested group versus the positive control, diclofenac.

Table 3. Anti-cancer activity of D. benenica extracts

Samples Inhibition rate on A549 cell proliferation
(%)

Inhibition rate on MDA-MB-231 cells
(%)

Doxorubicin 67.77 ± 5.02
(at a dose of 0.58 µg/mL)

66.06 ± 0.32
(at a dose of 2.9 µg/mL)

IC50 for inhibition of A549 cell proliferation 
(µg/mL)

IC50 for inhibition of MDA-MB-231 cell prolif-
eration (µg/mL)

HE > 100 48.26 ± 2.74ns 
EAE > 100 46.09 ± 2.47ns

CE > 100 > 100
ME > 100 > 100

ME: methanol extract, HE: hexane extract, CE: chloroform extract, EAE: ethyl acetate extract. The letter ns indicated that 
there was no statistical significance between IC50 values of the tested groups, HE and EAE (p> 0.05, using multiple t-tests)
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350.59 mg GAE/g. Of note, TPCs of ME and EAE extracts 
are higher than that of the methanol extract of D. orlowii 
[31], which suggests these extracts of D. benenica as rich 
sources for polyphenol extraction. The finding also suggests D. 
benenica as a promising source to extract and isolate bioactive 
compounds for the pharmaceutical industry, especially in 
polyphenols. According to Van Chen et al., some flavonoids or 
polyphenols, such as 5-O-caffeoylquinic acid, kaempferol, and 
5-hydroxy-3,7,4'-trimethoxyflavone, may account for the anti-
oxidant activity of D. citrea rhizome extract [32]. In this study, 
the DPPH radical scavenging capacities of the extracts of D. 
benenica correlate with the total polyphenol contents, in which 
both the top two polyphenol-rich extracts (EAE and ME) also 
rank first and second in scavenging DPPH radical potential. 
In the previous study, Van Chen et al. (2022) indicated that 
the ethyl acetate fraction was also the most anti-oxidant 
activity, which was similar to our findings. Furthermore, the 
data from Nguyen et al. (2023) also supported our results, in 
which the methanol extract exhibited the strongest DPPH 
radical scavenging capacity and a great amount in TPC [17]. In 
addition, Nguyen et al. (2024) also observed that methanol and 
ethyl acetate were two suitable solvents for obtaining the high 
polyphenol and anti-oxidant activity extracts from guava leaves 
[33]. According to Brglez Mojzer et al. (2016), methanol is a 
sufficient solvent to extract low molecular weight polyphenols, 
which explains the high abundance of TPC in the methanol 
extract of D. benenica [34]. On the other hand, HE has the most 
impressive total anti-oxidant capacity 204.18 ± 3.51 mg AAE/g, 
followed by those of ME, EAE, and CE.  Of note, HE and ME 
also possess the highest TFC, followed by EAE and CE (not 
detected). Although there is no direct correlation between TPC 
and TFC of the extracts with their anti-oxidant activity in both 
DPPH and phosphomolybdate assays, the most abundant TPC 

and TFC extracts (EAE and HE) also are the most powerful 
extracts in DPPH scavenging or total anti-oxidant capacities. 
This is the first study revealing the anti-oxidant contents and 
properties in the crude and fractionated extracts of D. benenica.
Among the four extracts, EAE and HE not only possessed 
the highest inhibitory effect against NO production but also 
exhibited the anti-inflammatory effect in the prevention of 
BSA denaturation. Even though some studies have focused 
on the bioactivities of the Distichochlamys genus, especially 
in D. benenica, they have only investigated the bioactivities 
of essential oil or some isolated compounds of D. benenica 
[19, 20, 21]. For example, Huong et al. have indicated the 
essential oil of D. benenica as a promising mosquito larvicidal 
and anti-microbial agent [19]. Moreover, Hoang et al. also 
suggested the essential oil of D. benenica for combating 
neurodegenerative diseases, such as Alzheimer’s disease via 
its potential to inhibit acetylcholinesterase [20]. In a previous 
study, Pham et al. not only reported the anti-microbial activity 
of three compounds of D. benenica including borneol, trans-
o-coumaric acid, and trans-cinnamic acid but also proved the 
anti-inflammatory effect of the isolated compound (trans-o-
coumaric acid) in edema model. This study has proven the 
anti-inflammatory effects of the crude and fractionated extracts 
of D. benenica for the first time, especially in the prevention 
of NO production and BSA denaturation. Polyphenol has a 
modulatory effect on inflammation response via altering the 
pro-inflammatory cytokine production, inflammatory-related 
signaling pathways (NF-кB, MAPK, and arachidonic acid), and 
immune cell regulation [35]. Flavonoids also are potential anti-
inflammatory agents that affect a variety of mechanisms from 
the alteration of IL17 receptor signaling to the management of 
pro-inflammatory mediators, like prostaglandins or histamine, 
chemokines, and cytokines [36]. Of note, trans-o-coumaric 

