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Abstract

High intake of soybean phytoestrogens, isoflavones genistein (G) and daidzein (D), has been associated with health benefits.
However, isoflavones were reported to affect adversely thyroid function in the presence of other goitrogenic factors. As the
thyroid gland becomes functionally impaired with age, we examined whether supplementary doses of G or D would affect
morphology and function of pituitary-thyroid axis in middle-aged male rats. Sixteen-month-old orchidectomized Wistar
rats were treated with 10 mg/kg of either G or D, while the control sham-operated and orchidectomized group received
just the vehicle for three weeks. The animals were fed soy-free diet with increased iodine content, and killed 24 h after the
last treatment. Their pituitaries and thyroids were excised and prepared for further immunohistochemical and
morphometric investigation. The concentrations of thyroid-stimulating hormone (TSH), total T, and T3, in the serum were
determined. In both isoflavone-treated groups, pituitary TSH-immunopositive cells had increased cellular volume and
relative volume density (P < 0.05), as well as increased serum TSH levels (P < 0.05) in comparison to the controls; their
thyroid tissue was characterized by increased volume of thyroglobulin-immunopositive epithelium (P < 0.05), epithelial
height and index of activation rate (P < 0.05), while the volume of luminal colloid, and total serum T, and T3 levels
decreased (P < 0.05) in comparison to the controls. In conclusion, this study provides the first direct evidence that both G
and D can induce microfollicular changes in the thyroid tissue and reduce the level of thyroid hormones in Orx middle-
aged male rats, a model of andropause. This reduction consequently led to a feedback stimulation of pituitary TSH cells.
The detected stimulatory effect was higher in the daidzein-treated rats.
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Introduction thyroid-stimulating hormone (TSH) have been reported,

Soybean isoflavones, namely genistein (G) and daidzein (D),
are increasingly used as dietary supplements; the rational
being potential health benefits of soy isoflavones, including
protection against breast or prostate cancer, cardiovascular
disease and osteoporosis.l'3 Structurally, G and D are
similar to estradiol-17 and bind with a weaker potency to
both types of estrogen receptors (ERs), with higher affinity
for ERB.* G has substantially greater ER-binding capacity
and estrogenic activity than daidzein.® Besides their mild
estrogenic/antiestrogenic activity, isoflavones also have anti-
proliferative, antiangiogenic and antioxidative activities.”®
Aging is associated with alterations in the function of the
hypothalamic- pituitary -thyroid (HPT) axis. Thyrotropin-
releasing hormone (TRH) level is found to be reduced in
aged rat hypothalami,” while normal circulating levels of

ISSN: 1535-3702
Copyright © 2010 by the Society for Experimental Biology and Medicine

despite low serum thyroid hormone levels.'>"" In humans,
the frequency of hypothyroidism and autoimmune thyroid
disorders increase in elderly populations.'*'?

Many substances from the environment, including dietary
components, may alter HPT axis function, thus expressing
endocrine disruptive properties. Despite numerous beneficial
effects of soy isoflavones,' -3 epidemiological and experimental
data have also shown adverse effects on human health.'*
Rats provide a useful risk assessment model for various
thyroid toxicants,'® although compared with the humans, the
rodent thyroid gland is more sensitive to adverse chemicals.'®

Isoflavones have been reported to be goitrogenic in
studies both in humans and rats, but only in the presence
of iodine deficiency or other goitrogenic factors.'”~'* In
humans, goiter has been reported in infants fed non-iodized
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soy-based formula.>*! Rats receiving low iodine diet that
included 20% of defatted soybeans developed severe
hypothyroidism, characterized by a reduction in serum
thyroxin and an increase in serum TSH.™ In addition, a
diet containing higher percentage of soy (40% of defatted
soybeans) in combination with iodine deficiency induced
the development of thyroid carcinoma in rats."”

Doerge and associates™ >* have demonstrated, both in
vitro and in vivo, that G and D inhibit the activity of
thyroid peroxidase (TPO), the key enzyme in the synthesis
of thyroid hormones. Despite significant inactivation of
this enzyme, serum thyroid hormone levels were unaffected
by isoflavone treatments in young adult rats of both sexes.
The authors hypothesize that soy could cause goiter, but
only in animals or humans consuming diets that are only
marginally adequate in iodine, or individuals who are
predisposed to developing goiter.

