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Abstract

Recent studies indicate that co-planar’3,&,5-pentachlorobiphenyl (PCB) congeners or their metabolites may disrupt
thyroid function in fishes. Although co-planar PCB have been detected at microgram per kilogram levels in fish from con-
taminated areas, few studies have examined mechanisms whereby, co-planar PCBs may alter thyroid function in fish. We
treated immature lake trout by intraperitoneal (i.p.)-injection or dietary gavage with vehicle containing 0, 0.7, 1.2, 25 or
409 3,3,4,4,5-pentachlorobiphenyl (PCB 126) per kg BW. Blood and tissue samples were collected at various times up
to 61 weeks following exposure. The treatments produced sustained dose-dependent elevations of tissue (PCB 126) concentra-
tions. Thyroid epithelial cell height (TECH), plasma thyroxing)@nd 3,3,5-triiodo--thyronine (T) concentrations, hepatic
5'-monodeiodinase, hepatic glucuronidation g&Rd Tz, as well as plasmaykinetics and fish growth were analyzed. Exposure
to the highest doses of PCB 126 caused increased TECH, plasahm@mics and 7-glucuronidation (}-G). PCB 126 did
not affect >monodeiodinase and;glucuronidation (E-G) and there were no effects on fish growth or condition. Because
T3 status and growth were unaffected, the thyroid system was able to compensate for the alterations caused by the PCB 126
exposure. It is clear that concentrations of co-planar PCBs similar to those found in predatory fish from contaminated areas in
the Great Lakes are capable of enhancing metabolism.offfese changes may be of significance whgmefuirements are
high for other reasons (e.g. periods of rapid growth, warm temperatures, metamorphosis, and parr-smolt transformation).
Crown Copyright © 2003 Published by Elsevier B.V. All rights reserved.
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1. Introduction

The co-planar 3/34,4,5-pentachlorobiphenyl
PCBs (i.e., congeners with lateral buterhochlorine
" * Corresponding author. substitution) can adopt a planar shape similar in struc-
E-mail address:cott.brown@ec.gc.ca (S.B. Brown). ture to 2,3,7,8-tetrachlorodibenpadioxin (TCDD).
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These planar TCDD-like compounds bind to a cy-
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T4 to T3 and the E availability to target cell receptors

tosolic protein (ah-receptor) that has been connectedcannot be monitored reliably from plasma Tevel

with a variety of toxic responses: thymic involution,

alone. However, the potential for producing €an

teratogenicity and metabolic disturbances leading to be assessed in vitro from the activities of a suite of

“wasting” (Goldstein and Safe, 1989In the preda-
tory fishes of the Great Lakes, the co-planar PCBs
represent a predominant source of dioxin-like toxic
equivalents (TEQs)anz and Metcalfe, 1991; Huestis
et al., 1996; Giesy et al., 19970f the various co-
planar PCBs, 3/3,4,5-pentachlorobiphenyl (PCB
126) often contributes most significantly to observed
TEQs Huestis et al., 1997; Giesy et al., 199The
co-planar PCBs and other TCDD-like compounds are
also known disruptors of thyroidal function in mam-
mals Brouwer et al., 1998 There are few studies

rate-limiting deiodinations in liver and brain. These
deiodinases are highly sensitive to environmental fac-
tors including stressorgd@hnston et al., 1996Hence
deiodination activities in conjunction with plasma T
and T3 levels may more adequately evaluate periph-
eral thyroidal (B) status Eales et al., 1999 Assays
for the post-receptor effects ofsTare currently un-
der development and have not been routinely applied
to assess the impacts of environmental factors on fish
thryoidal statusEales et al., 1999

Recently, we reported that dietary exposure of

assessing the consequences of these compounds ogoung (G+) rainbow trout to PCB 126 lowered mus-

the thyroidal status of fishBesselink et al., 1997;
Brown et al., 19982002;Adams et al., 2000; Grinwis
et al., 2000 and they are generally limited in their
overall scope.

