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Abstract

Objectives: In this study, we investigate the bioactive potential of Helicteres
hirsuta Lour. (H. hirsuta L.). Methods: H. hirsuta collected in Thua Thien
Hue province was used. The methanolic extract of roots and leaves was
studied for its biochemical components based on the High-Performance Liquid
Chromatography method and also tested for antioxidant activities Mention
how the test was carried out and the endpoints considered. Findings : The
results show that some biochemical components contained in the dry materials
of H. hirsuta leaves and roots are safe and suitable, allowing use in the
extraction and collection of total flavonoids. The optimal extraction conditions
using the ultrasonic bath method included a time of 50 min, a material/solvent
ratio of 1:20 (g/mL), ultrasonic frequency (12 Hz), and a solvent concentration
of methanol of 50% (v/v). In this condition, the highest total flavonoid content
obtained from H. hirsuta leaves and roots were 0.841 mg CE/mL extract
(leaf) and 0.416 mg CE/mL extract (root), respectively. The DPPH free radical
scavenging ability at 50% concentration (ICsy) of leaf and root extracts varied
with ICso of 0.778 mL and 0.433 mL, respectively. The methanol extract from
the leaf and root of H. hirsuta has the best inhibitory effect on the human
liver cancer cell line Hep-G2 (ICs¢ leaf = 177.22 ug/mL, and ICsy root = 165.21
ug/mL). Novelty: The results of this study are valuable reference information
for exploiting, using, and processing products from H. hirsuta trees collected in
Thua Thien Hue in the future.

Keywords: Flavonoid; Helicteres hirsuta Lour.; Flavonoid; Extract; Leaf; Root

1 Introduction

The H. hirsuta plant produces extremely biologically active substances that are useful in
the treatment of many diseases. Different parts of the plant are largely used as medicine
to treat a number of diseases such as aches and pains, back pain, insomnia, and a pale
complexion and enhance their health for weak hearts successfully(l).ln recent years,
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flavonoids have attracted a lot of interest for their potential to protect human health by avoiding a number of chronic illnesses,
including cardiovascular disease, type II diabetes, neurodegenerative diseases, and various cancers®. The best solvent for the
extraction of flavonoid compounds and antioxidants has been demonstrated to be methanol, according to studies on flavonoid
extraction in various parts of the H. hirsuta by Jain et al. (2014) and Pham et al. (2015) to assess the flavonoid content as well
as the antioxidant activity of the Helicteres ®).

To date, many studies on H. hirsuta have been carried out in Vietnam and around the world. Several significant
pharmacological properties from different parts of the H. hirsuta have been demonstrated thus far, including antioxidant
activity (3~ analgesic and anti-inflammatory actions”),toxic and antibacterial effects on several cancer cell lines in
vitro ®-12) Studying the effects of some extraction conditions and isolation of pharmaceutical ingredients from different parts
of H. hirsuta has been of interest to many scientists ">*!12). Quang et al. (2020) researched the isolation and acquired 12
compounds from H.hirsuta gathered in Binh Phuoc!®), while Chin et al. (2006) studied the isolation of active components
in it originating in Indonesia and obtained six lignans 4.

In order to extract flavonoids from different portions of it in Thua Thien Hue, the best circumstances needed to do so were
sought after. We investigated the effects of several variables on the extraction of flavonoids from the leaves and roots of the
H. hirsuta tree in order to identify extracts with the greatest flavonoid concentration as a starting point for evaluating their
antioxidant potential.

2 Methodology

2.1 Plant materials:

H. hirsuta leaf and root samples were gathered at the Linh Mu Pagoda in Hue City’s Kim Long Ward in Thua Thien Hue province.
The roots and leaves are cleaned, dried in the shade, and pre-treated to get rid of pests and damaged roots and leaves. It is
pulverized and put through a filter with a particle size of 1 mm before being dried at a temperature of 50°C until they are 10%
moisture, then stored in a plastic box for use in subsequent studies (Figure 1 ).

