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a  b  s  t  r  a  c  t

Trembleya  parviflora  (D. Don)  Cogn.,  Melastomataceae,  also  known  as  “quaresmeira-branca”,  is  a  sub-
shrub  that  is commonly  used  to  treat verminosis,  scabies,  dermatoses,  rheumatism,  vaginal  infections,
ulcerations  and  wounds.  The  aim  of  this  work  was  to  perform  a  morphological  study  of  T. parviflora,
evaluate  the  composition  and chemical  variability  of  the  volatile  oils  from  the leaves,  perform  phyto-
chemical  screening  of  the  powder  from  the  leaves  and  to define  parameters  for quality  control  of the
plant material.  Macroscopic  characterization  of T.  parviflora  was  carried  out  by naked  eye  in Serra  dos
Pireneus,  Pirenópolis,  Goiás  for 12  months.  Volatile  oils  were  subjected  to hydrodistillation  with  Cle-
venger  apparatus  and  analyzed  by gas  chromatography-mass  spectrometry.  Phytochemical  screening
and ash  and  volatile  compound  content  determination  were  performed  by conventional  techniques.  T.
parviflora  has  simple,  oppositely  crossed  and petiolate  leaves.  The  inflorescence  of this  plant  is  a cyme.
The  presence  of  coumarins,  steroids,  triterpenes,  flavonoids  and  tannins  was  observed.  The  total  ash
content  was  4.05  ±  0.02%;  the  insoluble  ash  content  was  0.10  ±  0.03%;  and  the  volatile  compound  con-
tent  was 9.53  ± 0.02%.  The  major  compounds  present  in  the  volatile  oils  were  �-terpineol  (2.7–16.5%),
�-pinene  (0.6–25.4%),  �-pinene  (2.7–23.1%),  sabinene  (1.2–14.1%),  acetoxyeudesman-4-�-ol (0.6–6.3%)
and  2,4a-8,8-tetramethyldecahydrocyclopropanaphtalene  (2.4–24.4).  Two  clusters  were  identified:  Clus-
ter I represented  the  period  with  low  levels  of  rainfall,  and  Cluster  II represented  the  period  with  high

levels  of rainfall.  This study  provides  data  that  can  be  applied  for the  quality  control  of  powdered  leaves
and  is  the first  description  of  the chemical  composition  and  variability  of  the  volatile  oils  from  the leaves
of T.  parviflora.

©  2018  Published  by  Elsevier  Editora  Ltda.  on  behalf  of  Sociedade  Brasileira  de  Farmacognosia.  This  is
der  t
an open  access  article  un

ntroduction

The genus Trembleya,  with approximately fourteen species and
haracterized by non-imbricate, sessile or petiolate leaves without
ranslucent scores, is found exclusively in Brazil. The flowers exhibit

 modified dichasium, have white or pink petals and 8–10 stamens,
re dimorphic, lack staminodes, and exhibit anthers with rostrate
pices. The ovary has 3–5 locules free (Goldenberg et al., 2015).
Trembleya parviflora (D. Don) Cogn., Melastomataceae, popularly
nown as “quaresmeira-branca” (Oliveira-Filho and Flumihan-
ilho, 1999), is a subshrub that is commonly used to treat
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E-mail: jose realino@ufg.br (J.R. Paula).
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verminosis, scabies, dermatoses, rheumatism, vaginal infections,
ulcerations and wounds. This species is endemic to Brazil, occur-
ring in the Distrito Federal and in the states of Goiás, Bahia, Minas
Gerais, Espírito Santo, Rio de Janeiro, São Paulo and Paraná in rupes-
trian fields, highland fields, savannahs and rainforests. Vegetative
propagation of this plant occurs via subterranean structures, with
individuals 0.4–3 m in height, flowering and fruiting during the
summer season. The flowers are lightly scented (Baumgratz et al.,
2007).

