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Abstract

The aim of the present study was to investigate if environmental doses of PCB 153 and PCB 126 could produce effects in a controlled
animal model. Possible adverse effects on the hypothalamic—pitutitary—gonadal axis were examined by measuring gonadotrophins and
gonadal steroid hormone concentrations in goat kids exposed during gestation and lactation. The concentrations of PCB 153 and PCB 126
in adipose tissue in the goat kids 9 months post-partum were 5800 ng/g (fat-weight, range; 2900-12700 ng/g) and 0.49 ng/g (fat-weight,
range; 0.28-0.80 ng/g), respectively. The pre- and post-pubertal plasma concentrations of luteinizing hormone (LH), follicle stimulating
hormone (FSH), prolactin (Prl) and progesterone (P4) were analysed. LH, FSH, Prl, and P4 were also measured during an induced oestrus
cycle. The prepubertal LH concentration was significantly lower, the puberty was delayed and the P4 level during the luteal phase of an
estrous cycle was higher in the group exposed to PCB 153. No significant effect of PCB 153 exposure was found on Prland FSH. PCB 126
did not produce any effects at the exposure level tested in this study. In conclusion, perinatal exposure to PCB 153 affected the reproductive
function and the puberty maturation in goats.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction ferent positions that gives 209 possible congeffigfsThe
different PCB congeners exhibit different physicochemical
Polychlorinated biphenyls (PCBs) are a group of persis- properties and biological activities, which influence their
tent environmental chemicals that were manufactured for accumulation, uptake, and metabolism in the environment
industrial use for about 50 years. Their resistance to degra-and in organisms, leading to marked differences in congener
dation and strong affinity to adipose tissue allows them to composition between the commercial mixtures and biolog-
accumulate in the lipid tissue of living organisms and bio- ical extractg4].
magnify as they move through food chains. Although the  The toxic responses of coplanar non-ortho and mono-
production and use were banned 25 years ago, PCBs carmrtho-substituted PCB congeners resemble those observed
still be identified in almost every component of the global with 2,3,7,8,-tetrachlorodibenzmdioxin (TCDD), and the
ecosystem including air, water and soil, as well as in fish, mechanistic pathway for dioxins and dioxin like PCBs are
animal and human tissugs,2]. proposed to be mediated via the aryl hydrocarbon receptor
The PCB molecule consists of a biphenyl backbone on (AhR) present in target tissu¢s]. Depending on the bind-
which chlorines are added in various numbers and at dif- ing affinity to the AhR the different congeners have been
given individual toxic equivalency factors (TEFE]. By
" Corresponding author. Tek+47 22964560; fax:+47 22597081. calculating the amount of the different congeners with their
E-mail address: erik.ropstad@veths.no (E. Ropstad). different TEFs the potential toxicity of a mixture can be
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estimated. The TEF approach has been developed for risk2. Materials and methods
assessment and regulatory control of exposure to complex
PCDD, PCDF and PCB mixtures. On the other hand, the 2.1. Animals
di-ortho-substituted PCB congeners have little or no affinity
to the AhR, and the mechanisms behind toxicity are virtu- Goat kids were studied from birth until sacrifice at 9
ally unknown and they are not considered when toxicity of months of age. Their mothers were dosed orally with PCBs
PCB mixtures is estimatef@]. dissolved in corn oil from day 60 of gestation until partu-