Figure 5. Inhibitory effects of D. benenica extracts against A549 and MDA-MB-231 cell proliferation.ME: methanol extract, HE: 
hexane extract, CE: chloroform extract, EAE: ethyl acetate extract. The statistical differences among groups were determined 
using One-way ANOVA and multiple comparisons (Tukey HSD test). The letters a, b, c, and d - Results show statistical signifi-
cance among the extracts treated at the concentration of 100 µg/mL (p < 0.05).
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acid, a phenolic compound found in the hexan extract of D. 
benenica, is an effective medicine in lessening the severity of 
edema development via inhibition of the COX-2 pathway [21]. 
Therefore, the abundance of flavonoids and polyphenols in the 
fractionated extracts (HE and EAE) may partially contribute to 
the anti-inflammatory effect of these extracts. According to Yu 
et al. (2022), free radicals, such as ROS, facilitate macrophage 
differentiation and cytokine release [37]. Therefore, the 
strong free radical scavenging effects of these extracts are also 
linked with their anti-inflammatory effects. Taken together, 
these findings imply that EAE and HE are promising anti-
inflammatory remedies and may be further applied for the 
treatment of inflammatory illnesses. 

All D. benenica fractioned extracts can stop the growth of 
cancer cells with a variety of effectiveness (Figure 5).  In the 
overview, the anti-cancer effects against both cancer cell lines 
(A549 and MDA-MB-231) of HE and EAE are the highest 
among the four extracts, followed by ME, and CE (Figure 5). 
Even though numerous studies have investigated the anti-
cancer effect of the species of the Zingiberaceae family, such 
as ginger or turmeric, a few studies are researching the anti-
cancer effect of the Distichochlamys genus [14, 38, 39]. In the 
previous study, 1,8 cineole, a major active compound in D. 
benenica essential oil, has been proven its anti-tumor effect 
against colon cancer cells, which also gives a possibility of anti-
cancer effect of natural compounds or extracts derived from 
D. benenica [20, 40]. This study is the first study reporting on 
the anti-cancer activity of D. benenica crude and fractionated 
extracts. According to Mir et al. (2020), flavonoids can inhibit 
cancer cell growth via initiating apoptosis or autophagy or 
reduce metastasis through altering voltage-gated sodium 
channels, signaling pathways, for example, NF-кB pathway, 
and cell migration or invasion [41]. Moreover, polyphenols 
also can manage cancer progress via reduction of cancer cell 
proliferation, arresting cell cycle, and alteration of cancer cells’ 
angiogenesis, differentiation, as well as metastasis [42, 43]. The 
high values of TFC and TPC in HE and EAE of D. benenica 
explain the strong anti-cancer effect of these extracts against 
both cancer cell lines. 

In this study, some health-beneficial effects of the extracts 
of D. benenica, including antioxidant, anti-inflammatory, 
and anti-cancer effects have been proven for the first time. 
As mentioned above, there are only four members of the 
Distichochlamys genus. Among them, D. citrea is the most 
well-known species which has been used in folk medicine. 
According to Nguyen et al. (2022), D. citrea leaves can be 
used as a remedy for healing oxidative stress-associated and 
cardiovascular diseases [17]. Moreover, some documents also 
propose the utilization of D. citrea to treat infectious diseases 
and diabetes [32, 44]. The essential oil of D. orlowii, another 
member of the Distichochlamys genus, has been suggested 
to prevent carbohydrate digestion and melanogenesis [45]. 
The research on the medical application of D. benenica is 
only limited in reporting the anti-acetylcholinesterase, anti-
microbial, and anti-inflammatory effects of its essential oil or 

isolated compounds [20, 21]. These findings are in line with 
other literature for contributing to the ethno-pharmacological 
application of species of the Distichochlamys genus.

