
INTRODUCTION

Retinoids comprise both natural molecules with vitamin A
activity and synthetic analogues of retinol with or without
biological activity (Blomhoff et al., 1992). They are
essential in a number of biological processes including
vision, reproduction, growth, immune function,
differentiation, embryonic development and general health
maintenance (Blomhoff, 1994). Organochlorine compounds
are known to alter metabolism and the accumulation of
retinoids in the body (Brouwer et al., 1989; Chu et al., 1995;
1998; Rolland, 2000; Käkelä et al., 2002; Nyman et al.,
2003), although the level at which this effect takes place
may be species-specific (Håkansson et al., 1991; Zile,
1992). In general, it is observed that exposure to
polychlorinated biphenyls (PCBs), dioxin (TCDDs) and
dichloro-diphenyl-trichloroethanes (DDTs) leads to
depletion of retinoid reserves in mammalian tissues due to
increased mobilisation of retinoids from storage sites,
especially the liver and a subsequent increase in their
degradation rate (Kelley et al., 1998). Because of the
sensitivity of retinoids to organochlorines, they have been
proposed as biomarkers of the impact of this group of
pollutants (Simms and Ross, 2000; Borrell et al., 2002). 

In mammals, retinoids are mainly stored in the liver
(Blomhoff, 1994) and thus their body status is commonly
assessed through determination of hepatic concentrations
(Schweigert and Buchholz, 1995; Käkelä et al., 2002).
However, retinoids are lipophilic and they also accumulate
in other fatty tissues. Marine mammals have a thick,
extremely lipid-rich hypodermis, commonly known as
blubber that acts as a thermoregulatory barrier and reserve
depot. Blubber is the largest body fat compartment and
represents a significant proportion of body mass:

approximately 40% in pinnipeds (Schweigert et al., 1987)
and 15-45% in cetaceans (Aguilar et al., 1999; Tornero et
al., 2004a). Therefore, it is an important body site for
retinoid deposition in this group of animals (Schweigert et
al., 1987; Mos and Ross, 2002; Tornero et al., 2004a;
Tornero et al., 2004b).

Retinoids are unstable compounds with extreme
sensitivity to light, oxygen, trace metals, strong acids and
excess heat (Blomhoff, 1994; Barua and Furr, 1998).
Therefore, the appropriate conditions for the storage and
treatment of samples can only be decided after conducting
stability studies under controlled field and laboratory
conditions. Earlier data suggest that samples must be kept
frozen and shielded from light to prevent retinoid oxidation
and/or isomerisation (Kishi et al., 1981; Driskell et al.,
1985; Comstock et al., 1993; Tanumihardjo et al., 1996;
Albalá-Hurtado et al., 2000a; Gatti et al., 2000; Dupertuis et
al., 2002). However, no information is available on the
stability of retinoids during the time period from death to
sample collection. 

Bycaught cetaceans are a good source of samples for
ecological studies because compared with those found
stranded, they are relatively fresh and are representative of
the overall population. Thus, they are expected to be neither
affected by severe disease nor emaciated, which are
common conditions in specimens washed ashore. Moreover,
bycaught cetaceans provide biological data and allow the
examination of tissues and organs, which are used to
determine the main biological traits (age, sex, reproductive
condition) and assess their toxicological status. However, in
field conditions, a long interval of time between death and
sample collection is often unavoidable. Tissue retinoid
levels may vary owing to physiological alterations and
breakdown. The quantitative determination of these changes

J. CETACEAN RES. MANAGE. 7(2):147–152, 2005 147

Post-mortem stability of blubber retinoids in by-caught harbour
porpoises (Phocoena phocoena): implications for the design of
biomarker studies
V. TORNERO*, A. BORRELL*, E. PUBILL*, H. KOOPMAN+, A. READ+, P.J.H. REIJNDERS# AND A. AGUILAR*

Contact e-mail: victoriatornero@ub.edu

ABSTRACT

The effect of post-mortem time (0-48 hours) on retinoid concentrations in the blubber and liver of harbour porpoises under natural
conditions is investigated to assess the stability of samples collected from animals after death. Organochlorine compounds and lipid content
were also determined to assess their potential effects on retinoid status. Organochlorine concentrations remained low throughout the post-
mortem period and were considered unlikely to influence retinoid body dynamics. Retinoid concentrations in liver were 5-6 times higher
than those in blubber and both were highly correlated. In contrast with liver, blubber can be easily sampled from live individuals using non-
destructive biopsy techniques and is therefore considered an alternative tissue to assess retinoid status in marine mammals. Neither
significant differences nor trends were detected in the concentration of retinoids over the studied period, indicating that degradation agents
(ultraviolet rays, oxygen exposure and heat) did not affect them. Blubber can thus be regarded as a reliable tissue for the assessment of the
retinoid status of unpreserved specimens kept up to 48 hours in conditions similar to those of this study.

