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ABSTRACT  

Ants (Formicidae), a diverse family of Hymenoptera, 
exhibit over 13,000 described species classified into 
21 subfamilies. Among these, 16 subfamilies possess 
stinging species, predominantly classified within the 
poneroid and leptanilloid clades, while the remaining 
non-stinging subfamilies belong exclusively to the 
formicoid clade. The venom produced by stinging 
ants is recognized for its diverse pharmacological ef-
fects, encompassing haemolytic, paralytic, cytolytic, 
antibacterial, insecticidal, allergenic, proinflammato-
ry, and nociceptive qualities. Alkaloids and polypep-
tides are two principal constituents of ant venom, with 
significant inter specific variations in their structure 

and composition. Both of these elements contribute 
to the insecticidal effects of the venom. Alkaloids 
including indolizidine, pyrazine, pyrrolidines, and 
pyrrolizidine are key contributors of ant venom 
among various genera. The effectiveness of various 
alkaloids and polypeptides against certain insects 
varies; they exert their effects through multiple mech-
anisms such as induction of paralysis, intoxication, 
reduced reproduction, and rapid mortality in target 
insect species. Factors such as worker ant age, body 
size, and seasonal variation influence the quantitative 
and qualitative venom profile, particularly in terms 
of alkaloid composition, whereas protein profiles 
remain relatively stable. Their potential biological 
activity and mode of action, ant-derived alkaloids 
and peptides, present a promising source for the 
development of novel next-generation bioinsecti-
cides and repellents. The present review synthesizes 
current knowledge on the structural and functional 
complexity of ant venom, emphasizing its insecticidal 
properties and potential applications in sustainable 
pest management strategies.
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INTRODUCTION

Hymenopterans have long been a focus of scientific 
research due to their venomous nature. While much 
of the research centers on bees and wasps because of 
their potent venom, ants have received less attention 
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owing to their small size and the minimal amount 
of venom they produce. Despite being common and 
highly diverse insects, ant venom remains underex-
plored. Ants, belonging to the Formicidae family 
within Hymenoptera, boast a vast diversity with 
13,165 known species (Touchard et al. 2016A). 
Mostly found in most terrestrial environments except 
cold, wet forests and tundra (Ward 2007). Eusociality 
underpins their complex social structure, which is 
key to their evolutionary success, allowing them to 
divide labor efficiently (Kurane et al. 2015), their 
eusocial behavior also contributes to their venomous 
characteristics.

Venom is defined as a toxic substance pro-
duced by animals, stored in specialized systems, 
and delivered to a target organism where it disrupts 
physiological and biochemical processes (Arbuckle 
2017). In ants, venom is delivered via a sting, and the 
composition of this venom has intrigued scientists for 
centuries. The first venom compound, formic acid, 
was identified in the 17th century from Formica rufa, 
a member of the subfamily Formicinae (Schmidt 
1978). Research has since revealed that ant venom 
contains a mix of alkaloids, proteins, enzymes, 
peptides, biogenic amines, and hydrocarbons, with 
variations in alkaloid types across species (Aili et 
al. 2014). Most allergic reactions to ant venom are 
caused by its peptide and protein components (King 
and Spangfort 2000).

Due to the small size of ants, extracting venom 
is a challenging task, limiting early studies. However, 
advancements in extraction techniques have allowed 
for better analysis. Fox et al. (2013) developed a novel 
and simple method that efficiently separates the major 
components—alkaloids and proteins. Ant venom is 
now recognized for its insecticidal and antibiotic 
properties, largely attributed to its alkaloid content, 
with certain peptides also exhibiting insecticidal 
effects (Blum et al. 1958). Multiple studies have 
confirmed both the antimicrobial and insecticidal 
potential of ant venom.

Stinging and non-stinging ants

Ants are believed to have evolved from vespoid 
wasps, which eventually gave rise to the now-ex-

