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Dendranthema grandiflorum, a hybrid ornamental plant, is a source of
larvicidal compounds against Aedes aegypti larvae
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In hybrid cultivated form, Dendranthema grandiflorum (Ramat.) Kitam., Asteraceae, flowers (Chrysan-
themum morifolium Ramat.) were utilized in the production of extracts, which were analyzed for larvicidal
activity against Aedes aegypti third instar larvae. Methanol and dichloromethane extracts showed LCsq
values of 5.02 and 5.93 ppm, respectively. Using GC-MS, phytochemical analyses of the dichloromethane
extract showed the presence of triterpenoids and fatty acids, while flavonoids and caffeoylquinic acids
were shown to occur in the methanol extract by ESI Fourier Transform Ion Cyclotron Resonance Mass
Spectrometry (ESI-FT-ICR-MS). Triterpenoids and fatty acids are well known insecticidal compounds.
From this study, it can be concluded that D. grandiflorum grown for floriculture, as an agribusiness, can
have additional applications as raw material for the production of insecticidal products.

Fatty acids

Larvicidal activity © 2016 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. All rights reserved.
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Introduction Dengue is a major public health problem in Brazil. The trans-

Known for over 2000 years, the chrysanthemum is an ornamen-
tal plant native to China. It belongs to the genus Dendranthema,
Asteraceae, and numerous cultivars have been produced (Kim et al.,
2015). The cut chrysanthemum is one of the most commercially
successful flowers by the diversity of its inflorescence (Brackmann
et al., 2005). Floriculture is a representative activity in Brazilian
agribusiness and, as such, it has made an outstanding economic
and technological contribution. In particular, the chrysanthe-
mum culture (Dendranthema grandiflorum (Ramat.) Kitam.) has
great importance in Brazilian floriculture, and its cultivation has
increased throughout the country (Polanczyk et al., 2008). Climate
is an important factor that favors the expansion of floriculture, as
an agribusiness, in Brazil. Specifically, it allows for the cultivation of
temperate and tropical flowers with low cost and high production
all year long (Da Silva Junior et al., 2011).
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mission of the dengue virus to humans occurs through the bite of
the mosquito Aedes aegypti. The disease can be temporarily dis-
abling, but in its hemorrhagic form, it can result in death. Although
public policies exist for mosquito control, resistance to conven-
tional insecticides is concerning to health authorities (Liu, 2015).
Therefore, this paper describes a natural product, extracts of D.
grandiflorum, which are obtained from the cultivar “yellow sheena”,
as a source of compounds with larvicidal activity against A. aegypti
third instar larvae. The studied plant is organically cultivated in the
State of Rio de Janeiro, Nova Friburgo City. In view of its larvicidal
potential, the cut flower should also support the establishment of
floriculture as an important agribusiness in Brazil.

Materials and methods
Plant material

Dendranthema grandiflorum (Ramat.) Kitam., Asteraceae, yel-
low sheena, a hybrid under organic cultivation, was obtained from
farmers in Nova Friburgo, State of Rio de Janeiro, in September 2013
and botanically identified by Dr. Mariana Machado Saavedra from
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the Rio de Janeiro Botanical Garden (voucher specimen deposited
at the herbarium Prof. Jorge Pedro Pereira Carauta under number
HUNI 3531).

Preparation of extracts

The flowers were dried in an oven at 50°C for 7 days (223 g).
After that, they were submitted to methanol extraction over a
period of 15 days. The extract was filtered and the solvent removed
by rotative evaporation under vacuum to obtain the first product, a
dry MeOH extract (80 g). Seventy grams were suspended in water,
and after solvent removal, the suspension was partitioned with
dichloromethane to yield the second product, a dry CH,Cl, extract
(29¢).

