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Bile Acid Metabolism in Human Hyperthyroidism
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Decreased levels of serum cholesterol are a well-rec-
ognized finding in hyperthyroidism. Since the conver-
sion to bile acids is an important pathway for the elim-
ination of cholesterol, we studied primary bile acid ki-
netics in seven hyperthyroid patients before and after
medical treatment. Pool sizes, fractional turnover and
synthesis rates of cholic acid and chenodeoxycholic acid
were determined after oral administration of 50 mg
[**C]cholic acid and 50 mg ['*C]chenodeoxycholic acid.
13C/'2C isotope ratios in serum were measured by capil-
lary gas chromatography/electron impact mass spec-
trometry.

Compared with the euthyroid state, serum cholesterol
levels were distinctly lower in hyperthyroidism (150 *
33 vs. 261 £ 51 mg per dl, p < 0.01). Thyroid hormone
excess caused a 34% reduction in cholic acid synthesis
(5.8 %2.8vs. 7.9+ 4.2 umoles per kg per day, p < 0.02),
which was associated with a 47% decrease in cholic acid
pool size (11.7 £ 3.4 vs. 22.0 £ 5.2 umoles per kg, p <
0.01). Chenodeoxycholic acid kinetics exhibited no ap-
parent changes. Thus, total primary bile acid synthesis
was diminished by 20% in hyperthyroidism. After nor-
malization of thyroid function, the ratio of cholic acid/
chenodeoxycholic acid pool size increased in all patients.
This was paralleled by a rise in the ratio of concentra-
tions of cholic acid/chenodeoxycholic acid in serum.

The depression of cholic acid synthesis in the presence
of unaltered chenodeoxycholic acid synthesis found in
hyperthyroid subjects is compatible with an inhibition
of hepatic 12a-hydroxylation by thyroid hormone. Fur-
thermore, evidence is provided that, in man, the low
serum cholesterol levels found during hyperthyroidism
are not caused by an increased conversion of cholesterol
to bile acid.

Low levels of serum cholesterol are a frequent finding
in hyperthyroidism (1). The effects of thyroid hormone
on sterol metabolism, however, have not been sufficiently
studied. Hepatic conversion of cholesterol to bile acids is
an important pathway for the elimination of cholesterol
(2). In rats, thyroid hormone increases the activity of
cholesterol-7a-hydroxylase (3, 4), the rate-limiting en-
zyme of bile acid synthesis, but data on the conversion
of cholesterol to cholic acid and chenodeoxycholic acid
in human hyperthyroidism are still lacking. Such data
are even more desirable as thyroid hormone stimulates
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cholesterol biosynthesis (5) and increases receptor-me-
diated low-density lipoprotein (LDL) uptake (6-8).
Therefore, we studied primary bile acid kinetics in hy-
perthyroid patients before and after treatment.

PATIENTS AND METHODS

Seven patients (six females and one male; age 45 to 79 years)
with hyperthyroidism were included in the study. Five patients
suffered from Graves’ disease, and two patients had multino-
dular toxic goiter. Initially, all patients showed clinical signs of
overt hyperthyroidism with tachycardia, excessive sweating,
nervousness and heat intolerance. There was no heart failure
or diarrhea. All patients were successfully treated by thiamazole
(Favistan"; Merck, Darmstadt, Federal Republic of Germany)
as documented by normalization of clinical and laboratory
status. They all had normal routine liver tests, which were not
altered by thiamazole therapy. During the entire study period,
the patients remained on their regular diet.

The kinetics of primary bile acids, postprandial serum bile
acid concentrations and fasting serum lipid concentrations were
determined in all patients in the hyperthyroid state and 3
months after stabilization of normal thyroid function following
effective medical therapy. Informed consent was obtained from
all patients. Measurements of bile acid kinetics with stable
isotopes were approved by the ethical committee of the Uni-
versity Hospitals of the University of Munich.

