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Abstract 

The aim of the present study was to propose the immunofluorescence technique in 

cultured fibroblasts from Mediterranean cetaceans as a new “in vitro” tool to explore the 

susceptibility of these marine mammals to different xenobiotic compounds. The cell lines 

were cultured from integument biopsies of free-ranging and stranded cetaceans (dead within 

12 h). Using the indirect immunofluorescence assay, we detected endogenous proteins 

induced by different contaminants. Here we present the method used for qualitative and 

quantitative evaluation of cytochromes P450 (CYP1A1 and CYP2B) induced by some POPs 

(DDTs and PCBs) and emerging contaminants (PBDEs) in fibroblast cell cultures of striped 

dolphin (Stenella coeruleoalba) and bottlenose dolphin (Tursiops truncatus). 

Immunofluorescence was quantified with a specially designed Olympus macro, DetectIntZ.  

A major result was the possibility of using this “in vitro” assay to quantify induction of 

endogenous proteins. 
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Cetaceans, especially odontocetes, are particularly subject to chemical stress from 

xenobiotic compounds, as they accumulate large quantities of these contaminants (Marsili and 

Focardi, 1996; Marsili, 2000; Fossi and Marsili, 2003). Among the various techniques applied 

to integument biopsies, developed at the University of Siena (Fossi et al., 2003; Fossi et al., 

2006), here we present the immunofluorescence technique in cultured fibroblasts as a new “in 

vitro” tool to explore the susceptibility of these marine mammals to different xenobiotics. 

The development of a non-lethal sampling method to obtain viable tissue samples for 

fibroblast cell cultures from integument biopsies of free-ranging cetaceans was described in 

Marsili et al. (2000). Using the indirect immunofluorescence assay, we evaluated qualitative 

and quantitative presence of CYP1A1 and CYP2B induced by some POPs (DDTs and PCBs) 

and emerging contaminants (PBDEs) (Nims et al., 1998; Sierra-Santoyo et al., 2000; Meredith 

et al., 2003, Stoker et al., 2005). Cells were treated for 48 h with contaminants in sterile 

culture plates. Treatments were an OC mixture of Arochlor 1260, pp’DDT and pp’DDE in 

DMSO (0.05%) at three doses: 1 µg/ml, 5 µg/ml and 25 µg/ml, plus a DMSO (0.05%) 

chemical control and a mixture (BDE-MXE, Wellington, Canada) containing 27 PBDEs, from 

mono- to deca-brominated, in nonane (0.01 µg/ml) at three doses: 0.1 µg/ml, 0.05 µg/ml and 

0.01 µg/ml, plus a nonane (0.01 µg/ml) chemical control. After fixing and extraction with 

methanol (4 min) and acetone (4 min) at -20°C, they were washed three times in PBS for 10 

min. Then we conducted a first reaction with primary polyclonal antibodies: goat anti rabbit 

cytochrome P450 1A1 and goat anti rabbit cytochrome P450 2B (Oxford Biochemical 
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Research, Oxford, USA), diluted 1:500 for 1A1 and 1:100 for 2B, for 2 h. The cells were 

washed three times in PBS for 10 min and treated with the secondary antibody (Alexa Fluor 

594 goat anti rabbit IgG (H+L)) labelled with red-fluorescent Alexa Fluor 594 dye, diluted 

1:400, in the dark. The coverslips were again washed three times in PBS for 10 min. 

Fluorochrome was detected using 15µl per coverslip of a solution containing 40% 

CITIFLUOR, which is anti-fading solution that stabilizes fluorescence, and 60% PBS, 

whereas 3µl DAPI diluted 1:500 (ex. 345 nm – em. 455 nm; AT selective) was used as 

marker of chromatin for cell count. The reaction was read using an Olympus mod. BX41 

fluorescence microscope with BX-URA2 HBO100W fluorescence device and U-MSWG2 

dichroic cube excitation filter for green and U-MWU2 dichroic cube filter for UV. Images 

were obtained with an Olympus mod. DP-70 digital telecamera.  

Immunofluorescence was quantified with a specially designed Olympus Soft Imaging 

Systems macro, DetectIntZ, which works with the image acquisition, processing and analysis 

system, analySIS^B (Olympus).  

The image analysis procedure has the objective of quantifying, with an adimensional 

index generated for this purpose, the amount of Alexa Fluor 594 localized in the membrane of 

cytoplasmatic area of sample cells. The sample cells are imaged using DAPI and this image is 

presented to the operator for threshold selection of cytoplasmatic and nuclei Region of 

Interests (ROIs) across the field. The procedure then utilizes these ROIs to measure 

fluorescence intensity of Alexa Fluor 594 sample cell and summarizes the results in a 

worksheet. The system generates index values which are unitless until compared with other 

units, such as number of cells to obtain mean fluorescence per cell or the area in which it is 

calculated to obtain mean fluorescence per mm2. Images are all obtained with a magnification 

of 20X, a calibration of 0.65 µm/pixel and a resolution of 1360 x 1024 x 8 pixel. Exposure 

times were maintained fixed while reading the CYP1A1 and CYP2B for each species and for 
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each treatment. A series of images of each slide was acquired so that a minimum of 250 

cells/slide could be counted. The total fluorescence revealed by the program is divided by 

number of cells to obtain Arbitrary Unity of Fluorescence (AUF) per cell. 

