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ABSTRACT - A number of chemical released into the environment eliciting their effects by dis-
rupting normal hormonal pathways. Endocrine disrupting compounds are present in the aquatic
environment and pose potential health consequences to wildlife and humans. This review are
designing for xenobiotic estrogens based on induction of the egg-yolk precursor protein vitelloge-
nin. In fish of aquatic environment, it may result in decrease fertility and egg production in
females or lead to reduced gonad size or feminization of genetic male fish. It has been known
that male fish exposed to estrogenic compounds show induced production of vitellogenin. Vitello-
genin production is normally restricted to adult females, which have elevated estrogen levels
during egg production. However, vitellogenin can be induced in males by pollution of environ-
mental endocrine disruptors. Consequently, the presence of vitellogenin in male fish can serve as
an indicator of exposure of environmental endocrine disrupting compounds. In immature fish pol-
luted at low levels of environmental endocrine disruptor, vitellogenin can serve as a reliable
biomarker for exposure to endocrine disruptor. This review demonstrates the utility of vitelloge-

nin as a biomarker for exposure to estrogenin agents in augatic environment.
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Introduction

Over the past few years, concern has been increa-
singly expressed over the possible disruption of hor-
monal systems by environmental chemicals which lead
to changes in reproductive health and fecundity. The
issue of environmental endocrine disruptors has attract-
ed considerable media attention and this, in part, has
contributed to increase the activity of many expert panels,
steering committees of governmental organizations, in-
dustry and academia.

Concern for the successful development and repro-
duction of human and wildlife populations has been
heightened researches focused on endocrine disrupting
compounds. Broadly defined, endocrine disrupting com-
pounds are natural or man-made agents released in
the environment that interfere with
normal endocrine function.” Endocrine disruptor acts
by either enhancing or interfering with the actions of
natural hormones in the body.” Because hormones are

in some was
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especially important in regulating reproduction and
development, the effect of endocrine disruptor may be
greatest on the processes. A number of industrial,
municipal, agricultural, and natural compounds have
been shown or are suspected to be estrogenic.”

There is vast scientific literature available which
clearly shows that the aquatic ecosytem is heavily
polluted and that fishes accumulate toxic materials in
their tissues.*” It has been reported that xenobiotic
compounds such as 1, 1-bis(parachlorophenyl)-2, 2, 2-
trichloroethane(DDT), some polychlorinated biphenyl
(PCBs), dieldrin, and dioxin are potent disruptors of
reproductive  activity.”” This fact became common
public knowledge in the early 1960s with the publi-
cation of Rachel Carson's Silent Spring.® However, the
focus for studies linking contaminants and
wildlife or human health has centered on the occur-

most

rence of cancer or mortality as end-points. Recent
studies, summarized in Colborn and Clement,” suggest
that a new set of end-points must be implemented, as
evidence is rapidly accumulating that xenobiotic com-
pounds are capable of acting as agonistic and anta-
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gonistic agents of the endocrine system. Ecosystem is
typically exposed to lower levels of complex mixtures
over a much longer time. Therefore, it can provide a
valuable biomarker of environmental pollution.'”

Fish may show no signs of stress or disease. So
there are a multitude of long term effects which pro-
vide a waming both of ultimate destruction of econo-
mic fisheries and of hazards to human health. The
high incidence of disease in fish and the incidences
of high motality among aquatic mammals suggest that
such low level of long term effects may be much
more common than hitherto suspected.'"”

The definition of an “endocrine disruptor” is not
perhaps as clear as may be first thought. In order to
establish a common understanding for the basis on
which chemicals can be defined as endocrine disrup-
ters, an acceptable definition of an endocrine disrupter
is required.

Kavlock et al.” broadly define an endocrine disruptor
as “an exogenous agent that interferes with the pro-
duction, release, transport, metabolism, binding, action
or climination of natural hormones in the body res-
ponsible for the maintenance of homeostasis and the
regulation of developmental processes’. One which has
found extensive favour within Europe was developed
at a recent major European workshop on endocrine
disruptors™’: “An endocrine disruptor is an exogenous
substance that causes adverse health effects in an
intact organ- or its progeny, subsequent to changes in
endocrine function”.

