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The effect of induced hypothyroidism (by feeding an antithyroid drug-propyithiouracil) on the
transport and clearance of the routinely used hepatobiliary radiopharmaceuticals—
radioiodinated iodine- 131 ('3'l) rose bengal and technetium-99m-N-(4-n-butyiphenyl-
carbamoyimethyl) iminodiacetate, was studied in the rats. Hypothyroidism was associated
with depressed growth and retarded clearance of these radiotracers from the in vivo system.
Treatment of the hypothyroid rats with thyroxine (2-5 ug/100 g b.w. day) for 6 wk,
restored these parameters towards normal values. These data suggest that delayed
clearance of these hepatobiliary tracers could be related to reduced metabolic rate
accompanied with the hypotonia and hypomotility of intestine normally observed in the

hypothyroid state.
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Ie liver is a major end-organ on which the thyroid
hormones act, modifying various aspects of its cellular
synthetic activity as well as its oxidative and metabolic
functions. In turn, the liver metabolizes these hormones
which are conjugated and excreted in bile (7). Patho-
logical changes have been described in both hyper- and
hypothyroidism. A large number of patients with thy-
roid dysfunction have been found to have biochemical
and clinical abnormalities of liver function (2). A com-
mon form of liver injury leading to cholestatic hepatitis
caused by the use of different drugs, including thioura-
cil, has also been noted (3). Caution has also been
sounded in the case of unexplained jaundice to examine
for hypothyroidism (4). In addition, hypothyroidism
causes hypotonia of the gall bladder and an increased
incidence of cholelithiasis (5). These pathophysiologi-
cal alterations in the liver because of an abnormal
thyroid-status could influence the fate of many drugs
administered in the in vivo system.

Various types of technetium-99m (°*™Tc) agents are
currently being used to elicit diagnostic information in
nuclear medicine. These agents are normally adminis-
tered intravenously into patients and the regional bio-
chemistry and physiology of the organ system ascer-
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tained by following the kinetics of the injected tracer. It
is known that even drug-drug interactions can affect
the so-called normal distribution pattern of radiophar-
maceuticals (6). Furthermore, altered thyroid status is
known to affect the metabolic homeostasis in the in vivo
system. However, there is paucity of data in the litera-
ture regarding the effect of chronically induced hypo-
and hyperthyroidism on the in vivo pharmacokinetics of
hepatobiliary agents used in cholescintigraphic studies.
This study was therefore initiated to examine the influ-
ence of chronic hypothyroidism on the transport of a
currently used radiopharmaceutical *"Tc-N-(4-n-bu-
tylphenylcarbamoylmethyl) - iminodiacetate
([*™Tc]HIDA or [**mTc]BIDA), and a previously
used agent—iodine-131 rose bengal ([!3'I]RB) in the
rats.

MATERIALS AND METHODS

Animals
Age-matched young male rats of Wistar strain
weighing ~85-100 g were used in this study. The rats
were fed normal colony diet containing 20% protein.
The rats were divided into the following four groups:
1. Control (cont)—Normal colony diet.
2. Hypothyroid (Hypo)—Hypothyroidism was in-
duced by feeding 0.1% propylthiouracil (PTU)*
in the diet for 6 wk.
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TABLE 1
Effect of Induced Hypothyroidism and Thyroxine Treatment on Final Body Weight (b.w.) and Weights of Liver and

Thyroid*
Liver Thyroid
Absolute Relative Absolute Relative
b.w. weight weight weight weight
Group C)] (9 (g/100 g b.w.) (mg) (mg/100 g b.w.)
Control 398 £ 35 125+ 2.7 3.1+04 340+ 6.0 8.7+ 2.2
Hypo' 174 £ 14t 7.1+ 0.41 4.1+0.3! 96.0 + 19.01 57.0 + 12.0"
Control + T, 470 + 161 14.0 £+ 1.5 29+ 0.2t 31.0+ 4.0 65+ 0.8t
PT, 393 + 12 13.6 £ 0.7 3.4+0.1 §5.0+ 6.0' 140+ 1.5'
PTU+ T, 350 + 36 1.0+ 2.0 3.0+03 75.0 + 18.01 220+ 4.0t

* Results are expressed as mean + s.d. (n = 6-8).
T p <0.05 — 0.005 compared with the control group.

