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Chemical pollutants pose a significant threat to bee health, affecting their physiology, behavior, and survival. While the
effects of specific insecticides on bees are well known, it is necessary to considered that bees are routinely exposed
to complex mixtures of chemicals, including fungicides, herbicides, heavy metals, and veterinary drugs. The combined
effects of these pollutants remain poorly understood, particularly their impacts at sublethal concentrations. Research
on chemical exposure has largely been focused on honeybees, yet other pollinators, including solitary bees, also face
similar risks. By integrating multiple stressors and diverse pollinator taxa, the study aims to expand our understanding of
pollutant-pollinator interactions beyond the traditional honeybee model. A multidisciplinary approach has been adopted to
provide valuable insights into bee survival considering and integrating information from different factors that are affected
by pollutants. In particular, this research aims to evaluate effects of chronic oral exposure at sublethal concentration
to different chemicals (boscalid, copper(ll)chloride dihydrate; ivermectine and glyphosate) on survival of adults of
the social honey bee (Apis mellifera) and the solitary red mason bee (Osmia bicornis), by integrating gut microbiome
characterisation and different biomarker responses. As a result different chemicals impacted survival at different level.
The gut microbial community of these pollinators was investigated by molecular analyses in terms of abundance and
taxonomic composition, using quantitative PCR and high-throughput lllumina sequencing, respectively. Overall, the results
indicate that all the administered chemicals, though to a different extent, affected the gut microbiome of bees in terms of
community composition and diversity. As biomarkers, acetylcholinesterase, carboxylesterase, glutathione S-transferase,
alkaline phosphatase, phenoloxidase and prophenoloxidase activities were evaluated, together with nuclear abnormalities
assay and differential hemocytes count. In the solitary bee, detoxification processes were induced after both copper
and boscalid+copper(ll)chloride dihydrate treatments compared to control and boscalid ones. After ivermectine and
ivermectine+glyphosate treatments, Osmia bicornis specimens showed metabolic alteration. Higher values of DNA
damage were observed after all treatments, both alone and in combination. These findings will help refine environmental
risk assessments and support conservation efforts to protect pollinators and their crucial ecosystem services.
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Aim of the study

Mason bee (Osmia bicornis), Honeybee (Apis mellifera ligustica)



Finanziato /£, Ministero : . UNIVERSITA
- dall'Unione europea ¥~ dell’'Universita i [taliadomani DEGLI STUDI
NextGenerationEU “p¢ edellaRicerca | = g BRRED ERESILIENZ DI MILANO

Aim of the study

longevity

Sublethal
Chronic doses gut microbiome
Impairement

biomarkers




e Finanziato
* » | dall'Unione europea
NextGenerationEU

Azpiazu, C., Hinarejos, S., Sancho, G., Albacete, S.,
Sgolastra, F., Martins, C. A. H., ... & Bosch, J. (2023).
Description and validation of an improved method to
feed solitary bees (Osmia spp.) known amounts of
pesticides. Ecotoxicology and Environmental Safety,
264, 115398.

Ministero
s dell’Universita
%3¢ e della Ricerca

Italiadomani

k

No

choice tests

Newly emerged
females

Red mason bees Honeybees
Solitary caged Group caged

gut omogenate

pollen and sugar solution

pollen and sugar solution

UNIVERSITA
DEGLI STUDI
DI MILANO

Modified from
OECD standards for chronic oral
toxicity test for Apis mellifera




Finanziato 2= Ministero : . UNIVERSITA
- dall'Unione europea dell’Universita [taliadomani ; DEGLI STUDI
NextGenerationEU @5&> e della Ricerca DI RIPRESA £ RESILIENZA DI MILANO

Material and methods

Boscalid S 1) E et 210018 AIM20 § % Gli P hosate
o Q o = _o
- ‘O p o 5 et
Copper =) £ S § §5% 8 lvermectine ¢=p 5
: c S a . o
Mixture o Z B 2 ©° Mixture O
e

APIS MELLIFERA AA3AILI3M 219A




Finanziato /2% Ministero y UNIVERSITA

dall'Unione europea | dell’Universita [taliadomani R DEGLI STUDI
NextGenerationEU #5&> e della Ricerca DI RIFRESA £ RESILIENZA » DI MILANO

Boscalid

* Fungicide, mitochondrial
respiration inhibitor

; Glyphosate
2 experiments ] o
» Systemic herbicide with a broad

spectrum

* detected it in nectar up to 1.43
mg/kg
* Disrupt of the gut microbiota

at sublethal doses (Dong et al.,
2023)

* Inibit the production of
aromaticaminoacid in plants

» Concentration tested: 2 mg/Kg
corresponding to 1/10 of LC50
(Walner, 2009)

