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ABSTRACT
Background: Tagetes species have been extensively employed in 
folk medicine and have been demonstrated to exert various biological 
activities due to its phytochemical constituents, including those related 
to cancer. Objectives: The aim of this study was to identify, in Tagetes 
lucida organic leaf extracts, the bioactive compounds with antiproliferative 
and antimigratory activities on the human cervical cancer  (CCa) cell 
lines human cervical cancer cell line  (HPV‑16)  (SiHa) and human cervical 
cancer cell line  (HPV‑18)  (HeLa), and on the non‑cancer cell line human 
immortalized keratinocyte cell line (HaCaT). Materials and Methods: The 
phytochemical profile of all Tagetes leaves extracts was determined by Gas 
chromatography mass spectroscopy analysis and tested on SiHa, HeLa, and 
HaCaT cell lines using  (3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide) and wound‑healing assays. Results: The Gas chromatography 
coupled with mass analysis analysis revealed two main constituents 
identified in all extracts, the coumarins herniarin  (17.152%–56.904% 
content) and scoparone (2.778%–34.817% content), the rest of identified 
constituents were terpenes where the geranyl acetate was the major 
constituent on hexane extract. On the anti‑proliferative potential of 
T. lucida extracts, our present investigation revealed that all extracts 
decreased HeLa cell viability  (half‑maximal inhibitory concentration value 
of <190.26 mg/mL at 24 h and <220.41 mg/mL at 48 h) dose dependently; 
the cell viability of SiHa and HaCaT was not affected. Furthermore, the 
migration capacity of SiHa and HeLa cells decreased after 24 and 48 h with 
acetonic and methanolic extracts treatment, while on HeLa cells a more 
evident effect was observed with a  <80% decrease in wound closure. 
Conclusion: Our findings revealed the coumarins presented in T. lucida as 
potential candidates of inhibiting cell proliferation and migration preferably 
toward CCa (HeLa cell line).
Key words: Antiproliferative, cervical cancer, human cervical cancer cell 
line (HPV‑18) cells, migration, natural products, Tagetes lucida

SUMMARY
•  Two main constituents were identified on Tagetes lucida leaves extracts, 

the cumarins herniarin  (17.152%–56.904% content) and scoparone 
(2.778%–34.817% content). All extracts showed anti‑proliferative activity 
by inhibiting human cervical cancer cell line  (HPV‑18)  (HeLa) cell viability 
with a half‑maximal inhibitory concentration value of  <190.26  µg/mL at 
24 h and <220.41 µg/mL at 48 h in a dose‑dependent manner, while human 
cervical cancer cell line (HPV‑16) (SiHa) and human immortalized keratinocyte 
cell line cell viability was not affected. Also, the migration capacity of SiHa and 
HeLa cells decreased after 24 and 48 h with acetonic and methanolic extracts 
treatment, where a more evident effect was observed with a <80% decrease 
in wound closure on HeLa cells. The coumarins presented in T. lucida are 

suggested potential candidates of inhibiting cell proliferation and migration 
preferably towards cervical cancer (CCa) (HeLa cell line).

Abbreviations used: H: T. lucida hexane extract; D: T. lucida 
dichloromethane extract; A: T. lucida acetone extract; M: T. lucida 
methanol extract; GC‑MS: Gas chromatography coupled with mass 
analysis; HPV: Human papillomavirus; SiHa: Human cervical cancer 
cell line  (HPV‑16); HeLa: Human cervical cancer cell line  (HPV‑18); 
HaCaT: Human immortalized keratinocyte cell line; DMEM/F‑12: A  1:1 
mixture of Dulbecco’s Modified Essential Medium  (DMEM) and Ham’s 
F‑12 Medium; FBS: Fetal bovine serum; DMSO: Dimethyl sulfoxide; AraC: 
Cytarabine, cytosine β‑D‑arabinofuranoside; PBS: Phosphate‑Buffered 
Saline; OD: Optical density; IC50: Half‑maximal inhibitory concentration; 
SD: Standard deviation; ANOVA: One‑way analysis of variance; RT: 
Retention time; MTT: 3‐(4,5‐dimethylthiazol‐2‐yl)‐2,5‐diphenyltetrazolium 
bromide (MTT) assay.
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INTRODUCTION
The fourth most frequently found cancer in women throughout the 
world is cervical cancer  (CCa); the latter ranks in second place in 
Mexico.[1] Current chemopreventive therapies in cancer patients include 
surgery, radiotherapy, immunotherapy, targeted molecular therapy 
and chemotherapy, of which, chemotherapy in combination with 
radiotherapy (chemoradiotherapy) is one of the most used.[2] However, 
exist 90% of the deficiency on chemotherapy treatments as a result of 
drug resistance developed during invasion and metastasis cancer.[3] 
Despite side effects, nowadays, there is a gamma of antineoplastic drugs 
that have different cell objectives, among which are those that cause 
DNA damage, as anthracyclines, antimetabolites, antitumor antibiotics; 
and nutritional supplements of camptothecins, epipodophyllotoxins, 
platinum analogs, taxanes, and alkaloids of vinca, whom the last are 
derived from natural sources.[4]

Recently, the search for bioactive molecules to replace specific drugs 
in cancer therapy has increased significantly. Plant natural compounds 
have a fundamental role in defense, protection against ultraviolet 
radiation, parasites, and predators.[5] The growing interest is due to 
the presence of infinity of secondary metabolites, such as terpenes, 
phenolic compounds, and alkaloids with anticancer activity.[6] Phenolic 
compounds are one of the most studied phytochemical families, such 
compounds have various biological properties that include, antioxidant, 
antienzymatic, antiestrogenic, antiproliferative activities, etc.; on the 
other hand, these compounds halt the cell cycle, promoting apoptosis 
as well as differentiation, with this wide variety of biological functions 
makes them one of the most versatile chemopreventive agents in the 
intervention of each of the stages of carcinogenesis.[7]

