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INFLUENCE OF THE STATE OF THYROID ACTIVITY ON HEPATIC
METABOLISM OF TRIIODOTHYRONINE

A. VaN ZyL, Department of Physiology, Medical School, University of Cape Town

Under certain conditions 3 : 5 : 3-triiodothyronine (T;) is
found in thyroid and plasma together with thyroxine.!”
The liver is an important organ for the peripheral meta-
bolism of these thyroid hormones; thus it selectively con-
centrates,*° de-iodinates,'"""* conjugates,'®* oxidatively de-
aminates,”* and selectively secretes® them into bile.

De-iodination apparently takes place at either or both
of the 5" and 5 positions of the iodinated thyronines,”
although free T; has not been unequivocally identified in
bile after thyroxine (T,) treatment. Conjugation is effected
by combination with glucuronic acid or with sulphates.”
These processes are apparently of importance for detoxi-
cation of excess hormone and also participate in con-
trolling the level and potential activity of hormone in
circulation. Thus, by conjugation the hormone is detoxi-
cated and less readily absorbed,” whereas, by de-iodination
of T, in the 5 position, a more active substance may be
formed although this reaction is questionable.* Similarly,
by de-iodination of T; at the 5 position, or of T; at the
same position, 3 : 3" : 5 -T; or 3: 3" diiodothyronine (T.)
are formed.” which have relatively less physiological ac-
tivity. Excess hormone is removed by an increase in rate
of metabolic breakdown, rather than by an increase in
biliary excretion.”

At least two existing variable mechanisms are respon-
sible for the level of circulating thyroid hormones; long-
term regulation of central biosynthesis in the thyroid, and
more rapid changes in the rate of peripheral metabolism.
The central mechanism is controlled to a large extent by
the adenohypophysis and by the thyroid hormone itself.
How far the metabolic functions of the liver are controlled
by the state of thyroid activity is still unknown.

The present study is an attempt to assess the rate of
de-iodination (as measured by iodine release) and of con-
jugation (as indicated by the radioactivity in the glucuro-
nide fraction) of T; by the liver during various degrees of
thyroid activity.

METHODS

Twenty-four male albino rats of the Wistar strain, weighing
180 - 250 G., were used. One group (9 animals) was subjected
to thyroidectomy 14 days before the experiment. A second
group (6 animals) was injected intraperitoneally with 100 ug.
of sodium triiodo-L-thyronine per rat per day for 5 days. The
T. was dissolved in physiologically normal Na.CO.. A third
(control) group (9 animals) and the thyroidectomized group
received an equivalent volume (0-2 ml.) of the same solvent
per day.

At the end of the period of treatment the bile ducts of the
rats were cannulated under light anaesthesia by inserting a
polythene tube (size 1, Sterivac) into the common bile duct.
A stainless steel wire was passed from the wound between
the skin and the musculature to emerge on the animal’s back.
One end of the wire was inserted into the tubing which was
then pulled along the track of the wire to emerge on the back.
A glass container™ was strapped to the back of the animal.
At this stage ™I (13-4 uc./0-5 ml. physiological saline) or
™'Ts (13-3 puc./0-2 ml. propylene glycol containing 3-2 ug. T.)
were injected intravenously into the dorsal vein of the penis.
The animals were allowed to recover and to move about

freely while bile was aspirated from the containers at intervals
up to about 30 hours (Fig. 1).

Fig. 1. Aspiration of bile from a surgically thyroidectomized rat with
subsequent bile-duct cannulation. A container, similar to the one which
is strapped on to the rat, is shown in the picture. At the end of each
ume-interval of collection the polythene tubing leading from the bile duct
was pushed over into the other compartment. The width of the ‘elastoplast”
prevents the animal from chewing off the tubing on its back. Time for
conditioning of the rat to the saddle is about 20 min.

