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Abstract

The use of polychlorinated biphenyls (PCBs) has been largely prohibited since the 1980’s, though PCBs are still
common in the environment. Non-dioxin-like (NDL) PCBs are abundant in food and (human) tissue samples and
previous studies have shown that NDL-PCBs act as endocrine disruptors by affecting steroidogenesis and are
potentially neurotoxic. However, their toxicological properties are still poorly characterized. In the present study,
human placental microsomes were used to assess the effect of 20 NDL-PCBs on aromatase activity, a key
enzyme in the steroidogenesis pathway. Of these 20 congeners, only PCB28 inhibited aromatase agtivity (IC
1.3 uM). In subsequent experiments, the effects of four comiDL congeners (PCB28, 52, 153 and 180) on
human GABA, receptors expressedXenopus oocytes were investigated using the two-electrode voltage clamp
technigue. None of the tested congeners had antagonistic effects. However, PCB28 and PCB52 (gtMl)and 10
were able to potentiate the GABA response under conditions of low receptor occupancy, indicating that these
NDL-PCBs act as partial GABA agonist. GABA is not only a major inhibitory neurotransmitter in the brain, but
also an important modulator of the endocrine system. These findings further add importance to the neurotoxic
and endocrine disruptive potential of NDL-PCBs.

Introduction

Polychlorinated biphenyls (PCBs) comprise a group of 209 different congeners. Due to their non-flammability,
chemical stability and high dielectric constants, PCBs have been widely used in a number of industrial and
commercial applications such as fluids in transformers, capacitors, rubber products and plasticizers-in paints
Although production and use of PCBs has been prodlilnitanost countries since the 1980’s, they are still
present in electronics, plastics and building materials and can be found in the environment and the food chain.
Consequently, laboratory studies have been performed to assess the neurobehavioral effect of PCBs,
demonstrating that non-dioxin-like (NDL) PCBs, dioxin-like PCBs and PCBs mixtures interfere with motor
activity, learning, memory and attention, responsiveness to aversive stimuli, neuromuscular development, and
sensory function®. Additionally, animal studies with PCB mixtures demonstrated that PCBs decrease serum
levels ofgt?lyroxine (T4) and triiodothyronine (T3), enlarge the thyroid glands and increase cytochrome P450
activities:”

NDL PCBs have been considered less toxic because of ghéiv-substituted chlorines, which prevent
interaction with the aryl hydrocarbon (Ah) receptoNevertheless, severah vivo andin vitro studies have

shown that NDL-PCBs have neurotoxic effects by interfering witf* Gemeostasisor change brain
neutransmitter level§™®. This is of particular interest because several of the studied parameters are thought to
be related to modulation of motor activity, learning and memory, neural damage and abnormal brain
development.

NDL-PCBs have also been reported to affect the endocrine system, including both estrogenic and anti-estrogenic
effects. Studies have reported an increase in uterine weight and changes in estrogen and progesteroHe receptors
Furthermore, other studigsave shown that NDL-PCBs can interfere with the binding of testosterone to the
androgen recepttt

Comparison of the toxicological properties of NDL-PCBs in feed and food has been hampered by the lack of
consistency of the studied congeners, as their chemical purity was not always tested and the mixtures used were
not relevant for human exposure situations. Therefore, in 2005 EFSA has released a risk assessment publication
regarding the presence of NDL-PCBs in feed and food, based on 6 congeners. The sum of these six indicator
congeners represents about 50% of all NDL-PCBs in food. Although isorm@ andin vitro studies have been
performed with the referred congeners, a clear toxicological overview and risk assessment of the effects of NDL-
PCBs is hampered by the limited amount of available data.
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As aromatase (CYP19) is one of the key enzymes in the steroidogenesis pathway, mediating the conversion of
androgens into estrogens, in the present study the effects of NDL-PCBs on aromatase activity were investigated.
Furthermore, ag-aminobutyric acid (GABA) is known to play a role in the modulation of the endocrine system
and is the main inhibitory neurotransmitter in the adult mammalian central nervous $gstidro,experiments

were carried out to investigate the effects of NDL-PCBs on GAR#&eptor, the main GABA receptor.

Materials and M ethods

Chemicals

NDL-PCBs were synthesized and purified by Dr. Patrik Andersson (Chemistry Department, Ulme& University,
Sweden). The used PCBs were: PCB19, PCB28, PCB47, PCB51, PCB52, PCB53, PCB74, PCB95, PCB100,
PCB101, PCB104, PCB118, PCB122, PCB128, PCB136, PCB138, PCB153, PCB170, PCB180, PCB190.

