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The structural similarities between thioracil 
and uracil suggest that antithyroidal effects 
of thiouracil may be related to its involve- 
ment in nucleic acid metabolism. This hypoth- 
esis is supported by the report of Sadhu 
(1) which indicated that the goitrogenic 
effect of thiouracil in rats could be overcome 
by equimolar concentrations of uracil. These 
results could not be confirmed by other in- 
vestigators (2-4) using uracil to thiouracil 
ratios as high as 300:l and thiouracil in- 
hibition of iodination in sheep thyroid slices 
was not affected by 8: 1 ratios of uracil ( 3 ) .  
Complicating these observations is the report 
by 17an Middlesworth ( 5 )  that many com- 
mercial uracil preparations contain a thio- 
uracil-like contaminant which may itself be 
goitrogmic. 

More recently, reports have demonstrated 
that thiouracil may be converted to thio- 
uridiine by uridine phosphorylase (6) or 
thymidine phosphorylase ( 7 ,  8). Further 
metabolism to thio-UMP is catalyzed by 
uridine kinase (6) .  In  addition, a one-step 
conversion of thiouracil to thio-UMP is 
accomplished by UMP pyrophosphorylase 
(9).  Metabolism of thiouracil to its nucleoside 
and nucleotides by thyroid tissue has received 
little attention ; however, rat thyroid readily 
utilizes uracil and orotic acid, incorporating 
them into nucleotides and RNA ( l o ) ,  and 
contains high levels of uridine phosphorylase 
and uridine kinase. Furthermore, thyroid tis- 
sue has been shown to concentrate thiouracil 
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(1 1) .  Thus conditions in the thyroid appear 
favorable for thiouracil conversions to nu- 
cleosides and nucleotides. 

The objectives of this study were to deter- 
mine whether thyroid tissue from various 
species possess the enzymes capable of form- 
ing the thiouracil nucleoside and nucleotide 
and whether these metabolites are involved 
in antithyroidal effects attributed to thio- 
uracil. 

Materials and Methods. Tissue extracts 
were prepared and assayed for uridine phos- 
phorylase (12) and uridine kinase ( 1 2 )  ac- 
cording to methods previously described. 
Thymidine phosphorylase was assayed by a 
slight modification of the spectrophotometric 
method described by Friedkin and Roberts 
(14). The enzyme extract was prepared by 
homogeniaing tissue in 4 vol of 0.05 M Tris 
buffer (pH 6.0) and centrifuging a t  105,000 
g for 30 min. The supernatant was used as 
the source of the enzyme. For UMP pyro- 
phosphorylase assays, tissue was homogenized 
in 5 vol 0.05 M potassium phosphate buffer 
(pH 7 . 5 )  and centrifuged at  600g. The 
supernatant was then centrifuged at  15,OOOg 
for 30 min and the resulting supernatant was 
used as a source of the enzyme. Assays were 
carried out with the isotopic method pre- 
viously described (in detail (9).  

Porcine thyroid peroxidase was prepared 
by a modification of methods described by 
Coval and Taurog (15) and Hosoya and 
Morrison (16).  Fresh hog thyroid glands 
were freed of connective tissue and fat, then 
cut into small pieces. Tissue weighing 88.7 
g was washed several times with a large 
volume of cold 0.9% NaCl (approx 500 ml) 
and homogenized in a buffer-ice mixture in 
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a Waring blender. Thlis slurry was filtered 
through two layers of cheesecloth, passed 
through a fine-mesh nylon cloth then centri- 
fuged at  30,OOOg for 1.5 hr a t  0". The pellet 
was suspended in 0.05 M TrisHC1-1.0 X 

M KI (pH 7.0) (buffer) in a final 
volume of 30 ml. Trypsin (3.9 mg) was 
added in 1.3 ml of buffer and the mixture was 
stirred for 2.5 hr a t  room temperature to 
solubillize thyroid peroxidase. Trypsin actiivity 
was terminated by the addlition of 8.7 mg 
of soybean trypsin inhibitor in 1.3 ml of 
buffer and the mixture was centrifuged at  
13,OOOg for 2 hr at  0". The somewhat turbid 
and slightly colored trypsin supernatant 
containing most of the peroxidase activity 
was brought to 457; saturation with ammo- 
nium sulfate. The protein precipitate col- 
lected by centrifugation a t  13,OOOg for 1 
hr a t  0" was redissolved in buffer (total 
volume 20 ml) and dialyzed 90 min each 
against two changes of 500 ml of fresh buffer 
in the cold. The dialysate (about 27 ml) 
contained the active hog thyroid peroxidase 
and was used for inhibition studies. 

