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Abstract: In the last 30 years, a significant increase in resistance of pathogenic microorganisms to
conventional therapeutic strategies has been observed and it constitutes a drive force for the search
of, in plants and microorganisms, more effective bioactive molecular systems. In this context, ter-
restrial invertebrates associated with mega edapho-fauna has not been considered as a source of
poly-component systems or molecular entities with potential antimicrobial action. The defensive
secretions of Diplopods, given the presence of benzenoids and monoterpenes, possess recognized
antimicrobial activity. In the present communication we report the isolation of repugnatorial secre-
tions from millipedes gen. Rhinocricus inhabiting in Cuban neotropical island conditions and the
analysis, by GC/Ms, of their composition pattern (hydroxylated quinonoids) that show, under in
vitro conditions, a significative antimicrobial activity against pathogenic microorganisms (Candida
albicans, E. coli and S. aureus). These natural derivatives can be used, as bioactive components, in
formulations for topical treatment of epidermal infections of microbial origin.
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1. Introduction

The extraordinary advances in metabolomics [1-4] and chemogenomics [5,6] of nat-
ural products and secondary metabolites, their structural characterization, modelling and
derivatization, during the last decade, including novel structural elucidation techniques,
have led to the development of a new approach to the study of natural products molecular
biodiversity, their ecological significance, and potential applications in the field of applied
microbiology for controlling human and animal pathogens.

The molecular potentiality of biodiversity of the (edaphic) fauna of terrestrial inver-
tebrates of the Cuban neotropical archipelago has not been properly chemo-prospected in
searching for new potential pharmacological entities (NPE) and antimicrobial agents as
well. There are just few reports detailing biological (antimicrobial) activity and structural-
compositional patterns of defensive secretions of Millipedes (Diplopoda) inhabiting in
different eco-geographical regions of Cuban tropical archipelago [7-11]. The reported re-
sults detail the microbiocidal action vs. microbial pathogens of defensive secretions
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(repugnatorial ejections) studied and isolated from some populations of endemic milli-
pede gen. Rhinocricus sp., inhabiting in Cuban neotropical archipelago.

2. Materials and Methods

All reagents and solvents used were supplied by MERCK, Darmstadt, Germany, and
were used without prior purification.

2.1. FTIR Spectroscopy

The infrared spectra were recorded on a PHILIPS ANALYTICAL FTIR PU-9600 spec-
trophotometer, Germany; the samples were prepared in potassium bromide (KBr) tablets
at 25 °C.

2.2. NMR Spectroscopy

NMR spectra were recorded on a BRUKER AC-250 instrument, Germany, at 25 °C.
The protonic chemical () shifts are given in ppm, using tetramethylsilane as internal ref-
erence (TMS, d = 0.0) and as a solvent CDCI3. The chemical shifts (0) for 13C refer to the
central peak of the CDCI3 solvent at 77.03 ppm.

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

A Hewlett-Packard 6890 gas chromatograph (Palo Alto, CA, USA) with 5973 quad-
rupole 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. As carrier gas, He was used, 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 ion-
ization source was IE at 70 eV operating at 230 °C. Acquisition mode: Full Scan. Range of
m/e 40-700. The following databases were used for structural characterization: Nist98
(National Institute of Standards and Technology, USA), PMW_TOX2 (Wiley Library and
Pfleger Maurer Weber (PMW), National Metrology Institute of Japan (NMIJ); and Na-
tional Institute of Advanced Industrial Science and Technology (AIST).

2.4. Biological Material

Adult individuals (males) of the millipede species gen. Rhinocricus sp. (Diplopoda,
order Spirobolida, fam. Rhinocricidae) were collected in eco-geographical region of Banao
Forest (geographical coordinates: —79.5686 W, 21.8286 N, Sancti Spiritus), during the
months of May—July 2019. The specimens were kept in the GIM Laboratory of the Faculty
of Science & Technology at Technical University of Esmeraldas, Ecuador (voucher 001-
003). In the laboratory, millipedes were kept in plastic boxes (24 cm x 18 cm) filled with
soil and litter from the collecting site or prepared one. The boxes were regularly sprayed
with water to maintain high humidity.

2.5. Collection of Repugnatorial Secretion

The defense secretions were collected by gently pressing the producing glands lo-
cated in the middle of dorso-lateral region of the animals. The ejected liquid was collected
with the aid of a micropipette (0.5-10 puL) and, conditioned. After determining the col-
lected volume, the fluid was transferred to Eppendorf tubes containing 50 uL of methanol,
concentrated with N2 flow (g) to dryness, and stored at =10 °C. To each Eppendorf vial,
with the dry extract, dichloromethane (1 mL) is added, filtered through 0.45 um frit, and
injected into the GC-MS (2-20 pL).
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2.6. Determination of Percentage of Growth Inhibition of Microorganisms