Environmental examples have been identified as a
major cause of estrogenic effects on fish in the fresh
water environments. In the first, this was detected by
measuring vitellogenin as the biomarker blood plasma
of male fish.'"”

This was detected by measuring the biomarker
vitellogenin in the blood plasma of male fish.'*"” Vi-
tellogenin is the protein precursor of yolk and is
synthesised by the liver exclusively in response to
estrogens. In males there is almost no natural estra-
diol, so vitellogenin induction in these fish is an
excellent marker of exposure to exogenous estrogenic
materials.

The goal of this review is to present the state of
the science of endocrine disruption as it pertains to

fish problem with focus on assessing the ecological
ramifications of the tissue.

Fish as a biomonitor of environmental
endocrine disruptor.

The words 'aquatic environment' hide the fact that
this is a highly variable environment. Not only does
it include freshwater and seawater, but both of these
are themselves variable. For instance, freshwater in-
cludes lakes, river, reservoirs and groundwater. Even
within a single category of freshwater, there will be
considerable variability. An upland reservoir situated in
mountains is a very different environment from a low-
land reservoir supplied primarily from a river. Because
most of the estrogenic chemicals are man-made, waters
in urban areas are more likely to contain significant
concentrations of the chemicals than are waters in
rural areas.”'®

Most of the estrogenic substances are lipophilic and
hydrophobic. They have strong tendencies to bioaccu-
mulate in aquatic organisms, and are often transferred
through the food chain. The first visual sign of a
grossly polluted aquatic ecosystem is usually the
appearance of dead fish, but although the presence of
apparently healthy fish is commonly used as an in-
dicator of good quality water, this can be misleading.
Fish accumulate pollutants preferentially in their fatty
tissues, such as liver and gonads immune system,
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Fig. 1. Effect of pollution on fish of their production of
offspring.”
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tumours, respiratory problems etc, which shorten the
lifespan and will decrease the population both by the
premature mortality and by the decreased number of
spawning seasons in which the fish is productive. It
may also affect the reproductive system and decrease
the fertility healthy fish (Fig. 1).

Fish is particularly well suited as long-term bio-
monitors since they can be exposed to either a con-
trolled quantity of pollutant in the diet or water in
the laboratory, or to polluted ecosystems. They are
unique amongst the vertebrates in that many species
to produce very large numbers of eggs during each
reproductive cycle. Their fertility is therefore very easily
measured by the numbers and viability of their eggs
and sperm, the fertilisation rate and the survival of
their offspring. The essential preliminary to the impo-
sitton of such limits is to determine whether present
levels of a specific chemical are harmful and whether
current unaffected. This requires evidence on accu-
mulation of pollutants by fish from the waters and
sediments,” whether the concentrations in their tissues
are such that serious malfunction will occur and
whether this will decrease either their viability and
reproductive capacity or that of their offspring. An
examination of such effects must progress stepwise
(Fig. 2). Firstly the pollutant must be identified and
its site of action or localisation within the fish
determined. Accumulation in muscle of edible fish has
a clear implication for human health, while high
levels in the gills will indicate respiratory problems.

Fish possess a similar physiological system to mam-
mals, including humans, and many of the pollutant
induced disturbances in fish are likely to have similar
effects on humans. In particular, the reproductive en-
docrine system has a great deal of similarity within
the vertebrates and effects found in fish may be
readily applicable to other vertebrate systems."

Fish provide a suitable model for monitoring such
as transgenerational effects both in the wild and in
the laboratory. Any such effects found in fish might
be expected to have much more serious consequences
in humans in which the period of accumulation bet-
ween generations is so much greater.

Thus aquatic environment can serve as important
sentinels of ecosystem health and human risk. An
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Fig. 2. The levels for examination of the effects of pollutions
on fish.”

ecoepidemiological approach to identify causation may
provide the best model for predicting human repro-
duction.