Tagetes is a genus of plants that belongs to the Asteraceae family and 
comprises about 56 species.[8] This genus has been investigated as a 
possible source of chemical compounds with high pharmaceutical and 
nutritional values. The natural compounds that have been found are 
phenyl compounds as coumarins,[9‑13] terpenes,[9,10,13] and thiophenes 
compounds that they have been attributed various properties such as 
antibacterial, anticoagulant, anti‑Alzheimer, anti‑HIV, and anticancer 
activities.[14‑18]

Tagetes lucida cav. is an important aromatic ritual plant widespread 
from the Central to America South. It is commonly known by the 
name of “pericón,” “yauhtli”  (náhuatl), “anis,” “Santa María,” or “San 
Juan” herb.[12,19] In traditional medicine, T. lucida is one of the most 
widely used medicinal plants of Western Mexico, a decoction of the 
entire plant o various parts of the plant have been useful in treating 
digestive tract conditions, spitting blood, anxiety, depression and as an 
anti‑inflammatory and malarial remedy. In addition, pharmacological 
studies have reported it as antibacterial, insecticidal, cytotoxic, 
antioxidant, antidepressant‑like effects, anxiolytic, sedative, and 
anti‑Candida albicans activity.[12,20,21]

Despite the great potential of species of this genus as a source of 
secondary metabolites with therapeutic interest, there are currently 
insufficient in vitro studies conducted in the area of cancer, the current 
background on the antiproliferative and anti‑migratory activity of this 
genus remains poorly studied.[12,22] In addition, this species does not 
have sufficient phytochemical or pharmacological studies that support 
the properties that have been attributed to it. Thus, our workgroup 
decided to select, as the objective of our work, the evaluation of the 
effect of T. lucida organic extracts on proliferation and migration in two 
CCa cell lines, human cervical cancer cell line  (HPV‑16)  (SiHa) and 
human cervical cancer cell line  (HPV‑18)  (HeLa), and in a nontumor 
human immortalized keratinocyte cell line (HaCaT) cell line. The results 
obtained from this research will generate basic information regarding 

the biological properties and phytochemical profiles of the species 
Tagetes lucida collected, which will contribute to the proper exploitation 
of a valuable native natural resource of Mexico.

MATERIALS AND METHODS
Plant material
In December 2018, T. lucida leaves were gathered in Petaquillas 
(17°28’26’ N, 99°27’43’ O), Guerrero State, Mexico. The identification 
plant was authenticated by Arturo Hernández Abarca, biologist of the 
Herbarium from the Institute of Scientific Research, Natural Sciences 
Area (Autonomous University of Guerrero). A voucher specimen (11555) 
was deposited at the same Institute for future references.

Extracts preparation
The T. lucida plant material (1.4 Kg) dried at room temperature (24°C) 
and grinded, was successively macerated with hexane, dichloromethane, 
acetone, and methanol  (reactive‑grade, 500 mL for 72 h, three times). 
After the macerated volume was filtered, the organic phase was 
concentrated at 60°C under reduced pressure in a rotating evaporator. 
Hexane  (H), dichloromethane  (D), acetone  (A), and methanol  (M) 
extracts were stored at‑20°C in amber vials until there were used.

Gas Chromatography-Mass Spectrometry analysis
The T. lucida extracts phytochemical profile showed the presence 
of bioactive components. gas chromatography coupled with mass 
analysis  (GC‑MS) analysis was carried out using the Agilent 
Technology 6890 gas chromatograph interfaced to a 5973N mass 
spectrometer equipped with an HP‑5MS capillary nonpolar column 
(30 m, ID: 0.25 mm, film thickness: 0.25 μm), connected to an ion trap 
detector operating in electron impact mode at 70 eV; carrier gas was 
He, with a flow rate of 1 mL/min and there was an injection volume of 
20 μL (in HPLC grade Hexane). The oven temperature was programmed 
within a range of 50°C‑230°C with an increase of 2°C/min. The 
NIST/EPA/NIH Mass Spectral library version  1.7a/ChemStation was 
employed to compare the results.

Cell culture and exposure to extracts
Human SiHa, HeLa, and HaCaT cells were cultured in Dulbecco’s 
Medium Modified Eagle Medium nutrient mixture F‑12 (DMEM/F12) 
supplemented with 10% (v/v) heat‑inactivated fetal bovine serum (FBS), 
1% (v/v) antibiotic (Ampicillin/Streptomycin) and incubated under a 5% 
CO2 atmosphere and 100% humidity at 37°C.

Cell proliferation assay
The proliferation effect of the extracts on SiHa, 
HeLa, and HaCaT cells was assessed utilizing the 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide  (MTT) 
assay, according to Mossman (1983). 1 × 104 cells per well were seeded 
on 96‑well flat‑bottom culture plate in 100 μL of medium and incubated 
at 37°C overnight. The T. lucida extracts in 100 μL of fresh medium were 
added to reconstitute the final concentrations (5–320 μg/mL) during 24 
and 48 h. Medium‑containing vehicle solvent dimethylsulfoxide (DMSO, 
≤1%  [v/v]) was added as untreated controls  (V, vehicle). After 
treatment, the medium was replaced by fresh medium and the MTT 
reagent (100 μL) was added to each well and incubated for 4  h at 
37°C. The formazan crystals were diluted with isopropanol  (100 μL), 
and supernatant optical density was measured at 545  nm employing 
Statfax  2100 microplate reader  (Awareness Technology, Palm City, 
FL, USA).[23] Paclitaxel (5 μg/mL) compound was used as a positive 
control.[24] Each concentration was tested with three replicates in each 
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experiment and the experiment was performed independently at least 
thrice. The extract concentration required for 50% inhibition (IC50) was 
calculated through the linear equation (Y = mX + b) using GraphPad 
Prism software v6.0 (GraphPad Software, Inc, La Jolla, CA, USA).

