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Ambiental; ii); gestédo de residuos solidos e logistica reversa e iij) desenvolvimento
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O primeiro tema €& constituido por quatro capitulos de livros que
propuseram trabalhar tanto a importancia da formagao/conscientizacdo para
uma educacao ambiental mais efetiva para todas as pessoas em especial alunos
de uma instituicdo publica federal de ensino e consumidores que utilizam sacolas
plasticas, quanto o desenvolvimento de agdes e ferramentas a fim de promover
uma educag¢do ambiental capaz de chegar a pessoas de diferentes classes
sociais por intermédio do ensino formal ou ndo-formal capaz de estimular a
conscientizagdo em relacao a interacdo homem-meio ambiente.

Os capitulos de 5 a 8 apresentam trabalhos que procuraram avaliar:
i) projetos de gestdo de residuos na Baixada Santista; i) a importancia da
gestao e implementacdo de praticas mais sustentaveis para o desenvolvimento
da apicultura em comunidades rurais localizadas no estado do Ceara; iii)
implementacao de programa de gestéo e gerenciamento de residuos provenientes
da indUstria madeireira e; iv) a importancia da logistica reversa de produtos que
possuem metais pesados em sua composicao.

Por fim, os cinco Ultimos capitulos apresentam trabalhos que reforgcam
a importancia do desenvolvimento de agbGes que proporcionem menor impacto
ambiental aos diferentes ecossistemas, entre os quais: i) a redugéo do calor em
centros urbanos, a partir da implementacéo de areas verdes; ij) presenca de
metais em aguas residuarias lancadas no mar; iii) aplicagcdo de biossorvente na
remocgao de aluminio em aguas para fins potaveis e; iv) estudo de deteccéo de
cafeina e degradagéo de metabolitos presentes no rio Meia Ponte em Goias.

Nesta perspectiva, a Atena Editora vem trabalhando de forma a estimular
e incentivar cada vez mais pesquisadores do Brasil e de outros paises a
publicarem seus trabalhos com garantia de qualidade e exceléncia em forma de
livros, capitulos de livros e artigos cientificos.

Cleiseano Emanuel da Silva Paniagua
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ABSTRACT: Essential oil constituents from
three chemotypes of Hyptis suaveolens
from Brazilian Cerrado were optimised by
semi-empirical molecular orbital method
and some physicochemical properties, and
its distance-based topological indices were
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calculated. The results were submitted
initially to principal component (PCA) and
hierarchical cluster analysis (HCA) which
allowed four groups of constituents to be
distinguished with respect to biosynthetic
class and oxidation level. Monoterpene
hydrocarbons were produced in the
samples grown at higher latitudes and
characterised by the highest positive heats
of formation (DH) and the lowest topological
hierarchy. On the other hand, oxygenated
sesquiterpenes, with the lowest DH, values
and the highest topological level, were
mainly produced in the samples grown
at lower latitudes. A trend to more highly
oxidised monoterpene and sesquiterpenes
seems to accompany the transition from
the central Brazilian plateau (chemotypes |
and ll) to sites near the Amazonian region
(chemotype ).

KEYWORDS: Essential oils; chemotypes;
topological index.

RESUMO: Os constituintes dos o6leos
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essenciais de trés quimiotipos de Hyptis suaveolens do Cerrado brasileiro foram otimizados
pelo método semiempirico do orbital molecular e algumas propriedades fisico-quimicas e os
indices topologicos baseados em distancia foram calculados. Os resultados foram submetidos
a analise de componentes principais (PCA) e de agrupamento hierarquico (HCA) o qual
permitiram a distingdo de quatro grupos de constituintes com respeito a classe biossintética
e ao nivel de oxidacdo. Hidrocarbonetos monoterpénicos foram produzidos em amostras
que cresceram em altitudes elevadas e caracterizadas pelos mais altos valores positivos do
calor de formagéo (DH) e mais baixa hierarquia topolégica. Por outro lado, sesquiterpenos
oxigenados, com os mais baixos valores de DH, e os mais altos niveis topologicos foram
principalmente produzidos em amostras coletadas a baixas latitudes. Uma tendéncia para
monoterpenos e sesquiterpenos mais oxidados parece acompanhar a transicédo do planalto
central brasileiro (quimiotipos | e Il) para locais préximos a regido amazénica (quimiotipo Il).
PALAVRAS-CHAVE: Oleos essenciais; quimiotipos; indice topoldgico.