3. Control + Thyroxine (cont + T;)'*—These rats
were maintained on normal colony diet. Thyrox-
ine (2 ug/100 g b.w. day) was given in drinking
water for 6 wk.

4. Hypothyroid + T4—Hypo rats were divided into
two subgroups with respect to T4 treatment.

(a) PT4—Hypo. rats from group (2) were dis-
continued from PTU diet (6 wk), and were given
T4 (2 pg/100 g b.w. day) in drinking water for 6
wk along with.normal colony diet.

(b) PTU + T4—These rats were simultaneous-
ly given PTU (0.1%) in diet and T4 (3-5 ug/100 g
b.w. day) in drinking water for 6 wk. These rats
were given a slightly higher dose of T4 to compen-
sate for the reduced intake of water.

Radiopharmaceuticals

Aqueous solutions of [!3'I)RB? with a specific activi-
ty of 2-10 mCi/g RB and [*™Tc]BIDA were used.
Iodine-131 rose bengal was diluted to the required
concentration with physiologic saline before use. Tech-
netium-99mBIDA was prepared by reconstituting the
freeze-dried contents of Sn(II) p-BIDA? “kit” vial with
4.0 ml of Na%®™TcO,4 (~400 uCi) in physiological sa-
line.

Each rat from the above group was injected i.v. under
ether anaesthesia with 0.4 ml of the radiopharmaceuti-
cals containing 40 uCi[**™Tc]BIDA or 5 uCi['3'I]RB.
The rats were housed in individual metabolic cages
after the administration of the tracers. They were killed
by cardiacectomy at S, 30, and 60 min postinjection.
Approximately 5-10 ml blood was collected by the car-
diac puncture from the heart 30 sec before cardiacecto-
my. The organs were excised, weighed and counted in a
gamma-counter, and percent dose per organ calculated.
Six to eight rats were taken for each time interval.

RESULTS

The results are summarized in Tables 1, 2, and 3.
Table 1 gives the effect of induced hypothyroidism on

Volume 26 ¢ Number 10 e October 1985

the general growth of the animal. Reduced gain in the
body weight (b.w.) associated with the increased
weights of the liver (g/100 g b.w.) and the thyroid gland
(mg/100 g b.w.) is seen in the hypothyroid rats.

Hypothyroidism was confirmed in these rats by the
significant reduction in the circulating levels of the
thyroid hormones (cont: 2-4 ug%, hypo: 0.4-0.6 ug%,
cont + T4: 4-6 ug%, hypo + T4 2-5 ug%h). These
changes are restored to normal after their treatment
with thyroxine.

Tables 2 and 3 show the biodistribution pattern of the
two different types of hepatobiliary agents in important
organs of the controls as well as experimental animals
with respect to time. The biodistribution pattern during
the first 60 min gives a fair picture of the time course of
the agents in the different tissues. It also portrays the
amount and rate of uptake of the agents in these tissues.
It can be seen from Table 2 that the rate and amount of
abstraction of [!3'I]RB from the blood by the liver is
relatively retarded during the early phase (5 min) of
transport in hypothyroid rats giving rise to elevated
blood levels. A significant fraction of the injected dose
is found in the liver as well as in the gut both in control
and hypothyroid rats at 30 min postinjection. However,
the levels are found to be higher in the livers of hypothy-
roid rats as compared to that of the controls. This
increase is caused by the decreased rate of clearance
into the small intestine. Peaking of the tracer activity
(increased uptake) in the liver at ~ 30 min postinjection
is noted only in the hypothyroid rats, which once again
gives rise to elevated levels of [!3'I]RB in the liver. The
retardation effect is also seen in the hypothyroid rats by
the lower levels in the gut activity. This effect is seen to
a better extent at 60 min postinjection.

