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Abstract

Tithonia diversifolia, well-known as Mexican sunflower, is an invasiveub growing in tropical
areas of South America, Asia and Africa where itged as a traditional medicine, ornamental plant
and green biomass to improve soil fertility. Givére traditional uses in the treatment of skin
infections, we have first analysed the chemical position and the antimicrobial effects of the

essential oil hydrodistilled from inflorescencesTofdiversifolia. For the purpose the inhibition
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zones against a panel of pathogens were measurdte@gar diffusion method. In addition, we
evaluated the inhibitory effects on several NaMN/MNMdenylyltransferases, which are essential
enzymes for NAD biosynthesis in most bacterial pgéns, and also tested the inhibition on the
mammalian orthologue enzymes as a promising waydeatify novel natural antibiotics. To
complete the screening of biological effects, theoxidant capacity and antiproliferative effects o
human tumor cells were evaluated using the DPPHT@BFRAP, and MTT methods. Results
showed thafl. diversifolia essential oil was mostly active agaiSsphylococcus aureus with a
halo of 14 mm The essential oil selectively inhibited vitro the pure NAD biosynthetic enzyme
NadD fromS aureus (ICsp of ~60ug/mL), with basically none or only minor effects mrammalian
orthologue enzymes. Finally, the essential oil ldigpd significant cytotoxic effects on A375,
MDA-MB 231, HCT 116 and T98G tumor cells with dCvalues of 3.02, 3.79, 3.46 and 12.82
ug/mL, respectively, and noticeable radical scaveggictivity on DPPH and ABTS radicals, with

ICs0 values of 108.8 and 41ug/mL, respectively.

Keywords: Tithonia diversifolia, essential oil, antimicrobialS. aureus NadD, Mus musculus

NMNATS, cytotoxicity.

1. Introduction

The genusTithonia Desf. Ex Jussieu (Asteraceae, tribe Helianthezeg)ye to both Mexico and
Central America, includes eleven species (ChagataRa al., 2012). It is mainly represented by
shrubs or trees with aerial parts covered by gllEmdtrichomes and bearing solitary yellow
inflorescence heads (capitula). Currently, among skveral species within the genus that are
distributed and cultivated around the wofld diversifolia (Hemsl.) A. Gray is definitely the most
studied. The plant, also known as Mexican sunflpwearches heights of up to 3 m and is nowadays
distributed in tropical areas of South America,aand Africa (Chagas-Paula et al., 2012). The

plant flowers and produces seeds throughout the Begause of its stoutness and showy capitula,
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T. diversifolia is widely used as an ornamental plant. As it graesy quickly, it is frequently
invasive of agricultural and non-agricultural lardgeni et al., 1997), and potentially useful as a
green biomass to improve soil fertility (Jama et 2000). Also attempts to u3ediversifolia as a
daily supplement in poultry diet have been maddigeria (Ekeocha, 2012).

In tropical and sub-tropical regions, thanks toaibgindant availabilityT. diversifolia has become
commonly used in the traditional medicine by loedhnic groups (Heinrich, 2000). In the
American traditional medicine the juice obtaineohfrstems and leaves is used for the treatment of
abscesses (Jatem-Lasser et al., 1998), hematontsnascular cramps, whereas taken orally is
employed against malaria (Heinrich et al., 1998ptidue civilization such as Maya used the
powder obtained by crashing toasted leaves to traabus skin diseases (Heinrich, 2000). In
Africa, T. diversifolia is used orally or to make baths to treat micraigatal infections in sexual
organs (Kamatenesi-Mugisha et al., 2008). The iaofusf leaves, in addition to the treatment of
malaria, represents an antidote to snake bites ¢Dwad Kisangau, 2006, Njoroge and Bussman,
2006). In Asia, the leaf aqueous extract is talarttie treatment of diabetes (Miura et al., 2005;
Takahashi, 1998). The effectiveness of some taditiuses above reported was demonstrated by
rigorous scientific studies (Passoni et al., 2013).