The volume of the bile samples was measured, and 0-1 ml.
of the samples was counted in an Ekco well-type scintillation
counter together with an aliquot portion of the original radio-
active material as standard: The rest of the bile samples for
each time interval in each group of rats were pooled. Small
portions of these pooled samples were applied directly to
Whatman No. 1 filter paper and chromatographed one-
dimensionally in redistilled collidine saturated with water
(100:35'5 v/v) in an atmosphere of ammonia (CWA) or in
n-butanol-dioxane (80 : 20 v/v), saturated with 2-ON NH.OH
in an atmosphere of ammonia (BDA).

For percentage distribution of radioactivity the chromato-
grams were either counted centimetre-wise by using a Phillips
GM-tube connected to an Ekco scaler or by exposing the
chromatogram to Ilford-Tifex X-ray film. The density of the
bands was scanned with a Photovolt densitometer, using a
530 my filter and the percentage was obtained by planimetry.
Exposure time was assessed by scanning the chromatograms
with a Phillips GM tube covered by a 0'5 cm. lead shield
with 1 cm.® slit. The band with highest activity was counted
and the exposure time calculated according to the formula:
exposure time (hrs.) = 100.000/maximum counts/100 sec.

*'T, labelled by a method of radio-isotopic exchange,® only
in the 3' position, was obtained from Abbott Laboratories,
Oak Ridge, Tennessee, USA.

RESULTS

About 19% of the "T. injected was in the form of iodide
and of a substance with an R, value close to that of T, in
BDA (Fig. 2). This substance was previously, tentatively,
identified as a radioactive decomposition compound of "T..”
Excretion products of *'T. in bile therefore should allow for
these two artifacts.

Cumulative percentage secretion of the total radioactivity
in bile of normal, thyroidectomized and T.-treated rats after
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Fig. 2. A one-dimensional chr am of T, in BDA. The percen-
tage distribution is indicated on the densitometer recording obtained from
the radio-autograph. The arrow indicates the point of application.

B injections (13:36 gc. “1I in 0-5 ml. of 099, saline intra-
venously per rat) indicate higher secretion rates in T.-treated
and normal animals as compared with those of thyroidecto-
mized rats (Fig. 3). Similarly, the cumulative percentage
secretion of total radioactivity in bile of animals which
received ™T: (13-33 pc. ®T, in 02 ml. 042% Na.CO. con-
taining 3-2 pg. T.) was also higher for T.-treated and normal
animals than for thyroidectomized rats (Fig. 4).

Comparing the secretion rates of ™I and ''T., the rate of
secretion for T. is much more rapid in bile than that for
1. Although the secretion rate is greater in animals with an
increased state of thyroid activity, the concentration of radio-
activity in 0-1 ml. bile samples at the same time interval after
the injection did not show any obvious mean group differences,
indicating that little difference exists in the concentrating
power of the liver for injected ™I or ™T. in the various
groups. It also indicates that differences in secretion rates
are largely a function of bile volume. Mean bile volumes as
indicated in Table I are evidence of this view. However, the
peak of radioactivity in 0-1 ml. bile is reached earlier (at
about 1 hour) in all Tstreated animals and appears only
at about 2 hours in normal and thyroidectomized rats injected
intravenously with '*T.. Again, this observation is apparently
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TABLE 1. BILE VOLUMES (ML.) SECRETED PER HOUR OVER THE
FIRST 10 HOURS AFTER BILE DUCT CANNULATION

The volumes in the table are means from 9 rats per experiment

Experiment Normal T -treated  Thyroidectomized
1 0494 0625 0-484
2 0 595 0 660 0-504
Grand mean 0563 0672 0-499

due to differences in flow rate rather than differences in the
rate of T, metabolism (Fig. 5).

