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ABSTRACT 
 
The main objective of this project was to apply, for the first time, a suite of sensitive non-lethal biomarkers 
in skin biopsy of  the mysticete unexplored species Bryde’s whale (Balaenoptera edeni) to evaluate the 
toxicological status of this cetacean species in the Gulf of California. In this species we developed a “multi-
trial-biomarker-tool”, combining protein biomarkers (western blot of CYP1A1, CYP2B) with analysis of 
OCs and PAHs. In this paper we also explored the level and effects of OCs and PAHs in skin biopsies of fin 
whale (Balaenoptera physalus) populations of the Gulf of California and the heavy polluted areas of the 
Mediterranean Sea.  
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INTRODUCTION 
 
The main objective of this project was to investigate the inter- and intra-species differences in biomarker 
responses and contaminant levels in two Mysticete species (Balaenoptera edeni and Balaenoptera physalus) 
of Gulf of California (Mexico) and Mediterranean Sea (Balaenoptera physalus) using skin biopsy as 
diagnostic tools. A suite of sensitive non-lethal biomarkers was applied, for the first time, to the mysticete 
unexplored species Bryde’s whale to evaluate the toxicological status of this cetacean species in the Gulf of 
California. We developed a “multi-trial-biomarker-tool”, combining protein biomarkers (western blot of 
CYP1A1, CYP2B) with analysis of OCs and PAHs. In this phase of the project we also explored the level 
and effects of OCs, PBDEs and PAHs in skin biopsies of the two mysticete species (Balaenoptera physalus 
and Balaenoptera edeni) of Gulf of California in comparison to fin whale of Mediterranean Sea.  
 
 
Gulf of California Bryde’s whale - With a maximum size of 14m, the Bryde’s whale (Balaenoptera edeni) 
is the second smaller whale among Balaenopterid species (rorquals). Their color pattern is mainly dark black 
on the dorsal area and soft gray/white on ventral area. Some animals presents whitely spots over the animal 
flanks, probably caused by the cockiecutter shark (Isistius brasiliensis). An important distinctive 
characteristic (unique among rorquals), is that this species presents three longitudinal ridges on its rostrum 
(Guerrero Ruiz et al., 2006). The Bryde’s whale is probably the most common whale in the Gulf of 
California (Urban and Flores, 1996). The latest estimation indicates that approximately 950 animals inhabit 
the gulf (Gerrodette and Palacios, 2004).  However, this number could be overestimated based on that 
genetics studies has suggested that in the gulf are presents two different populations of this species, one 
resident (year around) and the other related with the Northeast Pacific population that visit the Gulf of 
California seasonally (Dizon et al., 1995).  Numerous sightings of this species have been reported in Baja 
California (From San Felipe to Salsipuedes Channel), Baja California Sur (from Loreto to Los Cabos), and 
Sonora (Puerto Peñasco, Bahia de Kino, Guaymas) (Guerrero Ruiz el al., 2006). Differently to other regions, 
the Gulf of California Bryde’s whale looks prefer coastal than oceanic areas. Among the preys items 
reported for this species into the Gulf of California are: the pelagic red crab (Pleuroncodes planipes), 
anchovy (Opisthonema libertate) (Rice, 1977; Leatherwood et al., 1982; Urbán and Flores, 1996), sardines 
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(Sardinops sagax), and eufasusids  (Nyctiphanes simplex) (Tershy, 1992; Tershy et al., 1993;  Urbán and 
Flores, 1996). 
 
Gulf of California fin whale - Fin whales are permanent residents of the Gulf of California. This population 
is considered one of the most isolated in the world (Bérubé et al., 1998; Bérubé et al., 2002). With 
approximately 610 animals (SE=133, CI95%= 426-970) (Díaz-Guzmán, 2006; Urbán-Ramírez et al., 2005), 
this population constitutes a unique and separate conservation unit, vulnerable to anthropogenic and natural 
effects (Bérubé et al., 2002). Although the Gulf of California is considered one of the most pristine and bio-
diverse areas of the world (hosts ∼36 species of marine mammals), regrettably, the increasing human activity 
(pollution from industrial and human waste, aquaculture residues, and agricultural run-off) is beginning to 
affect it (Lluch-Cota et al., 2007). Moreover, a foreseeable increase in naval traffic, both for leisure and 
commercial, will inevitably lead to higher numbers of fatal ship strikes with large cetaceans. 
 
Mediterranean fin whale - The fin whale is the only mysticete that regularly occurs in the Mediterranean 
Sea. Genetic analyses performed on Mediterranean specimens revealed a limited gene flow with North 
Atlantic conspecifics, showing that this may be a diverging population (Bérubé et al., 1998; Palsbøll et al., 
2004). During the summer months, this species is known to concentrate in high numbers in the Pelagos 
Sanctuary (Notarbartolo di Sciara et al., 2003). Line-transect surveys, conducted in the western Ligurian Sea 
in August 1992 yielded an estimate of 901 fin whales (% CV 21.77, 95% CI 591-1,374; Forcada et al., 
1995). Fin whales in the Mediterranean basin face a number of actual and potential anthropogenic threats, 
such as chemical and acoustic pollution, entanglement in fishing gear and disturbance from commercial and 
pleasure boats (Jahoda et al., 2003). Moreover, ship strikes are common in Mediterranean waters and most 
likely represent one of the major cause of non-natural mortality for fin whales (Panigada et al., 2006). 
 