According to Somavilla and Graciano-Ribeiro (2011), T. parvi-
flora presents glandular trichomes on both faces, with uniseriate

peduncles, multicellular glandular heads and oil droplets. The
deposition of phenolic compounds occurs in the palisade
parenchyma, cortical parenchyma and medullar parenchyma,
phloem and endodermis.
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Scientific studies have verified the leishmanicidal activity of
ethanolic extracts of T. parviflora (Antinarelli et al., 2015).
Many studies have employed multivariate analyses, such as

rincipal component analysis (PCA) and cluster analysis (CA), to
valuate the chemical variability of various natural compounds,
ainly volatile compounds. These analyses are useful methods for

rdering, aiming to reduce the dimensions of the data set in order
o easily understand the system based on the chemical profile of
he volatile oils (Boira and Blanquer, 1998; Sampaio et al., 2016).

There have been no studies about the chemical composition of
he volatile oils and other secondary metabolites of T. parviflora.
he aim of this work was to perform a morphological study of T.
arviflora, evaluate the composition and chemical variability of the
olatile oils from the leaves, perform phytochemical screening of
he powder from the leaves and to define parameters for quality
ontrol of the plant material.

aterials and methods

lant material

The leaves of Trembleya parviflora (D. Don) Cogn., Melastom-
taceae, were collected in Serra dos Pireneus, Pirenópolis, Goiás,
razil (15◦48′15′′ S to 48◦52′48′′ W,  at an elevation of 1295 m above
ea level) in the rocky fields, sandy and stony soils and dirty fields
f the Cerrado region. Professor Dr. Heleno Dias Ferreira identified
. parviflora pecimens, and a voucher was deposited at the Herbar-
um of Federal University of Goiás, Brazil, Conservation Unit PRPPG,
nder code number UFG 50530. Climatic data for the period were
btained from the Meteorological Institute (INMET, 2017).

orphological analysis

Macroscopic characterization of T. parviflora was carried out in
erra dos Pireneus (Pirenópolis, Goiás) and was performed by naked
ye monthly for 12 months, and the images were recorded with a
anon EOS T4i digital camera. Samples of leaves, stems and flowers
ere collected and analyzed using a stereoscopic microscope at the

axonomy Laboratory of the Department of Biology, ICB/UFG.

hysicochemical characterization of plant material

For physicochemical characterization of the plant material, the
eaves were dried in a drying oven at 40 ◦C for 48 h and pulverized
n a commercial crushing machine with a stainless steel monoblock
up (LS-08MB-N; Skymsen Metalúrgicas Siemsen LTDA, Brazil). The
btained powder was used for phytochemical screening and mea-
urement of volatile compound content and total and insoluble ash
ontent.

For phytochemical screening, anthraquinone, coumarins,
teroids, triterpenes, digitalis glycosides, starch, alkaloids,
avonoids, saponin, tannins and methylxanthines were investi-
ated according to methodologies described by Costa (2001) and
unha (2005).

Measurement of the volatile compound content was performed
n a moisture analyzer that produces radiation in the infrared region
y means of a halogen lamp (Ohaus model MB35) (Brasil, 2010). The
ssays were performed in triplicate, and the values were calculated
s means and coefficients of variation (CV).

The total ash and acid-insoluble content was  determined as
escribed by the Farmacopeia Brasileira (2010).
olatile oils

For analysis of volatile oils, fresh healthy leaves were collected
rom ten different T. parviflora plants (300 g), triturated separately
rmacognosia 28 (2018) 414–420 415

using a commercial crusher (Skymsen, LS-08MB-N) and subjected
to hydrodistillation in a Clevenger-type apparatus for two  hours.
Each volatile oil sample was  dried with anhydrous Na2SO4, mea-
sured, transferred to a vial, covered with aluminum foil and stored
at −18 ◦C for further analysis.

