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Abstract

Background and Objective: Liver cancer is the common cause of cancer death. Paris polyphylla is used as a traditional folk medicine in
Vietnam to treat pneumonia, mastitis, bruises and fractures but no study was available regarding its ability to treat liver cancer or slow
its growth. In this study, Paris polyphylla samples were identified and evaluated cytotoxic activity against the liver cancer cells.
Materials and Methods: Paris polyphylla species were collected from various areas in Yen Bai, Vietnam, which were identified by
comparative morphological method and DNA barcoding for the 78S, matKk genes and /75 region. Paris polyphylla samples were dried
until constant weight, ground into a fine powder and extracted in various solvents. The bioactivity of these extracts were done by the MTT
assay. Results: The sequences of 785, matK genesand /75 region were high similarity to sequences of P. polyphyila in the National Center
for Biotechnology Information. The N-hexane and ethyl acetate fractions were produced from the methanol extract of 2. polyphylla. The
TLCresults showed that there was a significant difference in the component of n-hexane and ethyl acetate fraction. The N-hexane fraction
contains mainly low-polarity and non-polarity substances. While ethyl acetate fraction consists mainly of polar substances. In addition,
ethyl acetate fraction was shown the strongest cytotoxic activity on the cancer cell lines HepG2 and Huh7 with the evaluation
of ICso = 115.11%£2.77 ug mL~" and ICs, = 148.11%£1.78 ug mL~". Conclusion: The extract of Paris polyphylla demonstrated strong
potential to inhibit the growth of the liver cancer cell line. The ethyl acetate fraction has the highest ability for cytotoxicity on the liver
and cell line at a concentration of 200 pg mL~" through MTT.
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INTRODUCTION

Liver cancer is considered an important global health
problem because of the third major cause of cancer death
worldwide and it is one of the top five causes of cancer death
in 90 countries'. Cancer arises when normal cells undergo a
transformation into tumor cells in multi-stage process that
frequently progresses from a pre-cancerous lesion to a
malignant tumor. These changes are the result of interactions
between a person’s hereditary factors and three types of
outside forces, such as physical carcinogens (ionizing radiation
and ultraviolet), biological carcinogens (infections from
parasites certain, bacteria or viruses), chemical carcinogens
(arsenic, tobacco smoke, asbestos, aflatoxin and alcohol)2.
According to the World Health Organization (WHO), nearly
1 million people were diagnosed with liver cancer globally and
more than 0.83 million individuals died from this disease.
Egypt and Mongolia were the two countries with the highest
overall rates of liver cancer in 2020, whereas, Vietnam ranks
5th with more than 26.000 cases and men accounting for
about 80% (20.256 cases)'. This may be due to the unhealthy
living habits of men when Vietnam is one of the countries that
consume the most alcoholP“. Significant efforts have been
undertaken in recent years to enhance liver cancer
treatment®. Treatment options for cancer include surgery,
immunotherapy, radiation therapy and chemotherapy®. The
mainstay of treatment continues to be the use of chemical
medicines to slow tumor growth’. However, as chemotherapy
treatments are used longer, tumors appear to get more
resistant, which causes the killing impact of chemotherapy
drugs to deteriorate progressively. Moreover, chemotherapy
drugs for treating cancer have unpleasant side effects such as
diarrhea, nausea, hair loss, fatigue, vomiting, fever and painé.
With the rising incidence of cancer-related fatalities, effective
therapeutic strategies with fewer cytotoxic side effects and
resistance must be developed. Natural substances have a
number of advantageous properties for cancer treatmentand
improve health®. They possess selective effects against cancer
cells without cytotoxic on normal cells, in addition, their
chemical structures can also be used as models to create new
medications. These models create medicines with benefits
comparable to or superior to those currently available, with
fewer side effects and resistance™.