METHODS 
 
Sampling – Integument biopsies (epidermis, dermis and blubber) were obtained from free-ranging Bryde’s 
whale in the Gulf of California during the summer of 2008 (n =4, 2 males and 2 females) using biopsy darts 
launched with a crossbow (CITES Nat. IT 025IS, Int. CITES IT 007). Integument biopsies were also 
obtained from free-ranging fin whales in the Pelagos sanctuary (Ligurian, Corsica and North Tyrrhenian 
Sea) (spring-summer 2008, n = 12, males =6; females = 6) and Gulf of California (Sea of Cortez, n = 5, 
males = 3; females = 2) (summer 2008). Sex was determined according to Bérubé and Palsbøll (1996). 
 
Contaminants analysis 
 
Organochlorine Compounds (OCs) - The analytical method used for quantitative and qualitative analysis of 
HCB, DDTs and PCBs was High Resolution Capillary Gas chromatograph equipped with an electron 
capture detector (63Ni ECD)(AGILENT 6890/N), according to the U.S. Environmental Protection Agency 
(EPA) 8081/8082, modified by us  (Marsili and Focardi, 1996). The gas chromatograph had a SPB-5 bonded 
phase in a 30 m long fused silica capillary column.  
 
Polycyclic aromatic hydrocarbons (PAHs) - Levels of PAHs and PAH fingerprint were evaluated by High 
Performance Liquid Chromatography (Waters 600 HPLC) with a Fluorescence Detector (Waters 474 
Scanning Fluorescence Detector) and a UV Detector (Waters 2487 Dual ë Absorbance Detector); PAH 
separation was performed using a reversed phase column with an acetonitrile/water gradient (Marsili et al., 
1997).  
 
Biomarkers analysis 

CYP1A1 and CYP2B western blot - CYP1A and CYP2B have been detected in cetacean skin and induction 
of these isoforms was found after exposure to lipophylic contaminants such as OCs, PAHs and BFR both in 
vitro and in field studies (Fossi et al., 2006; Fossi et al., 2008). For WB analysis, S9 fractions of tissue 
homogenates (biopsy, in duplicate for each sample) were separated by SDS-PAGE (10% polyacrylamide 
gels – Criterion XT Precast Gel - BioRad) and blotted onto nitrocellulose sheets for 1 hour at the constant 
voltage of 200 V. The membranes were saturated by incubating them with a blocking solution (3% gelatin 
dissolved in Tris Buffered Saline containing 0.05% Tween-20, TTBS) for 1 hour at room temperature. 
Primary polyclonal rabbit antibodies from Oxford Biochemical Research were used (Oxford MI, USA). Goat 
anti-rabbit CYP1A1 and anti CYP2B4, diluted 1:5000 and 1:1000, respectively, in TTBS-1% gelatin, were 
incubated overnight at room temperature with cetacean proteins. Incubation with anti-rabbit HRP-labelled 
secondary antibody (1:3000 final dilution) was performed for 1.5 hours at room temperature and protein 
detection was done according to the BioRad Immun-Star HRP Chemiluminescent Kit booklet, using 
standardized times (Fossi et al., 2008). Semi-quantitative analysis was performed for each WB (in triplicate) 
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with Quantity One software (BioRad, 1-D Analysis Software) using the methods proposed by Fossi et al. 
(2008).  

Statistical analysis - The data were processed using non-parametric tests. Differences among groups of data 
were tested by the Kruskal–Wallis test and the Mann–Whitney test. The Spearman rank order correlations 
were used as a non-parametric test to estimate possible correlations between variables 
 
RESULTS AND DISCUSSION 
 
This “multi-trial diagnostic tool”, applied to skin biopsies, underlined differences in OC, PAH levels and 
molecular biomarker responses between the two mysticete species (Balaenoptera edeni and Balaenoptera 
physalus) of Gulf of California and also between the two fin whale populations(Gulf of California and 
Mediterranean Sea) . 
  
• Higher levels of DDTs (Fig.1A), PCBs (Fig.2A), and PAHs (Fig.3A) were detected in the 
zooplankton-eating species fin whale in comparison to the fish-eating species Bride’s whale; on the opposite 
extremely higher level of both CYP1A1 (Fig.4A), CYP2B (Fig.5A) are detected in the fish-eating species, 
showing similar level to odontocete species resident in Sea of Cortez (Fossi personal communication)(Fig. 
7). Higher levels of OCs and low level of the CYP2B were detected in the fin whale specimens, on the 
opposite lower levels of OCs and high level of the CYP2B were detected in the Bride’s whale specimens, 
suggesting a higher detoxification ability in the fish-eating species (Fig.6). 

