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Abstract

Stachys pilifera (S. pilifera) Benth (Lamiaceae) is used in traditional medicine to treat a variety of diseases.
Despite some reports on the antitumor effects of some species of this genus, anticancer activity of S. pilifera
has not been yet reported. Here, we examined the cytotoxic effect and cell death mechanisms of methanolic
extract of S. pilifera and its alkaloid and terpenoid fractions on the HT-29 colorectal cell line. HT-29 cells
were cultivated and then incubated in the methanolic extract of S. pilifera and its fractions at various
concentrations for 24 h. Cell viability was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. Morphology of cells was evaluated by contrast microscopy. Furthermore, effects of
the tested extract and fractions were tested on some regulators of cell death and proliferation such as caspase-
8, caspase-9, nuclear factor-kB (NF-kB), and nitric oxide (NO). Cisplatin was used as positive control. The
estimated ICs, values of the methanolic extract, alkaloid and terpenoid fractions, and cisplatin against HT29
cell after 24 h were determined to be 612, 48.12, 46.44, and 4.02 pg/mL, respectively. Morphological
changes such as plasma membrane blebbing, cell size reduction, and apoptotic bodies were observed in cells
faced with the extract and fractions. S. pilifera extract and its fractions induced apoptosis through inhibition
of NF-kB, NO, and activation of caspase-8 and caspase-9. Data showed considerable cytotoxic and
antiproliferative effects of S. plifera on colorectal cell line through induction of apoptosis. These findings
provide a basis for the therapeutic potential of S. pilfera in the treatment of colon cancer.
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INTRODUCTION The usage of medicinal herbs is always
considered as an effective approach to control
various diseases such as pain, inflammation,
and cancers. Currently, many studies are being
concentrated on natural compounds obtained
from medicinal plants for suppression of
growth or progression tumor.

Stachys (Lamiaceae) is a large genus,
including about 300 species that widely
spreads in tropical and subtropical regions (4).
This genus is represented by 34 species in Iran
of which13 are endemic (5,6). The presence of
flavonoids, phenylethanoid glycosides,
diterpenes, saponins, terpenoids, and steroids
have been reported in Stachys species (7,8).

Cancer is a complicated disease not curable
in most cases and remains as a major leading
cause of death all around the world (1).
Colorectal cancer is considered as the third
reason of cancer death in Iran. It is also the
third leading reason of death in men after lung
and prostate cancer tumors and in women after
lung and breast cancers, respectively (2).
Potential risk factors for the growth of
colorectal cancer include lack of physical
activity, alcohol consumption, smoking, a low-
fiber and high-fat nutrition, obesity, and
inadequate fruit and vegetable usage (3).
Nowadays, there is no definite treatment for
colorectal cancer; hence, an effective and
safe treatment for colorectal cancer is
urgently required.
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By phytochemical screening, the main classes
of secondary metabolites such as flavonoids,
iridoids, fatty acids, and phenolic acids have
been isolated from various parts of the genus
Stachys (9). Previous studies have revealed
considerable anti-inflammatory, antioxidant,
antibacterial, and hepatoprotective properties of
this genus. Furthermore, it has been identified
that the essential oils and extracts of different
Stachys species generate considerable cytotoxic
and antitumor effects in vitro (10-12).

Stachys pilifera (S. pilifera) Benth is one of
the endemic species in Iran. The aerial parts of
this plant are utilized in Iranian traditional
medicine for the treatment of various disorders
such as asthma, rheumatoid arthritis, and
infections (13). A biological in vitro study
showed the potent antioxidant, antimicrobial,
and antitumor activities of the n-butanolic
extract of S. pilifera (9). It has also been
revealed that the hydroalcoholic extract of S.
pilifera is an effective natural substance to
suppress inflammation in various animal
models. Sadeghi et al., identified the
hepatoprotective effect of S. pilifera Benth on
CCly-induced hepatotoxicity in rats (14).