KEYWORDS: HARBOUR PORPOISE; ORGANOCHLORINES; INCIDENTAL CATCHES; BIOMARKERS; POLLUTANTS;
BIOCHEMISTRY

* Department of Animal Biology, Faculty of Biology, University of Barcelona, Diagonal 645, Barcelona E-08071, Spain. 
+ Nicholas School of the Environment and Earth Sciences, Marine Laboratory, Duke University, 135 Duke Marine Lab Road, Beaufort, NC 28516,

USA.
# Alterra – Marine and Coastal Zone Research, PO Box 167, 1790 AD Den Burg, the Netherlands.



is essential to calibrate the effect of post-mortem time on
retinoid tissue concentrations and thus assess the validity of
bycatches as a source of samples for evaluating retinoid
status. 

The harbour porpoise (Phocoena phocoena) is one of the
most vulnerable cetaceans to incidental capture in fishing
gear, particularly in the North Atlantic (e.g. Donovan, 1994),
thus allowing samples to be readily obtained from a
relatively large number of individuals. Taking advantage of
this and also because this species inhabits waters ranging
from pristine to highly polluted, the harbour porpoise was
selected with the bottlenose dolphin (Tursiops truncatus) as
target species for the International Whaling Commission’s
(IWC) POLLUTION 2000+ programme, an initiative that
aims to elucidate pollutant cause-effect relationships in
cetaceans (Reijnders et al., 1999; Reijnders et al., 2002). A
first step in this project is the design and validation of
sampling protocols. A previous paper (Borrell et al., 2002),
reviewed overall information on retinoids in cetaceans and
the use of these compounds as biomarkers of organochlorine
exposure in this group of animals. The objective of the
present study, which is part of the IWC POLLUTION 2000+
project, is to calibrate the effect of post-mortem time on
retinoid concentrations in the blubber and liver of harbour
porpoises to assess the reliability of samples collected from
dead animals. To our knowledge, this is the first time such a
study has been undertaken for any cetacean. 

Organochlorine compounds and lipid content were
concurrently determined to evaluate their potential effect on
the retinoid status of the sampled individuals. The
correlation between blubber and liver retinoid
concentrations was also investigated to determine whether
the former is a reliable alternative for monitoring retinoids
in this species.

MATERIAL AND METHODS

Sample collection
Six freshly by-caught harbour porpoises (5 males and 1
female) of known time of death were examined during the
summer of 2001 in the weir fishery in Grand Manan, Bay of
Fundy (Canada). They were measured and sexed, and a
series of samples were collected from them with the
objective of creating sequential replicates of each of the
main tissues. Tissue collection, time intervals and
preservation conditions followed the methods described in
the ‘Field Protocol for POLLUTION 2000+’ (Reijnders et
al., 2002). Thus, an initial blubber sample was collected
immediately following death. To mimic natural conditions,
animals were then placed in a tank, at a depth of 2m
underwater, and suspended beside the dock. Blubber was
periodically re-sampled at 3, 9, 24 and 48 hours. Liver
samples were not collected at all timepoints to maintain the
integrity of the carcasses but, in all animals, a liver sample
was collected at 48 hours. Water and carcass temperatures
were monitored throughout the holding period. Carcass
temperatures were measured using a needle temperature
probe. After excision, samples were immediately wrapped
in aluminium foil and stored at –20°C until analysis, a
temperature at which retinoids in plasma and tissues are
known to be stable for up to 10 years (Thomas et al., 1998;
Barua and Furr, 1998).

Retinoid analysis 
Samples, analysed in triplicate, were treated at room
temperature and under red light. The replicates, weighing
about 100mg each, were saponified overnight in an

ethanolic KOH solution (1g KOH, 2ml distilled H20, 2ml
ethanol, 20mg ascorbic acid) under nitrogen in a mechanical
shaker. Retinoids were extracted by adding 8ml di-isopropyl
ether and shaking for 30min. After separation from the
aqueous phase, the organic extract was cleaned three times
with 4ml of aqueous phosphate buffer (pH 7.4)
[KH2PO41022M/KOH6*1023M]. The extract was dried
under nitrogen and reconstituted with 1ml methanol, 0.05%
butylated hydroxy toluene (BHT) as an antioxidant and
retinyl acetate as an internal standard. Reconstituted
samples were filtered (0.20mm mesh) and a 20ml subsample
was automatically injected (Waters 700 Satellite wisp) onto
a high performance liquid Chromatography (HPLC) system
(Waters 600 E System Controller Pump) equipped with a
Restek column (Tracer Excel 120 ODS-A, 10cm length,
5mm bed, 0.46cm internal diameter) and a UV detector
(Waters 486 Tuneable absorbance D) set at 326nm.
Retinoids were eluted at a flow rate of 1ml min21 using a
mobile phase of methanol/water (80/20 V/V) for 1min
followed by a linear gradient over 3min to 100% methanol.
The column was then cleaned and equilibrated with 100%
methanol for 14min at the same flow rate.