Nine slides for CYP1A1 and CYP2B were made for each culture, making a total of 18 

slides for each toxicological treatment: of the nine, one was a blank (only primary and 

secondary antibodies), one was a secondary blank (only with secondary antibody), one was a 

chemical blank (treated with contaminant vehicle), two were for the first dose, two for the 

second dose and two for the third dose of contaminants. The blank enabled the natural 

presence of cytochromes in cultured fibroblasts to be checked. The secondary blank enabled 

validation of the dose of secondary antibody without cross reaction as the primary antibody 

was absent.  

A major result was the possibility of using this “in vitro” assay to quantify induction 

of endogenous proteins such as CYP1A1 and CYP2B: the measurement of 

immunofluorescence intensities was used to determine protein levels and different induction 

phenomena correlated with the contaminant treatment.  

In this paper we present the preliminary results of two odontocete species 

representative of the Mediterranean Sea: striped dolphin (Stenella coeruleoalba) and 

bottlenose dolphin (Tursiops truncatus). The fibroblasts were treated with the OC mixture 

(Fig. 1 and Table 1) and PBDE (Table 1). The results confirm the capability of this 

methodology to detect CYP1A1 and CYP2B induction in the striped dolphin, particularly at 

the highest treatment dose; only CYP2B induction with OC mixture at the intermediate dose 

and only CYP 1A1 with PBDE at the highest treatment dose was revealed in the bottlenose 

dolphin. 
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In conclusion, this methodology, applied to cultured fibroblasts of cetaceans, appears 

as a powerful “in vitro” technique to assess susceptibility of these marine mammals to 

different xenobiotic compounds. 
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Figure caption 

 

Fig. 1. Immunofluorescence of CYP1A1 and CYP2B in cultured fibroblasts of striped dolphin 

and bottlenose dolphin treated with the OC mixture. A) and C): Striped dolphin fibroblasts: 

DAPI and Alexa Fluor 594 (Intensity = 133ms) images of DMSO and the three treatments. B) 

and D): Bottlenose dolphin fibroblasts: DAPI and Alexa Fluor 594 (Intensity = 50ms) images 

of DMSO and the three treatments. The immunofluorescence is expressed in Arbitrary Unity 

of Fluorescence (AUF) per cell.  
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Table 1.  

Mean values of immunofluorescence of CYP1A1 and CYP2B revealed in cultured fibroblasts 

of striped dolphin and bottlenose dolphin treated with the OC and PBDE mixture. The 

immunofluorescence is expressed in index numbers respect to solvent control. Explication 

about treatment doses in the text.  

CYP 1A1 – Organochlorine mixture 

 Solvent control Dose 1 Dose 2 Dose 3 

Striped dolphin 100 93.16  90.42 166.92 

Bottlenose dolphin 100 63.00 96.48 81.43 

CYP 2B – Organochlorine mixture 

 Solvent control Dose 1 Dose 2 Dose 3 

Striped dolphin 100 94.07 107.86 219.28 

Bottlenose dolphin 100 88.56 136.23 85.72 

CYP 1A1 – PBDE 

 Solvent control Dose 1 Dose 2 Dose 3 

Striped dolphin 100 316.68 399.04 1304.62 

Bottlenose dolphin 100 71.14 102.50 131.92 

CYP 2B – PBDE 

 Solvent control Dose 1 Dose 2 Dose 3 

Striped dolphin 100 186.09 212.86 1776.41 

Bottlenose dolphin 100 71.46 69.24 94.15 
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Fig.1 
 
 
 
 

CYP 1A1

DMSO - 397031 AUF/nucleus 1µg/ml - 369893 AUF/nucleus 5µg/ml - 359004 AUF/nucleus 25µg/ml -662740 AUF/nucleus

A

DMSO - 461401 AUF/nucleus 1µg/ml - 290675 AUF/nucleus 5µg/ml - 445161 AUF/nucleus 25µg/ml -375709 AUF/nucleus

B

CYP 2B

DMSO - 183347 AUF/nucleus 1µg/ml - 172467 AUF/nucleus 5µg/ml - 197764 AUF/nucleus 25µg/ml -402045 AUF/nucleus

C

DMSO - 287186 AUF/nucleus 1µg/ml - 254325 AUF/nucleus 5µg/ml - 391231 AUF/nucleus 25µg/ml -246170 AUF/nucleus

D

 