The elderly tend to use more isoflavones as a nutritional
supplement,'® although the prevalence of thyroid dysfunc-
tion increase with age.'” Data from the animal studies on
the possible effects of soy isoflavones on the HPT system
are still lacking. The aim of our study was to examine the
effects of purified soy phytoestrogens G and D on structure
and function of pituitary - thyroid axis in orchidectomized
middle-aged rats.

Materials and methods
Animals and diets

All protocols were approved by the Animal Care and Use
Committee of our Institute, following recommendations
provided in the European Convention for the Protection of
Vertebrate Animals used for Experimental and Other
Scientific Purposes (ETS no. 123, Appendix A).

The study was performed on male middle-aged (15-16
months old) Wistar rats, housed in the unit for experimental
animals at the Institute for Biological Research ‘SiniSa
Stankovi¢” in Belgrade, Serbia. They were kept individually
under constant laboratory conditions - room temperature
(22 + 2°C) and lighting (12L:12D). The animals were fed a
soy-free diet,” prepared in cooperation with PKB
INSHRA, and the Department of Food, School of
Veterinary Medicine, Belgrade, Serbia, with corn oil as the
main source of fat. The food contained (in grams per
100 g): casein, 20.3; cornstarch, 45; sucrose, 20; corn oil,
5.2; fiber (crystalline cellulose), 3.7; vitamin/mineral mix
(Ca-P deficient), 1.5; calcium phosphate dibasic, 1.8;
calcium carbonate, 1; DL-methionine, 1.5. Food contained
1.1 mg iodine/kg. Casein and crystalline cellulose were
purchased from Alfa Aesar (Johnson Matthey GmbH &
Co KG, Karlsruhe, Germany). DL-Methionine was
obtained from the Sigma Chemical Company (St Louis,
MO, USA). All other ingredients were from PKB
INSHRA (Belgrade, Serbia). Food and water were provided
ad libitum.

Experimental groups

Orchidectomy (Orx; n = 24) and sham-operations (SO; n = 8)
were performed under ketamine anesthesia (15 mg/kg body

weight; ketamine hydrochloride, Richter Pharma, Wels,
Austria). Two weeks after the surgery, Orx animals were
divided into two groups (n = 8), according to the treatments
received: Orx + G and Orx + D groups received 10 mg/kg
body weight of G or D, respectively (Nutraceutica,
Monterenzio, Bologna, Italy). Both isoflavones showed high
purities of over 98%, as estimated by high-performance
liquid chromatography assay. Rats in the control SO and
Orx groups were given the same volume of vehicle solution
(minimal volume of absolute ethanol, approx. 0.17 mL; in
sterile olive oil, approx. 0.33mL). All substances were
injected subcutaneously, every day for three weeks, except
on Sundays. Subcutaneous injection was previously reported
to be a suitable model for oral exposure to genistein.*

All animals were decapitated 24 h after the last treatment.
Blood was collected from the trunk. The sera were stored
at —70°C. The pituitaries were excised, weighed, fixed in
Bouin’s solution for 48 h and then processed for embedding
in paraffin wax according to routine protocols.

The relative pituitary and thyroid weights are expressed
as an absolute organ weight (mg) per final body weight
(g) x 100.

Immunohistochemical analyses

Series of seven, 5-um-thick, pituitary sections from the
dorsal, middle and ventral pituitary and thyroid tissue
levels were stained by the peroxidase-antiperoxidase
immunohistochemical method.”” For immunohistochemical
studies of pituitary thyrotrophs, we applied the primary
rabbit antisera directed against the rat TSH-8 (generously
received from Dr A F Parlow, NIH, Bethestda, MD, USA),
while for thyroids we used the primary rabbit antisera
directed against human thyroglobulin (Tg; Dakopatts,
Glostrup, Denmark) that is not species specific.?®