The cytotoxic effects of some Stachys
species on A431, HeLa, and MCF-7 have been
evaluated (15). It was reported that Stachys
recta and Stachys palustris stem extracts
significantly prevented the proliferation of HeLa
cells. Furthermore, Khanavi et al., showed that
Stachys laxa exhibits significant cytotoxicity
on T47D and HT-29 cell lines (16).

To the best of our knowledge, thus far, the
possible effects of S. pilifera on colorectal
cancer cell linechas not been reported.
Therefore, the aim of this work was to
investigate the cytotoxic and apoptogenic
activates of methanol extract, alkaloid, and
terpenoid fractions of S. pilifera against HT-29
human colorectal cancer cell line.

MATERIALS AND METHODS

Chemicals and reagents

Cell culture medium (Dulbecco’s modified
eagle’s medium (DMEM)), fetal bovine serum
(FBS), penicillin, streptomycin, and trypsin-
EDTA were purchased from Gibco BRL
(Life  Technologies, Paisley, Scotland).
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3- (4,5- dimethylthiazol -2- yl)-2,5-diphenyl
tetrazolium bromide (MTT), ethanol, Griess
reagent, and Triton X-100 were procured from
Sigma-Aldrich Corp (St. Louis, MO, USA).
Caspase-8 and caspase-9 activity assay kits
were purchased from Biovision (Inc., USA).
NF-«B p65 ELISA assay kits were supplied by
Abcam, USA. Cisplatin was obtained from
Sigma Chemical Co. (St. Louis, MO, USA).

Plant material

Stachys pilifera Benth was collected in
spring 2017 from Kakan, Yasuj, [.LR. Iran. The
plant was identified by Dr. A. Jafari from
Department of Botany, Center for Research in
Natural Resource and Animal Husbandry,
Yasuj University, Yasuj, LR. Iran where a
voucher specimen of the plant (herbarium No.
1897) was deposited. The aerial part of plant
materials were cleaned and shade dried and
then powdered. The powder was kept in a
closed container at 4 °C.

Extract preparation

Dried leaf powder of the plant (200 g) was
extracted three times with MeOH-H,O (70:30)
at room temperature by maceration method for
three days and then, the extract was filtered
and evaporated using rotary evaporator to
obtain 16.42 g of the methanolic extract. The
residue was kept in the refrigerator for the
assessment of cytotoxic activity (17). A part of
the MeOH extract was consequently
partitioned with petroleum ether. The
methanolic phase was acidified with 2 N HCI
(pH = 2.0) (18) and then, the pH of acidic
solution was adjusted to 8-9 with 25% NH;
and re-extracted with chloroform
(3 X 100 mL). The chloroform phase was dried
over Na,SO,, filtered, and concentrated to
obtain 1.94 g of S. pilifera alkaloid fraction.
The terpenoid fraction was prepared based on
a method presented by Kumar et al. (19).
Briefly, the powdered samples were twice
extracted with n-hexane for 48 h at room
temperature by maceration. After filtration, the
n-hexane extract was diluted with methanol
and maintained at -20 °C for 24 h. Afterward,
methanolic  phase was separated and
evaporated using rotary evaporator to obtain
terpenoid fraction.
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Cell culture

The human colon adenocarcinoma (HT-29)
cell line was obtained from Pasteur Institute of
Iran (Tehran, LR. Iran). The cells were
maintained at 37 °C in a humidified
atmosphere (90%) containing 5% CO, and
then, cultured in DMEM with 10% (v/v) FBS,
100 units/mL  penicillin, and 100 pg/mL
streptomycin. The cells were seeded overnight
and then, incubated with  different
concentrations of the methanolic extract,
cisplatin, terpenoid or alkaloid fractions.

