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Honey bees (Apis mellifera L.) are bioindicators of environmental pollution levels. During their wide-ranging foraging 
activity, these hymenopterans are exposed to pollutants, thus becoming a useful tool to trace environmental contaminants 
like heavy metals, pesticides, radionuclides, and volatile organic compounds. It has been demonstrated that various 
environmental stresses, including both abiotic and biotic stresses, functioning singly or synergistically, are the potential 
drivers of colony collapse. All these factors can negatively impact bees’ immune response as a key target for environmental 
stress factors, making them more susceptible to pathogens and parasites. Early diagnosis of factors predisposing to 
immunosuppression of colony mortality can facilitate rapid interventions to contain and prevent the spread of mortality. 
On this line of arguments, there is a wide demand for innovative technological solutions offering efficient and cost-
effective monitoring of the honeybees’ health. In this scenario, the project MoBeeFO, funded by the Italian Ministry of 
University and Research, proposes to develop an efficient tool based on fiber optic technologies for real-time monitoring 
the dynamic of honeybee’s innate immunity mediated by various biotic and abiotic stressors. In particular, MoBeeFO will 
address a real-time measurement tool for detecting a cellular response, such as encapsulation index and melanization 
index along the surface of fiber optic transducers, as a nonself object, and a humoral response by developing of innovative 
optical fiber biosensor for antimicrobial peptide detection. The results will allow us to develop a unique niche in the field 
of Eco-Immunology that will be important for world agriculture and environment.
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Cocaine, an alkaloid of the coca plant, originally evolved to deter herbivorous insects. As a nervous system stimulant for 
mammals, it modulates biogenic amine signaling pathways, inducing euphoria and arousal. Biogenic amines are organic 
nitrogen compounds essential for various physiological functions in animals. In honey bees (Apis mellifera), biogenic 
amines such as dopamine, octopamine, tyramine and histamine act as neurotransmitters, playing also roles in memory 
and learning, reward behavior, social interaction, vision, and defense mechanisms. While honey bees share similarities 
with mammals in dopamine signaling, they uniquely utilize octopamine and tyramine, which are specific to invertebrates. 
Histamine, common to both mammals and insects, serves distinct functions across different phyla. We analyzed the 
profiles of biogenic amines in various honey bee tissues following cocaine administration. Using liquid chromatography 
coupled with mass spectrometry, we monitored biogenic amine levels at several time-points within 8 hours post-
injection. Our results revealed a rapid fluctuation in dopamine and tyramine levels in the brain (initially declining, then 
rising), whereas changes in octopamine levels were delayed and prolonged for up to 2 hours. Additionally, we observed 
alterations in biogenic amine content in the venom sac. Cocaine administration affects locomotion in honeybees, which 
might correspond with the observed elevation of octopamine levels in muscles. Decreased histamine and tyramine 
levels in the gut might be associated with metabolic changes. The effect of the cocaine wore off within eight hours 
of administration. This research helps to explain underlying biochemical processes in honey bees exposed to cocaine. 
Understanding how substances like cocaine affect bee behavior can provide deeper insights into the neurochemical basis 
of behaviors such as foraging, social interaction, and defense mechanisms of honey bees. 
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