P T p— __...‘_\

Eur OC EA N EurOCEAN 2023

ONE OCEAN ONE VOICE 2023 10-11 October, 2023 Vigo, Spain

PRESENCE, BEHAVIOR AND RISK ASSESSMENT
OF PHARMACEUTICALS IN MARINE ECOSYSTEMS

(PHARMASEA)
Dr. Marica Mezzelani JPI
. LY
Aquatic m.mezzelani@univpm.it OCE S

Pollutants gz\}
e
= JP)

Department of Life and Environmental Sciences DiSVA,

Funded by the Horizon 2020

Framenork Programme f the Polytechnic University of Marche UNIVPM, Ancona, Italy OJplqrr:[

European Union



mailto:m.mezzelani@univpm.it

Funded by the Horizon 2020 AQUATICPOLLUTANTS
Framework Programme of the )
European Union

For a healthy aquatic

environment

AQUATICPOLLUTANTS

Press Release; Midterm Results Available

NV, 18 projects funded by

the
AquaticPollutants
ERA-NET

Risks caused by Contaminants of Emerging Concern (CECs)
and pathogens present in water resources.

UNIVERSITA
POLITECNICA

) | uversimr University
DELLE MARCHE ZUKUNFT LI of Stavanger

SEIT 1386

Project Coordinator:
Prof. Francesco Regoli

==

UNIVERSIDADE DA CORUNA 4

Pl: Prof.
Soledad Muniategui Lorenzo

Pl: Prof. Thomas Braunbeck  PI: Prof. Daniela Pampanin

2, »
€5PaROL DE OC

Pl: Prof.
Victor E. Leon



MAIN OBJECTIVES

Qualitative and quantitative
characterization of the presence,
distribution, fate and behavior of APIs in
seawater, sediments and biota

Mechanisms of action and
ecotoxicological adverse effects from
molecular to organism level

Harmonization of comprehensive and
site-specific procedure for APls
Environmental Risk Assessment

Raise awareness on the environmental
relevance of APIs in aquatic ecosystems;
Promote participative approach and
citizens engagement

NEED OF
EFFECT-BASED RISK ASSESSMENT

PROCEDURES TO SUPPORT THE
IMPLEMENTATION OF RELEVANT EU
POLICIES

Pharmaceuticals in European coasts Effects of pharmaceuticals in aquatic
species
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SAMPLING PERIODS
Spring, Summer,
Autumn , Winter 2022

Sediment

Surface water -

WP1: PHARMACEUTICALS IN EUROPEAN COASTS

Tyrrhenian Sea

Adriatic Sea

Summer 2022 3 Psychiatric drugs nmol/g 3 Psychiatric drugs nmol/g
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Caging of Mytilus edulis
Gadus morhua
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ANALYTICAL METHODOLOGY BASED ON ON- LINE pSPE HPLC-MS-MS
- 100 pl of water sample injected ~
- SPEon-line: HL?‘ cartridge -~ Extraction: Methanol + AA
- Chromatographic column: C;g ] PR -
| . . i - Purification: phospholipids removal
- Mobile phases: ACN (0,1% acetic acid) Liguid Chromatogranhy Mass @
Water (0,1% AA, ImM ammonium acetate) N graphy ~ )~ DETECTION FREQUENCY(%)
‘ Spectrometry analyses (LC-MS) L A A
. ' f'&" Carbamazepin
56 PHARMACEUTICALS BELONGING TO 7 THERAPEUTIC CLASSES: ‘ @ Ol Valsartan(Z

Analgesics: Acetaminophen, 4-
formilantipyrine, 4-
Acetamidoantipyrine,
Antypiryne, Propyphenazone,
Xylazine, NSAIDs: Diclofenac,
Ibuprofen, Ketoprofen,
Naproxen, Nimesulide,

ALIMENTARY TRACT
Omeprazole, Pantoprazole

SYSTEMIC HORMONAL

L-tyroxine

SSRiIs: Citalopram, Fl
Paroxetine, Sertraline NSRIs:
Duloxetine, Venlafaxine,
Desmethylvenlafaxine
Antiepileptics: Carbamazepine,
10,11,diH- 10, 11diOH
carbamazepine, Primidone

Calcit Amlodipine, Diltiazem,

B- blockers: Atenolol, Bisoprolol, Carazolol,
Metoprolol, Propanolol, Sotalol ACE-
inhibitors: Ramipril, Verapamil Sartans:
Valsartan Diuretics: Furosemide,
Hydrochlorothiazide

Antidiabetics: Metformine

ANTIBIOTICS LIPID REGULATORS

Azythromycine, Clarithromycin,

Erythromycin, Erythromycin anhydrate,

Na-acetyl sulfamethoxazole,
Roxithromycin, Sulfadimethoxine,
Sulfamerazine, Sulfamethoxazole,
Trimethroprim, Tylosin

Fibrates: Bezafibrate, Clofibric
acid, Fenofibrate, Gemfibrozil,
Statins: Atorvastatin,
Rosuvastatin,

