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Abstract: The poly-component composition of repugnatorial secretions isolated from Rhinocricus du-
vernoyi Kasrh 1981 eco-geographical populations, inhabiting in the eastern zone of Cuban archipelago,
was analyzed using GC-MS. Were identified several benzoquinonoids and related derivatives, reveal-
ing the existence of a singular compositional heterogeneity at a geographical scale. The preliminary
molecular-geographic mapping of the Cuban archipelago detailed the presence of 3 chemotypes in
the east region. The work reports a structural-chromatographic molecular database containing the
components of defensive secretions.

Keywords: millipedes; defensive secretions; chemical-bioprospecting; benzoquinonoids; eastern
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1. Introduction

Chemical-bioprospecting [1,2] is a conceptual, and methodological, tool of singu-
lar importance for the evaluation of biodiversity as a sustainable source of metabolites,
polyfunctional molecular systems, and raw materials with high added value [3-5].

Progresses achieved in the field of structural and compositional studies of bioactive
chemical compounds isolated from invertebrates, inhabiting in neotropical insular con-
ditions, and their environmental interactions through metabolomics and chemogenomic,
paving the way for strategical exploration of biodiversity in the search for potential com-
pounds that are biologically active and have industrial utility [6-9].

Millipedes (Diplopoda), slow-motion detritivores, constitute one of the largest taxo-
nomic groups on the planet, reaching up to 80,000 species [10,11], and one of the oldest
invertebrate groups on Earth, dating back to the Silurian and Devonian [12].

Commonly known as a “thousand-legger” [13], it has been well established that they
have an extraordinary biochemical weaponry against predators and parasites as a mean
of defense [14-16]. Chemical ecology studies on the defensive secretions of millipedes
have revealed a remarkable differentiation in the molecular composition of these secretions.
These repugnatorial defensive bioactive secretions are poly-component molecular systems
with a high degree of volatility, which are biosynthesized in specialized glands (ozadens)
located in the segments (dorso-lateral part of the body) and discharged into the environment
through ozopores when the individual is disturbed. These defensive secretions, or defense
allomones, can constitute real molecular monsters due to their composition and sometimes
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are only mono-component mixtures [17,18]. The components of millipede allomones,
mostly benzoquinonoids, esters, cyanogenic compounds, alkaloids, hydrocarbons, and
oxygenated derivatives with a molecular weight varying between 80 and 580 Da, are
different for each order, class, and family of millipedes, with compositional differences
related to environmental and eco-geographical conditions, inter-species interactions, type
of feeding, age, sex, ontogenetic developmental phase etc., indicating some evolutionary
patterns in interspecific or intraspecific differences, and that they may, therefore, be useful
as chemotaxonomic biomarkers [19,20].

The genus Rhinocricus (Spirobolida, Rhinocricidae) is widely distributed in the Cuban
archipelago, and constitutes the major component of the insular edaphic biomass of Cuban
terrestrial invertebrate biodiversity [21]. Independently of the observed morphological
stasis, five species-subspecies of gen. Rhinocricus are identified: Rhinocricus duvernoyi,
Rhinocricus maximus maximus, Rhinocricus suprenans, Rhinocricus maximus bartschi and
Rhinocricus barbourin [22].

Continuing our research program on the applied chemical ecology of defensive se-
cretions of millipedes inhabiting the insular neotropical region, the Cuban archipelago,
this report describes the results of a GC-MS study on isolated repugnatorial ejections from
Rhinocricus populations inhabiting the eastern region of Cuba.

The global strategy of chemical-prospecting, in sustainable and scalable conditions,
for studying the defensive secretions of Rhinocricus populations, from the western zone of
Cuban archipelago, has been described previously in [23].

2. Materials and Methods
2.1. General Procedures

All commercial reagents (KI, AgNO3;, KOH, NaySQOy, picric acid, and oxalic acid) and
solvents (ethyl ether, acetone, ethanol, methanol, chloroform, dichlomethane, and ethyl
acetate) were purchased from Sigma-Aldrich/Merck Life Science (Darmstadt, Germany),
and they were used without any further purification.

2.2. Determination of the Potential Presence of Cyanide

Determination of cyanide: Alkaline picrate reagent was prepared as follows: Test
tubes with 2 mL of 2% KOH and 1 mL of picric acid: Na,CO3:H,O (1:5:200 v/w/v) were
prepared. 3 Whatman No 1 papers, each with a dimension of 8 x 1 cm, were dipped into
the alkaline picrate solution for 15 min. The picrate-impregnated papers were removed
from the solution, air-dried, and used immedjiately for cyanide determination. In the case of
HCN in the defensive secretion, the paper impregnated with alkaline picric acid gradually
changes to orange-reddish color.