The kinetics of cholic acid and chenodeoxycholic acid (pool
size, fractional turnover rate and synthesis rate) were deter-
mined by an isotope dilution technique (9). The simultaneous
oral administration of 50 mg [24-'*C]cholic acid and 50 mg [24-
C)chenodeoxycholic acid (Merck, Sharp and Dohme, Mon-
treal, Canada) was followed by blood sampling over 4 days. *C/
"“C isotope ratios of cholic acid and chenodeoxycholic acid were
measured in serum by capillary gas liquid chromatography/
electron impact mass spectrometry (9). A 25 m x 0.32 mm fused
silica capillary OV-1701 column (CP Sil 19 CB; Chrompack,
Middleburg, The Netherlands) was directly inserted into a
Finnigan 4000 mass spectrometer. The measured '*C/!*C iso-
tope ratios were converted into atom % excess. Pool size and
fractional turnover rate were subsequently calculated from the
In atom % excess-time curve. Synthesis rate was determined
by multiplying pool size and fractional turnover rate (9).

Postprandial (2 hr) serum concentration of cholic acid, chen-
odeoxycholic acid and deoxycholic acid were determined by
capillary gas liquid chromatography (9). A 25 m x 0.32 mm
fused silica capillary OV-1701 column was used in a Carlo Erba
4160 gas chromatograph.

Fasting serum total cholesterol, high-density lipoprotein
(HDL) cholesterol and triglyceride levels were measured enzy-
matically by means of commercial kits (Boehringer, Mannheim,
Federal Republic of Germany). LDL-cholesterol was calculated
according to Friedwald’s formula (10).
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The data are expressed as mean * S.[). Statistical signifi-
cance (p < 0.05) was tested with the Wilcoxon test for paired
samples (11).

RESULTS

Hyperthyroid patients revealed a low serum choles-
terol, which rose distinctly after normalization of thyroid
function in all patients (150 + 33 vs. 261 + 51 mg per dl.
p < 0.01) (Table 1). This was paralleled by an increase
in LDL-cholesterol and HDI.-cholesterol. The triglycer-
ide levels remained unchanged. There was no significant
alteration of body weight while achieving euthyroidism
(Table 1).

In hyperthyroidism, cholic acid pool size was reduced
to 53% of the euthyroid value (11.7 £ 3.4 vs. 22.0 £ 5.2
pmoles per kg, p < 0.01) (Fig. 1). Despite a concomitant
increase in fractional turnover rate of 56% (0.56 + (.37
vs. 0.36 + 0.17 day™', p < 0.02), there was a 34% inhibi-
tion of cholic acid synthesis rate (5.8 £ 2.8 vs. 7.9 + 1.2

TaBLE 1. Patient characteristics before and after treatment
of hyperthyroidism

Before treatment  After treatment

Thyroxine (ug/dl) 19.4 + 32 71 x 32
Triiodothyronine (ng/ml) 364+ 1.3 1.6 £ 0.6"
Cholesterol (mg/dl) 150+ 33 261 £ 517
HDL-cholesterol (mg/dl} 43+ 13 Bl + 23"
L.DL-cholesterol (mg/dl) 82+ 23 155 % 327
Triglycerides {mg/dl) 127 * 45 143 + 48
Body weight (kg) 63.3 % 134 66.5 + 16.3
Body mass index (kg/m") 245 + 4.2 206 £ 4.7

There were six females and one male. age 45 to 79 vears.
“Mean * S.D.
" Significantly different from pretreatment value (p < 0.01).
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F1G. 1. Pool size and synthesis rate of cholic acid betore and after
treatment of hyperthyroidism.
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Tasrr 2. Primary bile acid kinetics in hyperthyroidism
before and after treatment

Before treatment After treatment

Cholic acid

Pool size (umoles/kg) 11.7 + 3.4° 22.0 £ 5.2°
Fractional turnover rate 0.56 = 0.37 0.36 = 0.17
(day *)
Svnthesis rate (gmoles/ DB E UK T4
kg/day)
(henodeoxychalic acid
Pool size (umoles/kg) 20.6 £ 6.8 19.7 £ 6.7
Fractional turnover rate 0.33 +0.19 (.36 = (.20
tday 1
Synthesis rate (umoles/ 59+ 23 6.6 + 3.7
kg/day)
Cholic acid/chenodeoxy-
cholic acid
Pool size 057 £ 013 1.19 + 0.32'
Svnthesis rate .96 + 0.20 1.26 + 0.61
Cholic acid + chenodeox-
veholie acid
Pool size (umoles/kg) B23+ 95 41.7 £ 10.6
Svnthesis rate (umoles/ 11.6 £ 5.0 14.6 + 6.9

kg/day)

Mean = S.1).