Peroxidase activity was assayed by a slight 
modification of the guaiacol test (17). The 
assay medium contained 117.5 pmoles oS 
guaiacol; 58.75 pmoles of Tris-HC1 (pH 
7.4); and 0.6 mg of enzyme protein in a 
final volume of 1.2 ml. The reaction was 
initiated by the addition of 0.025 ml of 3.92 
x M H202. The increase in absorb- 
ance at  470 nm was measured for 12 sec 
during the initial linear reaction using a re- 
cording Beckman DK-2 spectrophotometer. 

The antithyroidal effects of 2-thiouracil 
and 2-thiouridine in intact rats were deter- 
mined by a modification of the method of 
Pitt-Rivers ( 18). Male Sprague-Dawley 
rats (100-125 g) were placed on a low io- 
dide diet for 3 days prior to the experiments. 
Each animal received an intraperitoneal in- 
jection of 0.5 ml of either a blank (0.9% 
NaCl) , thiouracil or thiouridine solution. 
One hour later, an injection of Na1251 (1 
pCi/O.5 ml saline, carrier free) was given 
intraperitoneally. Three hours after the in- 
jection of Na1251 the animals were sacrificed 
and the thyroids were removed. Whole thy- 
roid lobes were placed in ground-glass homog- 

enizers and the total thyroidal 1251 uptake 
was obtained. The glands were then homog- 
enized in 1 ml of the 0.05 M Verona1 buffer 
at  pH 8.6 containing 1.0 X lov5 M thioura- 
cil. One volume of 20% ice-cold trichloro- 
acetic acid was added and the resulting pre- 
cipitate was washed twice with 1 ml cnf 10% 
trichloroacetic acid. The radioactivity recov- 
ered in the final precipitate was taken as 
PI3 1251 and the radioactivity in the super- 
natants as inorganic 1251. 

Results. The initial conversion of thioura- 
cil to a nucleoside is catalyzed by uridine 
phosphorylase or thymidine phosphorylase 
with further metabolism of the nucleoside 
to thio-UMP being catalyzed by uridine kin- 
ase. Conversion of thiouracil to thio-UMP 
in a one-step reaction is accomplished by 
UMP pyrophosphorylase. The occurrence of 
these enzymes in thyroid tissue from various 
species was examined with the results pre- 
sented in Table I. Values for rat liver are 
included for comparison. The highest level 
of activity was demonstrated for uridine 
phosphorylase which was consistently present 
and higher in all species examined than in 
rat liver. Thymidine phosphorylase activity 
was observed in rat, dog, goat and bovine 
thyroid but not in sheep. In all except 
bovine tissue, activity was only slightly less 
than that in rat liver preparations. Only 
traces of UMP pyrophosphorylase were ob- 
served in any tissue examined and were so 
low as to be of doubtful significance. The 
enzyme converting thiouridine to thio-UMP, 
uridine kinase, was present in all species at  
a level of activity less than that in rat liver. 
Thus thyraid tissue generally contains two 
enzymes, uridine phosphorylase and thymidine 
phosphorylase, oapable of converting thioura- 
cil to thiouridine and also the enzyme uridine 
kinase which catalyzes thiouridine metabolism 
to thio-UMP. 

The acute effects of thiouracil and thio- 
uridine on thyroid function were determined 
by a modification of the method described 
by Pitt-Rivers (18) and are presented in 
Table 11. The effects of thio-UMP were not 
examined due to the general lack of cell 
permeability to phosphorylated nucleosides. 
A single dose of 0.78, 1.95, 3.9 and 7.8 pmoles 
of thiouracil depressed the thyroidal 1251 up- 
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T A B L E  I. Activity of Pyriniidiiw Pathway Enzyiiios Involved in Tliiouracil Aiiabolisin. 