Topological data analysis plays an important role in the use of chemometric methods
such as principal component analysis, pattern recognition, cluster analysis, artificial neural
networks, as well as in screening combinatorial libraries (ZHANG et al., 2018). The application
of these multivariate data analysis methodologies requires the representation of chemical
structures by a set of numbers called molecular descriptors, which contain information on
the number and type of connections between the atoms that form the molecule. A number
of different approaches for defining molecular descriptors are available (GONZALEZ-DIAZ
et al., 2007). A widely used method is the characterisation of molecular structure based on
a graph theory (ZHANG et al., 2019) whose topological indices relate to a numeric quantity
derived directly and unambiguously from the structural graph of a molecule. Each molecule
is assimilated to a graph in which atoms are represented by points called vertices and
bonds are represented by edges between vertices. These natural distance-based indices
can be correlated with many physical, chemical, and biological properties of various types
of compounds (BALISTER et al., 2007). However, to our knowledge, applications of such
methods to biochemical ecology or chemosystematic data have not been described up to
the present.

Plant biochemical ecology studies are generally based on calculated chemical
indices that reflect the level of compound oxidation to quantify the evolutionary advancement
parameters (FIGUEIREDO et al.,, 1995) or carbon skeletal specialisation (GOTTLIEB,
1989). The number of isolated compounds or the number of their occurrences has also been
used to display similarities between groups of plants (GOTTLIEB, 1982). Others consider
the chemical variations within a biogenetic context using biosynthetic-step indices (LEVY,
1977) or stepmatrix methods (BARKMAN, 2001). In some studies, compounds, classes, or
substitution features were simply represented as present or absent (NANDI et al., 1998).
While several of these methods present advantages, most suffer from problems of non-




independence to secondary compound variations and some are restricted to well-known
biogenetic pathways.

In this work, distance matrix-based molecular valence connectivity indices (SLUGA
et al., 2020) of oil constituents from three chemotypes of H. suaveolens are used to
demonstrate how topological indices can help to establish the connection between essential
oil variations in relation to ecological and geographical environments. For this purpose,
the data set used consists of essential oil constituents which were previously obtained by
clustering of eleven different sampling sites of H. suaveolens (AZEVEDO et al., 2001).
Three-dimensional molecular geometry of all essential oil constituents was optimised
by semi-empirical molecular orbital method and some physicochemical properties, and
their molecular valence connectivity indices were calculated. In order to study chemical
variability, the chemical constituents and their physicochemical properties, and molecular
valence connectivity indices were submitted to principal component (PCA) and hierarchical
cluster analysis (HCA) in order to detect some pattern distribution of constituents and to
identify which variables can differentiate and model the groups of oil chemotypes.

The 2D structure of 40 volatile constituents of H. suaveolens essential oil (AZEVEDO
et al., 2001) was sketched using ChemDraw Ultra 5.0 (CambridgeSoft) and was exported to
TSAR 3D (TSAR 3D, 2000). Three-dimensional structures of all molecules were generated
using CORINA package in TSAR 3D and their geometries were optimised using the
COSMIC module of TSAR 3D, while the effects of flexible bond to the original conformation
of molecules were considered sufficient. VAMP, a semi-empirical molecular orbital package
added to TSAR 3D, was used to calculate electronic properties and to perform structure
optimizations in vacuum using default parameters and AM1 method in the restricted Hartree-
Fock formalism. Molecular descriptors for the entire molecules, calculated with TSAR 3D,
included the molecular surface area (A) and molar volume (V. ), heats of formation (DH),
total dipole moment (m), energy of the highest occupied molecular orbital (E,,,),
energy of the lowest unoccupied molecular orbital (£, ,,,,)- The hydrophobic parameter log P

and

was calculated with ACD/log P 1.0 (ACDLabs). The molecular valence connectivity indices
mcv (m, order 0 to 5) were calculated in TSAR 3D.

Principal component (PCA) and hierarchical cluster analysis (HCA) were applied
in order to examine the interrelationships between the three H. suaveolens chemotypes,
physicochemical properties, and distance-based topological indices of all essential oil
constituents. Nearest neighbour complete linkage technique was used as an index of
similarity and hierarchical clustering was performed according to Ward’s variance minimising
method (WARD, 1963). All the calculations were carried out using the Systeme Portable




d’Analyse des Données Numériques-SPAD.N, version 4.1 for Windows (2002).

Qualitative and quantitative data for the set of 40 volatile compounds from H.

suaveolens essential oil in their chemotypes I-lll are shown in Table 1.

