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Abstract. Ring doves, Streptopel ia  risoria, were 
raised to adult size on either low iodine or normal 
iodine semi-purified diets. Insufficient iodine elic- 
ited thyroid hyperplasia comparable to that previ- 
ously reported in Great Lakes herring gulls, Larus 
a rgen ta tus .  This condition was reversed within 
seven days following a single dose (60 ~g/g body 
weight) of the PCB congener 3,4,3',4'-tetrachloro- 
biphenyl (TCBP) in which group the thyroid weight 
plus colloid diameters were consistent with the de- 
velopment of large-colloid goiter. TCBP exposure 
also decreased the core body temperature, serum 
TT4, and TT 3, indicating that low iodine euthy- 
roidism changed to mild hypothyroidism. Acute ex- 
posure of the normal iodine doves did not cause 
hypothyroidism or affect thyroid histology, al- 
though serum TT 4 and TT 3 decreased significantly. 
In a second study, doves raised on the experimental 
diets received three TCBP doses (3 x 20 p~g/g body 
weight) over a 28-day period. The only significant 
effect associated with TCBP was decreased serum 
TT 4 which occurred in both dietary groups. The 
major conclusions are i) thyroid hyperplasia caused 
by low iodine was not enhanced by TCBP, ii) this 
effect is presumably due to opposing influences 
upon the thyroid-stimulating hormone (TSH) feed- 
back system, and iii) this work in addition to pre- 
vious studies indicate that PCB elicits large-colloid 
goiters in avian species generally, which is an in- 
herently different response to hyperplastic goiter 
produced in mammals exposed to PCBs. 

Histopathologic examinations of fish populations in 
the Great Lakes of North America have shown a 
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relatively high incidence of thyroid anomalies 
"(Black and Simpson 1974; Drongowski et al. 1975; 
Sonstegard and Leatherland 1976). Recent investi- 
gations have revealed similar thyroid anomalies in 
herring gulls, Larus argentatus, sampled from the 
Great Lakes (Moccia et al. 1985). The most pro- 
nounced anomaly is hyperplastic goiter comprising 
the enlargement of the follicle epithelia and reduc- 
tion of the colloid. The occurrence of this goiter- 
like condition is tentatively linked to environmen- 
tal contamination by organochlorine chemicals. 
Among the organochlorines which have accumu- 
lated in Great Lakes' biota, DDT, DDE, mirex, tox- 
aphene PCBs and dioxin (2,3,7,8-TCDD) are known 
to elicit thyroid effects under laboratory conditions 
(Hurst et al. 1974; Jefferies 1975; Bastomsky and 
Murthy 1976; Bastomsky 1977; Leatherland and 
Sonstegard 1979, 1980). When fish were collected 
from the Great Lakes and incorporated into diets 
fed to fish and rats, thyroid effects were elicited 
(Leatherland and Sonstegard 1980, 1982; Villeneuve 
et al. 1981; Hilton et al. 1983). 

Upon closer inspection, the thyroid effects elic- 
ited during laboratory toxicity studies with fish do 
not include the histologic profile observed in Great 
Lakes fish. That is, fish which received diets con- 
taining PCB and mirex (Leatherland and Sonste- 
gard 1977, 1978, 1979, 1980) or diets containing con- 
taminated Great Lakes fish (Leatherland and Son- 
stegard 1982; Hilton et al. 1983) failed to develop 
hyperplastic goiters. Historically, low iodine has 
been considered responsible for endemic (hyper- 
plastic) goiters in humans and fish in the Great 
Lakes region and the hyperplasia in fish prior to 
organochlorine contamination could be reversed by 
the administration of either thyroid preparations or 
iodine (Marine and Lenhart 1914; LaRoche 1952). 
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The lack of a hyperplastic effect in the recent 
feeding studies (Leatherland and Sonstegard 1980, 
1982; Hilton et  al. 1983) may be related to the use 
of hard, well water and mineral-supplemented diets 
which would assure a high iodine intake. Moccia et 
al. (1981) rebut the involvement of iodine deficiency 
by noting that sufficient iodine occurs in the Great 
Lakes to meet the biosynthetic requirements for 
thyroid hormones. Sonstegard and Leatherland 
(1976) argue that the incidence of goiters does not 
correspond with inter-lake differences in iodine 
levels. Also, the between-lake incidences of hyper- 
plastic goiters in birds (Moccia et al. 1985) parallel 
those determined in fish (Moccia et al. 1981) indi- 
cating that physiological responses of fish involving 
the pituitary-thyroid axis during the spawning mi- 
gration may be of minor significance. 

