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ABSTRACT

Aromatic plants are rich in essential oils composed mainly of terpenoids, which have great
pharmacological potential. Generally, S. terebinthifolius trees are preyed upon by a species of
caterpillar known as Automeris Hubner. The volatile compounds present in the hexane extract of
their feces were identified and quantified. Twenty compounds (98.83%), 7 monoterpenes (83.02%)
and 13 sesquiterpenes (15.81%) were identified. The main constituents of essential oil in feces are
the monoterpenes Perillal (34.51%), D-Limonene (23.31%) and trans-Shisool (20.96%). The
comparison of the volatile composition of the leaves and feces revealed that some constituents
present in the leaves were identified in the feces in lower or higher concentrations than in the feces,
such as the 0-3-Carene monoterpenes, whose percentage values were reduced from 27.80 % (leaves)
to 0.41% (feces) and D-limonene whose concentration increased significantly in leaves (2.23%)
compared to feces (23.31%). Analysis of the biosynthetic pathway of most terpenoid hydrocarbons
showed that constituents such as a-Pinene, D-Limonene and Germacrene D present in the essential
oil of the leaves were biotransformed by the caterpillar Automeris Hubner in the monoterpenes:
Myrtenol, Perillal and trans-Shisool and in the sesquiterpenes: Aromadendrene, S-Selinene,
Valencene, y-Cadinene, 6-Cadinene, a-Cadinene and a-Eudesmol.

Keywords: Schinus terebinthifolius, Biotransformation, Automeris sp

RESUMO

As plantas aromaticas sao ricas em 6leos essenciais compostos principalmente de terpenoides, que
apresentam grande potencial farmacoldgico. Geralmente, as arvores de S. terebinthifolius sdo
predadas por uma espécie de lagarta conhecida como Automeris Hubner. Os compostos volateis
presentes no extrato hexanico de suas fezes foram identificados e quantificados. Foram identificados
20 compostos (98,83%), 7 monoterpenos (83,02%) e 13 sesquiterpenos (15,81%). Os principais
constituintes do 6leo essencial das fezes sdo os monoterpenos Perillal (34,51%), D-Limoneno
(23,31%) e trans-Shisool (20,96%). A comparacdo da composicdo volatil das folhas e das fezes
revelou que alguns constituintes presentes nas folhas foram identificados nas fezes em
concentracfes menores ou mais elevados do que nas fezes, como 0s monoterpenos 6-3-Carene, cujos
valores percentuais foram reduzidos de 27,80% (folhas) para 0,41 % (fezes) e do D-limoneno cuja
concentragdo aumentou significativamente nas folhas (2,23%) em comparagéo as fezes (23,31%).
A analise da via biossintética da maioria dos hidrocarbonetos terpenoides mostrou que constituintes
como a-Pineno, D-Limoneno e Germacreno D presentes no oleo essencial das folhas foram
biotransformados pela lagarta Automeris Hubner nos monoterpenos: Myrtenol, Perillal e trans-
Shisool e nos sesquiterpenos: Aromadendreno, 5-Selineno, Valenceno, y-Cadineno, ¢-Cadineno, a-
Cadineno e a-Eudesmol.

Palavras-chave: Schinus terebinthifolius, Biotransformacéo, Automeris Hubner

1 INTRODUCTION

The chemical composition of essential oils is determined by genetic factors and other factors.
Among these factors, it is possible to highlight the interactions between plant and microorganisms,
inset and plant; age and stage of development and abiotic factors.'

Aromatic plants are rich in essential oils, such as terpenoids, which present great

pharmacological potential and are known to have mainly ecological roles in acting as deterrents
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against feeding by herbivores, as antifungal defenses and attractants for pollinators.* Schinus
terebinthifolius (Figure 1a) popularly known as red-cheek, red pepper, Brazilian pepper is a plant
belonging to the family Anacardiaceae, native to Brazil, present in different parts of the world, such
as South and Central America, Europe Mediterranean, Africa and United States. Generally, the
species blooms between July and September, and fruit maturation occurs from September to
October.® S. terebenthifolius is widely used in folk medicine in the treatment of various pathologies.®

The essential oil of the leaves from S. terebinthifolius (Figure 1a) presents in its chemical
composition high concentrations of monoterpenes, together with some sesquiterpenes.® (Silva et al.,
2019). However, this composition is variable, since it depends on the part of the plant from which
the oil is extracted, the place of origin of the collection, circadian cycle, extraction methods and
analytical.’