; AHs Enomo  Ewumo n Am Vim Chemotypes?® (%)
Qil constituent Oy e 2y By Y Sy logP —k ——
(kealimol)  (kalmol)  (kcal/mol) () (A%) (a%) [ 1l I}
Tricyclene 7.146 4582 5386 5236 3949 2710 23121 -10.146 2797 0480 167.86 119.94 4.041 023 015 0.72
a-Pinene 7.146 4.278 4.578 3.8600 2.368 1.812 16.960 -9.150 1.160 0527 173.77 123.54 4.372 0.96 0.70 091
Sabinene 6.983 4.343 4.303 3.468 2453 1.339 18.125 -9.460 1.254 0.701 179.16 123.21 4.127 13.50 17.13 16.10
B-Pinene 6.983 4.298 4504 3777 2615 1.685 17917 -9531 1303 0696 17387 121.78 4367 215 134 171
Myrcene 6.983 3.601 2.683 1.307 0648 0.296 20.174 -9.198 0506 0609 19498 12946 4.583 1.43 1.67 0.91
5-2-Carene 7.146 4295 4505 3286 2152 1.617 8.673 -9105 1.135 0495 18156 123.02 4.372 174  3.07 0.68
8-3-Carene 7.146 4.278 4.525 3.383 2.186 1.620 8.103  -9.212 1.237 0.453 174.08 12145 4.372 0.38  0.03 0.01
a-Terpinene 7.146 4.061 3.409 2132 1.239 0.818 -7.948 -8445 0429 0788 186.32 12562 4.530 1.26 1.87 213
o-Cymene 6.887 3.771 3.011 1811 1235 0.538 -1.231 -9.196 0540 0849 177.77 121.62 4.017 0.08 1.85 0.07
Limonene 6.983 4.009 3.368 2335 1413 0.977 -4.219 -9234 1197 0673 18561 12591 4579 851 1519 5.69
p-Phellandrene 6.931 4.059 3464 2234 1.347 0.859 -1.689 -8.933 0487 0879 179.00 117.26 4.354 8.63 16.48 3.84
1.8-Cineole 7.814 4721 4930 3.536 2.744 1.956 -70.763 -10.011 2.8561 1.526 181.84 132.61 2.821 9.84 125 842
v-Terpinene 7146 4044 3393 2114 1222 0810 -7.763 -8905 1165 0161 18940 12591 4358 244 1065 364
cis-Sabinene hydrate 7.723 4713 5.002 3911 2833 1.786 -51.547 -10.274 2743 1768 189.88 134.69 2.529 017 015 0.48
p-Mentha-2,4(8)-diene 7.146 4.045 3.400 2137 1.260 0877 -7.580 -8.493 0403 0423 18518 126.62 4.550 1173 092 286
Linalool 7.723 3971 3.381 1643 0.755 0.349 -48.085 -9.358 1.088 1.752 203.58 14248 3.281 025 0.05 0.23
cis-p-Menth-2-en-1-ol 7671 4429 4163 2543 1525 1.074 -69.010 -9882 1079 2029 19096 13566 2894 0.1 0.19
Camphor 7.607 4516 4.917 4483 2902 1.755 -47.702 -10.050 1.039 3.073 172.00 129.50 2.128 0.1 046 023
trans-dihydro-a-Terpineol ~ 7.930 4.723 4.611 3.015 1.967 1.428 -94.194 -10.320 3.394 1.848 187.62 139.48 3.061 0.03 0.17
Terpinen-4-ol 7.723 4425 4013 2831 1493 1110 -71.903 -9212 1263 1379 19270 13593 20993 3.56 222 5.03
a-Terpineol 7.723 4379 4175 2837 1607 1.074 -73.639 -9.330 1.143 1655 196.00 13557 2.732 0.62 0.07 0.58
5-Elemene 10638 5900 5430 3.782 2472 1628 10624 -9334 1125 0944 24247 18511 6.572 099 0.29 1.40
a-Cubebene 10.585 €.754 6.654 5719 4.834 3.932 0.300 -9.061 1.128 0.398 239.06 180.48 6.151 0.28 0.07 -
p-Bourbonene 10422 6.731 6.807 6.011 5171 4.015 32210 -9.526 1315 0.504 227.36 183.03 6.166 048 0.07 1.04
p-Elemene 10.475 5.848 5427 4.106 2.787 1.935 12.051 -9.581  1.199 1.134 241.94 18352 6.629 089 037 1.80
(E)-Caryophyllene 10475 6.338 6.192 4.568 3.322 2282 6.407 -9.082 1.239 0.564 231.07 18466 6.777 555 475 794
cis-Thujopsene 10690 6597 7178 5996 5063 3.367 2088 -9055 1164 0573 22085 18232 6364 006 007 001
a-Humulene 10.638 5985 5439 3.017 1.801 1.238 4716 -9.017 0984 0479 23696 18574 7.030 145 067 0.69
y-Curcumene 9715 5688 4468 2831 1839 1.132 -3.373 -8584 (0452 0.828 238.18 17362 6.717 031 - -
Germacrene D 10422 6.109 5053 3.266 1995 1.255 6.669 -8.963 0.864 0963 243.36 181.38 6.793 3.13 1.65 6.54
p-Selinene 10.682 6.704 6.497 b5.147 3.852 2997 -39.944 -9.573 1365 0.756 233.37 186.73 6.587 - 024 -
Bicyclogermacrene 10.638 6.345 6.095 4.318 2800 1.985 16.349 -8.904 1.063 0420 237.23 186.16 6.783 755 349 11.49
6-Cadinene 9715 6.050 5245 4.045 3135 2326 -17.562 -8975 1203 0.215 22545 17001 6.553 0.08 029 042
Germacrene B 10.690 6.058 4.947 3.257 1952 1.248 -2.489 -8.861 0939 0481 23535 186.76 7.080 0.01 0.41 0.09
Spathulenol 10.792 6.756 7.179 5773 4610 3.739 -37.567 -9.666 1.184 1.195 228.68 18978 4456 259 357 341
Globulol 11.162 7.079 7.588 6.202 4.999 4.054 -56.593 -10.019 2728 1.818 230.61 194.51 4.807 060 0.04 1.15
1,10-di-epi-Cubenol 11.162 6.845 6416 5065 3787 3.087 -87.080 -9.258 1.162 1.613 243.64 19659 4970 018 007 045
epi-a-Cadinal 11.162 6.813 6.539 4.925 3.866 3.012 -86.875 -9.134 1.360 1.520 247.62 194.82 4.945 154 059 284
epi-a-Muurolol 11162 6.813 6.539 4.9256 3.866 3.012 -87.530 -9.233 1.246 1.678 242.76 194.29 4.945 0.59 1.02 1.53
a-Cadinol 11162 6.813 6.539 4925 3866 3.012 -89.840 -9.218 1.258 1.527 24582 19315 4.945 044 026 0.60