Cell viability

The cell viability was determined using a
modified MTT assay (19). In brief, the cells
(1 x 10* cells/well) were seeded in 96-well
plates and exposed to the indicated
concentration of the extract, fractions, and
cisplatin for 24 h. The samples including
methanolic extract, alkaloid and terpenoid
fractions, and cisplatin were tested at 1, 5, 10,
20, 30, 40, 50, 100, 200, 400, and 800 pg/mL
concentrations. The samples were dissolved in
dimethyl sulfoxide (DMSO) and further
diluted with cell culture medium. The final
concentration of DMSO was adjusted to 1% of
total volume of the medium in all treatment,
including the blank. A control medium without
DMSO was also incubated. After the
treatment, 5 mg/mL of MTT solution were
added and incubated for 3 h at 37 °C in a dark
place. The absorbance of formazan creation
was measured at a wavelength of 540 nm with
an enzyme-linked immunosorbent assay
(ELISA)  reader  (Molecular  Devices,
Sunnyvale, CA, USA). The cell viability by
MTT assay was calculated as a percentage of
the control value (untreated cells) (20).

Morphological study

The HT-29 cells were cultured overnight at
a density of 1 x 10° cells/mL on the sterile
culture plates and then treated with methanolic
extract, terpenoid and alkaloid fractions, and
cisplatin at concentrations equal to 75% of the
half-maximal inhibitory concentration (ICsp)
for 24 h at 37 °C and 5% CO, incubator. The
untreated cells in 1% DMSO were used as a
negative control. The changes in cellular
morphology were observed using phase
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contrast microscopy at x10 magnification
(Olympus, Japan) (21).

Assessment of caspase-8 and caspase-9
activities

To examine caspase-8 and caspase-9
activities, the colorimetric protease assay kits
were used which uses synthetic tetrapeptides
[le-Glu-Thr-Asp (IETD) for caspase-8 and
Leu-Glu-His-Asp (LEHD) for caspase-9
labeled with p-nitroaniline (pNA). Briefly,
3 x 10° cells/well were aliquoted into 96-well
plates and permitted to adhere overnight. Cells
were then treated as indicated and pelleted
after 24 h to include any floating cells. The
supernatants were removed and the cell pellets
were lysed and assayed according to the
manufacturer’s  instructions. After 2 h
incubation with IETD-pNA or LEHD-pNA
substrates, the pNA light emission was
quantified using a microtiter plate reader at
405 nm. The comparison of the absorbance of
pNA from the apoptotic sample with un-
induced control determined the fold increase in
caspase activity (22,23).

Assessment of nuclear factor-xB p65

Nuclear factor-xB (NF-xB) p65 ELISA
assay kits were used to determine NF-xB p65.
After the treatment of HT-29 cancer cells with
lipopolysaccharides (LPS) (10 pg/mL for 6 h),
they were lysed with hypotonic HEPES lysis
buffer and centrifuged at 1000 rpm for 10 min
at 4 °C. Then, supernatants were used for the
determination of NF-kB. To sum up, a specific
double-stranded DNA (dsDNA) sequence
containing the NF-kB response element was
immobilized onto the bottom of wells of a
96-well plate. NF-kB contained in a nuclear
extract binds specifically to the NF-«xB
response clements. NF-kB p65 was detected
by the addition of specific primary antibody
directed against NF-xB p65. A secondary
antibody conjugated to horseradish peroxidase
(HRP) was added and the absorbance was read
at 450 nm using a spectrophotometer (24).

Assessment of nitric oxide

Nitric oxide (NO) generation was evaluated
by determining the stable end-product nitrite
in the cell culture supernatants by the



fluorometric assay, which is based on the
reaction of nitrite with 2, 3-diaminonaphthalene
to form the fluorescent product 1-(H)-
naphthotriazole. Then, nitrite generation was
determined by adding 0.1 mL of cell culture
medium to 0.1 mL of Griess reagent in a 96-
well plate. After 15 min incubation at 37 °C in
a dark place, the absorbance was read at 540
nm with a Packard EL 340 microplate reader
(Bio-Tek Instruments, Winooski, VT, USA).
For each experimental condition, a blank
sample was prepared in the absence of the
cells, and its absorbance was subtracted from
that measured in the presence of the cells (25).