Paris polyphylla belongs to the family Melanthiaceae
and is primarily found in Southern China and other regions of
Asia, particularly in Vietnam. In Vietnam, £. polyphylla is used
as a traditional folk medicine for treatment such as bronchitis,
mastitis, bruises and fractures. The P. polyphylla extract has
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been demonstrated to have antioxidant, immunoregulatory,
anti-inflammatory and anti-cancer characteristics and was
also determined as having potent cytotoxicity efficiency on
various cancer cell lines such as ovarian cancer, colorectal
cancer, breast cancer, esophageal cancer'. The extract
of P. polyphylla has main secondary metabolites, including
flavonoids, phytosterols, polysaccharides and steroidal
saponins (makeup about 80% of all active compounds) such
as polyphyllin VI, Il and 1. Polyphyllin VIl was determined to
have cytotoxic activity against human lung cancer cells A549
with the value of IC5y = 0.4120.10 uM at 24 hrs by activating
the apoptosis through inhibition of the PI3K/Akt and NF-«xB
pathways and increased caspase-3 activity (An important
enzyme of programmed cell death)™. Polyphyllin | was
demonstrated to have the ability to prevent the development
of non-small-cell lung cancer through the autophagy process
by activating AMPK and inhibiting the mTOR signal's. The aim
of the present research was to: (a) Identify Paris polyphylla
samples from Vietnam, (b) Determination of components in
the Paris polyphylla extract and (c) Determination of cytotoxic
activity against the liver cancer cells.

MATERIALS AND METHODS

Study area: The study was performed in January, 2021 to
December, 2021 at the Institute of Biotechnology.

Identification of Paris YB: The sample of Paris YB in this
study was collected from Yen Bai, Vietnam in 2021. After
conducting the comparative morphological method regarding
several physical parameters, including plant height, leaf
morphology. The plant samples were recognized using
biological identification made possible by DNA barcodes for
the /75 region'. Total DNA was isolated and purified from the
leaves of Paris YB with the modified CTAB method and
stored at -20°C. The PCR reactions were performed
with a specific primer for /75 gene (/75F: 5'-ACGAATTCAT
GGTCCGGTGAAGTG TTCG-3', /TSR: 5-TAGAATTCCCCGGTT
CGCTCGCCGTTAC-3") in a 20 L total containing 10 uL of
Master mix 2x (Phusa, Vietnam), 1 uL of each primer (10 pmol),
5 uL of total DNA and 4 pL of dH,0. The PCR product was
electrophoresed in a 1% agarose gel and then soaked in 1%
Ethidium bromide (EtBr) for 30 min. The nucleotide sequences
of the /75 segment were sequenced using the Sanger
method'8, The /75 of some Paris species were retrieved from
NCBI and aligned by Bioedit version 7.0 and constructed
phylogenetic tree by MEGA 11.0 software.
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Preparation of the extract of Paris YB: Paris YB fresh
samples were dried at 60°C until constant weight. These dried
samples were ground into a fine powder. The dried sample
powder was dissolved with methanol and carried out the
ultrasound-assisted extraction in an ultrasonic bath heat
Elmasonic S120H (Elma Schmidbauer GmbH and Co. KG,
Singen, Germany power 1000 W, frequency 50/60 Hz) at room
temperature’. The solvent was then evaporated in the rotary
evaporator RV 10 Digital V (IKA, Staufen, Germany) to create
the extract. The n-hexane and ethyl acetate fractions of
Paris YB were created based on the liquid-liquid extraction
method by the modified Kwon2. The process of extraction
was performed under low-pressure at 50°C.

Thin layer chromatography (TLC): The components of the
extract were separated by the modified TLC method?'. The
TLC plates used in this study included DC-Alufolien 60 F254
(Merck 1.05715) and RP-18 F254s (Merck). Compounds or
structures were detected by UV light of wavelength 254 nm or
spraying with visualization reagent Vanillin to TLC plates and
then dried at 100°C for some minutes.

Cell cultural: The HepG2 (liver cancer of humans), Huh7
(liver cancer of humans) and HEK 293 (Human embryonic
kidney) cell lines were cultured in DMEM (Sigma-Aldrich) and
supplemented with 10% FBS, penicillin/streptomycin solution
(1% of 100x) and 37°C with 5% CO, in humid atmosphere.

