Dioxin and Its Effects
on Reproductive Systems
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eproductive and developmentai toxicology refers
Rln the effects of exposure Lo particular com-
ra- pounds on many aspects of repreductive function
and development. Toxic outcomes include distuplion
in male or female animals of normal processes that
are known to be essential for reproduction and detri-
mental effects on the developing fetus that may
appear at birth or much later in life. These detrimen-
tal effects include malformations and abnormal fune-
tion of organ systems, such as alteralions in learning
and other behaviors, including sex-appropriaie
behaviors.

In the Onvitonmental Protection Agency's (EFA)
reassessmenl of dioxin conducted as open public
meetings in September 1992, ihe injurious clfecks of
diemin on reproduction and development were ana-
lyzed. Various human and animal studies of the
reproductive or developmental effects of dioxin were
evaluated. In addition, the levels of dioxin thal had
effects on reproduction and development were com-
pared to the amounts of dioxin and related chemicals
that we currently bear.

The people of Maine tace a real health concern
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regarding currenl exposure, currenl body burdens,
and arrent intake of dioxin and related compounds
The intake of contaminated fish would incrementally
add to that exposure and those hazards.

There curtently exist several reliable studies [1-8]
that demomstrate reproductive and developmental
effects fromm dioxin in animals and people al relatively
low levels of exposute The levels of dioxin that can
be realistically expected {o occur in people in Maine
now and the levels in these sludies are similar. Thus it
is reasonable {0 he concerned thal the effects reporied
in these studies may occur in similarly exposed popu-
Tabions in Maine.

Tn 1980, when EPA decided to approve state dioxin
waler quality standards up to 1.2 parls per quad-
rillion (ppql, the Apency still was aot {ocusing on
reproductive, developmental, and other noncancer
effecis of dioxin, Researchers at EPA, Nalional
Institile of Frvirerumenial Health Science (NIEHS),
and universities, however, had concerns and had
been actively investigating these kinds of effects from
the 19705 {o present. EPA’s current attention o these
nomcancer end points has been exemplified by a num-
ber of activiiies, including dedication of an entire
half-day at the FPA’s reassessment of dioxin to repro-
ductive and developmental effects and immunotoxici-
ty effects of dioxin as well as updaling developmental
toxicity guidelines and publishing them in the Federat
Regisher in 1941

The effects of diowin boxicity on reproduction and
development may be mote importand than carcno-
aenesis because whon one talks about effecis on the



doveloping brain one is talking about the functional
compelency of the noxt goneration Developmental
biclogy issues are [ramed differently than carcinogen-
osis jssues. During the dovelopment of the brain or
olher organ svaslems, the window in time duzing
which ctitical evenls ocout is in fact usually quite lim-
ited. Narrow lime-limiled exposures may have pro-
found effects in terms of distupting normat organiza-
tion of tissues or systems within the body. Exposure
to dioxin or other agents can have an important effect
over a short period of time. Thus, an expasure in
early or midpregnancy can indeed be transient for the
adult mother but have permanent effects on the ofi-
spring.

This approach to the effects of toxic exposwe is dil-
ferent from our thinking abowt cancer as {the ¢nd
point. With regard to cancer, it may take years of
ingestion or exposure to elicit a modest inerease in
cancer risk. The developmental effecty resulting from
dioxin exposure are stochastic, rather than probabilis-
tic, In this regard, the risk rom oxpesure o dioxin is
expressed in the same way as (he risk from exposure
to radiation. The risk of experiencing developmental
effects from a given exposure is more homogeneously
spread out across the population exposed Evervbody
in the exposure group is assumed to run the same risk
of experiencing an effect,

Scientists do not know at this time whether in addi-
tion to early exposures in fetal or intrauterine devel-
opment thers are other pertods in human life that are
also exquisilelv sensitive to perturbation. The peripu-
bertal interval is a period that may also prove pivotal
in terms of susceptibility Lo loxic oxposures. Other
important unknowns concern the fale of absorbed
toxins once they are mobilized 0@ metabolired in the
body. For toxins that aceunnlate in body fal such as
dioxin, comtinued ingestion over time results in an
ago-nssociated depot of the compound in that tissue
Duting inlervals of weight losas when body fat is
mobilized, diexin must mobilize as well. The conse-
quences of shifiing this toxicant from fat stores to
other metabolic comparimenls in the body are cur-
rently unknown, Furthetmore, 30% o 50% of preg-
nant women commonly have an interval of anerexia
early in pregnancy. We do not know how high the
peak blood levels of dioxin mav be when those
wonmen in the first trimester, especially late in the first
trimastor, mobilize fat stores. There are no data that
assess the changes in blood levels, or other target tis-
sue organ levels, when fat mobilization oeeurs

Dioxin and related chemicals exert effecis by bind-

| Mewcirs aned its Lt on Repnoduclive Svstems

ing to very specific nuclear receptors called Ah recep-
tors, which are similar to steroid hormone receptors,
These receptors are proteins that are located in the
nuclews of cells, and generally there are 1,000 to 2,000
per cell Por these types of receptony, if a few handred
are vceupied, biological effects are elicited. An
increased TEsPONSE ocoeurs with an increasing percent-
age of Teceptors l’.]-i_'-i_'upif.:"d DPioxin works by binding
to these Ah receptors. At a concentration of 1 ppg, a
teaspoom of water contains over 1A million molecules
of dioxin. While all 1.6 million molecules of dioxin
wili not end up in one single cell such as a neuron in
the brain, it is clear that a very dilute solution con-
tains a large number of dioxin molecales, which are
more than encugh o occupy the active recoptors in
the cells and henee to preduce adverse elfecls. This
mode of aclion is vory different from thal of a com-
pound like aspirin, which is a laixly general, weak
irthihitor of a widely dispersed enzyme that involves
prostaglandin synthesis. Aspirin does not have very
specitic effects, whereas dioxin does,

