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Effect of Thyrotrophin on in vivo Thyroid Uptake of Labelled 
Tyrosine, Arginine and Iodine in the Chick.* (30172) 

HOWARD M. KLITGAARD, ROBERT C. MEADE, DONALD K. TROCKE, 
HOWABD J. PALAY AND FRITZ L. LORSCHEIDER 

Radioisotope Service, Veterans Administration Center, Wood, Wisc., and Departments of Medicine 
and Physiology, Marquette University School of Medicine, Milwaukee, Wisc. 

Injection of thyrotropic hormone into nor- 
mal guinea pigs has been shown to increase 
the in vitro incorporation of labelled amino 
acids into thyroid protein. An in vivo study 
was reported at  the same time from this 
laboratory showing an increased thyroid u p  
take of C14 tyrosine in TSH-treated chicks 
(3) .  

Thyrotropic hormone has been shown to 
increase in vitro incorporation of labelled leu- 
cine, valine, tyrosine, arginine, aspartic acid, 
phenylalanine, and proline into protein of 
thyroid slices ( 1 ) . It was also demonstrated 
that the incorporation of labelled leucine into 
protein is depressed in surviving thyroid 
slices from hypophysectomized rats and en- 
hanced in thyroid tissue from TSH-treated 
rats. A part of the carbon skeleton of the 
thyronines has been recently shown to come 
from tyrosine H3(4). 

To gain additional information regarding 
the effect of TSH on in vivo incorporation 
of amino acids into thyroid protein, the pres- 
ent time-response study was done relating 
the in vivo effect of thyrotrophin on tyrosine 
and arginine uptakes by the thyroid gland. 

Methods and materials. Newly hatched 
cockerel chicks were used because of their 
high sensitivity to thyrotrophin( 5 ) .  A Rem- 
ington iodine deficient diet (Nutritional Bio- 

*Supported by USPH Grant No. AM-05106-03. 

chemicals Corp.) was fed ad lib prior to study 
and daily requirement for iodine was satis- 
fied by addition of 0.01 pg/ml of NaI to the 
drinking water. 

I. Thyroid uptake of N a P 5  in response 
to T S H .  Thirty chicks 2 days old received 
subcutaneous injections of TSH (thytropar- 
Armour) 0.8 I.U. once a day for 2 days. This 
dose level of TSH was used since preliminary 
experiments indicated that thyroid concen- 
tration of 1125 was not significantly elevated 
by doses in excess of 0.8 I.U. In addition, 
it was determined that the maximum TSH 
effect on 1125 uptake occurred between 24 
and 48 hours after a single TSH injection 
and that uptakes were not significantly al- 
tered by more than 2 doses on consecutive 
days. 

Twenty-four hours after the last TSH in- 
jection these animals and an equal number 
of untreated control chicks were injected I.P. 
with 0.25 pc of 1125 as sodium iodide. 

Five animals from each of the 2 groups 
were sacrificed using ether a t  1, 2,  4, 8, 24 
and 48 hours after the isotope injection. 

The thyroid glands were rapidly excised 
and weighed on a microbalance. Thyroid 
radioactivity of 1125 injected animals was de- 
termined by placing the glands in plastic 
test tubes and counting in a crystal scintil- 
lation detector. 
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FIG. 1. Effect of thyrotrophin treatment on thyroid 
FIG. 2. Effect of bhhyrotrophin on thyroid uptake of O4 tyrosine and C14 arginine. 

uptake. 

11. Thyroid uptake of C14 tyrosine and Cl4 
arginine in response to T S H .  An experiment 
identical to that described above was subse- 
quently done to compare the effect of TSH 
pre-stimulation of the thyroid gland on u p  
take of C14 tyrosine and C14 arginine. Chicks 
were sacrificed at 1, 2, 4, 8 and 24 hours 
after intraperitoneal administration of 2 pc 
of the isotope. Thyroid glands in this experi- 
ment were homogenized with one ml of 10% 
( WJV) trichloroacetic acid solution. Prior to 
centrifugation, an 0.4 aliquot was removed 
and prepared for liquid scintillation counting 
(6).  The remaining sample was centrifuged 
and the precipitate washed 3 times with one 
ml of 10% trichloroacetic acid. The radio- 
activities of the pooled washes and precipi- 
tate were then measured. Radioisotope de- 
terminations were made with a counting 
error of less than one percent. 