Fig 1. Materials of H. hirsuta. A. Leaves; B. Roots

2.2 Method for determining some biochemical components

2.2.1 Method determining the moisture content of fresh ingredients

Based on the method of drying to a consistent weight as described by Hong, 2003 1), the moisture content of new leaves and
roots of the H. hirsuta was calculate. Take a moisture-measuring weighing bowl, wash it, and then dry it between 100°C and
105°C so that the weight difference between the two measurements is no greater than 0.005 mg. Before assessing the moisture
content, leaves and roots must be dissected. Put 5 - 10 g of medicinal herbs in a measuring bowl with a lid to measure moisture;
the medicinal layer should not be any thicker than 5 mm. Once the drying oven has been opened, the weighing bowls containing
the medicinal herbs are put inside and dried for one hour at a temperature of 100 to 105°C. After that, the lids are opened, the
bowls are removed, placed in a desiccator to cool, covered, and weighed several times until the difference in weight between
measurements does not exceed 0.005 mg. Moisture content (X%) of medicinal herbs calculated according to the following
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formula 1:

x% =L"2x100 (1)
p
Here: p: number of grams of test sample before drying; a: number of grams of test sample after drying; Results are rounded and
accurate to 0.01; The difference in results between two simultaneous determinations is no more than 0.5%.

Method determining total lipid content : The total lipid content in medicinal herbs was determined by the Soxhlet method.
Accurately weigh 5 g of sample into a 400 mL glass beaker, add 100 mL of distilled water, 60 mL of hydrochloric acid, and a few
pumice stones or glass balls to regulate the boiling point. The mixture was boiled in a water bath for 15 minutes. Then, stir and
cook until boiling. Cover tightly with a watch glass and simmer gently for 30 minutes. The glass surface is rinsed with boiling
water (repeatedly), collected in a glass beaker, and then filtered through Whatman paper wet with cold water containing a little
clean sand.

The Whatman paper containing residue is drained, spread out over the watch glass, and then dried for two to four hours in
an oven set to 105°C. The lipid total content was extracted using the Soxhlet method with petroleum ether solvent for 4 hours
in a spherical flask. Stop boiling, recover the petroleum ether in the flask, and put it in the oven for 30 - 40 minutes at 60°C,
cooling to room temperature in a desiccator, and weigh the mass of the flask and lipid. Repeat the drying process as above until
the weight remains constant or the difference in weight between two weighings is no more than 0.001 g. Total Lipid content (X)
in the sample is calculated in % according to the formula 2:

Total lipid content = <mleg) %100 (%) (2)

Here: m;: mass of cup (g); my: mass of cup and mass of fat after drying (g); G: sample mass (g); Results are rounded and accurate
to 0.01.

2.2.2 Method determining total protein content method

The total protein content in medicinal herbs was determined based on the Kjeldahl method. Weigh 1 g of finely ground
medicinal herbs into a Kjeldahl flask with 25 mL of concentrated H2SOy4, add 5 g of catalyst (K2SO4 and CuSOy, ratio 9:1),
and heat slowly on the stove until the solution is obtained the colorless or blue. After completely inorganicizing the sample,
rinse the Kjeldahl flask with distilled water, then translate it into a 500 mL volumetric flask, and add about 10 - 15 mL NaOH
40% and a few drops of phenolphthalein, and add distilled water to make 300 mL.

Prepare a solution in a NHj3 collecting flask containing about 10 mL of Boric acid, then insert it into the system so that the
tip of the condenser tube is submerged in the Boric acid solution. Start the nitrogen distillation process when the extract in the
receiving flask is roughly 150 mL. Take out the collecting flask and titrate with 0.1N H,SOy4. Total protein content is calculated
according to formula 3. Accurate to 0.01%.

0.0014 % (Viasos — V' masos) * 100 6.25 3)
m

Total protein content =

Here: 0.0014: Equivalent of Nitrogen; 6.26: Conversion coeflicient between Nitrogen and protein; Vgoso4: Number of ml of
H,SO4 put into the conical flask; V’g2504: Number of ml of H,SO4 used for titration; m: weight of test sample.

2.2.3 Methods determining total ash content
Measurement of total ash in medicinal herbs using the ashing method at 550 - 600°C. 5 g of the sample should be weighed (to
within 0.1 mg) accurately and then reweighed to a constant mass. Place the sample cup in the furnace, then gradually raise the
temperature to 500 - 600°C until white ash is produced. Take out the crucible and moisten the ash with water, then dry on an
electric stove and then reheat the sample in a furnace at a temperature of 500 - 600°C for about an hour. Once the crucible has
been removed, let it cool to room temperature in a desiccator before weighing to the nearest 0.1 mg. The difference between
the results of two successive weighs cannot be higher than 0.3 mg. Repeat this process until a steady mass is reached. Total ash
content (X) expressed as % mass, calculated by the formula 4:

x= =M 0o (4)

(my —m)

Here: m: weight of the cup (g); m;: weight of crucible and test sample (g); my: weight of the crucible and white ash after
heating and weighing to a constant mass (g). Results are rounded and accurate to 0.01. The difference in results between two
simultaneous determinations is no more than: 0.1%. The final result is the average of the determined results.
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2.2.4 Methods extraction and determination of total flavonoid content
As stated by Vuong et al. (2013) and Pham et al. (2017) with adjustments to fit research settings !>1%), we use the powder of H.
hirsuta in different portions (leaves and roots) to extract total flavonoids.