Focusing on the secondary metabolites fiiordiversifolia, most reports highlight the sesquiterpene
lactones as the prominent group. These compourelsndeed chemotaxonomic markers of the
Asteraceae family (Ferreira et al., 2005). Among them, the alled tagitinins are the most
representatives im. diversifolia, with tagitinin C being the lead compound. Thesamacranolides
have been reported as responsible for the widdrspeof pharmacological activity attributed To
diversifolia, mainly encompassing anti-inflammatory/analgesi@wg@yele et al., 2004), and
antimalarial (Goffin et al., 2002) properties. Ttagns are bitter-tasting compounds, both inhilgtin
proliferation of human malignant glioblastoma cdlisao et al., 2011) and exerting allelopathic,
antifeedant, and insecticidal activity (Ambrésioakt 2008; Castafio-Quintana et al., 2013). Other

classes of secondary metabolites are given by paiterids, flavonoids, and chlorogenic acid
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derivatives. As far as the volatile fraction is cemed, only a few studies are available, reporting
the monoterpenes-pinene, f-pinene, limonene, and ($rocimene as the major essential oil
constituents of. diversifolia inflorescences (Lawal et al., 2013; Gbolade ¢t24l08; Menut et al.,
1992). Besides, to our knowledge, there is no teporthe biological activities of. diversifolia
essential oil.

Therefore, in the present work, we investigated itheitro biological effects ofT. diversifolia
essential oil, namely its antibacterial and antlaxit activity, and its cytotoxicity on human tumor
cells. For the purpose, spontaneous plants fromteffeshighlands of Cameroon, whefie
diversifolia is naturalised, were utilized. The different bmlmal activities were assessed by agar
disc-diffusion, DPPH, ABTS, FRAP, and MTT metho#srthermore, we evaluated the inhibitory
effects of the essential oil on nicotinate monoeattie adenylyltransferase (NadD, EC 2.7.7.18), a
key NAD biosynthetic enzyme shared by most badtpathogens (Sorci et al., 2009; Huang et al.,
2010; Rodionova et al., 2015), as well as on theetlorthologue isozymes of the mammalian host
that are known as nicotinamide mononucleotide agdrgnsferase (NMNAT, EC 2.7.7.1) (Sorci
et al., 2007; Orsomando et al., 2012; Mori et2014). All enzymes of this class, despite different
acronyms and EC classification that are somehowiifigs by enzyme-distinctive substrate
specificities, share common structure, catalyticclma@ism, and essentiality for cell/organism
survival (Magni et al., 2004; Zhai et al., 2009nKawicz et al., 2015). They thus represent very
promising druggable targets for developing novelgdrwith either antibiotic or antiproliferative
activity (Magni et al., 2009; Petrelli et al., 201The findings of this work may provide new
insights into the industrial uses of Mexican suwio as a renewable biomass to be exploited for

pharmaceutical applications.

2. Materials and Methods

2.1. Plant material
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Flowerheads (capitula) df. diversifolia were harvested in Dschang, West Province of Caomero
c/o Campus of Dschang University (N 05°26’18", EA407”, 1450 m a.s.l.), in March 2013. A
voucher specimen was authenticated by plant tax@tdvir. Nana and deposited at the National
Herbarium of Yaounde, Cameroamder the code 10196/HNC. Flowerheads were drie@at’C

in the shade for seven days before undergoing kyatiibation.

2.2. Hydrodistillation

Dry flowerheads (capitula) (350 g) were reducedo iramall pieces, then subjected to
hydrodistillation in a Clevenger-type apparatus4an using 6 L of deionized water. The essential
oil yield (0.04%) was determined on a dry-weighsibgw/w). Once obtained, the oil was dried
(N&SCQy), stored into an amber glass flask, and kept 8fG2before chemical analysis and
biological experiments.

2.3.Chemicals

The analytical standards-hexanal, n-nonaney-pinene, camphene, benzaldehy@ieyinene, 1-
octen-3-ol,p-cymene, limonene:-terpinene, terpinolene, linalodtans-thujone,trans-pinocarveol,
terpinen-4-olo-terpineol, myrtenol, verbenone,decanal, geraniol, geraniak)¢caryophylleneg-
humulene, E)-p-ionone, E)-nerolidol, caryophyllene oxider-hexadecanoic acid were purchased
from SigmaAldrich (I-Milan) and used for identifitan of some peaksEj-Phytol was previously
isolated fromOnosma echioides (Maggi et al., 2009). A mixture oh-alkanes (&Cazo) was
purchased from Supelco (Bellefonte, PA) and usectdlculate the temperature-programmed
retention indices of chromatographic peakslexane was purchased from Carlo Erba (I-Milan).
2.4. Chemical analysis of essential oil

Gas chromatographic separationTofdiversifolia of volatiles was achieved on an Agilent 6890N
gas chromatograph coupled to a 5973N mass sped@onteor the purpose a HP-5 MS (5%
phenylmethylpolysiloxane, 30 m, 0.25 mm i.d., Qrf film thickness; J & W Scientific, Folsom)
capillary column was used with the following termgtere programme: 5 min at 60°C, subsequently

4°C/min up to 220°C, then 11°C/min up to 280°C,dhfdr 15 min, for a total run of 65 min.

