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ABSTRACT 

Polychlorinated biphenyls (PCBs) exhibit lipophilic properties that lead to their 

bioaccumulation in adipose tissue. Being characterised by large adipose tissue stores, northern 

elephant seals (Mirounga angustirostris) are contaminated by PCBs. During lipolytic periods 

such as the post-weaning fast, fatty acids (FAs) from triglycerides and PCBs are mobilised 

from their blubber. Our results showed that the degree of lipophilicity of FAs and PCBs was a 

determinant factor affecting their release: the more lipophilic FAs and PCBs tended to be 

more conserved in blubber over the fast than the less lipophilic ones. This led to an 

enrichment of more lipophilic compounds within adipocytes with the progression of the fast.    
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MANUSCRIPT 

Polychlorinated biphenyls (PCBs) are highly lipophilic environmental pollutants that are 

mainly stored within the adipose tissue (Gevao et al., 2009; Harrad, 2009). During periods of 

negative energy balance, such as fasting, the adipose tissue is considered as a source of PCBs, 

leading to both their release in blood as well as their concentration in the remaining amount of 

adipose tissue (Kim et al., 2011; Louis et al., 2014). The dynamics of their release appears to 

depend on their physico-chemical properties (Debier et al., 2006). It has been suggested that 

the heterogeneous release of PCBs could be influenced by the differential mobilisation of 

fatty acids (FAs) from the adipose tissue (Debier et al., 2003). Nevertheless, no link has been 

clearly established yet between the release of PCBs and lipids from the adipose tissue during a 

lipolytic process.    

The purpose of this work was thus to study the potential link between the release of PCBs 

and FAs during lipolysis. In order to reach this goal, our study focused on the northern 

elephant seal (NES), which undergoes several natural periods of fast during its life. It can thus 

be considered as a good model to study the lipolysis within the adipose tissue. Furthermore, 

the NES is a marine mammal predator at the top of the food chain that is characterised by a 

significant contamination by lipophilic pollutants, such as PCBs (Debier et al., 2012). 

Twenty-two and twenty free-ranging weaned NES pups from Año Nuevo State Reserve 

(CA, USA) were sampled at 1- and 7-week post-weaning (also called, early and late fast) in 

2010 and 2012, respectively. Blubber collection procedures and details regarding PCB and 

FA analyses are described in Louis et al. (2014), Covaci et al. (2008) and Schneider et al. 

(2012), respectively. Briefly, blubber biopsies were sampled with 6-mm biopsy punches and 

were cut into three equal parts. Only the inner layer (i.e. close to the muscle) was exploited 

for this study, at it is preferentially mobilised during lipolysis. For the PCB analyses, blubber 

samples from 2010 were mixed with anhydrous Na2SO4. Lipophilic pollutants were extracted 

by automated Soxhlet. Samples were then cleaned up through an acid silica cartridge. 

Fourteen PCBs (IUPAC numbers: CB-47, -74, -99, -105, -118, -128, -138, -146, -153, -170, -

177, -180, -183 and -187) were quantified by gas chromatography (GC) coupled with a mass 

spectrometer system. For the FA analyses, blubber samples from 2012 were crushed with 

ceramic beads and lipids were extracted by a mixture of chloroform/methanol/water. Neutral 

lipid fraction (i.e. TGs, diglycerides, monoglycerides and cholesterol esters) was isolated by 

SPE columns. A methylation step was then performed. FA methyl esters were extracted and 
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separated by GC. Thirty FA methyl esters were quantified in NES samples (C10:0; C12:0, 

C14:0, C14:1n-5; C16:0, C16:1n-7, C18:0, C18:1n-7, C18:1n-9, C18:2n-6, C18:3n-3, 

C18:3n-6, C18:4n-3, C20:0, C20:1n-9, C20:2n-6, C20:3n-3, C20:3n-6, C20:4n-3, C20:4n-6, 

C20:5n-3, C22:0, C22:1n-9, C22:4n-6, C22:5n-3, C22:5n-6, C22:6n-3, C24:1n-5, C24:5n-3, 

C24:6n-3).  

In order to study the mobilisation of PCBs and FAs from blubber, we calculated the 

fractional mobilisation (FM) values as following (adapted from Mustonen et al. (2007) and 

Noren et al. (2013)):  

Concentrations	at	week	1− Concentrations	at	week	7
Concentrations	at	week	1  

The PCB and FA concentrations were expressed per wet weight. A compound with a small 

FM value tends to be conserved in the blubber layer over the fast, whereas a compound with a 

greater FM value tends to be mobilised. The log Kow values for PCBs were compiled from 

Hansen et al. (1999). The log Kow values for FAs were estimated thanks to Advanced 

Chemistry Development, Inc. Software (version 12.01).  