In order to correlate the state of thyroid activity with
metabolic processes in the liver, the mean percentage distri-
butions of the various substances in bile were obtained as
illustrated in Fig. 6 which is an example of the metabolic
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Fig. 6. The percentage distribution of radicactive substances in bile of

thyvroidectomized and normal rats at various intervals after '*'T, injections.
Chromatographic solvents — collidine : water : ammonia (CWA); butanol :
dioxane : ammonia (BDA). Radiocactive bands coincide with the R values
of bile in rats were injected intravenously with MHIT,,
(T,). The figures below the curves represent percentage
radioactivity.
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Fig. 3. Cumulative percentage secreiicn of total radioactivity in bile of T,-treated, normal, and thyroidectomized rats after intravenous injection

of '*I. Each dot represents the mean of 2 animals per group.
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Fig. 4. Cumulauve percentage secretion of total radicactivity in bile of T,-treated, normal and thyroidectomized rats after intravenous injection of

*'T,. Each dot represents the mean of 3 animals per group.
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products in bile resolved by different solvents in the later
stages after "T injection in Exp. I. From these figures it
appears that the percentage of metabolites conjugated is
greater in normal animals than in thyroidectomized rats,
whereas de-iodination takes place more rapidly in thyroidecto-
mized than in normal animals. A substance with about the
same R value as T, or diiodothyronine (T:) was obtained at
approximately 21 hours after T injection in thyroidectomized
animals and at about 26 hours after T, injection in normal
rats. Even though this substance seems to be the same as that
in the original *T. solution (Fig. 2), it is unlikely that its
appearance is due to a delayed secretion, but it is conceivable
that it is derived endogenously by de-iodination of T. or of its
conjugate.

The mean percentage distribution of iodide (I) and of the
glucuronide of T. in two different experiments in which
collidine : water :ammonia was used as solvent, are plotted in
Fig. 7. From this figure it is obvious that glucuronide forma-
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Fig. 7. Mean percentage distribution of '"T, metabolites in bile in normal,
thyroidectomized, and T,-treated rats in which collidine : water : ammonia
was used as the chromatographic solvent. Readings for Exp. 1 were ob-
tained by densitometry of radio-autographs and in Exp. 2 by direct
cou.nl.ing. of the chromatograms.

— X — Mean % of radioactivity in gluocuronic acid conjugate of

triiodothyronine.

— @ — Mean ¥ of radioactivity in iodide
tion precedes de-iodination; in fact the percentage glucuronide
and iodide showed opposite trends in all groups of animals.
Even though in Exp. 2 the initial glucuronide concentration
in thyroidectomized animals exceeded that of normal animals,
the maximum percentage glucuronide of about 75% in
chromatograms of T.-treated animals is far greater than that
of about 50% or less in the control and thyroidectomized
groups. The mean percentages of radioactivity in T: and I
on 3 rats per group and 8 samples per group at intervals
over the 18 hours after the T, injection are given in Table
II. This Table also indicates that a higher percentage glu-

TABLE II. MEAN PERCENTAGE DISTRIBUTION OF GLUCURONIDE AND

IODIDE ON CHROMATOGRAMS OBTAINED FROM § BILE SAMPLES

FROM 3 RATS PER GROUP OVER THE FIRST |8 HOURS AFTER “'T,
IN TWO DIFFERENT EXPERIMENTS

Experiment  Substance e];:i:r:;":i;! Normal T-treated
1 Glucuronide 257 34-2 --
Todide 24-0 17-2 —
2 Glucuronide 23-7 252 40-0
Iodide 24-7 22-7 23-8
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curonide formation is associated with an increased degree of
thyroid activity.

In view of the many metabolites formed in rat bile after an
intravenous injection of "*T. and particularly because of the
—— SF g many bands in the ‘glucu-

ronide region’ in BDA, the
X - bile samples were incubated
2N with B-glucuronidase and
with a saline extract of rat
faeces. Fig. 8 (a) is a radio-
autograph of a chromato-
gram of normal rat bile
showing the various radio-
. active compounds of *'T; in
BDA. After incubation with
B-glucuronidase all bands
in the ‘glucuronide region’
disappeared to a large ex-
tent, whereas T and the
fraction with the R, value
of T, or T: appeared [Fig.
8 (b)]. Boiling the enzyme
for 3 minutes made little
difference to its action.