The present studies were designed to investigate 
possible interactions between low iodine intake and 
the goitrogenic effects of organochlorine contami- 
nants. Previous laboratory studies have revealed a 
variety of thyroid disorders in organochlorine ex- 
posed birds (Jefferies 1975) but the interaction with 
iodine insufficiency has not been examined in fish, 
birds, or mammals. A PCB congener was selected 
for these studies, because PCB levels in the Great 
Lakes' ecosystem have been predominant among 
the bioaccumulative organochlorine chemicals 
(Gilman et al. 1979; Durham and Oliver 1983) and 
are of particular concern with respect to natural 
avian populations (Roberts et al. 1978). 

Materials and Methods 

Ring doves, Streptopelia risoria, generously supplied by the Ca- 
nadian Wildlife Service, were held under controlled aviary con- 
ditions of 19-23~ and 14L:10D photoperiod. Birds of approx- 
imately four weeks of age and weighing 80-100 g were removed 
from parental cages and raised for five months on semi-purified 
diets plus distilled-deionized water, ad libitum. The diets were 
formulated according to the standard reference diet for poultry 
(US, NRC 1977) with the exception that reagent grade NaC1 
replaced iodized salt. The antioxidant ethoxyquin was omitted 
to circumvent possible effects on hormone metabolism. Fresh 
diets were prepared monthly in order to minimize degradation 
in the absence of the preservative. The basic diet mixture was 
divided into two parts and supplemented with either the min- 
imum iodine requirement, 300 ~g/kg, or a low concentration of 
iodine, 3 Ixg/kg, as KI .  Preliminary studies demonstrated normal 
growth and reproduction on the full complement, semi-purified 
diet. The semi-purified diets were deemed to be free of naturally- 
occurring goitrogens which may occur in commercial and prac- 
tical-type formulations. 

Doves which had been raised to adult size, i.e., approximately 
160 g, on the experimental diets were given I.E injections (0.16 
ml) of corn oil or corn oil plus 3 ,4 ,3 ' ,4 ' - te t rachlorobiphenyl  

(TCBR Analabs, New Haven, CT) as a suspension. An acute 
study was conducted by dosing on day one with 0 or 60 Ixg 
TCBP/g body weight and sacrificing the birds seven days later 
by CO 2 inhalation. A 28-day study was conducted by dosing on 
days 1, 10, and 20 with 0 or 20 ~xg TCBP/g body weight. Using 
a complete block design, the experiment was conducted with 
three doves per replicate and two replicates per treatment. 

Metabolic rate was estimated by direct calorimetry on days 
21-26 of the 28-day study. The calorimeter consisted of a 32 x 
32 x 60 cm stainless steel cage placed inside a thermally insu- 
lated chamber. Windows permitted behavioral observations and 
the maintenance of a normal photoperiod. Metabolic heat pro- 
duced by the birds was transferred to water flowing at 10-12 ml/ 
rain through copper  tubing located in the chamber  ceiling. 
Thermistor probes monitored the infiowing (i.e., approximately 
12~ and outflowing water and these temperatures were auto- 
matically recorded at 2-rain intervals over a 24-hr period. Food 
and water were supplied ad libitum and air was exchanged at 
100 ml/min. The calor imeter  was not adiabatic and, conse- 
quently, the efficiency varied from 62% to 145% depending upon 
room temperature, water flow rate, and heat production rate. All 
data were corrected to 100% efficiency. A group of three doves 
were tested simultaneously in a given trial, and two trials were 
conducted for both the control and TCBP-exposed groups. Data 
for the period 2:00 am to 6:00 am were taken to represent the 
standard metabolic rate, because the doves were in a post-ab- 
sorptive, inactive state under thermoneutral conditions. 