Thyroid hormones together with other hormone

systems, promote growth, development and early re-

cle T3 and T, stores Brown et al., 2002 To further
investigate the potential of PCB 126 to impact thy-
roidal status in fish, we examined the consequences
of long-term exposure to PCB 126 on thyroidal status
of juvenile lake trout $alvelinus namaycuglgiven
sublethal doses by intraperitoneal injection or orally

productive events, and are generally associated with by gelatin gavage. The dosages were designed to

protein anabolism in fish Hales and MacLatchy,
1989. The thyroid of fish, under the control of
thyroid stimulating hormone (TSH) from the pitu-
itary, secretesa-thyroxine (Tz) into the circulation.
T4 enters target cells where it undergoes outer-ring
5'-monodeiodination (T4ORD) to 3,3-triiodo-i-
thyronine (B). Because T is the most effective
endogenous ligand for hormone receptor binding, it
is considered the active thyroid hormorteales and
Brown, 1993. One of the routes for inactivation and
excretion of Ty and T3 is via their conjugation (glu-
curonidation and sulfation) and elimination in the bile
and urine.

There is no single biomarker capable of examining
all aspects of fish thyroid functiofcales et al. (1999)
recommend that screening for xenobiotic effects on
the fish thyroid system requires monitoring at three
levels: (i) the centrally-controlled thyroidal secretion
of T4 prohormone to the plasma {Tynamics), (ii)
the peripherally-controlled conversion of 1o active
T3 (T3 dynamics), and (iii) the post-receptor effects
of T3. The centrally-controlled thyroidal secretion of
T4 can be monitored from the plasma total and free
T4 levels and from thyroid or thyrotrope histological

produce tissue burdens of PCB 126 comparable to
those reported in predatory fishes of the Great Lakes
(Huestis et al., 1997; Giesy et al., 199%%s well as
higher concentrations more characteristic of possible
historical concentrations. We assessed a variety of in-
dices of thyroidal status (thyroidal histology, plasma
thyroid hormone (¥ and T3) concentrations, hepatic
thyroid enzymes and plasma Kinetics) that are ca-
pable of detecting the effects of environmental factors
on both central and peripheral control mechanisms
of the thyroid axis. Although we did not monitor
for specific post-receptor effects ofs,Twe did use
fish growth and condition to assess the overall func-
tional integrity of the various systems associated with
protein anabolism in fish.

2. Materials and methods
2.1. Fish maintenance
Lake trout, S. namaycush(3 + years, weight,

336+ 79, fork length 328 £+ 0.4cm (X + SE.),
and N = 240) were held at the Freshwater Institute,

appearance. The peripherally-controlled conversion of Winnipeg, Manitoba. The stock was obtained as eggs
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from brood-stock in White Swan Lake, Saskatchewan.
Fish were reared in 5001 fibre glass tanks with
flowing, aerated, dechlorinated Winnipeg city water
containing the following major ion concentrations:
0.51mmol C&*/l, 0.24mmol Mdg*t/l, 0.14mmol
CI=/I, 0.08 mmol Na/l, and 0.04 mmol K/I. Wa-

ter hardness was equivalent to 0.75mmol CalCO
(75 mg/l) with an average pH 7.7. Fish were fed Mar-
tin Feeds trout food (Elmira, Ontario) at a ration of
1.5% wet BW every second day.

2.2. Chemicals

Uniformly ring-labelled }*C]-3,3,4,4,5-pentachl-
orobipheny! (specific activity= 8.7 x 10 Bg/mol)
was obtained from Sigma Chemical Co. Unlabelled
PCB 126 was purchased from Ultra Scientific.
Reverse-phase HPLC with radiochemical detection
and capillary GC analysis, with electron-capture de-
tection showed a radiochemical purity of >99%.

2.3. Experimental fish

Treated fish were held in fibre glass tanks (1301).
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ter taken the day after and at 1, 2 or 4 weeks after
dosing.

2.4. Experiment 1: i.p.-injection

Injection solutions were prepared by evaporating a
hexane solution of PCB 126 to near dryness under N
and then mixing with corn oil. After acclimation, fish
were lightly anaesthetized in pH-neutralized TMS and
NaCl. When the fish lost equilibrium, they were blot-
ted to remove excess moisture, weighed and injected
(1 ml/kg) into the peritoneal cavity with corn oil (con-
trols) or corn oil containing doses of PCB 126 that
produced exposures of 0.7 or 2§ [1*C] PCB 126 per
kg BW. For each sampling period, five fish from each
treatment group were randomly allocated to a pair of
holding tanks. After 1, 3, 6, 13, 20, and 30 weeks, trout
were anaesthetized directly in the paired test tanks by
adding pH-neutralized TMS (0.76 mmol/l) solution.
All fish were starved for 3 days before sampling. Blood
was removed from the caudal vessels in 2—3 min using
preheparinized 3 or 5ml syringes and 18 gauge nee-
dles. Plasma was immediately separated by centrifu-
gation and stored at90°C in polyethylene vials. To