5
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Injector and detector temperatures were 280°C. ddreer gas was He, with a flow rate of 1
mL/min. The split ratio employed was 1:50. Acquasit of mass spectran(z 29-400) was in
electron-impact (ElI) mode with an ionization vokagf 70 eV. Before injection, the essential oil
was diluted 1:100 im-hexane, then 2 uL of the solution were injectetd BC-MS system. For
identification of essential oil components co-itjes with the above standards was used, together
with correspondence of retention indices and mpsste with respect to literature data (Adams,
2007; NIST 08, 2008; FFNSC2, 2012). Semi-quantificaof essential oil components was made
by peak area normalisation without calculating @§ponse factors.

2.5. Antibacterial activity

T. diversifolia essential oil was assayed by agar disc diffusiethod against a panel of bacterial
species includingStaphylococcus aureus ATCC 25923 (American Type Culture Collection,
Rockville, MD, USA), Escherichia coli ATCC 25922,Pseudomonas aeruginosa ATCC 27853,
Enterococcus faecalis ATCC 29212 following the Clinical and LaboratorytaBdards Institute
(CLSI) guidelines (CLSI, 2009). Strains were maimta overnight at 37 °C in blood agar plates
(Oxoid, Basingstoke, UK). Tested microorganism& (41 cells per mL in saline) were spread on
the media plates using a sterile cotton swab. Pdiges of 6 mm in diameter were placed on the
surface of inoculated plates and spotted with 1(ofithe essential oil. The plates were incubated
24 h at 35 £ 1 °C. The inhibition zones were meadwrith a calliper. A reading of more than 6
mm meant growth inhibition. The fluoroquinoloneraftoxacin (5ug disc) was used as a reference
antibiotic. a-Pinene, the most prevalent compound into the ésseail, was also added to the
series to test its activity in the pure form (1D per disc). The inhibition or% aureus was also
investigated by the microdilution method followirige international guidelines (CLSI, 2009).
Briefly, two-fold serial dilutions of mixture in Gan Adjusted Mueller Hinton Broth was set in 96-
well plates starting from 8 mg/l. An equal volunfettee microbial inoculum (10cfu/ml), obtained

by direct colony suspension of an overnight cultwas added to each well of the microtiter plate
containing 0.1 ml of the serially diluted test dMfter incubation for 1824 h at 35 °C, in normal

6
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atmosphere, the Minimum Inhibitory Concentration IQY1 was calculated as the lowest
concentration of the essential oil inhibiting thewth of the bacterium. All microbial tests were
done in triplicate.

2.6. Enzyme inhibition assay

Selected NaMN/NMN adenylyltransferase enzymes vwar@sen to represent either pathogenic
bacteria or their mammalian hosts. Pure recombih&auD from Staphylococcus aureus subsp
aureus N315 was a generous gift from Dr. Andrei Osternf@anford Burnham Prebys Medical
Discovery Institute, La Jolla, Ca, USA). The thidas musculus isozymes NMNAT1, NMNAT2,
and NMNAT3 were obtained after bacterial overexgi@s and purification as previously described
(Orsomando et al., 2012). Enzyme rates were meddyresing two equivalent spectrophotometric
coupled methods, namely a continuous assay baseeétention at 340 nm of the NADH formed
(Balducci et al., 1995), and a discontinuous asseed on detection at 620 nm of the phosphate
formed (Vitali et al., 2015). The reaction mixturés addition to the buffer, substrates, and
ancillary system reactants indicated in Fig. 1 hejecontained 1.5-4 mU/mL of eith& aureus
NadD or one of the three mammalian NMNAT isoforffise essential oil fronT. diversifolia was
previously diluted in DMSO and then added to thacten mixtures at 20-160 pg/mL final
concentration. Blank mixtures without the oil buthwequal amounts of DMSO were set in parallel
and their rates fixed as 100% activity. Each enzywae preincubated with the oil for 5 min at 37
°C, and then reactions were started by adding NMNnfammalian NMNATs or NaMN for
bacterial NadD. Measured rates were linear undeseticonditions for at least 20 min.