In brief, endogenous peroxidase activity was blocked by
incubation with 0.3% hydrogen peroxide in methanol for
15 min. The reduction of non-specific background staining
was achieved by incubation with normal porcine serum
(Dakopatts, Glostrup, Denmark) diluted 1:10, for 45 min.
The following sequence of antisera was then applied: first,
for pituitaries the rabbit anti-rat TSH-8 was applied at a
dilution ratio of 1:1000 at room temperature for one hour,
while for thyroids the rabbit antisera directed against
human Tg were applied at a dilution of 1:500 for two
hours at 37°C. Further, swine anti-rabbit IgG (Dakopatts,
Glostrup, Denmark) was applied at a dilution ratio of
1:500 for 45 min; following was the rabbit peroxidase-anti-
peroxidase complex (Dakopatts, Glostrup, Denmark) at a
dilution ratio of 1:100, for 45 min. All washes and dilutions
were performed using 0.1 mmol/L phosphate-buffered
saline (PBS) (pH 7.4). Binding sites were then visualized
using 0.05% 3,3-diaminobenzidine tetrahydrochloride and
0.03% hydrogen peroxide in 0.2 mmol/L TRIS-HCI buffer
(pH 7.4; Serva, Heidelberg, Germany). The sections were
counterstained with hematoxylin and mounted in Canada
balsam (Molar Chemicals KFT, Budapest, Hungary). For
the control pituitary sections, the primary antibody was
substituted with PBS (pH 7.4).
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Morphometric analyses

Morphometric analyses were carried out using a point-
counting method.? Four to five transverse sections from
the anterior, central and posterior parts of the pituitary
and the thyroid were analyzed using the My, multipurpose
test grid inserted into the ocular of a Zeiss light microscope
(Jena, Germany). Fifty test fields were counted per animal at
total magnification of x1000 for pituitaries and %400 for
thyroids.

For pituitary TSH-immunopositive cells, the relative
volumes of the TSH-immunopositive cells (V.; um?) and
their nuclei (V,; mum?) were calculated.®® The relative
volume density of TSH-immunoreactive cells was expressed
as a percentage of total pituitary cell volume within the
pituitary unit volume (Vv; %).

In brief, the following parameters were counted: P,, is the
number of points hitting on the nuclei of TSH-immunoreactive
cells; Py is the number of points hitting on cellular cytoplasm
and N,, the total number of TSH-immunoreactive cell nuclei
inside the test field. Relative volume of the TSH cell nuclei
was calculated as follows: V,, = Vyn/Ny, while the TSH cell
volume was calculated as V.= 1/Ny, considering Vyn is the
volume density of TSH cell nuclei and Ny is the numerical
density of TSH cells. Vyn is calculated using the formula:
Vyn = 3P, /3P,.. Since TSH cells are mononuclear, the Ny cor-
responded to the number of cells per cubic millimeter, accord-
ing to the formula: Ny = (k/B) x (NX?/Vyn'/?). On the basis
of earlier karyometric studies, the shape coefficient 3 for pitu-
itary cells was estimated to be 1.382, « is the factor related to
cell distribution according to their size (in case of TSH cells its
value is 1) and N, is the number of cells in the plane of pitu-
itary tissue section. Ny is calculated using the formula: Ny =
2N, /3Py x a, where a represents area that belongs to every
point of test system (2= d> x 3'/2/2, considering d as the
test line length of the applied test system). Considering that
the applied My, test system has 42 points, and given that all
parameters were counted at 50 test fields, the relative
volume density of TSH-immunoreactive cells was calculated
as follows: Vy. = (Pn + Py)/50 x 42.

For thyroids, the relative volume density (Vy; %) of the
corresponding tissue components, defined as the ratio of
this component in a volume unit - the thyroid follicles
(epithelium plus colloid), follicular epithelium, interstitium
and colloid, were calculated as follows:

Vv(%) :Pp/Pt

where P, is the counted points on the component and P, is
the total of points of the test system.” By assuming that the
thyroid follicular epithelium can be regarded as forming an
approximate hollow sphere, the average follicular epi-
thelium cell height (7) was calculated as follows:

7= 3Pe x Li/2P; x (I + ) + (Io + [)*/?

where P, is the counted points on epithelium, L; is the test
line, P; is the total of points of the test system and [, and
I; are the external and internal intersections of the structures
with the test line, respectively.” The follicular cell activation

index (i,) represents the epithelial volume/colloid volume
ratio and indicates the reaction of the thyroid gland struc-
ture to the blood TSH concentration.*?

