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Carcinomas of the cervix and colon remain a major global health burden, and plant-
derived agents continue to be a valuable source of cytotoxic compounds with favorable safety
profiles toward normal cells. The aerial parts of wild-grown Nepenthes mirabilis (Lour.) Druce
were collected on Phu Quoc Island (Kien Giang Province, Vietnam) in June 2024 and extracted
with methanol. This carnivorous pitcher plant is used in Vietnamese folk medicine but had not
previously been assessed for cytotoxic potential. The extract was screened against four human
carcinoma cell lines (HeLa and C-33A, cervical; HepG2, hepatocellular; HT-29, colorectal) and
the non-malignant HEK293 line over 24 and 48 h, with cell viability measured by the CCK-8
assay. Preliminary phytochemical screening indicated a flavonoid-rich extract. On HeLa cells,
half-maximal inhibitory concentrations (IC,)) were 151.35 ug/mL at 24 h and 158.49 ug/mL at
48 h, corresponding to selectivity index (SI) values of 1.86 and 1.26 relative to HEK293. HT-29
cells responded only after 48 h, with an IC_, of 141.25 ug/mL (SI = 1.41). By contrast, the extract
discriminated poorly between the C-33A and HepG2 lines and HEK293 (SI < 1). On HEK293,
IC,, values were 281.84 ug/mL at 24 h and 199.53 ug/mL at 48 h. Colorimetric analysis showed
that the dried extract was abundant in phenolics (538.20 mg GAE/g) and flavonoids (367.08 mg
QE/g). These data constitute the first demonstration that N. mirabilis exerts selective in vitro
cytotoxicity toward cervical and colorectal carcinoma cells, positioning this Vietnamese pitcher
plant as a worthwhile candidate for further fractionation and mechanistic study.
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Cancer is a highly complex group
of diseases characterized by the uncontrolled
proliferation of abnormal cells. These cells are
capable of invading and destroying normal tissues,
disrupting the natural functions of the body.! Of
concern, the incidence of cancer is increasing
markedly and it is also one of the leading causes

of death worldwide.? According to GLOBOCAN
estimates, cancer caused approximately 9.7 million
deaths worldwide in 2022, and both incidence and
mortality are projected to continue rising over the
coming decades.? Notably, the colorectum is among
the most common primary sites whose tumours
metastasize to the liver, and hepatic involvement is
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an important determinant of prognosis in advanced
colorectal carcinoma.*?

In recent years, cancer treatment
has become an important and promising field
of research. Traditional techniques such as
chemotherapy, radiotherapy and surgery are still
widely applied, and in parallel many modern
methods are being developed and tested clinically.'
Although considerable investment has been made
and some progress achieved, the survival rate of
cancer patients has not improved significantly.
According to many reports, no single cancer
treatment method achieves complete efficacy
without causing side effects.*”* Therefore, the
development of new strategies for the prevention
and treatment of cancer is essential to reduce
the mortality caused by this group of diseases.
Specifically, new drugs capable of inhibiting
carcinogenic agents and overcoming the problems
associated with current therapies need to be
explored. This is particularly important in the
current context, where the demand for safe and
effective cancer therapies is increasing.

Natural medicinal resources have long
played an important role in providing anticancer
agents and improving cancer treatment.” More
than 60% of currently approved anticancer drugs
are natural products or their derivatives.'®!
Compounds from medicinal plants are not only
effective in inhibiting the growth of cancer cells but
also cause fewer side effects, offering much promise
in the field of new drug research and development.'?
In this study, the extract from Nepenthes mirabilis
was tested for anticancer activity on human cancer
cell lines, including cervical carcinoma (HeLa
and C-33A), hepatocellular carcinoma (HepG2)
and colorectal adenocarcinoma (HT-29), and
was evaluated for safety on the normal human
embryonic kidney cell line (HEK293).

Nepenthes mirabilis, also known as “Tru
lung thao” or “Binh nuéc ky quan”, belongs to
the family Nepenthaceae. This species has a high
capacity to adapt to many different habitats, from
swampy areas to coastal regions in Southeast Asia,
China and Australia. In traditional medicine, N.
mirabilis is a remedy with heat-clearing, diuretic,
expectorant and anti-inflammatory effects. In
several recent studies, constituents with anti-
inflammatory, antioxidant and anti-osteoporotic
activities have been identified in this species.'*'s
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Although no specific study on the anticancer
activity of N. mirabilis had been conducted,
through screening and evaluation, the results
of this study showed that N. mirabilis showed
measurable, though modest, cytotoxic activity
against certain cancer cell lines. These are the
first findings opening many prospects for further
in-depth studies in the future, aiming to exploit and
develop the potential of N. mirabilis for application
in cancer treatment. This contributes to expanding
the inventory of natural medicinal resources and
provides a rational basis for further bioassay-
guided studies of this species.