2.3. Gas Chromatography Coupled with Mass Spectrometry (GC-MS)

A Hewlett-Packard 6890 gas chromatograph (Palo Alto, CA, USA) with a 5973 quadrupole
detection system (GC-MS) was used. The separations were carried out through a capillary
column of Ultra 2 type (J & W Scientific, Folsom, CA, USA), 12 m long and 0.22 mm of internal
diameter. A carrier gas was used, He, at a flow of 1 mL/min. Temperature ramp: 60 °C
with increments of 10 °C/min up to 300 °C (isothermal 5 min). Run time 30 min. Injection
volume 2 pL at a temperature of 280 °C, in split mode (1:10 ratio). The ionization source was
IE at 70 eV operating at 230 °C. Acquisition mode: Full Scan. Range of m/z 40-700. The
percentage of each chemical constituent was calculated by comparing the average peak area
to the total areas.

2.4. Biological Material

Adult individuals (males) were collected in the following sites of the eastern eco-
geographical zone of the Cuban Archipelago (3: San Miguel de Baga-Guaimaro, GPS: 21.428853,
—77.328784; Rio Cauto-Bayamo, GPS: 20.531927, —76.926885; Baracoa-Guantanamo, GPS:
20.316253. —74.554577) during the months of July—August of 2019 and 2020. The spec-
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imens (1 individual per geographic collection area) were kept in the Organic Chemistry
Laboratory of the Faculty of Science & Technology at Technical University of Esmeraldas,
Ecuador (vouchers 004-006). The geographical zones where the collection and secretion
extraction were performed are depicted in Figure 1.

exico

--------

Geographical zones of collection and extraction areas

San Miguel de Baga Rio Cauto Baracoa
21.428853, -77.328784 20.531927, -76926885  20.316253, -74.554577

Cuban archipelago

Figure 1. Geographical zones of collection and extraction areas of defensive secretions from
Rhinocricus sp. Population inhabiting in the easter zone of Cuban archipelago.

2.5. Extraction and Isolation

To obtain the defensive secretions, which have an intense reddish-brown coloration,
the male individuals are stimulated mechanically in situ (in field conditions), over a
Whatman 40 filter paper. The filter paper is extracted with diethyl ether (2 x 2 mL) and the
unified extracts are concentrated to dryness and stored in a 1 mL Eppendorf vials protected
from the light. To each vial, dichloromethane (0.7 mL) is added; then, the mixture is filtered
through 0.45 pm frit, and injected into the GC-MS (20 pL).

3. Results and Discussion

The investigation of millipede repugnatorial secretions is a complex task. It neces-
sitates a conceptual, and methodological, understanding of (1) global biological roles as
mixed “polycomponent” molecular systems, (2) specific metabolic and synergistic func-
tionality of each component of the studied defensive secretion, and (3) evolutionary and
chemotaxonomic significance of each component and, also, of the total repugnatorial secre-
tion, including inter-species relationships, as well as the definition of chemical-physical
parameters defining repugnatorial action under given environmental conditions [24].

Given that only about 200 species of millipedes have been studied in terms of applied
chemical ecology and chemical composition analysis, there is a significant challenge ahead.
The goal is to gain a comprehensive, and systemic, structural-functional understanding of
these repugnatorial secretions. Moreover, there is potential in harnessing these secretions as
eco-friendly raw materials to develop new molecular entities for applications in medicine,
pharmaceuticals, agrochemicals, vector control, and other related areas. Additionally, a
proper evaluation of their chemo-taxonomic and evolutionary significance is vital.

The collected individuals (males) were gently treated using mechanical methods
(hand pressure) to collect the defensive secretion, of a very noxious “phenolic” odor, under
field conditions. This approach not only allowed for the in situ georeferencing of the
geographical populations during collection, but also ensured minimal disturbance and
irritation of the individual. No female or juvenile individuals were collected.

The preliminary study for the detection of cyanhydric acid (or CN™) did not report its
presence in the defensive secretions collected at the three geographical points described
above. Thin-layer chromatography, and chromogenic reactions (rhodamine + NH4;OH)
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on Si0; (AgNO3 + HOOC-COOH) plates, of the repugnatorial secretions collected in situ
unequivocally established their multi-component structure, and the presence of quinonoid
metabolites, such as phenols and benzoquinones.