MUSCULOSKELETAL m CARDIOVASCULAR

Analgesics: Acetaminophen SSRIs: Fluexetine, Paroxetine,

Sertraline
NSRIs: Venlafaxine,
Desmethylvenlafaxine

NSAIDs: Diclofenac, Ibuprofen,
Ketoprofen, Naproxen,
Nimesulide

Antiepileptics: Carbamazepine,

ANTIBIOTICS 10,11,expoxyde carbamazepine

X ) Anxiolitics: Lorazepam,
Ciprofloxacine, Sulfamethoxazole | ormetazepam

Lormetazepam
Diclofenac(5]
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B- blockers: Atenolol, Propanolol

ACE-inhibitors: Ramipril, Verapamil Nimesulid
Sartans: Valsartan N
9,4 ® .
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® Ketoprofen(@) 00 gl O\V)L
Fibrates: Gemfibrozil " 7 i o
Statins: Atorvastatin O ) Acetaminophen(9) 0,0 . !
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@ WP2: EFFECTS OF PHARMACEUTICALS ON NON-TARGET
PHARMA == AQUATIC SPECIES
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IN VIVO LABORATORY EXPERIMENTS, Mytilus galloprovincialis:

PSYCHIATRIC DRUGS

CARDIOVASCULAR DRUGS
LIPID LOWERING AGENTS
NSADs
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IN VITRO EXPERIMENTS: Fish cell lines

Phaeodactylum tricornutum,
Algal growth inhibition I!
N
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Coiling behavior Liver toxicity

Assessment of hepatic

Earliest detectable lipid accumulation

Q—éf motor behavior
)
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Paracentrotus lividus,
Embryotoxicity assay

Acute Toxicity

» Prolonged recording * * Liver cells from —
Topminnow
from 21 - 47 hpf — (PLHC-1) /
» Analysis of highly variable — \
behavior data with « Aliivibrio fischer, e -
Generalized Additive Model 2 LT R Bt . F SN ‘Q

» Staining with LipidGreen 2

» Confocal laser scanning

microscopy sections o *© * Paroxetine (PAR), Fluesetine (FLU), 18U+ PAR rainbow trout

Venlafaxine (VEN), O-Desmetil-Venlafaxine (RTgill-w1)

Inhibition of bioluminescence = L
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(7) Psychiatric drugs: ~ () Mixture 1: Gill cells from / \
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Estimated values from the model Napraxen (NAP), Nimesulide (NI) -

Y 18U + PAR + CBZ + VAL + i from rainbow trout - .
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(% WP2: EFFECTS OF PHARMACEUTICALS ON NON-TARGET
PHARMAS o= AQUATIC SPECIES

DRUG ACCUMULATION CHANGES IN TRANSCRIPTIONAL PROFILE BIOMARKERS

CTRL mmVEN = GEM RAM MET me MIX

Exposed to. 333 Exposed to.

30 GR 150 GST

‘ P e O ‘ :
i e o o P & owx v DAY 14 exposure phase DAY 28 depuration phase »
BU  MIX PAR Fod i . 20 AB AB AB Ag
Levelsof buprofen P LevelsofCarbomazepine : os ° of 1 H o, 8
' 03 H £
: 02 ° |® ® £ fo
‘\ ] g O [ ] ® %oo 0% 0 Lo L4 = £s
RN g °® ° z |e © . [} ° 0
- N = 00 o ® ® olo ~ o} ° DAY 30 DAY 44 DAY30 DAY 44 DAY30 DAY 44
" < & 2 GPXCHP GPX H,0 )
S S— " > : 02 | ® o 03 2 2 222 10 Total glutathione
DAY 30 DAY 44 ot DAY 14 Day2s Q @ .O OO . .
-0.6 s 8
i 40 4 Levels of Paroxetine ] I vels of Vak: ] “o. “o. ] . o, . y . £ H
: Levels of Valsartan ! 0.4 0.2 PC1(12.8%) 0.0 0.2 0.25 0.0 Pc1(12.55%)025 0.5 % é 10 AB A
: : g S s ABag B
| | MODULATED PATHWAYS :
H H 0
i DAY 30 DAY 44
3 ¥ Neurological responses v' Immune system O DAY30 DAY 44 DAY 30 DAY 44
| P - . v Cell cycle v Oxidative metabolism 500 TOSCROO- 500 TOSC HO* 60 Lipofuscin
oo , Y30 pavas o €T o DaYzs | & Brgmedim U 400 1 ab : 400
Exposure phase Depuration phase ' Depuration phase 5 [T v Immune system . 300 b Db ab 200
""""""""""""""" d t v Oxidative metabolism & %
v Oxidative metabolisms - ) #20 g0
v Lipid metabolism élOO £ 100
[ 0
ECOTOXICOLOGICAL BIOASSAYS DAY 30 DAY 44 DAY 30 DAY 44 DAY 30 DAY 44
e . esvcmatmicoruss Pl - nsaps T |
TREATMENTS [ T » w1
W CONTROLM PE M BZ ™ PEBZ cIT ™ pECIT V&o@:ﬁnw::%n}'mm: ! %5 w ok . \ | I ' Eg w . W om '
L mirall E = N g 2 . . . . .
DreEenvE c o 2. g | 4 LI . v Competing mechanisms in mixture-exposed organisms
e TR P e T |
T : e = R : . .
i = L e moCan e || T e oo e o . v/ Metabolism/excretion processes
g 1 crrz8 .Bz21 G-uo?n _'z;a ! . b - |
g e R T b Py e | v e
Gen-CAT i " = " "
e Pes®. ' o rose s | oEd RIS CO . . . ' Immune parameters as the most sensitive in response to
2 0| PEBZ 28 PEBZd . H s : | EE fg - . . i
& 10 o | : . ¢ - d ‘ - ' . )
L : N N N R . pharmaceuticals and mixtures.
§ PE-10  PE-T-21 | v = w o " |
z G 3 i ! 1 e oo o kb vk Incomplete or absert skeletal rods '