2.7. Antioxidant activity

The antioxidant activity of. diversifolia essential oil was measured by determining the dget
donating or radical scavenging ability, using ttebke radical DPPH. The assay was assessed on a
microplate analytical assay following a previoudBscribed protocol (Srinivasan et al., 2007).
Total radical scavenging capacity of the essenilabas measured by the ABTS assay modified as

by Re et al. (1999), for application to a 96-weicraplate assay. The ferric reducing antioxidant

7
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power (FRAP assay) was carried out according tgptbeedure described by Miiller et al. (2011),
by monitoring the reduction of Fetripyridyl triazine (TPTZ) to blue-coloured FeTPTZ. The
ability of T. diversifolia essential oil to scavenge the different radicalsli assays was compared to
Trolox used as positive control and expressed egptterol-equivalent antioxidant capacitsol
TE/g of product. Each experiment was repeatedast kree times.

2.8. MTT assay

A375 (human malignant melanoma cells) and MDA-MBA 22lls (human breast adenocarcinoma
cells) were cultured in Dulbecco’s Modified Eaglé/edium (DMEM) with 2 mM L-glutamine,
100 IU/mL penicillin, 100 pg/mL streptomycin, arslipplemented with 10% heat-inactivated fetal
bovine serum (HI-FBS). HCT116 cells (human colorciceoma cells), were cultured in RPMI1640
medium with 2 mM L-glutamine, 100 IU/mL penicillinl00 pg/mL streptomycin, and
supplemented with 10% HI-FBS. T98G cells (humanlgistoma multiforme cells) were cultured
in Eagle’s minimum essential medium (EMEM) with 2Mni-glutamine, 0.1 mM non-essential
amino acids, 1 mM sodium pyruvate, 100 IU/ml pdhici 100 pg/mL streptomycin, and
supplemented with 10% HI-FBS. Cells were culturedai humidified atmosphere at 37 °C in
presence of 5% COThe MTT assay was used as a relative measurellofiability. Cell-viability
assays were carried out as described (Quassirai.,eR013). Briefly, cells were seeded at the
density of 2 x 10 cells/mL. After 24 h, samples were exposed toeddfit concentrations of
essential oil (0.78-20Qg/mL). Cells were incubated for 72 h in a humidifiatmosphere of 5%
CQ; at 37 °C. Cisplatin was used as the positive ob(@.05-20 pg/mL). At the end of incubation,
each well received 10 pL of 3-(4,5-dimethyl-2-tlubi)-2,5-diphenyl-2H-tetrazoliumbromide
(MTT) (5 mg/ml in phosphate-buffered saline, PB8Jl éhe plates were incubated for 4 h at 37 °C.
The extent of MTT reduction was measured spectrmphetrically at 540 nm using a Titertek
Multiscan microElisa (Labsystems, FI-Helsinki). Eximents were conducted in triplicate.

Cytotoxicity is expressed as the concentrationashgound inhibiting cell growth by 50% (3€).



207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

The 1G5 values were determined with GraphPad Prism 4 coengwogram (GraphPad Software,

S. Diego, CA, USA).

3. Results and Discussion

3.1. Essential oil analysis

The composition of the essential oil distilled frélowerheads of. diversifolia is reported in Table

1. The chemical profile, obtained by GC-MS, wasyvamplex, with about 250 peaks detected. Of
these, 161 were identified, accounting for 87.3%haf total area. Eighteen volatile components
were present in relative percentages equal or ab%yevhile the remaining (143 components) was
present in low relative percentages (below 1%). dthevas mainly composed of monoterpenes
(46.9%) with hydrocarbons and oxygenated compoundsimilar amounts (24.7 and 22.2%,
respectively). Among thema;-pinene (13.7%), limonene (7.6%), arid-chrysanthenol (6.2%) were
the most representatives. Sesquiterpenes (23.4%)tive second group characterizing the essential
oil, with oxygenated compounds more abundant thafrdtarbons (14.1 and 9.3%, respectively).
Main representatives of these classes were spatiiuf@8.5%) andu-copaene (3.7%). Aliphatics
were a minor fraction of the oil (13.4%), with adiyeles (5.3%), saturated and unsaturated
hydrocarbons (3.5%), and fatty acids (3.1%) as rttost abundant groups. They were mainly
represented byr-pentadecanal (1.6%), 1-pentadecene (1.7%) rahdxadecanoic acid (3.0%),
respectively.

The composition herein reported showed some retaliffierences with respect to previous works.
In particular, the essential oil examined was pafofZ)-p-ocimene, which instead was reported as
one of the major volatile components of flowers (Meet al., 1992). On the other hand, the sample
examined by us showed significantly lower levelsigfinene with respect to samples from South
Africa and Cameroon previously analysed, where riflative percentages ranged from 61.0 to
72.8% (Lawal et al., 2012; Menut et al., 1992). ikgaelevant differences in composition were

found with respect to sample from Nigeria (Moror&kadt al., 2007), where the sequiterpenes
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germacrene D (20.3%p-caryophyllene (20.1%) and bicyclogermacrene (8.086Je the most
abundant constituents. Another substantial diffeeenith literature data was the higher number of
volatiles identified in this study (161 compoundshile a maximum of 57 constituents were
previously reported (Moronkola et al., 2007). Thsakes difficult to correlate the chemical
composition with the biological activities displaiyéy the oil. By the way, the differences in
composition might be explained by the differentgraphic origin, altitude, genetics and processing
(e.g. dry vs fresh samples undergoing distillatioithe examined sample.

