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Antithyroid Effect of 2,3-Dihydroxypyridine in Vivo and in Vitro' (41454)
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Abstract. The antithyroid effect of 2,3-dihydroxypyridine (2,3-DHP) was investigated in
vivo and in vitro. Thyroid studies were carried out on two groups of rats; one group of 14 rats

were fed a low-iodine diet containing 1% 2,3-

DHP for 25 days, and a control group of 12 rats

received low-iodine diet alone. 2,3-DHP-treated rats had reduced thyroid function with a
significant rise in serum thyrotropin (TSH) levels and decreased serum triiodothyronine (T3)
levels; thyroxine (T4) and T3 contents of the thyroid gland were 20 and 10%, respectively,
lower than those of controls. In vitro, 2,3-DHP inhibited peroxidase activity, and its
antiperoxidase potency was similar to the commonly used thioureylene antithyroid drug,
propylthiouracil. In addition, 2,3-DHP was a much weaker inhibitor of the thyroid conver-
sion of T4 to T3 in vitro than propylthiouracil. 2,3-DHP represents a new class of antithyroid
drug and its main action appears to be inhibition of peroxidase-catalyzed thyroid hormone

formation in the thyroid gland.

Hyperplastic goiter has been reported in
cattle grazing on the tropical legume,
Leucaena leucocephala (1, 2). Hegerty et
al. found that 3,4-dihydroxypyridine (3,4-
DHP) isolated from the seed of leucaena
was responsible for development of goiter
(3). Later, this compound was shown to in-
hibit thyroid peroxidase and to induce
hypothyroidism in mice (4). Recently a
closely related compound, 2,3-dihydroxy-
pyridine (2,3-DHP), has been reported to
possess antithyroid activity by inhibiting
thyroid peroxidase in vitro (5). Since 2,3-
DHP is more readily available than 3,4-
DHP, we investigated the anti-thyroid ef-
fect of 2,3-DHP in rats by analyzing serum
thyroid hormone levels, serum TSH levels,
and thyroid hormone content in the thyroid
gland. Also, the relative antithyroid potency
of 2,3-DHP was compared to commonly
used thioureylene drugs, propylthiouracil
and methimazole in vitro.

Materials and Methods. Fourteen male
Sprague—Dawley rats weighing 250—300 g
were fed a low-iodine diet (Teklad, Madi-
son, Wisc.) containing 1% 2,3-DHP for 25
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days. Twelve control rats received only
low-iodine diet. Water and food were given
ad libitum. On the 25th day, rats were killed
and serum was obtained for radioim-
munoassay of T3, T4, and thyrotropin
(TSH) (6—38).

The thyroid gland of each animal was
weighed and homogenized in 1 ml of 0.05 M
sodium phosphate buffer, pH 7.0, for 60 sec
by use of Polytron homogenizer equipped
with a PT-7 generator. This small generator
was necessary to homogenize the small
thyroid glands. Digestion of 500 ul of the
thyroid homogenate was carried out with
Pronase (3 mg/ml, Calbiochem, La Jolla,
Calif.) for 24 hr according to the method of
Inoue et al. (9). The completeness of diges-
tion of thyroglobulin by this method was
about 85% in our hands. Extraction of
thyroid hormone was carried out by adding
400 ul ethanol to 100 ul of thyroid digest.
After a small aliquot of ethanol extract was
dried under N,, 100 ul of T;- and T,-free
serum was added for T, assay and further
dilution was made for T; assay. Results are
expressed as nanograms of T; or T, per mil-
ligram of thyroid.

The potency of 2,3-DHP, propylthioura-
cil, and methimazole was tested in vitro
using two different systems of peroxidase-
catalyzed reaction: iodination of thyro-
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globulin (10) and guaiacol oxidation (11).
Since lactoperoxidase catalyzes the iodina-
tion of protein in a manner similar to thyroid
peroxidase (12), lactoperoxidase was em-
ployed in this experiment. For iodination
of thyroglobulin, the standard incubation
medium contained 1 mg bovine thyroglobulin
(Type 1, Sigma Chemical Co., St. Louis,
Mo.), 1 mg glucose, 1.5 ug glucose oxidase
(Type 1V, Sigma Chemical Co.), 1 ug lacto-
peroxidase (L-8257, Sigma Chemical Co.),
50 uM KI, 80 nM ['*3])iodide, and 100 ul
of diluted antithyroid drugs in a total volume
of 1.0 ml of 0.05 M sodium phosphate buffer,
pH 7.0. Incubation was carried out for 20 min
at 37°C and the reaction was terminated by
adding 50 ul of 10 mM methimazole. A
small aliquot was then applied to Whatman
3 MM paper and chromatographed to mea-
sure the degree of thyroglobulin iodination
(10). For guaiacol assay, the incubation
medium contained 1 mM guaiacol, 1 ug
lactoperoxidase, and 100 ul of diluted
antithyroid drug in a total volume of 1 ml in
0.05 M sodium phosphate buffer, pH 7.0.
The reaction was started by the addition of
100 ul of 88 mM H,0, at room temperature,
and the rate of guaiacol oxidation was fol-
lowed spectrophotometrically on a Gilford
spectrophotometer-240 (Gilford Instrument
Laboratory, Inc., Oberlin, Ohio) at 470 nm.