aPopulations sampled (AZEVEDO et al., 2001): 1 (2), Il (4), Il (5).

Table 1. Volatiles from clustered H. suaveolens essential oil with their distance-based topological indices
and physicochemical properties.




The percentage of each constituent in the oil chemotypes was obtained from the
mean value of clustered original populations (AZEVEDO et al., 2001). PCA ordination
resulted in the suitable representation of topological hierarchy of the chemical data (Figure

1).
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Figure 1. PCA of oil constituents from H. suaveolens populations with their chemotypes | (e), Il (o), and
Il (m): loadings of volatiles (*axes) and scores (°axes) for topological indices (#).

The pattern of terpene distribution is similar to Ruzicka’s hypothetical schemes
of monoterpenes and sesquiterpenes biosynthesis (DEWICK, 2009). The separation of
monoterpenes and sesquiterpenes along PC-1 (89% of total variance) is in accordance with
each other’s biosynthetical independence because plants produce both in different pathways
and subcellular compartments (LICHTENTHALER, 1999). The chemical polymorphism in
chemotypes may be observed, with chemotype Ill on the left of PC-1. Furthermore, as the
index order value increases, the degree of skeleton branching increases in each terpenoid
series. The greater adjacency in branching, the lower compounds are located. All c' indices
of order m 3 2 are dependent upon the structure of the molecular skeleton, while indices
of order 0 and 1 describe the immediate bonding environment of atoms and the number of
cycles or rings in the structure, respectively. Based on this analysis, it is clear that valence
connectivity indices provide a chemically meaningful organization of complex and quite




different backbone terpenoidal skeletons.
PCA applied to all data retaining 68% of the total variance (Figure 2).

| T
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Figure 2. PCA of oil constituents to which cluster it belongs (cluster | to IV). Loadings of volatiles (axes)
and scores (°axes) for topological indices, physicochemical properties (¢) and centroids of chemotypes
I (@), Il (0), and III (m).