Temperature was maintained between 11.5 and minimize potential diurnal effects, samples were taken

13.1°C and the photoperiod was adjusted to 12h
light and 12 h darkness. Fish were fed trout food at
a ration of 1% wet BW every second day. Initially,

fish were lightly anaesthetized in water containing
tricaine methanesulphonate (TMS, 0.38 mmol/l) so-
lution neutralized to tank pH with ammonium hy-

droxide and added NaCl (150 mmol/l) approximately
iso-osmotic with fish plasma. Visual implant tags
(Northwest Marine Technology, Shaw Island, WA,

USA) were implanted in the clear cartilage posterior

between 0830 and 1000 h each day. Immediately after
final blood sampling, tissues were quickly dissected,
weighed and processed as required for thyroid histol-
ogy, liver enzyme analysis, and tissue PCB 126 levels.

2.5. Experiment 2: oral gavage
Oral gavage solutions were prepared by dissolving

PCB 126 in ethanol and warmed gelatBjitn et al.,
1990. Fish were lightly anaesthetized in water con-

to the eye and fish were allowed 4 weeks recovery taining pH-neutralized TMS with NaCl weighed and

and acclimation prior to dosing. Treated fish were
given either a single intraperitoneal injection (Exper-
iment 1) or a single oral dose (Experiments 2 and
3) containing vehicle or PCB 126. Fish recovered
from the procedures in anesthetic-free water within
3 min. Both control and treated fish were housed to-

given gelatin/ethanol solution (2 ml/kg BW) contain-
ing PCB 126 to produce exposure concentrations of
0 (control), 1.2 or 4Gwg [1*C] PCB 126 per kg BW.
The warmed gavage solution (approximately°@)
was directly introduced to the stomach through the
mouth using a syringe and a polyethylene catheter

gether in each tank. Secondary uptake of excreted (approximately 10cm) that had been heat-flared to

PCB was limited by removing the feces and contin-
uous recirculation and filtration of the tank holding

prevent tissue damage. The gelatin solution rapidly
solidified on the stomach walls of the much cooler

water with activated charcoal. There was no evidence fish. For each sampling period, five fish from each
of any radiolabelled materals in hexane/ethyl acetate treatment group were randomly allocated to a pair of

extracts prepared from 21 samples of the tank wa-

holding tanks. After 1, 3, 8, 19, 40, and 61 weeks,
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trout were anaesthetized directly in the test tanks by 2.8. Histology
adding pH-neutralized TMS (0.76 mmol/l) solution

and sampled similar to Experiment 1. Lake trout thyroid tissue consists of glandular fol-
licles scattered about the ventral aorta at the base
2.6. Experiment 3: plasm@?°117; kinetics of the branchial arches (particularly arches 1 and 2).

Tissues were fixed for 24 h in Bouin’s fluid, washed

Trout (five per treatment) were given vehicle and in 70% ethanol, dehydrated in 1-butanol and embed-
PCB 126 (4Qug/kg BW) by the oral gavage proce- ded in paraffin as described Brown et al. (1998)
dure. After 7 weeks, fish were cannulated and allowed The slide preparations (10m sections) were stained
to recover from surgical procedure free-swimming in with Harris’ hematoxylin and eosin, and examined for
individual 1201 tanks for 7 days prior to their use in pathological alterations. For morphometry, the micro-
kinetic experimentsBrown et al., 1985 Fish plasma  scopic image of each tissue was projected onto a dig-
was used to suspend?PI]T 4 (33.3 GBgftmol). The itizing board interfaced with a PC. Thyroid epithelial
[129]T4 in the plasma vehicle (5Q1) was injected cell thickness (TECH) determinations were made for
into the fish through the catheter without the need each fish. The first 10 follicles observed with the mi-
for further manipulation or anaesthesia. The contents croscope were measured. Four measurements of cell
of the tubing were also immediately flushed into the height (from basement membrane to surface adjacent
fish with an additional 10Q.l of injection vehicle and to colloid) were made at opposite horizontal and verti-
100pl of physiological saline. After corrections for  cal extremes of each follicle (40 cells per fish). Mean
iodide contamination, it was calculated that each fish cell height was calculated by the direct method of
received 54 + 0.7 MBq [*?°I]T 4. Preliminary exper-  Kalisnik et al. (1977)
iments indicated that residual radioactivity in the can-
nula attached to the fish was low 8 Bq) and did not 2.9. Plasma thyroid hormone analyses
contaminate subsequent blood samples. Blood sam-
ples (20Qul) were removed after discarding the can- Radioimmunoassays fosnd T; used established
nula dead volume at 5, 15, 45, 120, 420, 900, and proceduresErown and Eales, 1937
1440 min. The total blood volume removed prior to
the last sample was10% based on a blood volume 2.10. Hepatic enzymes for thyroid hormones
of 5.0% BW Sefkow et al., 1996 To determine ki-