MATERIALS AND METHODS

Chemicals

The chemicals used included: dimethyl
sulfoxide (DMSO) (Sigma-Aldrich, USA),
Dulbecco’s Modified Eagle Medium (DMEM)
(Sigma-Aldrich, USA), fetal bovine serum (FBS)
(Hyclone, USA), penicillin—streptomycin (Sigma-
Aldrich, USA), CCK-8 Kit (Dojindo Molecular
Technologies Inc., USA), Folin—Ciocalteu reagent
(Sigma-Aldrich, USA) and sodium dodecyl sulfate
(SDS) (Duchefa Biochemie, the Netherlands).
Organic solvents were from Chemsol (Vietnam).
The cell lines HeLa (CCL-2), HEK293 (CRL-
1573), C-33A (HTB-31), HepG2 (HB-8065) and
HT-29 (HTB-38) were supplied by ATCC (USA).
Other chemicals were from Xilong (China).
Preparation of the extract

Fresh N. mirabilis plants were collected
in June 2024 on Phu Quoc Island, Kien Giang
Province, Vietnam. The sample was authenticated
by Dr. Nguyen Thi Kim Hue, Department of
Biology, College of Natural Sciences, Can Tho
University. The fresh material was processed and
dried at 55 °C until completely dry, then ground
into powder and stored below 4 °C. The moisture
content of the material was determined according
to the Vietnamese Pharmacopoeia V'® and was 8.66
+ 0.42%. The dry powder (200 g) was macerated
in methanol for 24 h. The extract was concentrated
under reduced pressure to obtain 15.5 g of N.
mirabilis methanol extract.'”!8
Qualitative phytochemical analysis

Preliminary qualitative analysis of the
natural-compound groups in the N. mirabilis
extract was performed using characteristic
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chemical reactions and observations'>?: essential

oils (evaporation to dryness, characteristic
aromatic residue); fats (translucent spot on
thin paper after gentle warming); triterpenoids
(Liebermann—Burchard reaction with acetic
anhydride/chloroform and concentrated sulfuric
acid, red-brown to violet interface with green or
violet upper layer); alkaloids (Mayer, Dragendorff
and Bouchardat reagents, giving turbidity or pale
yellow, orange or brown precipitates, respectively);
organic acids (sodium carbonate, evolution of fine
gas bubbles); flavonoids (cyanidin reaction, pink-
to-red color); saponins (stable foam upon shaking
with 25% ethanol); tannins (5% FeCl,, dark-blue or
greenish-black color); and polyuronides (flocculent
precipitate when 2 mL of aqueous extract is added
to 10 mL of absolute ethanol).

Determination of total polyphenol content
(TPC)

The Folin—Ciocalteu reagent was used
to determine the total polyphenol content. Briefly,
200 pL of extract (or gallic acid) at various
concentrations was added to 200 uL of distilled
water and 200 pL of Folin—Ciocalteu reagent,
mixed and left to stabilize for 5 min. Next, 200 uL
of 10% Na,CO, was added, mixed and incubated
for 30 min at 40 °C. The absorbance was then
measured at 765 nm. The polyphenol content
was expressed as gallic-acid equivalents (mg
GAE/g).2"#

Determination of total flavonoid content (TFC)

The method was based on the principle of
colorimetric measurement of the AIC1,~flavonoid
complex. Briefly, 200 puL of extract (or quercetin)
at various concentrations was added to 200 uL of
distilled water and 40 pL of 5% NaNO, solution.
The mixture was mixed and left for 5 min. Next,
40 pL of 10% AICI, was added, mixed and left
for 6 min. Then, 400 pL of 1 M NaOH and 120
uL of distilled water were added and mixed. The
absorbance was measured at 510 nm. The flavonoid
content was expressed as quercetin equivalents (mg
QE/g). 32
Cell culture medium

All cell lines (HEK293, HeLa, C-33A,
HepG2 and HT-29; ATCC, USA) were cultured
in Dulbecco’s Modified Eagle Medium (DMEM)
with 10% FBS, supplemented with 1% penicillin—
streptomycin and other necessary supplements,
at 37 °C, 5% CO, and 95% humidity. Cells were
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grown until 80-90% confluence for subsequent
experimental procedures.?>*
Anticancer activity assay