Human placenta microsome fraction

A human placenta was provided by Dr. Paul de Jong (Antonius Hospital, Nieuwegein, The Netherlands) and
stored at -70°C until analysis. In order to isolate the microsomal fraction from the human tissue, the samples
were weighed and homogenized in 10 volumes of TRIS-HCI buffer using a plotter device, centrifuged for 25
minutes at 15,000 rpm at 4°C and the supernatant was centrifuged again for 1.15 hr at 47,000 rpm at 4°C. Then,
the supernatant was decanted and the pellet was resuspended in sucrose solution (0.25M). The microsome
suspension was frozen in aliquots at -70°C and stored until use. Protein content was measured according to
methods described earfférProtein levels were calculated from a standard curve using bovine serum albumin
(Sigma A7030).

Aromatase assay

The catalytic activity of aromatase was determined in human placental microsomes based on the tritiated water-
release method of Lephart and Simpson (1¥94jth modifications as described by Sanderson et al. (2001)

The aromatization of the substratgd{H]-androstenedione producdd,O (tritiated water), which is measured

by this method. The specificity of the aromatase assay was verified using 4-hydroxyandrostenedione, an
irreversible inhibitor of the catalytic activity of aromatds@he 20 different congeners were tested at a high (10
uM) and low (1uM) concentration. The PCBs which showed an inhibittbthe aromatase activity were also
tested in a concentration range of 10 nM tquRb

All experiments were done in triplicate, and within an individual experiment each concentration was tested in
quadruplicate. All results are presented as mean = r883).(IG;, calculations were done using Prism 3.0
(GraphPad Software Inc. San Diego, CA, USA).

Expression of GABA receptor in Xenopus Laevis oocytes

Xenopus laevis were anaesthetized by submersion in 0.1% MS-222 and ovarian lobes were surgically removed.
Oocytes were defolliculated manually after treatment with 1.5 mg/ml collagenase type ¥'-ifte€aBarth’s
sdution for 1.30 hr at room temperature. Plasmids coding for the hathgi? and y2, subunits of neuronal
GABA, receptors, dissolved in distilled water at a 1:1:1 molar ratio, were injected into the nuclei of stage V or
VI oocytes (~1 ng of each plasmid; total injection volume of ~18 nl/oocyte). After injection oocytes were
incubated at 21°C in modified Barth’s solution containing (in mM) 88 NaCl, 1 KCI, 2.4 NaHCO3, 0.3
Ca(NGy),, 0.41 Cadl, 0.82 MgSQ, 15 HEPES, and 5Qg/ml neomycin (pH 7.6 with NaOH). Experiments
were performed on oocytes after 3-6 days of incub&tion

All experiments were approved by the Utrecht University Ethical Committee for Animal Experiments, and in
accordance with Dutch law.

Electrophysiology recording

Oocytes were voltage clamped using two microelectrodes (0.5-Q)5fiMed with 3 M KCI and a custom-built

voltage clamp amplifier with high-voltage output stage according to the methods described by Stiihnfér (1992)
The external saline was clamped at ground potential by means of a virtual ground circuit employing an Ag/AgCl
reference electrode and a Pt/Pt-black current-passing electrode. Membrane current was measured with a current-
to-voltage converter incorporated in the virtual ground circuit. The membrane potential was held at AD mV
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experiments were performed at room temperature (22-24°C). Oocytes, placed in a teflon tube with an inner
diameter of 4 mm, were continuously perfused (superfusion rate ~30 ml/min) with saline solution containing (in
mM) 115 NacCl, 2.5 KCI, 1 Cagl10 HEPES (pH 7.2 with NaOH). GABA and PCB-containing solutions were
prepared freshly before each experiment. PCBs were applied by switching the superfusate between control and
PCB-containing saline using a servomotor-operated valve.

To establish a GABA dose-response curve and, therefore, to determigealL EG, values, i.e., the
concentrations producing 20% and 80% of the maximal response, oocytes expressing ea&#ors were
exposed to a GABA concentration range of¥ to 3 mM (Fig 2A). To determine antagonistic or agbici

effects, NDL-PCBs were applied for 20s, either alon@NLor 10 uM), or co-applied with GABA-containing

saline with EGy and EG, concentrations of GABA (see Fig 2B for example recording). A washout period of 2-

5 min was allowed between each PCB or GABA application to allow the receptors to recover from
desensitization.