3.2. Antimicrobial activity

Essential oil was mostly active agair&aphylococcus aureus (inhibition zone of 14 mm), but
showed a moderate to low activity also agathdiaecalis andE. coli (inhibition zones of 8 and 9
mm, respectively) (Table 2). Results from the nddrdgion test put in evidence a MIC value of 2
mg/ml onS aureus. As stated above, the high heterogeneity of theamnposition made it difficult

to point to few major components as responsiblthefobserved activity. As a matter of facts, we
tested the major componampinene. Almost 10 mg of pure compound were no¢ ablexert any
inhibitory effect. The relative amount afpinene into the essential oil (13.7%) might coooesd to

an absolute amount of 1.37 mg, given that aboun@®f essential oil was spotted onto the paper
disc in the diffusion test. Henaepinene was not a significantly active part of gesential oil.
According to previous reports (Aggarwal et al., 200an Vuuren and Viljoen, 2007), also the
relative amount of limonene (7.6%) could not hadele significantly to the observed activity.
Other minor components, such ashexadecanoic acid, may have contributed to sontenex
However, no other pure compound bypinene was tested in the present work.

3.3. Enzyme inhibition tests

The choice ofS aureus NadD GaNadD) as antibacterial target was suggested byribasured
inhibition of growth observed in disc diffusion t€$able 2).

Furthermore, we tested the functionally relatedyeres of the mammalian hoste. the three

NMNAT isoforms to assess the selectivity of the Bibr this purpose, we chose murine NMNAT
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isoforms, available and largely studied in our kabory, as representative of the mammalian hosts,
being highly related and conserved, both strudipied functionally, to the corresponding human
isozymes (Orsomando et al., 2012).

Overall these NaMN/NMN adenylyltransferases cagltywe same reaction but are distinguished for
their mononucleotide substrate preference. Indé&tjD strictly catalyzes the conversion of
nicotinate mononucleotide (NaMN) and ATP into dedmaNAD and pyrophosphate, while all
NMNAT isozymes can also use the amidated substiédél to form NAD directly. The three
NMNATs in mammals arise from three distinct genad are endowed with distinct oligomeric
structure, subcellular localization, and tissueritistion (Magni et al., 2004; Zhai et al., 2009;
Sorci et al.,, 2007). Their apparent redundancy ikely functional to keep appropriately
compartmented NAD levels within different organs]ldut also plays important roles at the
mammalian organism level. Anyway, both NadD and NMN are individually vital in the
corresponding organisms because essential forlaelNAD synthesis, as demonstrated by gene
deletion, targeted protein degradation, and knarkitown experiments (Sorci et al., 2013;
Rodionova et al., 2014; Gerdes et al., 2002; Caoinépial., 2011; Gilley et al., 2015). This provide

a valuable standpoint for therapies based on $etedtug targeting of the enzymes within this
class, for which no natural products inhibitors éadveen reported yet, and prompted us to
investigate on the biological effects of the ess¢oil from T. diversifolia.

The results of ouin vitro assays are shown in Fig. 1. Enzyme mixtures cantii80 ug/mL of
essential oil showed ~70% inhibition &—aureus—SaNadD and ~50% inhibition of murine
NMNAT2 compared to their blank controls, with ndostantial effect on the other two mammalian
isoforms (left panel).

This lack of inhibition in parallel assays of NMNATand NMNAT3 demonstrated that the enzyme
inhibition observed for NadD (and NMNAT?2) is notising from aspecific protein binding and
structural unfolding, as it could occur for an Higheterogeneous mixture of components, but is

triggered by selective inhibition.
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Furthermore, on both inhibited enzyme targets, seddependent inhibitory effect was evidenced
(right panel), yielding to a similar g value of 60-7Qug/mL. Of note, all data in Fig. 1 refer to
assays carried out at substrates concentrationajuste the correspondirig,, but very similar
results were also achieved using saturating coratéat of both substrates (not shown), thus
suggesting a likely non competitive inhibition manism exerted by some oil component(s) yet to
be identified. Among the list presented in Tablenbst abundant are bottipinene and limonene,
that were further tested individually against alkymes above under similar assay conditions. As a
result, no inhibition was observed with both commasi (not shown), despite being tested at 20
[lg/mL,i.e. a far higher concentration than predicted in thenoxture.