Organochlorine pollutant analysis
Lipids were extracted from blubber (samples weighing 0.2-
1g) using n-hexane in Soxhlet apparatus, and lipid content
was determined gravimetrically. Analysis of organochlorine
compounds was carried out using capillary gas
chromatography-electroncapture detector (GC-ECD) and
following the procedures described by Borrell et al. (2001).
The samples were analysed for the following compounds:
HCB, a-HCH, b-HCH, g-HCH, pp’-DDE, op’-DDE,
pp’-DDD, op’-DDT, pp’-DDT and PCBs. Total
hexachlorocyclohexane (tHCH) was the sum of all three
isomers (a,b,g). tDDT concentration was calculated as the
sum of the five DDT compounds and total PCB
concentration (tPCB) as the sum of 22 individual peaks
(IUPAC number 28, 52, 95, 101, 151, 149, 118, 153, 105,
138, 187, 183, 128, 174, 156, 180, 170, 201, 195, 194, 206,
and 209). Recoveries of organochlorine compounds ranged
from 82-101% (n=12). The laboratory participated in
interlaboratory calibration exercises for OCs in biota
organised by Quasimeme (1998) and NIST/NOAA (2000
and 2003), obtaining fitting results. 

Statistical analysis
The correlation between retinoid concentrations in liver
(collected at 48h post-mortem) and blubber (mean of all
blubber samples) was analysed by correlation/regression
analysis. To compensate for the undesired variability
between individuals, the analytical results of retinoids from
each porpoise were standardised by calculating the
proportion that the concentration at each timepoint (mean of
the three replicates) represented in relation to the mean
concentration of all timepoints (mean of the 15 replicates:
three replicates 3 five timepoints). The proportions
obtained by this method were used in the statistical
comparisons. Data were tested for normality by a
Kolmogorov-Smirnov test of goodness of fit. As the data
distributed normally, differences in retinoid and pollutant
levels were determined using analysis of variance (ANOVA)
followed by the Tukey t-test to identify distinct sample pairs
at p<0.05. The standardised retinoid values were also
analysed for potential time trends using correlation/
regression analysis. All calculations were carried out using
the SPSS-x statistical package.
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RESULTS AND DISCUSSION

Table 1 shows the biological characteristics of the sampled
porpoises. The POLLUTION 2000+ field protocols
(Reijnders et al., 2002) require collection of tissues
immediately after the porpoise’s death and impose very
strict sampling procedures. Proper protocol validation
required adjustment to these conditions, and this made field
sampling extremely laborious and demanding (see above in
‘Sample Collection’ section). As a consequence, the number
of specimens studied was necessarily limited, though
considered sufficient for the study. 

The sex ratio of the animals studied was skewed towards
males. However, this was not considered to affect the
calibration study because the harbour porpoise does not
present significant sexual dimorphism either in body size or
in any other anatomical trait that could affect retinoid
decomposition. For example, the body surface area to
volume ratio, which would affect thermal inertia of internal
tissues after death and thus retinoid decomposition rates, is
comparable in both sexes. Confirming this, the rate of
decrease in the internal temperature of the only female
sampled was not significantly different (p>0.3) to that of the
males. Also, previous studies have showed that retinoid
loads in harbour porpoises of comparable ages are also
similar in both sexes (Borrell et al., 2002). 

The blubber lipid content ranged 56.41-85.07%,
suggesting that sampled individuals were overall in good
nutritive condition (Lockyer, 1995). The results of the
blubber organochlorine analyses are also presented in
Table 1. The concentrations of all compounds were higher
than those found in harbour porpoises from Greenland
(Borrell et al., 1999; Bruhn et al., 1999), of the same order
of magnitude as those from Ireland (Smyth et al., 2000), and
lower than those from the Baltic Sea (Kannan et al., 1993;
Berggren et al., 1999), the North Sea (Wells et al., 1994),
Denmark (Berggren et al., 1999) and the United Kingdom
(Law, 1994). As compared to studies carried out in the same
population in 1989-1991, current organochlorine levels are
significantly (approximately four times) lower (Tilbury et
al., 1997; Westgate et al., 1997), in agreement with the trend
of decreasing organochlorine pollution observed in most
temperate regions of the Northern Hemisphere during the
last decade (Aguilar et al., 2002). The low concentrations
found in this study seem unlikely to have influenced the

retinoid dynamics of the porpoises studied. As expected,
organochlorine concentrations in blubber did not vary
during the 48 hour post-mortem period (p>0.05).