PCBs have been shown to interfere with endocrine and re-rition. Consequently, the offspring were exposed to PCB in
productive functions in animals and hum48%,7,8] Some utero and through mother's milk. Goats were chosen be-
of the effects may be explained by the fact that several cause they are easy to handle, the gestation is relative long
PCBs exhibit estrogenic and antiestrogenic acti®@d 3]. compared to rodents giving the opportunity to assess fe-
Observed changes in hormone levels and reproductive func-tal development by real time ultrasonography. Additionally,
tion following PCB exposure has been shown in cell cul- the newborn kid is more developed than the newborn ro-
tures[14] laboratory animal§9,15,16] wild animals[17,18] dent and may as such be more relevant as a model for large
and humang8,19]. PCBs stored in the adipose tissue of mammals including wildlife and humans. Another reason
the mothers pass to the developing fetus and the newbornwas that validated methodology on reproductive function in
progeny via placental transfer and mother’s njk]. The goats is available in our laboratory.
guestion is whether background exposure can induce irre- Forty-five does of the Norwegian breed were selected ran-
versible effects when animals and humans are exposed tadomly, and estrus in these does was synchronized by treat-
PCB during critical windows of sexual differentiation or ing for 18 days with EAZI-breed CIDR! G (Carter Holt
developmen{21,22] During the differentiation of the en-  Harvey, Agricultural Division, Hamilton, New Zealand) in-
docrine/reproductive systems, hormones, growth factors andtravaginal device containing 30 mg progesterone. After with-
other endogenous substances regulate gene expression ardtawal of the device, the does were mated twice a day with
direct differentiation[23]. One marked difference between two intact males until the last doe came out of estrus. Preg-
exposure to endocrine disruptors during critical windows in nancy status and number of fetuses were determined by use
development versus during adulthood is the irreversibility of of real-time ultrasonography from day 20 after mating until
an effect during developmeft4-27] day 35, when all does were confirmed pregnant. The pres-

In order to assess possible endocrine disrupting effectsence of a live fetus was diagnosed by the detection of heart-
following in utero PCB exposure, experiments with animals beat and provoked or spontaneous body movements.
exposed to environmental relevant doses during gestation Thirty pregnant goats were then allocated into three
and lactation are needed. Most of the animal studies, whichgroups (10 goats/group) using block randomization. One
have investigated effects of PCBs, have been carried outgroup was exposed to PCB 153, a second group received
with commercial mixtureg5,28]. The complexity of such ~ PCB 126 and the third group served as a control. The an-
mixtures, make it difficult to interpret the toxicity of single imals in the experimental groups were orally administered
congeners. In order to detect such effects, studies with in-PCB dissolved in corn oil three times a week (Monday,
dividual PCB congeners at relevant physiological levels are Wednesday, Friday) from day 60 of gestation until delivery
required. (13 weeks), whereas the control group was gigsly corn

The co-planar PCB 126 (3,3,4,5-pentachlorobiphenyl)  oil. The doses of PCB 153 and PCB 126 were estimated
has high acute toxicity, relatively strong affinity to the to be 98ug/kg body wt./day, and 49 ng/kg body wt./day,
aryl hydrocarbon receptor (AhR) and has antiestro- respectively. The animals were kept indoors, and the groups
genic propertieg29]. The di-ortho-substituted PCB 153 were held in separate pens in order to avoid contamination
(2,2,4,4,5,5-hexachlorobiphenyl) has low affinity to the through the ingestion of PCB-contaminated feces. The does

AhR, low acute toxicity, shows estrogenic propertjé®] received standard hay and concentrate feeding.
and is the most highly concentrated PCB congener found in  The goats were clinically examined every day until
animal and human tissues (15-30% of sum P{3B)31] kidding, and their weights were recorded once a week.