Sp ac t  (pmoles/nig/hr ) 

Uridine Thynlidine UMP pyro- 
Sourcr pliospliorylase phosphorylase Uridine kiiiase pliosphorylase 

I i v e r  
R a t  0.104 0.069 0,09 Traceb 

Thyroid 
R a t  0.354 0.023 0.06 Traceb 
Bovine 0.289 Tracea 0.013 Traceb 

- - Traceb Guinea pig - 
Dog 0.230 0.033 0.025 
Sheep 0.261 0 0.014 0 
Goat 0.125 0.022 0.011 - 

- 

a Lem than  0.005. 
IJC~S than  1.0 X lo-'. 

take 40: 76, 84 and 94%, respectively; 
whereas the ratio of PB lZ5I and inorganic 
1251 with the three higher doses was de- 
creased to 4, 2 and 1, respectively. 

A comparison of the antithyroidal effects 
of thiouracil and thiouridine is also shown 
in Table 11. The administration of 3.9 and 
7.8 pmoles of thiouridine inhibited iodide up- 
take 22 and 547c, respectvely, compared to 
88% for 3.9 pmoles of thiouracil. Iodide or- 
ganification was also inhibited by thiouracil 
but not by either amount of thiouridine. 
These data strongly indicate that thiouracil 
had a much more potent antithyroidal effect 

than thiouridine. The relative potencies can- 
not be accurately estimated but 7.8 pmoles 
of thiouridine produced results similar to 
those seen with 0.78 kmoles of thiouracil, 
suggesting that thiouridine is approximately 
10% as effective as thiouracil. 

Thiouracil has been shown to be a potent 
inhibitor of a highly purified thyroid peroxi- 
dase preparation (1  5 )  which apparently ac- 
counts for its antithyroidal effects. The ef- 
fects of thiouridine and thio-UMP on par- 
tially purified thyroid peroxidase were exam- 
ined and compared with thiouracil with the 
results shown in Table 111. I t  is evident that 

T A B L E  11. The Antithyroidal Actions of 2-Thiouracil and 2-Thiouridine i n  Intact Ra.Zs. 

Distribution of (yo) 
Thyroidal lz5I uptake 

Compound (pmoles) (dpm) PB Inorg. lZ5I 
D 01s e 

A. T'hiouracil 0 
0.78 
1.95 
3.9 
7.8 

B. NaOl (0.9%) 
Thiouracil 3.9 
Thiouridine 3.9 
Thiouridine 7.8 

198,779 & 12,945 (3)" 
118,542 & 14,553 ( 3 ) b  
47,927 -t- 7235 (3)" 
3 1 , 3 3 7 5  1974 (3)d  
19,420 2 5302 (3)d  

186,516 22,504 (12) 
23,089 2 2718 (14)d 

146,501 2 23,281 (10) 
87,451 2 8889 (8)" 

84.3 
88.1 
80.0 
67.8 
49.8 

88.9 
71.9 
88.7 
87.9 

15.7 
11.9 
210.01 
32.2 
50.2 

11.1 
28.1 
11.3 
12.1 

a The data represent the  mean 2 SE with the number of rats for each group indicated in the 
parentheses. 

b p  > 0.05. 
" p  < 0.05. 

p < 0.001. 
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TABLE 111. Effests of 2-Thiouracil, Uracil, 2- 
Thiouridiee, Uridine and 2-Thio-UMP on Porcine 

Thyroid Peroxidase. 

s p  aGt" 
Uompcrund conen (OD,,,,/min/mg Inhibition 

( X  1 0 4 q  protein) (%I 
Control 

Thiouracil 
0.2 
0.5 
1.0 

Uracil 
10  
50 

100 

Thiouridine 
10 
50 

100 

Uridine 
10 
50 

100 

Thio-UMP 
1.1 
5.7 

11.0 

1.33 

1.019 
0.807 
0.596 

1.17 
0.761 
0.519 

1.33 
1.08 
0.814 

1.33 

1.33 
1.83 

1.33 
1.18 
0.945 

None 

18.0 
39.3 
55.2 

12.0 
42.8 
61.0 

None 
18.8 
38.8 

None 
None 
N,oine 

None 
11.3 
28.9 

a The specific activity represents the total change 
in absorbance at 4701 nm/mg of protein. 