Table 2 shows the retinoid concentrations found in the
blubber and liver of the specimens studied. Blubber
concentrations varied widely between individuals, ranging
from 42.6-224mg g–1. These values were slightly higher
than those reported in the same tissue in other cetaceans,
such as harbour porpoises from West Greenland (Borrell et
al., 1999) and common dolphins (Delphinus delphis)
(Tornero et al., 2004a; b). Liver concentrations were, as
expected, very high (131-1680mg g–1) and similar to the
highest values recorded in cetaceans, e.g. blue whales
(Balaenoptera musculus), fin whales (B. physalus) and
sperm whales (Physeter macrocephalus) (Schmidt-Nielsen
et al., 1934; Klem, 1935; Braekkan, 1948; Schweigert et al.,
1987). 

As mentioned above, liver was only sampled at the 48
hour timepoint in order to preserve the integrity of the
carcass. Given the absence of trends in blubber retinoid
levels, it is assumed that liver was similarly unaffected by
post-mortem times. Liver retinoid levels were
approximately 5-6 times higher than those in the blubber.
Similar studies on marine mammals have also described
higher retinoid concentrations in liver than in blubber: more
than 10 times higher in adult males and juveniles of grey
seals (Halichoerus grypus) (Schweigert et al., 1987), 7-8
times higher in ringed seals (Phoca hispida) (Käkëla et al.,
1997), eight times higher in precocious harbour seals
(Phoca vitulina) (Mos and Ross, 2002) and approximately
three times higher in common dolphins (Tornero et al.,
2004a; b). 

Retinoid concentrations in blubber and liver were
positively correlated (Fig. 1; p<0.05, R2=0.8), suggesting
that retinoid deposition in both tissues is subject to similar
processes. This result concurs with that of Mos and Ross
(2002), who reported a similar correlation in harbour seals.
Therefore, both liver and blubber are equally reliable tissues
for monitoring body retinoid status in these animals.
However, access to the liver is not possible in free-ranging
individuals, and the tissue decomposes rapidly
post–mortem, so liver is in most cases an unsuitable tissue
to monitor. As blubber can be easily sampled from both free-
ranging and captured individuals using non-destructive
biopsy techniques (Aguilar and Borrell, 1994), it is a reliable
alternative to assess the retinoid status of marine mammals.

Fig. 2 shows the variation of the mean temperature of
carcasses and seawater at various timepoints during the 48
hour post-mortem period. Holding water temperature ranged
from 11.1-14.5°C (mean: 12.9°C). Carcass internal
temperatures decreased drastically from the moment of 
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death (35.4-36.6°C) to the 48 hours timepoint (12.0-
12.4°C). Fig. 3 shows the mean relative retinoid blubber
concentrations at each sampling time in each studied
individual. We did not find significant differences or trends
in the concentration of retinoids over the studied period,
neither in the ANOVA nor in the correlation/regression
analyses (p>0.05). This indicates that the potential
degradation agents did not affect blubber retinoid levels. 

Three main agents have been reported to influence
retinoid levels: ultraviolet (UV) rays, oxygen and heat.
Although no information is available on the
physicochemical stability of retinoids contained within the
cellular structure of a tissue, direct exposure to the UV rays
present in sunlight causes severe degradation of retinoids
(Allwood and Plane, 1984; Chen et al., 1996; Gatti et al.,
2000). Here, the skin cover apparently provided an effective
barrier to UV penetration into the carcass. However, it

should be noted that the corpse was kept 2m below the water
surface and that the seawater in the Bay of Fundy is quite
opaque owing to strong tidal mixing coupled with ample
sediment sources. Thus, sunlight exposure at timepoints was
strongly mitigated by the prevailing environmental
conditions. From the moment of tissue collection to analysis
at the laboratory, samples were protected from light by
wrapping with aluminium foil and deep freezing, thus
avoiding the effect of UV rays. 

Exposure to oxygen also induces the loss of retinoids (Le
Maguer and Jackson, 1983; McCarthy et al., 1986). In
previous studies, oxidative degradation had been prevented
through special handling and preservation procedures,
including storage under nitrogen or argon and addition of
antioxidants like ascorbic acid or butylated hydroxy-toluene
(BHT) (Wyss, 1990). Anoxia in the corpse occurs within
hours of death and as a consequence, oxygen degradation
did not appear to affect retinoid tissue concentrations before
sampling. When the specimen was retrieved, the samples
were quickly wrapped in aluminium foil to avoid
dehydration and prevent direct exposure to the atmosphere;
the analysis was performed under nitrogen and BHT was
added. These precautions were sufficient to prevent retinoid
oxidation. 

