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Abstract. Experiments were performed both in vivo and in vitro to test a previous
proposal that part of the antithyroid action of the thioureylene drugs, propylthiouracil
(PTU) and methylmercaptoimidazole, can be attributed to inhibition of thyroglobulin (Tg)
biosynthesis. Rat thyroid lobes were incubated in leucine-free Eagle’s medium contain-
ing bovine thyroid-stimulating hormone and 0, 0.1-0.2, or 1 mM drug. After a 30-min
preincubation, 5 uCi of ['*C]leucine were added and the incubation was continued for 4
hr. The soluble fraction was analyzed by sucrose density gradient centrifugation, and
the fractions corresponding to the 19S Tg peak were pooled and assayed for “C. No
inhibition of **C incorporation into 19S Tg was observed, even in thyroid lobes incubated
in the presence of 1 mM methylmercaptoimidazole or 2 mM PTU. At the same time, *C
incorporation into 19S Tg was completely inhibited when lobes were incubated in the
presence of 0.1 mM puromycin. In vivo, rats received an injection of PTU (1 umol/100 g
body wt), followed 60 min later by an injection of 25 uCi of ['*C]leucine. Blood samples
and thyroids were taken 5 hr after the [*C]leucine injection. Serum thyroid-stimulating
hormone was not significantly affected by the PTU injection. The thyroid-soluble fraction
was analyzed by sucrose density gradient centrifugation. No significant differences
between saline and PTU-injected groups were observed in [*“C]leucine incorporation
into 19S Tg. We conclude from both our in vitro and our in vivo studies that PTU and
methylmercaptoimidazole have no inhibitory effect on thyroglobulin synthesis in rat
thyroids and that such inhibition does not play a significant role in the antithyroid action

of these drugs.
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and methylmercaptoimidazole (MMI), exert

their antithyroid effect primarily through inhibi-
tion of thyroid peroxidase-catalyzed iodination of thy-
roglobulin (1). However, other antithyroid actions of
these drugs have also been postulated. These include (i)
a possible direct effect on the coupling reaction (2); (i1)
an immunosuppressive effect (3, 4), which presumably
reduces the formation of thyroid-stimulating immus-
noglobulins; (iii) the formation of a mixed disulfide
with Tg (5, 6), which may interfere with the coupling
reaction; and (iv) inhibition of the synthesis of Tg (7),
which may lower formation of T..

The thioureylene drugs, propylthiouracil (PTU)
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The present communication is concerned with the
question of possible inhibition of Tg synthesis by PTU
and MMLI. Such inhibition was reported by Monaco et
al. (7) in experiments in which incorporation of [*H]
galactose and ['*C]leucine into the soluble protein of
rat thyroid lobes was measured in the presence and
absence of PTU and MMI. However, their findings
were not in agreement with those reported earlier by
Seed and Goldberg (8), who observed that incorpora-
tion of ["*C]valine into thyroglobulin in sheep thyroid
slices was not affected in the presence of 1 mA/ PTU.

A continuing interest in this laboratory in the
action of antithyroid drugs on thyroid function led us
to examine further whether PTU and MMI inhibit Tg
biosynthesis in rat thyroids. Experiments were per-
formed both in vitro and in vivo.

Materials and Methods

Rats. Male Sprague-Dawley rats were obtained
from Simonsen Laboratories. They were maintained
for varying periods on a 12-hr light-dark cycle and fed



the laboratory stock diet (Wayne Lab-Blox). At the
time of use they weighed 180-250 g.

Incubation Medium. Minimal essential medium
(Eagle), without L-leucine or L-glutamine, was obtained
from Gibco Laboratories.

In Vitro Experiments with ["“C]Leucine. Thyroid
lobes were carefully dissected after the rats had been
exsanguinated from the abdominal aorta under ether
anesthesia. Each incubation sample contained pooled
thyroids from two rats (four lobes). Incubation was
performed in 25-ml glass-stoppered flasks containing 5
ml of minimal essential medium, to which had been
added 25 mM NaHCOs, 2 mAM glutamine, 0.1 uM KI,
5 milliunits/ml bovine thyroid-stimulating hormone
(TSH), and either PTU, MMI, or deionized water. The
incubation flasks were flushed with 95% 0,-5% CO,
before the start of incubation and then placed in a
shaking water bath at 37°C (100 oscillations/min). After
a 30-min preincubation period, 5 ¢Ci of ["*C]leucine
(uniformly labeled, 270 mCi/mmol; ICN) were added
and incubation was continued for 4 hr. The flasks were
reflushed with O,-CO, at hourly intervals.

