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Tagetes erecta, also known as African marigold has numerous medicinal values.
With the rising need to explore better antifungal, anticancer agents in therapeutics, we have
done this study to evaluate the antifungal and anticancer properties of Tagetes erecta petal
extract. Antifungal activity against was evaluated against Candida albicans, Aspergillus niger,
Aspergillus flavus, and Penicillium crysogenum fungal strains in disc diffusion method using
Amphotericin-B, fluconazole as positive controls. Breast cancer line (MCF-7) was used to study
the anticancer property of ethanolic petal extract using cytotoxicity assay, in which 5-fluorouracil
was used as control. Compared to standard antifungal agents, T.erectapetal extract displayed
good efficacy in increasing the diameter of zone of inhibition with disc diffusion method. In
cytotoxicity assay, IC50 value was observed to be at concentration of 125ug/ml. This study
demonstrated that the petal extract of Tagetes erecta could be a valuable lead, which has
the potential to be explored for its use against fungal infection, and breast carcinoma in the
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upcoming years by the scientific fraternity.
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Tagetes erecta, commonly known as
Mexican marigold or Aztec marigold, belongs
to the genus Tagetes, of Asteraceae family!.
Despite being native to America, it is often
called as African marigold. Various medicinal
uses of the different parts of this plant were
explored in scientific literature, and have found
place in alternative medicine. Alpha-tertheinyl
is an active substance found in the plant, which
causes a reduction in plant nematodes and inhibits
hatching of eggs of nematodes, hence acting as
a nematicidal agent’. Flowers, roots, stems, and
leaves of Tagetes erecta have thiophene and its
derivatives which had an increased potential as a

larvicidal agent against dengue vector®. Tagetes
erecta is used internally for joint pain, irregular
menstruation, abdominal pain, and dysentery,
as well as externally for ulcer, eczema, and
wound healing. Other potential medicinal uses
of Tagetes erecta are as central nervous system
stimulant, antidepressant, antioxidant, antipyretic,
antidiabetic, and hypolipidemic agent*. Non-
pharmacologically it is used as insecticidal,
nematicidal, larvicidal, as well as in industries for
dyeing textiles*.

The rising incidence of fungal infections
is areal global concern, which is often overlooked.
In India, the incidence of Candidemia is reported to
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be 6 per 1000 ICU admissions, and there are reports
of drug resistant fungi, including azole resistant
Aspergillus fumigatus, as well as newer unusual
fungal infections have emerged®. Many existing
antifungal agents are derived from natural sources.
Amphotericin-B and nystatin were separated from
Streptomyces species, as well as griseofulvin was
isolated from Penicillium griseofulvin. Several
naturally available compounds such as terpene
derivatives, alkaloids, peptides, flavans, saponins,
and sterols have shown to have the potential to
possess antifungal activity®. The last three decades
have seen many research initiatives published in
literature which explored the efficacy of medicinal
plants against fungal pathogens’. The extracts from
stem of Sandalwood and Arjuna bark which were
used in traditional medicine have displayed potent
antifungal activity against Candida albicans®.
Calendula species of plants which share
the same family as 7. erecta have been evaluated
for their antifungal activity. The essential oil
from the flowers of Calendula officinalis had
displayed significant antifungal activity against
various Candida strains including C.albicans
in agar disc diffusion method’. The methanolic
extracts from aerial parts of Calendula species
were observed to have good antifungal activity
against dermatophytes. Caffeic acid and quercetin
derivatives were the important constituents
enriching these plants'®. Because of its vast
availability and medicinal values, we decided to
study the antifungal activity of Tagetes erecta
petal extract against common pathogenic fungal
strains such as Candida albicans, Aspergillus niger,
Aspergillus flavus, and Penicillium chrysogenum.
The cancer burden is increasing
tremendously in the recent years, according to
the Indian cancer registry it was estimated to
be 1.4 million cases in 2015, if untreated might
even rise up to 1.84 million by 2020. Cancers of
lung, stomach, and prostate, as well as among
women cancers of breast, cervix, and uterus,
are the common cancer conditions prevalent
in South India". Plants have provided and will
provide potential bioactive compounds for the
development of new ‘leads’ to combat cancer
diseases. In cancer therapy, novel plant extracts
or bioactive compounds had contributed vastly
for disease prevention and treatment, regardless
of overshadowing by current drug discovery