Phytochemical analysis

Electron Impact lonization/Mass Spectrometry (EI/MS) was
obtained using a Shimadzu QP5050 GC-MS on a DB-5 column
(30m x 0.25mm and film thickness of 0.25 pum, J&W Scientific)
with an ionizing energy of 70 eV. Programming of the oven temper-
ature started at 80 °C, which was maintained for 2 min. Then, the
temperature was raised to 260°C at a rate of 15°C/min and again
increased to 320°C at 5°C/min. An isotherm during 10 min was
performed at this final temperature. The temperatures of injector
and ion source were kept at 250 °C and 280 °C, respectively. Helium
was used as the carrier gas with a constant flow of 1.1 ml min~!.
One microliter of the sample was injected with a split ratio of 70:1.
Mass spectra of extract compounds were compared with the NIST
Mass Spectral Database (MS Search 2.0) and with literature data
(Assimoupoulou and Papageorgiou, 2005).

The methanolic extract of D. grandiflorum was analyzed in a
mass spectrometer (Model 9.4 T Solarix, Bruker Daltonics, Bre-
men, Germany), which was set to operate in negative ion mode,
ESI(-), over a mass range of m/z 200-1300. The parameters of the
ESI(-) source were as follows: nebulizer gas pressure of 0.5-1.0 bar,
capillary voltage of 3-3.5kV, and transfer capillary temperature of
250°C. The mass spectrum was processed using the Compass Data
Analysis software package (Bruker Daltonics, Bremen, Germany).
A resolving power, m/ Amsgg = 500,000, in which Amsgy is the full
peak width at half-maximum peak height of m/z=400 and a mass
accuracy of <1 ppm, provided the unambiguous molecular formula
assignments for singly charged molecular ions. Elemental compo-
sitions of the compounds were determined by measuring the m/z
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values. The unsaturation level of each molecule could be deduced
directly from its double bond equivalent (DBE), following the equa-
tion DBE=c—h/2+n/2+1, where c, h, and n are the numbers of
carbon, hydrogen, and nitrogen atoms, respectively (Ferreira et al.,
2014; Costa et al., 2014; De Sa et al., 2015; Nascimento et al., 2015).
Molecular formula, measured m/z values, DBE, and mass error are
shown in Table 1. Tandem mass spectrometry (MS?) experiments
were also performed on a quadrupole analyzer coupled to the
FT-ICR mass spectrometer, and quadrupole Fourier transform ion
cyclotron resonance mass spectrometry (Q-FT-ICR MS) was per-
formed for ions of m/z 353, 431, 447, 449 and 515. The fragments
produced (m/z values) from ESI(-)-MS/MS spectra are shown in
Table 3.

Larvicidal activity

A. aegypti larvae that originated from the NPPN strain were
reared in the laboratory under controlled photoperiod (12 h light
and 12 h dark) at 27°C and 804 10% rel. humidity in trays filled
with dechlorinated tap water and canine food.

Larvicidal activity was conducted following the method adapted
from WHO (1970). For each treatment and control, five larvae of
third stage instars, or early fourth stage instars, were transferred
into 20 ml glasses in 14.9 ml of distilled water. The solutions of
crude extracts, or fractions, were prepared in ethanol and added
(0.1 ml) to the treatment glasses with a pipette to give the final
assay concentrations. Controls received aqueous solution with
0.1 ml of ethanol only. After 24 h, the number of dead larvae in each
glass was counted. All treatments were replicated three times. The
50% lethal concentration (LCsq) was calculated with a 95% confi-
dence limit by Probit analysis.