In a conical flask with a capacity of 500 mL and a volume of 200 mL (ratio 1:20) in a methanol solvent system with a pH
= 5, precisely weigh 10 g of powder (size 1.40 mm) and shake well. The suspension was then extracted for total flavonoids
using the tank ultrasound method for 30, 50, and 70 minutes with the material: solvent ratio of 1:10, 1:20, and 1:30 g/mL
(w/v), respectively, and ultrasound frequency is 10, 12, 14 Hz. The extraction was done at 60°C and at levels of 30, 50, and 70
(v/v). The circumstances employed in the following experiments are determined by the outcomes of the previous experiment.
The supernatant was then removed from the solution and transferred to a fresh Erlenmeyer flask using a centrifuge operating
at 15000 rpm for 15 minutes. The total flavonoid content of the extract samples from each experiment was calculated using
the mg equivalent of the catechin standard. The reaction to be carried out in order to ascertain the total flavonoid content is
performed as follows:

According to Pham et al. (2017) (12)_the total flavonoid content was calculated. Catechin standard flavonoid solution (sigma)
was diluted in 70% methanol to concentrations of 45, 90, 180, 360, and 720 g/mL. In the test tube, combine 0.15 mL of NaNO5,
2 mL of distilled water, and 0.5 mL of catechin solution (concentrations 45, 90, 180, 360, and 720 g/mL). Add 0.15 mL of AICl3,
shake thoroughly, and let stand for another 6 minutes after adding it. Continue adding 2 mL of NaOH and 0.7 mL of distilled
water, shake well, and let stand for 15 minutes. Using a UV-Vis spectrophotometer (U2900 Hitachi, Japan), the reaction solution
was measured photometrically at a wavelength of 510 nm. Three times the experiment was carried out. Excel 2010 was used to
record the OD data and create a calibration line. The total flavonoid content of H. hirsuta is determined using the calculation
based on the linear regression equation of catechin.

Vixm| xn (mg) 5)

" Vaemp 1000 \ g

Here: V: initial extract volume, m;: total flavonoid content calculated based on the Catechin standard curve (ug/mL), n:
number of dilutions, V;: sample volume used for reaction (mL), mj: initial sample mass (g), 1000: conversion factor from ug
to mg.

2.2.5 Method High- Performance Liquid Chromatography (HPLC)

The extract dissolved (1 ug) in 500 L of 70% methanol and 500 uL of formic acid and then vortex-mixed and centrifuged at
14000 rpm for 10 min. Finally, 10 uL supernatant was injected into the Agilent 1260 Infinity II system (Agilent Technologies,
USA) for analysis with detection probe UV, column at the 30°C column temperature. The solvent mobile phase consists of 1%
formic acid and 99% acetonitrile (Merck, USA).

2.2.6 Method determination of antioxidant activity

Using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) technique as reported by Long et al. (2020) 17), the antioxidant activity of the
extract was assessed. The original extract was combined with 0.2 mM DPPH solution diluted in 70% ethanol and ascorbic acid
solution with concentrations of 0.05, 0.67, 0.1, 0.2, 0.5, and 1 mg/mL. In each test tube, add 1 mL of 0.2 mM DPPH to 1 mL of
the test sample at each dilution, shake well, and then leave in the dark for 30 minutes. The optical absorption density should
then be measured at 517 nm. Similar tests were conducted using ascorbic acid as a reference. The percentage of DPPH free
radical scavenging is calculated according to the formula 6:

OD, — ODy,
— X

C

%SC = 100 (6)
Here: OD,,;: optical density of the experimental sample after subtracting the blank (without DPPH); ODc: blank optical density
after blank subtraction (without DPPH).

The DPPH inhibition % at various concentrations should be used to build a standard curve. Using the standard curve
equation ((y) = ax + b) with y = 50% to find x (x is ICs¢ has to be discovered) (18) determine the ICsq value (Volume of extract
or ascorbic acid at which 50% of DPPH is inhibited).