An in vitro conversion of T, to T; was
carried out according to the method of Ishii
et al. (13). An enzyme for the conversion of
T4 to T3 was prepared from the thyroid of a
patient with Graves’ disease who was
treated with methimazole before surgery.
Three grams of the thyroid gland was
minced and homogenized for 60 sec in 12 ml
of cold 0.05 M Tris—0.25 M sucrose buffer,
pH 7.0, containing 5 mM dithiothreitol
(DTT). The homogenate was centrifuged at
100,000g for 60 min. The 100,000g pellet
was suspended in 4 ml of Tris—sucrose
buffer containing S mM DTT, followed by
homogenization for 10 sec, and used as a T,
monodeiodinating enzyme. The concentra-
tion of protein was measured by Lowry’s
method (14). The incubation system was 1
ml total volume containing 2 ug T, (Sigma
Chemical Co.), S mM DTT, 0.8 mg enzyme,
1 uM—1 mM 2,3-DHP or propylthiouracil,
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and 0.05 M Tris—0.25 M sucrose buffer, pH
7.0. Incubation was carried out at 37° for 60
min in a polypropylene test tube (12 X 75
mm). At the end of incubation 2 ml of ice-
cold 95% ethanol was added to the incuba-
tion tube, which was then kept at —10° for
12 hr. Ethanol-insoluble material was re-
moved by centrifugation at 1000g for 20
min. Twenty microliters of ethanol extract
was then added to 300 ul of T;- and T,-free
serum, and T; was measured by radioim-
munoassay. The blank tubes which did not
contain either DTT or enzyme in the incu-
bation medium did not produce T;.

Statistical analysis was performed by un-
paired ¢ test.

Results and Discussion. Table I shows
the results of the thyroid studies in rats.
The thyroid function tests showed that ad-
ministration of 2,3-DHP reduced thyroid
function in rats, as evidenced by a 3.5-fold
increased serum TSH level compared to
that of controls. Serum T, levels in the two
groups of rats were similar, but serum T;
levels were significantly lower in 2,3-
DHP-treated rats than in controls (P <
0.05). Measurement of the T; and T, con-
tents of the thyroid gland provided con-
vincing evidence of the inhibitory action of
2,3-DHP on the process of thyroid hormone
formation; the T; content of the thyroid
glands from 2,3-DHP-treated rats was only
1/10th that of the controls and the T, con-
tent was about 2/10th that of the controls.
Since the weights of thyroid glands in the
two groups of rats were not significantly
different, ingestion of 1% 2,3-DHP for 25
days was not sufficient to induce a signifi-
cant goiter in rats. In addition, 2,3-DHP-
treated rats gained less weight than the
controls. It should be noted, however, that
the size of goiter and the amount of weight
gained may not be an accurate index to as-
sess hypothyroidism, since variable size of
goiter and body weight have been reported
after treatment with antithyroid drugs (15).
Lee et al. reported that the diet containing
1% 2,3-DHP did not produce a significant
goiter in mice after 5 weeks of treatment,
but goiter was found after 11 weeks of
treatment (5). In contrast, 0.001% propyl-
thiouracil in drinking water has been shown
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TABLE I. THYROID STUDIES IN CONTROL RATS AND 2,3-DHP-TREATED RATS

Thyroid hormone content

Body Thyroid (ng/mg thyroid)
weight weight Serum T3 Serum T4 Serum TSH
No. (8) (mg) (ng/dl) (ug/dl) (uU/ml) T3 T4
Control rats 12 375+109° 278+17 434+36 33*x02 772290 262+41 72.1%143
2,3-DHP-treated rats 14 325+173 345+25 31133 31x02 2748+622 26=*05 16325
P <0.001 NS <0.05 NS <0.001 <0.001 <0.001

@ Values presented here are the mean + SEM.

to produce a goiter as early as the fourth
day of treatment (18). Therefore, 2,3-DHP
appears to be a weak goitrogen, even
though it is as potent an inhibitor of
peroxidase as propylthiouracil in vitro (vida
infra).