thiouridine was much less potent than thio- 
uracil since 1 X IM thiouridine was re- 
quired to produce essentially the same degree 
of inhibition as 5 x M thiouracil. Thio- 
UMP exerted some inhibition and appeared 
to be more potent than thiouridine since thio- 
UMP at  1.1 >( M inhibited 29% of the 
peroxidase activity. However, the purity of 
this thio-UhlP preparation was reexamined 
and thiouracil was found to account for ap- 
proximately 5% of the sample. This amount 
of thiouracil could account for the inhibition 
observed with thio-UMP. The effects of ura- 
cil and uridine on peroxidase activity were 
also studied. Inhibition was produced by ura- 
cil although it  was much less potent than 
thiouracil; however, the effect was greater 
than that produced by thiouridine. Uracil at 
a 1 )( M concentration inhibited the 
enzyme activity approximately as much as 
thiouracil at  1 X M .  Uridine did not 

produce any inhibition even at  a concentra- 
tion of 1 x M .  

Discussion. The presence of thyroidal en- 
zymes capable of converting thiouracil to 
thiouridine and thio-UMP was demonstrated 
in Table I. Uridine phosphorylase, the most 
active enzyme observed, does utilize thioura- 
cil but it is a poor substrate and little con- 
version occurs (6) .  The activity of thymidine 
phosphorylase, which readily utilizes thioura- 
cil, was low but comparable to that in rat 
liver or not found. UMP-pyrophosphorylase 
activity was either absent or insignificantly 
low and would be of little importance in thio- 
uracil metabolism in the gland. Consequently, 
the thyraid may have difficulty in carrying 
out the initial conversion of thiouracil to thio- 
uridine or thio-UMP. 

Once thiouridine is formed, metabolism to 
thio-UMP and other nucleotides probably oc- 
curs as with rat liver. Preliminary experi- 
ments (data not shown) in which thiouridine- 
2-14C was incubated with enlarged rat thy- 
roids demonstrated the formation of radioac- 
tive peaks after column chromatography iden- 
tical to peaks identified as thio-UMP nucleo- 
tides in the acid-soluble fraction of rat liver 
slices (19). Incorporation into RNA also ap- 
peared to occur. The failure of Van Erkelens 
(20) Maloof and Soodak ( 3 )  and Lindsay, 
Nakagawa and Cohen (4) to find any evi- 
dence for the incorporatiion of thiouracil into 
nucleotides or RNA in the thyroid was prob- 
ably due to the difficulty in converting tbio- 
uracil to thiouridine. This problem is also en- 
countered with rat liver. 

The results obtained with both intact rats 
and partially purified thyroid peroxidase 
clearly demonstrate that thiourad was many 
times more potent as an antithyroid sub- 
stance than thiouridine or thio-UMP. If acti- 
vation of thiouracil had occurred as a result 
of metabolic conversion to these compounds, 
the contrary would have been expected. Con- 
sequently, it is highly unlikely that conver- 
sion to a nucleoside or nucleotide is essential 
for thiouracil to exert its antithyroidal action 
and thiouracil effects on RNA synthesis by 
this mechanism are probably not involved. In 
fact, it is unlikely that metabolic activation 
by any mechanism is involved in the thioura- 
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cil effect since Rlaloof and Soodak ( 2 1 )  
found that the metabolism of thiouracil-:% 
was greatly reduced in the hypophysecto- 
mized rat, yet thiouracil was as effective in 
inhibiting the formation of PB IR1I in the thy- 
roid of this animal as in the thyroid of the 
normal rat. 

Thiouracil in intact rats was a much more 
potent inhibitor of iodide uptake and 0rgar.i- 
fication of iodide than thiouridine. However, 
some inhibition was observed with thiouri- 
dine. This effect may not be due to the intact 
thiouridine molecule since it had little effect 
on peroxidase activity. Conversion to thio- 
uracil can be readily accomplished by uridine 
phosphorylase ( 6 ) .  Degradation of thiouri- 
dine to thiouracil by this enzyme could have 
resulted in the thyroidal inhibition observed. 

The inhibitory effect of uracil on thyroid 
peroxidase is surprising but is probably ex- 
plained by Van Middlesworth's report ( 5 )  
of the presence of a thiouracil-like contami- 
nant in many commercial uracil preparations. 
The high concentrations of uracil tested could 
have provided enough of this contamlinant to 
produce the inhibition observed. 