The compositional-structural analysis, carried out by GC-MS, of the defensive secre-
tions from millipede populations of the gen. Rhinocricus sp., which inhabit the eastern
eco-geographical zone of the Cuban archipelago, isolated from three specific locations
described above (see Figure 1), has revealed structural variations and interesting molecular
patterns. The results of the GC-MS analysis are reported in Table 1.

Table 1. Secondary metabolites identified, via GC-MS, in millipede defensive secretions isolated from
eco-geographical populations under study.

Collection Site Main Components ? Retention Time (Rt, min), % in
(Coordinates) mlz (%) the Defensive Secretion

2-Methoxyphenol
109(100), 124(M+, 94), 81(44), 65(5),

53(15)
©i°” Rt = 2. 712 min (42%)
o
San Miguel 2-Methoxy-3-methyl-1,4-
de Baga benzoquinone
21.428853, |
—77.328784 °
° Rt = 5. 464 min (56%)
153(9), 123 (M+), 151(17), 122(45),
109(36), 83(41)
82(38), 66(69), 54(61), 53(89)
2-Methoxy-4-methylphenol
138(M+, 100), 123(93), 95(31), 77(17),
67(19), 55(14), 51(9)
Rio Cauto
20.531927, ' Rt = 3. 226 min (86%) "<
—76926885 OCHj
CH,
Decanal
156(M+, 0), 128(8), 112(39), 82(59), 70(64), )
57(100), 43(88) Rt = 6. 764 min (18%)
H3C\/\/\/\/YO
H
2,3-Dimethoxy-5-methyl-1,4-
benzoquinone
o O\
Baracoa Rt = 4. 876 min (32%)
20.316253, o
—74.554577 o

183 (M+), 182(83), 167(33), 153(20),
137(100), 83(88), 69(44), 43(16)
2,6-dimethoxyphenol
OH

HyCO OCH;

Rt = 2. 932 min (46%)
154(M-+, 100), 139(93), 111(49), 96(11),
79(8), 69(7), 53(7)

2 Several compounds were not identified. ® 12% of components are associated with C12-C28 aliphatic esters with
an Rt in the of range 27-43 min, and were not identified. © Was detected a signal at 7.86 min, comprising approx.
2% of the chromatogram peak-area with an m/z of 152. The preliminary evaluation indicates the presence of an
alkaloid H-pyrrolo-pyridine-2,6-dione, that has to be confirmed.
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GC-MS analysis of the extracts obtained from repugnatorial ejections detailed the
presence of well-resolved six volatile, organic, benzoquinonoid, components.

The preliminary study of the repugnatorial secretions isolated from Rhinocricus popu-
lations inhabiting the eastern zone of the Cuban archipelago reveals that these secretions
are poly-component systems. The majority of the defense allomones components are
benzoquinonoids, comprising 50% substituted phenols and 34% polysubstituted benzo-
quinones. The miscellaneous compound constitutes 17% of the secretions, including a
carbonyl derivative C-10 (decanal).

It should be noted that both, i.e., substituted phenols and poly-substituted 1,4-
benzoquinones, as defense allomones, are widely distributed in terrestrial invertebrates
and function as repugnatorial defensive molecular mechanism. The two major benzo-
quinoid components described: 2,3-dimethoxy-5-methyl-1,4-benzoquinone and 2-methoxy-
3-methyl-1,4-benzoquinone, are also components of the defensive secretion of millipedes of
the orders Spirobolida, Spirostreptida, and Julida, corroborating the significance of benzo-
quinonoids as molecular defenses in millipedes against predators and microbial pathogens.
The identification of decanal, in the defensive secretion of Baracoa population, is the first
report on the presence of an aliphatic aldehyde as a defense allomone in the neotropical
insular region.

Work is currently underway to evaluate the antimicrobial activity of these repugnato-
rial secretions and to design eco-sustainable synthesis strategies to obtain new pharmaco-
logically active molecular entities. The results will be published soon.

4. Conclusions

The compositional difference in the defensive secretions of populations of millipedes
genus. Rhinocricus, that inhabit the eastern ecogeographic zone of the Cuban archipelago,
is reported. Three different chemotypes for the genus Rhinocricus were found and decanal
was identified, for the first time, in repugnatorial secretions of Spirobolida-Rhinocricidae
millipedes in neotropical insular region. In previous works [23] have conducted studies
on the composition of the defensive secretions of millipedes of the genus Rhinocricus that
inhabit the western zone of the Cuban neotropical archipelago, demonstrating the signifi-
cant molecular diversity among these defensive allomones. The present work provides a
more comprehensive eco-geographical and systematic chemical perspective and enables
the consideration of these molecular structures as potential chemotaxonomic biomarkers
characteristics of these population.
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