ConclusionConclusion
In this study, the presence of polyphenols and flavonoids, two 
well-known anti-oxidants, in the crude and fractionated extracts 
of D. benenica has been elucidated. Furthermore, all the extracts 
exhibited anti-oxidant, anti-inflammatory, and anti-cancer 
effects with a variety of effectiveness. In the scavenging activity, 
EAE is the most potential extract, while HE is the best for total 
antioxidant capacity. Among four extracts, EAE and HE are the 
two most promising extracts for anti-inflammation activities, 
not only in the suppression of NO production in LPS-induced 
macrophages (IC50 values ranging from 3.72-4.06 µg/mL) but 
also in the prevention of bovine serum albumin denaturation 
assay. These extracts are also good candidates for the treatment 
of breast cancer, with IC50 values against the MDA-MB-231 cell 
line ranging from 46.09-48.26 µg/mL. In conclusion, this study 
not only confirms the value of biological compounds contained 
in the D. benenica extracts, such as polyphenols and flavonoids, 
for the first time but also opens up many opportunities for 
future medical applications of D. benenica extracts, particularly 
EAE and HE, in combating cancers, oxidative stress, and 
inflammation associated disorders.

Conflict of InterestConflict of Interest
The authors declare no conflict of interest.

Author contributionsAuthor contributions
Experimental conceptualization and design: Tran GB; 
methodology: Tran GB, Pham TV, Do BH; investigation: Tran 
GB, Pham TV, Tran TXT, Do BH, data collection and handling: 
Tran GB, Do DT, Tran TXT; formal analysis and interpretation: 
Tran GB, Do BH, Tran TXT, project administration and 
funding acquisition: Tran GB; validation: Tran GB, Pham VT; 
draft manuscript: Tran GB, Tran TXT, Do BH, Pham VT, Do 
DT; review & editing: Tran GB. 

FundingFunding
This research is funded by Ton Duc Thang University under 
grant number FOSTECT.2024.08

AcknowledgmentAcknowledgment
The authors want to show our sincere gratitude to our colleagues 
in the Faculty of Pharmacy, Ton Duc Thang University, Ho Chi 
Minh City, Vietnam, and the Faculty of Chemistry, University 
of Education, Hue University for their support in materials, cell 
lines, software, and facilities.



193The EuroBiotech Journal

ReferencesReferences
1.	 Lobo V, Patil A, Phatak A, Chandra N. Free Radicals, 

Antioxidants and Functional Foods: Impact on Human 
Health. Pharmacognosy Reviews 2010; 4(8): 118-126. 

2.	 Mahmoud AM, Wilkinson FL, Sandhu MA, Lightfoot 
AP. The Interplay of Oxidative Stress and Inflammation: 
Mechanistic Insights and Therapeutic Potential of 
Antioxidants. Oxidative Medicine and Cellular Longevity 
2021; 2021(1): 9851914. 

3.	 Silpak B, Rintu D, Ena Ray B. Role of Free Radicals in 
Human Inflammatory Diseases. AIMS Biophysics 2017; 
4(4): 596-614. 

4.	 Bardelčíková A, Šoltys J, Mojžiš J. Oxidative Stress, 
Inflammation and Colorectal Cancer: An Overview. 
Antioxidants (Basel) 2023; 12(4): 901.

5.	 Vaidya FU, Chhipa AS, Sagar N, Pathak C. Oxidative Stress 
and Inflammation Can Fuel Cancer. In: Maurya PK, Dua 
K, editors. Role of Oxidative Stress in Pathophysiology of 
Diseases. Singapore: Springer Singapore; 2020. p. 229-258.