Two main conclusions could be drawn from these.dtat, unlike our previous report dnammi
(vitali et al., 2015), theTl. diversifolia essential oil contains potential inhibitors ofaVitNAD
biosynthetic enzymes, and peculiarly shows seligtiversus NadD, which is unique and
indispensable for cell survival in most bacteriathpgens. These molecules, once identified, will
then represent valuable novel antibacterials frabanal sources.

Second, such potential bioactive components—draggated in theT. diversifolia oil mixture
should be highly potent, having ruled out that Hwibacterial effect is attributable the most
abundanta-pinene and limonene components of the mixture. ésténate, based on the relative
abundance of single compounds (see Table 1), hleablbserved inhibition is due to essential oil
components present in the mixture at sub-nanonoaacentrations. However, it is important to
underline that the low correlation between the Mi&ue obtained ors aureus and SaNadD
inhibition is very likely due to a lack of cell paeability with this essential oil (Fernicola et,al.
2015) or, otherwise, to specific bacterial defemmchanisms. Thus, further studies are in progress
in our group to improve the bacterial inhibition thie oil by combination with a cell membrane
penetration enhancer.

From a pharmacological point of view, the obseryetallel targeting of NMNAT2 in the

mammalian host organism appears scarcely signtfidaging this isozyme—almeost-exelusively
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located in neuronal tissues almost exclusively, sumebly less relevant with respect to the most
abundant, ubiquitous, and catalytically efficienMNAT1. Mereover, On the other hand, the
identification of selective inhibitors—of toward NWAT2 could aid-the crystallization of this
enzyme;—being that represents the orly-human maiemmedoform still missing a 3D structure
definition.

3.4. Antioxidant activity

In the present study three antioxidant assays, Die€Hradical scavenging activity, ABTS radical
cation scavenging activity and ferric reducing exitiant power (FRAP) were applied to accurately
evaluate thantioxidant properties oF. diversifolia essential oil. The results, expressed as &@d

in absolute terms (i.eymol trolox equivalent (TE)/g), are reported in Tal8 T. diversifolia
essential oil showed significant antioxidant a¢yiviwith ICso values of only 30 times lower than
that of trolox used as control for DPPH (108@ml) and ABTS+ (41.7ug/ml). Different studies
have indicated that the antioxidant activity isoassted with electron donation capacity, reflecting
the reducing power, of bioactive constituen&d¢huraju et al., 2002; Arabshahi-Delouee and
Urooj, 2007)andthe results obtained in FRAP assay (Table 3) shew ia this case significative
antioxidant reducing potential for the diversifolia essential oil. In general in the plant essential
oils, monoterpene hydrocarbons and oxygenated ragreries are mainly responsible for the
antioxidant potential (Ruberto and Baratta, 2000gudl, 2010). According to our analysis,
monoterpene hydrocarbons (24.7%) and oxygenatedot@genes (22.2%) were the main
components of the mexican sunflower essentialrall they probably contribute significantly to the
antioxidant activity observed. Based on our presistudy (Fogang et al., 2012he presence in
high percentage of some constituesteh asa-pinene (13.7%) and limonene (7.6%), (Table 1)
may contribute to the total antioxidant activityserved. Also the free radical scavenging activity
of the essential oil may have resulted from theegyistic action of the complex mixture of minor
components detected. Our data suggest the possibiliusing the essential oil of mexican
sunflower as a natural preservative.
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3.5. Cytotoxic activity

The antiproliferative potential df. diversifolia essential oil was further determined using the MTT
assay against A375 human malignant melanoma ceé#, IMDA-MB 231 human breast
adenocarcinoma cell line, HCT116 human colon carom and T98G human glioblastoma
multiforme cell line. As indicated in Table 4, thssential oil demonstrated a promising result, with
cell inhibition observed at 72 h of incubation. Tiesults suggested thatdiversifolia essential oil
inhibits the proliferation of A375, MDA-MB 231, HOM6 and T98G cells in a dose-dependent
manner. Seventy-two-hour incubation of cells withdiversifolia essential oil resulted in an 4
values of 3.02, 3.79, and 3.46 pg/mL for A375, M- 231, and HCT116 cells, respectively.
These 1Go values are close to those reported for cisplatnanticancer chemotherapy drug which
was used as the positive control {JGvalues of 2.29 and 2.34 pg/mL on MDA-MB 231 and
HCT116, respectively). Essential oil resulted lasve on T98G cells with I£§g value of 12.82
pg/mL. However, this value provided by an essentdlis worthy of consideration since
glioblastoma is one of the most lethal and paréidulaggressive and invasive human brain tumors
in humans so that it is more resistant to mostuofent chemotherapy regimens (Karmakar et al.,
2006).