The aim of the study was to investigate if doses Blood samples were collected three times weekly (Monday,
of PCB 153 and PCB 126 comparable to exposures Wednesday and Friday) from mating to parturition. The
found in wild animals could produce effects in a con- goats delivered indoors and every kidding was supervised.
trolled animal model. Possible adverse effects on the The gender, weight, condition and time of birth of the kids
hypothalamic—pitutitary—gonadal axis were examined by were recorded. The mothers and kids remained together
measuring gonadotrophins and gonadal steroid hormoneuntil weaning (6 weeks post-partum). The body weights
concentrations in a goat-kid model where the mothers wereof the kids were recorded once a week. Blood samples
orally dosed PCB from day 60 of gestation until delivery. from the kids were collected three times weekly (Monday,
The goat kids were thus exposed in late gestation and inWednesday, and Friday) from 4 months until sacrifice at
the suckling period, whereas female sexual function was 9 months of age. The oestrous cycles of the female kids
studied during adolescence. were synchronized using a 14 days intravaginal progestagen
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sponge treatment (40 mg Flugestone acetate; Chron8;gest The temperature program was as follows: start@held
Intervet, Boxmeer, Holland). for 3min), 25°C increase/min to 180C (held for 2 min),
The procedures have been conducted in accordance withl.5°C increase/min to 220C (held for 2min), and 3C
the laws and regulations controlling experiments/proceduresincrease/min to 275C (held for 15 min). Chromatographic
in live animals in Norway, i.e. the Animal Welfare Act of data were calculated using the software HP GC Chemstation
20 December 1974, no. 73, chapter VI, sections 20—22 and(Hewletf® Packard, Atlanta, USA).
the Regulation on Animal Experimentation of 15 January  Quantification was performed using PCB 29 and 112 as
1996. In addition, Norway has signed and ratified The Eu- internal standards in each sample. For further details on
ropean Convention for the protection of Vertebrate Animals equipment for the chromatographic separation, detection and
used for Experimental and other Scientific Purposes of 18 quantification, see Anderson et [82].
March 1986. The Norwegian legislation conforms in all re-
spects with the basic requirements of this Convention and 2.5. Quality assurance
guidelines prepared in pursuance of it.
Standard procedures were used to ensure adequate qual-
2.2. Chemicals and drugs ity assurance and control, and the results were within the
laboratory’s accredited requirements. Percent recoveries of
3,3,4,4,5-Pentachlorobiphenyl (IUPAC no. 126) and QCs in spiked material (blood and tissue samples, respec-
2,2,4,4,5,5-Hexachlorobipheny! (IUPAC no. 153) in pure tively) varied from 95 to 128%.
(99%) powder form were acquired from Promochem (UI- De_tect|on limits fqr individual ECB congeners were de-
ricehamn, Sweden) The calculated amount of powder was!€rmined as three times the noise level and depended on
dissolved in acetone, and corn oil was added as a vehicle.tn® type of sample analyzed. Quantification level was set as
The acetone was evaporated, and the PCB and the corn oif €€ times the detection limit.
were mixed using an ultrasonication bath for 3min. The _ Detection limits in tissue (brain, liver, faf) ranged from
concentrations of PCB 126 and PCB 153 were then deter-0-17 10 0.51ng/g wet weight for PCB 153 and from 0.12

mined by gas chromatography. The solutions were stored atl© 0-35ng/g for PCB 126, depending on the tissue type. In
room temperature in order to remain homogeneous. plasma it was found to be 0.009 ng/g wet weight for both
PCB 153 and PCB 126.

All calculations were done within the linear range of the
detector’s 5-level calibration curve.

) i i The reproducibility was tested continuously by analyz-
Blood samples were collected from the jugular vein using ing the PCB levels in the laboratory’s own reference sam-

a Vacutaine? (Leuven, Belgium). The samples were then ple (seal blubber), which was within the mean coefficient
stored for 1 h at room temperature, plasma was separated byt ariance. The repeatability of the GC-performance was

centrifugation at 3006« g for 15min, and the sample was  tggteq by repeated injection of standard components at reg-
then stored at-20°C until analysis. ular intervals.

Blank samples were included in each series to test for
2.4. Chemical analysis of PCB interference.

2.3. Blood sampling

Chemical analyses of PCBs 153 and 126 were performed2.6. Hormone assays
at the Laboratory of Environmental Toxicology, Norwe-
gian School of Veterinary Science, Oslo. The laboratory is 2.6.1. Progesterone
accredited by Norwegian Accreditation as a testing labo- Progesterone concentration in plasma was measured us-
ratory for these analyses according to the requirements ofing an enhanced luminescence assay (Amétlitéodak)
NS-EN45001 and ISO/IEC Guide 25. Briefly, samples of using horseradish-peroxidase as the enzyme label. The as-
adipose tissue~1-3g) were weighed and internal stan- say was validated for use with goat plasma by demonstrat-
dards PCB 29 and 112 were added. The samples wereing parallelism between dilutions of plasma samples and
extracted twice with cyclohexane and acetone using anthe standard curve. Assay sensitivity was 0.2nmol/l. The
ultrasonic homogenizer followed by centrifugation. The interassay coefficients of variation for samples containing
samples were then cleaned up with ultra-pure sulfuric acid. 15.9 or 31.8 nmol/l were 5.6 and 6.3%, respectively. The
Percent extractable fat was determined gravimetrically. For intraassay coefficients of variation for the same samples
details on extraction and cleanup, see Andersen ¢B2]. were 3.7 and 4.0%, respectively.

