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3 Reproductive and developmental
effects of environmental
organochlorines on
marine mammals

Peter J.H. Reijnders

Introduction

A large number of xenobiotics with endocrine-disrupting properties have
been detected in marine mammal tissue (Wagemann and Muir, 1984; Aguilar

and Borrell, 1995; Colborn and Smolen, 1996; Reijnders, 1996). Although.

most of the species known to be contaminated in this way are coastal,
considerable concentrations of such compounds have even been detected in
at least one cetacean that forages in deep water, the sperm whale (Physeter
macrocephalus) (de Boer et al., 1998). Only in a few studies have observed
reproductive disorders been found to be associated with certain chlorinated

hydrocarbons and their metabolites. Among these studies are those involv- .

ing ringed seals (Pusa hispida) and gray seals (Halichoerus grypus) in the
Baltic Sea (Helle, 1980; Bergman and Olsson, 1985; see also Chapter 19 in
this volume), beluga whales (Delphinapterus leucas) in the St. Lawrence River
(Béland. et al, 1987), harbor seals (Phoca vitulina) in the Wadden Sea
(Reijnders, 1980), and California sea lions (Zalophus californianus) in the
eastern Pacific Ocean (DeLong et al., 1973). The findings of these studies,

although strongly suggestive, have not been conclusive. The etiology of the

observed disorder has usually been uncertain, and proof of a causal rela-

tionship between exposure to a specific contaminant and an impact on the -

reproductive or endocrine system has remained elusive.

This chapter discusses the issue from an epidemiological point of view.
My focus is on marine mammal species in which disorders in hormone
concentrations, reproductive problems or pathological conditions associated

- with hormonal imbalance have been observed. An overview of associations

between organochlorines and marine mammal reproduction and endocri-
nology is presented in Table 3.1. I conclude with some comments on the
possibilities of monitoring and evaluating problems related to xenobiotic-
induced reproductive impairment and endocrine disruption in marine
mammals.
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*1, Definite; 2, probable; 3, possible; 4, unknown,
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Basic pharmacology and physiology of hormones in reproduction
and early development

Hormones are messenger compounds. Their release leads to functional
changes in an organism’s cells, tissues and organs. They are produced by
endocrine organs and delivered into the bloodstream. A small percentage of
hormones circulate free, but the majority are bound to transport proteins.
The free hormones diffuse into the tissues and cells. Target cells possess
specific receptor molecules that bind to particular hormones, leading to
activation of the receptor.

Steroid hormones, as well as thyroid hormones, play important roles in
reproduction and early development. They are discussed separately here.

In vertebrates, sex hormones belong to a group of steroids that are syn-
thesized from cholesterol. Steroids can be divided into four functional groups:

the glucocorticosteroids. The latter play a role in regulating metabolism and
growth and in osmoregulation.

In mammals, steroid hormones are mainly synthesized in the adrenals,
gonads and placenta. The production of each of the sex hormones is localized
in a specific gland, such as testosterone in the testes, estrogens and proges-
terone in the ovaries, and progesterone, estrogens and testosterone in the
adrenals. These organs can, in many species, also produce small quantities
of the other sex hormones. The specific pathway of biosynthesis in mammals
is in the following order: cholesterol — pregnenolone — progesterone —
androstenedione — testosterone — estradiol (Figure 3.1).
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Figure 3.1 Major steroidogenic pathways in mammalian endocrine tissues. Black
arrows indicate P450-mediated-conversions.
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