Migration: Wound-healing assays
Cells were grown in 12‑well plates until reach  ~90% confluence 
and then in a linear wound, the cell monolayer was scratched with 
a pipette tip  (2  mm). After, cells were preincubated with cytosine 
β‑D‑arabinofuranoside (AraC) (5 μg/mL) for 2 h to eliminate migration 
induced by cell proliferation. Then, the cells were washed twice 
with phosphate‑buffered saline. The cells were treated with T.  lucida 
extracts  (5–20  μg/mL) with FBS  (1%) and incubated for 24  h and 
48 h at 37°C. Cell migration over the denuded area was visualized and 
photographed under a phase‑contrast inverted microscope  (NIKON, 
Ts2FL, USA) at 0, 24, and 48 h. The width of the wound was measured 
with the ImageJ 1.44p software and the MRI wound healing tool, 
compared to zero time. The experiment was repeated at least thrice.[25,26]

Statistical analysis
Data analysis was performed using the   GraphPad Prism 
version 6.0 (GraphPad Software, Inc., La Jolla, CA, EE. UU.) statistical 
software program. One‑way analysis of variance was used with 
the Dunnett test. Data were shown as mean  ±  standard deviation. 
A  statistically significant difference was considered when P  <  0.05. 
The analysis and adjustment of the images were carried out in ImageJ 
statistical software. All experiments were carried out in triplicate.

RESULTS AND DISCUSSION
The T. lucida hexane, dichloromethane, acetone, and methanol extracts 
provided yields of 5.5%, 16.26%, 3.45%, and 5.44%, respectively. 
Table 1 presents GC‑MS analyses. The phytochemical study by GC‑MS 
analysis revealed 23 identified constituents where different fatty acids, 
heterocyclic compounds, and esters among others were presented. 
Interestingly, the highest percentage  (~70%) of the coumarins 
herniarin  (15) and scoparone  (17)  [Figure  1] were predominant in 
dichloromethane, acetone, and methanol extracts compared with these 
compounds. Moreover, the geranyl acetate (4) was the major identified 
constituent on hexane. These compounds were previously reported in 
the Tagetes genus.[27,28]

Phenolic compounds identified from studied species of the Tagetes genus 
are mainly thiophenes, flavonoids, and coumarins, which they normally 
are described as antifungal and antibacterial compounds.[29,30] However, 
this is the first work where a high content of these coumarins is reported 
both in T. lucida and the other Tagetes species.[31‑34]

Antiproliferative activity
To evaluate the antiproliferative activity of Tagetes extracts on SiHa, 
HeLa, and HaCaT cell lines for 24 and 48 h, MTT assays were conducted. 
However, extracts after 24  h of treatment did not show an effect on 
antiproliferative activity (data not shown). In HeLa cells treated during 
48 h with 160 and 320 μg/mL of all extracts, cell viability of <50% and 

40%, respectively, was observed. Similarly, in SiHa cells treated with 
160 and 320 μg/mL, cell viability of < 60% and 50%, respectively, was 
observed. While in HaCaT cells treated with 160 μg/mL of hexane, 
dichloromethane, and acetone extract, the cell viability remained above 
60% [Figure 2].
In addition, all of the extracts gave rise to morphologic changes in the 
cancer cell lines, including a decrease in cell size, a rounded shape, and 
the formation of intracellular vacuoles, suggestive of apoptosis (data not 
shown). It is reported that growth regulation in SiHa and HeLa is due to 
variations in p53 activation due to the low p53 levels, which induce cell 
cycle arrest, while high p53 levels induce apoptosis.[35,36] Therefore, the 
T. lucida antiproliferative effect could be due to that p53 is activated to a 
greater degree in HeLa compared with SiHa in response to treatments.
The better antiproliferative effect in a dose‑dependent manner compared 
to untreated control cells was induced by all T. lucida extracts for HeLa at 
24 h (CI50 < 190.26 μg/mL) and 48 h (CI50 < 220.41 μg/mL), while for SiHa 
there was no effect [Table 2].

Positive control: Paclitaxel (5 μg/mL). 
na: Non-active (half-maximal inhibitory 
concentration >250 μg/mL)
Since CCa is the second major cause of death from cancer 
worldwide, the HPV‑16  (SiHa) and HPV‑18  (HeLa) genotypes are 
attributed as the major risk factors, accounting for nearly 70% of 
cancers. In addition, SiHa contains around 1–2 integrated copies of 
the HPV 16 genome, while HeLa possesses 10–50 integrated copies 
of HPV 18, resulting in a higher replication rate in HeLa cells, thus 
becoming a more aggressive cancer.[35,36] Our results are interesting 
because the evaluated extracts were only active against the HeLa cell 
line [Table 2].
Based on high coumarin content in the GC‑MS analysis and on 
previous investigations results, we can infer that the coumarins 
are directly related to the antiproliferative effect. The coumarins, 
depending on their structure, can act on various tumor cells by different 
mechanisms.[37‑39] Hence, a selective difference of the cytotoxic effect 
on the tumor cells  (SiHa and HeLa) could be more noticeable by 
isolated coumarins from T. lucida. Thereby the results were consistent 
with other studies where is reported to exhibit negligible or mild side 
effects in humans using doses up to 7 g daily, after 2 weeks of continued 
treatment; even they were excellent agents for treating side effects 
caused by radiotherapy.[36‑41]

Although coumarins are considered as one of the most important 
phytochemicals from Tagetes genus, cancer studies are focused 
on flavonoids and thiophenes of mainly T. minuta and T. erecta 
species,[9‑10,13,42,43] within included studies where is attributed to these 
compounds activity against HeLa cells,[11,14,43] this could be due to low 
coumarin quantities found into the studied species. The coumarins 
antitumor activity is extensively explored by many researchers at 
present due to is considered promising anticancer compounds, however, 
the compounds used in their research were not isolated from natural 
species.[44] This is the first study, which recognizes antitumor activity to 
identify coumarins from T. lucida extracts and the first, where two CCa 
and one non‑cancer cell line were employed. While our results would 
appear to propose T. lucida extracts as an alternative or complementary 
therapy against cancer, cytotoxicity, and molecular mechanisms must be 
analyzed in more study models.
In addition, the GC‑MS analysis revealed that several terpenes presented 
on Tagetes extracts have been reported with attractive anticancer 
properties. Considering the monoterpenes, the linalool exhibited an 
antiproliferative effect on human melanoma cells  (RPMI 7932) at 