Vitellogenin as a monitor of environmental
estrogens

Compounds such as the organochlorine pesticides and
PCBs are particularly interesting since they are known
to disrupt both ovarian and pituitary function, and some
are estrogenic in mammals. Their action within the
intact fish may therefore be a combination between
toxic effects on the gonad, pituitary and liver, and
estrogenic activity resulting in the direct stimulation of
hepatic vitellogenesis at these different levels .

Livers of both male and female fish have receptors
for estrogens and are both capable of producing vitel-
logenin. Since estrogens are the only known stimulus
for the hepatic production of vitellogenesis, the pre-
sence of vitellogenin in male plasma is indicative of
exposure to estrogen.””

Vitellogenin is potentially an ideal biomarker for the
estrogenicity of chemicals. It is a large serum phos-
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Vitellogenin
Fig. 3. Hormonal control of vitellogenin synthesis. Endocrine
disruptor from granulosa cells of ovarian follicles
considered to be the principal hormone that sti-

mulates vitellogenin synthesis in hepatocytes."”

pholipoglycoprotein that serves as the major precursor
to the egg-yolk proteins of oviparous vertebrates."”
Vitellogenin is synthesized and secreted by the liver
in response to circulating estrogens in maturing fe-
males”™ (Fig. 3) and is normally undetectable in the
plasma of immature animals and males. The presence
of this estrogen inducible protein in the serum of an
animal can be taken as evidence of exposure to
endogenous or exogenous estrogens or estrogen Mmimics.
This potential of vitellogenin as a biomarker has
already been explored using several fish species, for
which both in vivo and in vitro assays have been
developed®® Thus, the presence of vitellogenin in
the plasma of male fish can be used as a biomarker
of exposure to estrogenic chemicals.””

Recently it was reported that when caged male
trout were placed in the effluent of sewage treatment
works, they were induced to synthesize vitellogenin.
Vitellogenin, the precursor of yolk, is normally syn-
thesize by  estrogens, because they have very low
(often undetectable) concentrations of circulating estro-
gens, However, male fish respond to exogenous estro-
gens, administered by injection of via the water, by
synthesizing vitellogenin in the same way that females
do.

All of the chemicals tested stimulated synthesis of
vitellogenin in a dose-dependent manner (at very high
concentrations, one of the chemicals was toxic to the
cells); all were fairly weakly estrogenic. Nevertheless,
some of these chemicals stimulated vitellogenin syn-
thesis at concentrations reported to be present in the
aquatic environment (Fig. 4).

Since vitellogenin synthesis is estrogen dependent,
induction of the protein, especially in male and ju-
venile fish, is a clear sign of exposure to environ-
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Fig. 4. Estrogenic activity of some environmentally persistent
chemicals was investigated by assessing their ability to
stimulate vitellogenin synthesis in cultured hepa-
yocytes obtained from male rainbow trout. Non-
yiphenol and octylphenol are degradation products of
widely used surfactants; op’-DDT is a pesticide;
Aroclor is used primarily in electrical capacities and
transformers, and bisphenol A is a plasticizer. All five
chemicals are aquatic pollutants.'®

mental estrogens and may provide a valuable bio-
monitor of such pollutants. Vitellogenesis by hepato-
cyte culture can also be used as a screening pro-
cedure for estrogenic activity of suspected pollutants
(20). Although elevated plasma vitellogenin provides a
valuable biomarker for the exposure of fish to che-
micals with estrogenic activity, it should be used only
in the first screening. It is then important to clarify
what effect this exposure has on the fish itself. Ex-
posure to an estrogen would suggest that the gonads
and plasma steroid levels in the affected fish should
be examined for signs of reproductive impairment or
abnormalities in sexual differentiation.” There is also
some evidence that vitellogenin can feedback to the
ovary and inhibit estrogen production, so that an excess
of vitellogenin stimulated by exogenous estrogen might
disturb gonadal steroidogenic activity in both males
and females.™

Induced production of vitellogenin in male fish is
well known to be a biological indicator for exposure
to estrogenic compounds. However, few investigations
have attempted to examine the significance of such

)

production.? For example, Jobling et al™ demon-
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strated that elevated vitellogenin levels in developing
male fish were associated with decreased testicular
growth. The investigators also reported that the estro-
genic potency of the chemical was directly related to
the inhibition of testicular growth in developing male
fish.