The percentage of growth inhibition of microorganisms was determined by reading
the absorbance in a spectrophotometer for microplates SLT Spectra (Tecan SLT Spectra
Shell B 039.053 Microplate Reader/Spectrophotometer, Madison, WI, USA) at 630 nm

2.7. Microbiocidal Activity

For each assay, the microorganisms were previously incubated in inclined tubes with
Tryptose Soya Agar (TSA, Difco) for bacteria at 37 °C and Sabouraud Dextrose Agar (SDA,
Difco) for fungi at 25 °C for 24 h. The cultures obtained from the tubes were re-suspended
in 0.85% saline solution. The microbial suspensions obtained were serially diluted with
saline solution and inoculated in TSA and SDA medium to determine the concentration
of microorganisms. The microbial suspension of the appropriate concentration was then
diluted in TSB (Tryptose Soya Broth) and SDB (Sabouraud Dextrose Broth) liquid culture
medium so that the final concentration of microorganisms in each well of the microplate
had a number of 200 to 400 CFU/200 pL. The antimicrobial activity was determined
through serial dilution of the repellent liquids in DMSO/MeOH (1:1 v/v), being inoculated
10 pL of these dilutions in 190 pL of the respective microbial suspensions, the positive
controls used were chloramphenicol and amikacin for bacteria and nystatin for the fun-
gus, all at a concentration of 1 mg/mL and as negative control were used 10 puL of the
dilution vehicle of the defensive secretion. After distribution of the respective samples
and microorganisms, the microplates were incubated in an incubator for 48 h at 25 °C for
C. albicans and 24 h at 35 °C for the other microorganisms. After the incubation period,
the percentage of growth inhibition of microorganisms was determined by reading the
absorbance in a spectrophotometer for microplates (SLT Spectra) at 630 nm. The lowest
concentration of the tested sample capable of inhibiting microbial growth was considered
the Minimum Inhibitory Concentration (MIC) [12,13]. After determining the MIC, the con-
tent of the wells, where no growth was observed, was plated in TSA culture medium for
bacteria and SDA for fungus and subsequently incubated at the appropriate temperature
and time for the respective microorganisms to obtain the Minimum Bactericidal Concen-
tration (MBC) [14,15] and the Minimum Fungicidal Concentration (MFC) [16] of the tested
samples. The MBC and MFC were considered as the lowest concentration of the sample
capable of reducing the number of viable bacteria or fungi by 99.9% [17]. The overview of
the process is represented, schematically, in Figure 1.

Formulation design Rhinocricus sp Green synthesis of
Banao, Cuba Defensive secretionisolated major
I components

Bio-screening: MIC; MBC; MFC i,
Staphylococcus aureus subsp. Aureus (ATCC 6538) 2.-dry with N, /-10 °C Compasition pattems
o 2

Escherichia coli (ATCC 8739) 3.-CH,Cl,/ GC-MS /2L
Pseudomonas aeruginosa (ATCC 9027) < CH L,/ /24 IR NMR GEMS

Candida albicans (ATCC 10231)

1.-methanol

Other potential targets
and biological activity tests
Atta, Aedes, Aphids, Hemiptera

Preparation of new Derivatives
Via eco-sustainable synthetic
protocols

Figure 1. General process of molecular characterization and determination of biological activity of
the defensive secretion of Rhinocricus sp. from Banao Forest, Cuba.
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3. Results

The analysis of the chemical composition of defensive secretions of Rhinocricus sp.,
collected in situ in the Banao Forest, Cuba, by thin layer chromatography (chromogenic
reactions on SiO:2 plates doped with oxalic acid and silver nitrate [18]), revealed that this
repugnatorial fluid is a polycomponent mixtures. The uses of specific reagents suggest the
presence of quinonoid metabolites (phenols and benzoquinones) with a certain degree of
substitution [19].

The compositional-structural analysis, by GC-MS and FTIR, of the millipede defen-
sive secretions of the gen. Rhinocricus sp. that inhabits the Banao Forest in the central eco-
geographical zone of the Cuban archipelago, revealed a great heterogeneity both in com-
position and in structural variations and molecular patterns. The results of the TLC-
GC/MS analysis (Retention Time (Rt, min.) and %) in the defensive secretion are detailed

in Figure 2.
OH Oy M 'd
2-methylhydroquinone Rt =2, 622 min. (3,2%)
- o’ 4-hydroxy-3-methoxy- benzaldehyde Rt=2,
OH 1 OH 2 O~ 3
NH,

909 min. (5,3%)
3, 4-dimethoxyphenol Rt=3, 240 min. (10, 6%)
1-methyl-2-methoxy-1,4-benzoquinon Rt = 5,
9 374 min. (26, 6%)
Phenyl-3 4-di-methoxy-ethyl-1-amine Rt = 5,

O/ O, 330 min. (51%)
* 0 1~ 5

Figure 2. TLC & composition of the defensive secretion of Rhinocricus sp. from Banao Forest, Cuba.

Banao :

Determination of the Antimicrobial Activity of defensive secretion of Rhinocricus sp.
from Banao Forest.

