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FIGURE 2B. Thyroid follicles stained with Pasini’s trichrome (I - CON, II - Se, III - NaNO,, IV - NaNO, + Se, V- NaNO, + Se+ D).

both involved in iodine trapping by these cells. The increased
serum TSH concentrations, observed in our studies, could be
expected. Namely, in a number of experiments, feeding ani-
mals with iodine-deficient diets decreased the concentrations
of circulating fT, thyroid hormone and increased the release
of TSH from the pituitary gland. Thus, the effects observed
in our studies suggest the same negative feedback mechanism,
involving the thyroid-pituitary hormonal axis, similar to that
produced upon iodine deficiency [Kanno ef al., 1992].

Administration of iodine supplement in Experiment I,
alleviated negative effects of allylisothiocyanate, nitrate and
nitrite on thyroid hormonogenesis in rats. However, in spite
of this, thyroid morphology was negatively affected by nitrite
intoxication (see below).

Goitrogen treatments led to changes in thyroid gland
morphology in rats, in Experiments 1 and 2 (Figures 2A,
3A, 2B). In fact, allylisothiocyanate, nitrate and nitrite in-
toxication resulted in both hyperplasia and hypertrophy
of the thyroid gland. The height of the epithelial follicle cells
was increased, mild to moderate irregularity of follicle was
found, and a decrease in the amount of follicular colloid was
observed, in the intoxicated animals. These changes were
essentially the same as in iodine-deficient animal models.
For example, long-term administration of a low iodine diet
has been reported to cause follicular hyperplasia and hyper-
trophy in rats [Kanno er al., 1992], similar to that observed
in our studies. Thus, the observed effects suggested the same
negative changes in thyroid morphology as produced by io-
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FIGURE 3A. Thyroid gland from experiment 2 stained with PAS (A - C group; B — C+I group; C - SCN group; D - SCN+I group; E - NO, group;
F - NO,+I group; G - NO, group; H - NO,+I group; k - colloid).
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dine deficiency [Kanno et al., 1992]. Moreover, in fish in-
toxicated with glucosinolates [Burel ef al., 20001, the height
of the epithelial follicle cells was increased (by 200%) and
the amount of follicular colloid was decreased, compared
with the control animals. Also, Langer & Stolc [1965] found
that in iodine-deficient rats, allylisothiocyanate intoxication
(2.5 and 5 mg per animal) significantly increased thyroid
weight-defined as a goitrogenic effect. This effect of alli-
loisothiocyanate can be explained by increased TSH secre-
tion, leading to the proliferation of thyroid cells, as observed
under iodine deficiency conditions [Hurrell, 1997; Lee et
al., 1999]. In nitrate intoxicated rats [Mukhopadhyay et al.,
2005; Eskiocak et al., 2005], the weight of thyroid glands
was increased significantly, compared with control animals.
In addition, morphological changes were observed in thyroid
glands [Eskiocak et al., 2005]. Surprisingly and in contrast
to our observations, nitrate intoxication in rats [Zaki et al.,
2004] flattened follicular epithelium (by 50%) and increased
the amount of follicular colloid, compared with the control
animals. The potential causes of these opposite observa-
tions could involve the duration of nitrate intoxication in our
experiments, i.e. 18 days, and 5 months in that of Zaki ef
al. [2004] as well as the level of nitrate intoxication. In view
of the above, allylisothiocyanate, nitrate and nitrite may be
considered as competitive inhibitors of iodine binding by thy-
roid gland, thus affecting the thyroid-pituitary hormonal axis
and changing thyroid morphology, in a way similar to that
of iodine deficiency.

Administration of iodine supplement in Experiment 1,
alleviated goitrogenic effects of allylisothiocyanate and ni-
trate in rats and was ineffective in animals intoxicated with
nitrite. Interestingly, the goitrogenic effects of nitrite could
be alleviated only by administration of iodine and seleni-
um, as observed in Experiment 2. To offer an explanation,
nitrates and nitrites are both oxidation products and ready
sources of nitric oxide (NO). NO reacts rapidly with super-
oxide to form highly reactive peroxynitrite (ONOO-). High
nitrite and nitrate intake is linked with an increased oxidative
stress [Ogur et al., 2005]. lodine and selenium are essential
components of normal thyroid hormone metabolism and are
involved in the modulation of the antioxidant defense sys-
tem. It is known that the generation of H,O, is inhibited by
iodine in vitro and in vivo [Preedy et al., 2009]. Because nitrite
is more toxic than nitrate, iodine is not sufficient to allevi-
ate the goitrogenic effects. Combined iodine and selenium
supplementation is implicated to have alleviating properties
in nitrite intoxicated animals.

CONCLUSIONS

Allylisothiocyanate, nitrate and nitrite have no effect on
the growth of rats in 18-day experiments. On the other hand,
intoxication of rats with allylisothiocyanate and nitrate im-
pairs thyroid hormonogenesis and leads to thyroid hypertro-
phy. In addition, the goitrogenic effects of these ions can be
alleviated by iodine supplementation. In contrast, the goitro-
genic effects of nitrite intoxication in rats can be alleviated
only by concomitant supplementation of iodine and sele-
nium.
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