methods like combinatorial chemistry. Vincristine,
camptothecin, vinblastine, and taxol were proven
plant derivatives reported for their antitumor
activity in the treatment of cancers. Many plants
like Allium sativum, and Aloe-vera have anticancer
phytochemicals as their constituents which can
be used for breast carcinoma, and expressed anti-
angiogenesis potential respectively'?. Curcuma
longa has potent anticancer activity against
various cancers such as colon, cervical, uterine,
ovarian, head and neck, as well as skin cancer'.
Plants like Nardostachys jatamansi have been
studied for treatment in breast carcinoma'.
The ethanol extract of Tagetes erecta contains
syringic acid, quercetin, 6-hydroxykaempferol,
protocatechuic acid, and quercetagetin. Among
them compounds quercetin, protocatechuic acid,
and quercetagetin are flavonoids. Compounds
quercetin, and 6-hydroxykaempferol showed
significant anticancer activity against A549 (Lung
carcinoma) and HepG2 cells (Hepatocellular
carcinoma). Compounds protocatechuic acid, and
quercetagetin were effective against A549 cells®.
Based on these available information we conducted
a study to assess the anticancer property of Tagetes
erecta petal extract in breast carcinoma cell lines
which can provide worthy information in the novel
anticancer drug development.

MATERIALS AND METHODS

Tagetes erecta plant was collected and
authenticated. The petals of the plant were washed
with tap water followed by distilled water, and
dried for seven days prior to the study. The dried
petals were crushed into powder with mortar and
pestle. The powder was loaded into the Soxhlet
apparatus, and processed with ethanol for 16
hours'S. After the procedure, the ethanolic extract
was processed with rotavapor. The dried ethanolic
extract obtained was stored in refrigeration until
further use.

The pure powders of drugs fluconazole,
and amphotericin-B were purchased from Bioderma
solutions, Gujarat, and Bharat serum, Maharashtra
respectively. The pathogens C.Albicans, A.Niger,
A.Flavus, P. Crysogenum were obtained, and
maintained in Sabouraud Dextrose Agar (SDA)
medium. MCF-7 cell lines were obtained from
National Centre for Cell Science (NCCS),Pune.
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3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl
tetrazolium bromide was purchased from Sigma-
Aldrich, India.
Ethanolic extract, dilution, and preparation of
impregnated disc

Plant extract was diluted with Dimethyl
Sulfoxide (DMSO) in serial two fold dilution
across 96 well plate. The concentration was then
further diluted to 16 fold in water correspondingly.
Twenty microliter from each of the well was then
used to impregnate a blank sterilized disc. The final
concentration used for the test was 1mg/disc. The
impregnated discs were dried at 37°C in incubator
for 18 to 24 hours, and used immediately for
sensitivity.
Agar disc diffusion method

Antifungal activity of the extract was
determined by disc diffusion method on SDA
medium.SDA medium is poured into the Petri plate.
After the medium was solidified, the inoculums
were spread on the solid plates with sterile swab
moistened with the fungal suspension. Four
fungal strains Candidaalbicans, Aspergillusniger,
Aspergillus flavus, and Penicillium chrysogenum
were used. Amphotericin-B, and fluconazole were
included as positive controls. Samples, and positive
control of 20 ul each were added in sterile discs and
placed in SDA plates. The plates were incubated
at 37°C for 24 hrs. Then antifungal activity was
determined by measuring the diameter of zone of
inhibition.
Cell Culture