15: Herniarin 17: Scoparone

Figure 1: Chemical structure of coumarins with a high content in Tagetes 
lucida extracts
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CI50 = 5.60 μM and on prostate cancer cells (DU145) at CI50 = 28.3 and 
10.5 μM at 12 and 24 h, respectively;[45,46] and the geraniol and geranyl 
acetate were reported due to their ability to trigger apoptosis, DNA 
damage and cell cycle arrest on colon cancer cells  (Colo‑205) at IC50 
values of 20 and 30 μM, respectively.[47] Similarly, the sesquiterpenes 
as spathulenol were disclosed effective against the ovarian cancer 
cell line  (OVCAR‑3) at CI50 = 49.30 μg/mL;[48] the nerolidol was noted 
with anticancer properties against skin melanoma cells  (B16‑F10, 
IC50 > 25 μM), hepatocellular carcinoma (HepG2, IC50 > 25 μM), human 
promyelocytic leukemia cells  (HL‑60, IC50  =  21.99 μM) and human 

erythroleukemic cells  (K562, IC50 = 17.58 μM);[49] and in combination 
with their isomers cis‑and trans‑nerolidol exhibited anticancer effect 
against HeLa cells  (IC50 = 1.5 μM) and breast carcinoma cells  (BT‑20, 
IC50  =  1.5 μM);[50] further, the in  vitro studies showed a reduction of 
incidence of intestinal neoplasia  (50%) and a reduction of several 
tumors/rat (about 53%) in rats fed with nerolidol.[51]

Moreover, although the anticancer properties of the β‑caryophyllene 
and β‑caryophyllene oxide are poorly recognized, quite a lot of 
evidence has demonstrated that both sesquiterpenes possessed 
cytotoxic activities against several types of cancer cells.[52] For 

Table 1: Compounds detected by gas chromatography coupled with mass analysis in T. lucida extract

Component Content (%) RT (min)

Hexane Dichloromethane Acetone Methanol extracts
Linalool 0.127

8.463
2,6‑Dimethyl‑3,5,7‑octatriene‑2‑ol, E 0.810

10.112
Geraniol 1.358

10.762
Geranyl acetate 21.230

12.542
5.918

12.509
9.300

12.503
7.206

12.246
Nerolidol acetate 0.076

12.614
β‑Elemene 2.493

12.719
Isohomogenol 0.557

12.818
Caryophyllene 9.887

13.146
3.744

13.127
3.515

13.120
1.340

13.114
α‑Humulene 1.074

13.560
β‑Cubebene 7.931

13.915
2.173

13.903
1.494

13.120
1.035

13.895
α‑Cadinene 1.735

14.381
0.541

14.105
E‑Nerolidol 6.410

14.821
2.916

14.808
2.673

14.808
2.777

14.802
(‑)‑Spathulenol 1.692

15.117
0.469

15.110
0.729

15.104
0.370

15.097
Caryophyllene oxide 0.943

15.189
0.844

15.183
0.843

15.176
0.447

15.176
Herniarin 17.152

16.897
38.815
16.956

56.904
16.891

53.639
16.838

Phytol 7.000
17.830

3.396
17.817

3.575
17.817

4.190
17.810

0.708
20.516

Scoparone 2.778
19.367

34.817
19.498

12.638
19.360

21.855
19.347

Geranyl linalool 5.811
19.781

3.833
19.774

4.332
19.761

3.444
19.754

Squalene 3.736
29.259

α‑Tocopherol 7.199
33.122

3.075
33.389

3.603
33.082

Tricyclo[5.2.2.0 (1,6)]undecano‑3‑ol, 2‑methylene‑6,8,8,‑trimethyl‑ 0.394
16.352

α‑Muurolene 1.156
14.375

Ethyl α‑linolenate 1.290
20.398

RT: Retention time
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example, β‑caryophyllene was reported led to strong growth 
inhibition in two colon cancer cell lines, HCT‑116 (IC50 = 19 μM) and 
HT‑29 (IC50 = 63 μM), as well as in pancreatic cancer cells, PANC‑1 
(IC50 = 27 μM) and with combination with their isomers a‑humulene 
and iso‑caryophyllene were more effective in the reduction of MCF‑7 
human breast cancer cell line proliferation (90% at 10 μg/mL) 
than when used separately.[53,54] Besides, the β‑caryophyllene oxide 
was reported as cytotoxic effect on various cancer cell lines, such 
as HeLa (IC50  =  13.55 μM), HepG2 (human liver cancer cells, 
IC50 = 3.95 μM), AGS  (human gastric cancer cells, IC50 = 12.6 μM), 
SNU‑1  (human gastric cancer cells, IC50  =  16.79 μM), SNU‑16 

(human stomach cancer cells, IC50 = 27.39 μM), and A‑2780 (human 
ovarian cancer cells, IC50  =  40.6 μM).[55,56] On human brain cancer 
studies, β‑elemene displayed antiproliferative effect against human 
brain tumor cells: A172 (80.8 μg/mL), CCF‑STTG1 (82.8 μg/mL) and 
U‑87MG (88.6 μg/mL);[57] while on human hepatocellular carcinoma 
studies, α‑humulene, showed antiproliferative effect on Huh7 
(IC50  =  15.09 μg/mL), SMMC‑7721 (IC50  =  17.31 μg/mL), 
HepG2  (IC50  =  11.22 μg/mL) and Hep3B  (IC50  =  13.78 μg/mL).[58] 
Finally, the diterpene phytol and triterpene squalene showed potent 
anti‑proliferative activity against human lung carcinoma cells 
(A549, IC50 = 70.81 and 60.7 μM at 24 and 48 h, respectively);[59] and 

d

c

b

a

Figure 2: Antiproliferative effect of Tagetes lucida extracts on human cervical cancer cell line (HPV-18), human cervical cancer cell line (HPV-16), and human 
immortalized keratinocyte cell line cells. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay; cells treated with Tagetes lucida extracts during 
48 h. Hexane (a), Dichloromethane (b), Acetone (c), and Methanol (d) extracts. V: Vehicle, (dimethyl sulfoxide), +: Positive control, Paclitaxel (5 μg/mL). The 
mean ± standard deviation of three independent experiments expressed the values. We employed one-way analysis of variance and the Dunnett multiple 
comparison test; *P < 0.05; **P < 0.01, and ***P < 0.001, and ****P < 0.0001. *Differences with respect to the control treatment (v)
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against breast cancer cells (MDA‑MB‑231 and MCF‑7, CI50 = 4.35 and 
6.05 mg/mL, respectively).[60]