Finally, the temperature of seawater also seemed to be
sufficiently low to ensure the stability of retinoids during the
study period. This is in agreement with previous studies
reporting the stability of retinoids during storage in the dark
at 2-8°C (Gatti et al., 2000; Sforzini et al., 2001), at room
temperature (Nierenberg, 1985; Halbaut et al., 1997; Albalá-
Hurtado et al., 2000b; Gatti et al., 2000) and even at 20-
40°C (Albalá-Hurtado et al., 2000b; Sforzini et al., 2001;
Dupertuis et al., 2002). In contrast, Sforzini et al. (2001)
found high instability at room temperature, Chen et al.
(1996) at 4, 25 and 35°C, and Halbaut et al. (1997) at 30°C.
At higher temperatures, numerous authors have described
considerable losses of retinoid content: the higher the
temperature, the greater the loss (Albalá-Hurtado et al.,
2000a; Gatti et al., 2000). Retinoid loss depends on the
chemical nature of both the retinoids and the other species
present in the sample (Albalá-Hurtado et al., 2000a). The
variable amount of molecular oxygen, the fat protective
effect, and the possible synergetic effect between retinoids
and other components, such as tocopherols, ascorbic acid
and lipids, may account for the differences between authors’
results (Billion-Rey et al., 1992; Albalá-Hurtado et al.,
2000b; Dupertuis et al., 2002). The protein-bound retinoids
and the richness in natural antioxidants (Barua and Furr,
1998), as well as the high lipid content of cetacean blubber,
35-90% (Lockyer et al., 1985; Aguilar and Borrell, 1990;
Lockyer, 1991; 1993; 1995), may also have contributed to
the stability of the retinoids. 

We can conclude that, in the conditions of this study,
retinoids remain stable at least during a 48 hour post-
mortem period and, more generally, that retinoids are
present in the blubber of harbour porpoises in such a state
that they are not easily affected by degradation. As a
consequence, blubber can be considered a reliable tissue for
the assessment of the retinoid status of unpreserved
specimens during periods and in conditions similar to those
reported here. There are no grounds to extend this
conclusion to longer periods, higher environmental
temperatures or specimens of different body size. This is
critical for the use of stranded individuals because corpses
are often found over 48 hours post-mortem, directly exposed
to sunlight and may have been subjected to temperature rises
due to sun irradiation. As a consequence, the current

Fig. 3. Blubber retinoid concentrations at the different sampling times
(0, 3, 9, 24 and 48h) in each harbour porpoise. 

Fig. 2. Means of seawater and carcass temperatures at each sampling
time: 0, 3, 9, 24 and 48h. 
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Fig. 1. Correlation between liver and blubber retinoid concentrations
(mg g21 tissue). 



protocol validation should not be unreservedly extended to
stranded individuals. Given that this is the only attempt to
calibrate sampling protocols so far undertaken for a cetacean
species, further comparable studies are required to
determine the actual range of conditions acceptable for
retinoid monitoring in these animals.

ACKNOWLEDGEMENTS

This study was carried out as a part of the International
Whaling Commission POLLUTION 2000+ programme. We
are grateful to Teri Rowles, Arne Bjørge, Randy Wells, Todd
O’Hara and Greg Donovan for comments and general
support through the development of the project. V. Tornero
was supported by a FPI fellowship from the Generalitat de
Catalunya, and A. Borrell by a contract under the ‘Ramón y
Cajal’ Program. Field and laboratory work was funded by
the International Whaling Commission under the
POLLUTION 2000+ project and the Fundació pel
Desenvolupament Sostenible (FDS). 

REFERENCES

Aguilar, A. and Borrell, A. 1990. Patterns of lipid content and
stratification in the blubber of fin whales (Balaenoptera physalus). J.
Mammal. 71(4):544-54.

Aguilar, A. and Borrell, A. 1994. Assessment of organochlorine
pollutants in cetaceans by means of skin and hypodermic biopsies.
pp. 245-67. In: M.C. Fossi and C. Leonzio (eds.) Non-Destructive
Biomarkers in Vertebrates. Lewis Publishers, Boca Raton, Florida.
457pp.

Aguilar, A., Borrell, A. and Pastor, T. 1999. Biological factors affecting
variability of persistent pollutant levels in cetaceans. J. Cetacean Res.
Manage. (special issue) 1:83-116.

Aguilar, A., Borrell, A. and Reijnders, P.J.H. 2002. Geographical and
temporal variation in levels of organochlorine contaminants in
marine mammals. Mar. Environ. Res. 53:425-52.

Albalá-Hurtado, S., Veciana-Nogués, M.T., Riera-Valls, E., Mariné-
Font, A. and Vidal-Carou, M.C. 2000a. Stability of vitamins during
the storage of liquid infant milks. J. Dairy Res. 67:225-31.

Albalá-Hurtado, S., Veciana-Nogués, M.T., Vidal-Carou, M.C. and
Mariné-Font, A. 2000b. Stability of vitamins A, E and B complex in
infant milks claimed to have equal final composition in liquid and
powdered form. J. Food Sci. 65(6):1052-5.

Allwood, M.C. and Plane, J.H. 1984. The dehydration of vitamin A
exposed to ultraviolet radiation. Int. J. Pharm. 19:207-13.