Insects play an important ecological role, since they can act as predators, pollinators and
phytophagous. Some of these insect-plant interactions are extremely beneficial, such as pollination;
however, interactions involving the consumption of plant parts have led to the development of
defense mechanisms, including the production or reduction of secondary metabolites, which act as
protection substances that is aim to minimize the damage caused by the attack.®® Usually trees of S.
terebinthifolius are predated by a caterpillar species known as Automeris Hubner (Fig. 1b,c). To
digest food the digestive tract of Automeris Hubner produces several enzymes, which are able to
transform macromolecules to be absorbed by the body and making chemical modifications in other
compounds. ¥ The aim of this work was analyzed the volatile compounds of the feces from
caterpillar Automeris Hubner to verify which they underwent chemical modifications in the

gastrointestinal tract of the insect.

Braz. J. of Develop., Curitiba, v. 6, n. 8, p. 56053-56063 aug. 2020. I1SSN 2525-8761

56055



JRrazilian Journal of Development

Fig. 1 S. terebenthifolius tree (a), caterpillar species Automeris sp (b,c)

-

2 METHODS AND MATERIALS
2.1 COLLECTION AND IDENTIFICATION OF PLANT MATERIAL

Leaves of S. terebinthifolius family were collected in the municipality of Eusébio - CE, in
the Coacu neighborhood, in July 2018 at 10:00 am. The collected material was sent to Herbarium
Professor Francisco José de Abreu Matos of the State University of VVale do Acarat (UVA), where

the exsicata was deposited and registered, under registration number 21832.

2.2 OBTAINING THE HEXANIC EXTRACT FROM THE FECES OF AUTOMERIS SP.

Feces (1.2 g) of Automeris Hubner were placed in a 50 mL beaker and then 10 mL hexane
was added. After 5 min 2 mL of the solution was collected and analyzed using GC-FID and GC-
MS. Gas.

2.3 GC-MS AND GC-FID

The analysis of the volatile constituents was carried out on a Hewlett-Packard Model 5971
GC/MS using a non-polar DB-5 fused silica capillary column (30 mm x 0.25 mm i.d., 0.25m film
thickness); carrier gas helium, flow rate 1 ml/min and with split ratio 1:1. The injector temperature
and detector temperature were 250° C and 200° C, respectively. The column temperature was
programmed from 35C to 180° C at 4° C/min and then 180C to 250° C at 10° C/min. Mass spectra
were recorded from 30 - 450 m/z. Individual components were identified by matching their 70 eV

mass spectra with those of the spectrometer using retention indices as a preselection routine, as well

Braz. J. of Develop., Curitiba, v. 6, n. 8, p. 56053-56063 aug. 2020. I1SSN 2525-8761

56056



JRrazilian Journal of Development

as by visual comparison of the fragmentation pattern with those reported in the literature.!* The
quantitative analysis was carried out on a Shimadzu GC-17A gas chromatograph using a
dimethylpolysiloxane DB-5 fused silica capillary column (30 mm x 0.25 mm, film thickness 0.25
m). H2 was used as the carrier gas at a flow rate of 1 ml/min and 30 psi inlet pressure; split, 1:30;
temperature program: 35-180° C at 4° C/min, then heated at a rate of 17° C/min to 280° C and held
isothermal for 10 min; injector temperature, 250° C; detector used FID, detector temperature, 250°
C.

3 RESULTS AND DISCUSSIONS

The essential oils present complex chemical composition extracted from diverse parts of
plants, giving to the plants adaptive forms in the medium in which they are inserted.'? The chemical
composition of essential oils varies between species and parts of the same plant. The constituents of
essential oils are mainly terpene derivatives, such as mono and sesquiterpenes, and
phenylpropanoids.t3-14

The essential oils extracted from the leaves S. terebinthifolius were analyzed by GC/MS and
GC/FID the constituents identified and quantified (Table 1). A total of 23 constituents (95.7%) were
identified. The major components of essential oil were p-Caryophyllene (30.2%) and o-3-Carene
(27.8%). The predatory caterpillar Automeris Hubner feeds the leaf of S. terebinthifolius and the
essential oil extracted from feces were identified and quantified (Table 1). A total of 19 compounds
(98.83%) were identified, being 7 monoterpenes (83.02%) and 13 sesquiterpenes (15.81%) (Figure
2). The essential oil of caterpillar Automeris Hubner feces showed greater abundance of
monoterpenes, being four non-oxygenated (25.45%) and three oxygenates (57,57%). The major
constituents essential oil feces were Perillal (34.51%), D-Limonene (23.31%) and trans-Shisool
(20.96%).