netics, plasma'£?I]T 4 was isolated from plasma sam- High-Km microsomal outer-ring 'Edeiodination
ples using specific antibodies and column separation of [12I]T4 (T4ORD) was determined at a substrate
techniques as described previouslybgles (1977) concentration of 0.05nM using the method outlined
in MacLatchy and Eales (1992Measurements of
2.7. PCB extraction from tissue microsomal glucuronidation of sTand T3 followed

procedures described Wyinnson and Eales (1997)

Tissue samples were freeze dried prior to extraction. Microsomal uridine-diphosphoglucuronosyl trans-
To extract“C, muscle (5-10g) or liver (0.2-0.5g) ferase activity (UDPGT) was determined using the
samples were homogenized in toluene, centrifuged procedures outlined blpalace et al. (1996)
(10,000x g). The supernatant was then used to deter-
mine 14C by adding a fraction of the toluene extract 2.11. Statistics
to fluor (Atomlight, DuPont, Boston, MA, USA), and
counting by liquid scintillation counter. Counts were PCB 126 concentration data were corrected for
automatically corrected for background by the counter growth dilution. Growth rate was calculated from the
and were corrected for quench using a quench curve equation (specific growth: (In(wt2) —In(wtl))/(t2—
prepared fromt*C-toluene (DuPont). Given the spe- t1)) outlined by Bagenal (1978)Bartlett's test for
cific activity of the 1%C]-PCB 126, detection limits homogeneity of variance was applied to the data. For
were 0.009.g/kg in muscle tissue and 0.9&/kg in clarity of presentation, arithmetic means and standard
liver tissue. errors are given in results. Two-way ANOVA was
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computed and Tukey’s studentized range test was muscle TEQs that between experiments averaged
used to evaluate differences between group means.0.095 (low dose group) and 2.60 (high dose group)
Probabilities of <0.05 were considered significant. nanogram per kilogram after 8-13 weeks exposure.
A three-compartment model was used for the analy- Thus the highest experimental doses produced mus-
sis of T4 kinetics. The nonlinear regression equation cle TCDD-TEQs that are about 20 times lower than

Y() = Are 34 A, e 32 A3e 33 whereY rep- some estimates for predatory fish in Lake Ontario
resents the fraction off2]T4 in 1 ml of plasma was  (Huestis et al., 1997and Lake MichiganGiesy et al.,
used to calculate sTplasma clearance rate4 Gegra- 1997).
dation rate and 4 pool sizes for a three-pool model
(Sefkow et al., 1996 3.2. Thyroid histology
Measurements of epithelial cell height of thyroid

3. Results and discussion follicular cells showed that the higher PCB 126 doses

were capable of temporarily inducing mild hypertro-
3.1. Tissue concentrations of PCB 126 phy at 13 weeks exposure in Experiment 1 and at

8 weeks exposure in Experiment Eig. 2). There
Both i.p.-injection and oral gavage of PCB 126 was no evidence of development of overt goitre or
produced dose-dependent increases in tissue PCBmicrofollicular hyperplasia that has been associated
levels Fig. 1). The lower PCB 126 doses resulted with introduced salmonids from the Great Lakes
in tissue concentrations similar to those reported for
predatory fish (salmonids and walleye) in the Great
Lakes (anz et al.,, 1992; Giesy et al., 1997The