Barua, A.B. and Furr, H.C. 1998. Properties of retinoids: structure,
handling, and preparation. Mol. Biotechnol. 10(2):167-82.

Berggren, P., Ishaq, R., Zebühr, Y., Näf, C., Bandh, C. and Broman, D.
1999. Patterns and levels of organochlorine contaminants (DDTs
PCBs, non-ortho PCBs and PCDD/Fs) in male harbour porpoises
(Phocoena phocoena) in the Swedish Skagerrak, Kattegat and Baltic
Seas. Mar. Poll. Bull. 12:1070-84.

Billion-Rey, F., Guillaumont, M., Frederich, A. and Aulagner, G. 1992.
Stability of fat soluable vitamins A (retinol plamitate), E (tocopherol
acetate) and K1 (phylloquinone) in total parenteral nutrition at home.
J. Parenter. Enteral. Nutr. 17(1):56-60.

Blomhoff, R. 1994. Overview of vitamin A metabolism and function.
pp. 1-35. In: R. Blomhoff (ed.) Vitamin A in Health and Disease.
Marcel Dekker, New York. 677pp.

Blomhoff, R., Green, M.H. and Norum, K.R. 1992. Vitamin A:
Physiological and biochemical processing. Annu. Rev. Nutr. 12:37-57.

Borrell, A., Cantos, G., Aguilar, A., Lockyer, C., Brouwer, A., Heide-
Jørgensen, M.P., Jensen, J. and Spenkelink, B. 1999. Patterns of
variability of retinol levels in a harbour porpoise population from an
unpolluted environment. Mar. Ecol. Prog. Ser. 185:85-92.

Borrell, A., Cantos, G., Pastor, T. and Aguilar, A. 2001. Pollution by
organochlorine compounds in common dolphins (Delphinus delphis)
from the Atlanic and Mediterranean waters off Spain. Environ.
Pollut. 114(2):265-74.

Borrell, A., Tornero, V. and Aguilar, A. 2002. Retinoids in marine
mammals and their use as biomarkers of organochlorine compounds.
J. Cetacean Res. Manage. 4(2):203-11.

Braekkan, O.R. 1948. Vitamins in whale liver. Sci. Rep. Mar. Biol. Res.
32:1-25.

Brouwer, A., Reijnders, P.J.H. and Koeman, J.H. 1989. Polychlorinated
biphenyl (PCB)-contaminated fish induces vitamin A and thyroid
hormone deficiency in the common seal (Phoca vitulina). Aquat.
Toxicol. 15:99-106.

Bruhn, R., Kannan, N., Petrick, G., Schulz-Bull, D.E. and Duinker, J.C.
1999. Persistent chlorinated organic contaminants in harbiur
porpoises from the North Sea, the Baltic Sea and Arctic waters. Sci.
Total Environ. 30:351-61.

Chen, H.E., Peng, H.Y. and Chen, B.H. 1996. Stability of caretenoids
and vitamin A during storage of carrot juice. Food Chem. 57(4):497-
503.

Chu, I., Villeneuve, D.C., Yagminas, A., Lecavalier, P., Håkansson, H.,
Ahlborg, U.G., Valli, V.E., Kennedy, S.W., Bergman, A., Seegal, R.F.
and Feeley, M. 1995. Toxicity of PCB 77 (3,3’,4,4’-
tetrachlorobiphenyl) and PCB 118 (2,3’,4,4’,5-pentaclorobiphenyl)
in the rat following subchronic dietary exposure. Fundam. Appl.
Toxicol. 26(2):282-92.

Chu, I., Poon, R., Yagminas, A., Lecavalier, P., Håkansson, H., Valli,
V.E., Kennedy, S.W., Bergman, A., Seegal, R.F. and Feeley, M. 1998.
Subchronic toxicity of PCB 105 (2,3,3,4,4’,-pentachlorobiphenyl) in
rats. J. Appl. Toxicol. 18(4):285-92.

Comstock, G.W., Alberg, A.J. and Elzlsouer, K.J. 1993. Reported
effects of long-term freezer storage on concentrations of retinol, b-
caroten, and a-tocopherol in serum or plasma summarized. Clin.
Chem 39:1075-8.

Donovan, G.P. 1994. Developments on issues relating to the incidental
catches of cetaceans since 1992 and the UNCED conference. Rep. int.
Whal. Commn (special issue) 15:609-13.

Driskell, W.J., Lackey, A.D. and Bashor, M.M. 1985. Stability of
vitamin A in frozen sera. Clin. Chem 31:871-2.

Dupertuis, Y.M., Morch, A., Fathi, M., Sierro, C., Genton, L., Kyle,
U.G. and Pichard, C. 2002. Physical characteristics of total parenteral
nutrition bags significantly affect the stability of vitamins C and B1:
a controlled propspective study. J. Parenter. Enteral. Nutr. 26(5):310-
6.