Aliquots of the final extract were injected into a gas
chromatograph/electron capture detection (GC-ECD) in- 2.6.2. Luteinizing hormone
strument equipped with a capillary column (SPB-5), 60m, Plasma LH concentrations were measured by a heterol-
0.25mm i.d. and 0.2hm film layer (Supelco Inc., Belle- ogous double antibody radioimmunoassay described and
fonte, PA). The makeup gas was helium (flow 60 ml/min). validated for goat plasma by Beckers et[8B3].
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The interassay coefficients of variation for samples with model were month, PCB exposure and an interaction term
0.69, 1.95, and 6.68ng/ml LH were 18.8, 9.7 and 9.0%, between month and PCB exposure, the latter to assess im-
respectively. Standard curve ranged from 0.2 to 25ng/ml. pact of exposure by time. The compound symmetry correla-

Assay sensitivity was 0.8 ng/ml. tion matrix was used. Other correlation structures were also
modeled, but compound symmetry resulted in the best model
2.6.3. Follicle-stimulating hormone fit (Schwartze’s Bayesian criterion was closest to zero).

FSH concentrations were determined using a heterologous Time to puberty and area under the progesterone curve
assay described by Crowe et f84] using the anti oFSH  was analyzed in variance analyses using proc GBF] in
NIDDK-NIH antibody (AFP-C 5288113). The standard used SAS. The area under the progesterone curve was calculated
as reference preparation was USDA-0FSH-SIAFP-RP-2 using the trapezium rulg88]. PCB exposure was used as
(AFP 4117A) and the sensitivity of the assay was 0.012 ng the independent variable both when time to puberty and area
(oFSH-RP-2)/tube. The assay was validated for use with under the progesterone curve was assessed. To normalize the
goat plasma by demonstrating parallelism between dilutions data, both dependent variables were transformed by taking

of goat plasma samples and the standard curve. the natural logarithm. The least significant difference (LSD)
approach was used in pairwise comparison to control for the
2.6.4. Prolactin (Prl) type | comparison wise error rate. Statistical significance was

Serum Prl concentrations were determined using the RIA assessed by the type Httest, and® < 0.05 was considered
method of McNeilly and Andrew$§35]. Sensitivity of the statistically significant.
assay, as defined as 95% binding, was 0.5 ng/ml. Mean inter- The effects of PCB on serum progesterone obtained from
and intraassay coefficients of variation were 6.6 and 7.5%. day 4 to 14 after peak LH-level was studied in a repeated
measures mixed model analyses. PROC MIXED of SAS was
2.6.5. 178-estradiol (E2) used[36]. The dependent variable was the natural logarithm
Estradiol concentration were analysed using the kit. to serum progesterone concentration. The transformation of
“Coat-a-courf?, Estradiol” (Diagnostic Products Corpora- the dependent variable was conducted to approximate a nor-
tion, Los Angeles, USA). The detection limit was 8.0 pg/ml, mal distribution of the data. The independent variables in
corresponding to 95% binding of the labelled hormone, the model were day after peak LH-level, PCB exposure and
assuming the basic procedures were followed. The E2 con-an interaction term between day and PCB exposure, the lat-
centration was low in the samples, so both the standardter to assess impact of exposure by time. The logarithmic
curve abd the samples were modified to bring the con- correlation matrix was used, as it resulted in the best model
centrations within the detection limit. The standards were fit (Schwartze’s Bayesian criterion was closest to zero).
diluted with 0.02 M borate-buffer, pH= 8.5 to concentra-
tions ranging from 10 to 660 pg/ml. Goat plasma-samples
were up-concentrated to bring E2 concentration within the 3. Results
linear range of the modified standard curve. pOPlasma
from each sample was extracted with newly distilled diethyl  In the does and their offspring there was no effect of expo-
ether, evaporated to dryness and addedd%brate-buffer sure on pregnancy duration, body weight or observed health
(0.02 M, pH= 8.5), thus doubling the concentration of E2 status during the experimental period. The male/female sex
in the plasma samples. Extraction recovery was 7.5 ratio was 0.54 for the PCB 126 exposed kids, 1.25 for the
4.1% (n= 6), determined from single recovery-test per run, PCB 153 treated kids and 1 for the control animals. How-
spiked with known amounts of the hormone. All concentra- ever, the sex ratio was not significant different between the
tions were adjusted according to the recovery sample. Thetreatment groups.
inter assay CV from control samples with low (49.9 pg/ml), The PCB 153 concentrations in adipose tissue in the PCB
medium (83.1 pg/ml) and high (204.1 pg/ml) concentrations 153 group at 40 weeks of age ranged from 750 to 9800 ng/g
of E2 were 6.4%, 10.1% and 6.2%, respectively={r6). (mean: 5800 ng/g, lipid-weight). The adipose tissue levels of
RIA-counts of E2 were performed by a 1470 WizH/d PCB 126 in the PCB 126 exposed group at 40 weeks of age
Automatic Gamma-counter (Wallac Oy, Turku, Finland). ranged from 0.28 to 0.8 ng/g (mean: 0.49 ng/g, lipid-weight).
The mean concentrations of PCB 153 in unexposed doe and
2.7. Satistical analysis kid adipose tissue were 40 ng/g (lipid-weight) and 18 ng/g
(lipid-weight), respectively. The concentrations of PCB 126
The effects of PCB on plasma LH-level was studied in a in the adipose tissue in the unexposed animals were below
repeated measures mixed model analyses. PROC MIXED ofthe detection limit. For further details, see Lyche e{20].
SAS was use(B6]. The dependent variable was the natural ~ Animals exposed in utero to PCB 126 reached puberty
logarithm to the plasma LH-level 0.05. The transforma-  (day 203; range 194-214) at a similar time as the control
tion of the dependent variable was conducted to approximateanimals (day 203; range 191-212), as determined by days
a normal distribution of the data and because of a number offrom birth to the first progesterone rise. Animals exposed in
zero level analyse results. The independent variables in theutero to PCB 153 experienced delaydd €< 0.05; Fig. 1)
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Fig. 4. Mean estradioH{S.E.M.) concentration in blood during an induced
oestrous cycle in 9 months old goats exposed to PCB 153 §) and
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Fig. 2. ProgesteroneS.E.M.) level in blood expressed as mean of 2 Days relative to LH max
weeks intervals from 10 to 32 weeks of age in goats exposed to PCB 153 — PCB153----- Control PCB 126
(n =7) and PCB 126r( = 10) during foetal life and during the suckling
period and in unexposed animals £ 7). Fig. 5. Luteinizing hormone#S.E.M.) concentration in blood during an