Antimigratory activity
The effect of all extracts of T. lucida on the migration capacity of SiHa 
and HeLa cells was tested to concentrations of 5, 10, and 20 μg/mL 
for 24–48  h. However, the hexane and dichloromethane extracts did 
not show an effect on migration capacity cells  (data not shown). No 
significant decrease was observed in the migration capacity of the SiHa 
cells treated with the acetone extract at 24 h, nonetheless compared to 
the control (39% decrease in wound closure), the treatment decreased 
the migration capacity at 48 h, observing a 26% and 23% decrease in 
wound closure with concentrations of 5 and 20 μg/mL, respectively 
[Figure  3a and b]. Besides, treatment with the methanolic extract 
(20 μg/mL) decreased the migration capacity of SiHa cells from 

24 h (14% less wound closure, compared to the control); this latter effect 
continued at 48 h, while at a lower proportion (around 9% less wound 
closure compared with the control) [Figure 3c and d]. In regard to HeLa 
cell line, compared to the control (46% decrease in wound closure), the 
acetonic extract treatment decreased the cell migration capacity at 24 h, 
from the 5–10 μg/mL (29 and 27% of the wound closure, respectively) 
to the 20 μg/mL (4% of the wound closure), where a better effect was 
observed (42% less wound closure, compared to control). The effect 
of 5 and 10 ΜG/ML (55 and 38% of the wound closure, respectively) 
was maintained at 48 h, however, no significant decrease was observed 
at 20 μg/mL compared to control  (82% decrease in wound closure) 
[Figure  4a and b]. Similarly, treatment with the methanolic extract 
decreased wound closure by 28% and 8% at 24  h compared to the 
control  (46% decrease in wound closure) at concentrations of 10 and 
20 μg/mL, respectively. This effect continued to be observed at 48  h; 
however, there was a better significant decrease at a concentration of 

Table 2: Antiproliferative effect of organic extracts using the MTT assay

Extracts IC50±SD (µg/mL)

24 h 48 h

SiHa HeLa HaCaT SiHa HeLa HaCaT
Hexane NA 190.26±2.35 NA NA 220.41±3.21 NA
Dichloromethane 174.21±3.02 217.41±2.95
Acetone 178.28±3.12 176.55±3.31
Methanol extracts 189.70±1.84 203.116±2.26

Positive control: Paclitaxel (5 µg/mL). NA: Non‑active (IC50 >250 µg/mL). SiHa: Human cervical cancer cell line (human papillomavirus‑16); HeLa: Human cervical 
cancer cell line (human papillomavirus‑18); HaCaT: Human immortalized keratinocyte cell line; IC50: Half‑maximal inhibitory concentration; SD: Standard deviation; 
MTT: 3‐(4,5‐dimethylthiazol‐2‐yl)‐2,5‐diphenyltetrazolium bromide (MTT) assay
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Figure 3: Effect of Tagetes lucida extracts on the migration capacity of human cervical cancer cell line (HPV-16) cells. Wound closure test. Negative control (fetal 
bovine serum 1%). Microscopic images of the effect of acetonic (a) and methanolic (c) extracts at × 10 magnification. Graphic representation of the migration 
percentage of cells treated with the acetonic (b) and methanolic (d) extracts. The mean ± standard deviation of three independent experiments expressed 
the values. We employed one-way analysis of variance and the Dunnett multiple comparison test; **P < 0.01 and ***P < 0.001. *Differences with respect to 
the control treatment
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20 μg/mL  (2% of the wound closure), compared to the control  (82% 
decrease in wound closure). At this time, a decrease in cell migration 
capacity was observed at of 5 μg/mL  (49% less wound closure) 
compared to the control [Figure 4c and d].The results suggest that the 
metabolites present in the acetonic and methanolic extracts decrease 
the migration capacity of SiHa and HeLa cells, showing a more evident 
effect on HeLa cells after 24 h and 48 h of treatment (<80% decrease in 
wound closure) even to low concentrations, while in SiHa cells, they 
decreased the cell migration capacity only after 24 and 48 h of treatment 
(<16% decrease in wound closure) only at the major concentration 
tested. The possible anti‑migratory effect of the acetonic and methanolic 
extracts could be due to the presence of the coumarins herniarin and 
scoparone, the most abundant compounds identified in the acetonic 
and methanolic extracts, since it has been reported that treatment 
with these compounds in laryngeal cancer cells  (RK33), decrease cell 
migration in a dose‑dependent manner.[61]

In that metabolites derived from plants may alter the abnormal cellular 
signaling pathways that present in cancer, we need to understand the 
molecular mechanisms involved to identify new targets and to develop 
novel pharmacological intervention strategies that are effective. Thus, 
numerous studies have reported new findings of the role of metabolites 
in the elucidation of signaling pathways.[62‑65] Therefore, this study 
contributes new knowledge for the exploration of the role of T. lucida 
leaf extracts and/or of the coumarins identified as key components in 
the elucidation of the mechanism of cellular signaling pathways on CCa.