Linking biological indicators to reproductive assess-
ment endpoints is considered critical to a fundamental
understanding of the biological significance of a num-
ber of reported endoctrine associated events.

Bioaccumulation of mixture of estrogenic
chemicals

Many factors will influence the potential effects of
an estrogenic substance on an aquatic organism, inclu-
ding environmental concentration, bioconcentration, bio-
accumulation and potency. Although a few of the
estrogenic compounds which are known to be, or
might be, present in the aquatic environment are very
potent estrogens, most are not. Ethinyl estradiol is
such a very potent estrogen that, if present in water
even in very low concentrations, would produce
estrogenic effects.””

In the real world, fish are unlikely to be exposed
to just one estrogenic chemical, but instead are likely
to live in water that contains many different estro-
genic chemicals. This is particularly true if the estro-
genic activity in the water originated from waste
effluent because this is a very heterogeneous mixture
of chemicals.”* Thus, ideally we need to know how
a fish responds to a mixture of estrogenic chemicals
rather than to an individual chemical.”” However, it is
very difficult to mimic the real world, primarily
because we do not know at present which chemicals,
in what concentrations, contribute to the estrogenic
activity of effluent.

When trying to assess the impact of this con-
tamination of the aquatic environment by estrogenic
chemicals, two factors of major importance are the
estrogenic potencies of these chemicals and their con-
centrations in the environment.'®

Some representative results are shown. Relatively
small responses were obtained when hepatocytes were
exposed to submaximal concentrations of five different
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Fig. 5. Enhanced effect of a mixture of weakly estrogenic
chemicals. The estrogenic activity of five chemicals
was assessed by their ability to stimulate vitellogenin
synthesis in cultured hepatocytes of rainbow trout.
After 2 days of exposure to the chemicals, either
individually or together (all five chemicals, each at a
concentration of 1 |lm, were present in the culture
medium), the vitellogenin concentration in the
medium was determined (results are expressed as
mean*SEM)."”

chemicals, but a considerably greater response was
obtained when hepatocytes were treated with a
mixture of the five chemicals (Fig. 5).

Taking the first approach, chemicals known to be
estrogenic and present in the aquatic environment
include some organochlorine pesticides, some polych-
lorinated, bisphenol-A, some phthalates, and many
natural and synthetic estrogens.” The list of estro-
genic chemicals known to be present in the aquatic
environment is growing rapidly. A recent report found
that half of the chemicals selected randomly from a
list of those known to be present in sewage effluent
possessed estrogenic activity.”

This is a complex but very important issue. It is
unlikely that fishes are exposed to only one estrogenic
chemical at any time rather, the water is likely to
contain a mixture of chemicals possessing estrogenic
activity. It is possible that the effect of one chemical
may be negated by an antagonistic effect of another
chemical. Alternatively, the effects could be cumula-
tive, or even synergistic. In an attempt to begin add-
ressing this issue, it has been shown that a mixture
of different weakly estrogenic pesticides produces a
greater effect than if each is tested individually”

Journal of Food Hyglene and Safety, Vol. 14, No. 4
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It will be necessary to identify not only chemicals

of interest in the aquatic environment, but also wuthin

the animal. It is also be necessary to understand how

these chemicals are metabolized within the animal of
interest.