 
• The interspecies investigation shows the presence of a higher “toxicological stress” in the fin whale 
Pelagos population highlighted by warning signals such as higher levels of DDTs (Fig.1B), PCBs (Fig.2B), 
and PAHs (Fig.3A)  high levels of  CYP1A1 induction and, as previously reported by Fossi and 
collaborators (2010), the up-regulation of ERα and E2F-1 genes, combined with a lack of CYP2B induction 
in both field and in vitro experiments (Fossi et al, 2010).  
 
CONCLUSIONS 

In conclusions, the multi-trial biomarker tool applied, for the first time, to skin biopsies to the mysticete 
unexplored species Bryde’s whale, underlined differences in OCs, PAHs levels and CYP1A1 and CYP2B 
responses in the two mysticete species (Balaenoptera edeni and Balaenoptera physalus) of Gulf of 
California. These data suggest a peculiar evolutionary process of the two isoforms of CYP in the fish-eating 
species Bride’s whale, that showed levels of both Cytochromes similar to the other odontocete species 
resident in Sea of Cortez (Fig. 7).  
The use of skin biopsy as diagnostic tools was confirmed in this project as a powerful method to investigate 
both the inter- and intra-species differences in biomarker responses and contaminant levels in two Mysticete 
species of Gulf of California (Mexico) in comparison to the Balaenoptera physalus  of Mediterranean Sea. 
The presence of a “toxicological stress” in the Pelagos fin whale population is pointed out by warning 
signals using the “multi-trial-biomarker-tool”. Moreover, particular concern is due to the high levels of low 
brominated PBDEs found in the Mexican whale specimens (Fossi et al, 2010).  
Future development of this methodology could provide a statistical system for obtaining more complete 
information about the “toxicological-stress-syndrome” in cetaceans, providing a predictive model for 
hazards in susceptible areas targeted by increasing tourism, such as the Gulf of California.   
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CAPTIONS 
 

 
Figure 1. Contaminant levels – Total DDTs (A) levels in skin biopsy of specimens of the two mysticete 
species (Balaenoptera edeni and Balaenoptera physalus) of Gulf of California  (male and female). Total 
DDTs (B) levels in skin biopsy of specimens of the two mysticete species (Balaenoptera edeni and 
Balaenoptera physalus) of Gulf of California in comparison to the specimens of Balaenoptera physalus of 
Mediterranean Sea . 
 
Figure 2. Contaminant levels – Total PCBs (A) levels in skin biopsy of specimens of the two mysticete 
species (Balaenoptera edeni and Balaenoptera physalus) of Gulf of California  (male and female). Total 
PCBs (B) levels in skin biopsy of specimens of the two mysticete species (Balaenoptera edeni and 
Balaenoptera physalus) of Gulf of California in comparison to the specimens of Balaenoptera physalus of 
Mediterranean Sea.   
 
Figure 3. Contaminant levels – Total PAHs (A) levels in skin biopsy of specimens of the two mysticete 
species (Balaenoptera edeni and Balaenoptera physalus) of Gulf of California  (male and female). Total 
PAHs (B) levels in skin biopsy of specimens of the two mysticete species (Balaenoptera edeni and 
Balaenoptera physalus) of Gulf of California in comparison to the specimens of Balaenoptera physalus of 
Mediterranean Sea.  (* = p< 0.05). 
 
Figure 4. Biomarker responses - Western blot of CYP1A1 (A) in skin biopsy of specimens of the two 
mysticete species (Balaenoptera edeni and Balaenoptera physalus) of Gulf of California (male and female). 
Western blot of CYP1A1 (B) in skin biopsy of specimens of the two mysticete species (Balaenoptera edeni 
and Balaenoptera physalus) of Gulf of California in comparison to the specimens of Balaenoptera physalus 
of Mediterranean Sea. 
 
Figure 5. Biomarker responses - Western blot of CY2B (A) in skin biopsy of specimens of the two 
mysticete species (Balaenoptera edeni and Balaenoptera physalus) of Gulf of California (male and female). 
Western blot of CYP2B (B) in skin biopsy of specimens of the two mysticete species (Balaenoptera edeni 
and Balaenoptera physalus) of Gulf of California in comparison to the specimens of Balaenoptera physalus 
of Mediterranean Sea.  (* = p< 0.05). 
 
Figure 6. Biomarker responses -  Scatterplots of CY2B and Total OCs in skin biopsy of specimens of the 
two mysticete species (Balaenoptera edeni ( ) and Balaenoptera physalus ( ) of Gulf of California . 
 
Figure 7. Biomarker responses - Western blot of CY1A1 and CYP2B in mysticete and to odontocete 
species of Sea of Cortez. Line represent the average of CYP2B in Balaenoptera edeni. 
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Scatterplots of CYP2B and OCs 
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CYP1A1 and CYP2B in Cetaceans of Sea of Cortez 
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