Serum hormone assays

The sera were separated from the trunk blood after decapi-
tation and stored at —70°C until assayed. Rat serum TSH
was measured with a commercially available radioimmuno-
assay (rTSH ["I] system, Amersham Biosciences,
Piscataway, NJ, USA). The levels of total T, and T; were
measured using commercially available electrochemilumi-
nescence immunoassays (Roche Diagnostics GmbH,
Mannheim, Germany). All samples were measured in dupli-
cate within a single assay, with intra-assay coefficient of
variations for TSH of 3.7% (4ng/mL), for Ty of 4.7%
(33.4 nmol/L) and for T5 of 3.6% (1.22 nmol/L).

Statistical analyses

Statistical analyses were performed using Statistica 6.0 soft-
ware (Statsoft, Tulsa, OK, USA). The data for the experimental
groups were tested for normality of distribution with the
Kolmogorov-Smirnov test and then subjected to one-way
analyses of variance. Duncan’s multiple range test was used
for post hoc comparison of means between the groups. A con-
fidence level of P < 0.05 was considered statistically signifi-
cant. The data are presented as means + standard deviation.

Results
Body and organ weights

Five weeks after Orx, a 10% decrease (P < 0.05) in mean
body weight was observed in comparison with the SO
animals. Subsequent treatments with either G or D did
not change body weight significantly in comparison to the
Orx animals (Table 1).

The absolute pituitary weight of the animals was not
affected by Orx or following treatment with soy isoflavones
(Table 1). The pituitary weight/body weight ratio for the
Orx group increased by 16% (P < 0.05), in comparison to
the SO group (Table 1). Treatments of Orx rats with G and
D did not change the pituitary weight in comparison with
the Orx control group (Table 1).

The absolute thyroid weight of Orx rats was not signifi-
cantly different, while its relative weight was 14% higher
than the value obtained for the SO controls. Subsequent
treatments of Orx rats with G and D did not affect these
parameters significantly in comparison with the Orx
control group (Table 1).

Pituitary thyrotroph cells

In SO middle-aged males, TSH-immunopostive cells were
often present in the central part of the pituitary pars distalis,
as small groups or single cells in close proximity to numer-
ous capillaries. TSH immunopositivity was seen as a diffuse
granular brown cytoplasmic stains. They varied in size and
appearance (polygonal, elongated or ovoid; Figure 1a).
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Table 1 Body and organ weights after orchidectomy and subsequent subcutaneous administration of genistein (Orx + G) and daidzein (Orx + D) in

male orchidectomized middle-aged rats

Absolute Relative pituitary weight Absolute Relative thyroid weight
Body pituitary (pituitary weight in mg x thyroid (thyroid weight in mg x
Group weight (g) weight (mg) 100/body weight in g) weight (mg) 100/body weight in g)
SO 650 + 29 17.00 + 1.87 2.20+0.13 32.00 +2.90 5.00 + 0.36
Orx 586 + 35* 16.60 + 1.41 2.53 +0.2* 34.00 + 3.40 5.70 4+ 0.43"
Orx + G 625 + 35 18.25 + 2.87 2.94 4+ 0.34 37.50 + 2.60 6.02 + 0.48
Orx + D 612 + 52 18.00 + 1.15 2.83+0.23 36.00 +2.20 5.80 + 0.40

The results are mean + standard deviation (n = 8)
*P < 0.05; orchidectomized (Orx) versus sham-operated control (SO) group

After Orx, pituitary TSH cells were somewhat less numerous
and darker, though their location and shape remained the same
as in the SO controls. A small number of TSH-immunopositive
cells strongly resembled morphology of hypertrophic gonado-
troph cells after gonadectomy (Figure 1b).

After genistein treatment of Orx rats, TSH-immunopositive
cells appeared larger and more numerous in comparison to
the Orx and SO controls (Figure 1c). In comparison to the
control groups, TSH-immunopositive cells of Orx + D rats
were more numerous, lighter and hypertrophed (Figure 1d).

