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1. Introduction

The over-all rate of conversion of cholesterol into
the main primary bile acids (cholic acid plus chenode-
oxycholic acid) appears to be regulated by the activity
of cholesterol 7a-hydroxylase [1]. The mechanisms
by which the ratio of cholic acid to chenodeoxycholic
acid is regulated have not been established. The only
structural difference between cholic acid and chenode-
oxycholic acid is the 12a-hydroxyl group in cholic
acid and the activity of the 12a-hydroxylase could be
of importance for the regulation of the ratio of cholic
acid to chenodeoxycholic acid. In addition, a 26-
hydroxylase might be of importance. Although 26-
hydroxylation is an obligatory step in the biosynthesis
of cholic acid as well as chenodeoxycholic acid it is
known that at least in the rat introduction of 26-
hydroxyl group prevents subsequent 12a-hydroxyla-
tion [1]. The possible roles of the 12a-hydroxylase
and the 26-hydroxylase in the regulation of the ratio
of cholic acid to chenodeoxycholic acid synthesized
may be evaluated from experiments under conditions
known to change the ratio between these acids in bile.
Treatment with thyroid hormone leads to a marked
decrease in the normal ratio between cholic acid and
chenodeoxycholic acid in bile [2-5]. Treatment with
propylthiouracil leads to an increase in this ratio, at
least in rats with a biliary fistula [4]. The effect of
thyroid hormone on 12a-hydroxylase has been pre-
viously studied [6]. Treatment with thyroid hormone
led to a decrease in 120-hydroxylase activity of about
40% whereas thyroidectomy increased the activity
about 50%. These moderate effects on the 12a-hydrox-
ylase do not appear to explain fully the marked changes
in the ratio between cholic acid and chenodeoxycholic
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acid which are observed after treatment with thyroid
hormane. The effect of thyroid hormone on the
26-hvdroxylase has not been previously studied. The
over-all side-chain oxidation of cholesterol by rat liver
mitochondria [7] and the oxidation of 58-cholestane-
3w, 7a, 12a-triol by whole homogenate of rat liver [8]
have been reported to be stimulated by thyroid hor-
mone. As 26-hydroxylation is the first step in the
degradation of the side chain, it is possible that the
stimulatory effect of thyroid hormone is due to an
effect on 26-hydroxylation. The 26-hydroxylase in-
volved in bile acid biosynthesis has not been defined
with certainty. It has been recently found that the
mitochondrial and microsomal fractions of rat liver
homogenate possess 26-hydroxylase activities with
different properties and different substrate specificities
[9, 10]. In the present report the effect of thyroid
state on mitochondrial and microsomal 26-hydroxylase
activity has been studied.

2. Methods

L-Triiodothyronine (50 ug/kg body weight in
0.1 ml of 0.9% sodium chloride solution) was admini-
stered to 200 g Sprague-Dawley rats by daily sub-
cutaneous injections during four weeks. The control
rats were given 0.1 ml of 0.9% sodium chloride solu-
tion. The oxygen consumption, expressed in £ per kg
rat per hr [11], was 75% (S5 = 10%) higher in the tri-
iodothyronine-treated groups than in the control
groups. The control group gained in weight (final
weight 300—350 g) whereas the triiodothyronine-
treated group did not (final weight 200—250 g). There-
fore, an additional control group was used in the tri-
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iodothyronine experiments that had the same weight
as the treated rats (cf. table 1). Thyroidectomy of
200 g Sprague-Dawley rats was performed as described
by Zarrow et al. [12]. Following surgery, the animals
were given 1% calcium lactate to drink. The animals
were killed one week after the surgery. The controls
for the thyroidectomized rats were sham operated by
making a midveniral incision and exposing the sterno-
hyoid muscle (cf. [12]). The thyroidectomy led to a
decrease in oxygen consumption of 35% (Sz = 2%) as
compared with the sham-operated group. Liver homo-
genates were prepared as described previously [10]
using 0.25 M sucrose for the preparation of the mito-
chondrial fraction and 0.1 M Tris-Cl buffer, pH 7.4,
for the preparation of the microsomai fraction. About
half of the liver of each animal was used for the pre-

pqrqtu\n of the mitochondrial fraction and half for
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preparation of the microsomal fraction. Incubation
conditions and subsequent procedures for determina-
tion of mitochondrial and microsomal 26-hydroxylase
activity were the same as described previously [10]. The
mitochondrial 26-hydroxylase activity was assayed
with [4-14C]cholesterol as substrate and the micro-
somal 26-hydroxylase activity was assayed with
58-[78-3H] cholestane-3a, 7a-diol as substrate. The
analyses involve thin-layer chromatography followed
by radio-gas chromatography of trimethylsilyl ethers
of the products [10]. Microsomal 12¢-hydroxylase
activity (with 7a-hydroxy-4-[66-3H]cholesten-3-one

as substrate) was assayed as described previously [6]
with the exception that an incubation time of 20 min
was used. In addition to analysis by thin-layer chroma-
tography, the trimethylsilyl ethers of the products
were quantitated by means of radio-gas chromato-
graphy using the same conditions as those for the
determination of microsomal 26-hydroxylase activity
[10].