Technetium-99m BIDA differs from [!3!I]RB in
that the process of transport of both phasesi.e., abstrac-
tion from the blood by the liver and clearance from the
liver into the small intestine of the gut, is rapid. There is
no peaking of the radiotracer activity in the liver as in
[3'T]RB. In hypothyroid rats, the rate of uptake of the
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TABLE 2
Biodistribution of ['*']]RB In Control and Hypothyroid Rats*

5 min 30 min 60 min
Tissue Control Hypo Cohtrol Hypo Control Hypo
Blood' 28.0 £ 3.3 46.4 + 8.2¢ 59409 76+ 19 52+ 1.0 48+ 1.1
Liver 61.1+3.8 48.5 + 7.0¢ 489 + 7.2 63.3 + 2.5¢ 29.1+ 6.7 49,9 + 4.1%
Gut 34107 33+04 321+ 7.4 18.2 £ 5.0¢ 510+ 7.5 36.0 £ 4.2¢
Kidneys 18+ 04 1.9+£0.2 1.9+£03 20+0.2 1.8+ 0.5 20+£0.2

* Results are expressed as mean + s.d. (n = 6-8).
1 Blood volume is assumed to be 5% b.w.
# p < 0.05-0.005 compared with the control group.

agent from the blood into the liver during the early
phase (5 min) is reduced. In addition, the rate of trans-
port from the liver into the gut is markedly reduced.
This occurrence is seen to a better extent at 30 min than
that at 60 min postinjection (Table 3).

The alterations in the behavior of these radiotracers
are highly significant (p < 0.05 to p < 0.005) in the
hypothyroid rats with respect to both [!3!I]RB and
[#9mTc]BIDA. The kidney levels remain unaffected in
the hypothyroid rats, thereby implying that there is no
competition for the radiotracers by this excretory route
in the experimental animals.

DISCUSSION

Normal functioning of the liver, a major target organ
for thyroid hormone action, is disturbed in thyroid
disorders. Reduced gain in body weight accompanied
with the enlargement of the thyroid gland is noted in the
hypothyroid rats. These rats also have smaller livers,
although the relative liver weights (g/100g b.w.) are
significantly higher in the hypothyroid rats (Table 1).
These observations are consistent with our earlier re-
ports (7,8). Such alterations have been explained by the
higher protein and glycogen contents of the liver in the
hypothyroid rats (8,9). All parameters are restored
towards the control values after the hypothyroid rats
are treated with thyroxine.

The hepatobiliary agent once administered into the
blood circulation is avidly taken up by the liver paren-
chymal cells. Since the rat does not have a gall bladder,
the agent is then transported into the small intestine,
and thereafter, the large intestine of the gut. Therefore,
the blood, liver, and gut (small and large intestine)
constitute the major tissues of interest. The kidneys
have also been included in order to evaluate its contri-
bution if the tracer is excreted out by another excretory
pathway in the experimental group of animals because
of their altered physiologic status. Technetium-
99mBIDA and [!3!'I]RB are both hepatobiliary agents
labeled with different tracers—%°™Tcand '3'1. Both are
routinely used in clinical practice. The former exists as
an inorganic anion while the latter forms an organic
anionic species in aqueous solution when normally used
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as i.v. injectables. They differ in the rate of hepatobi-
liary excretion; [!13'I]RB is cleared at a slower rate as
compared to [*"Tc]BIDA in the control animals. Ex-
tensive studies regarding their radiobiologic profiles in
normal rats have been reported recently (10,11).

