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ABSTRACT 
The early disappearance from plasma (T 1/2) of i.v. 
administered thyroxine (T4) labelled with was studied in 
order to find a simple biochemical parameter with which it 
could be correlated in health and disease. The radioactivity 
of the liver was also measured by surface counting to de- 
termine the time for the peak liver count rate. The T 1/2 for 
the IB11-T4 showed a correlation of borderline significance 
with T4 in plasma but a good correlation was found with 
T,-binding globulin (TBG) in plasma and an even better 
with the Trtest. The Tptest showed a significant correlation 
with TBG but when the T,-binding capacity of prealbumin 
(TBPA) was taken into account the correlation was even 
better indicating that the result of the T,-test was not only 
dependent on the TBG concentration in plasma but also on 
the TBPA. 

The T 112 correlated best with the time for the liver peak 
count rate. The study supports the hypothesis that in the 
early distribution phase of T,, the free binding sites extracel- 
Marly and the available intracellular binding locations 
compete for T, until a state of equilibrium is reached. 

The early disappearance rate of thyroxine (TJ after 
i.v. injection has been studied in healthy vol- 
unteers, in patients with functional thyroid dis- 
orders or liver disease and in subjects with abnor- 
mal concentration of thyroxine-binding globulin 
(TBG) (3,7,8,  10, 12). The aim of the present study 
was to find a simple biochemical parameter which 
could be correlated to the early disappearance rate 
of T, in health and disease and to study the intracel- 
lular uptake of T, during its early distribution phase 
as reflected by the time for the peak count rate over 
the liver. In order to fulfil the criteria of “health and 
disease” a heterogenous material was studied. 

MATERIAL AND METHODS 
The material consisted of six healthy volunteers, two of 
whom were taking the contraceptive pill and five patients 

with ulcerative colitis (UC) or Crohn’s disease. One of the 
patients was taking the contraceptive pill and three others 
were being treated with corticosteroids. 

Before the study began uptake of radioiodide by the 
thyroid was blocked by potassium iodide and T4 labelled 
with I 3 I I  was prepared as described earlier (5). The 1311-T4 
was injected i.v. in a measured amount of 10 WCi. Blood 
was drawn every ten minutes between 25 and 75 minutes 
after the injection of 13’I-T+ After separation the plasma 
was counted in a sodium iodide well counter. The plasma 
proteins were then precipitated with 10% trichloroacetic 
acid and the precipitate and the supernatant were counted 
to evaluate the amount of I3lI existing as free iodide. The 
half-life (T 1/2) for the early disappearance of T, was 
calculated from the regression line by plotting the plasma 
counts between 25 and 75 minutes semilogarithmically. 

Five minutes after the injection of 13%T4 and at the 
same time intervals as the blood was drawn, the 
radioactivity over the point of maximum liver dullness 
was measured in order to decide the time for the peak 
count rate. The liver counting continued regularly for a 
total period of 180 min. 

The concentration of T,-I in serum was determined 
using a method for competitive protein-binding (1 1) modi- 
fied by the use of purified TBG as the binding protein. 
The ‘251-triiodothyronine uptake test (T,-test) was 
performed using Sephadex as the adsorbent (9). The 
maximum thyroxine-binding capacities of TBG and 
thyroxine-binding prealbumin (TBPA) were measured by 
agar gel electrophoresis at pH 8.6 with trismaleate as 
buffer (2). 

RESULTS 

The results of the T 1/2 for the early l3IT-T4 disap- 
pearance from plasma, the T,-test and of the con- 
centrations of T,-I as well as the maximum Tq- 
binding capacities of TBG and TBPA are shown in 
Table I together with the time for the peak liver 
count rate and some clinical details of the subjects 
studied. 

The radioactivity in plasma was well above the 
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Table I .  Results for the individual subjects in the study 
~~ ~~ 

TBPA/s TBG 
TBG/s (140-220 + 

Time for 
T 1/2 for peak liver T4-I/s (15-25 
I ~ I I - T ~  count rate (2.9-6.3 T,-test pg T4/ pg T4/ TBrB 

Sex Clinical details (min) (min) pg/IOO ml) (%) 100ml) 100ml) 60 

M 
M 
F 
F 
F" 
F" 
Mb 
Mb 
Fb 
F 

F* 

Volunteer 
Volunteer 
Volunteer 
Volunteer 
Volunteer 
Volunteer 
Severe UC 
Severe UC 
Distal UC 
Crohn's disease of 
the small bowel 

Crohn's disease of 
the small bowel 

96 
93 
98 

108 
132 
149 
64 
67 

136 

88 

166 

65 
95 
90 
90 

110 
I80 
65 
65 

170 

65 

175 

4.8 
3 .1  
5.5 
3.4 
4.3 
5.7 
2.2 
3.6 
2.9 

4.7 

6.7 

107 
88 

107 
127 
76 
90 

I54 
I56 
99 

94 

57 

20 
19 
22 
13 
22 
23 
15 
18 
25 

26 

39 

145 
145 
116 
152 
100 
120 
42 
52 

137 

80 

63 

22.4 
21.4 
23.9 
15.5 
23.7 
25.0 
15.7 
18.9 
27.3 

27.3 

40.1 

a Subjects on the contraceptive pill. 
Patients treated with corticosteroids. 

background activity and straight lines were pro- 
duced when the counts were plotted semilogarith- 
mically. No difference was noted in the number of 
counts before and after precipitation with trichloro- 
acetic acid, indicating that a negligible amount of 
the larI existed as free iodide. 