Results and discussion
Phytochemical analysis

As shown in Fig. 1, methanol extract of D. grandiflorum by
ESI(-)FT-ICR MS yielded 11 compounds identified as fatty acids,
phenylpropanoids and flavonoids (Table 1). All compounds were
detected as deprotonated molecules, ie., adduct ion, as repre-
sented by [M—H]~ ion, formed by the interaction of a molecule
with a proton, or hydrogen (Table 1). Among fatty acids, palmitic
acid, m/z 255.2330, was the major compound found in the
crude extract. Phenylpropanoids, such as monocaffeoylquinic acids,
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Fig. 1. ESI(-)FT-ICR mass spectrum of MeOH extract of Dendranthema grandiflorum flowers.
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Table 1
Fatty acids, flavonoids and caffeic acid derivatives of methanol extract of Dendranthema grandiflorum, as identified from ESI(-)-FT-ICR MS.
Identification Tt Identified compounds [M—H]~ Fragments MS/MS DBE Error (ppm)
1 255.2330 Palmitic acid Ci6H3102 - 1 0.05
2 269.0456 Apigenin Cy5HgO5 - 11 0.26
3 279.2330 Linoleic acid CygH3102 - 3 0.32
4 285.0406 Luteolin Cy5H9 06 - 11 0.31
5 293.2123 Linolenic acid methyl ester CigH2903 - 4 0.30
6 295.2280 Linoleic acid methyl ester C1gH3103 - 3 0.45
7 353.0881 Monocaffeoylquinic acid Ci16H1709 191 8 0.77
8 431.0987 Apigenin 7-0O-glucoside C21H19010 269 12 0.65
9 447.0937 Luteolin 7-O-glucoside Cy1H19011 285 12 0.90
10 449.1094 Eriodictyol 7-O-glucoside C21H19011 431, 413,387,311, and 287 11 1.01
11 515.1201 Dicaffeoylquinic acid Cy5H3015 353 14 1.18
Table 2

Composition of fatty acids, steroids and triterpenoids in the dichloromethane partition of Dendranthema grandiflorum.

Retention time - RT (min) Major fragments from MS data

Identified compounds Relative concentration (%)

12.95 270 (M*), 227, 143, 99, 87, 74 (100%), 55 Methyl palmitate 2.98
13.20 256 (M*), 213, 185,171, 157, 143,129, 115, 83, 73, 57 (100%) Palmitic acid 3.97
13.40 284 (M"), 256, 241, 227, 213, 157, 101, 88 (100%), 83, 73, 55 Ethyl palmitate 0.23
14.15 294 (M"), 263, 95, 81, 67 (100%), 55 Linoleic acid methyl ester 0.15
14.20 292 (M"), 264, 149, 135, 122, 108, 93, 79 (100%), 67, 55 Linolenic acid methyl ester 0.17
1436 298 (M*), 255, 199, 143, 87, 74 (100%), 55 Methyl stearate 0.12
Total relative concentration of fatty acids 8.42
32.75 412 (M*), 55 (100%) Stigmasterol 3.68
33.79 414 (M*), 55 (100%) Sitosterol 13.47
34.45 426 (M*), 218 (100%), 203 (49%), 189 B-Amyrin 13.53
35.20 426 (M*), 218 (100%), 203 (18%), 189 a-Amyrin 22.03
35.79 468 (M*), 218 (100%), 207 (61%), 203 (40%), 189 (20%) B-Amyrin acetate 1.68
36.50 468 (M*), 218 (100%), 207 (67%), 203 (21%), 189 (40%) a-Amyrin acetate 478
36.68 426 (M*), 207,189 (100%), 175, 147, 135, 121, 109, 95, 81, 68, 55 Lupeol 5.06
Total relative concentration of triterpenoids and steroids 64.23%

m/z 353.0878, and dicaffeoylquinic acids, m/z 515.1201, were
detected as minor compounds. Among the flavonoids identified,
apigenin 7-0-glucoside, m/z 431.0987, eriodictyol 7-O-glucoside,
m/z 449.1093, and luteolin 7-0O-glucoside, m/z 447.0933, were the
main compounds of the MeOH extract. Purification and NMR iden-
tification of the flavonoids were described by Spindola (2015), and
all the compounds were described to occur in D. grandiflorum (Lin
and Harnly, 2010; Uehara et al., 2012). Table 1 shows the identified
compounds for fatty and caffeic acids, as well as flavonoids of D.
grandiflorum methanol extract, as identified from ESI(-)-FT-ICR MS
data.