Two separate experiments were performed. In the
first, PTU and MMI were present at a concentration of
100 pM. In the second, the drug concentration was
increased to 1 mM MMI or 2 mM PTU. Control
samples contained an equal volume of deionized water.
All samples (each containing pooled thyroids from two
rats) were run in triplicate.

After the incubation, the thyroid lobes were rinsed
twice in successive beakers of saline to remove adhering
[**CJleucine, blotted lightly on filter paper to remove
excess liquid, weighed, and homogenized in 350 ul of
0.1 N K(CI-0.02 M phosphate (pH 7.0) in a small, all
glass, conical homogenizer (Kontes Glassware Co.) in
an ice bath. An aliquot of the homogenate (20 ul) was
counted for measurement of total "*C uptake by the
tissue. The remainder of the homogenate was centri-
fuged at 4°C in a Fisher microcentrifuge at 12,000g for
10 min. An aliquot (20 ul) of the supernatant was
counted, and another aliquot (200 ul) was layered on
top of a 10-40% linear sucrose gradient that had been
prepared in 67 mM phosphate (pH 7.0). After centrif-
ugation at 4°C for 16 hr in a Beckman SW60 Ti rotor
at 30,000 rpm, fractions (eight drops, ~0.1 ml) were
collected from the bottom of the tube (Beckman, 11 X
60 mm, Ultra-Clear) and assayed for "*C in a liquid
scintillation counter. The fractions corresponding to
the 19S peak were pooled for measurement of ['“C]
leucine incorporation into Tg. The position of the peak
for 19S Tg was based on similarly treated samples
containing '*'I-Tg derived from the thyroids of rats
previously injected with 3.

In Vitro Experiments with ', Experiments with
rat thyroid lobes were also performed to test inhibition
of organic *'I formation by PTU and MMI. The in-

cubation conditions were exactly as described above,
except that "*'I was added in place of ["*C]leucine, and
PTU and MMI were added at only a single concentra-
tion (100 uM). Analysis was performed by paper chro-
matography, as previously described (9).

In Vivo Experiments with [**C]Leucine. Two sep-
arate experiments were performed, based on measure-
ment of the incorporation of '*C into Tg after injection
of ["*CJleucine (ICN, uniformly labeled). Since only a
very small fraction of the injected ['*Clleucine was
taken up by the thyroid, it was necessary to inject a
very large dose of ["*C]leucine into each rat (25 uCi).
The high cost of this material severely limited the
number of animals that could be used, and in vivo
experiments were performed only with PTU.

In Experiment 1, six rats received three intraperi-
toneal injections of PTU (1 pmol/100 g body wt) over
a period of 24 hr and six control rats were similarly
injected with saline. Thirty minutes after the last injec-
tion, all animals were injected intraperitoneally with 25
uCi of ['"*Clleucine (90 pmol). Thyroids were removed
5 hr later, after the rats had been exsanguinated from
the abdominal aorta under ether anesthesia. Thyroid
glands from two rats were pooled for homogenization,
and the homogenate was treated as described above for
the in vitro experiments.

In Experiment 2, 10 rats received a single injection
of PTU (1 pmol/100 g body wt), followed 60 min later
by an injection of 25 uCi of ["*C]Jleucine (136 pmol).
Ten control rats were treated similarly, except that they
received saline instead of PTU. Thyroids were removed
5 hr after the [*“C]Jleucine injection and treated exactly
as in Experiment 1.

For comparison of the rate of synthesis of 19S Tg
in the two groups of rats, the *C activity in the 19S Tg
fraction was calculated in two ways: (i) as a percentage
of the "C activity applied to the sucrose gradient, and
(i1) as a percentage of the total '*C activity in the glands.

In Vivo Experiment with "*'l. Although previous
experiments in this laboratory (10) had demonstrated
that the dosage of PTU used in the present study (1
umol/100 g body wt) was extremely effective in block-
ing organic iodine formation, an additional experiment
was performed to confirm this result. Four rats received
a single injection of PTU (1 pmol/100 g body wt) and
four control rats received a saline injection. Sixty min-
utes later the animals were injected with 30 xCi of '*'],
and thyroids were removed 5 hr later, after the animals
had been exsanguinated. Thyroid glands from individ-
ual rats were homogenized in an ice bath in 400 ul of
0.1 N KCI-0.02 M phosphate (pH 7.0)-5 mM methima-
zole. An aliquot (25 ul) of the homogenate was counted
for measurement of total **'I uptake by the gland, and
the remaining homogenate was centrifuged at 12,000g
for 10 min at 4°C. An aliquot (25 ul) of the supernatant
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was applied to a filter paper strip for separation of
organic and inorganic '*'I, as previously described (9).