6.	 Saha S, Saso L, Armagan G. Cancer Prevention and Therapy 
by Targeting Oxidative Stress Pathways. Molecules 2023; 
28(11): 4293.

7.	 Hou J, Karin M, Sun B. Targeting Cancer-Promoting 
Inflammation — Have Anti-Inflammatory Therapies 
Come of Age? Nature Reviews Clinical Oncology 2021; 
18(5): 261-279. 

8.	 Alolga RN, Wang F, Zhang X, Li J, Tran L-SP, Yin X. 
Bioactive Compounds from the Zingiberaceae Family with 
Known Antioxidant Activities for Possible Therapeutic 
Uses. Antioxidants 2022; 11(7): 1281.

9.	 Boonma T, Saensouk S, Saensouk P. Diversity and 
Traditional Utilization of the Zingiberaceae Plants in 
Nakhon Nayok Province, Central Thailand. Diversity 
2023; 15(8): 904.

10.	 Newman MF. Distichochlamys, a New Genus from 
Vietnam. Edinburgh Journal of Botany 1995; 52(1): 65-69. 

11.	 Larsen K, Newman M.  A New Species 
of Distichochlamys from Vietnam and Some Observations 
on Generic Limits in Hedychieae (Zingiberaceae). Natural 
History Bulletin of the Siam Society 2001; 49: 77-80.

12.	 Rehse T, Kress WJ. Distichochlamys rubrostriata 
(Zingiberaceae), a New Species from Northern Vietnam. 
Brittonia 2003; 55(3): 205-208. 

13.	 Nguyen QB, Leong‐Škorničková J. Distichochlamys 
benenica (Zingiberaceae), a New Species from 
Vietnam. The Gardens' Bulletin, Singapore 2012; 64:195-
200.

14.	 Nguyen TN, Nguyen KAT, Le TVN, Nguyen CK, Nguyen 
NTT, Kuo PC, Tran GB, Le NA, Tran TL, Nguyen 
NT.  Research on Chemical Constituents, Anti-Bacterial 
and Anticancer Effects of Components Isolated from 
Zingiber officinale Roscoe from Vietnam.  Plant Science 
Today 2024; 11(1): 156-165. 

15.	 Ballester P, Cerdá B, Arcusa R, García-Muñoz AM, 
Marhuenda J, Zafrilla P. Antioxidant Activity in Extracts 

from Zingiberaceae Family: Cardamom, Turmeric, and 
Ginger. Molecules 2023; 28(10): 4024.

16.	 Kongdang P, Ongchai S, Chiranthanut N, Pruksakorn D. 
Anti-Arthritis Effects of Zingiberaceae Extracts on Models 
of Inflammatory Joint Disease. Planta Medica 2023; 89(9): 
890-902.

17.	 Nguyen TVA, Nguyen Thi K-O, Nguyen NP, Le HL. 
Antioxidant and Antithrombotic Activities of the 
Distichochlamys citrea Leaves Extract. Vietnam Journal of 
Biotechnology 2023; 21(4): 681-697. 

18.	 Van Chen T, Cuong TD, Quy PT, Bui TQ, Tuan LV, Hue NV, 
Triet NT, Ho DV, Bao NC, Nhung NTA. Antioxidant Activity 
and  α-Glucosidase Inhibitability of  Distichochlamys 
citrea  M.F. Newman Rhizome Fractionated Extracts: In 
vitro and In silico Screenings. Chemické Zvesti 2022; 76(9): 
5655-5675. 

19.	 Huong LT, Dai DN, Thin DB, Hung NH, Thinh BB. 
Essential Oils of Distichochlamys benenica: Chemical 
Constituents, Mosquito Larvicidal and Antimicrobial 
Activities. Natural Product Communications 2023; 18(8): 
5655-5675.

20.	 Hoang TNH, Dinh TTT, Pham VT, Le TBH, Ho DV. 
Chemical Composition and Acetylcholinesterase 
Inhibitory Activity of Essential Oil from Rhizomes of 
Distichochlamys benenica. Hue University Journal of 
Science: Natural Science 2020; 129(1D): 43-49. 