PC-1 is primarily made up of descriptors characterising the molecules in terms of
their size (A , V., and "cY), since "c" is also a measure of the size of the molecule (RANDIC
& ZUPAN, 2001), while PC-2 is primarily made up of electronic descriptors (E, ;.00 ELuuos
DH, and log P), since log P is an operational definition of lipophilicity. The first component

m!

separates monoterpenes (C,)) from sesquiterpenes (C,)) and the second component
distinguishes mainly hydrocarbons from oxygenated skeletons. Thus, four clusters of oil
constituents were found according to class and oxidation level: cluster | was characterised
by monoterpene hydrocarbons with higher values of DH, (4.96 + 10.77 kcal/mol) (p < 0.002)
and E_,,, (-9.07 + 0.32 kcal/mol) (p < 0.02); cluster Il was represented by oxygenated
monoterpenes which showed higher m (1.72 + 0.64 D) (p < 0.0001) and E ,,, (1.93 £ 0.92
kcal/mol) (p < 0.001) values; cluster Il revealed sesquiterpene hydrocarbons with higher
values of log P (6.77 £ 0.17) (p < 0.0001), A (236.89 + 5.45 A2) (p < 0.0001), V_(181.88
+5.65 A%) (p <0.001), and % (10.38 + 0.37) (p < 0.002); and cluster IV was predominantly
formed by oxygenated sesquiterpenes with higher (p < 0.0001) topological hierarchy level,




such as 5c' (3.42 + 0.44), “c' (4.39 £ 0.56), 2¢¥ (6.79 = 0.37), 3¢ (5.47 + 0.49), 'c¥ (6.79 =
0.12), °c¥ (10.90 + 0.28); V_ (189.57 + 5.68 A®) and A_ (235.98 = 8.59 A?).

The PCA analysis clearly shows the relationships among the different chemotypes
of H. suaveolens. Loading values revealed a strong correlation between chemotypes |
(p < 0.008) and Il (p < 0.0001) with monoterpene hydrocarbons (mean content 71.01 +
2.39% and 53.02 + 2.91%, respectively). Results suggested that plants from sampling sites
located at a higher latitude (S 19° 4’ + 57’; chemotypes | and Il) were able to accumulate
monoterpene hydrocarbons with high positive DH, values (cluster I), which may favour a
better bioconversion at molecular level. On the other hand, sesquiterpenes with the highest
log P and Mc' indice were mainly produced in plant grown at a lower latitude (S 15° 27’ +
1° 11’; chemotype lll). It has not been surprising, therefore, that excellent correlations have
been found between connectivity indices and hydrophobic properties of varying groups
of compounds (KIER & HALL, 1986). Since terpenoids are water-insoluble (lipophilic),
lipophilicity, which indicates how easily a molecule is transported across a membrane, is a
closely related property of terpenoids (MAZZATORTA et al., 2005). In fact, volatile terpenes
that showed the highest neuroprotective activity in cellular model in vitro showed also the
highest log P (CHANG et al., 2007). Hence, since the lipophilic character of compounds is
an important factor in absorption, transport, partitioning phenomena, compound metabolism
and excretion (LIU et al., 2011), the log P may be used for the estimation of volatile terpenoid
variations in different chemotypes.

To judge fromthe presently available data, a trend to more highly oxidised monoterpene
and sesquiterpenes seems to accompany the transition of sampling sites from the central
Brazilian plateau (chemotypes | and Il) to sites near the Amazonian region (chemotype
IIl) (AZEVEDO et al., 2001). The same pattern of oxidative variation was observed in the
leaf essential oil of Xylopia aromatica (Lam.) Mart. (Annonaceae). The relative amount of
oxygenated constituents was higher in specimen collected in the Amazonian region than in
Cerrado plants (LAGO et al., 2003). This apparent dichotomy in essential oil variation could
be explained by the different climate conditions and may reflect selective pressures in the
different ecological and geographical environments. Along this direction a gradual change
from the cold and dry Austral Continental (Cerrado) to the hot and humid Amazonian type
occurs (AZEVEDO & CASER, 1980; RIBEIRO et al., 1999), which could lead to higher
oxidation of plant constituents (MANN et al., 1994).

The chemical variability of Hyptis suaveolens essential oils is related to the latitude of
the populations sampled. The results suggest that the decrease in latitude is accompanied
by an increase in the complexity and degree of molecular oxidation (monoterpenes to
sesquiterpenes), probably as an adaptive response to wild populations.
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