All cell lines were seeded at a density of 1
x 107 cells/well in 96-well plates. They were then
treated with the extract at various concentrations
for 24 and 48 h. The medium was then removed
and 100 pL of medium containing CCK-8 kit was
added. Cell viability was evaluated through the
IC,, value -understood as the concentration of test
substance at which 50% of cells survive - measured
at 450 nm.*

The selectivity index (SI) can be defined
as the ratio of the toxic concentration of the sample
to its biologically effective concentration. To
evaluate anticancer activity, the cytotoxicity of
the extract against non-malignant cell lines must
be determined to calculate the SI (in this study, the
normal human embryonic kidney cell line HEK293
was used).”” The SI was calculated according to the
formula:

_ 1C50 (cytotoxicity on normal cells)

SI

IC50 (cytotoxicity on cancer cells)

Statistical analysis

All experiments were performed in
triplicate. One-way analysis of variance (ANOVA)
using Prism version 9.0 (GraphPad Software Inc.,
USA) was used for statistical processing.

RESULTS

Preliminary phytochemical screening and
quantification of TPC and TFC

The preliminary phytochemical screening
results presented in Table 1 show that N. mirabilis
contains the major natural-compound groups such
as fats, organic acids, flavonoids, tannins and
polyuronides. In the cyanidin reaction, the test
solution developed a deep red color, indicating that
the N. mirabilis extract has a very high flavonoid
content.

The total polyphenol and flavonoid
contents in the methanol extract of N. mirabilis
were 538.20 = 8.05 mg GAE/g (y = 0.0531x —
0.0018; R? =0.9993) and 367.08 + 7.22 mg QE/g
(y =0.004x — 0.0017; R*=0.9968), respectively.

Both calibration curves were highly
linear (R? > 0.996 for both gallic acid and
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quercetin standards), confirming the reliability of
the spectrophotometric quantification. Notably,
the total flavonoid content corresponded to
approximately 68% of the total polyphenol content
(367.08 of 538.20 mg/g), indicating that flavonoids
constitute the predominant phenolic subclass in
the extract. This finding is fully consistent with
the strongly positive cyanidin reaction (+++)
recorded in the qualitative screening (Table 1), and
together the two datasets establish N. mirabilis as
a markedly flavonoid-rich species.

Table 1. Preliminary phytochemical
screening of N. mirabilis

Compound class Detection
Essential oils -
Fats ++
Triterpenoids +
Alkaloids -
Organic acids ++
Flavonoids +++
Saponins +
Tannins ++
Polyuronides ++

Note: -, not detected; +, trace; ++, present;
+++, strongly present.
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Cytotoxicity against cancer cell lines

In this study, the extract from N. mirabilis
was tested for anticancer activity on human cancer
cell lines, including cervical carcinoma (HeLa and
C-33A), hepatocellular carcinoma (HepG2) and
colorectal adenocarcinoma (HT-29), for 24 and 48
h of treatment. At the same time, the safety of this
extract was also evaluated on the normal human
embryonic kidney cell line (HEK293). The results
were evaluated based on the selectivity index
(SI).#”2# ST values greater than 1 indicate selectivity
toward cancer cells.”

The cytotoxicity of the N. mirabilis extract
was evaluated on the normal human embryonic
kidney cell line (HEK293), with IC,; values of
281.84 +32.35 pg/mL and 199.53 +35.95 pg/mL
at 24 and 48 h of treatment, respectively (Table 2).

Across all five cell lines, the extract
produced a clear concentration-dependent
reduction in cell viability (Figure 2). At the lowest
concentrations tested (25-50 pg/mL), cell viability
remained close to that of the untreated controls for
every line, indicating negligible cytotoxicity in this
range. A pronounced decline in viability emerged
from 100-200 nug/mL onward for the responsive
lines and became most marked at 400 pg/mL. On
HEK293 the IC,, decreased from 281.84 pg/mL
at 24 h to 199.53 pg/mL at 48 h, showing that

Fig. 1. Photographs of Nepenthes mirabilis collected on Phu Quoc Island, Kien Giang Province, Vietnam.



THANH et al., Biomed. & Pharmacol. J, Vol. 19(3), 2699-2709 (2026)

toxicity toward the normal line increased only
modestly with prolonged exposure while remaining
in the high-concentration range. The distinct dose—
response behavior of each cancer line, together with
the resulting selectivity indices, is summarized in
Figure 3 and detailed below.