AAA N 2

gso] Y=+ BE B3} BUBL 4
G PEET Aol A9l FAE ol Ak,
e U AeA wRdEs 8709 EAS
o thsted IAsATE FA) BN ML A
3} o) Aato] FaHT FRE 2] oadt g
220 =28 AL MEDACS] S S, 9
rEzAle) Y F7MIA APA B A=

E2A vEZAUY] S

Bl 7158 wEdith yEE w@ 848 A &
dTE LE=Hol AAY WEHAIE LA E2A

FEshe ey 2 B9
P SR B0 SJslel el MAE

Asiz fERlE 9 JHIE 48 s 39
o gl HERAAMS) AL vl YAk F<t o
St weh SRS HER

de 2 2dd o

Rl 22 el ofste] BGHA ot AAHoR 79 Ear)eA AdE BEEACL @70 29"
WiEH] w@gdo] o= A& =EH0] erte Zske A=t AR AT F Stk 53] A9 A F
ulEe] WEE aEEdd] =EFol We U AEXAREA o8 F Sl

References

1. Colborn, C, von Saal, F S, Soto AM.
Developmental effects of endorine-disrupting chemicals
in wildlife and humans. Environ Health Perspect 101,
378-384 (1993).

2. Gray, L. E.. Chemical-induced alterations of sexual
differentiation: a review of effects in humans and
rodents. In Colborn, T. and Clement, C.(eds.) Che-
mically-induced Alterations in Sexual and Functional
Development: The Wildlife/Human Connection, vol.
XXI, Aev. Mod. Environ. Toxicol., pp.203-30. (Princeton:
Princeton Scientific Publishing Co.) (1962).

3. McLachlan, J. A.:
approach to detect biologically active xenobiotics. En-
viron. Health. Perspect., 101, 386-7 (1993).

4. Bern, H.: The fragile fetus. In Colborn, T. and
Clement, C. (eds.) Chemically-induced Alterations in
Sexual and Functional. Development: The Wildlife/
Human Connection, vol. XXI, Adv. Mod. Environ.
Toxicol., pp. 9-15. (Princeton: Princeton Scientific
Publishing Co.) (1992).

5. McLachlan, J. A., Newbold, R. R, Teng, C. T. and
Korach, K. S.: Environmental estrogens: Orphan
receptors and genetic imprinting. In Colborn, T. and
Clement, C. (eds.) Chemicallyinduced a Iteration in
Sexual and Functional Development: The Wildlife/
Human Connection, vol. XXI, Adv. Mod. Environ.
Toxicol., pp. 107-12.(Princeton: Princeton Scientific
Publishing Co.) (1992).

Functional toxicology; a new

6. Turner, K. J., Sharpe, R. M. : Environmental estrogen-
present understanding, Rev. Reprod. 2 : 69-73 (1997)

7. Pandian, R. J., and Sheela, G. G.: Hormonal induction
of sex reversal in fish aquaculture, 130, 23-34 (1992).

8. Carson, R.: Silent Spring.(Boston, Houghton Mifflin)
(1962).

9. Colburn, T, Clemdent, C.. eds. Chemically-induced
Alterations in Sexual and Functional Development: The
Wildlife/Human  Connection.  Princeton,  NIJ:Princeton
Scientific Publishing (1992).

10. Specker, I. L., Sullivan, C. V.. Vitellogenesis in fishes:
status and perspectives. In: Perspectives in Comparative
Endocrinology(Davey, K. G., Peter, R. E., Tobe, S. S,
eds). Ottawa, Canada, National Research Council of
Canada, 304-315 (1993).

11. Pottinger, T. G.: Estogen-binding sites in the liver of
sexually mature male and female brown trout, Salmo
trutta(L). Gen. Comp. Endocrinol 61, 120-126 (1986).

12. Jobling, S., Sheahan, D., Osborn, J. A., Matthiessin, P.
and Sumpter, J. P: Inhibition of testicular growth in
rainbow trout (Oncorhynchus mykiss) exposed to
estrogenic  alkylphenolic chemicals. Environ. Toxicol.
Chem. 15, 194-202 (1995).