Comparison of leaf and feces volatile composition revealed that some constituents present
in the leaves were identified in the feces with percentage values smaller and higher than in the feces
(Table 1) like monoterpenes §-3-Carene whose percentage values decrease from 27.80% (leaves)
t0 0.41% (feces) and D-Limonene whose concentration increased significantly from leaves (2,23%)
to feces (23,31%). The literature reveals that insects play an important ecological role, since they
can act as predators, pollinators and phytophagous. Some of these insect-plant interactions are
extremely beneficial, such as pollination; however, interactions involving the consumption of plant
parts have led to the development of defense mechanisms, including the production or reduction of

secondary metabolites.'®
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Table 1. Volatile chemical composition of the leaves of Schinus terebinthifolius and feces of predatory caterpillar
Automeris Hubner

Compounds RI® Percent Composition
leaves feces
B-Tujene 930 0.60
a-Pinene 932 3.20 1.02
Sabinene 975 1.20
B-Pinene 979 0.9
Mircene 990 2.20
a-Fenlandrene 1002 0.80
5-3-Carene 1008 27.80 0.41
a-Terpinene 1014 0.50 0.66
D-Limonene 1024 2.30 23.31
B-Cimene 1024 2.70
Terpinolene 1088 0.70
y—Terpinene 1059 0.90
Terpinen-4-ol 1177 1.50
a-Terpineol 1188 1.30
Myrtenol 1194 2.15
Perillal 1279 34.51
trans-Shisool 1250 20.96
5-Elemene 1335 0.59
B-Elemene 1389 0.8 0.55
-Caryophyllene 1417 30.20 1.27
Aromadendrene 1439 0.50
y-Muurolene 1478 1.04
Germacrene D 1484 1.80 1.87
B-Selinene 1489 2.08
Valencene 1496 0.48
Bicyclogermacrene 1500 1.50 2.74
y-Cadinene 1513 0.92
5-Cadinene 1522 0.20 1.52
a-Cadinene 1537 0.48
Espatulenol 1578 5.70
Caryophyllene oxide 1583 5.80
Viridiflorol 1592 0.90
a-Eudesmol 1662 1.78
Total 97.7% 98.83%

®Retention indices on DB-5 column
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Figure 2. Chemical constituents of the feces essential oil from predatory caterpillar Automeris Hubner
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The analysis of biosynthetic route of most terpenoids hydrocarbons showed that constituents
like a-Pinene, D-Limonene and Germacrene D presentes at leaves essential oil were biotransformed
by the coupling of isopentenyl pyrophosphate (IPP) to give polyenyl pyrophosphates which are then
transformed to the terpenes by terpene synthases, following condensation of multiple of IPP and
DMADP units by synthase enzymes which catalyze the dissociation of pyrophosphate to form
polyenyl carbocations which can undergo complex rearrangements that are controlled by the
enzyme active site resulting in coupling of two IPP molecules to gives geranyl pyrophosphate
(GPP), which is the precursor of the structures of the monoterpenes found in the feces essential oil
of Automeris sp like Myrtenol, Perillal and trans-Shisool. Similarly, addition of another isoprene

unit to GPP gives farnesyl pyrophosphate (FPP), from which all sesquiterpenes observed in the feces
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essential oil like Aromadendrene, B-Selinene, Valencene, y-Cadinene, 6-Cadinene, a-Cadinene and

a-Eudesmol (Figure 3) (Vattekkatte et al. 2018).1

Many biological activities have been attributed to terpenoids and their derivatives as
antioxidant, antimicrobial and anticancer properties (Bhatti et al., 2014).1” These compounds are
biotransformed in many ways by enzymes from metabolism of a variety of organisms including

herbivorous larvae in which a complex chain of reactions involved secondary metabolites maybe

resulting in a mixture of compounds (Vihakas et al., 2015).18

Figure 3. Biosynthesis pathway postulated to chemical constituents biotransformed in the gastrointestinal tract of

predatory caterpillar Automeris Hubner
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In fact, some observations have revealed that injury caused by feeding insects such as may
result in a differentiated physiological post, in which the gene expression and/or formation of
secondary metabolites were affected. Studies have been investigated the phenolic metabolism by
different species of lepidopteran larvae. In general, some secondary metabolites suffer modifications
by enzymes released at leaf-chewing and in the midgut insects. In this sense, secondary metabolites
that passed through the larval alimentary system with relatively little metabolic change were simple
to detected compared to the biotransformation molecules.'®-?

