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1-leucine has an eifect very similar to that of 
the stimuli producing insillin secretion h i i t  

that it also has r i  pcriphernl cffect. It can- 
not be excluded that the rise in plasnia insu- 
lin effect observed is due to an action of leu- 
cine on insulin or on the ;Int:igonists. and not 
on its secretion. 

Summary. 1 .  Intravenous injection of 1- 
leucinc produces an increase in insulin activ- 
ity of the plasma and in glucose uptake by 
the diaphragm and adipose tissue. This effect 
is attributed to t-timulation of the islets and 
to greater insulin secretion. or to action on 
this hormone. 2. l-Leucine added to the in- 
cubation buffer increases glucose uptake by 
the diaphragm and adipose tissue. 
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Clarification of the Diverse Actions of Iodide on Antithyroid Effect of 
Sulfonaniides and Thionamides." (27142) 
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Since the early reports of JlacKenzie ( 1 .2  ) 
that the goitrogenic action of the sulfona- 
mides was en!ianceci by addition of iodide. 
whereas iodide decreased the goitrogenicity 
of the thionamides, little has been done to ex- 
plore this phenomenon further. The thiona- 
mides have been studied extensively and con- 
siderable knowledge of their effect on thy- 
roidal biosynthetic processes has been ac- 
quired. Recent investigations have revealed 
that increasing doses of propylthiouracil 
(PTU) inhibit first the formation of iodothy- 
ronines (T3 + T1), then diiodotyrosine 
(DIT) , and eventually monuiodotyrosine 
(MIT) (3,4,5). This last step is much more 
resistant and even relatively huge doses of 
PTU fail to block completely all NIT forma- 
tion ( 5 ) .  However, a similar detailed study 
of the effect of sulfonamides on the thyroid 
gland has not been made. 

The reports that iodide had a converse ef- 
fect on the goitrogenic action of the sulfona- 
mides and thionr4.mides suggested to us that 
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iodide administration might clarify differ- 
ences in the mode of action of the two groups. 
We selected sulfadiazine (SD) and PTU as 
representatives of each. 

Methods and materials. Male Sprague- 
Dawley rats weighing 100 g were fed a low 
iodine diet (LID) (= 70 pg I/kg) for 14 
days containing SD and F'TU in the specified 
amounts. Each group contained 3 rats. 
Half the animal5 were injected daily with 
1 mg KI intraperitoneally during the course 
of the experiment. On the 14th day, 100 pC 
of P1 were given intrrtperitoneally to all ani- 
mals receiving KT and to those receiving the 
largest doses of SD and PTU. The others 
received 20 pC. The animals were sacrificed 
24 hours later and weight and content of 
the thyroids determined. The glands from 
each group were then pooled and homoge- 
nized in 4 ml pIi 8.6 phosphate buffer con- 
taining 1% pancreatin (Viokase 4 X )  and 1 
mg thiouracil. Two drops of toluene were 
added to prevent putrefaction, and the thy- 
roids were incubated 24 hours at 37". Ali- 
quots containing 0.025 pC were subjected to 
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TAl3TJE I. Thyroidal Radioiodine Uptake naitl 
Weight with Various Diets ry Regimens. - - 

Thyroid wt, 
Diet I ’:IL, % uptake mg/100 g 

1JTD 
” +K1 

PTIJ, .0004% ,’ 
” + K I  

” + K I  

” + K I  

” .0002~0 

’’ . O O O l %  

1 9  

9’ 

SD, 2% 
” ” + K I  

” ” + KI 
” .5oJ, 
” ” + K I  

’’ 

44.0 t .8* 10.41 2 . t i{ .+ 
3 f: .1 7.96 +, .T,S 

8.1 f: .8 23.30 2 3.07 
.I  2 .01 9.05 2 , O i  

21.8 k 4.9 14.68 .94 
.1 2 0 7.88 & . l l i  

35.5 k11.9 11.86 2 1.03 
.2 2 0 8.68 k .4Y 

3.3 ? .4 32.89 ? 4.62 
.3 & 0 21.04 k .1 

4.1 k .ti 23.57 2 .92 
.2 2 .03 21.76 t 1.17 

5.1 & -9 24.46 2 3.88 
-2 2 0 19.39 2 1.23 

* Mean k S.E. 

ascending chromatography for 16 hours in 
butanol-acetic acid-water (4: 1 : 5) .  Appro- 
priate reference compounds were run in tne 
same system. Distribution pf radioactivity 
was determined with a strip scanner and the 
proportions of radioiodinated compounds 
quantified by plamimetry. 