S

IP Injection

tissue levels produced by the high dose are more * Control —e-
. H H . Low —m—
representative of possible historical levels reported High —4—

o]

for predatory salmonids from Lake Ontaribli{estis
et al., 1997 and Lake Michigan$mith et al., 1990
If TCDD-TEQs are considered\(lliams et al., 1992;
Brown et al., 2002, our low and high dose produced

o

Thyroid Epithelial Cell Height (um)

IS

100

0 10 20 30

\
IP-Injection | Gavage Time (weeks)
) \ .
-\; | € 10
EA
= 10 % = Oral Gavage
c ‘ g Control —@-
2 ‘ > Low —m—
= T High —aA—
£ | =
c
@ 1+ ‘ 9
e <
S | £
o ‘ % 2 8
/ '-'J
2 °
0.1 f o ;
o5
Lon 0% o ® g4
0 10 20 30 40 50 60
Muscle Liver Time (weeks)

Fig. 1. Tissue PCB 126 concentration in lake trout exposed by Fig. 2. Thyroid epithelial cell height in lake trout exposed by
i.p.-injection to vehicle, a low dose (Opf/kg) and a high dose i.p.-injection to vehicle, a low dose (Op/kg) and a high dose
(25p.g/kg) of PCB 126 for 13 weeks or by gavage to vehicle, a (25pg/kg) of PCB 126 or orally to vehicle, a low dose (1.8/kg)
low dose (1.2vg/kg) and a high dose (40y/kg) of PCB 126 for 8 and a high dose (40g/kg) of PCB 126. Values represent mean
weeks. Values represent meahS.E.) of five fish in each group. (£S.E.) of five fish in each group.
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(Leatherland, 1993 There have been few other stud-
ies where thyroid histology has been examined in
fishes exposed to planar TCDD-like compounds.
Brown et al. (2002)found no difference in thyroid
histology after 4 weeks of dietary exposure to PCB
126 in juvenile rainbow trout anBrown et al. (1998)
found no effect of 2,3,4,7,8-pentachlorodibenzofuran
on thyroid histology 40 weeks following initial expo-
sure of adult rainbow trout. Owing to the transitory
nature of the response it is highly likely that changes
in TECH were missed in these previous studies. In
teleosts, the thyroid tissue generally consists of dif-
fuse follicules scattered around the base of the ventral
aortic gill arches Eales, 1979 Therefore, any minor
proliferation of thyroid tissue is fairly difficult to de-
termine. In flounder, there were few changes apparent
in thyroid histology 1-8 weeks following oral TCDD
exposuresG@rinwis et al., 200 Long-term exposure
to dietary PCBs given as Aroclor mixtures for 4-12
weeks also showed no evidence of thyroid hyper-
plasia in coho salmonLéatherland and Sonstegard,
1978 and rainbow troutl(eatherland and Sonstegard,
1979.

3.3. Plasma thyroid hormones

Plasma concentrations of, Tvere elevated at 6 and

13 weeks and depressed relative to the controls at 30

weeks by the high dose of PCB 126 in i.p.-injected
fish (Fig. 3). Plasma concentrations of; Tollowed
a similar pattern but did not differ from controls. In

S.B. Brown et al. / Aquatic Toxicology 67 (2004) 75-85
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Fig. 3. Plasma 7T and Tz in lake trout exposed to vehicle, a
low dose (0.7.g/kg) and a high dose (3Eg/kg) of PCB 126 by

i.p.-injection. Values represent meatt$.E.) of five fish in each
group.

total T4 but did not affect the concentration of freg T

contrast, there were no changes in plasma levels whenor total Ts. In an earlier studyBesselink et al. (1996)

fish were exposed by oral gavadéd. 4). The reason
for this is not clear but may related to potential differ-
ences in pharmacokinetics and tissue distribution asso-
ciated with the different routes of exposure. In Arctic
grayling, single dietary 3;31,4-tetrachlorobiphenyl
(PCB 77) doses (10, 100, and 1006/kg BW) did not
alter plasma thyroid hormones or thyroid histology
at 30 or 90 days post-treatmemalace et al., 2001
Plasma T, levels were elevated in plaice following
short-term i.p.-injections (1-week) of a high dose
(500ng/kg BW) of co-planar PCB 77 but not PCB
126 (Adams et al., 2000 In the same experiment,
plasma F levels were unaffectedBesselink et al.
(1997) exposed flounder to TCDD (up to 1p@/kg
BW) by oral gavage and reported that after 10 days
the highest dose lowered plasma concentrations of