The compounds p-Tujene, Sabinene, p-Pinene, Mircene, a-Fenlandrene, p-Cimene,
Terpinolene, y—Terpinene, Terpinen-4-ol, a-Terpineol, Espatulenol, Caryophyllene oxide and
Viridiflorol may be absorbed and metabolized which did not allow their identification in the feces
essential oil. 18 The presence of terpenoids in the feces of the caterpillar Automeris Hubner is related
to the function of these compounds as semiochemicals. The literature reports that a-and p-pinene
are already known as semiochemicals in the selection of the oviposition sites and in attracting and

eliciting oviposition. In contrast, limonene is found to be repellent.?

4 CONCLUSION

The analysis of biosynthetic route of most terpenoids hydrocarbons showed that constituents
like a-Pinene, D-Limonene and Germacrene D presentes at leaves essential oil were biotransformed
by caterpillar Automeris Hubner in to monoterpenes Myrtenol, Perillal and trans-Shisool and
sesquiterpenes aromadendrene, S-Selinene, VValencene, y-Cadinene, J-Cadinene, a-Cadinene and a-
Eudesmol. The enzymatic action of biotransformation is selective to some monoterpenes and

sesquiterpenes.

ACKNOWLEDGMENTS
The authors are grateful to the Fundagdo Cearense de Apoio ao Desenvolvimento Cientifico
e Tecnologico (FUNCAP), Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
(CNPq), Fundacdo de Amparo a Pesquisa do Estado do Rio de Janeiro (FAPERJ). EMBRAPA
AGROINDUSTRIA TROPICAL-Laboratério Multiusuario de Quimica de Produtos Naturais by
obtaining the spectral data.

Braz. J. of Develop., Curitiba, v. 6, n. 8, p. 56053-56063 aug. 2020. I1SSN 2525-8761

56061



JRrazilian Journal of Development

REFERENCES

1 Schwob, I.; Bessiere, J. M.; Masotti, V.; Viano, J. Changes in essential oil composition in Saint
John's wort (Hypericum perforatum L.) aerial parts during its phenological cycle. Biochemical
Systematics and Ecology 2004, 32, 735.

2 Angelopoulou, D.; Demetzos, C.; Perdetzoglou, D. Diurnal and seasonal variation of the essen-tial
oil labdanes and clerodanes from Cistus monspe-liensis L. leaves. Biochemical Systematics and
Ecology 2002, 30,189.

3Pala-Padl, J.; Pérez-Alonso, M. J.; Velasco-Negueruela, A.; Pala-Padl, R.; Sanz, J.; Conejero, F.
Seasonal variation in chemical constituents of Santolina rosmarinifolia L. ssp. Rosmarinifolia.
Biochemical Systematics and Ecology 2001, 29, 663.

* Carlos Arthur Gouveia Veloso, Pedro Henrique Sette de Souza, Fernanda Pontes Nobrega, Ana
Claudia Dantas de Medeiros, lvana Maria Fechine, José Iranildo Miranda de Melo, Josean Fechine
Tavares, Marcelo Sobral da Silva, Vicente Carlos de Oliveira Costa. Composi¢do quimica do 6leo
essencial de Varronia dardani (Taroda) J.S. Mill e sua atividade antibiofilme. Braz. J. of Develop.,
Curitiba, v. 6, n. 3, p. 12887-12898 mar. 2020.

®Frangois, A.; Laffray, S.; Pizzoccaro, A.; Eschalier, A.; Bourinet, E. T-type calcium channels in
chronic pain mouse models and specific blocers, Pflugers. European Journal of Physiology 2014,
466, 707.

®Silva, P. T.; Azevedo, F. R. P.; Dias, F. M. F.; Lima, M. C. L.; Rodrigues, T. H. S.; Souza, E. B.;
Bandeira, P.N.; Santos, H. S. Composi¢io Quimica do Oleo Essencial Extraido das Folhas dos
Individuos Macho e Fémea e Frutos de Schinus terebenthifolius. Revista Virtual Quimica
2019,11,180.