2.2.7 Method cytotoxic assay
The experiment was perform to ascertain the total cellular protein content using the optical density obtained when the protein
composition of the cells was stained with Sulforhodamine B (SRB, Sigma-Aldrich, USA). The method performs as described

https://www.indjst.org/ 4
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by Long et al. (2020) 1), The study was activity test on two cancer cell lines: Human hepatocellular carcinoma (Hep-G2) and
Human lung carcinoma (SK-LU1). The percentage inhibiting cell growth is calculated through the following formulas 7 and 8:

[ODreagent - ODdayO]
[ODnegatlvecomrol - ODduyO}

% Alive cells = x 100 (7)

% inhibited cells = 100 — % alive cells (8)

2.2.8 Statistical analysis

The average measurement across the three experimental replicates is used to express the experimental results. In order to
compare mean values, the ANOVA analysis of variance was applied. The analyzed values are statistically significant with p
< 0.05. All statistical analyses were performed using SPSS software (Version 20).

3 Results and Discussion

Following the application of several techniques to extract and identify certain chemical elements and flavonoid content in the
roots and leaves of H. hirsuta, we arrived at the following conclusions:

3.1 Determining chemical components results

The results obtained with some chemical components are shown in Table 1 : Dry powder moisture of materials from the leaves
and roots of H. hirsuta is 5.240% and 6.260%, respectively. This value is favorable for the long-term preservation of raw materials
without mold, without changing the sensory experience, and is an advantageous circumstances condition for extraction of total
flavonoids (Table 1).

Itis possible to extract biologically active substances from the leaves and roots of H. Hirsuta because of their low lipid content,
which is 3.270% and 2.960%, respectively. If the extract has a high lipid content, it will become viscous, making subsequent
filtration and purification difficult. Lipid-containing extracts will also be unstable and have an odd smell. Roots and leaf powder
both provide 5.210% and 7.580% of the total recommended daily allowance of protein, respectively (Table 1 ).

Table 1. Some chemical ingredients in powder from the leaves and roots of H. hirsuta

) . Result
Name of analysis target Unit
Leave Root
Dry powder moisture 5.240 £ 0.135 6.260 £ 0.262
Total Mineral Salts (Total Ash) % 6.030 &+ 0.720 7.320 4 0.664
()
Protein content 7.580 £ 0.115 5.210 £ 0.149
Lipid content 3.270 £ 0.255 2.960 £+ 0.198

For leaves, the total ash content (total mineral salts) is 6.030%, while for roots, it is 7.320%. According to the Vietnamese
Pharmacopoeia, several medicinal powders have a total ash concentration that ranges from 5% to 18%. Therefore, the ash
content of powder from the leaves and roots of H. hirsuta is within the allowable limit (Table 1 ).

3.2 Affecting some factors in the extraction process on total flavonoid content results

The results of studying the effects of several factors on the extraction process to obtain total flavonoids from the leaves and roots
of H. hirsuta are present in Table 2 , which show that extraction time, methanol solvent concentration, materials/solvents ratio,
and ultrasound intensity all affect the extraction process and collection of total flavonoids from the leaves and roots of H. hirsuta.
The difference is significantly significant at p < 0.05. The flavonoid content increased between 30 and 50 minutes and decreased
between 50 and 70 minutes, but the highest value was at 50 minutes (about 7.908 mg CE/g dry (leaves) and 3.615 mg/g dry
(root). The total flavonoid content may decrease due to prolonged extraction time under the effect of ultrasound because more
residue is obtained (). Similarly, at a solvent methanol concentration of 50%, the total flavonoid content reached a maximum of
7.204 mg CE/g dry (leaves) and 3.448 mg CE/g dry (root). The amount of flavonoids decreases when the methanol concentration
increases to 70% (Table 2 ).

The data provided in Table 2 demonstrate that the material/solvent ratio 1:20 resulted in the maximum flavonoid
concentration, which equals 10.131 mg CE/g dry (leaves) and 3.859 mg CE/g dry (roots), respectively. The total flavonoid

https://www.indjst.org/ 5
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content tended to decrease when the material/solvent ratio increased to 1:30. This may be because the flavonoid content declined
as the extraction process achieved equilibrium since the concentration gradient between the solute and solvent was no longer
as great. Meanwhile, the total flavonoid content tends to increase in the ultrasound intensity range from 10 to 12 Hz and later
decreases if the ultrasound intensity continues to increase to 14 Hz. Total flavonoid content reached the maximum value at 12
Hz, respectively 5,259 mg CE/g dry (leaves) and 2,435 mg CE/g dry (roots) (Table 2 ).