Immediately following sacrifice, a pre-warmed thermistor  
probe was inserted under the keel into the liver-cardiac region 
and the maximum temperature recorded. Cardiac blood was col- 
lected and the serum stored at - 100~ until analysis. Total thy- 
roxine (TT 4) and total triiodothyronine (TT 3) were determined 
with Quantimune radioimmunoassay kits (Bio Rad Laboratories, 
Mississauga, Ontario, Canada), and T 3 resin uptake was mea- 
sured with a Bio-Ria (Montreal, Quebec, Canada) radioimmu- 
noassay kit. Standards provided with the TT 4 kit were diluted 
50% with serum devoid of thyroid hormones in order to increase 
sensitivity. Hormone standards consisted of six serum concen- 
trations in the ranges 0-100 ng/ml and 0-10 ng/ml for TT 4 and 
TT 3, respectively. The T 3 uptake standards were 25.6%, 31.9%, 
and 41.3%. A single RIA kit was used for each type of assay to 
circumvent possible inter-assay variation. The intra-assay coef- 
ficient of variation on ten replicate samples was 4.8%, 5.1%, and 
5.9% for TT 4, TT 3, and T 3 uptake, respectively. 

The condition of the thyroid glands was assessed by light mi- 
croscopy. The glands were excised, weighed, fixed in Bouin's 
solution, embedded in parrafin, and 4tz sections stained with 
haematoxylin and eosin. Colloid diameters were measured in all 
follicles of three sections randomly selected from each gland. 
(Epithelia cell heights could not be accurately measured due to 
epithelial flattening in the normal iodine control doves). Body 
weights and food consumption were measured every 2-3 days. 
Food consumption was estimated by offering a specified weight 
of food to the doves and measuring the unconsumed portion 
2-3  days later. 

The data were first evaluated by 2-factor (diet X toxicant) 
analysis of variance in which the significance criterion was P ~< 
0.05. When variance was significant, specific comparison of 
means was accomplished by a Dunnett 's  test (Zar 1974) at P ~< 
0.05. No significant deviations from normality were detected in 
the data following analysis by the Kolmogorov-Smirnov test 
(Campbell 1974). 
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Fig. 1. Thyroid follicles from doves fed a low iodine, semi-pu- 
rified diet. Controls (a) were mildly hyperplastic with cuboidal 
or slightly elongated epithelia and small colloid diameters. Ex- 
posure to 60 I~g/g TCBP at 7 days (b) resulted in larger colloid 
diameters and low cuboidal or flattened epithelia. Magnified 
340 x .  

Results and Discussion 

Classical histologic investigations in avian species 
have demonstrated that iodine deficiency causes a 
hyperplastic appearance of the thyroid gland (Creek 
et al. 1957). In the acute study, the thyroid follicles 
from the low iodine doves were mildly hyperplastic 
with cuboidal or elongated epithelia and small col- 
loid diameters (Figure la). This profile is typical of 
an active avian thyroid (Astier 1980) and was inter- 
preted to mean that iodine intake was insufficient 
for the storage of substantial amounts of thyroglob- 
ulin colloid. The histologic profile is also consistent 
with mild hyperplasia due to increased thyroid- 

stimulating hormone (TSH) activity (Collins and 
Capen 1980). The condition of the low iodine doves 
may be described as euthyroidism, because the diet 
did not alter growth rate core body temperature, 
s e r u m  TT4,  TT 3 or %T 3 uptake (Table 1). 

The thyroid glands of doves receiving the low 
iodine diet and exposed to TCBP were observed to 
have large colloid follicles while the epithelial cells 
were dramatically diminished and in some cases 
flattened (Figure lb). The follicle enlargement was 
statistically significant and explains the significant 
increase in thyroid weight (Table 1). The histology 
of the low iodine exposed group is characteristic of 
the inactive, or slightly active, avian thyroid (Astier 
1980). These histologic changes were accompanied 
by a small but significant decrease in core body 
temperature, and significant decreases in serum TT 4 
and TT 3 (Table 1). Thus, the low iodine euthy- 
roidism changed to hypothyroidism in the exposed 
doves presumably owing to decreased conversion 
of thyroglobulin to T 4 and T 3. The condition of the 
exposed doves is consistent  with large-colloid 
goiter as occurs with decreased TSH influence on 
the thyroid (Turner and Bagnara 1976). 

On the normal iodine diet, the thyroid glands 
were significantly larger than those of the low io- 
dine controls owing principally to larger colloid di- 
ameters (Table 1, Figure 2). Epithelia were flat- 
tened, such that the nuclei protruded from the cell 
surface toward the follicle centers. Thyroid sections 
from normal diet controls and normal diet exposed 
groups were virtually indistinguishable, although 
serum TT4 and TT 3 were significantly less in the 
exposed group (Table l). Core body temperature 
showed a tendency to decrease, but the change was 
not statistically significant (Table 1). 