In the four healthy volunteers who were not tak- 
ing the contraceptive pill the T 1/2 of the 1311-T4 
disappearance was 93-108 min and considerably 
longer (132-166 min) in the three women who were 
taking the contraceptive pill. The T 1/2 was about 
30 minutes shorter in the two patients with severe 
UC than in the drug-free volunteers. 

Table I1 shows that the T 1/2 for 1311-T4 showed a 
positive correlation with the T4-I in plasma but of 
borderline significance (p=0.05). TBPA in plasma 
did not significantly correlate with the T 1/2 which 

TBG in plasma did (p<0.02). An even better corre- 
lation was found between the T 1/2 and the T,-test 
(P<O.Ol ) .  However, the very best correlation for 
the T 1/2 was found with the time for the peak liver 
count rate ( p < O . O O l ) .  

The T,-test showed a significant negative correla- 
tion with TBG in plasma (r=-0.76,  p<O.Ol) but it 
correlated even better with the combined results of 
TBG and TBPA (r=-O.8O,p<O.O1). 

DISCUSSION 

Earlier studies have shown a correlation between 
the concentration of T, or TBG in plasma and the 
early disappearance rate of T, (12). This was con- 
firmed in the present study but we found that the 
T,-test correlated better than TBG or T4 with the T 

Table 11. The correlation between the T 112 and different biochemical parameters and the time for the peak 
liver count rate as well as between the TBtest and the T,-binding proteins 

Formula for the Statistical 
Correlated parameters regression line significance 

T I/2-T4-I/s y=14.5x+47.0 0.60 p=o.o5 

T 1/2-TBG/s y = 3.3x + 35.9 0.69 p<0.02 
T 1/2-T3-test y=200-0.8& -0.80 p<O.Ol 

liver count rate y=0.64x+40.0 0.91 p<O.oOl 
T,-test-TBG/s y=178.8-3.4~ -0.76 p<O.Ol 

T I/2-TBPA/s y =0.&+87.8 0.24 N.S. 

T 1/2-time for the peak 

T3-test- 
(TBG/s + TBPA/s T )  y =  190.5-3.60~ -0.80 p<O.OI 
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1/2. The T,-test result reflects the number of free 
binding sites on the thyreoid hormone binding pro- 
teins, mainly on the TBG but also on the other 
thyroid hormone binding proteins (4) which was 
confirmed in the present study. The results pre- 
sented in this study showed that the early disap- 
pearance of 131T-T4 from plasma was determined by 
the number of free binding sites on these proteins as 
reflected by the T,-test. 

After i.v. injection of T, a large proportion of the 
administered dose is rapidly distributed intracellu- 
larly. In particular the liver accumulates a consid- 
erable part of the T, in the early distribution phase 
(1, 3, 8) provided that it is not grossly diseased, in 
which case the uptake of T, is reduced (10) and the 
T 1/2 for the early disappearance from plasma is 
prolonged (7). The present study was not designed 
to estimate the proportional liver uptake of the 
administered dose of 1311-T4 but an earlier study 
showed that the liver uptake is 7040% of the in- 
tracellular uptake during the early distribution 
phase (10). Why liver accumulates such a high pro- 
portion of T4 is not known. Liver biopsies have not 
shown more T,-binding proteins in liver tissue than 
could be expected from its plasma content (10). 
Dowling et al. (3) found a strong correlation be- 
tween the hepatic T, uptake and the T, rate of 
disappearance from the plasma which was con- 
firmed in the present study. 

Diphenylhydantoin which competes with T, for 
the binding sites on TBG (13) increases the liver 
uptake of T, and its faecal excretion (6, 10). Con- 
versely estrogens, which increase the TBG con- 
centration in plasma, decrease the early disappear- 
ance of T, from plasma and also the liver uptake (8, 
12) while the conditions are reversed in TBG- 
deficiency (3, 10). These findings strongly suggest 
that in the early distribution phase of T,, the free 
binding sites extracellularly and the available in- 
tracellular binding locations compete for T, until a 
state of equilibrium is reached. The results pre- 
sented here, which showed that the early disap- 
pearance rate varied with the T,-test result and also 
with the time for the peak count rate over the liver 
support such a hypothesis. 
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