In the cytotoxicity test on the C-33A line,
the SI values at both investigated time points were
less than 1 (Table 2). In addition, on the HepG2
line, the SI value was approximately or equal to
1 at both test time points. This indicates that N.
mirabilis does not have an inhibitory effect on the
growth of these cancer cell lines. For C-33A, the
SI values of <0.70 (24 h) and 0.33 (48 h) indicate
that the extract was in fact less toxic to this cervical-
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carcinoma line than to the normal HEK293 cells,
while for HepG2 the SI values of 1.00 (24 h) and
0.96 (48 h) reveal essentially no discrimination
between the malignant and normal lines. The
contrast between the marked selectivity observed
for HeLa and the absence of selectivity for C-33A
and HepG2 underscores that the cytotoxicity of
the extract is cell-line-dependent rather than a
generalized, non-specific effect.

The cytotoxicity test on the HeLa line
treated with the extract at different concentrations
and time points is shown in Figure 2. Compared
with the normal-cell control, the observed cell
number decreased significantly, with many cells
exhibiting membrane rupture and death. The IC,
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values did not differ greatly between 24 and 48
h of treatment, specifically 151.35 + 41.58 pg/
mL and 158.49 + 31.00 pg/mL (Table 2). These
values correspond to SI values of 1.86 and 1.26.
Surprisingly, although both C-33A and HeLa are
human cervical-carcinoma cell lines, they differ
in the ethnicity and age of the donor. The near-
identical IC_ values at the two time points indicate
that the cytotoxic effect against HeLa was already
maximal within 24 h and did not increase further
with prolonged exposure, in contrast to the time-
dependent behavior observed for HT-29. At 24 h the
extract was approximately 1.9-fold less toxic to the
normal HEK293 line (IC,, = 281.84 ug/mL) than
to HeLa (IC,, = 151.35 ug/mL), corresponding to
the selectivity index of 1.86. The apparent decrease
in SI to 1.26 at 48 h did not arise from reduced
potency against HeLa (IC, essentially unchanged)
but rather from the increased sensitivity of HEK293
at the later time point. The greater susceptibility
of HeLa than C-33A may therefore reflect line-

THANH et al., Biomed. & Pharmacol. J, Vol. 19(3), 2699-2709 (2026)

specific differences in sensitivity rather than a
defined selective mechanism, which was not
investigated in the present study; the SI on the
HeLa line was more favorable than on C-33A.
On the HT-29 cancer line, the N. mirabilis
extract gave an IC, value of 141.25 + 26.97 ng/
mL with an SI value of 1.41 at 48 h of treatment.
However, at 24 h of treatment, the effect appeared
unclear because the IC, value was greater than
400 pg/mL. Unlike the HeLa line, the HT-29 line
is strongly affected by treatment duration. In other
words, to achieve an inhibitory effect on this line, a
longer treatment period is needed. The morphology
of HT-29 cells treated with the extract at 200 and
400 pg/mL for 24 h (Figure 4), compared with
normal cells, showed no decrease in cell number
and unchanged morphology. However, at 48 h
of treatment, many cells died, the cell number
decreased, the cell membranes ruptured, and there
was no cell division (Figure 4). Quantitatively,
this corresponds to a more than 2.8-fold increase

Table 2. IC, | cytotoxicity values and SI of the N. mirabilis extract.

Cell line IC,,24h IC,,48h SI24h SI48 h
HEK293 281.84 +32.35 199.53 +35.95 - -
HeLa 151.35+41.58 158.49 +31.00 1.86 1.26
C-33A >400 >400 <0.70 0.33
HepG2 281.84 +27.43 208.93 + 38.29 1.00 0.96
HT-29 >400 141.25 £ 26.97 <0.70 1.41
Values are presented as mean £ SD,n=3

Untreated control 24 h treatment 48 h treatment

400 pgml

200 pg/ml

400 pg/mL

200 pg'mlL 400 pg/mL

Fig. 4. Images of HeLLa and HT-29 cells treated with N. mirabilis extract



THANH et al., Biomed. & Pharmacol. J, Vol. 19(3), 2699-2709 (2026)

in potency against HT-29 between the two time
points (IC, > 400 pg/mL at 24 h versus 141.25 pg/
mL at 48 h), the most pronounced time-dependent
shift among all lines tested. This kinetic pattern
is mirrored by the morphological observations, in
which cytotoxic changes were essentially absent
at 24 h but extensive at 48 h, and identifies 48 h
as the more informative exposure window for this
cell line.