Results. The results in Table I illustrate 
that PTU and SD produced goiter a t  all lev- 
els tested. Iodide profoundly inhibited thy- 
roidal hypertrophy and vascularity in the 
PTU group, but had very little effect in this 
respect in the SD group. 1131 uptakes of the 
animals given supplemental iodine were con- 
sistently lower than the corresponding non- 
supplemented groups. 

Chromatographic analysis revealed a stri k- 
ing difference in the effect of iodide on the 
thyroidal biosynthetic mechanisms of the 2 
groups. The data in Table I1 indicate that 
iodide plus SD completely inhibited all or- 
ganic binding whereas iodide plus p?”U orly 
tended to increase the relative amount of 
iodide and, to some extent, DTT and T3 + 
T4. 

The various biosynthetic steps seemed to 
have the %me relative sensitivity to both SD 
and PTU, although in these experiments P7V 
was approximately 1OoO-fold as potent. 

Discussion. The above results clarify why 
iodide does not significantly inhibit SD-in- 
ciuced goiter. Supplementation of SD with 
K I  blocked all organic bindline of iodine. 131-e- 

venting $. T, synthesis and presumably 
thus not inhibiting the augmented TSH re- 
lease induced by SD alone. Supplementation 
of PTU with K l ,  on the other hand, did not 
appreciably affect the proportions uf iodi- 
nated compounds in the thyroid. Although 
P1 uptakes wer2 drastically lowered, calcu- 
lation af expected specific activities indicated 
that 3 to 4 times as much T3 + T4 were pro- 
duced with PTU plus KI than with PTU 
alone. This increased thyroid hormone pro+ 
duction would be expected to decrease TSH 
secretion and to produce the observed inhibi- 
tion af goitrogenesis. Although no iodi- 
nated amino acids could be detected in the 
SD plus K I  groups, iodide supplementation 
did not increase goiter size over that pro- 
duced with SD alone. It is possible that io- 
dide exerts some direct inhibitory effect on 
the secretion or action of TSH and that 
larger goiters are impossible with simultane- 
ous iodide administration. 

Doses of PTU and SD chosen ofor this ex- 
periment were not strictly comparable in 
their effect on uptake and thyroid weight. 
However, preliminary studies with a wider 
range of both drilgs indicate that the diverse 
effects of iodide reported herein are observed 
a t  all comparable levels. 

Although large doses of iodide have been 
found to transiently inhibit the organic bind- 
ing of I 1 3 1 ( 6 , T ) ,  no complete block compar- 
able to that observed in the present experi- 
ment has been reported. In our studies there 