CONCLUSION
The phytochemical study revealed the presence of high quantities 
of compounds 15 y 17 in all bioactive extracts of T. lucida leaves, the 
principal coumarins suspected of inhibiting cell proliferation and 
migration preferably towards CCa (HeLa cell line). This study contributes 
to the phytochemical and biological knowledge of T. lucida leaves 
and the research of native species of Mexico. Therefore, our findings 
provide a strong basis for the further exploration of T. lucida, justifying 
its potential use as an alternative or complementary therapy against 
CCa. Notwithstanding this, more studies are required to determine 
the components responsible for this biological activity, as well as the 
molecular and cellular mechanisms involved.

Financial support and sponsorship
This research was supported by the Grant 923201 from the Consejo 
Nacional de Ciencia y Tecnología (CONACyT), Mexico.

Conflicts of interest
There are no conflicts of interest.

REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. 

CA Cancer J Clin 2018;68:394‑424.

2. Arruebo M, Vilaboa N, Sáez‑Gutierrez B, Lambea J, Tres A, Valladares M, et al. Assessment of 

the evolution of cancer treatment therapies. Cancers (Basel) 2011;3:3279‑330.

dc

ba

Figure  4: Effect of Tagetes lucida extracts on the migration capacity of human cervical cancer cell line  (HPV-18) cells. Wound closure test. Negative 
control (fetal bovine serum 1%). Microscopic images of the effect of acetonic (a) and methanolic (c) extracts at × 10 magnification. Graphic representation of 
the migration percentage of cells treated with acetonic (b) and methanolic (d) extracts. The mean ± standard deviation of three independent experiments 
expressed the values. We employed one-way analysis of variance and the Dunnett multiple comparison test; ***P < 0.001. *Differences with respect to the 
control treatment



ONELIO MORA‑CANDELARIO, et al.: Antiproliferative and Antimigratory Effect of T. lucida Extracts on Cervical Cancer Cell Lines

726 Pharmacognosy Magazine, Volume 17, Issue 76, October-December 2021

3. Mansoori B, Mohammadi A, Davudian S, Shirjang S, Baradaran B. The different mechanisms 

of cancer drug resistance: A brief review. Adv Pharm Bull 2017;7:339‑48.

4. Dennis T, Fanous M, Mousa S. Natural products for chemopreventive and adjunctive therapy 

in oncologic disease. Nutr Cancer 2009;61:587‑97.

5. D’Archivio M, Filesi C, Di Benedetto R, Gargiulo R, Giovannini C, Masella R. Polyphenols, 

dietary sources and bioavailability. Ann Ist Super Sanita 2007;43:348‑61.

6. Dai J, Mumper RJ. Plant phenolics: Extraction, analysis and their antioxidant and anticancer 

properties. Molecules 2010;15:7313‑52.

7. Tabrez  S, Priyadarshini  M, Urooj  M, Shakil  S, Ashraf  GM, Khan  MS, et  al. Cancer 

chemoprevention by polyphenols and their potential application as nanomedicine. J Environ 

Sci Health C Environ Carcinog Ecotoxicol Rev 2013;31:67‑98.

8. Soule JA. Infrageneric Systematics of Tagetes. In: Hind DJ, Beentje HJ, editors. Compositae: 

Systematics. Vol. 1. Kew: Proceedings of the International Compositae Conference, Royal 

Botanic Gardens; 1994. p. 435‑43.

9. Ayyadurai  N. Evaluation of cytotoxic properties of Curcuma longa and Tagetes erecta on 

cancer cell line (Hep2). Afr J Pharm Pharmacol 2013;7:736‑9.

10. Mahmoud GI. Biological effects, antioxidant and anticancer activities of marigold and basil 

essential oils. J Med Plants Res 2013;7:561‑72.

11. Kashif  M, Bano  S, Naqvi  S, Faizi  S, Lubna  MM, Ahmed Mesaik  M, et  al. Cytotoxic and 

antioxidant properties of phenolic compounds from Tagetes patula flower. Pharm Biol 

2015;53:672‑81.

12. Pérez G, González ME, Ángeles GE, Brindis  F, Vibrans  H, Reyes  R. Tagetes lucida 

Cav: Ethnobotany, phytochemistry and pharmacology of its tranquilizing properties. 

J Ethnopharmacol 2016;181:221‑8.

13. Ibrahim SR, Mohamed GA. Tagetones A and B, new cytotoxic monocyclic diterpenoids from 

flowers of Tagetes minuta. Chin J Nat Med 2017;15:546‑9.

14. Gupta P, Gupta A, Agarwal K, Tomar P, Satija S. Antioxidant and cytotoxic potential of a new 

thienyl derivative from Tagetes erecta roots. Pharm Biol 2012;50:1013‑8.

15. Shikishima  Y, Takaishi  Y, Honda  G, Ito  M, Takfda  Y, Kodzhimatov  OK, et  al. Chemical 

constituents of Prangos tschiniganica; structure elucidation and absolute configuration of 

coumarin and furanocoumarin derivatives with anti‑HIV activity. Chem Pharm Bull  (Tokyo) 

2001;49:877‑80.

16. Lopez‑Gonzalez  JS, Prado‑Garcia  H, Aguilar‑Cazares  D, Molina‑Guarneros  JA, 

Morales‑Fuentes J, Mandoki JJ. Apoptosis and cell cycle disturbances induced by coumarin 

and 7‑hydroxycoumarin on human lung carcinoma cell lines. Lung Cancer 2004;43:275‑83.

17. Ostrov DA, Hernández Prada JA, Corsino PE, Finton KA, Le N, Rowe TC. Discovery of novel 

DNA gyrase inhibitors by high‑throughput virtual screening. Antimicrob Agents Chemother 

2007;51:3688‑98.

18. Monti M, Pinotti M, Appendino G, Dallocchio F, Bellini T, Antognoni F, et al. Characterization 

of anti‑coagulant properties of prenylated coumarin ferulenol. Biochim Biophys Acta 

2007;1770:1437‑40.

19. Omer EA, Hendawy SF, Ismail RF, Petretto GL, Rourke JP, Pintore G. Acclimatization study 

of Tagetes lucida L. in Egypt and the chemical characterization of its essential oils. Nat Prod 

Res 2017;31:1509‑17.