induced oestrous cycle in 9 months old goats exposed to PCB 153 (
=5) and PCB 126 { = 10) during foetal life and during the suckling

onset of puberty (day 212; range 200-221) compared to con—period and in unexposed animals £ 8).

trol animals Fig. 1). It must be noted that one doe exposed
to PCB 153 reached puberty 8 weeks before the control an-
imals and as a result this doe was omitted from the analy-
sis. There was no difference in progesterone concentration
or in body weight at the time of the onset of the puberty
between any of the experimental groupsg( 2). A signif-
icant lower pre-pubertal LH concentratioR & 0.05) was
found in the PCB 153 exposed animals compared to the con-
trol animals Fig. 3). No significant differences were shown
between the PCB exposed groups and the controls in the
pre- and post-pubertal concentrations of FSH and Prl.

The oestrous cycles of the juvenile does were synchro-
nized using a 14 days intravaginal progestagen sponge
Streatment. The concentrations of FSH, Prl, Ey( 4) and
P4 (Fig. 6) are expressed on a time scale relative to the
peak of the individual preovulatory LH surgeFEig. 5).
Progesterone was significantly increased from days 4
throughout day 14 after the preovulatory LH surge in the
PCB 153 treated animals compared to both control and
PCB 126 exposed animalfif. 6). FSH, E2 and Prl were
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Fig. 3. Mean luteinizing hormonefS.E.M.) level in blood expressed as  Fig. 6. ProgesteroneS.E.M.) concentration in blood during an induced
mean of 2 weeks intervals from 10 to 32 weeks of age in goats exposed oestrous cycle in 9 months old goats exposed to PCB 153 §) and

to PCB 153 ( = 7) and PCB 1261 = 10) during foetal life and during PCB 126 ( = 10) during foetal life and during the suckling period and
the suckling period and in unexposed animails=(7). in unexposed animals(= 8).
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affected neither by day nor by treatment. Even though not the GnRH pulse generator runs at high frequency. As a con-

significant, the peak LH surge in the PCB 153 group was sequence the pituitary produces high-frequency LH pulses

numerically lower than in the control groupig. 5. culminating in ovulation[45]. The timing of puberty is
governed by both internal and external factors such as birth
weight, nutritional state, photoperiod, circadian/circannual

