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Abstract

Ants are one of the diverse groups of insects and are less explored reservoirs of many bioactive natural products,
including proteins and peptides. This study was conducted to characterize the compounds of the worker
ant, Leptogenys diminuta (Smith, 1857). Hence, this study will demonstrate the importance of ants as a
potential source of bioactive compounds found in nature. Thirty samples of L. diminuta were extracted using
hexane solution and the compounds were detected using Gas Chromatography-Mass Spectrophotometry (GC-
MS), and the mass spectra of compounds were identified using the NIST08 Standard Reference Database. The
analysis identified seven bioactive compounds from L. diminuta with pharmacological and industrial
applications, including the first reports of the presence of 2,4-ditert-butylphenol in Ponerine worker ant’s
hexane extract. Thus, more studies are needed to explore other essential natural products with various

applications found in ants.
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Introduction

Ants are one of the ecologically and taxonomically
diverse groups of insects. They dominate much in
terrestrial ecosystems, ranging from deserts to
subarctic tundra (Shields, 2018). Currently, there are
more than 15,752 valid species/subspecies of ants. Of
these, the subfamily Myrmicinae and Ponerinae
constitute 40% and 17%, respectively (Antweb, 2021).
Species from these subfamilies possess sting
apparatus. For instance, the sting apparatus of the
fire ant Solenopsis invicta is used to inject venom
against their prey. Venomous sting has been reported
to cause inflammation, localized sterile blisters, and
sterile pustules that sometimes cause whole-body
allergic reactions and even death in humans (Junior

and Larsson, 2005; Drees, 2014).

On the other hand, the stinging ant venoms are also a
rich source of promising bioactive compounds with
therapeutic and industrial applications. In subfamily
Mpyrmicinae, the piperidine alkaloid Isosolenopsin
Aisolated from the fire ant, Solenopsis invicta has
cardiovascular depressant and neurologic actions (Yi
et al., 2003; Postman, 2009). The specific isomers of
synthetic fire ant (S. invicta) venom alkaloids
demonstrate antibacterial activity against human
pathogens (Sullivan et al., 2009). Such as
the Solenopsin-induced autophagic and programmed
cell death in Trypanosoma cruzi, the causative agent
of Chagas disease (Silva et al., 2020); and a naturally
occurring inhibitor of phosphatidylinositol-3-kinase
signaling and angiogenesis (Arbiser et al., 2007). The
peptide Bicarinalin was isolated from the ant
Tetramorium bicarinatum and had antimicrobial
activity against Staphylococcus and Enterobacteriacea
(Tene et al, 2016). In subfamily Ponerinae, the
neuropeptide Poneratoxin isolated from bullet ants,
Paraponera clavate has potential use for the
construction of biological insecticide (Szolajska et al.,
2001; Postman, 2009); and affects the excitability of
nerve and muscle fibers by its action on sodium
channels (Duval et al., 1992). The Poneritoxins from
Anochetus emarginatus demonstrate a rich source of
novel ion channel modulating peptides that are useful

in biopesticides development (Touchard et al., 2016).
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The Ponericins isolated from the venom of the
predatory ant Pachycondyla goeldii has been found
to have antimicrobial, insecticidal, and hemolytic
properties (Orivel et al., 2001). The Dinoponeratoxin
peptides isolated from the ant Dinoponera
quadriceps display in vitro anti-trypanosomal activity
and a broad spectrum of candicidal (Lima et al., 2018;

Doduo Lima et al., 2020).

The Philippines currently has 582 species/subspecies,
and more than half are stinging ants, with subfamily
Mpyrmicinae constituting 40% and Ponerinae 17% are
the most abundant (Antweb, 2021). Despite the
promising biologically active natural products, studies
onant venoms in the Philippines remain an
underrepresented resource for therapeutics and
industry. Thus, this study aimed to characterize the
bioactive compounds present in the head, thorax, and
of Ponerine

sting  apparatus ant Leptogenys

diminuta using Gas Chromatography-Mass

Spectrophotometry (GC-MS).

Materials and methods

Collection of samples

Samples of the ant Leptogenys diminuta (Smith,
1857) were collected from a decaying wood near a
stream of Bolyok falls, Naawan, Misamis Oriental, in
October 2019, and placed in 20L plastic box painted
with Fluon® to prevent from escaping. Extractions

were done 1week after collection from the field.

Ant venom extraction

Thirty workers of Leptogenys  diminuta were
transferred into a rectangular container with a flat lid
(5s00ml) and placed in a freezer for 5-10 minutes to
immobilized samples. Crude venom was extracted
separately from the head, thorax, and secretory
apparatus, which consists of the sting, Dufour’s gland,

and the venom gland.

The secretory apparatus from 30 worker ants were
carefully pulled out of the abdomen by grasping the
sting with a pair of forceps. The secretory apparatus
was pooled and soaked in 2ml hexane solution; on the

other hand, the head and thorax from the same
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worker ants were soaked separately in 2ml hexane
solution and kept in the freezer for 48 hours. The
three samples were submitted for Gas
Chromatography-Mass Spectrophotometry (GC-MS
Ultra QP 2010™) at the Chemistry Analytical and
Research Laboratory of Ateneo de Davao University,
Davao City. The compounds were identified by
interpretation of their mass spectra and using the

NISTo08 Standard Reference Database.