Significantly different from pretreatment value (p < (0.01).
Significantly different from pretreatment value (p < 0.02).
 significantly different from pretreatment value (p < 0.03).

umoles kg * day ', p < 0.02) (Fig. 1, Table 2). The
reduction in cholic acid pool size and synthesis rate were
also significant when these parameters were not related
to body weight. Chenodeoxycholic acid pool size, frac-
tional turnover rate and synthesis rate exhibited no
apparent changes during treatment (Table 2).

Total synthesis rate of primary bile acids was dimin-
ished by 20% in hyperthyroidism (11.6 = 5.0 vs. 14.6 +
6.9 umoles kg ' day™', p < 0.03). In addition, a trend
toward a smaller total pool size of primary bile acids was
found during thyrotoxicosis (Table 2). The significant
reduction in the ratio of cholic acid/chenodeoxycholic
acid pool size during hyperthyroidism vanished after
normalization of thyroid function. A similar change was
noted in the ratio of cholic acid/chenodeoxycholic acid
svnthesis rate, but it did not reach statistical significance
(Fig. 2, Table 2).

Hyperthyroidism altered postprandial serum concen-
trations of cholic acid, chenodeoxycholic acid and deox-
vcholic acid only to a minor extent. The fraction of cholic
acid was 14% in the hyperthyroid state and 20% after
normalization of thyroid function, whereas the total con-
centration of serum bile acids remained constant. The
ratio of cholic acid/chenodeoxycholic acid serum concen-
trations was reduced in hvperthyroidism (Table 3).

DISCUSSION

The results of this study demonstrate that the decrease
in serum cholesterol found in patients with hyperthy-
roidism is not mediated by an augmented conversion of
cholesterol to hile acids. Although total serum choles-
terol. LDL-cholesterol and HDL-cholesterol were lower
in the hvperthvroid than in the euthyroid state, bile acid
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synthesis was not increased. By contrast, thyroid hor-
mone excess significantly decreased cholic acid synthesis,
whereas chenodeoxycholic acid synthesis remained un-
changed.

Hellstrom and Lindstedt (12) measured cholic acid
pool size, turnover and half-life in hyperthyroid patients
and found them not significantly different from a group
of hypothyroid subjects. However, the kinetics of both
primary bile acids, cholic acid and chenodeoxycholic acid,
have not been studied previously in hyperthyroid pa-
tients before and after treatment. Furthermore, previous
investigations of bile acid metabolism in hypothyroidism
yielded conflicting results. In hypothyroid patients, ther-
apy with [-thyroxine caused an increase in cholic acid
pool size with a parallel rise in turnover, whereas cholic
acid half-life remained unchanged (12). However, it could
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FiG. 2. Ratios of cholic acid (CA/chenodeoxycholic acid (CDCA)
pool size and synthesis rate before and after treatment of hyperthy-
roidism.

TABLE 3. Postprandial (2 hr) serum concentration of cholic
acid, chenodeoxycholic acid + deoxycholic acid and relative
fractions of cholic acid, chenodeoxycholic acid and
deoxycholic acid in hyperthyroidism before and after
treatment

Before treatment  After treatment

PAULETZKI, STELLAARD AND PAUMGARTNER

Cholic acid + chenodeoxy- 8.57 + 6.29° 997 + 7.49
cholic acid + deoxycholic
acid (umoles/liter)
Cholic acid (%) 14.0 £ 5.2 20.4 + 5.3"
Chenodeoxycholic acid (%) 533+ 7.3 50.9 = 8.0
Deoxycholic acid (%) 33.0x93 29.0 + 10.5
Cholic acid/chenodeoxycholic 0.26 + 0.09 0.41 £ 0.13
acid
?Mean + S.D.