Statistical analysis
The data are reported as mean =+ SD.
Statistical analyses of the results were

performed using one-way ANOVA (Graph
Pad Prism 6 for windows) followed by Tukey's
post hoc test, and the level of P < 0.05 was
considered significant between the treated and
untreated groups.

RESULTS

Cell viability
The HT-29 cells were treated with different
concentration of the methanolic extract,
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alkaloid and terpenoid fractions of S. pilifera
and cisplatin for 24 h. Cell viability was
determined by MTT assay. The doses of the
methanolic extract, alkaloid and terpenoid
fractions of S. pilifera and cisplatin inducing
ICs9 of HT-29 human colorectal cell are
presented in Table 1. The ICsy of cisplatin, as
the positive control, under all identical
conditions, was nearly 4.02 pg/mL. In
comparison to the methanolic extract having
ICsp of 612 pg/mL, the results of alkaloid and
terpenoid  fractions  showed  favorable
inhibitory properties in lower concentrations
of 48.12 and 46.44 pg/mL, respectively.

Effect of the methanolic extract, alkaloid and
terpenoid fractions of S. pilifera and cisplatin
on the morphology of HT-29 cell line

The cellular morphology of HT-29 cell line
was visualized using phase contrast
microscopy. As shown in Fig. 1, the treatment
of cells with methanolic extract, alkaloid and
terpenoid fractions induces the significant
cellular morphological changes like apoptotic
bodies, cell debris, cell shrinkage, and
detached cells. The morphological changes
induced with alkaloid fraction, to some extent,
were similar to that observed with cisplatin.

Table 1. The half maximal inhibitory concentration (ICsq) of the methanolic extract, alkaloid and terpenoid fractions of

Stachys pilifera and cisplatin against HT-29 cell line.

IC /mL
Cell type - - - = (ug/mL) - - - -
Methanolic extract Alkaloid fraction Terpenoid fraction Cisplatin
HT-29 612 48.12 46.44 4.02

= e I' f—{

Fig. 1. Morphology of HT-29 cell line by phase contrast microscopy at x10. (A) untreated, (B) treated with
concentration less than I1Cs, (75% of ICs) of methanolic extract of Stachys plifera, (C) alkaloid fraction, (D) terpenoid
fraction, and (E) cisplatin after 24 h. The arrows indicate (1) normal cell, (2) apoptotic bodies, (3) cell debris, (4) cell

shrinkage, and (5) detached cells.
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Effect of the methanolic extract, alkaloid and line treated with the methanolic extract,

terpenoid fractions of S. pilifera and cisplatin alkaloid or terpenoid fractions of S. pilifera

on the activity of caspase-8 and caspase-9 in showed a significant decrease in NF-xB p65

HT-29 cell line levels as compared with the untreated cells.
As illustrated in Figs. 2A and 2B, the activity The results indicate that NF-xB p65 level is

of caspase-8 and caspase-9 significantly were not decreased by cisplatin as compared with

increased with the methanolic extract, alkaloid untreated cells.

and terpenoid fractions of S. pilifera. Caspase

8 activity was increased respectively by 99, Effect of the methanolic extract, alkaloid and

55.2, and 41.42 % once cells were exposed to terpenoid fractions of S. pilifera and cisplatin

methanolic extract, alkaloid or terpenoid on the concentration of nitric oxide

fractions, whereas caspase 9 activation was As indicated in Fig. 3B, HT-29 cancer cell

increased by 78.53, 85.38, and 83.56 % . line treated with the methanolic extract,

alkaloid and terpenoid fraction of S. pilifera
Effect of the methanolic extract, alkaloid and led to a significant decrease in NO

terpenoid fractions of S. pilifera and cisplatin concentration as compared with the untreated
on the nuclear factor-xB (NF-kB) p65 cells. Nitric oxide level is not decreased by
As shown in Fig. 3A, HT-29 cancer cell cisplatin as compared with the untreated cells.
b
0.6 7 A 064 B
0.5 m f-3 0.5
2 2 04
z ¥ B
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E 0.2 5 0.2
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0 4 - - - - 0 - T T T T y
Control Cisplatin ~ Methanolic ~ Alkaloid  Terpenoid Control Cisplatin ~ Methanolic Alkaloid Terpenoid
exftract extract
Groups Groups