Serum TSH. Serum TSH was measured by radio-
immunoassay standard technique using materials and
protocols supplied by the NIDDK Rat Hormone Dis-
tribution Program. Results are expressed as ng/ml,
using the RP-2 reference standard.

Results

Effect of PTU and MMI on In Vitro Tg Synthesis
in Rat Thyroid Lobes. Figure 1 shows typical results
obtained when rat thyroid lobes, incubated in the pres-
ence of ['*C]leucine, were analyzed by sucrose density
gradient centrifugation. Results are shown for control
lobes and for lobes preincubated with 1 mAM MMI or 2
mM PTU. A peak for '*C corresponding to the expected
position of 19S thyroglobulin was observed in all sam-
ples, and the magnitude of the peak was similar for
control and for drug-treated lobes.

Table I shows the percentage of the total counts
eluted from the gradient that were contained in the 19S
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Figure 1. Sucrose density gradient patterns obtained with rat thyroid
lobes incubated in vitro with ["*C]leucine. Rat thyroid lobes were
incubated for 30 min in Eagle’s medium containing no drug (A), 1 mM
MM (B), or 2 mM PTU (C). [*C]Leucine was then added, and the
incubation was continued for 4 hr. The thyroids were homogenized,
centrifuged, and a portion of the supernatant was layered on a 10-
40% sucrose gradient. After centrifugation, fractions were collected
from the bottom of the tube and assayed for "C.
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peak. No significant difference was seen between con-
trol lobes and lobes incubated in the presence of either
100 uM or 2 mM PTU or 100 uM or | mAM MMI. Also
shown in Table I are data demonstrating that PTU and
MMI had no effect on the total uptake of ["*C]leucine
or on the "*C tissue:medium concentration ratio.

To demonstrate the validity of the procedure used
for measuring Tg synthesis, the effect of 100 xM puro-
mycin on the incorporation of ['*C]leucine into 19S Tg
was determined. As shown in Figure 2, incorporation
of ["*C]leucine into 19S Tg was completely inhibited
under these conditions.

Effect of PTU and MMI on lodination in Rat
Thyroid Lobes. The results in Table II demonstrate
that concentrations of PTU and MMI as low as 100
wM inhibited organic iodine formation more than 99%
in rat thyroid lobes incubated under exactly the same
conditions used for measuring protein synthesis.

Effect of PTU on Tg Synthesis In Vivo. In Exper-
iment 1, rats received three injections of PTU (1 pmol/
100 g/injection) over a period of 24 hr before they were
injected with ['*C]lecuine. Control rats received saline
instead of PTU. Typical sucrose density gradient pat-
terns for the '*C in the control and PTU-injected rats
are shown in Figure 3. Two major peaks were observed,
corresponding to 19S Tg and to 3-8S proteins. Table
I1I shows the '*C counting data for the PTU and saline-
injected groups. Each group consists of three samples,
and each sample represents results obtained with pooled
thyroids of two rats. There was no significant difference
between the PTU and saline-injected groups in total
'“C uptake by the thyroid. Also, there was no significant
difference in cpm in the 198 peak, calculated either as
percentage of total cpm applied to the sucrose gradient
or as percentage of total cpm in the gland.

After Experiment ! had been completed, we be-
came aware of results previously reported by Larsen
and Frumess (11), indicating that serum TSH levels in
rats are elevated as early as 24 hr after injection of
PTU. This raised the possibility that inhibition of Tg
synthesis by PTU in Experiment | may have been
masked by TSH stimulation of Tg synthesis. We, there-
fore, performed a second experiment in which PTU (1
umol/100 g) was administered in a single dose and ['*C]
leucine was injected 60 min later. The interval between
the injection of ["*C]leucine and removal of the thyroid
glands was again 5 hr, as in Experiment 1. The animals
were thus exposed to PTU for a total of 6 hr. At this
interval, Larsen and Frumess (11) observed no eleva-
tion in serum TSH.