The volatile oils were analyzed using a Shimadzu GC-
MS QP5050A instrument fitted with a fused silica SBP-5
(30 m × 0.25 mm I.D.; 0.25 �m film thickness) capillary column
(composed of 5% phenylmethylpolysiloxane) and with the fol-
lowing temperature program: 60–240 ◦C at 3 ◦C/min, from 240 to
280 ◦C at 10 ◦C/min, and finally holding at 280 ◦C for 10 min. The
carrier gas was He at a flow rate of 1 ml/min, and the split mode
had a ratio of 1:20. The injection port was  maintained at 225 ◦C.
The significant quadrupole MS  operating parameters were as fol-
lows: interface temperature, 240 ◦C; electron impact ionization,
70 eV; scan mass range, 40–350 m/z; sampling rate, 1 scan/s. Con-
stituents were identified by a computerized search using digital
libraries of mass spectral data (NIST, 1998) and by comparing the
retention indices of the constituents with those found in authentic
mass spectra (Adams, 2007) relative to a C8–C32 n-alkane series in
a temperature-programmed run (Van Den Dool and Kratz, 1963).

Principal component analysis (PCA) was  employed to evalu-
ate the possible interrelationships between the compounds found
in the volatile oils from leaves collected in different months
over one year. A hierarchical cluster analysis (HCA) was  used to
study the similarity among samples based on the distribution of
chemical compounds, and the hierarchical clustering was per-
formed according to Ward’s minimum variance method (Ward,
1963). The chemical compounds selected for these analyses were
�-pinene, �-pinene, �-terpineol, sabinene, and acetoxyeudesma-
4-�-ol. Validation of the cluster analysis was performed by
canonical discriminant analysis (CDA).

Results

Morphological description

Trembleya parviflora is a subshrub that is 1–2 m in height and has
a cylindrical trunk that has longitudinal fissures, is gray in color, and
is exfoliative (Fig. 1A). The leaves have the following features: sim-
ple; oppositely crossed; viscous; hairy; present basal acrodromous
venation; ribs are imprinted on the adaxial face and protruding on
the abaxial face; greenish petioles that are 4 × 1 mm – 9 × 2 mm
in size; concave on the adaxial face and convex on the abaxial face.
The leaves are elliptic and narrow and are 5 × 1.4 cm–5.6 × 1.8 cm in
size; the base is slightly attenuated and the apex acute; the leaves
are bright dark green on the adaxial face and light green on the
abaxial face; and both faces are covered with trichomes, simple
and glandular, with entire or revolute margins (Fig. 1B).

The flowers exhibit the following features: monochasium-type
cymose inflorescence (Fig. 1C); imbricated preflowering stage
(Fig. 1E); white flowers; five triangular sepals, 2 mm long and
2 mm  wide at the base; five obovate free petals, 8 mm × 5 mm,  with
longitudinal rosy stripes and obtuse apices, glabrous or with sim-
ple trichomes; 9–10 stamens, the largest with rosy filets, vinous
anthers, a rostrum, and a yellowish bifid 0.2–0.8-mm connective
extension, and five smaller stamens that have yellow theca (Fig. 1F);
greenish hypanthium, 3 mm × 2 mm in size; free ovary, conical to
rounded, 2–3 mm in length, six carpels, six locules, and numer-
ous ovules; capsule with numerous seeds (Fig. 1D), small seeds,
0.5 × 0.3 mm in length.
Flowering of the T. parviflora plants occurred between August
and September, with numerous flowers in the inflorescence
(Fig. 1C, E and F). In September and October, dry branches and
green fruits were observed in the inflorescence, and there were
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Fig. 1. Trembleya parviflora. (A) General appearance of the plant (November); (B) leaf
detail (November); (C) detail of the inflorescence (August); (D) dried fruits (Octo-
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er); (E) flower buds (August); (F) flower detail (August). Legend: BF, floral button;
s, dry fruit; F, flower.

reen and yellow leaves on the branches. In November and Decem-
er, greenish leaves and some green fruits were observed (Fig. 1B
nd D). During the months of January, February and March, there
ere ripe and dry fruits and rare flowers observed in the inflores-

ence, and there were green leaves and some yellowish leaves on
he branches. During the months of March, April, May  and July,
he plants presented new green leaves with dried fruits and a few
ower buds.

hysicochemical characterization of plant material

The presence of coumarins, steroids/triterpenes, flavonoids and

annins was observed in T. parviflora leaves.