Read together, the two panels show that
only HeL a (at both time points) and HT-29 (at 48 h)
rise above the SI=1 line, while C-33A and HepG2
remain at or below it; this pattern demonstrates
that the cytotoxicity of the extract is selective for
particular carcinoma lines rather than a generalized
toxic effect, even though the highest selectivity
attained (SI = 1.86 for HeLa at 24 h) still falls
short of the SI = 2 desirability level. This visual
comparison thus reinforces the numerical values
in Table 2 and provides a transparent basis for
the mechanistic and translational discussion that
follows.

DISCUSSION

The preliminary phytochemical screening
revealed that N. mirabilis is rich in flavonoids,
with the cyanidin reaction giving a deep red color.
Flavonoids have been demonstrated to possess
multiple significant anticancer effects.’® In other
studies, flavonoids have been reported to promote
apoptosis and autophagy and to inhibit cancer-
cell proliferation and invasion; however, these
mechanisms were not examined here and remain
to be confirmed for the present extract. These
properties nonetheless make flavonoids a class of
interest for further study.’'

The TPC (538.20 mg GAE/g) and TFC
(367.08 mg QE/g) determined here indicate
that N. mirabilis has very high polyphenol and
flavonoid contents, which appear higher than
values reported for several other species; however,
these comparisons should be interpreted with
caution, as the reference basis (per gram of extract
versus per gram of dried plant material) may
differ between studies. Specifically, in a study on
green tea leaves (Camellia sinensis (L.) Kuntze)
— a species inherently rich in polyphenols and
offering many health benefits — the TPC and
TFC were only 321.25 mg GAE/g and 126.88
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mg QE/g.*? In another study, the TPC and TFC of
pomegranate peel — the part containing most of the
bioactive constituents beneficial to human health
— were 356.35 mg GAE/g and 37.28 mg QE/g,
respectively.® The high polyphenol and flavonoid
contents not only reflect a strong antioxidant
capacity of N. mirabilis but also indicate promising
anticancer potential .*'**

Regarding the safety profile, the
cytotoxicity of the N. mirabilis extract on the
normal HEK293 line (IC,, = 281.84 and 199.53
pug/mL at 24 and 48 h) was relatively favorable.
In other studies, the IC, cytotoxicity on this line
was 56.52 pg/mL for the bark of Tubernaemontana
divaricata (L.),* 66.83 and 60.34 pg/mL at 24 and
48 h for the leaves of Phoenix paludosa Roxb.,*
and 251.1 pg/mL for Typhonium blumei.’” These
results show that the safety of N. mirabilis on
normal cells is relatively better than that of several
other medicinal plants with anticancer activity.

On the HeLa line, the SI values of 1.86 and
1.26 indicate only modest selectivity. Although a
comparable SI (1.31 relative to HEK293) has been
reported for doxorubicin, such a comparison reflects
only relative selectivity and not absolute potency:
doxorubicin is active at far lower concentrations
(nanomolar to low microgram-per-millilitre range)
than the crude extract, so the present results should
not be interpreted as indicating efficacy superior to
that of doxorubicin.*® Furthermore, among studies
on plant extracts against the HeLa line (relative to
HEK?293), the SI value of Irvingia malayana was
1.1, and that of Hopea ferrea was 1.44.*° This
demonstrates the potential of N. mirabilis in the
treatment of cervical cancer.

The time-dependent activity against HT-
29 may be due to differences in the proliferation
rate and doubling cycle of these cells.*'** In other
tests, the IC, cytotoxicity on HT-29 was 1.88
+ 0.15 mg/mL for fresh leaves of male papaya
(Carica papaya L.) (SI=1.18, relative to HEK293)
and 6.81 +0.25 mg/mL for dried leaves (SI=1.31,
relative to HEK293),* and approximately 200 pg/
mL for the leaves of Andrographis paniculata.**
Compared with these reports, the N. mirabilis
extract shows relatively superior therapeutic
efficacy. This initially confirms the potential of
N. mirabilis in the treatment of colorectal cancer.
However, further studies need to be conducted
to better understand the mechanism of action of
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the extract, as well as to determine the optimal
treatment duration on this cancer cell line.

Within the genus Nepenthes, a recent
study reported that the stem extract of Nepenthes
miranda — rich in plumbagin — suppressed the
viability of Ca9-22 oral-carcinoma cells, while
plumbagin isolated from N. alata induced apoptosis
in MCF-7 breast cancer cells in earlier reports.*>¢
These findings, together with the present results,
support the view that the genus Nepenthes is a
promising source of anticancer agents and that
N. mirabilis from Phu Quoc Island merits further
bioactivity-guided investigation.