Research the effects of some common extraction conditions to obtain the highest flavonoid content from H. hirsuta leaves
and roots collected in Thua Thien Hue, Vietnam using the tank ultrasound method. The research results have determined the
optimal extraction conditions such as time (50 minutes) and material/solvent ratio (1:20 g/mL) in 50% methanol concentration
with the help of ultrasound intensity at 12 Hz intensity. According to the research results of Pham et al., 2017 !?), the response
surface method with Box-Behnken design was used to evaluate the effects of extraction time, temperature, and material/solvent
on the yield of some compounds such as phenolics, flavonoids showed optimal extraction conditions including temperature
60°C, time 35 minutes with material/solvent ratio of 1: 100 g/mL using methanol 40% (v/v) as solvent. The results of this study
show that although the extraction time is lower, it consumes five times more solvent than ours.

Table 2. Effect of some factors in the extraction process and collection oftotal flavonoid content in H. hirsuta leaves and roots

Total flavonoid content (mg CE/g dry)

Factor
Leave Root
30 6,142b 2,585
Time (min) 50 7,908 3,6152
70 7,649° 3,4492
30 3,178P 2,764¢
Methanol concentration (%) 50 7,2042 3,4482
70 4,480%0 3,368P
1:10 7,011b 2,274b
Material/solvent ratio (g/mL) 1:20 10,1312 3,8592
1:30 9,7792 3,641
10 4,9012 2,008¢
Ultrasound intensity (Hz) 12 5,259% 2,435%
14 4,998? 2,289b

Note: Different letters in the same column indicate statistically significant differences in the sample mean with p < 0.05 (Ducan’s test); Note used for the next
tables.

3.3 HPLC analysis results

HPLC analysis results from the extract obtained under optimal conditions shown in Figure 2 show that many signal picks
of compounds appear, including 25 peaks of compounds showing characteristics with retention times ranging from 0.937 to
23.582 minutes (roots) (Figure 2 A) and 24 peaks of compounds with retention times ranging from 1.167 to 24.012 minutes
(leaves) (Figure 2 B).

3.4 Biological activity results

Antioxidant activity :

Before dilution into different concentration ranges to test the antioxidant activity on the DPPH system, we calculated the total
flavonoid content in 1 mL of the extract. According to the findings, 1 mL of the extract contained 0.416 mg of root flavonoids and
0.841 mg of leaf flavonoids based on the mg equivalent of catechin. The greatest average values of DPPH free radical scavenging
activity were found in the roots at 89.030% and in the leaves at 96.789%. H. hirsuta leaf and root extracts are 50% effective at
inhibiting DPPH free radicals; their respective ICso values are 0.778 mL and 0.433 mL (Figure 3Table 3 ).

Research on antioxidant activity from ingredients from EtOAc extract obtained from the stems and leaves of H. hirsuta
species in Vietnam has been presion by Tra et al. (2021), showed that flavonols and flavonol glycosides belonging to the flavonoid
group as useful agents for the antioxidative effects when tested on cells rat liver ?”), Pham et al. (2021) showed that phenolic
compounds from this plant have strong antioxidant effect including DPPH free radical scavenging activity, ABTS, and ferric-
reducing antioxidant *!). Hieu et al. (2020) showed that the ethyl acetate fraction obtained from H. hirsute leaves showed strong

https://www.indjst.org/ 6
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Fig 2. High Performance Liquid Chromatography (HPLC) analysis results from total extract from H. hirsuta leaves and roots. A: leaves and
B: roots.

o activity with the lowest ICs = 9.50 pg/mL ??), Methanol extracts obtained from H. hirsuta fin leaves and roots collected in Thua
212 Thien Hue, Vietnam in this study showed high DPPH free radical scavenging activity, ranging from 89.030% (root) and in the
z3 leaves at 96.789%, corresponding to the flavonoid content is 0.841 mg/mL (leaves) and 0.416 mg/mL (root).

120
y = 18.479In(x) + 90.291
100 R*=0.960 .
Leg_v.g;_-_----
o 80 e ¥ Lmm =TTy =20.742In(0 +81.973
@ 60 PO Gt R2=0.966
b g Root
) /',c” °
4
20 ’
*
0
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Volume of extract (mL)

Fig 3. The DPPH free radical scavenging ability of extracts from H. hirsuta leaves and roots at different dilution ratios

24 Anticancer activity
zs A study on the cytotoxicity to some cancer cell lines of crude extract segment from leaf and roots of H. hirsute in vitro
216 conditions shown in Table 4 shows that The ability to cause cytotoxicity on cell lines is moderate with ICs values ranging from

https://www.indjst.org/ 7


https://www.indjst.org/

21

=]

21

©

219

22

S

22,

=

222

22

@

22:

X

225

224

S

22

N

228

22!