In the 28-day study, thyroid follicles from both 
the normal and low iodine diet controls were as 
described for the acute study. Thyroid weight and 
colloid diameters were significantly different be- 
tween the diets, but no effect of the toxicant could 
be distinguished histologically. The only significant 
effect associated with T C B P  exposure was de- 
creased serum TT 4 at both dietary levels of iodine 
(Table 2). Body weight and food consumption were 
unaffected. The fact that TCBP did not significantly 
alter core body temperature or metabolic rate (Table 
2) indicates that a hypothyroid condition did not 
develop despite the T T  4 decrease. One may spec- 
ulate that the doves compensated for decreased T T  4 

over the 28-day period, or that toxicant-related ox- 
idative metabolism was thermogenic to the point of 
balancing the decreased T T  4 activity. 

The present experiments have demonstrated that 
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Table 1. Effect  of  acute,  7-day exposure  to 3,4,Y,4 ' - te t rachlorobiphenyl  on the thyroid s tatus of  doves mainta ined on semi-purified 
diets 

Normal  iodine diet Low iodine diet 

Controls  Exposed  Controls  Exposed  

Serum thyroxine  (ng/ml) 
Serum tr i iodothyronine (ng/ml) 
Triiodothyronine resin uptake (%) 
Thyroid weight (mg) 
Core body tempera ture  (~ 
Colloid diameter  (~) 

38.8 _+ 1.2 a 24.6 -+ 0.6 b 32.8 +_ 3.4 23.0 - 2 . 5  b 
3.05 _+ 0.10 2.28 +- 0.09 b 3.10 +-- 0.11 2.23 -+ 0.15 b 

49.6 +_ 1.5 41.6 _+ 1.8 49.3 - 1.7 41.2 - 5.6 
8.6 -- 0.5 9.8 -+ 1.3 6.3 _+ 0.5 9.6 -+ 1.1 c 

41.82 _+ 0.08 41.54 _+ 0.14 41.75 -+ 0.08 41.34 -+ 0.12 c 
81.0 -+ 3.6 79.7 _+ 4.2 56.6 -+ 3.1 78.3 _+ 4.4 ~ 

a Mean -+ SEM; n = 6 doves  per t rea tment  group 
b Significantly less than  pair-fed controls;  Dunne t t ' s  t-test; one-tailed; P ~< 0.05 
c Significantly different f rom pair-fed control; Dunne t t ' s  t-test; two-tailed; P ~< 0.05 

Fig. 2. Thyroid  follicles f rom control doves fed a normal  iodine, 
semi-purified diet were composed  of  large colloid areas  and flat- 
tened epithelia. Magnified 340 •  

mild thyroid hyperplasia produced by insufficient 
iodine was reversed within seven days following 
acute exposure to the PCB congener. The combined 
action of TCBP and low iodine upon thyroid his- 
tology was therefore antagonistic, presumably due 
to opposite influences upon the TSH feedback 
system. Extrapolating from these experiments, one 
may predict this type of antagonism in the case of 
any organochlorine chemical which potentially 
causes large-colloid goiter. Conversely, one may 

predict that hyperplasia caused by any organochlo- 
rine chemical would be more severe under condi- 
tions of low iodine intake. 

A summary of organochlorine effects upon thy- 
roid histology reveals that PCBs caused large-col- 
loid goiters in species closely related to the herring 
gull (Table 3). Therefore, it is unlikely that PCBs, 
or the combined influences of PCBs and low iodine, 
are responsible for thyroid hyperplasia reported in 
Great Lakes herring gulls by Moccia et  al. (1985). 
Table 3 shows that the literature pertaining to birds 
is contradictory in the cases of DDT and DDE 
which have accumulated to relatively high levels in 
Great Lakes herring gulls (Gilman 1979; Mineau et 
al. 1984). The only study conducted using dieldrin 
in an avian species demonstrated thyroid hyper- 
plasia. Thus, low dietary iodine might be expected 
to enhance hyperplasia if it were caused by dieldrin. 
Significant levels of dieldrin have accumulated in 
herring gulls of the Great Lakes (Gilman 1979; 
Mineau et  al. 1984). 

Organochlorine chemical effects on fish thyroid 
histology have not been demonstrated in laboratory 
studies (Table 3). 