The FM values of studied PCBs were all negative (Figure 1), meaning that the PCB 

concentrations in blubber were higher at late fast compared to early fast. This phenomenon 

was also visible when PCBs were expressed per unit of lipid weight. The observed increase of 

PCB concentrations in the inner blubber layer, despite their mobilisation into the circulation 

(Louis et al., 2014), appears to result from a combination of two phenomena: (i) the less 

efficient mobilisation of PCBs than cell TGs and, (ii) the sampling of a higher number of 

cells, which have a smaller size, at late fast (Figure 2). Indeed, the sampling at early and late 

fast was performed with 6-mm biopsy punches, which allows taking off blubber biopsies of 

same diameter. However, since weaned NES pups mobilised TGs from blubber (which is 

reflected by a loss of animal weight), the size of adipocytes decreased, as confirmed by the 

cell profile area of blubber adipocytes (Louis et al., 2014). The proportion of connective tissue 

being small in NES blubber (< 5%; D.E. Crocker, personal communication) and adipocytes 

being the main cell type of this tissue, we most likely sampled a higher number of adipocytes 

at late fast than at early fast. As illustrated in Figure 2, even if the quantity of PCBs per cell 

most probably decreased throughout the fast, as a result of their release into the circulation, 

the fact that we sampled a higher number of cells at late fast contributed to obtain higher PCB 

concentrations. In order to monitor the changes of PCB quantities at cell levels, expressing the 
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levels of PCBs per unit of cells (through cell counts or DNA quantification after adipocyte 

isolation) rather than per unit of lipid or wet weight would allow to better understand the 

dynamics of cell emptying. The FM values of studied FAs were more heterogeneous 

compared to PCBs, with negative and positive values, and were discussed elsewhere (article 

FAs NES).   

A selective mobilisation from adipocytes was noticed for PCB congeners for which the 

degree of lipophilicity increased with the number of chlorine atoms. The more lipophilic 

PCBs (i.e. with the higher log Kow values) were preferentially retained within the blubber, 

while the less lipophilic PCBs were more easily released (Figure 1A). Indeed, a linear 

decrease of FM values occurred with the increase of the log Kow values of the molecules 

(y=5.86-1.07x, R² = 0.863). A similar relationship was also noticed for the mobilisation of 

PCBs and polybrominated diphenyl ethers from blubber to serum of grey seal females 

between early and late lactation (Vanden Berghe et al., 2012). The comparison between the 

FM values of each FA and their log Kow values highlighted that the FAs with a higher degree 

of lipophilicity also tended to be conserved within the blubber, whereas the FAs with a lower 

degree of lipophilicity seemed to be more readily mobilised from adipocytes (Figure 1B). 

Similar to PCBs, there is a linear decrease of FM with log Kow values (y=0.71-0.09x, R² = 

0.636). Selective mobilisation of FAs was already observed in marine mammal species, such 

as lactating NES and lactating Weddell seals (Fowler et al., 2014; Wheatley et al., 2008). 

Raclot (2003) suggested that the discrimination in the released FAs observed in rat and human 

adipocytes could be linked to their molecular structure. Indeed, Raclot’s study showed that the 

relative mobilisations of FAs increase with the number of unsaturation for a given chain 

length and decrease with the chain length for a given number of unsaturation.  

The lipophilicity of PCBs and FAs appears to be a key factor determining their fate within 

adipocytes. More lipophilic FAs and more lipophilic PCBs are probably situated in the lipid 

droplet core, whereas less lipophilic FAs and less lipophilic PCBs are most likely situated 

closer to the interface (Raclot, 2003). This agrees with the lipolytic process that involves 

water-soluble lipases acting at the interphase formed by cytosol and lipid droplet. This 

selective mobilisation of PCBs and FAs leads to a reshuffle of profiles within adipocytes of 

the inner blubber layer. These adipocytes enriched themselves with more lipophilic PCBs and 

FAs and thus, acquired a higher lipophilic character over the fast. Nevertheless, we have to 

keep in mind that, in addition to the lipophilicity, other physico-chemical parameters could 

also influence the mobilisation of lipophilic pollutants from adipocytes, such as the size and 
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the configuration of the molecules. A higher mobilisation of those more lipophilic compounds 

may however happen later in the fast (Debier et al., 2003; Debier et al., 2006; Raclot, 2003). 
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LEGENDS 

Figure 1 – Relationship between the fractional mobilisation of PCBs (A) and fatty acids (B) 

and the log Kow values in the inner blubber layer of weaned northern elephant seal pups.  

Figure 2 – Schematic representation of the impact of the fast on adipocyte size and PCB 

content (red dots). At early and late fast, blubber biopsies were sampled with 6-mm biopsy 

punches. Through the fast, TGs were mobilised, leading to a decrease of the size of 

adipocytes. Consequently, a higher amount of cells were sampled at late fast compared to 

early fast. The close-up represents adipocytes from the inner blubber layer. 
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Figure 1 
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Figure 2 

 