The biological activity of a Nepenthes
extract is closely governed by its metabolite
composition, which has been characterized in
detail for the genus using chromatographic and
spectrometric approaches. Comprehensive reviews
and metabolomic studies of Nepenthaceae have
established that the tissues of Nepenthes species
are dominated by three metabolite classes:
phenolic acids (gallic, protocatechuic, chlorogenic,
ferulic and p-coumaric acids), flavonoids (mainly
quercetin, kaempferol and myricetin glycosides),
and 1,4-naphthoquinones (chiefly plumbagin,
droserone and their methylated derivatives).*” A
UPLC-ESI-qTOF-MS metabolomic analysis of
Nepenthes x ventrata further confirmed phenolics,
flavonoids and the naphthoquinone plumbagin as
characteristic constituents, and revealed that the
metabolite profile differs markedly between the leaf
blade and the pitcher, underscoring that both the plant
part sampled and the growth environment strongly
influence chemical composition.*® Consistent
with these reports, our earlier chromatographic
and NMR-based investigation of N. mirabilis
identified naphthoquinones (plumbagin, droserone,
3-methoxy-7-methyljuglone, 2-methoxy-7-
methyljuglone and nepenthones) alongside
quercetin and kaempferol glycosides."* Several of
these metabolites are established cytotoxic agents:
plumbagin, in particular, triggers apoptosis in
multiple human cancer cell lines, while quercetin-
and kaempferol-type flavonoids display well-
documented antiproliferative activity. Based on
our previous work and the published literature,
the co-occurrence of these naphthoquinones and
flavonoids in N. mirabilis — the flavonoid fraction
being reflected in the high total-flavonoid content
(367.08 mg QE/g) and strongly positive cyanidin
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reaction of the present extract — provides a rational
chemical basis for the cytotoxicity observed
against HeLa and HT-29 cells, and identifies
these compound classes as priority targets for the
bioassay-guided fractionation proposed below.
Limitations

This study has several limitations. First, it
is a preliminary in-vitro screen of a crude extract;
the observed activity is modest by standard
cytotoxicity criteria (crude-extract IC,, values
are generally considered active only at <20-30
pg/mL), and no active constituents were isolated
or identified. Second, no mechanistic assays
(for example, apoptosis, cell-cycle or autophagy
markers) were performed, so the cellular basis of
the observed cytotoxicity remains undetermined.
Third, HEK293 is an adenovirus-transformed,
rapidly proliferating cell line and is therefore
an imperfect surrogate for normal tissue; the
selectivity indices should be confirmed using
non-transformed cells better matched to the target
tissues. Fourth, a reference chemotherapeutic was
not assayed in parallel under identical conditions,
and possible optical or redox interference of
the polyphenol-rich, colored extract with the
tetrazolium-based assay was not formally excluded.
Finally, IC, values exceeding the highest tested
concentration (for example, C-33A at 48 h) are
extrapolated and should be interpreted as greater
than the maximum concentration tested. These
limitations should be addressed in future bioassay-
guided and mechanistic studies.

CONCLUSION

The Nepenthes mirabilis extract showed
modest, line-dependent cytotoxic activity, with
selectivity observed mainly against the HeLa cell
line. Specifically, after 24 and 48 h of treatment,
the selectivity index (SI) reached 1.86 and 1.26
(with IC, of 151.35 + 41.58 and 158.49 + 31.00
pg/mL) on the cervical-carcinoma cell line (HeLa),
and below 0.7 and 1.41 (with IC, of 141.25 +
26.97 ng/mL) on the colorectal-adenocarcinoma
cell line (HT-29). In addition, the safety of N.
mirabilis on normal cells, evaluated based on
cytotoxicity on the human embryonic kidney cell
line (HEK293), gave IC, values of 281.84 +32.35
pg/mL and 199.53 +35.95 pg/mL after 24 and 48 h
of treatment. Furthermore, the total polyphenol and
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total flavonoid contents in N. mirabilis determined
in this study were 538.20 + 8.05 mg GAE/g and
367.08 £ 7.22 mg QE/g of extract, respectively.
These preliminary results identify the species
as a candidate worth further bioassay-guided
investigation, while underscoring that confirmation
of activity will require identification of the active
constituents, mechanistic studies, and validation
against appropriate non-transformed control cells.
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