The total ash content was 4.048 ± 0.017%, with a coefficient of
ariation of 0.0042%. The insoluble ash content was 0.10 ± 0.03%,
ith a coefficient of variation of 0.3%. The volatile compound

able 1
limate information for the collection period of the plant material of Trembleya parviflora

Station Date Total rainfall Ave
tem

83376 06/30/2016 0 31.3
83376 07/31/2016 0 32.4
83376 08/31/2016 16.5 33.2
83376 09/30/2016 36.8 35.2
83376 10/31/2016 162.0 32.7
83376 11/30/2016 341.9 30.3
83376 12/31/2016 123.5 31.2
83376 01/31/2017 141.1 31.4
83376 02/28/2017 249.1 30.5
83376 03/31/2017 195.1 31.3
83376 04/30/2017 303.1 31.3
83376 05/31/2017 0.7 31.0
83376 06/31/2017 0 29.8

NMET (2017).
rmacognosia 28 (2018) 414–420

content was 9.53 ± 0.015%, with a solid weight of 3.181 g and a
coefficient of variation of 0.0015%.

Volatile oils

During the collection period, the months of highest rainfall were
October (162 mm),  November (341.9 mm),  December (123.5 mm),
January (141.1 mm), February (249.1 mm),  March (195.1 mm)  and
April (303.1 mm),  with average temperatures ranging from 32.7 ◦C
to 19.2 ◦C. The months with low rainfall were May  (0.7 mm), June
(0 mm),  July (0 mm),  August (16.5 mm)  and September (36.8 mm),
with temperatures ranging from 14.0 ◦C to 35.2 ◦C (Table 1).

Among the compounds identified, 2.2–57.2% were monoter-
pene hydrocarbons; 5–31.1% were oxygenated monoterpenes;
0–4.3% were sesquiterpene hydrocarbons; 1.5–6.8% were oxy-
genated sesquiterpenes; 0.2–22.1% were oxygenated diterpenes;
and 3.9–41.6% were other compounds (Table 2).

The major compounds present in the leaves were �-terpineol,
ranging from 2.7 to 16.5%; �-pinene, ranging from 0.6 to
25.4%; �-pinene, ranging from 2.7 to 23.1% (absent in the
January samples); sabinene, detected from August to March
and ranging from 1.2%; to 14.1%; acetoxyeudesman-4-�-ol,
ranging from 0.6 to 6.3% (not detected in May) and 2,4a-
8,8-tetramethyldecahydrocyclopropanaphtalene detected from
November to May  ranging from 2.4 to 24.4% (Table 2).

The yields of volatile oils from the T. parviflora leaves ranged
from 0.01 to 0.03% (v/w).

The results obtained from the PCA and cluster analysis showed
the existence of chemical variability among samples of volatile
oils obtained from leaves of T. parviflora. Fig. 2 indicates the rel-
ative position of the 2D axis from the PCA. This analysis suggests
that Cluster I represents by the period with low levels of rainfall,
discriminated by compounds �-pinene, �-pinene, sabinene and
�-terpineol. Cluster II represents the period with high levels of rain-
fall, discriminated by the compound acetoxyeudesman-4-�-ol and
2,4a-8,8-tetramethyldecahydrocyclopropanaphtalene. The cluster
analysis (Fig. 3) suggests the existence of two groups (which is con-
sistent with the results of the PCA): Cluster I (volatile oils from
leaves collected in May, June, July, August, September and Octo-
ber) and Cluster II (volatile oils from leaves collected in November,
December, January, February, March and April). The results indi-
cated that the classification proposed by the PCA and HCA was
appropriate as the chemical profile of compounds identified from
the volatile oil samples.
Canonical discriminant analysis was  performed to
help predict the grouping of the cluster analysis; two
predictive variables were employed �-pinene and 2,4a8,8-
tetramethyldecahydrocyclopropanaphtalene and the two