exposed flounder to Clophen A50 by i.p.-injection
and after 10 days observed some changes in plasma
T4 and T3. Long-term exposure (4-12 weeks) of
coho salmon to Aroclor mixtures produced lower
plasma B concentrations but did not affect plasma
T4 levels Leatherland and Sonstegard, 1978here
was no effect of Aroclor mixture 1254 on plasma
thyroid hormone levels in one study on rainbow trout
(Leatherland and Sonstegard, 19#8hile in a second
study plasma thyroid hormone levels were depressed
(Leatherland and Sonstegard, 198&xposure of
coho salmon smolts to Aroclor mixture 1254 and fuel
oil increased circulating levels of thyroid hormones
(Folmar et al., 198R Therefore, PCB exposures in
fishes do not appear to elicit consistently detectable
responses in levels of plasma thyroid hormones.
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Fig. 4. Plasma 7T and T3 in lake trout exposed to vehicle, a
low dose (1.2vg/kg) and a high dose (409/kg) of PCB 126 by
gavage. Values represent mearS(E.) of five fish in each group.

3.4. Hepatic enzymes

The activity of TJORD, the enzyme responsible for
conversion of | prohormone to 3, increased between
1 and 3 weeksHig. 5). The initial very low levels may
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Fig. 5. Hepatic TORD in lake trout exposed to vehicle, a low
dose (1.3.g/kg) and a high dose (409/kg) of PCB 126 by oral
gavage. Values represent mearS(E.) of five fish in each group.

deiodination (IRD) pathways responsible deactivation
of T4 and T3. Enhancement of these inactivating path-
ways was a significant effect of PCB 126 in plaice. In
plaice and trout, it is likely that effects of PCBs on
deiodinating activities occur via indirect mechanisms
because in vitro exposure of microsomes to co-planar
PCBs or hydroxy-PCBs had no effect on deiodina-
tion or plasma bindingAdams et al., 2000 In mam-
mals, TCDD and co-planar PCBs generally depressed
hepatic TORD but enhanced braiyORD ([Brouwer

et al., 1998.

Thyroid hormone conjugation with glucuronic acid
inactivates the thyroid hormones, increases their sol-
ubility and facilitates their excretion in bile and urine
(Visser, 1990. Glucuronidation of thyroid hormones
also represents a major pathway for the hepatic
metabolism of thyroid hormones in rainbow trout
(Finnson and Eales, 1996In lake trout exposed

be related to stress effects associated with handling forto PCB 126 by oral gavage, there was a dose re-

dosing (Johnston et al., 1996However, the exposure
to PCB 126 by oral gavage did not altefQRD for up

to 19 weeks following treatmenfdams et al. (2000)
examined thyroid hormone deiodination in plaice fol-
lowing short-term exposure to both PCB 126 and PCB
77 by i.p.-injection. They found that PCB 77 could
influence LORD but consistent with our findings in
lake trout, PCB 126 did not alter,ORD in plaice.
This difference in effect between PCB 126 and PCB

lated increase in hepatics¥glucuronidation (E-G)
(Table 9 but not Tz-glucuronidation (%-G) after 8
weeks. Enhanced hepatic elimination and excretion of
T4-glucuronide has been identified as the most impor-
tant mechanistic response for predicting TCIM®Iin

et al., 199% and co-planar PCBvén Birgelen et al.,
1995 impacts on thyroid hormone economy in mam-
mals. The lack of any effect ongIglucuronidation is
consistent with the hypothesis that similar to mam-

77 may be due to the greater potential for the latter to mals {isser et al., 1998 trout possess a different

be hydroxylated Brouwer and van den Berg, 1986
Adams et al. (2000glso investigated the inner-ring

glucuronosyltransferase enzyme fog metabolism
(Finnson and Eales, 1997Moreover, exposure of
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Table 1 10
Hepatic Ts-glucuronidation and 3-glucuronidation activity in lake
trout exposed to vehicle control, a single low (ju@kg) or a
single high (4Qug/kg) oral dose of PCB 126 for 8 weeks

Parameter

Exposure

Control

Control Low High

25 (6) 013

27 (9)

54 (1)
25 (6)

T4-G (nmol/h/mg protein)
T3-G (nmol/h/mg protein)

15 (1)
19 (3)

Percent Initial Dose

PCB Exposed

Values represent meaa-§.E.) of five fish in each group.
a Significant differences from control values are indicated. 0.01

(I) 260 400 660 8CI)0 1060 1260 1460 1600
Time (min)

lake trout to PCB 126 by oral gavage produced a
prolonged stimulation of UDPGT activityF{g. 6).