TABLE 11. Percent Composition of Ila-Labellcd 
Materials in Thyroid Hydrolysates. 

~~~~~~~~ ~ ~ ~ 

Diet Origin Iodide MIT DIT T,+T, 

r m  8.2 4.1 33.6 24.1 30.0 
” + K I  .9 8.3 27.0 45.1 18.6 

PTU,.0004% 6.5 20.2 55.2 11.5 6.6 
I d e m + K 1  C 25.0 48.1 12.5 14.4 

Idem + K I  2.9 17.9 46.1 19.4 13.6 
PTU, . O O O l ~ o  3.0 6.0 43.6 26.7 20.6 
Tdem + KI 2.6 11.5 39.8 28.8 17.3 

SD, 2% 5.4 46.8 43.9 3.9 0 

SD, 1% 5.3 33.7 53.7 7.1 0 

SD, 3% 8.6 29.2 50.5 8.6 3.1 

PTU,.0002% 4.0 7.2 46.3 25.9 lG.7 

Idem + K I  0 100.0 0 0 0 

Idem + H I  0 100.0 0 0 0 

Idem + K I  0 100.0 0 0 0 



was no appreciable inhibition of organic bind- 
ing by iodide alone. 

Sultzmary. Rats fed sulfadiazine (SL) ) or 
propylthiouracil (PTU) for 14 days devel- 
oped thyroid hypertrophy. Addition of 1 mg 
KI  daily did not affect the SD-induced goiter 
but greatly reduced that due to PTU. Sei- 
ther SD nor 'PTC alone. in  the doses eni- 
ployed, blocked organic binding of iodine 
completely. Iodide added to SD completely 
inhibited organic binding of iodine. Todide 
added to I T U  did not change the degree of 
inhibitior. of thvroidal biosynthesis due to 
PTV alone but increased the absolute amount 
off thyroxine and triiodothyronine formed. 

1 .  MacKenzie, C. G., MacKenzie, J. B., Endocrin- 

2 .  MacKenzie, C. G., ibid., 1947, v40, 13'1. 
.<. Richards, J. B., Ingbar, S. H., ibid., 1959, v65, 

198. 
4. Slingerland, D. W., Graham, D. E., Josephs, 

K .  E., Mulvey, P. F., Jr., Trakas, A. P., Yamazaki, 
E.. ihid., 19.59, v65, 178. 

5 .  Iino, S., Yaniada, T., Grew, M.  A., ibid., 1961, 
~ 6 8 ,  582.  

6. Wolff, J.? Chaikoff, I. L.. J .  Biol. Chem., 1948, 
~ 1 7 4 ,  5 5 5 .  

7 .  Galton, V. .4., Pitt-Rivers, R., EndocritzoEogy, 
1959, v64, 835. 

010gy, 194.4, ~ 3 2 ,  18s. 

Rt~ceivcrl 0ctoI)cr 9, 1961. P.S.E.H.M., 1962, v100. 

Sterol Ester Formation by Rat Liver Homogenates.* (27143) 

It has been variously scggested that cho- 
lesterol esters are synthesized in the liver, in- 
testine, or in other tissues in which they oc- 
cur( 1-5). Cholesterol esterase systems which 
catalyze the synthesis and hydrolysis of long 
chain cholesterol esters have been shown to 
occur in pancreas and intestinal mucosa (6.7 ) . 
I t  has also been shown that bile salts are a 
necessary co-factor for enzymatic activity of 
those systems(6). Several studies(8-10) 
have presented evidence for the existence of 
a hydrolytic cholesterol esterase in rat and 
chicken liver which catalyzes the hydrolysis 
of short chain fatty acid esters orf cholesterol. 
The physiological significance of this type 
of hydrolytic system is uncertain since the 
major proportion of the cholesterol esters in 
liver contains long chain fatty acids. 

Mukherjee and co-workers ( 1 1 ) reported 
the presence of a cholesterol esterifying sys- 
tem in rat liver which synthesized cholesterol 
palmitate from added cholesterol-4-C1 and 
palmityl CoA. A 3-step systeni was sug- 
gested involving first, a reaction between pal- 
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mitic acid and coenzyme A and secondly, a 
reaction between cholesterol and palmityl 
('oA. Fredricl;son( 12) has described a sys- 
tern containing mouse liver mitochondria plus 
a heat-stable soluble fraction which esteri- 
fied considera5le quantities of added choles- 
ter01-4-C'~ during incubation. Jn this system 
;t considerable part of the total material es- 
terified appeared to be intermediate products 
in conversion of cholesterol to bile acids. As 
a part of our studies on metabolism of cho- 
lesterol esters,, we have been investigating 
the formation of sterol esters in rat liver ho- 
mogenates. As an initial approach, the for- 
matioii of sterol esters from a ~ e t a t e - l - C ~ ~ ,  
mevalonic acid-2-C' and cholesterol-4-C14 
was determined. Any differences between 
endogenously formed cholesterol and added 
cholesterol would be expected to be apparent 
in such studies. 

Methods and materials. Non-fasted male 
rats weighing 100-125 g were sacrificed by 
decapitation, their livers removed and chilled 
on cracked ice. The livers were homogenized 
in a buffer medium containing 0.1 M phos- 
phate buffer pH 7.2, 0.013 M nicotinamide, 