.

rage maximum
perature (◦C)

Average minimum
temperature (◦C)

Relative
humidity

 14.9 57.05
 14.0 49.91
 16.5 48.44
 19.1 48.33
 19.4 64.62
 19.9 77.36
 19.7 73.87
 19.2 75.43
 19.5 79.31
 19.2 80.13
 19.2 77.33

 18.0 70.97
 15.1 23.0
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Table  2
Percentages of the chemical constituents of the volatile oils from Trembleya parviflora leaves collected from Pirenópolis, Goiás.

Constituents KI RI 2016 2017

Jul Aug Sept Oct Nov Dec Jan Feb Mar  Apr Mai  Jun

2E-hexenal 855 841 3.6 3.1 1.2 2.0 3.6 0.7 – 2.1 2.5 – 1.0 2.6
Bicyclo(3.1.0)hept-2-ene 911 911 2.9
Tricyclene 926 916 – – – – – – 0.6 0.7 – – – –
Artemisia triene 929 931 – – 8.1 6.2 – – – – – – – –
�-Pinene 939 933 25.2 12.0 16.9 12.1 3.2 6.9 0.6 1.5 3.8 4.5 13.8 25.4
Camphene 954 949 0.3 0.4 – – – 8.2 – – – – 0.4 –
Sabinene 975 975 – 13.3 5.9 5.3 6.2 14.1 1.6 1.2 2.2 – –
�-Pinene 979 979 19.8 14.8 13.3 12.6 6.5 5.6 – 10.2 2.7 3.4 11.5 23.1
Dehydroxy-trans-linalool oxide 993 988 0.4 0.3 – – – 0.4 – 0.8 – – 0.7 –
Dehydroxy-cis-linalool oxide 1008 1006 0.3 0.2 – 0.2 – – – – – – 0.6 –
Cyclohexene 1015 0.2
�-Terpinene 1017 1015 – – 0.2 – – – – – – – 0.3 –
o-Cymene 1026 1022 0.4 0.2 0.2 0.3 – – – – – – 0.4 0.4
Limonene 1029 1028 2.5 3.3 3.4 4.2 0.8 – – 0.9 – 0.9 4.1 4.4
�-Terpinene 1059 1057 0.5 0.6 0.5 0.5 – – – – – – 0.7 0.5
cis-Sabinene hydrate 1070 1083 – – – – 1.1 0.8 – – – – – –
p-Mentha-3.8-diene 1072 1074 1.1 1.8 1.4 1.6 1.4 0.9 – – 0.5 0.8 2.8 1.0
Terpinolene 1088 1084 1.4 1.6 1.4 1.8 1.2 – – – – – 1.6 1.5
p-Cymenene 1091 1088 1.2 1.2 0.9 1.1 0.5 – – – – – 1.3 0.9
Linalool 1096 1098 3.4 3.3 3.1 2.6 2.6 1.8 – 1.0 0.6 – 4.1 2.3
Endo-fenchol 1116 1120 0.3 0.4 0.4 0.4 0.3 – – – – – 0.8 0.4
�-Campholenal 1126 1125 1.0 1.2 1.3 1.1 1.3 0.6 – – – – 1.4 0.6
trans-Pinocarveol 1139 1138 3.1 3.6 3.8 2.5 2.1 2.1 – 1.0 0.6 1.5 2.8 2.3
Camphor 1146 1146 – – – – – – – 0.5 – – – –
Pinocarvone 1164 1160 1.1 1.7 1.8 1.3 1.2 0.7 – 0.6 – – 1.9 1.2
Borneol 1169 1169 0.3 0.4 0.5 0.4 – 0.5 – – – – – –
�-Terpineol 1166 1175 – – – – – – – – 2.6 – – –
p-Mentha-1.5-dien-8-ol 1170 1169 – – – – 6.2 3.7 – – – – – –
Terpinen-4-ol 1177 1179 1.4 1.3 0.9 1.1 – 1.0 – – – 0.7 1.8 1.0
3-Cyclohexanal-methanol 1180 – – – – 3.5 – 2.3 3.5 1.0 – – –
�-Terpineol 1188 1193 13.5 14.3 16.5 14.7 12.8 11.2 2.7 5.2 3.9 5.4 9.9 8.5
�-Terpineol 1199 1199 – 0.2 0.2 – – – – – – – – –
Cyclohexanol 1391 0.3 0.4 0.5 0.6 0.6 – – 0.4 0.4 – 0.5 –
Caryophyllene 1419 1416 1.2 1.3 1.4 2.7 2.1 1.4 – 0.7 0.5 1.4 2.3 2.6
