Seals as Sentinels Research

Dioxin-like Compounds and Immune Function In Free-Ranging Harbor
Seals (Phoca vitulina concolor) from the Northwest Atlantic

Polyhalogenated aromatic hydrocarbons
(PHAHS), particularly the dioxin-like
polychlorinated biphenyls (PCBs), dioxins
and furans (PCDD/Fs) are potent
immunotoxins that biomagnify in aquatic food
chains and are associated with disease
susceptibility and immune-disrupting effects
in marine mammals. Harbor seals (Phoca
vitulina concolor) inhabiting the northwest
Atlantic are closely associated with polluted
near-shore environments and are highly
contaminated by dioxin-like PHAHs. The
population is experiencing recurring disease
outbreaks and mass mortalities, and it can be
speculated their high body burdens of
immunotoxic chemicals may be playing a contributory role in these events. This study evaluated the
relationship between body burdens of dioxin-like compounds and in vitro immune responses in peripheral
blood of 29 free-ranging harbor seals from the northwest Atlantic coast.

Findings

Dioxin-like activity (toxic equivalents, TEQ) was measured in seal plasma using the CALUX bioassay. The CALUX-
TEQ values detected in the seals reflect relatively high burdens of dioxin-like compounds. The levels of dioxin-
like compounds in these seals (mean TEQ 235 + 155 and 137 + 94 pg/g lw for adults and juveniles, respectively)
are comparable to or higher than those recently reported in ringed seals (Phoca hispida baltica) and gray seals
(Halichoerus grypus) from the polluted Baltic Sea using a CALUX bioassay on liver extracts.

Regression analysis revealed a significant positive linear relationship between CALUX-TEQ values in the adult
harbor seals (n=11) and lymphoproliferative responses to the T cell mitogen PHA and the B cell mitogen LPS.
There were no correlations between the CALUX-TEQs and age, gender or condition of the animals. Thus, the
CALUX-TEQ explained 57% and 49% of the variation in proliferative responses of harbor seal lymphocytes to the
mitogens PHA and LPS, respectively. To our knowledge, this is the first study to document a positive
relationship between CALUX-TEQ values and mitogen-induced responses of peripheral lymphocytes in free-
ranging phocid seals.

As a tool for measuring the toxic potency of dioxin-like compounds, the CALUX bioassay has several advantages,
including its applicability to diverse tissues and its fast, relatively inexpensive, straightforward procedures. In
the present study, logistical constraints prevented invasive sampling and thus correlations between the CALUX
response and blubber burdens of dioxin-like compounds could not be examined. However, validation studies
have revealed a good correlation between the activity in these assays and TCDD/HAH concentrations in
environmental and biologic samples as determined by GC/MS.

Although possible links between contaminant burdens and health status are not clear, the CALUX-TEQ values in
adult harbor seals from the US Atlantic coast exceed the estimated threshold value of 160 pg TEQ/g lw in
blubber for adverse effects on immune function in the species.

Dioxin-like PHAHs causing either inhibition of immunoregulatory cells or increased synthesis of cytokines
may explain the observed positive correlation between lymphocyte mitogenesis and CALUX-TEQ burdens.
While this relationship is not evidence per se of a direct cause-effect association, the results indicate that the
exposure of these seals to environmentally relevant levels of dioxin-like compounds in the wild may alter
their normal immune responses.
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