MTT assay: In the MTT colorimetric experiment, the HepG2,
Huh7 and HEK 293 cell line were seeded in 96-well plates
containing 1 X 10*cells per welland incubated for 12 hrs. Then

(@) (b)

the cells were treated with various concentrations of Paris YB
extracts for 24 hrs. Next, each well received 15 yL of MTT
solution (5 mg mL™") and kept at 37°C for 4 hrs. The medium
was carefully discarded. The formazan crystal was dissolved in
150 uL DMSO and then measured at an absorbance of 562 nm.
The experiment was performed three times. The DMSO was
used as the negative control. The following formula will be
used to calculate cell viability and death?

Control OD —Sample OD “

Cell death (%) = Control OD
ontro

100

Statistical analysis: Data were evaluated statistically using
SPSS 20.0 software and Microsoft Excel version 2016. The
results were presented as the Mean®Standard deviation of
three repeats. A p-value of less than 0.05 was considered to be
significant based on t-test.

RESULTS

Identification of Paris YB species through morphological
comparison and DNA barcoding: Using the comparative
morphological approach, the samples taken from Yen Bai,
Vietnam were identified by using DNA barcode markers. The
morphological comparison has been one of the most reliable
ways to determine plant species through physical taxonomic
criteria, such as stem, roof and leaf (Fig. 1a-c). However,
when knowledge is inadequate and external features were
harmed as a result of inappropriate specimen management,
morphological identification might be difficult.

(©)

Fig. 1(a-c): Morphological characterisation of Paris YB, (a) Stem, (b) Root and (c) Leaf
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Fig. 2: Alignment of /75 from Paris YB, P. vietnamensis (OP021455) and P. polyphylla (OK103639)

Table 1: Yield of 2. vietnamensis methanol extract and fractions were obtained

in this research

Concentration (g)

Solvent Dried mass (g)

Methanol 30 1.52%0.04° 5.07£0.13%° species.
N-hexane 30 0.31+0.02° 1.03%0.07%"

Ethyl acetate 30 0.324+0.03° 1.07£0.10%"

2bSubstantial difference between fractions at p<0.05

Another method was also performed to identify
Paris YB species using DNA barcoding based on the
/TS genes. The length of /75 from Paris YB was 849 bp and
was equal to the length of /75 genes from P. vietnamensis
and P. polyphylla. The result was then analyzed by Bioedit and
BLAST showed that the sequence of /75 region collected in
Yen Bai shared 100% similar to the /75 sequence of
P. vietnamensis in NCBI (Accession number: OP021455)

(Fig. 2). Phylogenetic tree analysis has also shown that the TLC method.
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example from Yen Bai belonged to the same group with
P. vietnamensis (Fig. 3a-b). Therefore, we have concluded that
samples collected in Yen Bai are steadily P. vietnamensis

Components in the P. vietnamensis extracts: The dried
P. vietnamensis power (30 grams) was extracted with
methanol. The extract on the P. vietnamensis’s n-hexane,
ethyl acetate fractions was produced using liquid-liquid
extraction. The results of the extraction process were shown
in Table 1. From 30 g dried samples, 1.52 g of pure methanol
extracts were obtained, yielding a 5.07% rate. By using the
liquid-liquid method, n-hexane and ethyl acetate fractions
were recovered at similar concentrations 0.31 g and 0.32 g.
The components of each fraction were then separated by the
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(a) 99 Paris YB
92 —|: OP021455 Paris vietnamensis
37 OK103639 Paris polyphylla
MN174901 Paris vaniotii
493: MN174902 Paris axialis
97 MW202300 Paris lihengiana
95 —|: MW202297 Paris guizhouensis
55 MW202316 Paris variabilis
MN174888 Paris dunniana
9 75 —: MN174893 Paris fargesii
96 OP021429 Paris caobangensis
MN174903 Paris cronquistii
97 OP021441 Paris lancifolia
46 —51: OP021489 Paris delavayi
| MN174873 Paris polyphylla var. yunnanensis
43— 0P021470 Paris thibetica
MG699045 T. stamineum
(b) _75|: Paris YB
8 OP021455 Paris vietnamensis
————— OK103639 Paris polyphylla
o MN174903 Paris cronquistii
OP021441 Paris lancifolia
31 _29|: OP021489 Paris delavayi
52 97 MW202300 Paris likengiana
92 —|: MW202297 Paris guizhouensis
———————— MW202316 Paris variabilis
70 —————— MN174888 Paris dunniana
46 w_ MN174893 Paris fargesii
98

