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Thiopental and Thyroid Metabolism.* (22177) 

ARTHUR W. WASE AND WILLIAM C. FOSTER. (Introduced by M. J. Boyd.) 
Division of Biological Chemistry, Hahnemann Medical College, Philadelphia, Pa. 

Previous observations (1,2) indicated so- 
diu n ethyl ( l -methyl-butyl) -thiobarbiturate 
(thiopental) to reduce the P1 uptake by the 
rat thyroid to 89%. Impairment of thyroid 
activity was not found related #to the anes- 
thetic effect, since anesthetics which did not 
contain a N - C = S grouping did not change 
the 1131 uptake ( 1 ) .  Other anesthetic agents 
containing a thiocarbamate structure have 
also been shown to have anti-thyroid activity 
( 3 ) .  Widespread use of thiopental as an anes- 
thetic agent suggested that its antithyroid 
properties be further investigated. This study 
indicates a relationship between metabolism 
of thiopental by thyroid and ability of thy- 
roid to accumulate 

Methods. The rats used in these studies 
were of the Sprague-Dawley strain, males, 
180-2OO g. Hypophysectomized rats were all 
males, average weight 155 g, and were used 
26-30 days post operation. The basal ration 
consisted of commercial grains and water ad 
libitum. Hypophysectomized animals were 
given a daily supplement of oranges and let- 
tuce. Not less than 8 nor more than 10 ani- 
mals were used in each experimental group. 
The 1131 uptake and assay procedures have 
been described previously ( 1,3 ) . Total iodine 
content of thyroids was determined by modi- 
fication of the method of McClendon and Fos- 
ter (4). S35 labeled thiopental was obtained 
from Abbott Laboratories. I t  was adminis- 
tered in 10 pc doses diluted with non-radio- 
active thiopental to give animals a 40 mg/kg 
dose as used in earlier experiments. Analysis 
of S35 in tissues was achieved following oxi- 
dation (HN03 and HC104) of tissue sulfur to 
sulfate which was precipitated with benzidine 
hydrochloride and assayed in a gas-flow de- 
tector. Sulfur content of precipitate was de- 
termined by stitration of benzidine sulfate with 
0.01 N NaOH. Counting was extended to a 
2 % statistical error. Corrections for decay 
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and self-absorption were applied by conven- 
tional methods. Results are expressed as spe- 
cific activity, defined here as counts per min- 
ute (CPM) per pM. In some preliminary ex- 
periments, results were expressed as CPM/mg 
tissue. In  the experiment wherein both 1131 
and S35 were used in the same animal, the 1131 
was assayed in the thyroids first using a thick- 
window (3.5 mg/cm2) G.M. counter which 
was insensitive to soft beta radiation of S35 
as determined by previous trial runs with sim- 
ilar amounts of labelled thiopental. Iodine 
content was determined on pooled single lobes 
of thyroid while sulfate content was deter- 
mined on the remaining pooled lobes. In  some 
cases, it was necessary to add known amounts 
of carrier to effect chemical separation of the 
sulfate. 

Results. Thiopental inhibited thyroid ac- 
tivity immediately following administration 
(Fig. 1 ) . Response of thyroid in a 4-hour test 
period was inversely related to the amount of 
thiopental given to the animal (Table I ) .  Of 
perhaps even more interest was the observa- 

400 
* 
E 

\ 

i 
U 

E 200 
\ 

cn E 
8 

0 
0 100 200 300 400 

YINllTEs 
FIG. 1. Effect of thiopental (40 mg/kg) on I= 

incorporation into rat thyroid; 5 pC Fa'. 
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TABLE I.  Four-Hour Uptake of IlS1 by Rat Thy- 
roid in Relation to hniount of Thiopental Aclmin- 

isterecl. 2 pC Il3' intraperitoneally. 

Dose (ing/kg) I'31 CPM/mg % 
0 214 1 19" 100 
5 138 +- 15 64.4 

1 0 112 1 14 52.3 
20 7 6 1  9 35.5 
40 4 4 2  7 20.6 
70 2 6 k  5 12.2 

* Stand. error of tlir inwii. 

tion of impairment of thyroid activity follow- 
ing administration of a single 40 mg/kg dose 
of thiopental (Table 11). I t  required 6 to 7 

TABLE 11. Recorcry of Trapping Ability of 
Thj-roicl following :i Single Dose of Thiopental 

(40 nig/kg). 

P3' uptake 
Hr ( 7G controls) 

4 
1' 
21 
48 
72 
96 

168 
192 

18 
33 
47 
56 
62 
64 
96 

100 

days for complete recovery. To obtain infor- 
mation on the nature of the inhibition, 1131 

uptakes were performed on hypophysecto- 
mized animals. The results shown in Table 
I11 indicate that thiopental reduces the uptake 
TABLE 111. Effect of Thiopental 011 1131 Uptake 
liy Thyroids of H!-i~opli!-sectomized aiicl Sorinal 

Rats. 