* Significantly different from pretreatment value (p < 0.02).
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not be excluded that the decreased cholic acid pool size
in hypothyroidism was merely the result of an increased
intestinal conversion of cholic acid to deoxycholic acid
related to hypothyroid constipation.

During treatment of hypothyroid patients, Angelin et
al. (13) reported a rise in chenodeoxycholic acid synthe-
sis, whereas cholic acid and total primary bile acid syn-
thesis were not significantly affected. No change was
noted in pool size or fractional turnover rate of either
cholic acid or chenodeoxycholic acid.

According to Abrams and Grundy (14), total bile acid
excretion in feces is not altered by thyroid dysfunction,
implying that thyroid hormone does not stimulate total
bile acid synthesis in man to any major extent.

In rats, it has been shown that thyroid hormone inhib-
its 12a-hydroxylase (15) and stimulates 26-hydroxylase
(16). Since the 26-hydroxylase probably has no regula-
tory importance in human liver (17), our results are
compatible with the assumption of an inhibition of 12a-
hydroxylase by thyroid hormone in man. There is some
controversy whether different cholesterol precursor pools
exist for the synthesis of cholic acid and chenodeoxy-
cholic acid (18). Therefore, our data cannot exclude a
different effect of thyroxine on separate precursor pools.

Thyroid hormone can accelerate intestinal transit (19).
As our patients revealed an enhanced fractional turnover
rate of cholic acid in the hyperthyroid state, a possible
influence of alterations in the enterohepatic circulation
ought to be considered. If excessive intestinal hypermo-
tility causes a significant bile acid loss, a compensatory
increase in bile acid synthesis should have occurred. But
if, on the other hand, intestinal hypermotility leads to
an increased hepatic flux of bile acids, bile acid synthesis
could be reduced by inhibition of 7«-hydroxylase. Fur-
thermore, the depression of microsomal 12a-hydroxylase
in human liver after treatment with chenodeoxycholic
acid (20) suggests an inhibitory effect of reabsorbed bile
acids on this enzyme. Therefore, it is possible that the
inhibition of 12a-hydroxylase by thyroid hormone could
be partially related to moderately accelerated enterohe-
patic cycling with an increased portal concentration of
bile acids.

Our results are compatible with the concept of 12«-
hydroxylase inhibition by thyroid hormone, as previously
described in rats (15). Furthermore, evidence is provided
that cholesterol-7«-hydroxylase is not stimulated in hu-
man hyperthyroidism but rather seems to be inhibited,
in contrast to data from animal experiments (3, 4). The
reason for this obvious discrepancy is not sufficiently
clear. Species differences may play a role, but it cannot
be excluded that an enhanced bile acid loss due to exces-
sive acceleration of intestinal transit in animals led to
an increase in cholesterol-7a-hydroxylase activity.

HDL has been proposed as a major donor of precursor
cholesterol for bile acid synthesis in man (21). Besides
the fall in LDL-cholesterol, our patients also showed a
comparable reduction in HDL-cholesterol during thyro-
toxicosis. Thus, in hyperthyroidism, reduced levels of
HDL-cholesterol might contribute to the diminished
cholic acid synthesis rate. Nevertheless, in our study we
did not find any significant correlation between HDL-
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cholesterol and either the pool size or synthesis rate of
the primary bile acids.

In conclusion, our data suggest that the low serum
levels of cholesterol found in human hyperthyroidism
are not caused by an augmented conversion of cholesterol
to bile acids. A net loss of cholesterol also could be
achieved by enhanced biliary cholesterol excretion. How-
ever, the few data available do not disclose any apparent
effect of thyroid hormone on the output of cholesterol in
bile (13, 14). Certainly, more quantitative studies on
cholesterol balance relating LDL-receptor activity to
enteral absorption, endogeneous synthesis and biliary
excretion of cholesterol and to bile acid synthesis will be
necessary to further elucidate the mechanism by which
thyroid hormone decreases serum cholesterol levels in
man.
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