Morphometric analyses demonstrated no significant
changes of TSH cells after Orx (Figure 2a-c). After genistein
treatment, both volume and the relative volume density of
TSH cells were significantly increased by 11% and 12%,
respectively (P < 0.05; Figure 2a and c) compared with the

Orx group. After daidzein treatment, the changes of exam-
ined morphometric parameters for pituitary TSH cells
were more prominent than after genistein treatment. In
comparison with the values calculated for Orx controls, V.
increased by 19% (P < 0.05; Figure 2a), V), increased by
12% (P < 0.05; Figure 2b) and Vy increased by 23% (P <
0.05; Figure 2c).

Thyroid gland tissue

The thyroid tissue in middle-aged male rats consisted of fol-
licles of different size and morphology. Most central follicles
were of medium size, lined by a cuboid or low columnar
Tg-immunopositive follicular epithelium (Figure 3a and b).
immunopositivity  was

Tg granular and diffusely

Figure 1

Immunoreactive thyroid-stimulating hormone (TSH) cells in the pars distalis of the pituitary gland from a sham-operated middle-aged rat were often

present as small groups or single cells in close proximity to blood capillaries (a; arrow); TSH cells from an orchidectomized rat are somewhat less numerous
and darker, though some strongly resembled the morphology of hypertrophic gonadotroph cells after gonadectomy (b; arrow); TSH cells from orchidectomized
genistein-treated rat appeared more numerous and larger than in the control groups (c; arrow); TSH cells of orchidectomized daidzein-treated rat are more numer-
ous, lighter and larger than TSH cells of all other experimental groups (d; arrow). Bar = 20 um (A color version of this figure is available in the online journal)
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Figure 2 The cellular volume (V; a), nuclear volume (V,;; b), as well as the rela-
tive volume density (Vy; c) of immunoreactive thyroid-stimulating hormone cells
in the pituitaries of sham-operated (SO), orchidectomized (Orx), orchidectomized
genistein-treated (Orx + G) and daidzein-treated (Orx + D) middle-aged rats. The
values are mean + standard deviation (n = 8); “P < 0.05 versus orchidectomized
control (Orx) group

distributed throughout the thyrocytes, or more accumulated
at the apical pole of cells (Figure 3a and b). The intensity of
Tg immunopositivity varied between the follicles
(Figure 3a). In some follicles of smaller size the luminal
colloid was also Tg immunopositive (Figure 3a).

Five weeks after Orx, the thyroid structure of middle-aged
male rats was not significantly changed in comparison to the
SO controls (Figure 3c and d).

The thyroid tissue of G- and D-treated Orx rats was charac-
terized by a microfollicular structure and the depletion of
luminal colloid was clearly evident. The follicles were lined
by cuboid or highly prismatic Tg-immunopositive follicular
epithelium that was visibly enlarged in comparison to the
controls (Figure 3e-h). The increased number of interstitial,

Tg-negative cells was evident only after daidzein treatment
(Figure 3g and h).

Morphometric analyses demonstrated that G adminis-
tration brought about an increase in the volume densities
of the follicular epithelium by 9% (P < 0.05; Figure 4a),
while the volume density of the colloid was 20% less than
in Orx rats (P < 0.05; Figure 4a). The epithelial height and
index of activation rate increased by 8% and 41% (P <
0.05; Figure 4b and c), respectively, in comparison with
the Orx rats.

Subsequent subcutaneous administration of daidzein
increased Vvye by 8% (P < 0.05; Figure 4a), Vvyi by 9% (P <
0.05; Figure 4a), 7 by 11% (P < 0.05; Figure 4b), i, by 47%
(P < 0.05; Figure 4c) and decreased Vy. by 26% (P < 0.05;
Figure 4a) in comparison to the values obtained for Orx
rats, respectively.

Serum TSH, total T4 and T3 levels

The mean serum levels of TSH, total T, and T, are summar-
ized in Figure 5a-c. In comparison with the values
obtained for SO controls, Orx did not change significantly
the serum levels of examined hormones. However, sub-
sequent treatments with soy isoflavones increased serum
levels of TSH - this parameter was 18% and 48% (P <
0.05; Figure 5a) higher in the Orx+ G and Orx+D
groups, respectively, than in the Orx group.