The iodination of thyroglobulin in vitro
showed that concentrations of 2,3-DHP,
propylthiouracil, and methimazole pro-
ducing 50% inhibition of peroxidase activity
were 3.7 X 1075 M, 2.5 X 1075 M, and 7 X
1078 M, respectively, (Fig. 1A). Thus, 2,3-
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FiG. 1. Dose-inhibition curves for inhibition by
2,3-DHP and thioureylene drugs of iodination of
thyroglobulin (A) and guaiacol oxidation (B). Control
activity is defined as the rate of iodination of thyro-
globulin or guaiacol oxidation without inhibitors. Val-
ues shown here are the mean of duplicate determina-
tions. MMI, methimazole; PTU, propylthiouracil.

DHP was an almost equally potent
peroxidase inhibitor as PTU in the iodina-
tion of thyroglobulin. In the guaiacol assay,
8.8 x 107* M 2,3-DHP, 4.4 x 10~* M pro-
pylthiouracil, and 1.3 X 10~% M methimazole
caused 50% inhibition of peroxidase activ-
ity (Fig. 1B). The relative potency of
methimazole and propylthiouracil deter-
mined by our guaiacol assay is slightly dif-
ferent from the result reported by Taurog
(16). His guaiacol assay with thyroid
peroxidase showed that methimazole has a
13-fold greater potency than that of pro-
pylthiouracil; in our guaiacol assay with
lactoperoxidase, methimazole is 34-fold as
potent as propylthiouracil. Although this
discrepancy is not fully explained, the dif-
ferent source of peroxidase and its activity,
and the different assay conditions could in
part account for it. Nevertheless, the inhib-
itory effect of 2,3-DHP on lactoperoxidase-
mediated guaiacol oxidation was similar to
propylthiouracil. It is possible that the rel-
ative potency of 2,3-DHP and propylthio-
uracil may be different if highly purified
thyroid peroxidase were used for the assay.

2,3-DHP at the concentration of 1 mM
caused a 20% reduction of conversion of T,
to Ts in vitro. Propylthiouracil, a well-
known inhibitor of peripheral conversion of
T, to T; (17), caused about 40% inhibition of
thyroid T, to T; conversion at the concen-
tration of 10 uM. The production of T; from
T, by the thyroid enzyme preparation was
completely inhibited by 1 mM propyl-
thiouracil (Table II). Thus, the potency of
2,3-DHP to inhibit the thyroid conversion
of T, to T; was less than 1/100th that of
propylthiouracil.

The antithyroid activity of 2,3-DHP was
confirmed in this study, since rats receiving
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TABLE II. EFfFecT oF 2,3-DHP AND
PROPYLTHIOURACIL ON THE CONVERSION OF T4 10 T3
IN VITRO

Production of T3
(ng/mg enzyme/60 min)

Molar concentration of Propyl-
antithyroid agent 2,3-DHP thiouracil
0 54717 578=+4.6
10-¢ 53.7 £ 3.1 56.9 =+ 3.3
103 53.0+28 333=x0.7
10~ 52.1 2.6 7.4+0.6
102 4032 ND

Note. Thyroid tissue from a patient with Graves’
disease was used as a T4 to T3 converting enzyme.
Values presented here are the mean + SEM of tripli-
cate samples. ND, not detectable.

2,3-DHP showed reduced thyroid function
with a significant rise in serum TSH. Al-
though ingestion of 2,3-DHP decreased
only serum T; levels without significant
change in serum T, levels, the thyroid con-
tent of T; and T, was greatly reduced in
2,3-DHP-treated rats. It is conceivable that
the release of thyroid hormone from the
thyroid glands in 2,3-DHP-treated rats was
greatly stimulated by TSH, despite their
low hormone content, thus resulting in al-
most the same level of serum T, as in con-
trols.

Lower serum T; levels in the 2,3-DHP-
treated rats than in controls raised the pos-
sibility that 2,3-DHP could be an inhibitor
of the conversion of T, to T;. Our in vitro
finding indicates that the concentration of
2,3-DHP necessary to inhibit the conver-
sion of T, to T3 was high compared to that
of propylthiouracil. Therefore, the inhib-
itory effect of 2,3-DHP on the conversion of
T, to Tz may not be significant in vivo, un-
less a large dose of 2,3-DHP is employed.

Depletion of thyroid hormone content of
the thyroid gland found in the 2,3-DHP-
treated rats could arise from impairment of
iodide trapping by the thyroid gland, or in-
hibition of intrathyroidal hormone synthe-
sis, or both. Lee et al. reported that 2,3-
DHP did not inhibit iodide trapping (5).
Since 2,3-DHP inhibited peroxidase activ-
ity in vitro, the mechanism of antithyroid
effect of 2,3-DHP appears to be inhibition
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of the thyroid hormone catalytic enzyme,
thyroid peroxidase. It is of interest to note
that 2,3-DHP, which is chemically distinct
from the thioureylene antithyroid drugs,
possesses properties similar to propyl-
thiouracil.
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