In the case of mammals, the situation is distinct 
from that in birds. Studies with rats using a variety 
of organochlorine compounds have consistently re- 
sulted in thyroid hyperplasia (Table 3). Accordingly, 
mammalian species exposed to organochlorine mix- 
tures may develop more severe hyperplasia under 
conditions of low iodine intake compared with io- 
dine sufficiency. Qualitative differences in response 
to goitrogens between birds and mammals have 
been noted by other investigators (Newcomer 1967; 
Leung and March 1975) but the reason for these 
differences is unknown at present. 
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Table 2. Effect of  a 28-day exposure to 3,4,3' ,4 '- tetrachlorobiphenyl on the thyroid status of  doves maintained on semi-purified diets 

Normal iodine diet Low iodine diet 

Controls Exposed Controls Exposed 

Standard metabolic rate (KJ/hr) 
Serum thyroxine (ng/ml) 
Serum triiodothyronine (ng/ml) 
Triiodothyronine resin uptake (%) 
Thyroid weight (mg) 
Core body temperature (~ 
Colloid diameter  (Ix) 

4.75 _ 0.05 a 4.85 _+ 0.05 4.83 -+- 0.06 4.83 + 0.09 
36.8 - 3.2 27.8 -+ 2.1 b 33.4 - 3.4 25.8 - 1.7 b 

3.00 +_ 0.23 2.69 _+ 0.22 3.06 +_ 0.10 2.81 _+ 0.21 
48.1 _+ 3.5 51.8 +_ 1.2 49.0 +_ 1.3 48.8 _+ 4.2 

9.2 +_ 0.5 8.3 z 1.4 6.6, -- 0.7 c 6.9 + 0.9 ~ 
41.79 -+ 0.09 41.98 _+ 0.14 41.73 _+ 0.09 41.66 _+ 0.88 
82.5 -+ 4.7 80.3 -+ 5.2 52.7 _ 3.9 c 58.3 _+ 7.0 c 

a Mean _+ SEM; n = 6 doves per treatment group 
b Significantly less than pair-fed controls; Dunnet t ' s  t-test; one-tailed; P ~< 0.05 
c Significantly different from corresponding normal iodine groups; Dunnett ' s  t-test; two-tailed; P ~< 0.05 

Table 3. Comparison of  organochlorine chemical effects on thyroid histology between animal classes 

Class Species Chemical ~ Thyroid histology Source 

Osteichthyes Rainbow trout PCBs No effect Leatherland and 
Salmo gairdneri Sonstegard (1979, 1980) 
Rainbow trout Mirex No effect Leatherland and 
Salmo gairdneri Sonstegard (1979, 1980) 

Aves Rock doves DDT Hyperplastic Jefferies and French 
Columbia livia (1969, 1971) 
Quail DDT Large-colloid Richert and Prahlad 
Coturnix coturnix (1972) 
Quail DDE Large-colloid Richert and Prahlad 
Coturnix coturnix (1972) 
Rock doves DDE Hyperplastic Jefferies and French 
Columbia livia (1972) 
Quail DDA No effect Richert and Prahlad 
Coturnix coturnix (1972) 
Rock doves Dieldrin Hyperplastic Jefferies and French 
Columbia livia (1972) 
Black backed gull PCBs Large-colloid Jefferies and 
Larus fuscus Parslow (1972) 
Guillemots PCBs Large-colloid Jefferies and 
Uria aalge Parslow (1976) 

Mammalia Rats Dieldrin Hyperplastic Wassermann et al. 
(1972) 

Rats PCBs Hyperplastic Collins and Capen 
(1980) 

Rats PBBs Hyperplastic Akoso et al. (1982) 
Rats Photomirex Hyperplastic Chu et al. (1981) 
Rats 2,3,7,8-Dioxin Hyperplastic? Gupta et al. (1973) 

(loss of colloid, 
exfoliated epithelia) 

a PCBs = polychlorobiphenyls;  PBBs = polybromobiphenyls 
Mirex = Dodecachlorooctahydro-l ,3,4-metheno-2H-cyclobuta(cd) pentalene 
Photomirex = a toxic breakdown product of  mirex formed by exposure to sunlight 
DDT = Dichlorodiphenyltrichloroethane 
DDE = 2,2-bis-(p-chlorophenyl)- l , l -dichloroethylene 
DDA = Bis-(p-chlorophenyl) acetic acid 
Dieldrin = ••2•3•4••••••-hexach••r•-ex•-6•7-ep•xy-••4•4a•5•6•7•8•8a-•ctahydr•-••4-end•-ex•-5•8•-dimethan•naphtha•ene 
2,3,7,8-Dioxin = 2,3,7,8-tetrachlorodibenzo-p-dioxin 
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