“RACTOR 12234 % v ) ’  CARDIOVASCULARDRUGSANDLPIDLOWERINGAGENTS | | wmmtwees v’ Impaired lipid metabolism and redox homeostasis.

|5_‘

fa

-

i e
H
i

. e a | , .
i / Lo e . v Modulation of neurotoxicity and DNA damage.
' S|t B et S iEmEgEE TR TR :
§ ERR | oy " "N - i o ke be < e * ke | . . . .
L : . P . oort s o ot e v Effects still evident after the end of depuration period
e | T e I T A - a ’ v L te toxicit
R TR o I i ' I al. l oo ow acute toxicity
T . P R l - En | L e T e i —w.i :
Lm““'m*rrd'“““ _______ e Wittt Wi |



PHARMA
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Treatment toe? toe3 WoE Level Of Risk Treatment toe 2 i oo wut Level Of Risk
Bioavailability Biomarker INTEGRATION Bioavailability Biomarker INTEGRATION
Severe A Cbz Absent Moderate SUGHT N \
Moderate SLIGHT \ \ Val Absent slight ABSENT ~ \
Chz + Val slight SLIGHT N \ Cbz + Val Absent slight ABSENT ~ \
Moderate MODERATE ‘ \ lbu Absent Moderate SLIGHT \ \
Moderate MODERATE ‘ \ Par Absent Moderate SLIGHT
Moderate MODERATE ‘\ lbu + Par Absent Absent SLIGHT
Ven Ongoing Moderate k\ Ven Ongoing Moderate
Gem Ongoing Moderate ‘ \ Gem Ongoing Moderate
Ram Ongoing Moderate ‘ \ Ram Ongoing Moderate
Met Ongoing Moderate ‘ \ Met Ongoing Moderate
Mixture Ongoing Moderate ‘ \ Mixture Ongoing Moderate
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Class of hazard bioassay

Chronic conditions caused a level of risk between “SLIGHT” and “MODERATE”

Evidence of interaction in Mixtures treatments
Decrease of risk level after the depuration period
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WP3 — DEVELOPMENT OF RISK ASSESSMENT PROCEDURES
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* Lower acute toxicity compared to chronic exposure conditions
* Higher risk of mixtures compare to single pharmaceuticals

* Lack of clear dose-dependent effects



PHARMA & WP4- DISSEMINATION AND STAKEHOLDER ENGAGMENT

CITIZENS
SCIENTIFIC COMMUNITY . . .

Website and social media Science meeting, exhibitions
Participation to 10 Scientific Conferences Citizen engagement
more than 30 contributions Platform/Posters facebook

Pharma Sea
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https://m/w.pharmasea-aquatpo//. eu/

PharmaSea
@PharmaSeaAquatPoll

TV programs,
Newspapers, Magazines
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WP4 — Contributions to regulations, policies and management practices
accuusronvsoois

PRIVATE COMPANIES

WWTPs companies

Pharma industries
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Waste Water and
depuration
technologies

Umwelt
Bundesamt

Pharmaceutical
Industries

FOR THE IMPLEMENTATION OF THEE
. =
RESTORE OUR OCEAN AND WATERS

RESTORE OUR OCEAN & WATERS

Concrete solutions for our greatest challenges

Francesco Regoli
iversita Politecnica delle Marche
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The PHARMASEA Consortium would like to thank the European Commission and the Ministry of University and Research (MUR, lItaly), the Federal Ministry of Education and Research (BMBF, Germany), the Research
Council of Norway (RCN, Norway) and State Research Agency (AEl, Spain) for funding in the frame of the collaborative international consortium PHARMASEA financed under the 2020 AquaticPollutants Joint call of the
Aquatic Pollutants ERA-NET Cofund (GA N2 869178). This ERA-NET is an integral part of the activities developed by the Water, Oceans and AMR JPIs.
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