�-trans-Bergamotene 1434 1431 – 0.3 0.3 0.4 0.4 0.5 – – – – – 0.4
Drim-8(12)-ene 1491 1491 0.8 0.8 0.9 0.8 0.7 0.8 – 0.6 0.6 1.3 1.4 –
�-Bisabolene 1505 – – 0.2 – – – – – – 0.7 – –
Amorphene 1512 1515 – – – 0.4 – – – – – 0.5 – –
Bergamotol 1522 0.2 – – – – – – – – – 0.9 –
E-Nerolidol 1563 1559 0.9 0.9 1.2 1.6 1.7 1.2 0.8 1.7 2.8 1.6 1.5 0.8
Caryophyllene oxide 1583 1577 1.0 0.6 0.9 1.8 1.9 1.1 0.7 1.0 2.0 2.6 2.3 1.3
2-Acorenol 1633 1624 – – – – – – – – – – – –
Caryophylla-4(12).8(13)-dien-5�-ol  1640 1632 0.6 0.4 0.5 0.9 1.1 0.7 – 0.7 1.2 1.5 0.8 –
Selina-3.11-dien-6-�-ol  1644 1642 – – – 0.4 0.6 – – – 0.5 – – –
14-Hydroxy-(Z)-caryophyllene 1667 1666 – – – – – – – – – 1.1 – –
ı-Dodecalactone 1704 1700 – – – – – – – – – 0.4 – –
Eudesm-11-em-4-�.6-�-diol  1808 1810 0.2 0.2 0.3 0.3 0.6 0.5 – 1.1 1.0 0.5 – –
5Z,9E-Farnesyl acetone 1889 1876 – – 0.2 0.3 – 0.5 1.6 – 0.8 – – –
n-Hexadecanoic acid 1936 1936 5.6
Acetoxyeudesman-4-�-ol  1939 1943 0.8 0.8 1.1 1.5 1.9 2.2 6.3 3.4 4.4 2.4 – 0.6
Hexadecanoic acid 1960 1959 – – – – – – 9.0 – – – – –
Hexadecyl acetate 2003 2006 – – – – – – – – – 0.5 – –
6Z,10E-Pseudo phytol 2031 2018 – – 0.2 0.4 0.6 0.6 – 1.3 1.7 1.6 0.7 0.4
n-Heneicosane 2100 2108 – – – – – – – 0.8 0.7 1.6 – –
E-phytol acetate 2218 2223 0.2 0.3 – – – 0.9 – 2.4 1.3 2.2 1.0 0.4
Diagoprogesterone 2234 2234 4.4
7-�-Hydroxy-manool 2237 2246 0.1 0.2 – 0.2 0.4 0.5 – 2.2 1.6 1.7 0.8 0.3
Bisnor-7-desoxycholic acid 2244 2244 3.6
5-Cholestene-3-ol,2,4 methyl 2246 2246 – – – – – – 4.6 – – – – –
Larixol 2266 2256 0.4 0.5 – 0.8 1.7 1.5 1.9 5.4 7.3 3.0 1.9 0.7
2,4a-8,8-Tetramethyldecahydrocyclopropanaphtalene 2270 2270 – – – – 2.5 2.8 5.9 13.9 12.4 24.4 2.4 –
Incensole oxide 2280 2280 – – – – 1.7 – 4.8 9.7 11.3 – 2.8 –
Spiro(4,5)dec-6-en-8-one 2334 2334 – – – – – 1.0 – 6.4 5.1 – – –
Torulosol 2361 2352 – – – – – – – 0.8 1.8 7.1 – –
Monoterpene hydrocarbons 53.3 49.7 44.1 39.7 20.9 40.7 2.2 14.6 9.2 9.6 38.2 57.2
Oxygenated monoterpenes 24.6 26.6 28.5 24.3 31.1 22.4 5 11.8 8.7 7.6 23.3 16.3
Sesquiterpenes hydrocarbons 2 2.4 2.8 4.3 3.2 2.7 0 1.3 1.1 3.9 3.7 3
Oxygenated sesquiterpenes 2.7 1.9 2.6 4.7 5.3 3 1.5 3.4 6.5 6.8 5.5 2.1
Oxygenated diterpenes 0.4 0.5 0.2 1.2 4 2.1 6.7 17.2 22.1 11.7 5.4 1.1
Other  compounds 5.2 5 11.4 11.1 7.1 6.7 41.6 33.4 30.2 33.7 5.7 3.9
Total  identified % 88.2 86.1 89.6 85.3 71.6 77.6 57.0 81.7 77.8 73.3 81.8 83.6
Yield  0.03 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.03