OP021429 Paris caobangensis
MN174873 Paris polyphylla var. yunnanensis
87— 0P021470 Paris thibetica

| MN174902 Paris axialis

] S— MN174901 Paris vaniotii

MG699045 Trillium stamineum

Fig. 3(a-b): Phylogenetic tree among the Paris genus samples based on /75 sequence by (a) Maximum-likelihood and

(b) Neighbor-Joining

Branches value of the phylogenetic tree was a bootstrap of 1000 replications and 7. stamineum was used as outgroup

TLC analysis: The TLC is a kind of chromatography method
that separates substances according to their polarity by using
a thin glass plate that has either silica gel or aluminum oxide
as the solid phase. A solvent is selected for the mobile phase
based on the polarity of the components in the mixture. The
distribution of compounds between a liquid mobile phase
that is moving over a solid fixed phase that has been placed
on a glass or plastic plate creates separate layers of
compounds. The composition of the extracts was quantified
by thin-layer chromatography and the results were shown in
Fig. 4a-b.

The analysis of the P. vietnamensis sample’s whole
extract revealed the presence and high separation of
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numerous groups of secondary metabolites with different
polarities. The solvents dissolved groups of substances based
on polarity and the difference was visible when comparing
n-hexane and ethyl acetate extracts. The bands of the
n-hexane fraction tended to move far up the plate, whereas
the bands of the ethyl acetate fractions were still concentrated
below the plate. Due to the process performed fractionation
by liquid-liquid method, substances with low polarity and
non-polarity were dissolved in n-hexane solvent and ethyl
acetate dissolved substances with higher polarity. Next that,
the total and fraction extracts were evaluated for their
cytotoxic activity and damage recovery ability on liver cancer
cell lines.
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Cytotoxic activity of P. vietnamensis extracts: The extract The cytotoxicity demonstrated the correlation between
of P. vietnamensis at all concentrations was evaluated for ~ sample concentration and cell viability, indicating that the
cytotoxic activity on HepG2, Huh7(cancer cells) and Hek293 ~ samples are biological activity. The results showed that

(normal cell line). The results were shown in Fig. 5a-d. the cell density of liver cancer lines decreased significantly
(a) (b)
M H E M H E

Fig. 4(a-b): TLC analysis of P. vietnamensis extract using solvent chloroform-methanol (8:2), (a) Under UV light and (b) With
Vanillin oil
M: Methanol extract, H: n-hexane extract and E: Ethyl acetate extract

DMSO 50 ug mL™! 100 pg mL™! 200 pg mL™!
A)

Fig. 5(a-d): Continue

208



Pak. J. Biol. 5ci, 26 (5): 203-212, 2023

(d) 120 ~ 120 ~
1004 = = — . 1004 = = =
S S
~ = ~
2 80 2 80 =
g 3
Z 60 Z 60
ES E
(] (]
2 40 - S 407
< <
Q j<}
@ @
20 A 20
0 T T T T T r| 1 O T T T T T 1
DMSO 125 25.0 50.0 100.0 200.0 DMSO 125 25.0 50.0 100.0 200.0
Concentration (ug mL™) Concentration (ug mL™)
120 q
100 4 = = =
IS
< =T
2 80 - =
=
]
2 60
8
(<3}
2 40 1
<
[}
4
20 1
T T T T T 1
DMSO 125 25.0 50.0 100.0 200.0

Concentration (ug mL™)