Fig. 9 shows similar re-
lease of T: from the glucu-
ronide after B-glucuronidase
treatment (B), whereas in-
cubation with faecal extract
containing ‘chloromycetin’
(C), and with faecal extract
without chloromycetin (D}
also released T..

In order to gain infor-
mation about the re-utiliza-
tion of ™I and compounds
formed in the thyroid, and
to see in how far they can
influence the chromatogra-
phic patterns in bile, normal
and thyroidectomized rats
were injected with ™I and
the bile samples chromato-
graphed at intervals after
the operation. From Fig. 10
it can be seen that 15 hours
after the injection the first

M

0.1

signs of glucuronide (G)

. b 8 appeared. This band be-
came stronger with time

Fig. 8 (a) lt;l_embolires of T, in rat and, in addition, at least

ile.

(b) Same bile sample incubated one unidentified band ap-

with ox B-gluceronidase. peared close to the origin;

Solvent — BDA. the rest remained as iodide
(I) and no free hormone could be seen. In thyroidectomized
samples, only iodide was found.
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Fig. 9. A. Metabolites in rat bile after **'T, treatment.

Same bile sample treated with g-glucuronidase.

. Same bile sample treated with rat faecal extract in the presence
of chloromycetin.

. Same bile sample incubated with rat faecal extract.
Solvent — BDA.
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Fig. 10. Radioactive iodine substances in normal and thyroidectomized rat
bile at intervals after '*'l injection.

CWA = collidine : water : ammonia.

BDA = butanol : dioxane : ammonia.

DISCUSSION

The reason for hepatic concentration of iodinated
thyronines remains obscure. It may be related to the long
latent period of thyroid hormones, in which case it could
be expected that thyroid hormones with high potential
activity and with a short latent period would be trapped
for a relatively shorter period and that metabolic break-
down and detoxication would proceed at a faster rate.
However, the rate of biliary secretion of iodinated thyro-
nines seems to be associated to a larger extent with the
number and position of the iodines on thyronine rather
than with its potential activity. Thus Roche® found a more
rapid biliary excretion of 3 : 3 diiodothyronine than of
other iodinated thyronines and little difference between
the two types of triiodothyronine with dissimilar physio-
logical activity. Nevertheless, it is clear from these results
that the state of thyroid activity influences hepatic clear-
ance of thyroid hormones as well as their metabolism.

Work on the percentage distribution of metabolic pro-
ducts of thyroid hormones in bile is hampered by the ab-
sence of a chromatographic solvent capable of resolving
all metabolites one-dimensionally. For example, 3 : 3'-
diiodothyronine cannot be distinguished from 3 :5:3
triiodothyronine by collidine : water : ammonia, and
therefore this solvent cannot be used for the measurement
of 3 : 5 : 3-triiodothyronine disappearance in bile after
its intravenous injection if diiodothyronine is a metabolic
product of T; Similarly, solvents like BDA do not
separate the different sulpho-conjugates of thyronines
clearly. Moreover BDA does not resolve iodide clearly
from the sulpho-conjugates of triiodothyronine and
diiodothyronine, neither does it separate tetraiodothyroace-
tic acid distinctly from T,, so that this solvent cannot be
used very successfully to determine the degree of de-
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iodination of T, or of T: For this reason enzymes like
B-glucuronidase and mylase P are extremely useful to
hydrolyse the conjugates (glucuronides and sulphates) and
thus dissociate them from the thyronines for identification
purposes.