GC-MS analyses of CH;Cl; extract shows abundant peaks in two
different regions in the chromatogram: (i) from 6 to 18 min and (ii)
from 30 to 38 min. In general, fourteen compounds were identi-
fied, and their proposed structures, molecular ions and fragments,
retention time, and abundance relative values are summarized in
Table 2.

In the first region (approximately between 13.0 and 15.0 min),
the major fatty acids were as follows: methyl palmitate, ethyl
palmitate, palmitic acid, stearic acid, ethyl stearate, linoleic acid
methyl ester and linolenic acid methyl ester (Table 2). How-
ever, in the second region (32-38 min), steroids (sitosterol and

Table 3

stigmasterol) and triterpenoids (f3-amyrin, a-amyrin, (3-amyrin
acetate, a-amyrin acetate and lupeol) can be seen as less volatile
substances of the chromatogram. They were previously identified
in Chrysanthemum morifolium (Takahashi and Sato, 1979). The rel-
ative abundances of the two main classes of identified compounds
were 8.42% for fatty acids and 64.23% for triterpenoids and steroids.

As shown in Table 2, triterpenoids and steroids are the major
compounds in the lipophilic extract of D. grandiflorum. They were
also described to occur in other Chrysanthemum species, such as C.
indicum, C. macrocarpum as well as C. morifolium (D. grandiflorum)
cultivars (Takahashi and Sato, 1979; Akihisa et al., 2005; Kumar
et al., 2005).

Larvicidal activity

LCsp values for MeOH and CH,Cl, extracts were 5.02 ppm and
5.93 ppm, respectively (Table 3).

At the concentration 1 wg/ml, temephos (Trade Name: Abate®),
as positive control, killed all the tested larvae. Since the CH,Cl,
extract was obtained as the second product from the crude MeOH
extract, it is reasonable to think that the larvicidal activity of the
flowers is concentrated in the more lipophilic compounds of the

Larvicidal efficacy of extracts from Dendranthema grandiflorum flowers against Aedes aegypti.

LCos (ppm) (LCL/UCL) LCoo (ppm) (LCL/UCL)

Samples LCso (ppm) (LCL/UCL)
Dichloromethane extract 5.9322
(5.1476/6.7862)
Methanol extract 5.0220
(3.6004/6.3780)
Temephos nd

12.5650 15.3131
(11.0297/14.9183) (13.3070/18.4474)
14.5585 18.5096
(12.1309/18.8137) (15.2542/24.3771)
nd 1.0

LCL: lower confidence limit; UCL: upper confidence limit; (-) lethal concentration not calculated.

nd: not determined.
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plant. In fact, from other studied plants, our group has identified
larvicidal compounds with that nonpolar characteristic, including
terpenes and alkamides (Simas et al., 2004, 2007, 2013), although
more polar compounds, like saponins (Amin et al.,, 2011), have
also been described as larvicides. Lipophilic compounds are more
active larvicides based on their easier transport through insect
cell wall and cytoplasmic membrane (Mann and Kaufman, 2012).
From the CH,Cl, extract of D. grandiflorum, several lipophilic com-
pounds were found, including fatty acids, steroids and triterpenes.
Palmitic acid was the major fatty acid identified. Rahuman et al.
(2000) tested palmitic acid as a larvicide against Culex quinque-
fasciatus, Aedes stephensi and A. aegypti. The LCsq values found
were 129, 79 and 57 ppm, respectively. The steroids sitosterol and
stigmasterol were also identified. Sitosterol, isolated from Abu-
tilon indicum (L.) Sweet, was active at LCsg 11.5, 3.5 and 26.7 ppm,
respectively, against A. aegypti, A. stephensi and C. quinquefascia-
tus larvae (Ghosh, 2013; Rahuman et al., 2008). Triterpenes seem
to be the most active of all the compounds identified. One of the
triterpenes in D. grandiflorum, a-amyrin acetate, showed effective
activity against all four larval growth stages (LCso 0.01-0.02 ppm)
and pupa (LCsg 0.005 ppm) of the mosquito Anopheles stephensi
(Kuppusamy et al., 2009). Cholesterol is one of the most important
nutrients for A. aegypti larval development. The protein AeSCP-2
is used by mosquitoes for the transport of cholesterol. Inactiva-
tion of it kills the larvae. Kumar et al. (2010) biocomputationally
evaluated the ability of triterpenes to inactivate this protein, and
a-amyrin was structurally considered to be the most effective larvi-
cide with this particular mechanism of action. The most abundant
compounds in the CH,Cl, extract of the flowers were a-amyrin
(22%), along with 3-amyrin (13.5%) and sitosterol (13.47%).