Gatti, R., Gioia, M.G. and Cavrini, V. 2000. Analysis and stability study
of retinoids in pharmaceuticals by LC with fluorescence detection. J.
Pharm. Biomed. Anal. 23:147-59.

Håkansson, H., Johansson, L., Manzoor, E. and Ahlborg, U.G. 1991.
Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on the
vitamin A status of Hartley guinea pigs, Sprague-Dawley rats,
C57B1/6 mice, DBA/2 mice and Golden Syrian hamsters. J. Nutr.
Sci. Vitaminol. 37(2):117-38.

Halbaut, L., Barbé, C., Aróztegui, M. and de la Torre, C. 1997.
Oxidative stability of semi-solid excipient mixtures with corn oil and
its implication in the degradation of vitamin A. Int. J. Pharm. 147:31-
40.

Käkëla, R., Hyvärinen, H. and Käkëla, A. 1997. Vitamins A-1 (retinol),
A-2 (3,4 didehydroretinol) and E (alpha-tocopherol) in the liver and
blubber of lacustrine and marine ringed seals (Phoca hispida sp.).
Comp. Biochem. Physiol. B 116:27-33.

Käkelä, A., Käkelä, R., Hyvärinen, H. and Asikainen, J. 2002. Vitamins
A1 and A2 in hepatic tissue and subcellular fractions in mink feeding
on fish-based diets and exposed to Aroclor 1242. Environ. Toxicol.
Chem. 21(2):397-403.

Kannan, K., Falandysz, J., Tanabe, S. and Tatsukawa, R. 1993.
Persistent organochlorines in harbour porpoises from Puck Bay,
Poland. Mar. Poll. Bull. 26(3):162-5.

Kelley, S.K., Milsson, C.B., Green, M.H., Green, J.B. and Håkansson,
H. 1998. Use of model-based compartmental analysis to study effects
of 2,3,7,8-tetrachlorodibenzo-p-dioxin on vitamin A kinetics in rats.
Toxicol. Sci. 44(1):1-13.

Kishi, H., Yamaji, A., Kataoka, K., Fujii, Y., Nishikawa, K., Ohnishi, N.,
Hiraoka, E., Okada, A. and Kim, C. 1981. Vitamin A and E
requirements during total parenteral nutrition. J. Parenter. Enteral.
Nutr. 5:420-3.

Klem, A. 1935. Studies on the biochemistry of whale oils. Hvalråd. Skr.
11:49-108.

Law, R.J. 1994. Collaborative UK Marine Mammal Project: summary
of data produced 1988-1992. Fisheries Research Technical Report 97,
MAFF, Lowestoft, UK. 42pp. [Available from the author].

Le Maguer, I. and Jackson, I.I. 1983. Stability of vitamin A in pasturised
and ultra-high-temperature processed milks. J. Dairy Sci. 66:2452-8.

Lockyer, C.H. 1991. Body composition of the sperm whale, Physeter
catodon, with special reference to the possible functions of fat depots.
Rit Fisk. 12(2):1-24.

Lockyer, C. 1993. Seasonal changes in body fat condition of Northeast
Atlantic pilot whales, and their biological significance. Rep. int.
Whal. Commn (special issue) 14:325-50.

Lockyer, C. 1995. Aspects of the morphology, body fat condition and
biology of the harbour porpoise, Phocoena phocoena, in British
waters. Rep. int. Whal. Commn (special issue) 16:199-209.

J. CETACEAN RES. MANAGE. 7(2):147–152, 2005 151



Lockyer, C.H., McConnell, L.C. and Waters, T.D. 1985. Body condition
in terms of anatomical and biochemical assessments of body fat in
North Atlantic fin and sei whales. Can. J. Zool. 63:2,328-38.

McCarthy, D.A., Kakuda, Y. and Arnott, D.R. 1986. Vitamin A stability
in ultra-high-temperature processed milk. J. Dairy Sci. 69:2045-50.

Mos, L. and Ross, P. 2002. Vitamin A physiology in the precocious
harbour seal (Phoca vitulina): a tissue-based biomarker approach.
Can. J. Zool. 80:1511-9.

Nierenberg, D.W. 1985. Serum and plasma b-carotene levels measured
with an improved method of high-performance liquid
chromatography. J. Chromatogr. Biomed. Appl. 339:273-84.

Nyman, M., Bergknut, M., Fant, M.L., Raunio, H., Jestoi, M., Bengs,
C., Murk, A., Koistinen, J., Bäckman, C., Pelkonen, O., Tysklind, M.,
Hirvi, T. and Helle, E. 2003. Contaminant exposure and effects in
Baltic ringed seals as assessed by biomarkers. Mar. Environ. Res.
55:73-99.

Reijnders, P.J.H., Aguilar, A. and Donovan, G.P. (eds.). 1999. Special
Issue. 1. Chemical Pollutants and Cetaceans. International Whaling
Commission, Cambridge, UK. v-viii + 273pp.