In mammals, induction of UDPGT activities by sub-
strates capable of interacting with the Ah-receptor
were most effective at stimulatinggFglucuronidation
(Saito et al., 19911

Fig. 7. Disappearance of43]T4 from plasma of representative
lake trout following 8 weeks exposure to vehicle control or a
single high dose (4Qg/kg) of PCB 126.

degradation rates in lake trout fall in the same range
as those previously reported for rainbow troltles

et al., 1982; Sefkow et al., 1986The change in T
plasma clearance and degradation caused by PCB 126

Exposure of lake trout by dietary gavage showed Was about half that observed during aGBelevation
that PCB 126 accelerated plasma clearanc&h[ 4 in ambient temperatureE@les et al., 1982 Overall,
(Fig. 7). Kinetic analysis indicated that the plasma the findings are consistent with the hypothesis that
clearance rate andsTdegradation rate increased fol- like mammals exposed to TCDD there is enhanced
lowing 8 weeks exposure to PCB 12@aple 2. metabolism of T in peripheral tissues caused by
However, these kinetic changes were not reflected higher glucuronosyl tranferase activity in PCB 126
by the plasma concentrations of Which, similar to exposed trout.
those in Experiment 2, were unaffected by exposure
to PCB 126. The estimated; plasma clearance and 3.6. Growth rates and mortality

3.5. Plasmg!?°I]Ty kinetics

Growth rates in all groups were initially depressed

10 Control —e- (Fig. 8. This was likely due to the stress of han-
* h?“;—_": dling for dosing. After 3 weeks growth rates reached
. M about 0.2% BW per day in all groups and remained
* -
1 AT 1
- Table 2

Effects of PCB 126 exposure (4@/kg) for 8 weeks on plasma
levels, plasma clearance and plasma degradation of thyroxine in
cannulated lake trout

0.1 ¢

UDP Glucuronosyltranferase
(nmol pNp/min/mg protein)

Plasma parameter Exposure
: Control High
0 10 20
. T4 (nmol/l) 0.67 (0.10) 0.84 (0.05)
Time (weeks) Clearance rate (ml/h) 9.20 (1.42) 13.57 (092)
Degradation rate (pmol/h) 6.10 (1.14) 11.33 (0%92)

Fig. 6. Hepatic UDPGT activity in lake trout exposed to vehicle,

a low dose (1.2.g/kg) and a high dose (40g/kg) of PCB 126
by gavage. Values represent meahS(E.) of five fish in each
group. Significant differences from control values are indicat¢d (

Values represent mears-§.E.) of five fish and are based on a BW
of 1kg.
a Significant differences from control values are indicated.
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Fig. 8. Specific growth in lake trout exposed to vehicle, a low
dose (1.2.g/kg) and a high dose (40y/kg) of PCB 126. Values
represent meant(S.E.) of five fish in each group.
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autoregulatory feedbacks at both central and periph-
eral levels Eales and Brown, 1993a clinically eu-
thyroid state was preserved, despite the PCB induced
changes in T dynamics. The specific induction of
Ta-glucuronidation and UDPGT by exposure to PCB
126 suggests that dioxin-like contaminants exert their
influence on thyroid status of fish by a mechanism
similar to that for TCDD in mammalskphn, 2000.

The long-term induction of UDPGT by PCB 126, and
most likely Ts-glucuronidation, is significant because
it chronically elevates f excretion thereby increasing
overall demand for thyroidal sTproduction. This may

be of significance when lrequirements are high for
other reasons (e.g. periods of rapid growth, warm tem-
peratures, metamorphosis, parr-smolt transformation).
Given the tissue burdens of PCB 126 in our experi-
mental fish, it is certain that historical concentrations
of PCB 126 occuring in Great Lakes salmonids were
capable of altering thyroidal status. Moreover, based
on current estimates of TEQs, it is probable that pla-
nar dioxin-like compounds continue to influence thy-
roidal status of predatory fish in the Great Lakes.
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