4. Discussion rythms and the hormone levels during fetal and prepubertal
life [46].

The results of this experiment indicate that maternal ex- Possible mechanisms for the action of PCB 153 in relation
posure to low doses of the di-ortho-substituted PCB 153 dur- to puberty include alteration of endocrine feedback loops and
ing gestation and lactation suppressed prepubertal plasmahanges in circulating hormone levels. The lower prepubertal
LH concentrations and delayed the onset of puberty of the LH concentration in the PCB 153 group may have influenced
female offspring. The signifcance of these observations is the observed delay in puberty.
highlighted by the fact that the levels of PCB 153 in the Initiation of events leading to first ovulation is dependent
adipose tissue of the offspring (mean 5800 ng/g) were lower of high frequency LH pulses and any condition that leads
than those found in polar bears on Svalbard (mean 7080 ng/gto deficiency in tonic LH secretion may delay the onset of
subadults)[30]. The PCB 153 concentration in goat kid puberty such as in the undernourished Igdh]. A distur-
plasma is 20-fold higher than the level found in a group of bance of the inhibitory feedback action of the small amounts
Swedish mer{39]. In contrast, maternal exposure to PCB of oestradiol secreted by the ovary in the immature female
126 at the low level tested in the present study did not affect may disturb the normal pubertal development. Meikle et al.
any of the reproductive parameters measured in the femaleg[47], exposed premature ewe lambs to exogenous oestra-
offspring. It should be noted that the PCB 126 concentration diol and showed that long time exposure had negative effect
in goat kid plasma is at the same level as found in human on LH secretion. Premature lambs showed lower LH secre-
blood[40] and based on the present study it is not possible to tion and delayed puberty following chronic treatment with
draw conclusions on possible effects at higher exposure lev-exogenous oestradipd8]. Reduced LH secretion is previ-
els. PCB 126 have been given a TEF-value of 0.1 due to its ously found in rats exposed to PCB 126 and PCB [§3
relative potential to activate the AhR compared with TCDD However, the study exposed adult animals only.

[5,41]. The concentration of PCB 126 times its TEF-value  The reduced LH concentration in the PCB 153 group may
provides an estimate of the potential toxicity in terms of be due to effects upon the pituitary and/or hypothalamus or
TCDD equivalents (TEQ). The TEQ-value for PCB 126 in by a direct effect on the ovary. A direct effect of PCB153
the adipose tissue of the kids was estimated to be 49 pg/gon ovarian follicular oestradiol secretion was found in vitro
TCDD equivalents. This value can be used to compare theby exposure of theca and granulosa cells using doses rele-
negative results of the present study with data available in vant to those used in the present experinj@a}. Direct ef-

the literature for other AhR agonists. fects of PCB on the pituitary and/or hypothalamus have also

The reduced prepubertal plasma concentration of LH and been reportefd,11]. The effects on gonadotrophin secretion
the delayed onset of puberty observed in this experiment, caused by A1242 and PCB 52 (ortho-substituféd]) were
suggest that PCB 153 can influence sexual maturation insimilar to those observed following E2 treatment. In the De-
female goats. Impacts of PCBs on pubertal events aftersauliners study9], they found similar effects between PCB
perinatal exposure have been reported in previous stud-153 and E2 on distribution of FSH isoforms, suggesting that
ies and include both delays and accelerations of pubertyPCB 153 may exert an oestrogen-like action.
[2,42,43,44] The timing of vaginal opening occurred earlier One of the females in the PCB 153 group was regarded as
and the first oestrus was delayed in rats exposed perinatallyoutlier and excluded from the statistical calculations due to
to a commercial mixture of PCB congeners (Aroclor 1254) the fact that she reached puberty almost 8 weeks before the
in comparison to control animalgl2]. In contrast, Sager  other does. It is difficult to explain the severe advancement
and Girard[2] identified a delayed vaginal opening and de- of puberty in one goatin the PCB 153 group in contrast to the
layed puberty in rats exposed to Aroclor 1254. Guinea pigs delayed puberty observed in the seven others. One possible
exposed to PCBs (Clophen 50) in utero and via mothers explanation may be the concept of hormesis characterized by
milk showed a delayed onset of pubef43]. In girls, an an U-shaped dose response relationship. Adverse effects do
inverse relationship between breast development and dioxinnot increase monotonically with dose, but decrease initially
like compounds has been reporfdd]. In the same study, as dose increases and then rise with higher dpesH1]
serum concentration of PCB 153 was inversely correlated In the present study, we investigated the effect of perinatal
with pubic hair growth and genital development in boys. exposure to PCBs on oestrus cycle patterns by analysing the