20. Abdala LR. Flavonoids of the aerial parts from Tagetes lucida  (Asteraceae). Biochem Syst 

Ecol 1999;27:753‑4.

21. Tangarife‑Castaño V, Correa‑Royero  J, Zapata‑Londoño B, Durán C, Stanshenko  E, 

Mesa‑Arango AC. Anti‑Candida albicans activity, cytotoxicity and interaction with antifungal 

drugs of essential oils and extracts from aromatic and medicinal plants. Infection 

2011;15:160‑7.

22. Cicció JF. A source of almost pure methyl chavicol: Volatile oil from the aerial parts of Tagetes 

lucida (Asteraceae) cultivated in Costa Rica. Rev Biol Trop 2004;52:853‑7.

23. Khan  F, Pandey  P, Jha  NK, Jafri  A, Khan  I. Antiproliferative effect of Moringa oleifera 

methanolic leaf extract by down‑regulation of Notch signaling in DU145 prostate cancer 

cells. Gene Rep 2020;19:1‑7.

24. Weaver BA. How taxol/paclitaxel kills cancer cells. Mol Biol Cell 2014;25:2677‑81.

25. Schneider CA, Rasband WS, Eliceiri KW. NIH image to ImageJ: 25 years of image analysis. 

Nat Methods 2012;9:671‑5.

26. Treloar KK, Simpson MJ. Sensitivity of edge detection methods for quantifying cell migration 

assays. PLoS One 2013;8:e67389.

27. Zhang TT, Zhang Y, Wu LL. Preliminary test of chemical components of Tagetes erecta. 

Heilongjiang Med Pharm 2009;59:04.

28. Devika  R, Koilpillai  J. Column chromatographic separation of bioactive compounds from 

Tagetes erecta linn. Int J Pharm Sci Res 2015;6:762‑6.

29. Tereschuk ML, Riera MV, Castro GR, Abdala LR. Antimicrobial activity of flavonoids from 

leaves of Tagetes minuta. J Ethnopharmacol 1997;56:227‑32.

30. Supradip S, Suresh W, Kundu A, Kumar B, Deeksha J. Antifungal acetylinic thiophenes from 

Tagetes minuta: Potential biopesticide. J Appl Bot Food Qual 2012;85:207‑11.

31. Aquino R, Cáceres A, Morelli S, Rastrelli  L. An extract of Tagetes lucida and its phenolic 

constituents as antioxidants. J Nat Prod 2002;65:1773‑6.

32. Céspedes CL, Avila  JG, Martínez A, Serrato  B, Calderón‑Mugica  JC, Salgado‑Garciglia  R. 

Antifungal and antibacterial activities of Mexican tarragon  (Tagetes lucida). J  Agric Food 

Chem 2006;54:3521‑7.

33. Oranday A, Martinez G, Nuñez A, Rivas C, Flores AE. Coumarin isolated from Tagetes lucida 

Cav. exhibits larvicidal activity in Aedes aegypti (L.). Southwest Entomol 2008;33:315‑7.

34. Nayeli  MB, Maribel  HR, Enrique  JF, Rafael  BP, Margarita  AF, Macrina  FM, et  al. 

Anti‑inflammatory activity of coumarins isolated from Tagetes lucida Cav. Nat Prod Res 

2020;34:3244‑8.

35. Choudhari  AS, Suryavanshi  SA, Kaul‑Ghanekar  R. The aqueous extract of Ficus religiosa 

induces cell cycle arrest in human cervical cancer cell lines SiHa  (HPV‑16 Positive) and 

apoptosis in HeLa (HPV‑18 positive). PLoS One 2013;8:e70127.

36. Ghanbari A, Le Gresley A, Naughton D, Kuhnert N, Sirbu D, Ashrafi GH. Biological activities 

of Ficus carica latex for potential therapeutics in human papillomavirus (HPV) related cervical 

cancers. Sci Rep 2019;9:1013.

37. Thakur  A, Singla  R, Jaitak  V. Coumarins as anticancer agents: A  review on synthetic 

strategies, mechanism of action and SAR studies. Eur J Med Chem 2015;101:476‑95.

38. Klenkar  J, Molnar  M. Natural and synthetic coumarins as potential anticancer agents. 

J Chem Pharm Res 2015;7:1223‑38.

39. Kim JK, Kim JY, Kim HJ, Park KG, Harris RA, Cho WJ, et al. Scoparone exerts anti‑tumor 

activity against DU145 prostate cancer cells via inhibition of STAT3 activity. PLoS One 

2013;8:e80391.

40. Chuang JY, Huang YF, Lu HF, Ho HC, Yang JS, Li TM, et al. Coumarin induces cell cycle arrest 

and apoptosis in human cervical cancer HeLa cells through a mitochondria and caspase‑3 

dependent mechanism and NF‑kappaB down‑regulation. In Vivo 2007;21:1003‑9.

41. Pandey P, Khan F. Jab1 inhibition by methanolic extract of Moringa Oleifera leaves in cervical 

cancer cells: A potent targeted therapeutic approach. Nutr Cancer 2020:1‑9.

42. Carraz  M, Lavergne  C, Jullian  V, Wright  M, Gairin  JE, Gonzales de la Cruz  M, et  al. 

Antiproliferative activity and phenotypic modification induced by selected Peruvian medicinal 

plants on human hepatocellular carcinoma Hep3B cells. J Ethnopharmacol 2015;166:185‑99.

43. Ibrahim SR, Mohamed GA. Thiotagetin A, a new cytotoxic thiophene from Tagetes minuta. 

Nat Prod Res 2017;31:543‑7.

44. Jassbi AR, Firuzi O, Miri R, Salhei S, Zare S, Zare M, et al. Cytotoxic activity and chemical 

constituents of Anthemis mirheydari. Pharm Biol 2016;54:2044‑9.