The results of Experiment 2 are shown in Table
III. The experiment was performed with 10 PTU- and
10 saline-injected rats, thus giving 5 PTU and 5 control
samples after thyroids from 2 rats were pooled for
analysis. Serum TSH was measured individually in all
rats. There was no significant difference between the



Table I. Effect of Thioureylene Antithyroid Drugs on /n Vitro Thyroglobulin Synthesis in Rat Thyroid Lobes

1“ClLeucin take 198 Tg peak
Drug .t g thyro (% . 5
Drug concentration total [*C]leucine in [______cpm/ g thyroid J %o t?ta] thyroid
; counts in cpm/m roi
M) the medium) cpm/ml medium the ;radient pm/mg thy
Deionized —  (8y 26+03° 136+ 1.4 221+19 1.8+0.3 x10°
water
PTU 1 x 107 (3) 24+02 13.6 + 0.9 233+04 1.7 £0.2 x 10°
PTU 2x1072(3) 3.2+0.1 16.0 = 0.4 244 +1.2 24+02x10°
MMI 1 X107 (3) 28+0.2 14.0x1.0 249+06 20+0.1x10°
MMI 1 %1072 (3) 3.0+0.2 150+ 0.9 245+ 07 22+0.1x10°

# Number of samples. Each sample = two pooled glands.
® Values given are the mean = SD.
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T T
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Figure 2. Sucrose density gradient pattern obtained with rat thyroid
lobes incubated in vitro with ["*Clleucine. The procedure was as

described in the legend to Figure 1, except that the rat lobes were
preincubated with 0.1 mM puromycin.

serum TSH levels in the two groups. The thyroid results
are very similar to those in Experiment 1, showing no
significant differences between control and PTU-in-
jected animals.

Effect of PTU on Organic "'l Formation in Thy-
roid. As shown in Table IV, administration of a single
dose of PTU (1 pmol/100 g) almost completely inhib-
ited organic iodine formation in rat thyroids (97%

inhibition), measured 5 hr after PTU injection. There
can be little doubt, therefore, that PTU was a very
effective antithyroid agent under the conditions used in
Experiment 2. Our previous experiments (10) also make
it very likely that PTU was a very effective inhibitor of
iodination under the conditions of Experiment 1.

Discussion

The antithyroid drugs, PTU and MMI, are widely
used in the treatment of hyperthyroidism. Although
inhibition of iodination of thyroglobulin accounts for
the primary mechanism of action of these drugs, other
possible antithyroid actions of PTU and MMI have
been suggested. One of these, the inhibition of Tg
synthesis, has been examined in the present study.

In one of the earliest studies on the biosynthesis of
Tg, Seed and Goldberg (8) reported that incorporation
of ['"*C]valine into 19S Tg in sheep thyroid slices was
unaffected by 1 mAM PTU. More recently, however,
Monaco et al. (7) studied the effect of PTU (2 mM)
and MMI (1 mAM/) on the incorporation of ['“C]leucine
and [*H]galactose into soluble protein of rat thyroid
lobes incubated in vitro. Using a 2-hr preincubation
period, followed by a 4-hr incubation in the presence
of ["*Clleucine or [*H]galactose, they observed approx-
imately 75% inhibition of [*H]galactose incorporation
and somewhat less with ["*C]leucine (68% with MMI,

Table Il. Effect of Antithyroid Drugs on /n Vitro lodination of Thyrogiobulin in Rat Thyroid Lobes

. T )
Drug Incubation %'l uptake in 10 mg %12?|y irr?'d Organic " in thyroid
Drug concentration time thyroid (% total **'| organic % total *'l in %
(M) (hn) in the medium) fraction 10 mg thyroid control
Deionized — {6y 4 7.9+ 25° 755 5917 100
water
PTU 107* (3) 4 3.5+ 0.6° 0.43 + 0.02° 0.015 + 0.002° 0.26°
MM 1074 (3) 4 24 +02° 11 £032° 0.028 = 0.010° 0.47°

@ Number of samples.
® Values given are the mean + SD.
°pP < 0.001.
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Figure 3. Sucrose density gradient patterns obtained with rat thy-
roids labeled in vivo with [*“Clleucine. Rats received three injections
of PTU or saline over a period of 24 hr. Thirty minutes after the last
injection, they were injected with ['*Clleucine, and 5 br later the
thyroids were homogenized and analyzed by sucrose density gradient
centrifugation as described in the legend of Figure 1.

53% with PTU). They concluded that the inhibitory
effect of these drugs on thyroid hormone formation is
due not only to inhibition of iodination but also to
depression of Tg synthesis.