The background level in humans tor dioxin is
approximately 1.3 ng/kig, and the sum total of activi-
tv of all diowin-like chemicals in humans (known as
lowic equivalents) is approximately 7 ng/kg [9-11].
Keeping these fgures in mind, it is instructive to look
af the studies that have been done in the last 15 years
that have examined some developmental end points
and some reproductive effects

In a National Institute of Gecupational Safety and
Health (NIOSH) study [7], men who were accupation-
ally exposed to dioxin showed suppression of lestos-
terone levels The body burdens in the men showing
suppression were in the range of 5 to =19 ng/kg. Oven
allowing fur our inability to determine whether current
body burdens or previous exposures were the mecha-
nislic couse for these reduced testosterone levels, such
effecls ave of concorn and are clinically stgnificant.

Reasonabic criticism of the NIOGH study ncludes
nioting that it is likely that these men were exposed to
other chemicals. Although the rescarchers looked [or
other possible chemical mediators of the observed
low testosterone levels, they did not find any, and the
other known chemicals these workers were exposed
to are not known to affect testosterone levels,

In a study by Mably and colleagues [3-5]1, pregnant
rats were given a single dose of dioxin on day 15 of
pregnancy. The lowest dose studied was 64 1155'_;"!:5,
compared to background levels in the US. population
of around 7 ng/kg. That experimental dose did not
affect birth weights or adult weights of these off-
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spring. [t did, however, alter male fetal development,
such that these male rats were abserved to have cam-
promised sperm production and diminished size and
weight of other hormone-dependent tissues, such as
prostate and epididymis. o addifion, these males
exposed to dioxin i ufere showed demasculinization,
with allered sexunal behavior including markedly
increased mount and intromissien latency and
increased lordosis response after esirogen priming
These behavioral changes are a brain effect. When
studies of similar design using other agents have
shown pertttbalions in normal sexual behavior, sub-
seduent studies in cvery instance have confirmed that
these abuserved cifeds are associated with struciural
or biochemical changes in how the brain functions
113,14} Anatomic and chemical studies of the brains
of diexin-exposed rats are underway.

In & study of monkeys by Bowman and colleagues
112], the offspring whoe were exposed in utero to 22
ng ke of dioxin showed spedific defects in learning
ability, with disordered object learning but unim-
paired spatial learning. In this primate model, this
behavioral index of learning in the offspring was
compromised by a dose that is only about three times
higher than what we humans currently bear as a
result of environmoental exposure !

It levels shown o exert adverse effects in animal
studies are somewhal higher than the currend lovels
of divxin in human populations, then why is there
concern about huwman health? Tn part, the answer is
that none of these studies identified levels at which
reproductive or developmenlal offects did not ocour.
Therefore, we do not know whelhor the [evels that
cxen b effocts are truly ditferent than the dioxin levels
we curtently bear At this time (hore is very litile
imformalion to allow us to establish whelher humans
are morc o1 loss semsitive to dioxin than other ani-
mals, or whether wide differences in sensitivity to the
effects of dioxin occur within the human populalion

This issue is nol clarified in the only epidemiologi-
cal study available that examines birth defects in a
human population exposed to dioxin as a result of the
1976 industrial explosion in Seveso, [taly [15]. The
cotnparison of human and animal data summarized
here would suggest that humans are much more sen-
sitive to these effects than are laboratory animals,
since comparable effects occurred in men at body bur-
dens of dioxin thal were several Himes lower than in
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experimental animals Given these observalions
where the body burden in human study subjects or
the animals are only three to nine times greater than
present human body burdens, it is prudent to con-
clude that there is little margin of safety between lev
els that all of us carrently bear and the level of dioxin
and related compounds shown to produce adverse
effects on male reproduction and central nervous sys-
temn development, as manifested in sexual behavior
and learning, This conclusiom was presented at the
EPA’s reassessment of dinxin in September 1992 and
none of the assembled panel members expressed dis-
agreement at that time wilh Lhese correlations and
comclusions The acknowledament of that comclusion
by EFA is described in the Oclober 9, 1992, momo that
Erich W Bretthauer, Assistand Adminisiralor for
Rescarch and Development, sent (o then EFPA
Admimisiralor William Reilly:

My interpretation of some salient features of the
discussion by the panel members is:

Risk characterization should encompass the broad
1ange of health effects attributable to dicxin expo-
sure and not focus just on cancer

Certain tnomcancer cffects, including changes in
endocrine function associated with reproductive
function in andmals and bwamans, behavional effects
in offspring of exposed animals, and changes in
immune funciion in animals have been demonstrat-
ed Sume data suggest that these effects may be
orcutting in people at body burden levels ihat can
resull leom exposutes at, or near, current back-
grorend

While: recent epidemiclogy studies indicate that
divxin and refaled compounds may be carcinogenic
in humans, a focused roview of Lhese sludies by a
ponel of epidemiologists ks required  The Agrncy
should then reconsider its current classification of
dioxin which is based primarily on the results of
laboratory amimal studies.

Bazed on the key role of the Ab receptor in mediat-
ing hoxic responses Lo dioxin and related com-
pounds [other dioxins, furans and biphenyls) the
Ml range of compounds which bind to this receps
tor should be considered in the 1isk characteriza-
tion. Additional work will be required to better
understand the impact of dicxin-like PCBs

Risks f1om the ubiquitous backgiound levels of

dioxin in the general population need to be care-
Tully omzidered. it
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