Results. As shown in Fig. 1, the thyroid 
uptake of 1125 in the thyrotrophin-treated 
chicks was significantly elevated at 8 hours 

f P  = 0.02) reaching a maximum of nearly 
3 times that of the control by 24 hours 
(P = 0.01). This uptake response of the 
TSH stimulated glands was followed by a 
rapid release of labelled iodine so that no 
significant difference in amount of radioac- 
tivity between TSH treated and control was 
present after 48 hours (P = 0.15). The 
effect of TSH was evident whether the re- 
sults of thyroid uptakes are expressed as to- 
tal activity or activity per mg of thyroid. 

In  a second study (Fig. 2 ) ,  a similar 3- 
fold increase in thyroid C14 tyrosine and C14 
arginine uptake was observed after 2 hours 
in the group pre-treated with thyrotrophin 
when compared with the control group (P = 
0.001). This increased uptake of the thyrox- 
ine precursor, tyrosine, and of arginine was 
significantly different from the controls from 
one hour after isotope administration. The 
increased uptake was evident regardless of 
the means used to express the results and 
was not due only to increased thyroid weights 
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observed in the TSH-treated group. 
A correlation coefficient of 0.65 was found 

between the TSH stimulated iodine and tyro- 
sine groups. The TSH treated tyrosine and 
arginine groups had a correlation coefficient 
of 0.84. 

Discussion. The increased thyroid uptake 
of iodine, tyrosine, and arginine in the thym- 
trophin stimulated chicks was expected since 
these components would be required for the 
increased synthesis of thyroid protein and 
hormones. Since it has been shown that 
thyroglobulin is high in arginine content, 
this amino acid was chosen for this study 
(7) .  The initially equal uptake values of the 
TSH-treated group were followed by a more 
rapid loss of radioactive arginine than la- 
belled tyrosine. This may be the result of 
an accelerated turnover of incorporated argi- 
nine or an increased reutilization of tyrosine. 

In vitro studies have shown an increased 
uptake of various amino acids by thyroid 
slices excised from animals pre-treated with 
thyrotrophin ( 1,2 ) . Thyroid slices removed 
from hypophysectomized rats showed a de- 
pression of amino acid uptake. These latter 
studies, and the present report, have not dis- 
tinguished between the altered synthesis of 
protein as related to intracellular components 
per se or extracellular thyroglobulin. An in- 
creased thyroid uptake of alpha-aminoiso- 
butyric acid, a nonutilizable amino acid, was 
observed after the addition of thyrotrophin 
to the reaction medium(8). I t  is interesting 
to note that the addition of thyrotrophin to 
the reaction medium of the earlier in vitro 
investigations did not result in an increased 
uptake of amino acids( 1). 

Using tritium-labelled leucine and auto- 
radiographic techniques, radioactivity has 
been found in both the epithelial cells and 
extracellular colloid in normal animals (9). 
Evidence has been presented, using similar 
techniques, that intracellular colloid drop- 
lets become conspicuous within 8 to 12 min- 
utes after thyrotrophin treatment compared 
with only a few droplets in the control ani- 
mals( 1 0 ) .  

A good correlation was found between the 
TSH stimulated uptake of tyrosine and argi- 
nine (0.84) while there was poor correlation 

between tyrosine and iodine (0 .65) .  An ex- 
planation for this discrepancy may be that 
tyrosine and iodine are incorporated into 
thyroid tissue differently. Tyrosine will even- 
tually become part of the sedentary or ex- 
portable protein of the thyroid gland through 
the process of protein synthesis( 11) .  The 
iodine will be incorporated into tyrosine 
which pre-exists in peptide linkage( 12,13) .  
Since these processes are quite different, i t  
would appear that the rates of tyrosine and 
iodine incorporation might be different. 
From these results, it is suggested that TSH 
is controlling the rate of protein synthesis in 
the thyroid gland in addition to thyroid hor- 
mone production. 