tinct ant subfamily Sphecomyrminae (Blum 1992). 
Currently, ants are divided into 21 subfamilies and 3 
clades, with 16 of these subfamilies containing sting-
ing ants. Over time, four subfamilies lost the ability 
to sting as part of their evolutionary adaptation. The 
recently identified subfamily Aenictogitoninae re-
mains uncertain in terms of its venomous capabilities. 
Formicinae, Dolichoderinae, Aneuretinae, and Do-
rylinae are non-stinging subfamilies that either have 
non-functional stings or do not secrete venom (Aili 
et al. 2014), making them less significant for venom 
studies. In contrast, the remaining 16 subfamilies are 
key for investigating venom properties. Although the 
phylogenetic relationships between most subfam-
ilies are well understood, those of Martialinae and 
Aenictogitoninae remain unresolved. Studying the 
phylogenetic relationships among ant subfamilies is 
crucial for understanding the distribution of stinging 
and non-stinging species across the three clades. 
Table 1 provides a comprehensive overview of the 
phylogenetic connections within the Formicidae 
family (Moreau et al. 2006). All non-stinging ant 
subfamilies are part of the formicoid clade, while 
stinging ant subfamilies are found within the poneroid 
and leptanilloid clades. Recently, several subfamilies, 
including Leptanilloidinae, Cerapachyinae, Eciton-
inae, Aenictinae, and Aenictogitoninae, were merged 
into the Dorylinae subfamily (Brady et al. 2014). As 
a result, the Dorylinae subfamily now includes both 

Table 1. Stinging and non-stinging ants in different clades.

      Clade        Stinging ant subfamilies      Non-stinging ant 
                                                                          subfamilies

1  Formicoid	 Myrmicinae	 Formicinae
	 Heteroponerinae	 Dolichoderinae
	 Pseudomyrmicinae	 Aneuretinae
	 Myrmeciinae	 Dorylinae
	 Ecitoninae	 Aenictogitonane
	 Cerapachyinae
	 Leptanilloidinae
	 Aenictinae
	 Ectatomminae
2  Poneroids	 Agroecomyrmeciinae
	 Paraponerinae
	 Amblyoponinae
	 Proceratiinae
	 Ponerinae 
	 Martialinae   
3  Leptanilloids	 Leptanillinae	                  
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stinging and non-stinging ants.

Insecticidal properties of ant venom

In Blum et al. (1958) first documented the insecticidal 
properties of Solenopsis richetri ant venom, noting its 
high toxicity to various insects including Drosoph-
ila melanogaster, Sitophilus oryzae, Anthonomus 
grandis, Musca domestica, Tetranychus telarius, 
Tetranychus cinnabarinus, and Koleotermes. The 

venom was applied topically to these insects. The 
venom primarily consists of two main components: 
(i) alkaloids and (ii) polypeptides, both of which 
contribute to its insecticidal effects.

Insecticidal properties of alkaloids

Different ant subfamilies produce various types of 
alkaloids, and even ants belonging to different genera 
within the same subfamily can have distinct alkaloid 

Table 2.  A checklist of ant venom alkaloids.

           Subfamily                                     Genera                       Alkaloids structural classes                  References  

					     (Leclercq et al. 2001)
			   Pyridine		  (Co et al. 2003)
		  Messor	 Pyrazine		  (Cruz-Lopez et al. 2006)
					     (Brand and Mpuru 1993)
		  Aphaenogaster			   (Wheeler et al. 1981)
					     (Adams et al. 2015)
					     (Wheeler et al. 1981)
					     (Adams et al. 2015)
					     (Sozanski et al. 2020)
			   Pyridine		  (Leclercq et al, 2001)
			   Pyrazine		  (Attygalle et al. 1998)
	 Myrmicinae				    (Wheeler et al. 1982)
		  Megelomyrmex			   (Lenoir et al. 2011)
			   Pyrrolidine		  (Jones et al. 1991)
			   Piperidine		  (Sozanski et al. 2020)
			   Pyroline		  (Adams et al. 2015)
			   Pyrrolizidine		  (Adams et al. 2013)
					     (Tumlinson et al. 1971)
		  Atta	 Pyrroles		  (Evershed and Morgan 1983)
			   Pyrazine		  (Riley et al. 1974)
					     (Cross et al. 1982)	
		  Pheidole	 Pyrazine		  (Ali et al. 2007)
			   Piperideine		  (MacConnell et al. 1970)
		  Solenopsis	 Piperdine		  (Torres et al. 2001)
			   Dialkylpyrrolidine		  (Shi et al. 2015)
			   Indolizidine		  (Brand et al.1972)
					     (Jones et al. 1982)
			   Pyrrolidine		  (Jones et al. 1989)
		  Monomorium	 Piperidine		  (Jones et al. 1990A)
			   Indolizine		  (Jones et al.1990B)
					     (Jones et al. 2003)
					     (Ritter and Persoons 1974)
			   Indolizine		  (Francke et al. 1995)
		  Myrmicaria	 Indolizidine		  (Jones et al. 2007)
			   Pyrrolidine		  (Schroder et al. 1996)
			   Lehmizidine
		  Manica	 Pyrazines		  (Attygalle et al. 1986)
		  Acromyrmex	 Pyrazines		  (Cross et al. 1982)
		  Daceton	 Pyrazines		  (Morgan et al. 1992)
			   Pyrrolizidine		  (Jones et al. 1986)
		  Chelaner	 Pyrrolidine		  (Don and Jones 1993)
			   Indolizidine		  (Jones et al.1988)   
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Table 2.  Continued.