Fig. 2. Effect of the methanolic extract, alkaloid and terpenoid fractions of Stachys pilifera and cisplatin on the activity
of (A) caspase-8 and (B) caspase-9 in the HT-29 cell line. Values are expressed as means £ SD of 3 experiments.
# Significantly different from cisplatin. “P < 0.05, *P < 0.01, and **P < 0.001.

NO (pmol/mL)

NF-KB concentrations (pg/mL)

Control Cisplatin -~ Methanolic Alkaloid Terpenoid Control Cisplatin ~ Methanolic  Alkaloid Terpenoid

extract extract
Groups Groups

Fig. 3. Effect of the methanolic extract, terpenoid and alkaloid fractions of Stachys pilifera on (A) nuclear factor-xB
(NF-kB) and (B) nitric oxide (NO) concentration. Values are expressed as means + SD of 3 experiments. Statistically
significant differences are given compared to the control group (**P < 0.01) and cisplatin (P < 0.05, P < 0.01, and
T

P <0.001).
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DISCUSSION

Natural products have long been utilized to
inhibit and treat diseases such as pain,
inflammation, and cancers. Previous findings
have indicated that medicinal plants can be
used as good candidates for the expansion of
new anti-cancer agents (26). In the present
work, the cytotoxic and apoptogenic effects of
the methanolic extract, alkaloid and terpenoid
fractions of S. pilifera were evaluated against
HT-29 colorectal cell line. The results revealed
that the methanolic extract of S. pilifera and its
alkaloid and terpenoid fractions led to
significant cytotoxic activities on HT-29 cell
line. The MTT assay results indicated that the
alkaloid and terpenoid fractions of S. pilifera

have greater cytotoxic effects than the
methanolic extract.
Cytotoxic effects of medicinal plant

extracts can be intermediated through the
initiation of apoptosis (27). Programmed cell
death (apoptosis) happens in physiological and
pathological situations and is characterized by
morphological changes such as cell shrinkage,
apoptotic bodies, cell debris, and detached
cells (28,29). The results of the present study
revealed that the methanolic extract of S.
pilifera and its fractions induce the mentioned
morphological changes. These changes could
be an indicator of the occurrence of apoptosis
in the treated cells.

It is important to mention that medicinal
plants have different effects on cancer cell
lines. Mechanistic elucidation of these effects
is a fundamental aspect for researchers.
Likewise, it has been identified that herbal
medicine could mediate their effects throuh
different pathways for modulation of
proliferation and metastasis cancer cells. In the
present study, several possible pathways were
examined to investigate the cytotoxic effect of
S. pilifera on HT-29 cell line.

Caspases, a group of cysteine proteases, are
identified as primary controllers of apoptotic
cell death. These enzymes are involved in the
induction and execution phase of apoptosis by
cleaving more than 400 substrates (29). The
data demonstrated that treatment with the
extracts induces activation of caspase-8 and
caspase-9. Therefore, it could be suggested
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that one plausible mechanism of apoptosis
induction by S. pilifera is through the
activation of caspase-8 and caspase-9, i.e.
extrinsic and intrinsic pathways.

