From Algae to Fish: Unravelling the Toxic Effects
of Metformin in Freshwater Ecosystems

Marta Rojais 1>3; Sara C. Antunes %3; Sara Rodrigues 4°

IOCXe

2026

Conference

1 School of Medicine and Biomedical Sciences, University of Porto, Porto, Portugal;

Journal of

Xenobiotics

MbPy) g5

2 Interdisciplinary Centre of Marine and Environmental Research (CIMAR/CIIMAR), University of Porto, Matosinhos, Portugal;
3 Biology Department, Faculty of Sciences, University of Porto, Porto, Portugal;

4 Centre of Molecular and Environmental Biology (CBMA), School of Sciences, University of Minho, Braga, Portugal;

Lo @§ cilmar CoMa |B.G @roxio, B

s ICBAS |
Qs

° Institute of Science and Innovation for Biosustainability (IB-S), School of Sciences, University of Minho, Braga, Portugal

INTRODUCTION RESULTS & DISCUSSION

e Growth Inhibition Assays
Poor removal capacity in

: : 4.8
vl conventional wastewater R. subcapitata L. minor Pl
treatment plants
= K’ P 2.0+ EC5p =222.4 mg/L 0.4~ EC;,=50.8 mg/L
. = (Clgsy, = 166 —279)) SR ; = (Clgsy,=39.2—62.4) p=========u=- :
Metformin (MET) l I I > ; : L :
a ; I ] S "
Antidiabetic drug widely prescribed for pry e ! I :
. N - ]
Type 2 diabetes mellitus, with £ : £ !
) Y '

increasing off-label uses " S & ' 5 :
MET ' :

Q .0

)

9 % 9 O O %5 % O

> 9% S5 N v A 9

Q

@ @ Q° \qib. '\‘;\. ‘é\. q'bg. 'be. b‘;" Q)qy\. ,\60‘" \QQQ Q" “P‘. ‘b\’ bt\‘ 6’5. ,\Q’ Q’\’ '\,\‘b' \65’ @Q'
= =g = “,‘ = (1 S [MET] mg/L [MET] mg/L
w;; z . . | . i MET significantly inhibited primary producers’ growth, with i
/ Widely released and detected in the environment (ng/L to Lo & y P yPp g -
. : A =) | microalgae showing the highest tolerance to MET exposure |
pg/L), potentially endangering aquatic wildlife * s :
@ D. magna Acute Immobilization Assay é}
AIM e
) ) 0.00 39.2 51.9 68.6 90.7 120 ! Concentration-dependentincrease i
To evaluate the short-term ecotoxicological effects of MET on (mg/L) | inimmobilisation and mortality
standard freshwater species, integrating physiological responses D 0 0 9 19 29 39 | effects, with behavioural :
and biochemical markers | 0 4 10 7 8 1 |  alterations, preceded mortality |
ISB 1 1 1 3 3 o
N 39 35 20 11 0 0 ECSO = 53.67 mg/L i Harmful i

: : : L : (Clgse, = 50.0 = 57.3)
D- dead; I-immobile; ISB- irregular swimming behaviour; N- normal

METHODS

-

D. rerio Embryo Acute Toxicity Test
Biochemical markers !

Short- term bioassays

O TEN NN NN N N R NN SN N RN RN SN SN N R SN RN SN N R RN SN SN N R R S Sy

Raphidocelis subcapitata Lemna minor / o oo o i
P P | i Oxidative homeostasis E i MET did not seem to affect embryo i e 3000 0030 —> ~ 0.060
: 1 . . » mg/L  m m
= i (CAT and GSTs activities; ] i mortality or hatching rates i 33 'y o 7 g
! : s I 1 ! / A 2
! Proline content) “,, » ; ' - %
N\ i ) ;:&## i i & i ;,;';3»" L’l 1mm \‘::7\‘ ' ¥ 1.mm 2mm
I 1 1 3 . S .
Growth Growth i Lipid Peroxidation i Mmmmmmmemcmomcocceccscoocooooooooo 4 p@:;‘:tr:t?én Pe”;ard'al y Eye Sp'”tal
curvature
inhibition assay " inhibition assay ¥ ! ﬁ (TBARS and MDA levels) m i oedema  matiormation
o _ . _ ! : ° °
(3 days; 122.6 — 1000 mg/L) (7 days; 24.5 — 200 mg/L ) | - i Biochemical markers
: Neurotransmission :
. . . I . . -
Daphnia magna Danio rerio i (AChE activity) : CAT GSTs Proline MDA or ACHE Pigments
: : TBARS
1 1
1 1 .
i Photosynthetic pigments | L. minor
1 1
. L ' i (Total chl.orophyll and i D. magna
Acute immobilization Fish embryo acute ! carotenoids content) :
assay ! toxicity test [© 1 i D. rerio _
\\ ’/,
(2 days; 39.2 - 120 mg/L) (4 days; 0.015-3000 mg/L) S~ccmm e - Significant Effect No Effect Not evaluated
. . . e S e e e Y N H H 1
Environmental Hazard Classification i L. minor i Dotz ekl 1D Sl s 15
Toxicity score - EU-Directive93/677/ECC 8] Semmmmmmm e > MET did not affect photosynthetic function
EC;, (mg/L) ' D.magna | > METinduced oxidative stress and neurotoxic responses
>100 10-100 1-10 <1
. : S N .. .. .-
Non Toxic Harmful Toxic _ i D. rerio | Enhanced antioxidant defences minimizes oxidative damage

> MET induced neurotoxicity

NV
>Nt - =
7 N %
d
N
e

The integration of life-history traits with
mechanistic biomarkers provides a
multilevel perspective on MET toxicity
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