The Michigan Cancer Foundation-7
(MCF7) cells were maintained in Dulbecco’s
Modified Eagle’s medium(DMEM) supplemented
with 10% Fetal Bovine Serum (10%FBS),
Penicillin (100 U/ml), and Streptomycin (100pg/
ml) in a humidified atmosphere of 50ug/ml CO, at
37°C.
Cytotoxicity Assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay for
determining the cytotoxicity of the two drugs were
performed according to the method explained
by Mossmann'’. Briefly, cells (1 x 10%well)
were plated in 24-well plates, and incubated at
37°C with 5% CO, atmosphere. Upon reaching
confluence the cells were washed in PBS and the
medium was changed. Marigold ethanolic extract
and 5-Flurouracil were diluted serially. Increasing
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concentrations of both the drugs obtained through
serial dilution were added to the different wells,
and marked respectively. One of the wells was
treated only with diluent which served as negative
control. Both cell control and drug control
were included in each assay. The culture plates
were incubated for 24 hrs at 37°C with 5% CO,
atmosphere. After incubation, the medium was
removed from all the wells, and the cells were
washed with phosphate-buffered saline (pH 7.4).
100pl/well (5mg/ml) of 0.5% 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyltetrazolium bromide
was added to each well and the cell plate was
incubated for 4 hours. After incubation, 1ml of
DMSO was added in all the wells. This helped
in dissolving the insoluble crystalline formazan
product for effective absorbance measurement.
The absorbance at 570 nm was measured with
UV-visible Spectrophotometer using DMSO as the
blank, and the results were tabulated.
Statistical analysis

The observed results were interpreted
based on comparing the zone of inhibition (in
mm) values for petal extract and standard drugs
for antifungal activity. The anticancer activity
was assessed by graphically presenting the
concentration of petal extract or standard drug at
X-axis and percentage cell viability at Y-axis to
calculate half-maximal inhibitory concentration
(IC50) value. No specific statistical tests were used
for analyzing the observed values.

RESULTS

The Zone of Inhibition (ZI) of extract and
standard drugs against four common pathogenic
fungal species are shown in Table 1 and figure
1.The Zone of Inhibition (ZOI) was observed
at three different concentrations of 1000pg/ml,
750pg/ml and 500ug/ml for the extract and at Img/
ml for the two standard drugs, Amphotericin B
and Fluconazole. The ZOI values which represent
antifungal activity were higher for petal extract at all
three concentrations compared to amphotericin B,
fluconazole against Candida albicans, Aspergillus

flavus, and Penicillium chrysogenum fungi strains.

The ZOI value against Aspergillus niger was better
than standard drugs (18mm Vs 14mm) only at the
concentration of 1000pg/ml.

The Optical density (O.D) or absorbance
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was determined using ultra violet spectrophotometer
for both test (Marigold ethanolic extract) [Table 2,
Figure 2] and standard drug (5-fluorouracil) [Table
3, Figure 3] at serial dilutions of 1:1 to 1:64. Based
on the optical density the percentage cell viability
was calculated. Based on the observed values were
plotted in graph and IC50 was determined. IC50
for the T erecta ethanolic extract was found to be
125pg/ml and for the standard drug it was around
15.6ug/ml.

DISCUSSION

The therapeutic effects of Tagetes erecta
(petals) were extensively studied in literature.

Zone of Inhibition in agar disc diffusion method
Fungal strains used: /. Candida albicans, 2. Aspergillus niger,
3. Aspergillus flavus, and 4. Penicillium chrysogenum

Fig. 1. Evaluation of anti-fungal property of Tagetes
erecta
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Indeed, it is reported to have broad pharmacological
spectrum possessing anti-bacterial, anti-oxidant,
hepato-protective, wound healing activity, and
analgesic properties'®. Flowers of many plants were
observed to have antifungal activity like,Cassia
fistula L. flower against Candida, Aspergillus, and
grass of Spinifex littoreusplant against Candida,
Aspergillus, as well as Pencillium species'%°. Since
the incidence of adverse effects to antifungal drugs
is found to be rising, it brings the need for exploring
newer agents to target the fungal infections?'. In
addition, there is a rising concern over resistance
to multiple antifungal agents worldwide; it is
of great importance to find effective treatment
to overcome the same. Increased resistance is
observed against Azole antifungals among Candida
Albicans, and Non Candida Albicans species .
Resistance in Aspergillus species against Azoles
have been reported®. The search for novel and
effective substances from traditional medicine
can benefit the future generations to effectively
manage fungal infections. Mechanisms behind
potential substances from traditional medicines
can be explained by the presence of terpene /
terpenoid compounds which have expressed
principal effects on fungal cell wall, cell growth,
fungal mitochondria, as well as inhibition on
biofilm development®. Hence we conducted this
study to explore the potential of extract from
petals of Tagetes erecta as an antifungal agent
against the most common pathogenic fungi such
as Candida albicans, Aspergillus niger, Aspergillus
flavus, and Penicillium chrysogenum.Highest
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Fig. 2. MTT assay and cell viability with petal extract of Tagetes erecta in MCF-7 cell line
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Fig. 3. MTT assay and cell viability with 5-Fluroura cilusing MCF-7 cell line