Amplitudes of ion currents were measured and normalized to the amplitude of GABA-induced control responses
(1 mM) to adjust for differences in receptor expression levels among oocytes and for small variations in response
amplitude over time. The percentage of PCB-induced potentiation of the GABA-induced ion current was
calculated from the quotient of the maximum amplitude of the co-application response (during 20 sec) of the
PCB and that of the control response at the same time point. Concentration-effect curves were fitted to the data
obtained in separate experiments using GraphPad prism (version3.0) and data represent mean + SD. For each
experiment 3-5 oocytes were used.

Results and Discussion

NDL-PCBs effects on aromatase activity:

The possible inhibitory effect of 20 different NDL-PCBs on aromatase activity was studied using human
placental microsomes. Of the 20 tested congeners, only PCB28 showed a significant inhibition of aromatase
activity at 1 and 1@M (Fig 1A). This PCB was further tested at concentragiranging from 10 nM to 28\,

to obtain a dose-response curve. At the highest concentration tesidd)Z3CB28 inhibited aromatase activity

by approximately 70%, with an estimated IC50 value of dMB(Fig 1B). This suggests that PCB28 interferes

with aromatase activity via catalytic inhibition, indicating a potential interaction of this PCB in steroidogenesis.
Further studies will be performed to determine the possible potentiating effects of NDL-PCBs on aromatase
activity and expression levels in the H295R human adrenocarcinoma cell line
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Fig 1. Effects of different NDL-PCNs on aromatase activity (A) and dose-response curve of PCB28-induced inhibition of aromatase activity
in human placental microsomes (B). Values represent mean + S.D.

NDL-PCB effects on GABA receptor activation

Oocytes expressing humad, B2 andy2,. GABA, receptors were voltage clamped at -60 mV and superfused
with external solution containing the agonist GABA. The amplitudes of the resulting ion currents were
dependent on the agonist concentration. Peak amplitudes of the GABA-induced currents were measured,
normalized to the response obtained with 1 mM GABA, and plotted against GABA concentration in each
experiment for fitting a concentration-effect curve according to the Hill equation (Fig 2A).
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In subsequent experiments, possible antagonistic and agonistic effects of four common NDL-PCBs (PCB28,
PCB52, PCB153 and PCB180) on GAB#Feceptor activation were studied. NDL-PCBs, diluted in saline, were
applied for 20 sec to assess possible agonistic effects on the GAdRAaptors. At the used concentrations of 1

uM and 10uM none of the NDL-PCBs appeared able to activate GABZeptors. Further, co-application of

these PCBs (M and 10uM) with GABA at the EG, concentration demonstrated that none of these PCBs had
artagonistic properties at these concentrations. Finally, effects of co-application of these RGBar{d 10

uM) with GABA at the EGy concentration were studied to reveal possible potentiating effects of the tested
PCBs.

PCB28 (1uM) potentiated the GABA-induced inward ion current8®/+ 13 % when co-applied with GABA at

EC,, concentration. The amount of potentiation increased to 159 + 61 % at the high PCB concentrafidn (10
(Figure 2B and 2C). Comparable results were obtained for PCB52, although PCB52 was less potent in
potentiating the GABA-induced ion current at 5€oncentration. The amount of potentiation atM PCB52
amainted only 13 + 5.4 %, whereas M PCB52 potentiated the response with 28+ 4.4 % (Big@d 2C).
PCB153 and PCB180 were unable to potentiate the GABA-induced ion currenyabBEentration (Fig 2B).

Though these findings clearly indicate that PCB28 and PCB52 act as partial agonists of thg @é&#or,

further experiments are required to determine the full dose-response curve of the described potentiating effects of
these NDL-PCBs. Nonetheless, these findings can be of considerable importance as studies have shown that
lower chlorinated NDL-PCBs (such as PCB28 and PCB52) were detected more often and in higher
concentrations in plasma or blood sampéder human exposure to several PCBs via indodt. diforeover,

GABA is not only the main inhibitory neurotransmitter in the central nervous system but also plays a major role
in the modulation of the endocrine systér’. Consequently, the observed inhibition of aromatase activity as
well as the potentiation of GABAreceptor activation adds to the neurotoxic and endocrine disruptive potential

of lower chlorinated NDL-PCBs.
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Fig 2. Agonist dose-response curve of humaf2y2, GABA, receptor expressed in Xenopus oocytes with example inwach@énts

ewked at different GABA concentrations (A). Concentration-dependent potentiating effects of PCB28 and PCB52, in comparison to
PCB153 and PCB180, which showed no effect. The traces illustrate the co-application of GABA and PCB (B). Potentiating effects of PCB28
in comparison to PCB52 (C). Data are mean + $hE8 (5 oocytes)
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