Reijnders, P., Aguilar, A., Bjørge, A., Donovan, G., O’Hara, T., Siebert,
U., Rowles, T. and Wells, R. 2002. Report of the Scientific
Committee. Annex J. Report of the Standing Working Group on
Environmental Concerns. Appendix 2. Progress Report on
POLLUTION 2000+. Adjunct 1. Field protocol for POLLUTION
2000+. J. Cetacean Res. Manage. (Suppl.) 4:300-5.

Rolland, R. 2000. A review of chemically-induced alterations in thyroid
and vitamin A status from field studies of wildlife and fish. J. Wildl.
Dis. 36(4):615-35.

Schmidt-Nielsen, S., Flood, A. and Stene, J. 1934. Ueber Grösse und
Vitamingehalt der Leber verschiedener Tiere. K. Nor. Vidensk. Selsk.
For. 7:81. [In Norwegian].

Schweigert, F.J. and Buchholz, Y. 1995. Vitamin A metabolism in
carnivores with special reference to fur bearing animals. Scientifur
19(4):305-7.

Schweigert, F.J., Stobo, W.T. and Zucker, H. 1987. Vitamin A status in
the grey seal (Halichoerus grypus) on Sable Island. Int. J. Vitam.
Nutr. Res. 57:239-45.

Sforzini, A., Bersani, G., Stancari, A., Grossi, G., Bonoli, A. and
Ceschel, G.C. 2001. Analysis of all-in-one parenteral nutrition
admixtures by liquid chromatography and laser diffraction: study of
stability. J. Pharm. Biomed. Anal. 24:1105-9.

Simms, W. and Ross, S. 2000. Vitamin A physiology and its application
as a biomarker of contaminant-related toxicity in marine mammals: a
review. Toxicol. Ind. Health 16:291-302.

Smyth, M., Berrow, S., Nixon, E. and Rogan. 2000. Polychlorinated
biphenyls and organochlorines in bycaught harbiur porpoises
Phocoena phocoena and common dolphins Delphinus delphis from
Irish coastal waters. Proc. R. Ir. Acad. 2:85-96.

Tanumihardjo, S.A., Cheng, J.C., Permaesih, D., Muherdiyantiningsih,
R., Rustan, E., Muhilal, K.D. and Olson, J.A. 1996. Refinement of
the modified-relative-dose-response test as a method for assessing
vitamin A status in a field setting: experience with Indonesian
children. Am. J. Clin. Nutr. 64:966-71.

Thomas, J.B., Duewer, D.L., Kline, M.C. and Sharpless, K.E. 1998. The
stability of retinol, alpha tocopherol, trans-lycopene, and trans-beta-
carotene in liquid frozen and lyophilized serum. Clin. Chim. Acta
276:75-87.

Tilbury, K.L., Stein, J.E., Meador, J.P., Krone, C.A. and Chan, S.-L.
1997. Chemical contaminants in harbor porpoise (Phocoena
phocoena) from the north Atlantic coast: tissue concentrations and
intra- and inter-organ distribution. Chemosphere 34(9/10):2159-81.

Tornero, V., Borrell, A., Forcada, J. and Aguilar, A. 2004a. Tissue
distribution of retinoids in common dolphins (Delphinus delphis.
Mar. Ecol. Prog. Ser. 280:275-83.

Tornero, V., Borrell, A., Forcada, J., Pubill, E. and Aguilar, A. 2004b.
Patterns of retinoid and lipid concentrationss in the blubber of
common dolphins (Delpinus delphis: implications for monitoring
vitamin A status. Comp. Biochem. Physiol. B 137(3):391-400.

Wells, D.E., Campbell, L.A., Ross, H.M., Thompson, P.M. and
Lockyer, C.H. 1994. Organochlorine residues in harbour porpoise
and bottlenose dolphins stranded on the coast of Scotland, 1988-
1991. Sci. Total Environ. 151(1):77-99.

Westgate, A.J., Muir, D.C.G., Gaskin, D.E. and Kingsley, M.C.S. 1997.
Concentrations and accumulation patterns of organochlorine
contaminants in the blubber of harbour porpoises, Phocoena
phocoena, from the coast of Newfoundland, the Gulf of St. Lawrence
and the Bay of Fundy/Gulf of Maine. Environ. Pollut. 95:105-19.

Wyss, R. 1990. Chromatography of retinoids. J. Chromatogr. Biomed.
Appl. 531:481-508.

Zile, M.H. 1992. Vitamin A homeostasis endangered by environmental
pollutants. Proceed. Soc. Exper. Biol. Med. 201:141-53.

Date Received: July 2004
Date Accepted: April 2005

152 TORNERO et al.: POST-MORTEM STABILITY OF BLUBBER RETINOIDS