Results and discussion

The GC-MS profile of the three-sample solvent-
extracts of L. diminuta workers revealed seven
bioactive compounds (Table 1). The comparison of

the mass spectra of bioactive constituents was
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performed using the internal standards of the
National Institute of Standard and Technology
database (NISTo08.library). The spectra of compounds
with biological activities that were identified from L.

diminuta were presented in Fig. 1.

All samples contain 1,4:3,6-Dianhydro-D-glucitol,
referred to as Isosorbide. This compound is non-toxic
and has pharmaceutical applications, including
treatment of hydrocephalus, glaucoma, and as
preoperative medication for various surgical
procedures, including cataract extraction, retinal
detachment, corneal transplant, and glaucoma
operations (Becker et al., 1967; Lorber, 1973; Cecutti

etal., 1998).

Table 1. Components of Hexane extracts derived from the worker ant, Leptogenys diminuta.

Peak No.  RT(min.) Compounds Formula Retention Index
Head 1 5.61 3, 5-di methyl- 2-propylpyrazine CoHi4N2 1206
2 6.08 1,4:3,6-Dianhydro-D-glucitol CsH100, 1216
3 6.23 2 -butyl-3,5-dimethylpyrazine CioH16N2 1306
4 8.065 2,4-ditert -butylphenol Ci4H220 0
Thorax 1 5.94 1,4:3,6-Dianhydro- .alpha, -d-glucopyranose CsHg0y4 916
2 6.045 1,4:3,6-Dianhydro-D-glucitol CsH.100, 1216
3 8.05 2,4-d itert -butylphenol Ci4H220 0
Sting 1 5.935 1,4:3,6-Dianhydro-,alpha,-d-glucopyranose CsHgO,4 916
apparatus 2 6.035 1,4:3,6-Dianhydro-D-glucitol CeH1004 1216
3 6.615 2,3-diacetyloxypropyl acetate CoH1405 1354
4 19.995 24-Methyl-9,19-cyclolanost-25-en-3-ol CyH520 2834
5 20.405 24-Methyl-9,19-cyclolanost-25-en-3-ol C3:H;.0 2834
6 21.435 24-Methyl-9,19-cyclolanost-25-en-3-ol CyH520 2834
7 21.55 24-Methyl-9,19-cyclolanost-25-en-3-ol Cy1Hs20 2834

On the other hand, the compound 3,5-dimethyl-2-
propylpyrazine and 2-butyl-3,5-dimethylpyrazine
[Pyrazine] were found only in the head. The
compound Pyrazine has been found in the head of the
Australian bull ant Myrmecia gulosa (Brophy and
Nelson, 1985) and common mandibular components
of Ponerine ants (Morgan and Mandava, 1988).
Pyrazine has been identified in the mandibular glands
of Odontomachus chelifer, O. erythrocephalus, O.
ruginodis, O. bauri, and Streblognathus aethiopicus
(Jonmes et al., 1998). Pyrazine and its derivatives were
produced in industries for fragrance, flavor,
ingredients in pesticides, insecticides, dyes, and

pharmaceutical applications (Ong et al., 2017;

Mortzfeld et al., 2020). Also, pyrazine derivatives
have been found to possess antibacterial, antifungal,
antimycobacterial, anti-inflammatory, analgesic,
anticancer for different types, antidiabetic, treatment
for arteriosclerosis, antiviral effects (Ferreira and
Kaiser, 2012). Furthermore, 2,3-diacetyloxypropyl
acetate and 24-Methyl-9,19-cyclolanost-25-en-3-ol
were found only in the sting apparatus. These
compounds are commonly called Triacetin, which has
been used most often as a fungicide, common
component of cosmetic formulations, food additive,
antifungal and antimicrobial agent (Quinn and
Ziolkowski, 2015; National Center for Biotechnology

Information, 2021).
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Fig. 1. Mass spectrum of the bioactive compounds identified in worker ants of Leptogenys diminuta.

Moreover, this study first reports the presence of 2,4-
ditert-butylphenol in Ponerine worker ant’s hexane
extract. This compound has been reported as
antimicrobial, antiviral, antibacterial, antifungal,
antioxidant, anti-inflammatory, cancer drugs, and a
potential application in agriculture as herbicide,
pesticide, insecticide and nematocide (Zhao et al.,

2020).

Conclusion

The Leptogenys diminuta is a generalist predatory
ant species found nesting in decaying wood. The GC-
MS analysis revealed the presence of seven bioactive
compounds in L. diminuta, including Isosorbide,
Pyrazine, Triacetin, and 2,4-ditert-butylphenol. These
compounds are essential in the formulation of various

industrial and pharmaceutical applications. Thus,
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exploring rich biological resources is a promising

prospect for drug discovery.
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