©

23

S

23

=

23;

[e]

23

@

23

r

23!

&

23

=3

23

Q

23

o

23

©

Long et al. / Indian Journal of Science and Technology 2023;16(44):1-9

Table 3. Total flavonoid content and percentage of DPPH free radical scavenging activity of the extract methanol of H. hirsuta leaves and
root extracts

Sample Extract volume (mL) Total flavonoid content (mg CE/g  SC % ICsp (ug/mL)
dry)
1 0.8417 96.7892
0.5 0.769P 75.222P
Leave 0.25 0'605; 59'000; 0.778 +0.004
0.125 0.461 49.081
0.0625 0.220¢ 37.748¢
0.03125 0.120f 31.687f
1 0.416* 89.030?
0.5 0.319P 63.222>
Root 0.25 0.21821 46.277:i
0.125 0.101 39.012 0.433 +0.032
0.0625 0.063¢ 27.147¢
0.03125 0.032¢ 11.487f
Acid ascorbic - - - 0.002 + 0.001

177.22 to 352.96 ug/mL (crude extract from leaf) and 165.21 to 274.47 pg/mL (crude extract from root), in which the best
inhibitory effect on Hep-G2 with ICsg = 177.22 ug/mL (crude extract from leaf) and 165.21 ug/mL (crude extract from root).
Thus, the crude extract obtained from the leaves and roots of H. hirsute showed the ability to be toxic for two cancer cell lines
examined. The crude extract showed the best toxicity to the Hep-G2 cancer cell line. In the experiment, the control Ellipticine
worked stably at concentrations ranging from 10 -2 - 0.4 - 0.08 ug/mL (Table 4 ).

Research testing toxic activity from crude extracts from different solvents of H. hirsute shows that the petroleum ether (PE),
dichloromethane (DC), chloroform, and ethanol fractions all have the ability to cause toxicity with to Hep-G2 cancer cell line
with varying degrees. The corresponding ICs( values are 28.29 pg/mL (petroleum ether-PE), 30.30 ptg/mL (dichloromethane-
DC)12), 9.17ug/ml (chloroform), and 19.96 ug/mkL (ethanol) (23) However, the methanol (MeOH) fraction has not shown
cytotoxic activity against the Hep-G2 cell line!?). Our study shows that methanol extract from the leaf and root of H. hirsuta
has the best inhibitory effect on the human liver cancer cell line Hep-G2 (ICsq leaf = 177.22 ug/mL, and ICs0,00; = 165.21
pug/mL).

Table 4. Carcinogenic effects of extract methanol from leafs and root of H. hirsute on cell lines

Cell lines Leaves Root Ellipticine
ICso (ug/mL)

HepG2 177.22 £2.17 165.21 £ 3.50 0.51 +£0.04

SK-LU-1 253.96 £ 2.01 274.47 £ 2.40 0.45 £+ 0.03

Note: The concentration of Ellipticine used in the test was 10 -2 - 0.4 - 0.08 ug/mL

4 Conclusion

With the aid of the research findings, we discovered that certain biochemical elements present in the dried materials of the
leaves and roots of H. hirsuta collected at the Linh Mu Pagoda, Kim Long ward, Hue City, Thua Thien Hue province, provided
suitable outcomes when research on medicinal plants with total flavonoid extraction was conducted. Total flavonoids could
be extracted under the best circumstances under the following conditions: time (50 minutes), methanol solvent concentration
(50%) material/solvent ratio (1:20 g/mL), and ultrasonic frequency (12 Hz). Under ideal circumstances, there are 0.841 mg of
flavonoids in 1 mL of H. hirsuta leaf extract and 0.416 mg in 1 mL of root extract. The 50% efliciency of leaf and root methanol
extracts at scavenging DPPH free radicals was different; the ICsy values were 0.778 mL and 0.433 mL, respectively. Our study
shows that methanol extract from the leaf and root of H. hirsuta has the best inhibitory effect on the human liver cancer cell line
Hep-G2 (ICsq leaf = 177.22 ug/mL, and ICsg root = 165.21 p1g/mL). This is highly scientific information for further research
in the exploitation and application of this medicinal plant in Thua Thien Hue, Vietnam.
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