Although the metabolism of thiouracil in 
pyrimidine pathways leading to RNA syn- 
thesis does not appear to be involved in the 
antithyroid action of thiouracil, i t  may be re- 
lated to the toxic symptoms produced by 
thiouracil or to thiouracil inhibition of thy- 
roxine deiodination ( 5 ) .  Leukopenia, caused 
by the depression of marrow cell maturation 
after the adminlistration of high doses of thio- 
uracil as well as propylthiouracil ( 2 2 ) ,  may 
be related to effects on nuclei,c aicid synthesis. 

Summary. The presence of uridine phos- 
phorylase and thymidine phosphorylase, en- 
zymes capable of converting thiouracil to 
thliouridine, was demonstrated in thyroid tis- 
sue from several species. Uridine kinase which 
catalyzes further metabolism of thiouridine 
to thio-UMP was also present. The activity 
of UMP pyrophosphorylase which converts 
thiouracil to thio-UMP in a one-step reac- 
tion was insignificant. 

Comparisons of antithyroidal activity in 
intact rats and with partially purified por-. 
cine thyroid peroxidase demonstrate that 
thiouridine was approximately 10% as potent 

as thiouracil in vivo but less than 1% as ac- 
tive as thiouracil as an inhibitor of thyroid 
peroxidase. Thio-UMP was about 5% as ac- 
tive as thiouracil on thyroid peroxidase. 

These results indicate that it is highly un- 
likely that thiouracil conversion to a nu- 
cleoside or nucleotide is involved in its anti- 
thyroidal action. 

1. Sadhu, D. P., r2mer. J .  Physiol. 152, 150 (1948). 
2. Paschkis, K. E., Cantarow, A., and Stasney, J., 

Science 114, 264 (1951). 
3. Malolof, K. ,  and Soodak, M., Endocrinology 68, 

831 (1961). 
4. Lindsay, R. H., Sakagawa, H., and Cohen, 

P .  P., Endocrinclogy 76, 728 (1965). 
5.  Iran Middlesworth, L., Endocrinology 77, 946 

(1965). 
6. Yu, M. W., Sedlak, J., and Lindsay, R. H., 

Proc. SOC. Exp. Biol. Med. 139, 1292 (1972). 
7. Strominger, D. B., and Freidkin, M. J., J. Biol. 

Chem. 208, 663 (1954). 
8. Razzell, W. E., and Khorana, H. G., Biochim. 

Biophys. .4cta 28, 562 (1958). 
9. Lindsay, R. H., Tillery, C. R., and Yu, M. W., 

Arch. Biochem. Biophys. 148, 466 (1972). 
10. Lindsay, R.  H., an'd Cohen, P. P., Endo- 

crinology 76, 737 (1965). 
11. Quinones, J .  D., Boyd, C. M., Beierwaltes, W. 

H., and Poissant, G. F., J .  NucI. Med. 13, 148 
(1972). 

12. Liindsay, R. H., Romine, C. J., and Wong, 
M.  Y., Arch. Biochem. Biophys. 126, 812 (1968). 

13. Akamatsu, N., Lindsay, R. H., and Cohen, P.  
P., J. Biol. Chem. 239, 2246 (1964). 

14. Friedkin, M., and Roberts. D., J .  B i d .  Chem. 
207, 245 (1954). 

15. Coval, M. L., and 'I'aurog, A., J.  Biol. Cham. 
242, 5510 (1967). 

16. Hosoya, T., and Morrison, M., J .  Bid .  Chem. 
242, 2828 (1967). 

17. Ljunggren, J. G., and Akeson, A., Arch. 
Biochem. Biophys. 127, 346 ((1968). 

18. Pitt-Rivers, R., Ann. N. Y. Acad. Sci. 86, 362 
(1960). 

19. Yu, M.  W., Sedlak, J., anld Lindsay, R.  H., 
Arch. Biochem. Biophys. 155, 111 (1973). 

20. \'an Erkelens, P. C., Acta Endocrinol. 18, 
229 (1955). 

21. Maloof, F , and Soodak, M., Endocrinology 
61, 555 (1957). 

22. Reed, P .  W., and Tepperman, J., -4mer. J. 
Physiol. 216, 231 (1969). 

Received Feb. 21 ,  1973. P.S.E.B.M., 1973, Vol. 143. 