           Subfamily                                     Genera                            Alkaloids structural classes                    References   

		  Eutetramorium	 Dimethylpyrazine		  (Tentschert et al. 2000)
		  Myrmica	 Dimethylpyrazine		  (Evershed et al. 1982)
					     (Evershed et al. 1981)
	 Ponerinae	 Odantomachus	 Pyrazines		  (Tursch et al, 1976)
	 Ectatomminae	 Rhytidoponera	 Isopentylpyrazine
			   Citronellypyrazine		  (Brophy et al. 1981)
	 Dolichoderinae	 Iridomyrmex	 Propylpyrazine
			   Isopentylpyrazine	   	  (Blum and Hermann 1978)
			   Styrylpyrazine		   (Cavill et al. 1956)
			   Iridomyrmecin		   (Cavill and Houghton 1974)
	 Pseudomyrmercinae	 Tetraponera	 Tetraponerine		   (Merlin et al. 1988)
			        (T1-T8)
	 Dorylinae	 Eciton	 Dimethylpyrazine
		  	 Trimethylpyrazine		  (Keegans et al. 1993)
			   Indole
	 Formicinae	 Brachymyrmex	 Alkylhydroxyl-Indolizidines		 (Saporito et al. 2004)

profiles. A comprehensive list of the alkaloid classes 
found across various genera is provided in Table 2.

Few ant genera have been extensively studied, 
leaving a limited understanding of alkaloid diversity 
in ant venom. Key alkaloid families found in ant 
venom include Pyrazine, Pyrrolidines, Pyrrolizidine, 
and Indolizidine being the most prevalent across 
many genera (Fig. 1). Despite the inclusion of some 
Formicidae genera in studies, the Formicidae family 
is not typically known for alkaloid production (Smith 
and Jones 2004).

Alkaloids are crucial defensive compounds con-

tributing to the insecticidal properties of ant venom 
(Greenberg et al. 2008). Research often focuses on 
the Solenopsis genus, particularly fire ants, due to 
their diverse alkaloid profiles. In Solenopsis venom, 
alkaloids with side chains ranging from C11 to C17, 
known as solenopsins, are prominent. Common 
solenopsins include Solenopsin A (C11), Solenopsin 
B (C13), and Solenopsin C (C15), with Solenopsin 
A being the most ancestral form (Lai et al. 2010, 
Greenberg et al. 2008). Each species has a unique 
solenopsin composition; for instance, S. invicta has 
six major alkaloids ranging from C11 to C17, while 
S.geminata contains C11 piperidine in both trans and 
cis forms (Lai et al. 2012, Lai et al. 2009, Yu et al. 

Fig. 1. Ant venom contains several important alkaloid families with pyrazine, pyrrolidines, pyrrolizidine, and indolizidine being the 
most common among numerous genera,  
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2014). The proportions of cis and trans-C11 alkaloids 
vary among species, with smaller amounts found in S. 
invicta (MacConnell et al. 1976, Brand et al. 1973).

Experiments with fire ant venom on Spodoptera 
litura larvae showed slow mortality with significant 
discoloration at the sting site. The LT50 values for 
different Solenopsis species varied: S.geminata had 
an LT50 of 6.55 minutes, while monogynous and po-
lygynous S.invicta had LT50 values of 14.25 and 29.52 
minutes, respectively (Lai et al. 2010, Lai et al. 2012). 
Similar results were observed in Plutella xylostella, 
a pest of cruciferous plants. Topical application of 
Solenopsis venom caused paralysis and death, with S. 
geminata being notably faster, killing larvae within 17 
minutes compared to 100-130 minutes for S.invicta 
(Lai et al. 2012, Yu et al. 2014). The variation in LT50 
values is attributed to differences in side chain length 
and unsaturation levels. Synthesized alkaloids from 
fire ants were tested against Helicoverpa armigera 
(cotton bollworm), with different effectiveness 
based on application method. Compound A showed 
45.5% mortality within 24 hours and 75.6% within 
48 hours when injected, though it was less effective 
topically (Wu et al. 2022). These findings highlight 
that solenopsins with shorter side chains and lower 
unsaturation are more toxic, making S. geminata 
venom more potent than S. invicta venom.