The observed cytotoxicity oF. diversifolia essential oil was not specific toward a cancelrlied.

In this first report of the cytotoxic activity ofF. diversifolia essential oil, a compound or few
compounds do not emerge from the composition oéresd oil that can be responsible for the
cytotoxic activity on human tumor cell lines. Cprevious study has demonstrated thgtinene
and limonene showed antiproliferative activity came cell lines above tested withs¢Gralues
ranging from 27.3 to 63.1 pg/mL and 18.4 to 124gdmL, respectively (Fogang et al., 2012). In
the same range of concentrationspinene exerts antiproliferative activity on MCHimammary
adenocarcinoma), MDA-MB-231 (mammary adenocarcinpm®MDA-MB-468 (mammary
adenocarcinoma), and UACC-257 (malignant melano(Bansal et al., 2007). Limonene also

induces apoptosis in LS174T colon cancer cellsiafgmphoma cell line (35 pg/mL, Kg) (Jia et
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al., 2013; Manuele et al., 2008), moreover it sh@anstumor activity on lung adenocarcinoma
A549 (0.098 pL/mL, IG) and hepatocarcinoma HepG2 (0.150 pL/mLsoJGManassero et al.,
2013). Spathulenol was reported weakly active amdmuepidermoid carcinoma (KB) and inactive
on human breast cancer (BC) and human small agdl t@ancer (NCIH187) cell lines (Prawat et al.
2013). To our knowledge, data reporting the cytmtoxactivity of cis-chrysanthenol,
epoxycyclooctane, and-copaene are missing. However, the concentratibrisnene (13.1%),
limonene (7.6%), and cis chrysanthenol (6.2%) carfuldy explain the cytotoxic activity off.
diversifolia essential oil, which means that the other minonpounds contributed to the activity of
the essential oil or a synergism between the comg®uncreases their specific antiproliferative
activity.

In the plant screening program of the National @arostitute (NCI) of the USA, a crude oil is
generally considered promising as cytotoxic agetite 1Gso value, following incubation between
48 and 72 h, is less than g@/mL (Boik 2001).T. diversifolia essential oil showed an excellent
inhibitory activity against the three human tumeH tines with 1Go values comparable to those of
the positive control, which in turn deserves furtlievestigation.Worthy of mention was the
antiproliferative activity showed on glioblastomdat is particularly resistant to many
chemotherapics. The major drawbacks of chemothefapytreatment of glioblastoma are the
incapability of many drugs to cross the blood-briaamrier. In this regard, the mexican sunflower
essential oil, being a mixture of many small lipghmolecules, may represent a potential

treatment of these invasive tumors.

4. Conclusions

T. diversiflora is a tropical shrub cultivated in many developoawuntries where igrows very
quickly so that it becomes invasive of agricultumatl non-agricultural lands. Thereforemay be
considered as a green biomass to be used as aatelresource of essential oil to be exploited on an

industrial level. Results of this work showed tBaaureus cell growth, as well as its essential NAD
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biosynthetic enzyme NadD, are both inhibitedToyliversifolia essential oil, and that these effects
are not attributable to at least twe-onre-of itsangjomponentsp-pinene and limonene. Further
studies are required to verify that tBeaureus growth suppression is due to an on-target actifity
theT. diversifolia essential oil mixture. Enzyme inhibition also agseto selectively target NadD
from this bacterial pathogen, at leaswitro, since none or minor effects were observed inlighra

assays with mammalian orthologue enzy

the-only-stillmissing-a-structural-definitiohe mexican sunflower essential oil revealed talbe

a potent cytotoxic agent on tumor cells, with atgicomparable in some cases to that of the