* Concentrationtested: 30 mg/Kg
(Thompson et al. 2014)

OSMIA BICORNIS 2110218 AIM20

<
ol
o

o 8
(mm
=
<<

Copper (ll) chloride dihydrate

+
9pIoIgIaH

Ilvermectine

* Fungicide, water soluble
and used in previous
studies (Lewis et al., 2016)

: '2'{?15;? > 72mg/L Eietal, * acts on the nervous system

+ Sublethal effects at 1/10 APIS MELLIFERA AAFALLIAM 219A » Concentration tested: 0.16 pg/ml
LC50 (Nikolic et al., 2016) correspondingto 1/10 of the LC50in A.
mellifera (Guseman et al., 2016)?

o 3
© o
o £
(o]0)]
c =
> (¢}
L (b}
e

* Anthelminticand acaricide veterinary
drug

¢ Concentration tested: 7.2
mg/Kg



[taliadomani DEGLI STUDI
B M ez DI MILANO

dall'Unione europea ‘ 5 dell’'Universita
NextGenerationEU “5&> edella Ricerca

Finanziato /£, Ministero i UNIVERSITA

TIMELINE 10=MO +MB t1= MO+MB

survival ———————> Death of the last bee

2I1a0018 AIM2O L ¥/

3 days 4 days
R an e
10=MO + MB t1= MO+MB
survival ——————» Death of the last bee
, induction 7 : End
5 days ”
AAFAILIAM 219A 4 days




Finanziato /% Ministero : . UNIVERSITA
dall'Unione europea (o~ dell’'Universita [taliadomani DEGLI STUDI
NextGenerationEU “5&> edella Ricerca DI RIPRESA £ RESILIENZA DI MILANO

MICROBIOME ANALYSIS
1) Superficial Sterilization »
2) Gut Dissection ReKERE BACTERIAL

AAFIILIEM 2I9A

1) DnaExtraction [ Quantification of total bacterial abundance: gPCR-16S Rrna
O Study of bacterial community composition using NGS sequencing of
the 16S rRNA gene (lllumina)



Finanziato Ministero . . 9
dall'Unione europea dell’'Universita [taliadomani - .

: '\ . PIANO NAZIONALE IR sLISTUDL yNIVERSITA
NextGenerationEU A - deua Rlcerca DI RIPRESA E RESILIENZA DI MILANO DI SIENA

1240

BIOMARKER ANALYSIS

/
HAEMOLYMPH M HEAD

v
‘ b

Differential haemocytes count Acetylcholinesterase (AChE) L LS LEAL SIS R §
(Caliani et al., 2021) (Caliani et al., 2021)

Nuclear abnormalities (NA) assay Carboxylesterase (CaE) NEUROTOXICITY
(Caliani et al., 2021) & /\ (Caliani et al., 2021)

DETOXIFICATION

#s— THORAX and
/_/0’1,\ MIDGUT % ABDOMEN

iAo diael v o M Glutathione S-transferase (GST)
(Caliani et al., 2021)

Phenoloxidase (POx)
(Burciaga et al., 2023)
IMMUNE SYSTEM
Pro-phenoloxidase (proPOx)
(Burciaga et al., 2023)

METABOLISM Alkaline Phosphatase (ALP)
(Caliani et al., 2021)

Missione 4 e Istruzione e Ricerca




RESULTS: PREINDUCTION CONSUMPUTION

Preinduction

consumption

Sugar consumption (ml)

Sugar consumption in the first3 days

OSMIA BICORNIS AAJAIIIIM 219A

*
8
o
o
8 E
: T
1.00 2.00 3.00
Days

Increase in sugaré consumption
from day 1 to day 3 in all
treatments

Delta of sugar consumption

Kruskal-Wallis Test

R

3 4 g
Mumber of days




Fungicides + heavy metal Results
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Fungicides + heavy metal
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Survival Microbiome Biomarkers
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Glifosate+ ivermectine
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Glifosate+ ivermectine Results Results

Survival Microbiome
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Glifosate+ ivermectine Results Results Results
Survival Microbiome Biomarkers
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Take home message

* Different treatments had distinct effects on bees

survival. 2
)
* Apis mellifera and Osmia showed sometimes _ _
different responses, reflecting species-specific ek ot S|
sensitivity. survival v V vV
« Survival effects became evident mainly in the long g Vv Vv V
term, underscoring the importance of assessing Shomarkeis \ \ \Y \ V

chronic sublethal doses.
e Alterations were also observed in the microbiome.

* Biomarker analyses confirmed these patterns, with
specific active ingredients affecting both biomarkers

: Need to consider effects also on other wild bees and
and survival.

different endpoints
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