"0noja, S. O.; Ezeja, M. I.; Omeh, Y. N.; Onwukwe, B. C. Antioxidant, anti-inflammatory and
antinociceptive activities of methanolic extract of Justicia secunda Vahl leaf. Alexandria Journal of
Medicine 2017, 53, 207.

8 Gatehouse, J. A. Plant resistance towardsinsect herbivore: a dynamic interaction. New Phytologist
2002, 156, 145.

¥Mello, M. O.; Silva-Filho, M. C. Plant-insect interactions: an evolutionary arms race between two
distinct defense mechanisms. Brasilian Journal of plant physiology 2002, 14, 71-81.

0 Barreto, J. R. S.; Silva, G. H. Estudo da interagio quimica entre aroeira e lagarta predadora. Parte
1: Avaliagéo do teor de &cido galico nas folhas de Schinus terebinthifolius Raddi (aroeira) e fezes
da lagarta Automeris sp. 652 Reunido Anual da Sociedade Brasileira para o Progresso da Ciéncia
(SBPC) 2013.

11 Adams RP. Identification of Essential Oil Components by Gas Chromatogra- phy/Quadrupole
Massa Spectroscopy. US (United States): Allured Publ Corp Carol Stream, IL, USA, 2017.

12 Qussalah, M.; Caillet, S.; Saucier, L.; Lacroix, M. Inhibitory effects of selected plant essentialoils
on the growth of four pathogenic bacteria: E. coli 0157:H7,

Braz. J. of Develop., Curitiba, v. 6, n. 8, p. 56053-56063 aug. 2020. I1SSN 2525-8761

56062



JRrazilian Journal of Development

Salmonella Typhimurium, Staphylococcus aureus and Listeria
monocytogenes. Food Control 2007, 8, 414.

13Gobbo-neto, L.; Lopes, N. P. Plantas medicinais:
fatores de influéncia no contetdo de metabdlitos secundarios.
Quimica Nova 2007, 30, 374.

14 50l6rzano-Santos, F.; Miranda-Novales, M. G. Essential oils from aromatic herbs as antimicrobial
agents. Current Opinion in Biotechnology 2012, 23, 136.

®Diabate, S.; Deletre, E.; Murungi, L. K.; Fiaboe, K. K. M.; Subramanian, S.; Wesonga, J.; Martin,
T. Behavioural responses of bean flower thrips (Megalurothrips sjostedti) to vegetative and floral
volatiles from different cowpea cultivars. Chemoecology 2019, 29, 73.

16 vattekkatte, A.; Garms, S.; Brandt, W.; Boland, W. Enhanced structural diversity in terpenoid
biosynthesis: enzymes, substrates and cofactors. Organic & Biomolecular Chemistry 2018, 16, 348.

1"Bhatti, H. N.; Khan, S. S.; Khan, A.; Rani, M.; Ahmad, V. U.; Choudhary, M. I. Biotransformation
of monoterpenoids and their antimicrobial activities. Phytomedicine 2014, 21, 597.

8 Vihakas, M.; Gomez, I.; Karonen, M.; Petri, T.; llari, S.; Juha-Pekka, S. Phenolic Compounds
and Their Fates In Tropical Lepidopteran Larvae: Modifications In Alkaline Conditions. Journal of
Chemical Ecology 2015, 41, 822.

19 Reymond, P.; Weber, H.; Damond, M.; Farmer, E. E. Differential gene expression in response to
mechanical wounding and insect feeding in Arabidopsis. The Plant Cell 2000,12,707.

20Korth, K. L.; Dixon, R. A. Evidence for Chewing Insect-Specific Molecular Events Distinct from
a General Wound Response in Leaves. Plant Physiology 1997, 115, 1299.

2L Neuvonen, S.; Haukioja, E.; Molarius, A. Delayed inducible resistance against a leaf-chewing
insect in four deciduous tree species Oecologia 1987, 74, 363.

22Mathieu, F.; Malosse, C.; Frérot, B. Identification of the Volatile Components Released by Fresh
Coffee Berries at Different Stages of Ripeness. Journal of Agricultural and Food Chemistry 1998,
46, 1106.

Braz. J. of Develop., Curitiba, v. 6, n. 8, p. 56053-56063 aug. 2020. I1SSN 2525-8761

56063