Fig. 5(a-d): Density of (a) HepG2, (b) Huh7, (c) Hek293 cells when treated with the ethyl acetate extract at experiment
concentrations and (d) Percentage of cell viability when treated with the ethyl acetate extract at experiment

concentrations

when treated with the ethyl acetate extract and was in a
dose-dependent manner. The fraction of the n-hexane extract
did not exhibit cytotoxic activity against the cancer cell line
HepG2 and Huh7 at experiment concentrations. The ability
of growth inhibition with HepG2 cells when treated
with the ethyl acetate extract was measured with value
ICso = 115.11£2.77 pug mL™" at 24 hrs. The half -inhibition
concentration value of the Huh7 cell line with ethyl acetate
fraction of P. vietnamensis was measured with value
ICso = 148112178 ug mL=" at 24 hrs. A lower ICs, value
suggested that the essence has higher cytotoxic activity so the
cytotoxicity of the P. vietnamensis ethyl acetate fraction was
strongerin the HepG2 cell line than in the Huh7 cell line. There
was a substantial difference in cell proliferation inhibition
in the range of concentrations from 50 to 200 ug mL=" of
P. vietnamensis ethyl acetate fractions. The Huh7 cell lines
decreased in their ability to grow by 43.96 and 56.13%
respectively when exposed to ethyl acetate extracts at
concentrations of 100 and 200 g mL~". In addition, the extract
of P. vietnamensis was also determined for slight cytotoxic
activity against the normal cellline Hek293 even at the highest
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concentration (200 ug mL="), the inhibition of Hek293 cell
growth was 36.17%, significantly lower than the cancer cell
lines HepG2 and Huh?7.

DISCUSSION

In this study, the Paris polyphylla species (origin in Yen
Bai, Vietnam) were identified through the comparative
morphological method and biological identification method.
The /75 region was gained from Paris polyphyllain Yen Bai,
Vietnam, which shared 100% similar to the /75 region in NCBI
(ID: OK103639). This result demonstrated that the /75 region
has been highly conserved among individuals of the same
species. In addition, bioactive of £. polyphylla extracts were
also examined in a dose-dependent manner. The bioactivity
test was performed to determine the extract’s short-term
negative effects when treated with cancer cells for 24 hrs. The
Half-maximal Inhibitory Concentration (ICs,) value was defined
as the compound concentration at which the percent
inhibition equaled 50%. In treating cancer, administering
certain medications at the IC5, concentration means that the
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tumor’'s development is reduced by half. Suppose the ICs, was
discovered at a lower concentration while testing for 1Cs,
curves. In that case, it expressed that the drug will be highly
effective at lower concentrations and cause less systemic
toxicity when given to patients for therapy*. The ICs,
concentration can express the destruction of cancer cells and
preventing cancer cell proliferation while having a lower
harmful effect on the healthy cells®. The current MTT assay
result has shown effective of A. polyphylla extract in
preventing the growth of liver cancer cell lines at
concentration between 50 to 200 ug mL~!, the fraction of
ethyl acetate extract was highest bioactivity.

Several Paris species have been reported to have
existed in Vietnam, including 2. polyphylla var. Yunnanensis,
P. fargesii, Franch, P. caobangensis, P. delavayi, P. cronquistii,
P. xichuensis, P. polyphylla Sm and P. polyphylla var.
chinensis®®, Paris vietnamensis (Takht) H. Li¥’. However, the
Paris species share morphological similarities when
employing the laborious and inaccurate comparative
morphological approach. Hence, identifying the sample
before extracting itis critical so biological identification based
on DNA barcodes is considered the solution. Lan and
colleagues identified several species of Paris such as Paris
polyphyllavar chinensis, Paris vietnamensis and Paris fargesif
through specific DNA barcodes for the /75 region and matK
gene?, The /75 (internal transcribed spacer) region and matk
gene have been commonly used in identification species
research due to the highly conserved and availability of its
structural information, examination at a higher taxonomic
level are possible. Additionally, the standard DNA barcodes
from the /75 region may be beneficial for identifying
medicinal plants because of their advantageous traits, such as
the simplicity of its amplification, the availability of conserved
areas for developing universal primers and adequate diversity
todistinguish even closely related species®. Therefore, the /75
region and matK gene are now thought to be the most
valuable markers for identifying and analyzing plant
phylogeny?.