Table 1. Comparing antifungal activity of ethanolic extract with amphotericin-B and fluconazole as controls

Fungal strains Tagetes erecta petal extract Amphotericin-B  Fluconazole
1000 pg/ml ZOI 750 pg/ml ZOI 500 pg/ml ZOI 1 mg/ml 1 mg/ml
(mm) (mm) (mm)
Candida albicans 15 12 11 9 7
Aspergillus niger 18 14 14 14 14
Aspergillus flavus 21 21 20 12 12
Penicillium chrysogenum 18 18 18 9 10

ZOI-Zone of Inhibition measured in millimeter, and graded concentrations of plant petal extract were compared with two
standard antifungal drugs

Table 2. MTT assay and resultant cell viability with ethanolic extract
of Tagetes erecta petals

S. Concentration Dilutions Absorbance  Cell viability
no (ng/ml) (0.D) (%)
1 1000 neat 0.261 26.71
2 500 1:1 0.338 34.59
3 250 1:2 0.418 42.78
4 125 1:4 0.495 50.66
5 62.5 1:8 0.570 58.34
6 31.2 1:16 0.650 66.53
7 15.6 1:32 0.730 74.71
8 7.8 1:64 0.810 82.90
9 Control - 0.977 100

0.D-Optical Density, %-percentage, Percentage cell viability of graded
concentrations of plant petal extract
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zone of inhibition which represents the antifungal
activity was observed against Aspergillus flavus
for Tagetes erecta extract followed by Penicillium
chrysogenum and Aspergillus niger. Diamater of
zonal inhibition was relatively less against Candida
albicans. Compared to the two drug controls the
ZOI diameter was better with the petal extract
against all the four strains.

Antifungal activity of the extract was
assessed by comparing the diameter of ZOI in agar
diffusion method. Amphotericin B, a fungicidal
agent and fluconazole, an azole antifungal which
is primarily fungistatic were used as controls. The
diffusion method was selected as initial screening
tool because it is simple and economical. The
possible mechanism of antifungal activity has to
be explored further, as well as measuring minimum
inhibitory concentration (MIC), minimum
fungicidal concentration (MFC) of the extract by
serial dilution method would take this compound
further as a lead compound?®.

Plants from asteraceae family were found
to possess fungicidal activity against pathogenic
fungi of humans as well as plants. The possible
mechanism of action of Tagetes erecta extract
as botanical fungicide against Fusarium was
explained to be due to inhibition of fungal cell
wall synthesis®®. Tagetes patula, a plant closely
related to 7. erecta was found to be active against
pathogenic fungi including candida, aspergillus,
and trichophyton. Significant antifungal activity
was appreciated by using disc diffusion method

VEDAM et al., Biomed. & Pharmacol. J, Vol. 12(2), 815-823 (2019)