Legend: KI, Kovats index (logarithmic scale); RI, retention index; –, not identified.
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F
b

ils  from Trembleya parviflora leaves according to Ward’s minimum variance
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iscriminant functions retained 100% of the classification in
he original clusters by a cross-validation approach (Table 3).
hus, the canonical discriminant analysis revealed that the pro-
osed classification and the variables employed were suitable for
etermining that the results of the HCA and PCA were consistent.

iscussion

Trembleya parviflora is a 1–2-m-tall subshrub with grayish cylin-
rical stems and with longitudinal fissures with single, oppositely

rossed, viscous, petiolate, elliptic, oblong, hairy, ribbed leaves,
s described by Somavilla and Graciano-Ribeiro (2011). These are
mportant characteristics of Melastomataceae (Baumgratz et al.,
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ig. 3. Scatterplot of the PCA of Trembleya parviflora leaves samples collected from Pirenó
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rmacognosia 28 (2018) 414–420

2007). The trichomes in T. parviflora are, according to Goldenberg
et al. (2015), simple or glandular.

The flowers observed in the inflorescence of T. parviflora
were white with pink bases and had five petals, five sepals and
loculicidal-capsule-type fruits, as described by Baumgratz et al.
(2007).

In the present study, the beginning of the reproductive phase
was in July, having peak flowering occurring in August and Septem-
ber. After this period, the plants present green fruits that then dry,
open and disperse seeds. According to Goldenberg et al. (2015),
in Parana, T. parviflora presents flowers and fruits from January
to March and floral buds, flowers and fruits from March to June.
This difference in behavior can be due to the seasonal differences
between the South and Central-West regions of Brazil.

The flavonoids were detected during phytochemical screening
of T. parviflora. Flavonoids have been found in other species of
Trembleya. Bonfim-Patrício et al. (2001) isolated the flavonoids
luteolin 7-O-glycosides, quercetin and quercetin 3-O-glycosides
from T. parviflora;  kaempferol 3-O-glycosides, and quercetin 3-O-
glycosides from T. laniflora (Don) Cgn.; apigenin 7-O-glycosides,
hispidulin (6-methoxyapigenin), luteolin 7-O-glycosides,
kaempferol, kaempferol 3-O-glycosides, quercetin, quercetin
3-O-glycosides, and isorhamnetin (quercetin 30 methyl ether)
from Trembleya diffusa E.; and apigenin 7-O-glycosides, luteolin
7-O-glycosides, kaempferol 3-O-glycosides, and quercetin 3-O-
glycosides from T. phlogiformis. According to Ventura et al. (2007),
flavonones generally act as phytoalexins, protecting plants against
attacks by microorganisms, insects and herbivores.