All the test microorganisms showed susceptibility to the repugnatorial fluid of Rhi-
nocricus sp. millipede. The bacterium P. aeruginosa showed the highest resistance to the
toxic effects of these secretions. The results are illustrated in Tables 1 and 2.

Table 1. Antibacterial activity of defensive secretion of Rhinocricus sp. from Banao Forest, Cuba.

taxa S. aureus (nL/mL) | E. coli (nL/mL) | P. aeruginosa (nL/mL)
Rhinocricus sp. MIC* | MBC* | MIC | MBC MIC MBC
(Diplopoda, Spirobolida)
Banao Forest <1355 | >300 | <405 | >70,0 <45,0 n/a
(-79.5686 W; 21.8286 N)
Cuban archipelago

* MIC: Minimum Inhibitory Concentration; * MBC: Minimum Bactericidal Concentration.

Table 2. Antifungal activity of defensive secretion of Rhinocricus sp. from Banao Forest, Cuba.

Taxa C. albicans (nL/mlL)
Rhinocricus sp.
(Diplopoda, Spirobolida)
Banao Forest
(-79.5686 W; 21.8286 N)

Cuban archipelago >4000.5 >4000.5

MIC * MEC *

* MIC: Minimum Inhibitory Concentration; * MFC: Minimum Fungicidal Concentration.
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4. Discussion

In arthropods, a significative amount of antibacterial and antifungal substances and
compositions [20] have been described and characterized. They differ in regard to their
mode of action, activity, tissue of formation and chemical composition. The search for an-
timicrobials from natural sources as important medical need especially for Gram-negative
infections, has received much attention and efforts have been made to identify com-
pounds that can act as suitable antimicrobial agents. The defensive secretion of Rhinocricus
sp. individuals from Banao Forest in the Cuban neotropical archipelago [21] has a multi-
component molecular system of great heterogeneity (Figure 1, vide supra) where the mo-
lecular complexity ranges from derivatives of 1,4-benzoquinones and their respective hy-
droquinones [22] to aldehydes and an unexpected primary alky-aromatic amine. The pres-
ence of these structures was expected in species belonging to the families Spirobolidae
and Julida, according to the phylogenetic pattern previously found for the chemical com-
position of defense secretions within Diplopoda [23,24].

The caustic and irritant properties of these odorous, and extremely volatile, com-
pounds and their physical mixture, can cause to invertebrate predators to desist from at-
tack and perform vigorous cleaning activities in the areas of contacting with this noxious
poly-component mixture [25], as well as other physiological effects [26]. It should be noted
that these described compounds, individually, have been detected and quantified in other
species of millipedes, as well as in other families of arthropods, which supports, from the
point of view of chemical evolution and functionality, their significance as volatile defen-
sive compounds of rapid effect by contacting [27,28] in repelling spiders and species of
ants.

Taking into consideration the ecology of millipedes [29,30] and their significance as
detritivores for ecosystems [30], inhabiting in a hot and humid environment also exposes
Rhinocricus sp. to attack by pathogenic microorganisms such as entomopathogenic bacte-
ria and fungi. Previously, was described the growth inhibition capacity of E. coli for 1,4-
benzoquinone and 2-methyl-1,4-benzoquinone (toluylquinone) [31], isolated from the re-
pugnatorial secretions of several Arthropoda species.

The results presented in this study demonstrate that the complex poly-component
mixture of benzoquinonoids (p-benzoquinones substituted and hydroquinones + and pri-
mary alkylaromatic amine) presents in the defensive secretion of Rhinocricus sp. possess a
potent antimicrobial activity for both Gram positive and negative bacteria and fungi. In
general, the secreted repugnatorial fluid from ozopores of Rhinocricus sp. showed a more
pronounced toxicity against the Gram-positive bacterium S. aureus, which was completely
eliminated with a concentration of the defensive secretion in the order of parts per million
(ppm). In [32] is considered that most species with a quinonic-hydroquinone chemoprofile
live in the soil and litter, where they are in direct contact with many pathogenic microor-
ganisms and MIC values for benzoquinones are low and very effective at deterring micro-
organisms

On the other hand, fungus was less sensitive to the secretions. For these microorgan-
isms, it was possible to observe growth inhibition in concentration ranges similar to those
found for S. aureus, but the toxic effects were only observed at much higher concentra-
tions. However, in order to confirm the possible role of defense against microorganisms
itis necessary to test the activity of these substances against pathogenic bacteria and fungi
of these species.

5. Conclusions

This study represents the first report devoted the antimicrobial activity of defensive
secretions isolated from Rhinocricus sp., inhabiting in Banao Forest located in the central
eco-region of the Cuban neotropical archipelago. In general, the tested extract showed
antimicrobial activity against both type of bacteria. The defensive secretion also exhibited
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an antifungal potential. The given extract contains antimicrobial components potentially
useful as therapeutic agents in the pharmaceutical and agricultural industries.
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