Summary. The effect of TSH on the iodine, 
tyrosine, and arginine uptake by the thyroid 
gland was studied. The results of TSH stim- 
ulation revealed greater than a two-fold in- 
crease in uptake of all materials studied. A 
correlation between the TSH stimulated u p  
takes of tyrosine and arginine was observed ; 
however, there was poor correlation between 
the tyrosine and 1126 uptakes. This study has 
demonstrated a definite in vivo increase in 
the amount of radioactive tyrosine and argi- 
nine in the TSH stimulated thyroid gland. 
These results support the hypothesis that 
TSH may be controlling the rate of protein 
synthesis in the thyroid gland, in addition to 
its effect on hormone production.. 

The authors gratefully acknolwkdge the technical 
assistance of Robert A. Stigl i tz and Thomas J. Klaislt. 
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Effect of Pneumococcus SIII Polysaccharide on Viscosity and Heat 
Transfer of Human Blood. (30173) 

W. J. NUNGESTER 
Department of Microbiology, University of Michigan, Ann Arbor 

The problems related to the Anomalous 
Viscosity of Blood are well described by Bay- 
liss as one of a compilation of papers on 
blood and other body fluids showing non- 
Newtonian rheological properties ( I ) . 

It is recognized that blood cells having 
varying degrees of aggregation might easily 
be disturbed by shear forces as blood is 
passed through a capillary tube under pres- 
sure of gravity forces, and thus affect the 
rheological properties of blood. Therefore, I 
tried several approaches to minimize these 
shear forces with the hope of developing a 
new technique for measuring the viscosity of 
blood. Included in these methods was a pro- 
cedure to measure by a photo cell and record 
the movement of an 8 mm round aluminum 
disc balanced with a DuNuoy tensiometer 
as the sample was oscillated on a vertical 
axis at varying speeds. The results were un- 
satisfactory. Finally it was decided to meas- 
ure the time required for the transfer of heat 
from a water bath at 42' to a mercury ther- 
mometer through a 5 ml sample in a test 
tube and to determine the time required for 
the sample temperature to rise from 35" to 
40'. 

The importance of viscosity as affecting 
heat transfer in Newtonian liquid systems is 
well accepted. Less evidence exists as to the 
relationship between viscosity of non-New- 
tonian systems and heat transfer. 

This paper contains data comparing the 
time required for samples to pass through an 
Ostwald viscosimeter at 36" and the time for 
the temperature of the sample ( 5  ml) to rise 
from 35" to 40' when the sample was placed 
in a water bath a t  42". Samples of oxalated 

(0.2 %) human blood containing varying 
amounts of pneumococcus SIII polysaccha- 
ride were examined. Also samples of oxalated 
human plasma with different concentrations 
of SIII* were tested, as were varying con- 
centrations, by weight, of glycerol in water. 
Glycerol solutions were used since this sys- 
tem has been extensively used in viscosity 
measurements. 

Methods. It was recognized that heat trans- 
fer as measured in these experiments de- 
pended on ( 1 )  the temperature gradient be- 
tween the water bath and the sample, ( 2 )  
heat transfer from the water bath reservoir 
through a film of water on the external sur- 
face of the sample tube, (3)  through the 
glass wall of the tube, (4) through a film of 
the sample on the inner surface of the sam- 
ple tube, ( 5 )  agitation of the sample by ex- 
ternal forces or convection currents, (6) heat 
transfer through a film of sample on the ther- 
mometer and ( 7 )  through the thermometer 
wall and the mercury in the thermometer. 
The variables related to the nature of the 
sample are listed as 4, 5 and 6 above. By 
attention to certain details, an effort was 
made to minimize variation in factors, 1, 2, 
3 and 7. These experimental details are 
listed : 

1. All glassware was rinsed with ammo- 
nium hydroxide, water, ethanol, ethyl ether 
and dried between tests on each sample. 

2. The water was circulated in a bath with 
a baffle by means of a pump. 

3. In the work presented 5 measurements 
were made on each sample by the heat trans- 

* Obtained from Dr. Michael Heidelberger. 