3. Results and discussion

The results of the experiments with triiodothyronine-
treated and thyroidectomized rats are summarized in
table 1. The effect of triiodothyronine and thyroidec-
tomy on microsomal 12a-hydroxylase activity was
similar to that described previously [6]. Thus there
was a small decrease in activity after treatment with

triiodothyronine and a small increase after thyroidec-
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tomy. The mitochondrial 26-hydroxylase aciivity was
not affected by thyroidectomy. Triiodothyronine
treatment decreased the activity to about half when
compared with control rats of the same weight. This
effect might be due to the age of the animals as con-
trol rats of the same age as the triiodothyronine-
treated rats had about the same mitochondrial
26-hydroxylase aciivity. The effects of trijodo-
thyronine and thyroidectomy on microsomal
26-hydroxylase activity were opposite those on
microsomal 12a-hydroxylase activity. Triiodothyro-
nine treatment led to a more than two-fold increase
of the activity whereas thyroidectomy decreased the
activity to one fourth that of sham operated con-
trois. It is noteworthy that the sham-operated animais
used as controls for the thyroidectomized rats had a
lower 12a-hydroxylase activity than the control
animals used in the other experiments. This effect
was apparently not due to hyperthyroidism as the
sham-operated animals had an oyxgen uptake only
about 10% higher than the other control animals.
The ratio microsomal 12a-hydroxylase activity/
microsomal 26- hydroxylase activity was about ten-

£fald lawrar i id rate tha rrayid
1uiu IUWUI l.ll ll)’y\rl I.llyl\Jlu IGLD I,llCIll lll lly PULII)’ lUl\.l

rats. In contrast, the ratio microsomal 12a-hydroxyl-
ase activity/mitochondrial 26-hydroxylase activity
was somewhat higher in hyperthyroid rats than in
hypothyroid rats.

In the experiments shown in table 1,58-cholestane-
3a, 7a-diol was used as substrate for the microsomal
26-hydroxylase and vdroxy-4-cho

T h la n_q_n

6-hydroxylase and 7a-hydroxy-4-cholesten-3-one
as substrate for the microsomal 12a-hydroxylase,
7a-Hydroxy-4-cholesten-3-one is also 26-hydroxylated
in the microsomes although to a considerably less
extent than 58-cholestane-3a,7a-diol [10]. However,
7a-hydroxy-4-cholesten-3-one could be a more im-
portant substrate for the microsomal 26-hydroxylase
under conditions in vive than 58-cholestane-3a, 7a-
diol [10]. The ratio between microsomal 12a-hydro-
xylation and 26-hydroxylation of 7a-hydroxy-4-
cholesten-3-one was found to be about 4 in control
rats and about 1 in triiodothyronine-treated rats. In
the experiments with thyroidectomized rats-the rate
of microsomal 26- hydroxylation of 7a-hydroxy-4-
cholesten-3-one was too low to be detected with the
gas-chromatographic technique used. Although the
experiments were performed under conditions which
might not have been optimal for microsomal 26-
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Table 1
Effect of triiodothyronine and thyroidectomi on mitochondrial 26-hydroxylase activity and microsomal 12«- and 26-hydroxylase
activity.
Ratio microsomal
Mitochondrial Microsomal Microsomal 12a-hydroxylase
Preparation 26-hydroxylase 12a-hydroxylase 26-hydroxylase activity /micro-
activity activity activity somal 26-hydro-
xylase activity
(nmoles/mg protein)
Controls of the same weight
as triiodothyronine treated 0.8+0.1 20+0.2 19+0.2 1.1
Controls of the same age as
triiodothyronine treated 0.5+0.1 1.6 +0.2 2.3+0442 0.7
Triiodothyronine treated 04 +0.1 1.320.2 4.7+ 0.4 0.3
Sham operated 0.9+0.2 1.1£0.1 2504 0.4
Thyroidectomized 0.7+0.1 1.5+0.2 0.6x0.1 25

The values listed are the means of four experiments £ S.D. of the means with the exception of the values denoted with a) where

eight experiments were performed.

hydroxylation of 7a-hydroxy-4-cholesten-3-one it
appears that the effect of thyroid hormone on this
reaction is the same as on microsomal 26-hydroxyla-
tion of 58-cholestane-3a, 7a-diol.

The present results showing that the ratio micro-
somal 12a-hydroxylase activity/microsomal 26-hydro-
xylase activity differs by a factor of about 10 between
the hyperthyroid state and the hypothyroid state
should be compared with previous findings in vivo.
The ratio cholic acid/chenodeoxycholic acid has been
found to differ between the hyperthyroid state and
the hypothyroid state by a factor of 3—7 in intact rats
[3, 5] and 15—30 in rats with a biliary fistula [3, 4].
Since the effect of thyroid hormone on the ratio
microsomal 12-hydroxylase activity /microsomal
26-hydroxylase activity is similar to the effect on the
ratio cholic acid/chenodeoxycholic acid it may be con-
cluded that the activity of both microsomal 12a-hy-
droxylase and microsomal 26-hydroxylase is important
in the regulation of the ratio cholic acid/chenodeoxy-
cholic acid in bile. The small effect of thyroid hormone
on mitochondrial 26-hydroxylase activity suggests that
this system is of minor importance in the biosynthesis
of bile acids, at least in hyper- and hypothyroidism.
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