The methanol solventis commonly used in the extraction
of polar compounds. In the previous study, it was discovered
thataqueous methanol recovered the highest concentrations
of phenolic compounds, polyphenols and antioxidants more
efficiently®'. Therefore, methanol has been used in this study
of P. vietnamensis and has exhibited its effectiveness in the
extraction. The concentration of P. vietnamensis methanol
extract and each fraction in our research were significantly
different from the samples were collected in Sapa, Vietnam?32,
Although theyield of methanol extract obtained in the current
study is slightly lower than the yield of ethanol extract in
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Duyen'’s research, the concentration of ethyl acetate and
n-hexane fractions is considerably higher than the correlative
solvents. A previous pharmacological research indicated that
the overall phenolic content of Plectranthus rotundifolius
tuber methanol extracts were substantially lower than the
P. polyphyll#3. In addition, there have been several pieces of
literature investigating the impact of environmental factors on
the content of compounds present in P. vietnamensis. For
example, the total phenolic contents of £. polyphylla were
about more than 3 times that of lower-altitude samples®* and
the growing areas were also a factor affecting the total
saponin content in 2. polyphylla.

The cytotoxicity of methanol extracts and solvent
fractions were investigated through the MTT assay on liver
cancer celllinesand human embryonic kidney cell lines, which
exhibited that the ethyl acetate fraction of P. vietnamensis
exhibited the strongest cytotoxicity on the cancer cell line
HepG2 in the concentration of 200 ug mL~". In contrast, the
n-hexane fraction did not exhibit cytotoxic activity on the
cancer cells in a dose-dependent manner. The N-hexane is a
non-polar solvent and has been frequently utilized in the
extraction of oil, but the substances in A. polyphylla are
mostly polar compounds (steroid accounting for about
80%)'>*5. Some previous research regarding the extract of
P. polyphylla has shown the ability to inhibit the development
of various cancer cell lines. Kshetrimayum et a/3¢
demonstrated that the extract of 2. polyphylla contains high
saponin, flavonoid, phenol and steroidal saponin content and
selective cytotoxic activity against the HCT-116 colon cancer
cell line with value IC5, = 8.72+0.71 ug mL~" while having
negligible effects in the CCD-841 cell line. In a
pharmacological report, authors determined the ability in turn
of the Lantana camara and Eucomis autumnalis ethyl acetate
extract to cytotoxicity cancer cell lines Huh7 with value
ICso = 44.1 uyg mL~" and value ICs, = 24.8 ug mL=" at 72 hrs¥,
Hence, species could have different cytotoxic potentials for
the cancer cell lines and cell viability also depends on the time
incubation®.The current study results have several similarities
with previous report, the cytotoxicity of the A. polyphyilla
ethanol extract to the cancer cell line HepG2 was still more
effective than Huh7 and lightly damaged to the control cell
line*. Thus, current study findings regarding £. polyphylld's
cytotoxic properties were highly expected and P. polyphylla
extract has great potential in drug preparation, which can be
cytotoxic to cancer cells without affecting normal cells. The
results of this research could use to develop the medicine to
support cancer treatment in more effective, cheaper and
prevent side effects of chemical medicines.
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CONCLUSION

Based on the bioactivity test, the extract of Paris
polyphylla was demonstrated the effective for inhibiting liver
cancer cell lines without damage to normal cells. The ethyl
acetate fraction has the highest ability for cytotoxicity on the
liver and cell line at a concentration of 200 ug mL™" through
MTT assay. The P. polyphylla plant has the potential to be
utilized medicinally. However, more researchis still required to
confirm the activity and provide more comprehensive
evidence of this activity.

SIGNIFICANCE STATEMENT

Liver cancer is the common cause of cancer death.
However, chemotherapy drugs for treating cancer have
unpleasant side effects such as diarrhea, nausea, hair loss,
fatigue, vomiting, fever and pain. Natural substances have a
number of advantageous properties for cancer treatmentand
improve health. Paris polyphylla is used as a traditional folk
medicine in Vietnam to treat pneumonia, mastitis, bruises and
fractures but no study was available regarding its ability to
treat liver cancer or slow its growth. This study has
demonstrated that the Paris polyphylla has effective in
inhibiting liver cancer cell lines without damage to normal
cells. The P. polyphylla plant has the potential to be utilized
medicinally. The results of our research could use to develop
the medicine to support cancer treatment in more effective,
cheaper and prevent side effects of chemical medicines.
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