Our results, reported in the present communica-
tion, do not support the findings of Monaco et al. (7).
We observed no inhibition of ['*C]leucine incorpora-
tion into 19S Tg in rat thyroid lobes preincubated for
30 min with 1 mM or 0.1 mAf MMI, or with 2 mM or
0.1 mM PTU, followed by a 4-hr incubation with [“C]
leucine in the continued presence of the drugs. The
higher concentrations of PTU and MMI used in our

study correspond to those employed by Monaco et al.
(7). These concentrations are at least 10-fold greater
than those required for complete inhibition of iodina-
tion (Table II).

We used a shorter preincubation period (30 min)
than did Monaco et al. (2 hr). However, the total
incubation time in the presence of the drugs was 4.5 hr
in our study compared with 4-6 hr in their study.
Moreover, we showed that, with puromycin, a 30-min
preincubation was sufficient to inhibit Tg synthesis
completely.

It should be noted that even the lower concentra-
tions of PTU and MMI used in our i#n vitro experiments
(100 uM) are still many fold greater than the serum
levels attained during clinical therapy. Cooper ef al.
(12, 13) reported that the peak level of PTU in the
serum of hyperthyroid patients receiving 150 mg/day
averaged 4.5 ug/ml (2.6 uM), and the peak serum level
of MMI in patients receiving 30 mg daily averaged 0.78
ug/ml (0.7 uAl).

We also tested the effect of PTU on the synthesis
of 19S Tg in the thyroids of rats in vivo. In previous
studies (9), we showed that PTU is a more potent
antithyroid drug than MMI in the rat. Since the high
cost of the necessarily large amount of ["*C]leucine
required in these experiments greatly limited the num-
ber of rats that could be used, our in vivo experiments
were performed only with PTU. In the first experiment,
the rats received three injections of PTU over a period
of 24 hr before receiving an injection of ["*C]leucine.
Although no differences in incorporation of *C into
19S Tg were observed between PTU-injected and con-
trol animals, this experiment was complicated by the
possibility that serum TSH may have been elevated in
the PTU-treated group (11). A second experiment was
performed, therefore, with rats that received only a
single injection of PTU, followed 60 min later by
injection of [**C]leucine. In both experiments the rats
were killed 5 hr after the injection of ['“Clleucine.
Serum TSH was measured in the second experiment,

Table lll. Effect of PTU on Thyroglobulin Synthesis in Rat Thyroids /In Vivo®

[“C]Leucine uptake/

cpm in 19S peak

Serum TSH®

Experiment Treatment 10 mg thyroid % total cpm
(% injected dose) applied to /oi:‘o;?;:g m (ng/mi)
gradient
1 Saline, 3 injections over 24 hr (3) 62+25 x10°° 37830 223+3.0 —
PTU, 3 injections over 24 hr (3) 79+025x%x10° 323+15 213+0.52 —
2 Saline, single injection (5) 6.0 +0.36 x 107° 413+29 29.5+39 697 + 197
PTU, single injection (5) 6.1+14 x10° 41170 311x93 874 + 329

® Each PTU injection was 1 umol/100 g. In Experiment 1, the rats received 25 uCi of ['*C]leucine intraperitoneally 30 min after the last PTU
injection. In Experiment 2, the ['*Clleucine was injected 60 min after the single injection of PTU. The thyroids were removed 5 hr after the [“C]
leucine injection. The number of samples is shown in parentheses. Each sample represents the pooled thyroids from two rats. Values are

mean + SD.
»p > 0.1, unpaired Student’s ¢ test.
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Table IV. Effect of PTU on Organic "*'I Formation in Rat Thyroids /In Vivo®

31 uptake/mg thyroid

% thyroid ™'l Organic ™'l in thyroid

Treatment L in organic o ini °
% injected dose : % injected To
(% inj ) fraction 91} /mg control
PTU, single injection (4) 0.026 = 0.0055 42.7 £6.9 0.011 £ 0.0014 2.9
Saline, single injection {4) 0.39 =+ 0.051 97.4 £ 0.14 0.38 +0.048 100

“ Rats received either saline or PTU (1 umol/100 g) by intraperitoneal injection. After 60 min they were injected with 30 xCi of '*'l, and the
thyroids were removed 5 hr later. The number of samples is shown in parentheses. Values are mean = SD.

and no significant difference was observed between
control and PTU-injected rats. There was also no dif-
ference in the incorporation of *C into 19S Tg, indi-
cating that PTU had no effect on the synthesis of the
polypeptide backbone of 19S Tg. Under the same con-
ditions, PTU inhibited organic '*'I formation by 97%.