Khan et al. (2014) compared the larvicidal activity of extracts
of C. morifolium leaves (LCso 1.5 ppm) with extracts of Parthe-
nium hysterophorus L. leaves (LCs¢ 1.02 ppm) and found slightly
better efficiency of the latter against Aedes albopictus third instar
mosquito larvae. Unfortunately, they did not describe the chemi-
cal composition of the compared plants. Both plants belong to the
Asteraceae family; therefore, some classes of compounds are simi-
lar. P. hysterophorus is a source of sesquiterpene lactones (Datta and
Saxena, 2001), compounds with high insecticidal, cytotoxic, antitu-
mor, allergenic, antifeedant and phytotoxic activity, and the plant
is considered a noxious weed that threatens biodiversity (Patel,
2011). Little evidence supports the presence of sesquiterpene lac-
tones in C. morifolium, the chrysanthemum of florists (Schulz et al.,
1975),although alantolactone was described to occur in this species
(Sertoli et al., 1985). Also no environmental damage has been
reported for C. morifolium. Pyrethrin esters comprise another com-
pound class with high insecticidal activity. These compounds are
formed by combining two acids (chrysanthemic acid and pyrethric
acid) with three alcohols (pyrethrolone, cinerolone and jasmolone).
They are, however, restricted to Chrysanthemum cinerariaefolium
Vis. (Nagar et al., 2015). Using the techniques described, both
sesquiterpene lactones and pyrethrins were investigated, but not
found, in D. grandiflorum.

In a Nuclear Magnetic Resonance (NMR)-based metabolomics
study, Leiss et al. (2009) were able to compare the metabolome
of thrips-resistant and thrips-susceptible chrysanthemums. They
concluded that the resistance was associated with higher amounts
of chlorogenic acid, a monocaffeoylquinic acid, in thrips-resistant
species. Phenylpropanoids are known for their inhibitory effect on
herbivores and pathogens. The possible toxicity of chlorogenic acid
to insects results from its oxidation product, chloroquine (Felton
et al., 1991). Tunodn et al. (1994) tested an ethanol extract of Achil-
lea millefolium L. for antifeedant activity against the mosquito
A. aegypti. After fractionation of the extract, chlorogenic acid at
1.2 mg/cm? was one of the most active compounds as a mosquito
repellent, causing 100% larval mortality. Flavonoids and fatty acids,

at the same concentration, were active, but with lower percent-
age of mortality. The greater larvicidal activity of MeOH extract of
D. grandiflorum, when compared CH,Cl, extract, which originates
from it, could, therefore, result from the presence of caffeoylquinic
acids and other phenolics, apart from the triterpenoids, steroids
and fatty acids, as previously discussed. Based on the results of
the present study, it may be speculated that the compounds, when
combined, might act as a potent phytocomplex with synergistic
effect, but this needs to be confirmed in future studies.

D. grandiflorum hybrid can be a source of larvicidal compounds
easily extracted with methanol. Ornamental plants are abundantly
cultivated in Brazilian highlands; however, after aging, they are dis-
carded. Yet, the results of the present study demonstrate that such
discarded plants could be recycled for their methanolic extracts and
used to propose innovative products, as, for example, larvicides,
thus helping to develop agribusiness in Brazil.
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