In comparison to the Orx rats, in the Orx + G group the
levels of total T, and T; were 19% and 11% lower, respect-
ively (P < 0.05; Figure 5b and c).

Similar to G-treated animals, the level of total Ty
decreased by 16% and Ts by 11% (P < 0.05; Figure 5b and
¢) in the Orx + D group when compared with Orx control
values.

Discussion

This study clearly demonstrates that purified G or D can
modulate pituitary-thyroid axis structure and induce
primary hypothyroidism in Orx middle-aged rats.

In this experiment, Orx was performed to minimize
effects of endogenous sex steroids on pituitary-thyroid
axis,'®** although this effect was reported to become attenu-
ated with increasing age* ¢ Isoflavone dosage was
selected to mimic human exposure to elevated isoflavone
concentrations, during consumption as nutritional sup-
plements.”” To avoid the additional goitrogenic stimulus,
rats were fed a semi-purified, soy-free diet with increased
iodine content (concentration was five times higher than
the required 150-200 ug of iodine per food kg*®>?).

Under our experimental conditions, G or D did not affect the
body weight. Reports on the effects of isoflavones on body
weight of males are contradictory. Decrease,***! increase*? or,
as in this study, no effect'>*® has been reported, probably due
to different treatment protocols and experimental conditions,
including variations in diet (soy-free versus soy-containing
diet), applied dose and duration of the treatment.

Pituitary TSH-immunoreactive cells of isoflavone-treated
rats were larger and more numerous in comparison to the
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Figure 3 Thyroid gland tissue from the sham-operated (a, bar = 40 um; b, bar = 20 um) and orchidectomized (c, bar = 40 um; d, bar = 20 um) animals is mainly
composed of colloid-rich, uniform follicles, lined by a cuboid or low prismatic, strongly thyroglobulin (Tg)-immunopositive epithelium. Thyroid tissue of the orch-
idectomized genistein-treated (e, bar = 40 um; f, bar = 20 um) and orchidectomized daidzein-treated (g, bar = 40 um; h, bar = 20 um) rats is characterized by a
small size follicles poor in colloid that were lined by cuboid or highly prismatic Tg-immunopositive epithelium (A color version of this figure is available in the

online journal)

controls. Their relative cellular volumes, as well as the rela-
tive volume density per pituitary unit volume, significantly
increased in comparison to the corresponding control
values. These changes are probably due to the release
from the negative feedback effect of thyroid hormones
detected under our experimental conditions. Similar struc-
tural changes of pituitary thyrotrophs were described in
protracted  primary  hypothyroidism.** In addition,
increased numbers of pituitary thyrotrophs were detected
in young rats fed soy-rich plus iodine-deficient diet."’

G and D treatments did not affect the thyroid weight in
comparison to the Orx controls. Further histomorphometric
examinations of rat thyroids showed microfollicular structure,
characterized by hypertrophied Tg-immunopositive follicular
epithelium and colloid-depleted follicles. Experimental
stimulation of the thyroid gland by TSH induces similar
changes in thyroid structure as detected under our exper-
imental conditions.*> A direct negative effect of isoflavones
on thyroid hormone synthesis, by significant blocking of
TPO activity (more than 60%), has been well described.
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Figure 4 The relative volume densities (Vy; a) of thyroglobulin-immunopositive
epithelium, interstitium and colloid, height of thyroid follicular cells (7; b) and
index of activation rate (i5; c) in the thyroids of sham-operated (SO), orchidecto-
mized (Orx), orchidectomized genistein-treated (Orx + G) and daidzein-treated
(Orx + D) middle-aged rats. The values are mean + standard deviation (n = 8);
*P < 0.05 versus orchidectomized control (Orx) group

G and D were demonstrated to block both TPO-catalyzed
reactions: iodination of thyrosine residues of Tg, and T, for-
mation by coupling reactions (the half maximum inhibitor
concentration (ICsg) values were calculated as 1-10 umol),
but this effect was eliminated by iodine.*>*
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Figure 5 Serum levels of thyroid-stimulating hormone (TSH) (a), total T4 (b)
and T3 (c) in sham-operated (SO), orchidectomized (Orx), orchidectomized
genistein-treated (Orx + G) and daidzein-treated (Orx + D) middle-aged rats.
The values are mean + standard deviation (n = 8); *P < 0.05 versus orchidec-
tomized control (Orx) group