with patula flower extract, and petroleum ether
extract from aerial parts as well as roots?’.
Medicinal plants play a vital role in
anticancer drug development. Many plants
like Allium sativum, Ginkgo biloba, Withania
somnifera, Zingiber officinale with their active
ingredients have potent anticancer activity against
lymphomas, breast, ovarian, lung, liver, stomach,
prostate and testicular cancers®. Flowers of plants
in specific are explored to have cytotoxic effect
against cancers including hepatic carcinoma.
Extract from Bauhinia tomentosa flowers were
observed to express anticancer effect against
HePG2 Cell lines using MTT assay®. Leaves
of the species Ageratum conyzoides L. which
belongs to the same family as Tagetes erecta
(Asteraceae) were found to have anticancer activity
against human breast carcinoma cell line (MDA-
MB-231), human prostate carcinoma cell line
(DU-145), and human hepatic carcinoma cell line
(BEL-7402)*. MTT assay using MCF-7 cell line
for breast carcinoma suggested cytotoxic activity
Marrubium persicum extract’'. Hence, natural
products can serve as successful leads in novel
anticancer drug discovery. Active ingredients like
polyphenolic compounds including flavonoids,
tannins, curcumin, are responsible for the potent
anticancer activity in plants which alter the
regulation of signal transducer, transcription
proteins, and also inhibit NF-KB, needed for
cancer cells survival and angiogenesis®’. Rising
concerns over occurrence of drug resistant cancers

Table 3. MTT assay and resultant cell viability with positive control
5-Fluorouracil

S. Concentration  Dilutions Absorbance  Cell viability
no (pg/ml) (0.D) (%)
1 1000 Neat 0.089 959
2 500 1:1 0.155 16.70
3 250 1:2 0.219 23.59
4 125 1:4 0.285 30.71
5 62.5 1:8 0.352 37.93
6 31.2 1:16 0.414 44.61
7 15.6 1:32 0.481 51.83
8 7.8 1:64 0.544 58.62
9 Cell control - 0.928 100

O.D - Optical Density, % - percentage, Percentage cell viability of graded
concentrations of positive control 5-Fluorouracil
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and safety concerns with the available anticancer
medications are emphasizing the need to explore
safer and more effective novel anticancer drugs®.
In the present study MCF-7 cell line for breast
carcinoma was used, which represents one of the
common cancers in India, and all over the world.
The present study revealed good anticancer activity
of Terecta petal extract using MTT assay in MCF-7
cell line for breast carcinoma which was compared
with standard drug 5-Fluorouracil.

MTT assay is a widely used colorimetric
assay in screening of compounds with cytotoxic
potential, since it is easy, rapid, economical,
and reliable as early screening tool. Ability of
the NADPH dependent oxido-reductase enzyme
present in the viable cells to convert tetrazolium
to colored formazan product forms the basis of this
assay. This reducing enzyme is majorly present in
mitochondria and also seen in cytosol, lysosome,
and plasma membrane**. But the assay has its
own limitations, such as interference with other
compounds, and it measures only the metabolic
activity of the cell not the actual number of viable
cells®.

The standard drug, 5-Fluorouracil is an
antimetabolite anticancer drug commonly used
in the treatment of solid cancers. The drug acts
by inhibiting thymidylate synthase causing DNA
and RNA damage, hence resulting in cell death
3¢, The possible mechanism of 5-FU in causing
mitochondrial apoptosis and dysfunction has also
been discussed in scientific literature®”*. 5-FU is
widely used as standard drug in in-vitro studies
using MCF7 cell line, and it is preferred over
capecitabine because of its more potent action®.

The bioactive constituents of 7. erecta
flowers were found to be flavanoids such as
quercetin, quercetagetin, and 6-hydroxykaempferol.
These compounds were demonstrated to have
growth inhibitory and cytotoxicity action against
human liver cancer cell lines (HepG2) and lung
cancer cell lines (A549)*. The related flower T.
patula (French marigold) has displayed significant
cytotoxic, growth inhibitory and free radical
scavenging properties with major contribution
from the components such as patuletin, patulitrin.
The anticancer properties were demonstrated using
HeLa cell lines*".

CONCLUSION

Our study has indicated the potential of
Tagetes erecta petal extract to be a lead compound
to be further evaluated in the management of fungal
infections and breast cancer. We have assessed
simple screening methods to get an initial idea
about the flower extract’s activity. Further in-vitro
assays are required to confirm this observation,
and take it forward to do in-vivo animal studies to
verify its’ possible practical use. Active chemical
constituents of the plant possessing antifungal and
anticancer properties have to be further explored.
Undertaking cell cycle analysis can be helpful to
identify the distinct anticancer mechanism of action
of Tagetes erecta.
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