21.	 Pham TV, Hoang HNT, Nguyen HT, Nguyen HM, 
Huynh CT, Vu TY, Do AT, Nguyen HN, Do BH. Anti-
Inflammatory and Antimicrobial Activities Of Compounds 
Isolated from Distichochlamys benenica. BioMed Research 
International 2021; 2021: 6624347. 

22.	 Kumar T, Jain V. Appraisal of Total Phenol, Flavonoid 
Contents, and Antioxidant Potential of Folkloric Lannea 
coromandelica Using In vitro and In vivo Assays. Scientifica 
(Cairo) 2015; 2015: 203679. 

23.	 Tran GB, Ngo TTM. The Effect of Thermal Treatment 
on Antioxidant and Physicochemical Properties of Black 
Shallot (Allium ascalonicum).  Jurnal Teknologi 2023; 
85(4), 179-187.  

24.	 Tran GB, Nguyen NT, Nguyen HN, Pham HH, Ngo 
TTM. Chemical Composition and Antioxidant, Anti-
Inflammatory, and Anticancer Effects of Ethanol Extract 
of Black Shallot (Allium ascalonicum) ‎‎. Pharmacophore 
2020; 11(3): 30-37.

25.	 Khiya Z, Oualcadi Y, Gamar A, Berrekhis F, Zair T, 
Hilali FEL. Correlation of Total Polyphenolic Content 
with Antioxidant Activity of Hydromethanolic Extract 
and Their Fractions of the Salvia officinalis Leaves from 
Different Regions of Morocco. Journal of Chemistry 2021; 
2021(1): 8585313.

26.	 Tran GB, Pham TV, Tuan Le A, Nguyen NH, Vo NHH, Do 
BH. Chemical Composition and The Anti-Inflammatory 
Effect of Volatile Compounds from Anaxagorea 
luzonensis A. Gray. Zeitschrift für  Naturforschung. C: 
A journal of biosciences 2024; 79(9-10): 329-336. 



194  |  VOLUME 8 ISSUE 4  |  OCTOBER 2024   

27.	 Pham TV, Hoang TX, Do BH, Nguyen KT, Nguyen NH, 
Tran GB. Chemical Compositions, Molecular Docking, 
Anti-Inflammatory, and Anti-Cancer Effects of the Leaf 
Essential Oils Isolated from Three Species of the Rutaceae 
Family in Vietnam. Chemistry & Biodiversity 2024: 
e202401466. 

28.	 Tsao R. Chemistry and Biochemistry of Dietary 
Polyphenols. Nutrients 2010; 2(12): 1231-1246. 

29.	 Stromsnes K, Lagzdina R, Olaso-Gonzalez G, Gimeno-
Mallench L, Gambini J. Pharmacological Properties of 
Polyphenols: Bioavailability, Mechanisms of Action, and 
Biological Effects in In Vitro Studies, Animal Models, and 
Humans. Biomedicines 2021; 9(8): 1074. 

30.	 Mutha RE, Tatiya AU, Surana SJ. Flavonoids as Natural 
Phenolic Compounds and Their Role in Therapeutics: An 
Overview.  Future Journal Pharmaceutical Sciences 2021; 
7(1): 25. 

31.	 Tung NX, Hai NT, Hong LT, Anh NTV, Luyen LH. 
Quantification of Total Polyphenols, Total Flavonoids, and 
Evaluation of Antioxidant Activity of the Aerial Part of 
Distichochlamys orlowii K. Larsen & M.F. Newman. VNU 
Journal of Science: Medical and Pharmaceutical Sciences 
2023; 39(4): 55-63. 

32.	 Van Chen T, Thong CLT, Tran-Trung H, Nhung NTA, 
Triet NT. Phytochemical Constituents Isolated from 
Distichochlamys citrea M.F. Newman Rhizomes and 
Their Antioxidant And α-Glucosidase Inhibitory 
Activities. Natural Product Communications 2023; 18(5): 
1934578X231177878.