13. Kavlock, E J., Daston, G. P, DeRosa, C., Fenner-
Crisp, P, Gray, L. E., Kaatari, S., Lucier, G., Luster,
L., Mac, M. J, Macza, C. Miller, R., Moore,
J., Rolland, R., Scott, G., Sheehan, D. M., Sinks, T.
and Tilson, H. A.: Research needs for the risk
assessment of health and environmental effects of
endocrine disruptors: A report of the U. S. EPA-

Journal of Food Hygiene and Safety, Vol. 14, No. 4



414

14.

15.

17.

18.

19.

20.

Beoung-Ho Ryu

sponsored workshop. Environ. Health Perspect. 104,
Suppl. 4, 715-740 (1996).
European Commission European workshop on the
impact of endocrine disruptors on human health and
wildlife: Weybrdge, 2-4 Dec. Report EUR 17543,
Environment and climate Research programme (1996).

Jobling, S., Sumpter, J. P: Detergent components in
sewage effluent are weakly oestrogenic to fish: an in
vitro study using rainbow trout (Oncoryncbus mykiss)

hepatocytes. Aquat. Toxicol. 27, 361-372 (1993).

. Sumpter, J.: Estrogenic surfactant-derived chemicals in

the aquatic environment. Environ. Health Perspect.
103, Suppl. 7, 173-178 (1995).

Purdom, C. E., Hardiman, P. A, Bye, V. ], Eno, N.
C., Tyler, C. R, Sumpter, J. P: Estrogenic effects of
effluents from sewage treatment works. Chem. Ecol. 8,
275-285 (1994).
Wallace, R. A. :
non-mammalian vertebrates. In Developmental Biology.
Vol. 1 (Browder LW, ed). New York: Pleum Press,
127-177 (1985).

Lazier, C. B., MacKay, M. E.. Vitellogenin gene ex-
pression  in fish. In: Biochemistry and
Molecular Biology of Fishes; Molecular Biology
Frontiers. Vol. 2 (Hochachka PW, Mommaen TP, eds).
Amsterdam:Elsevier, 391-405 (1991).

Pelissero, C., Flouriot, G., Foucher, J. L., Benntar, B,
Dunogues, J., Legac, F, Sumpter, J. P.: Vitellogenin
synthesis in cultured hepatocytes: an in vitro test for

Vitellogensis and oocyte growth in

teleost

21.

22.

23,

24.

25.

26.

27.

the estrogenic potency of chemicals. J.  Steroid
Biochem. Mol. Biol. 44, 263-272 (1993).

Tyler, C. R.: Vitellogenesis in salmonids. In Repro-
ductive Physiology of fish(Scott AP Sumpter JP, Kime
Da, Rolfe Ms, eds). Fish Symposium 91, Sheffeld,
297-301 (1991).

Copeland, P. A, Sumpter, J. P, Walker, T K. and
Croft, in male and female
rainbow  trout, stages
of the reproductive cycle.
83B, 487-493 (1986).
Wahli, W.. Evolution and expression of vitellogenin
genes. Trends Genet. 4, 227-232 (1998).

J. P and Jobling, S.:
biomarker for estrogenic contamination of the aquatic
environment. Environ. Health Perspect. 103, Suppl. 7,
173-178 (1996).

Herman, R. L. and Kincaid, H. L. Pathological effects
of orally administered estradiol to
Aquaculture 72, 165-172 (1988).

Ahel, M., McEvoy, J. and Giger, W.: Bioaccumulation
of the lipophilic metabolites of nonionic surfactants in
freshwater organisms. Environ. Pollution, 79, 243-248
(1993).

Aherne, G. W. and Briggs, R.: The relevance of the
presence of certain synthetic steroids in the aquatic
environment. J. of Pha. and Pharmacol. 41, 735-736
(1989).

M.: Vitellogenin levels
Salmo gairdneri, at various

Comp. Biochem. Physiol.

Sumper, Vitellogenesis as a

rainbow trout.

Journal of Food Hygiene and Safety, Vol. 14, No. 4