Nitric oxide, a transient endogenously made
gas, is generated by a complex group of nitric
oxide synthase (NOS) enzymes. Nitric oxide
has been reported to modulate diverse cancer-
related events (2). There is some evidence to
indicate that up-regulation of inducible nitric
oxide synthase (iNOS) expression and nitrite
production involve in the activation of NF-xB
(3) and subsequent binding of the kB enhancer
components in the iNOS gene promoter.
Accordingly, targeting NF-xB could be
important in suppression of tumor cells growth
and their metastasis, and its expression has a
good correlation with NO levels (30,31). The
present results clarified that treated HT-29
cancer cell line with the methanolic extract
and two fractions of S. pilifera decreased NF-
kB and subsequently NO level.

Finally, it is important to mention that both
alkaloid and terpenoid fractions of S. pilifera
showed a significant anti-proliferative effects
against HT-29 cell line. Thus, it could be
suggested that cytotoxic effects of S. pilifera
are not just related to one specific chemical
agent, and it may be due to the combination of
its materialistic existence and structural integrity,
providing such positive anticancer results.

It has been reported that essential oils (32)
and extracts of various Stachys species
produce significant cytotoxic effects in vitro.
Cytotoxicity of different extracts of Stachys
species in human cancer cell lines reported in
the literature are given in Table 2 for the sake
of comparison with the toxicity of S. pilifera .
It can be concluded from Table 2 that the
alkaloid and terpenoid fractions of S. pilifera
have a lower ICsy and a higher efficiency than
those observed with the extracts of Stachys
species in human cancer cell lines (33-35).

Previous studies have demonstrated the
presence of aucubin and harpagide (iridoid
glycosides) in Stachys plants and have stated
that these compounds are probably responsible
for the cytotoxic effects observed for these
plants (36). Other investigators have suggested
that sesquiterpene compounds and carvacrol
may be responsible for the cytotoxic activity
of various Stachys species (32).
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Table 2. Comparison of cytotoxicity of Stachys pilifera with other Stachys species in human cancer cell lines reported

in the literature.

Plant Cell type 1Cs0 (Ug/mL) Reference
. PC-3 125

Stachys floridana HT-29 125 (35)
HL-60 102.8

Stachys acerosa K562 56.1 (34)
MCEF-7 Not active
HL-60 114.2

Stachys benthamiana K562 107.8 (34)
MCEF-7 162.4
HL-60 Not active

Stachys byzantina K562 78.0 (34)
MCE-7 Not active
HL-60 113.6

Stachys lavandulifolia K562 Not active (34)
MCEF-7 151.7
HL-60 Not active

Stachys obtusicerna K562 169.6 (34)
MCEF-7 Not active
HL-60 62.1

Stachys persica K562 64.7 (34)
MCEF-7 104.1
HL-60 107.9

Stachys pubescens K562 114.4 (34)
MCEF-7 146.5
HL-60 Not active

Stachys spectabilis K562 99.6 (34)
MCEF-7 65.2

Methanolic extract of Stachys pilifera HT-29 612.0

Alkaloid fraction of Stachys pilifera HT-29 48.12 Present work

Terpenoid fraction of Stachys pilifera HT-29 46.44

Cisplatin HT-29 4.020

The presence of cytotoxic compounds with The isolation and identification of the

various polarities in different Stachys species
observed by other investigators is in
accordance with our observations that the
alkaloid (48.12 pg/mL) and terpenoid
(46.44 png/mL) fractions of S. pilifera
(that may contain more nonpolar compounds
such as alkaloids and terpenoids) showed
higher cytotoxic effects than its methanolic
extract (that contains more polar agents such
as phenolic compounds) (612.0 pg/mL).

CONCLUSION

The data confirmed the considerable
cytotoxic and anti-proliferative properties of
the methanolic extract of S. pilifera and its
alkaloid and terpenoid fractions on HT-29
human colorectal cancer cell line through the
induction of apoptosis pathways. These
findings provide a good basis for the
therapeutic potential of S. pilifera in the
treatment of colorectal cancer.

410

compound that are responsible for these effects
may lead to the development of a new
anticancer compound against colorectal
cancer.
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