Serum levels of TSH increased, while T, and Ts levels
decreased similarly in Orx + G and Orx + D experimental
groups in comparison to the controls. It is well accepted
that the receptor-mediated TSH stimulation of the thyroid
gland related to goitrogenic chemicals leads to morphologi-
cal changes of follicular cells that include hypertrophy,
hyperplasia and eventually, in the later phases, neoplasia.
Altogether, our results indicate that purified G and D acted
as goitrogenic factors and induced thyroid follicular cells’
hypertrophy, stimulated by increasing serum TSH, follow-
ing a reduction in thyroid hormone synthesis.

Consistent with our findings, Mitsuma et al. %6 reported
reduced levels of thyroid hormones in aged rats fed 40
volume percent soy protein diets. However, most authors,
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who performed their examinations on young adult animals of
both sexes, reported that soy or isoflavones alone, in the
absence of other goitrogenic stimulus, did not affect thyroid
weights, histopathology and the serum levels of TSH and
thyroid hormones.'***” After exposing young adult rats to
20% defatted soybean diet, only a mild irregularity of thyroid
follicular structure, accompanied by increased serum levels of
TSH and unaffected levels of thyroid hormones were detected.'®

This study design minimizes the presence of food goitro-
gen or iodine deficiency contributing to the detected
changes. Therefore, our results highlight the increased vul-
nerability of pituitary-thyroid axis for adverse effects of
soy isoflavones with advancing age.

An important finding of this study is that subcutaneous
administration of the same dose of daidzein stimulated
TSH cells more effectively than G, although both G and D
similarly affected thyroid follicular tissue and decreased
the levels of thyroid hormones to a similar extent.

The only significant histomorphometric difference
between thyroids of G- and D-treated rats is the increase
in the relative volume density of the interstitium, detected
after daidzein treatment. Under our experimental con-
ditions, increased volume of the calcitonin-immunoreactive
thyroid C cells was detected after daidzein,*® but not after G
treatment (unpublished data). In addition, ipriflavone, a
synthetic isoflavone that is metabolized into daidzein, was
reported to stimulate calcitonin synthesis and secretion
from the thyroid glands, as detected by immunohisto-
chemistry and Northern blot analysis.*’

On the other hand, TSH cells are estrogen responsive - ER«
has been detected by in vitro autoradiography™ as well as by
immunohistochemistry.” The latter study also identified no
immunoreactivity for ERB in the TSH cells. Therefore, the
difference in response of TSH cells to G and D could be due
to the higher estrogenic potency of G in comparison to daid-
zein (half maximal effective concentration (ECsp) for ERa was
15 umol for G and >300 umol for daidzein®). We have
previously reported that pharmacological doses of estradiol
decreased the number of TSH-immunopositive cells in
female rats*®® Other researchers have reported that
higher doses of E2 inhibited TSHB mRNA levels.***

An additional mechanism that might contribute to the
detected difference in the effect of G and D at the level of
pituitary thyrotrophs is the difference in their affinity for
binding to transthyretin, a major blood transport protein of
thyroid hormones in rats. Radovi¢ et al.>® demonstrated G
to be a much more potent competitor of the in vitro
binding of T, to transthyretin. The biological significance of
this mechanism is still unclear, though it might affect the
free thyroid hormone concentrations, resulting in altered
tissue availability and disturbed feedback to the pituitary.””

In conclusion, this is the first report demonstrating that soy
isoflavones disrupt pituitary -thyroid axis function in aging
male rats. Both G and D similarly affected thyroid follicular
structure and were equipotent in reducing the level of total
thyroid hormones. This reduction consequently led to a feed-
back stimulation of pituitary TSH cells. However, daidzein
was found to be more potent in this stimulatory effect, support-
ing the opinion that another mechanism(s), besides the direct
inhibition of thyroid follicles, may contribute to this action.
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