Piperidines and piperidine alkaloids also exhibit 
efficacy against Myzus persicae (green peach aphids), 
with high doses leading to approximately 50% mor-
tality within a few hours and 100% after six hours 
(Rashid et al. 2013). Additionally, piperidines are 
toxic to Reticulitermes termites and house fly larvae 
(Blum 1988, Sannasi and Blum 1969). Megalomyr-
mex peetersi venom, containing 2-butyl-5-heptylpyr-
rolidine, has been effective against Reticulitermes 
flavipes, with symptoms of intoxication observed 
when alkaloids were applied to the termite’s head 
(Sozanski et al. 2020).

Insecticidel properties of polypeptides

Ant venom also contains proteins and peptides, 
which can play a role in insecticidal activity. Pinto 
et al. (2012) identified 46 proteins in the venom of 
Solenopsis invicta, including phospholipase A2, 

phospholipase A2 inhibitor, allergenic proteins, myo-
toxins, neurotoxins, thioredoxin peroxidase, cytolytic 
toxins, and others. These proteins were categorized 
into four groups: (i) True venom components, (ii) 
Housekeeping proteins, (iii) Body muscle proteins, 
and (iv) Proteins for chemical communication. True 
venom components include (i) Metalloproteins, phos-
pholipase A1, A2, and disintegrin proteins with tis-
sue-damaging properties, (ii) Neurotoxic components 
like Ctenotoxin, PsTx-60, and Scolopendra toxin, (iii) 
Atrial natriuretic peptide responsible for vasodilation, 
(iv) Cytochrome-c oxidase, glutathione-S-transferase, 
and transferrin for self-protection, and (v) Allergens 
such as Sol i1 and Sol i3. Additional allergens, Sol i1, 
Sol i2, Sol i3, and Sol i4, were identified using cation 
exchange and gel filtration chromatography methods 
(Hoffman et al. 1988). Sol i2 and Sol i4 are strong 
allergens, while Sol i1 and Sol i4 are less prevalent 
(Hoffman 1993). Similar allergenic proteins, Sol 
r1, Sol r2, and Sol r3, were identified in S. richetri 
(Hoffman et al. 1990).

In Pachycondyla goeldii, insecticidal peptides 
called ponericins were discovered. Ten peptides 
identical to ponericins were synthesized, with four 
(G1, G3, W3-desk, and W4) showing high toxicity to 
Acheta domesticus . Mortality in treated crickets was 
50% within 24 hours (Orivel et al. 2001).

Touchard et al. (2020A) identified fourteen 
myrmicitoxins in Manica rubida. Among these, 
U10-MYRTX-Mri 1a, 1b, 1c, U13-MYRTX-Mri 
1a, and U20-MYRTX-Mri 1a exhibited paralytic 
effects on blowflies (Lucilia cuprina), with weak 
effects and an LD50 of 75 nMol/g. Novel decapep-
tide U-MYRTX-MANrl from M. rubida was lethal 
to Acrothosiphon pisum, showing 93% and 30% 
mortality at high and low concentrations, respec-
tively, within 10 days. It also reduced reproduction 
by 26% (Heep et al. 2019B). A similar peptide, 
U-MYRTX-MYRrub1, from Myrmica rubra, was 
also active against A. pisum (Heep et al. 2019A). The 
peptide U-MYRTX-MANrl from M. rubida was the 
most toxic, with a 35% reduction in A. pisum survival 
compared to M. rubra peptide.

The peptide ∆-PSDTX-Pp1a (Pseudomyrmeci-
toxin – Pp1a) from Pseudomyrmex penetrator is a het-
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erodimer with a 27-residue A chain and a 33-residue B 
chain, connected by two disulfide bonds. Synthesized 
forms included the heterodimer, A-A homodimer, 
B-B homodimer, and A and B chain monomers. All 
forms exhibited insecticidal properties on blowflies, 
causing paralysis and death within 24 hours. Het-
erodimers and homodimers had strong effects, with 
complete paralysis observed within 30 minutes, 
while monomers were less effective (Touchard et 
al. 2020 B). Another peptide, PONTX-Ae1a from 
Anochetus emarginatus, showed poor results on L. 
cuprina, causing only reversible paralysis (Touchard 
et al. 2016B). ∆-PSDTX-Pp1a had the lowest LD50 
of 3.0 nMol/g, while U20-MYRTX-Mri 1a and G1 
peptide had LD50 values of 75.45 nMol/g and 25.7 
nMol/g, respectively. The LD50 for PONTX-Ae was 
not determined due to its low toxicity.