It is difficult to assess whether de-iodination, unrelated
to oxidative de-amination or conjugation, takes place in
tissues. It is believed that T, and T; are de-iodinated in
many tissues, particularly in the liver. However, extrac-
tion and chromatography of T, with high specific radio-
activity invariably yields 'I; such de-iodination is a non-
metabolic phenomenon and may result in the identification
of ¥'T; in cases where *'T; had been labelled in more than
one position, such as occurs endogenously after ¥ treat-
ment. We have great difficulty in demonstrating the
presence of T; in thyroids of rats if the "1 dose is kept
low. For example, when rats are injected with *'I and the
thyroids pooled to bring the total activity of I up to the
same level as that of a single rat given 20 uc. of "I, and
the thyroid digest is applied directly to chromatography
paper without extraction, no T; can be demonstrated if
minute amounts of a reducing agent and toluene are
added to the digestion mixture (unpublished). No doubt,
non-metabolic de-iodination and radiation decomposition
facilitated the radio-autographic identification of T; in
thyroids and tissues in the past to such an extent that T,
appeared sometimes as a more intense radioactive spot
than T,, even though their solubilities in the extraction
medium were about the same. Radioactively labelled Ti,
treated in the same way as thyroid extract, showed no
“IT,, which was adduced as evidence against non-metabo-
lic decomposition, but no evidence was given as to the
position of labelling of the radioactive T.. Taurog et al.”
remarked on the difficulty of finding a suitable developing
solvent which did not decompose appreciable amounts of
T.-

Even though it is commonly believed that "'T,, formed
in the thyroid, is labelled with ™1 in all 4 positions,
findings in our laboratory do not agree with an even
distribution of radioactivity. Thus, it is difficult to re-
chromatograph endogenously labelled T, without re-
leasing ™I at the same time even though "'T; cannot
always be found. It is possible that endogenous iodination
and de-iodination, and presumably even exchange, take
place firstly in the 5° position and secondly in the 5
position, and that lability of these positions persists en-
dogenously. In the case of ™' T; the 3’ position becomes
labile giving rise to 3 : 3" diiodothyronine. Labile positions
in the thyronine nucleus are probably closely linked with
the excretion and metabolic products of Ty and T..

In this study ™T; was labelled in the 3’ position only
so that the radioactive metabolic products. which could
be identified by radio-autography, were expected to be of
three kinds: first, those of the conjugates of T; (glucuro-
nides and sulphates), second, the oxidative de-amination
products of T; and their conjugates;* and third, those of
B broken off at the labelled position. It is unlikely that
B released in this way can form extrathyroidal metabolic
products in thyroidectomized rats so that differences be-
tween the normal and thyroidectomized bile patterns would
indicate "' re-utilization. Qualitative differences of this
sort were not found in these experiments.
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In view of these results and others in the literature, the
hepatic metabolism of T; apparently proceeds somewhat
as indicated in Fig. 11. but the exact identification and

CONCENTRATION
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Fig. 11. A schematic diagram of some of the various
metabolic processes and possible end-products of triiodo-
thyronine in the entero-hepatic circulation.

quantitative distribution of the numerous metabolic pro-
ducts awaits further investigation.

SUMMARY

1. Bile-duct cannulations were performed on surgically
thyroidectomized, normal, and triiodothyronine-treated rats
which were subsequentl} injected intravenously with radio-
active iodine or "I-labelled triiodothyronine. The secretion
rates of radioactive material in bile were studied over about
30 hours while the animals moved about freely.

2. The mean total radioactivity in bile of the triiodo-
thyronine-treated animals was greater than that for normal
rats and was lowest in thyroidectomized animals after *'I- and
¥IT,-treatment.

3. No obvious differences were found among the different
groups of animals in the mean concentration of radioactivity
when counted in (-1 ml. samples over the same time intervals,
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but the peak of radioactivity per volume of bile appeared
earlier in trilodothyronine - treated animals than in normal or
thyroidectomized rats,

4. Differences 1n secretion of radioactive substances in
bile were mainly caused by secretion rates and bile volumes
in the different groups of rats,

5. From the percentage distribution values of radioactivity
in the chromatographed bile samples it is concluded that
glucuroconjugation takes place much more rapidly than de-
iodination in all animals, but that a greater percentage of
*I-labelled triiodothyronine is conjugated in T.-treated animals
than in thyroidectomized or normal animals. Thus, the state
of thyroid activity influences hepatic clearance of thyroid
hormones as well as their metabolism.

6. The possible influence of lability of iodine in different
positions on the thyronine nucleus and of the effect of this
lability on iodine metabolism are disc
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