33.	 Nguyen Thi NY, Muoi N, Quynh H, Doan T, Nhung 
D, Nguyen CQ, Tran QD, Le TP, Pham VN. Effect of 
Extraction Solvent to Total Polyphenol Content and 
Antioxidant Activity of Guava Leaf Extract. TNU Journal 
of Science and Technology 2024; 229: 13-19.

34.	 Brglez Mojzer E, Knez Hrnčič M, Škerget M, Knez Ž, Bren 
U. Polyphenols: Extraction Methods, Antioxidative Action, 
Bioavailability and Anticarcinogenic Effects.  Molecules 
2016; 21(7): 901. 

35.	 Yahfoufi N, Alsadi N, Jambi M, Matar C. The 
Immunomodulatory and Anti-Inflammatory Role of 
Polyphenols. Nutrients 2018; 10(11): 1618. 

36.	 Mucha P, Skoczyńska A, Małecka M, Hikisz P, Budzisz 
E. Overview of the Antioxidant and Anti-Inflammatory 
Activities of Selected Plant Compounds and Their Metal 
Ions Complexes. Molecules 2021; 26(16): 4886.

37.	 Yu W, Tu Y, Long Z, Liu J, Kong D, Peng J, Wu H, Zheng 
G, Zhao J, Chen Y, Liu R, Li W, Hai C. Reactive Oxygen 
Species Bridge the Gap between Chronic Inflammation 
and Tumor Development. Oxidative Medicine and Cellular 
Longevity 2022; 2022(1): 2606928. 

38.	 Kirana C, Record IR, McIntosh GH, Jones GP. Screening 
for Antitumor Activity of 11 Species of Indonesian 
Zingiberaceae Using Human MCF-7 and HT-29 Cancer 
Cells. Pharmaceutical Biology 2003; 41(4), 271–276. 

39.	 Mahomoodally MF, Aumeeruddy MZ, Rengasamy KRR, 

Roshan S, Hammad S, Pandohee J, Hu X, Zengin G. Ginger 
and Its Active Compounds in Cancer Therapy: From Folk 
Uses to Nano-Therapeutic Applications. Seminars in 
Cancer Biology 2021; 69:140-149.

40.	 Murata S, Shiragami R, Kosugi C, Tezuka T, Yamazaki M, 
Hirano A, Yoshimura Y, Suzuki M, Shuto K, Ohkohchi N, 
Koda K. Antitumor Effect of 1, 8-cineole against Colon 
Cancer. Oncology Reports 2013; 30(6): 2647-2652. 

41.	 Mir SA, Dar A, Hamid L, Nisar N, Malik JA, Ali T, Bader 
GN.  Flavonoids as Promising Molecules in The Cancer 
Therapy: An Insight. Current Research in Pharmacology 
and Drug Discovery 2024; 6: 100167. 

42.	 Hazafa A, Iqbal MO, Javaid U, Tareen MBK, Amna D, 
Ramzan A, Piracha S, Naeem M. Inhibitory Effect of 
Polyphenols (Phenolic Acids, Lignans, and Stilbenes) on 
Cancer by Regulating Signal Transduction Pathways: A 
Review. Clinical and Translational Oncology 2022; 24(3): 
432-445.

43.	 Abotaleb M, Liskova A, Kubatka P, Büsselberg D. 
Therapeutic Potential of Plant Phenolic Acids in the 
Treatment of Cancer. Biomolecules 2020; 10(2): 221. 

44.	 Van Hue N, Cuong TD, Quy PT, Bui TQ, Hai NTT, Triet NT, 
Thanh DD, Nhi NTT, Thai NM, Van Chen T, Nhung NTA. 
Antimicrobial Properties of Distichochlamys citrea M.F. 
Newman Rhizome n-Hexane Extract against Streptococcus 
pyogenes: Experimental Evidences and Computational 
Screening. ChemistrySelect 2022; 7(17): e202200680. 

45.	 Tran-Trung H, Vu DC, Van Trung H, Hoang Tuan N, 
Thang TD, Nguyen THD. Assessing Enzymatic Inhibitory 
Effects of Essential Oil from Distichochlamys orlowii K. 
Larsen & M.F. Newman Rhizomes. Journal of Biologically 
Active Products from Nature 2023; 13(6): 562-572.