Ant venom also serves as a repellent to other 
ant species. Solenopsis venom repels non-competing 
ants that do not produce alkaloids. Even food treated 
with Solenopsis alkaloids repelled Argentine ants 
(Linepithema humile) and odorous house ants, though 
alkaloid-producing ants were not deterred (Blum et 
al. 1991). S. invicta venom is particularly effective 
against several ant species, with L. humile being the 
most susceptible, followed by Dorymyrmex bicolor, 
Liometopum occidentale, and S. xyloni. Interestingly, 
S.invicta itself is highly resistant to its own venom, 
being 330 times less susceptible than L. humile. 
Trans-C11 piperidine, a synthesized compound, 
showed similar toxicity to S. invicta venom against 
L. humile but was six times more effective against S. 
invicta and S. xyloni compared to S. invicta venom. 
Cis-configured piperidines are more effective as re-
pellents than trans-configured ones, making S. invicta 
venom less deterrent compared to other fire ant spe-
cies containing cis piperidines (Xu and Chen 2023).

Factors affecting ant venom composition

Ant venom composition and volume are influenced by 
factors such as environmental season, body size, and 
the age of the worker ants. In a study with S. geminata, 
colonies reared at temperatures of 15°C, 25°C, 35°C, 
and room temperature showed that the lowest cis-C11 
to trans-C11 ratio was at 15°C, while this ratio and the 
overall alkaloid composition were not significantly 

affected by temperature. The cis-trans alkaloid ratio 
also varied with the seasons, being highest in spring 
and lowest during winter as the temperature dropped 
to approximately 20°C. In some cases, equal amounts 
of cis and trans alkaloids were observed during winter 
(Lai et al. 2009). Similar patterns were found in S. 
invicta, where workers produced 55% more venom 
in spring than in other seasons (Haight and Tshinkel 
2003). Additionally, the C13: C13:1 and C15: C15:1 
ratio was different between monogynous and polyg-
ynous S. invicta workers, with the monogynous form 
having a higher ratio due to the lower presence of 
unsaturated alkaloids in the polygynous form (Lai 
et al. 2009).

In the genus Brachymyrmex, part of the Formici-
dae family, alkaloid production was not continuous. 
During the wet season, pumilotoxin (a family of over 
80 alkaloids) was detected in the venom of some 
samples, while it was completely absent during the 
dry season (Saporito et al. 2004).

Body size is another key factor influencing 
venom composition. Generally, venom volume is 
positively related to ant body size. Deslippe and Guo 
(2000) studied the correlation between worker size 
and alkaloid abundance in S. invicta and found that 
alkaloid abundance was positively correlated with 
head width. As head width increased, variations in 
all alkaloids were observed, except for C13:1 alka-
loid, which showed minimal variation. The ratios of 
C13:0:C13:1 and C15:0:C15:1 was also positively 
correlated with head width. The study confirmed that 
worker age affects venom quantity and alkaloid com-
position, with intermediate-aged ants producing more 
venom than younger or older ants. The C13:0:C13:1 
and C15:0:C15:1 ratio also increased with worker age.

While these factors primarily affect alkaloid 
composition, variations in proteins were not com-
monly observed. However, a significant difference 
was noted between the venom proteins of worker and 
queen ants. The protein Sol i2w in worker ants and Sol 
i2q in queen ants were 75.6% similar (Chen 2023).

CONCLUSION

Stinging ants produce venom containing a diverse 
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array of alkaloids and peptides, with varying compo-
sitions across different species. These venom compo-
nents confer potent insecticidal effects. Alkaloids in 
ant venom are primarily responsible for its insecti-
cidal properties, while peptides such as myrmicitoxins 
and ponericins also contribute to its efficacy. Synthetic 
versions of these alkaloids and peptides have proven 
effective against insects, with injected forms generally 
showing higher lethality compared to topical appli-
cations due to better penetration.

The effectiveness of ant venom as a bioinsec-
ticide is supported by its ability to repel competing 
ant species, although ants are largely unaffected by 
their own venom. Various factors, including the age 
of worker ants, body size, and environmental condi-
tions, can influence the composition and potency of 
ant venom.

Given its complex organic mixture and signifi-
cant impact on pests, ant venom holds promise for 
developing future insecticides. By harnessing and 
synthesizing the structures of venom alkaloids and 
peptides, it is possible to create natural insecticides 
that could serve as safer alternatives to chemical in-
secticides. Further research is needed to explore the 
full range of alkaloids and their insecticidal potential.
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