We have been unable, therefore, to confirm the
observations of Monaco et al. (7). The source of the
discrepancy between their in vitro findings and ours
with rat thyroid lobes is not readily apparent. In any
case, the drug concentrations used to obtain their results
are 40- to 100-fold greater than the serum levels at-
tained in patients undergoing therapy with PTU or
MMI. Even had we obtained inhibition of Tg synthesis
with such high concentrations of PTU and MMI, we
would have viewed the results with suspicion. We have,
in addition, found no evidence of inhibition of Tg
biosynthesis in rat thyroids in vivo after administration
of a dose of PTU that inhibited iodination by 97%
Monaco et al. (7) also reported results of in vivo exper-
iments. However, they used rats that received PTU or
MMI in the drinking water for 20 days, conditions that
lead to markedly elevated levels of serum TSH. Label-
ing experiments could not be used under these condi-
tions, and they based their conclusions on the effect of
the antithyroid drugs on the relative proportions of
soluble and particulate Tg. These measurements pro-
vide, at best, only indirect information on the effect of
PTU and MMI on Tg biosynthesis.

Our results, both in vitro and in vivo, lead us to
conclude that the antithyroid action of PTU and MMI
does not involve inhibition of Tg biosynthesis.

This research was supported by U.S. Public Health Service
Grant 5-R01-DK3612.

We acknowledge with gratitude the assistance of Dr. Valeria
Rettori, Department of Physiology, University of Texas Southwestern
Medical Center, who performed the serum TSH assays.

10.

11

13.

. Taurog A. Hormone synthesis: Thyroid iodine metabolism. In:

Ingbar SH, Braverman LE, Eds. Werner’s The Thyroid, 5th Ed.
Philadelphia: JB Lippincott, p78, 1986.

. Engler H, Taurog A, Dorris ML. Preferential inhibition of thy-

roxine and 3,5,3’-triiodothyronine formation by propylithiouracil
and methylmercaptoimidazole in thyroid peroxidase-catalyzed
iodination of thyroglobulin. Endocrinology 110:190-197, 1982.

. McGregor AM, Petersen MM, McLachlan SM, Rooke P, Rees

Smith B, Hall R. Carbimazole and the autoimmune response in
Graves’ disease. N Engl J Med 303:302-307, 1980.

. Ratanachaiyavong S, McGregor AM. Immunosuppressive effects

of antithyroid drugs. Clin Endocrinol Metab 14:449-466, 1985.

. Papapetrou PD, Mothon S, Alexander WD. Binding of *S-

propylthiouracil by follicular thyroglobulin in vivo and in vitro.
Acta Endocrinol (Kbh) 79:248-258, 1975.

. Taurog A, Riesco G. Thyroid peroxidase-catalyzed oxidation of

¥S-propylthiouracil and binding of **S to thyroglobulin [Ab-
stract]. Fed Proc 33:249, 1974.

. Monaco F, Santolamazza C, DeRos I, Andreoli A. Effects of

propylthiouracil and methylmercaptoimidazole on thyroglobulin
synthesis. Acta Endocrinol (Kbh) 93:32-36, 1980.

. Seed RW, Goldberg IH. Biosynthesis of thyroglobulin II role of

subunits, iodination, and ribonucleic acid synthesis. J Biol Chem
240:764-773, 1965.

. Nakashima 1, Taurog A, Riesco G. Mechanism of action of

thioureylene antithyroid drugs: Factors affecting intrathyroidal
metabolism of PTU and MMI in rats. Endocrinology 103:2187-
2197, 1978.

Shiroozu A, Taurog A, Engler H, Dorris ML. Mechanism of
action of thioureylene antithryoid drugs in the rat: Possible
inactivation of thyroid peroxidase by propylthiouracil. Endocri-
nology 113:362-370, 1983.

Larsen PR, Frumess RD. Comparison of the biological effects of
thyroxine and triiodothyronine in the rat. Endocrinology
100:980-988, 1977.

. Cooper DS, Saxe VC, Maloof F, Ridgway EC. Studies of propyl-

thiouracil using a newly developed radioimmunoassay. J Clin
Endocrinol Metab 52:204-213, 1981.

Cooper DS, Bode HH, Nath B, Saxe V, Maloof F, Ridgway EC.
Methimazole pharmacology in man: Studies using a newly de-
veloped radioimmunoassay for methimazole. J Clin Endocrinol
Metab 58:473-479, 1984.

PTU AND MMI ON THYROGLOBULIN SYNTHESIS 53