During the prepubertal period the hypothalamic-pituitary plasma levels of Prl, E2, LH, FSH and P4 during an oestrus
axis is highly sensitive to inhibitory effects of gonadal cycle. A significantly higher plasma progesterone concentra-
steroids, hence the circulating gonadotropin concentrationstion during the luteal phase was found in the PCB 153 group
remain low. During the transition to puberty, the response to compared to the control group. The measurements were con-
ovarian estradiol inhibitory feedback action is reduced and ducted 8 months post-exposure indicating an irreversible
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change in endocrine function. To our knowledge there are nodiffering in both tissue distribution and biological activity
studies that have investigated luteal progesterone concentraf65]. Recent cloning of ER was followed by the discovery
tions following perinatal exposure to PCBs. A previous study of a variety of its isoforms, and diversity in ERisoforms
performed on pregnant mink reported increased P4 concen-may influence the E2 respon,67] In addition, increas-
trations following exposure to PCB 153 and decreased P4ing evidence indicates the presence of functional ERs on
concentrations following exposure to PCB 126 during preg- cell membranes involved in rapid effects of 88B,69] It
nancy[52]. In contrast, P4 concentrations were increased by has also been shown that various estrogenic compounds
PCB 126 and unchanged by PCB 153 in adult female mink, cause differential activation of ER80,71]

which were not pregnarib3]. The cause of this apparent The question is if such mechanisms of action can explain
discrepancy in the results are unknown but may be explainedthe lower LH-levels, the delayed puberty and the increased
by different time of exposure in relation to hormonal status. progesterone concentration during the luteal phase caused
In an in vitro study, theca and granulosa cells in culture were by perinatal exposure to PCB 153. Those results resemble
exposed to increasing doses of PCB 153 and PCB 126, and a&ffects observed after prepubertal exposure to exogenous E2
dose-dependent increase in progesterone levels were foung47,48,58,72] suggesting that PCB 153 may interfere with

in both cell types exposed to PCB 153. In the cell cultures ex- estrogenic action. A strong evidence for the hypothesis is
posed to PCB 126, increased progesterone production wereahe studies by Bonefeld-Jorgensen eféd] and Rattenborg

only seen following exposure to the highest d{i4]. et al.[73] which showed that PCB 153 have the potential to
Increased LH-induced progesterone synthesis was foundinterfere with ligand mediated ER activity.
in immature rats following treatment with a commercial In conclusion, low dose exposure to the highly bioac-

mixture of PCBs (Clorphen A-30[54]). In female polar cumulated PCB 153 during gestation and lactation disrupt
bears exposed to a mixture of environmental chemicals in- normal hormone production and puberty development in fe-
cluding PCBs, the progesterone concentrations were posi-male offspring. The fact that the effects were caused by PCB
tively correlated with plasma sum PCB concentratifirg. 153 and not PCB 126 suggest that AhR independent mech-
In both studies the animals were exposed to a mixture of anisms are involved. PCB 126 may have produced effects
possible harmful chemicals. The complexity of such mix- at exposure levels above the low level tested in this study.
tures, make it difficult to interpret the toxicity of single con- Conclusions regarding the mechanisms behind PCB 153's
geners. The clinical or biological importance of the increased toxicity are not possible to draw based on the present study
progesterone levels during the luteal phase observed in theand warrants further research. The environmental abundance
present study is unknown. However, several studies haveand the endocrine disruptive effects of PCB 153 showed
demonstrated irregular oestrus cycles following PCB expo- in the present and previous studies raise the question if
sure[42,55-57] Loss of regular oestrus cyclicity was found di-ortho-substituted PCBs should be incorporated in risk as-
after prepubertal exposure to low doses of oestrd§8h sessment of PCBs.
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