In the volatile oils from T. parviflora leaves, the major iden-
tified compounds were monoterpene hydrocarbons, oxygenated
monoterpenes and other classes of compounds. According to
Fernandes et al. (2017), the major compounds identified in the
fore, although T. parviflora and T. phlogiformis are two species of the
same genus, the composition of the volatile oils from the leaves are
substantially different.
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Table  3
Summary of the canonical discriminant analysis of Trembleya parviflora.

Canonical discriminant Canonical R Wilk’s lambda p-Value
Eigenvalue functions

F1 3.43 0.88 0.22 0.001

Standardized coefficients for canonical variables
�-Pinene −0.87
2,4a8,8-tetramethyldecahydrocyclopropanaphtalene 0.45
Eigenvalues 3.43
Cumulative proportion 1

Percentage of total well-classified discriminants
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Cluster I 100%
Cluster II 100%
Total 100%

The main compounds present in the volatile oils from the leave
f T. parviflora in all the months were �-terpineol (2.7–16.5%) and
-pinene (0.6–25.4%). In T. phlogiformis leaves, the major com-
ound present in all the months studied was oleic alcohol, ranging
rom 5.7 to 26.8% (Fernandes et al., 2017). Both species were
ollected at the same site. In Microlicia graveolens (Melastomat-
ceae), three major compounds were detected in the volatile oil,
amely, (+)-trans-pinocarvyl (78.9%), (−)-trans-pinocarvyl (5.5%)
nd �-pinene (3.8%) (Toudahl et al., 2012). Leite et al. (2007) ver-
fied the antimicrobial activity of �-pinene and �-pinene against
ram-positive bacteria. Hammer et al. (2003) found that ˛-pinene
ad in vitro antifungal activity against A. niger, A. flavus,  A. fumi-
atus, Penicillium sp. and dermatophytes. Rufino et al. (2014) the
n vitro anti-inflammatory activity of �-pinene in human chondro-
ytes. Thus, these compounds might explain the common uses of
. parviflora.

Regarding the PCA and cluster analysis, the samples of
olatile oils from T. parviflora were grouped in two clus-
ers, one of them representing a dry season, discriminated by
he compounds �-pinene, �-pinene, sabinene and �-terpineol,
nd the other cluster representing high levels of rainfall,
iscriminated by the compound acetoxyeudesman-4-�-ol and
,4a-8,8-tetramethyldecahydrocyclopropanaphtalene.

This behavior was also observed with the volatile oils from T.
hlogiformis leaves, which presented chemical variability of com-
ounds according to the season (Fernandes et al., 2017). According
o Barros et al. (2009), climatic conditions can influence enzymatic
ctivity in a particular plant species and can consequently interfere
ith the biosynthesis of certain secondary metabolites, including

erpene compounds. Although the chemical composition of the
olatile oil is genetically determined, several abiotic factors, such as
ight, temperature, seasonality, nutrition and availability of water,
an significantly modify the production of secondary metabolites
Lima et al., 2003; Gobbo-Neto and Lopes, 2007).

The morphological characterization of T. parviflora in this
tudy will aid the correct identification of this species. The
ajor compounds present in the volatile oils were �-terpineol

2.7–16.5%), �-pinene (0.6–25.4%), �-pinene (2.7–23.1%), sabinene
1.2–14.1%), acetoxyeudesman-4-�-ol (0.6–6.3%) and 2,4a-8,8-
etramethyldecahydrocyclopropanaphtalene (2.4–24.4). This
tudy presents the first description of the chemical composition
nd variability of the volatile oils from T. parviflora leaves.
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