The in vivo tissue distribution pattern of both these
agents in the hypothyroid rats clearly indicates that the
transport (i.e., uptake of the tracers from the blood by
the liver parenchymal cells and excretion into the gut)
is significantly retarded (Tables 2 and 3). The possibili-
ty that PTU per se may cause the delayed clearance of
these radiotracers is not substantiated by our results.
By supplementing thyroid hormone in drinking water
to these rats (either after PTU withdrawal or simulta-
neously along with PTU) restored all the parameters
towards control levels. In fact a similar pattern is also
seen in the thyroidectomized rats. In the case of
[13'I)RB there is a peaking of the liver activity at 30
min postinjection. Such an effect is not observed with
[**™Tc]BIDA, because of its relatively faster in vivo
transit time as compared to that of [!3!I]RB. The excre-
tory retardation effect is seen to a greater extent during
the early phase of the in vivo transit and gradually falls
off over extended periods. The retardation of the trans-
port of these tracers, however, does not affect the over-
all hepatobiliary characteristics, as seen by the total
amount cleared by the hepatobiliary pathway and the
unchanged pattern of uptake of the tracers by the uri-
nary route (kidneys and bladder).

The delayed clearance of these hepatobiliary tracers
could be related to the lowered basal metabolic rate
accompanied with the reduced catabolism in the hypo-
thyroid state. A delayed removal of glucose from the
blood has been noted in hypothyroid rats (12). A
marked diminution of gastrointestinal motility and hy-
potonia of the gall bladder leading to cholelithiasis has
also been noted in the hypothyroid state (5,12). Itis also
possible that increased liver weight caused by higher
contents of protein and glycogen may have some role to
play in the ability of the hepatocytes to extract the
radiopharmaceuticals in the state of altered blood flow
(both hepatic and portal) in hypothyroid rats. The role
of thyrotropin releasing hormone (TRH) in favouring
the accumulation of tracer activity and delaying gall
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TABLE 3
Biodistribution of [**™Tc]BIDA in Control and Hypothyroid Rats*®

5 min 30 min 60 min
Tissue Control Hypo Control Hypo Control Hypo

Blood' 28+04 9.5+ 25" 1.4+ 0.7 28+ 1.1 1.0+ 0.7 25+ 1.0
Liver 548+ 4.9 64.0 +£ 3.2 7.2+22 28.4 £ 6.4% 24108 10.5 + 3.5¢
Gut 30.6 + 4.3 135+ 3.1** 838+ 55 59.5 + 7.4t 914+ 4.1 76.4 £ 5.8¢
Kidneys 1.8+ 04 1.5+ 04 224+12 19+ 0.6 20+0.9 27+09

* Results are expressed as mean + s.d. (n = 6-8).

1 Blood volume is assumed to be 5% b.w.

# p < 0.05-0.005 compared with the control group.

bladder emptying has been recently reported (13). Al- REFERENCES

though we have not measured the circulating levels of
TRH in our hypothyroid rats, it is known that thyroid
hormone deficiency or its lack stimulates TRH release
from the hypothalamus. In fact a twofold increase in
TRH receptors has been observed in hypothyroid rats.
The elevated levels are completely reversed by the
treatment with the thyroid hormone (/4). TRH has
also been found to produce a variety of effects on the
gastrointestinal tract including altered bile flow (13).
Thus, TRH could have a major role to play in the
delayed clearance of radiopharmaceutical activity
from the blood and liver in these hypothyroid rats.

The biodistribution pattern of both these radiophar-
maceuticals was also studied in the hypothyroid rats
after they were treated with the thyroid hormone for 6
wk. This resulted in the restoration of the transport of
both these hepatobiliary agents towards control values.
However, no change was seen in the control rats treated
with the thyroid hormone.

This study thus reveals that reduced gastrointestinal
motility and hypotonia of the hepatobiliary route, ei-
ther alone or accompanied with TRH effect, could be
responsible for the retarded transport of these hepato-
biliary radiopharmaceuticals in hypothyroidism. In
short, it has been shown that: 1) Hypothyroidism in
these animals results in the delayed clearance of both
fast ([**"Tc]BIDA) and relatively slower ([!3'I]RB)
agents that are routinely used in clinical practice; 2)
The retardation effect is seen to a significant extent at
least during the first 60 min; and 3) supplementing T,
to these rats restores the transport towards control
levels. The clinical implications of this study, however,
need further investigation.

FOOTNOTES

* Koch Light Laboratory, England.
t Sigma Chemical Co., USA.
 Radiopharmaceuticals Div., B.A.R.C., Bombay, India.
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