anticancer drug cisplatin—Aerthy—of mention—wase-thntiproliferative—activity—showed—on
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Figure 1. In vitro effect of Tithonia diversifolia essential oil on indispensable NaMN/NMN
adenylyltransferases from various sources. Data reported were from either the continuous (black bars and
squares) or the discontinuous (white bar and sgquares) assay described in M&M, carried out at 80 pug/ml essential
oil concentration (left panel) or variable oil concentration (right panel). The continuous assay of the three
individual murine NMNAT isoforms was carried out in 30 mM HEPES buffer, pH 7.5, 0.04 mM NMN, 0.08 mM
ATP, 125 mM MgClz, 1% (v/iv) DMSO, 75 mM ethanol, 30 mM semicarbazide, 12.5 U/ml yeast alcohol
dehydrogenase, and 0.5 mg/ml BSA. The discontinuous assay of S. aureus NadD was carried out in 100 mM
HEPES buffer, pH 7.5, 0.05 mM NaMN, 0.1 mM ATP, 10 mM MgCly, 1% (v/v) DMSO), 2 U/ml yeast inorganic
pyrophosphatase, and 0.1 mg/ml BSA. Each enzymatic assay was at least in duplicate, and the activity values were
reported as percentages relative to parallel blank controls.



Table 1. Chemical composition of the essential oil from flowerheads of Tithonia diversifolia.

N. Component? RI calcb RI lite % IDe
1 n-hexanal 801 801 0,2 Std
2 1,3-cyclopentadiene, 1,2,5,5-tetramethyl- 837 835 Trf RI,MS
3 (2E)-hexenal 850 846 Tr RI,MS
4 n-hexanol 866 863 Tr RI,MS
5 2-heptanone 892 892 0,1 RI,MS
6 4-heptenal 893 895 1,0 RI,MS
7 n-nonane 899 900 0,1 Std
8 n-heptanal 903 902 01 RI,MS
9 tricyclene 920 921 Tr RI,MS
10 a-thujene 925 924 01 RI,MS
11 a-pinene 932 932 13,7 Std
12 camphene 945 946 0,1 Std
13 thuja-2,4(10)-diene 951 953 03 RI,MS
14 (2E)-heptenal 957 947 Tr RI,MS
15 benzaldehyde 961 952 01 Std
16 sabinene 971 969 0,6 RI,MS
17 B-pinene 973 974 03 Std
18 1-octen-3-ol 980 974 0,1 Std
19 2,3-octanedione 986 985 Tr RI,MS
20 6-methyl-5-hepten-2-one 989 981 0,2 RI,MS
21 2-pentyl furan 991 984 2,3 RI,MS
22 m-cymene 1004 1002 0,2 RI,MS
23 a-terpinene 1017 1014 0,1 RI,MS
24 1,2 4-trimethyl benzene 1023 1021 Tr RI,MS
25 p-cymene 1026 1024 0,4 Std
26 limonene 1030 1024 7,6 Std
27 (2)-p-ocimene 1043 1032 03 RI,MS
28 benzene acetal dehyde 1048 1036 0,1 RI,MS

29 (E)-B-ocimene 1052 1044 0,2 RI,MS
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Table 2. Antimicrobial activity ofTithonia diversifolia essential oil by the diffusion disk method.
Each value represent the diameter of the inhibitone (millimeter) and is the average of three

determinations. When appropriate, standard deviasi@lso indicated (+ SD
S aureus E. faecalis E. coli P. aeruginosa

ATCC 29213 ATCC 29212 ATCC 25922 ATCC 27853

Essential oil 14.0+1.0 8.0+0.5 9.0+£0.5 8.0
a-pinene 6.0 6.02 6.02 6.02
Ciprofloxacin 21.7+15 20.3+0.6 30.3+0.6 29.3.2

2 no activity (no inhibition zone diameter)



Table 3.In-vitro radical-scavenging activities of the essentiafroiin Tithonia diversifolia.

DPPH ABTS FRAP
TEAC ICs0 TEAC ICso TEAC
umolTE/g pg/mi umolTE/g pg/ml umol TE/g
Essential ail 139.0 £10.5 108.8 +4.30  142.0 +8.20 41.7 +1.8 167.3 +11.5
Positive control
Trolox 3.78 £0.13 1.48 +0.2




Table 4.In vitro cytotoxic activity ofTithonia diversifolia essential oil.

Cell line (IGo pg/mLy

A375° MDA-MB 231° HCT116 T98CG
Essential oil 3.02 3.79 3.46 12.82
95% C.If 2.64-3.47 3.28-4.38 3.25-3.68 11.56-14.22
Positive control
Cisplatin 0.40 2.29 2.34 2.07
95% C.I. 0.33-0.46 2.04-2.78 2.14-2.59 1.86-2.23

2]Cso = The concentration of essential oil/compound #ifrds a 50% reduction in cell growth (after 7aftincubation)®
Human malignant melanoma cell lineHuman breast adenocarcinoma cell liflgduman colon carcinoma cell line.

®Human glioblastoma multiforme cell linéConfidence interval.
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