Group CPM/nlg % 

Hypos 28.8 +- 5.7" l o o  
Hypos + thiopentd 6.8 2 0.7 23.6 
Soriiial 258.0 25.4 100 
Sorinal + thiopental 30.1 * 1.7  11.6 

+ Stand. error of the in~ai i .  

of 1131 in the absence of the pituitary and sug- 
gest that the principal mode of action is via 
interference with iodine uptake, probably by 
reduction of I? to I - ( j ) .  In  another experi- 
ment, normal animals were given and 
samples were taken for thyroid assay at  24 
hours. Remaining groups were given thio- 
pental (40 mg/kg) and thyroids assayed( 1-3) 
24 hours later. Compared to controls the 
treated animals lost 1131 rapidly (Fig. 2) .  A 
final experiment was performed wherein S35 

labelled thiopental was administered along 
with carrier-free 1131 to intact and hypophy- 
sectomized rats. The results indicated that 
recovery of the thyroid was related to disap- 
pearance of S35 from thiopental in the thyroid 
(Fig. 3) .  The F5 content of pituitary and 
adrenal seemed to bear no relation to thyroid 
iodine metabolism. Specific activities of the 
normal rat adrenal S35 at  2, 24, 48, 120, and 
144 hours post thiopental were 93.5, 7.9, 2.4, 
2.0, and 1.8; of the pituitary 4.1, 2.6, 1.9, 2.2. 
The levels of S35 from thiopental in the en- 
docrines of the hypophysectomized rats were 
lower than controls and a constant level of 
S35 in the thyroid of hypophysectomized rats 
appeared to be related to a constant 1131 up- 
take (Fig. 3 ) .  The specific activities of the 
hypophysectomized rat adrenal S35 were 4.4, 
2.0, and 1.8 at  24, 48, and 120 hours. 

Discussion. The data presented here sug- 
gest that thiopental possesses properties of an 
antithyroid substance predictable by its thio- 
carbamate structure. That it also possesses 
anesthetic properties is indeed most interest- 
ing. Prolonged inhibition of thyroid activity 
demonstrated by a single dose is of interest in 
view of the observations of others(6,7) that 
thiopental (is rapidly removed from the blood 
stream and stored in body fat from which it is 
slowly released. Further, studies on metab- 
olism of thiopental( 7,8) indicate it to be di- 
versely attacked by the organism, thiourea 
being one of the many metabolic products. I t  
may be that thiourea or substituted thioureas 
formed by metabolism of thiopental may be 
ultimately 'responsible for the prolonged in- 

I Thiopental admin. 
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FIG. 2. Reduction of IlSl content by administra- 
tion of thiopental (40 ing/kg) to rats given 1 PUG 

P1 24 hr previously. 
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hibition. The relativeiy long period wherein 
activity from the S35 thiopental was found in 
the thyroid (Fig. 3)  supports this hypothesis. 
The S35 activities of the pituitary and adrenal 
show no obvious relation to inhibition of the 
thyroid suggesting that other endocrines are 
not involved. The S35 and specific activ- 
ities of thyroids of hypophysectomized rats 
were both low and did not change during the 
experiment. Since thyroid in these animals 
was not functioning properly due to absence 
of the thyrotrophic hormone, these results 
were not unexpected. 
In vitru studies by investigators indicated 

that aqueous thiopental solutions reduced 12 
to I-. The reduction was not stoichiometric, 
more than molar equivalents of 12 were re- 
duced by thiopental. These observations sug- 
gest that the reaction is quite complex. This 
phenomenon is characteristic of many anti- 
thyroid agents( 9). I t  would appear that thio- 
pental could deprive the thyroid of 12 by re- 
ducing it to I- in the organism. This view is 
supported further by the reduced uptake of 
1131 in the hypophysectomized rat treated with 
thiopental. The ratio of inorganic 1131 to 
diiodotyrosine 1131 to thyroxine 1131 was 54; 
33;  13, and 5 7 ;  28; 1 5  in treated and non- 
treated animals respectively (4-hour uptake). 
These nearly identical ratios of activities in- 
dicated that thiopental did not interfere with 
thyroxine synthesis but functioned by depriv- 

ing the thyroid of iodine. Plasma PBI131 in 
thiopental-treated rats was also reduced to 
49% of control values, another indication that 
the primary action is a reduction of available 
I2 for synthetic purposes. 

Summary. 1. Thiopental influences thyroid 
metabolism primarily by depriving the thy- 
roid of available 12. 2. The prolonged inhibi- 
tion of thyroid activity by thiopental is prob- 
ably related to accumulation of its metabolic 
products in the thyroid. 
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of Evelyn Repplinger and Robert L. Shermann. 
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