45. Cerchiara T, Straface SV, Brunelli E, Tripepi S, Gallucci MC, Chidichimo G. Antiproliferative 

effect of linalool on RPMI 7932 human melanoma cell line: Ultrastructural studies. Nat Prod 

Commun 2015;10:547‑9.

46. Sun XB, Wang SM, Li T, Yang YQ. Anticancer activity of linalool terpenoid: Apoptosis induction 

and cell cycle arrest in prostate cancer cells. Trop J Pharm Res 2015;14:619‑25.

47. Qi F, Yan Q, Zheng Z, Liu J, Chen Y, Zhang G. Geraniol and geranyl acetate induce potent 

anticancer effects in colon cancer Colo‑205 cells by inducing apoptosis, DNA damage and 

cell cycle arrest. J BUON 2018;23:346‑52.

48. do Nascimento  KF, Moreira  FM, Alencar Santos  J, Kassuya  CA, Croda  JH, Cardoso  CA, 

et al. Antioxidant, anti‑inflammatory, antiproliferative and antimycobacterial activities of the 

essential oil of Psidium guineense Sw. and spathulenol. J Ethnopharmacol 2018;210:351‑8.

49. Kubo  I, Morimitsu Y. Cytotoxicity of green tea flavor compounds against two solid tumor 

cells. J Agric Food Chem 1995;43:1626‑8.

50. Costa EV, Menezes LR, Rocha SL, Baliza IR, Dias RB, Rocha CA, et al. Antitumor properties 

of the leaf essential oil of Zornia brasiliensis. Planta Med 2015;81:563‑7.

51. Wattenberg  LW. Inhibition of azoxymethane‑induced neoplasia of the large bowel by 

3‑hydroxy‑3,7,11‑trimethyl‑1,6,10‑dodecatriene (nerolidol). Carcinogenesis 1991;12:151‑2.

52. Fidyt  K, Fiedorowicz  A, Strządała L, Szumny  A. β‑caryophyllene and β‑caryophyllene 

oxide‑natural compounds of anticancer and analgesic properties. Cancer Med 2016;5:3007‑17.

53. Dahham SS, Tabana YM, Iqbal MA, Ahamed MB, Ezzat MO, Majid AS, et al. The anticancer, 

antioxidant and antimicrobial properties of the sesquiterpene β‑caryophyllene from the 

essential oil of Aquilaria crassna. Molecules 2015;20:11808‑29.

54. Legault  J, Pichette  A. Potentiating effect of beta‑caryophyllene on anticancer activity of 



ONELIO MORA‑CANDELARIO, et al.: Antiproliferative and Antimigratory Effect of T. lucida Extracts on Cervical Cancer Cell Lines

Pharmacognosy Magazine, Volume 17, Issue 76, October-December 2021 727

alpha‑humulene, isocaryophyllene and paclitaxel. J Pharm Pharmacol 2007;59:1643‑7.

55. Shahwar  D, Ullah  S, Khan  MA, Ahmad  N, Saeed  A, Ullah  S. Anticancer activity of 

Cinnamon tamala leaf constituents towards human ovarian cancer cells. Pak J Pharm Sci 

2015;28:969‑72.

56. Jun NJ, Mosaddik A, Moon JY, Jang KC, Lee DS, Ahn KS. Cytotoxic activity of β‑caryophyllene 

oxide isolated from Jeju Guava (Psidium cattleianum Sabine) leaf. Rec Nat Prod 2011;5:242‑6.

57. Li QQ, Lee RX, Liang H, Zhong Y. Anticancer activity of β‑Elemene and its synthetic analogs 

in human malignant brain tumor cells. Anticancer Res 2013;33:65‑76.

58. Chen  H, Yuan  J, Hao  J, Wen  Y, Lv  Y, Chen  L, et  al. α‑Humulene inhibits hepatocellular 

carcinoma cell proliferation and induces apoptosis through the inhibition of Akt signaling. 

Food Chem Toxicol 2019;134:110830.

59. Sakthivel  R, Malar  DS, Devi  KP. Phytol shows anti‑angiogenic activity and induces 

apoptosis in A549  cells by depolarizing the mitochondrial membrane potential. Biomed 

Pharmacother 2018;105:742‑52.

60. Loganathan R, Selvaduray KR, Nesaretnam K, Rradakrishnan AK. Differential and antagonistic 

effects of palm tocotrienols and other phytonutrients (carotenoids, squalene and coenzyme 

Q10) on breast cancer cells in vitro. J Oil Palm Res 2013;25:208‑15.

61. Kielbus  M, Skalicka‑Wozniak  K, Grabarska  A, Jeleniewicz  W, Dmoszynska‑Graniczka  M, 

Marston  A, et  al. 7‑substituted coumarins inhibit proliferation and migration of laryngeal 

cancer cells in vitro. Anticancer Res 2013;33:4347‑56.

62. Khan F, Pandey P, Mishra R, Arif M, Kumar A, Jafri A, et al. Elucidation of S‑allylcysteine role 

in inducing apoptosis by inhibiting PD‑L1 expression in human lung cancer cells. Anticancer 

Agents Med Chem 2021;21:532‑41.

63. Khan F, Pandey P, Ahmad V, Upadhyay TK. Moringa oleifera methanolic leaves extract induces 

apoptosis and G0/G1 cell cycle arrest via downregulation of hedgehog signaling pathway in 

human prostate PC‑3 cancer cells. J Food Biochem 2020;44:e13338.

64. Khan F, Pandey P, Upadhyay TK, Jafri A, Jha NK, Mishra R, et al. Anti‑cancerous effect of rutin 

against HPV‑C33A cervical cancer cells via G0/G1 cell cycle arrest and apoptotic induction. 

Endocr Metab Immune Disord Drug Targets 2020;20:409‑18.

65. Khan F, Singh VK, Mohd S, Mohd AK, Ansari IA. Carvacrol induced program cell death and 

cell cycle arrest in androgen‑independent human prostate cancer cells via Inhibition of Notch 

signaling. Curr Med Chem Anticancer Agents. 2019;19:1588‑608.


