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Abstract 

The phenylpyrazole Fipronil is one of the most widely used insecticides in crops worldwide. Its use was banned by the 

European Union in April/2013 (Directive ECC Nº 781/2013) due to its harmful effects to non-target species(Gripp et al., 2017; 

Schlenk et al., 2001; Stefani Margarido et al., 2013). Despite this, Spain, the largest Fipronil consumer in Europe in sunflower crops, 

is still reluctant to adhere to the European directive alluding to few on-site studies that proved their toxicity. The aim of the present 

study was to assess a suite of biomarker responses on seabass (Dicentrarchus labrax) exposed through diet to Fipronil under two 

environmentally-realistic temperature regimes.  

Juveniles of D. labraxwere acclimated (14 days) to two temperature regimes of 13 and 16 ºC. Then, fish were fed spiked 

food with 10 mg/Kg of Regent®800WG (80% Fipronil) during two weeks, after which a depuration period of one week (feeding with 

unspiked food) was allowed. Eight fish were sampled at each temperature before Fipronil exposure (t0), after 7 and 14 days exposure 

(t7 and t14) and after a 7-day depuration period (t21), and dissected according to a standardized protocol. Feeding rate was calculated 

for each condition (temperature × time) and morphometric measurements were recorded for each fish. Concentration of Fipronil and 

its main metabolite Fipronil sulfone was determined in bile by LC-HRMS and in muscle (only Fipronil) by GC-MS.Metabolic and 

oxidative-stress related markers were assessed in different tissues: lactate dehydrogenase (LDH),six Cytochrome P450-related (CYP) 

enzymes, NAD(P)H cyt c and NADH ferricyanide reductases,uridine diphosphate glucuronyltransferase (UDPGT) and glutathione S-

transferase (GST) and the antioxidant enzymatic responses catalase (CAT), glutathione reductase (GR) and glutathione peroxidase 

(GPX) activities, as well as the marker indicative of oxidative stress damage: lipid peroxidation (LPO) levels. Differences between 

temperatures and time-groups (t0, t7, t14 and t21) were tested by ANOVA contrasts.  

Fish biometrics and condition indices remained similar during the 21 experimental days and at the two temperatures (Table 

1). Only an expected significant increase of fish size and feeding rate with time was observed.  
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Table 1:Mean ± SD for fish biometric measurements and general condition indides. N: number of individuals, M: males, F: females, SL: standard 

length, CF: condition factor, HSI: Hepatosomatic index, GSI: gonadosomatic index. Different superscript letters show significant differences among 

experimental groups within each temperature. 

 

High concentration of the metabolite fipronil sulfone in fish bile at t14 and t21 suggested a rapid metabolisation of the parent 

compound (Table 2). Persistence of fipronil sulfone in bile even after the depuration period at fairly high concentrations may be 

related to its affinity for organic carbon and supports the view that fat can act as reservoir for fipronil residues (Qu et al., 2018).Lower 

muscular levels of fipronil at 16 than at 13 ºC might reflect lower sorption of the chemical at warmer conditions, as also reported in 

soil and explained on the basis of a loss of chemical affinity (Singh et al., 2016), although more studies are needed to confirm this 

hypothesis. In contrast, higher concentrationof fipronil sulfone in bile at 16 than at 13 ºC could reflect speeding of metabolic 

degradation of the parent compound. Since Fipronil sulfone is more toxic than Fipronil itself to aquatic species (EPA, 1996), its rapid 

formation at higher temperatures alongside with its persistence in tissues with high lipidic content should be taken into account when 

contemplating a global warming scenario in a close future.   

Table 2:Concentration of Fipronil determined in bile of sea bass by LC-HRMS and in muscle (only Fipronil) by GC-MS. Each value corresponds to 

a pool of samples from 8 fish. Quantification in bile at t0 and t7 was not possible due to sample limitations. 

Temperature Time 

Muscle Bile 

Fipronil (ng/g) Fipronil (ng/mL) Fipronil sulfone (ng/mL) 

13 ºC 

t0 <6  -  - 

t7 88.4  -  - 

t14 64.6 4.08 ± 7.35 10.84 ± 9.02 

t21 <6 0.76 ± 0.47 15.17 ± 8.03 

16 ºC 

t0 <6  -  - 

t7 42.9  -  - 

t14 57.7 4.70 ± 4.65 38.43 ± 20.16 

t21 <6 0.63 ± 0.62 34.58 ± 30.87 

 

Temperature showed generally no effect in the enzymatic activities addressed, which suggests that the temperature range 

used in the present study was not large enough to have a significant effect in enzymatic activities in seabass. Activity of CYP-related 

enzymes, responsible for the formation of fipronil sulfone (Wang et al., 2016), was generally inhibited after fipronil exposure (Figures 

TºC Time 
N 

(M:F) 

SL (cm) Visceral fat (g) CF HSI GSI (F) GSI (M) Feeding rate 

13ºC 

t0 8 (6:2) 20.50 ± 2.67AB 5.05 ± 2.41 1.37 ±  0.08 2.08 ±  0.71 0.15 ±  0.02 0.11 ±  0.12 0.42 ± 0.16A 

t7 8 (2:6) 23.04 ± 0.60A 6.53 ± 1.63 1.43 ±  0.19 2.24 ±  0.84 0.28 ±  0.03 0.24 ±  0.06 0.46 ± 0.08AB 

t14 8 (2:6) 21.65 ± 1.62B 6.07 ± 1.44 1.42 ±  0.10 2.32 ±  0.73 0.20 ±  0.09 0.04 ±  0.01 0.49 ± 0.11B 

t21 8 (4:4) 22.56 ± 0.82A 7.28 ± 1.95 1.44 ±  0.11 2.72 ±  0.47 0.23 ±  0.08 0.09 ±  0.05 0.83 ± 0.17C 

16ºC 

t0 8 (4:4) 20.69 ± 2.14B 5.56 ± 1.69 1.51 ±  0.12 1.99 ±  0.54 0.23 ±  0.02 0.10 ±  0.08 0.38 ± 0.12A 

t7 8 (2:6) 21.56 ± 2.31AB 6.01 ± 2.82 1.48 ±  0.20 2.25 ±  0.57 0.21 ±  0.06 0.07 ±  0.01 0.47 ± 0.06AB 

t14 8 (1:7) 21.50 ± 2.49AB 6.72 ± 2.43 1.49 ±  0.11 2.21 ±  0.55 0.22 ±  0.08  - 0.66 ± 0.14B 

t21 8 (1:7) 22.63 ± 1.83A 6.20 ± 2.81 1.40 ±  0.08 1.88 ±  0.73 0.25 ±  0.05 0.05 0.85 ± 0.14C 
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1a, b) while the conjugation enzyme GST increased over time (Fig. 1c). Fipronil clearly induced an oxidative stress situation: hepatic 

CAT activity was inhibited (Fig. 1d), possibly indicating that oxyradical production exceeded the protective capacity of this enzyme 

(Regoli and Giuliani, 2014), and hepatic and muscular LPO levels were enhanced (Figs.1e, f). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:Mean ± SE on the levels of the biochemical markers most respondant to fipronil exposure in seabass: CYP-related enzymes EROD and 

ECOD in liver microsomes, GST and CAT in liver cytosol and LPO levels in S10 liver and muscle fraction. Different letters show significant 

differences among temporal replicates. 
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