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SUMMARY

The circadian rhythm of the cholesterol-7a-hydroxylase activity previously described in the rat. is
also detectable in various strains of mice. Nevertheless, its amplitude is much less pronounced. In
both species, the phenomenon seems to be controlled by the glucocorticoids. The limited circadian
variation in the mouse is more likely linked to (a) the reduced sensitivity of the mouse enzyme to
the glucocorticoids and (b) the slightly longer biological half-life of mouse cholesterol-7x-hydroxylase.

INTRODUCTION

In 1969, we described the existence of an important
circadian rhythm in the cholesterol-7x-hydroxylase
activity of the adult rat liver [1]. This rhythm precipi-
tated an extensive study which led us to discover the
importance of adrenal hormones in the control of this
phenomenon. This is supported by the following
facts: (a) the daily fluctuations of the enzymatic ac-
tivity are absent in the young rat and abruptly appear
on the twentieth postnatal day, i.e. when the hypotha-
lamo-adrenal axis reaches full maturity [2,3]; (b)
adrenalectomy and hypophysectomy completely abol-
ish the circadian variation of the enzymatic ac-
tivity [2]; (c¢) glucocorticoid injection [4,5] and
stress [ 5, 6] significantly induce the cholesterol-7x-hy-
droxylase activity in less than 2 h.

Exogenous factors, such as the lighting period and
the food intake time should be considered as synch-
ronizing agents of the rhythm [2, 5, 7]. By dissociating
the lighting schedule and the feeding time, we have
been able to conclude that this latter parameter, nor-
mally influenced by the lighting, is the main ex-
ogenous synchronizer of the cholesterol-7a-hydroxy-
lase circadian rhythm [2]. The cholesterol-7x-hydrox-
ylase activity half-life calculated from the spontaneous
decay at the end of the night, is approximately three
and one half hours, probably this explains why such
rapid changes in the enzyme activity can be observed
during a 24 h day. Finally, it is noteworthy to men-
tion that the increase of enzyme activity (physiologi-
cally observed in the evening or obtained by gluco-
corticoid injection) is completely prevented by the ad-
ministration of RNA or protein synthesis inhibi-
tors [2].

The diurnal variation of cholesterol-7«-hydroxylase
activity has been largely documented in the rat (for
a review see reference 8). Except from a recent report
on the African Green Monkey [9], no information is
presently available on the existence of a similar
phenomenon in other animal species. In this paper,
we describe the presence of a limited cholesterol-7a-
hydroxylase circadian rhythm in four different strains

s.B. 10/6—F

of mice as well as the relatively poor response of the
mouse enzyme to glucocorticoid administration when
compared to the rat hydroxylase.

MATERIALS AND METHODS

The experiments were performed on male Sprague—
Dawley rats (200 g) and on adult C57B1/6J, SWR/J,
C;HeB/FeJ and Balb/C mice. The animals were
housed in an appropriate room where lighting was
exclusively artificial, automatically turned on at 6 a.m.
and off at 6 p.m. They received water and food (UAR
A04, Villemoisson, France) ad libitum. Corticosterone,
hydrocortisone and cycloheximide were obtained
from Sigma (St. Louis, MO. U.S.A)) and administered
intraperitoneally.

The cholesterol-7a-hydroxylase  activity was
measured on a 9000 ¢ supernatant of a } liver hom-
ogenate using a methodology described in detail else-
where [10].

Inhibition of protein synthesis by cycloheximide
was monitored 60 min after the injection of [*H]-leu-
cine by counting the radioactivity of the proteins pre-
cipitated by trichloracetic acid (TCA, 20%), exten-
sively washed with TCA (10%) and redissolved in
NaOH (0.5 N).

The protein concentrations were determined
according to the method of Lowry et al[l1l] with
bovine serum albumin being used as the standard.

RESULTS

In a preliminary study, we have verified that the
cholesterol-7a-hydroxylase assay was applicable to
the same extent both to the rat and mouse enzymatic
assay. The basic parameters previously described for
the rat enzyme [2,12] were also verified with the
mouse enzyme. In particular, 0.3 mM was the optimal
substrate concentration in the different strains of mice
regardless of the time of sacrifice.

In order to appreciate the circadian rhythm vari-
ation of cholesterol-7a-hydroxylase in the mouse, the
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Fig. 1. Circadian evolution of cholesterol-7a-hydroxylase

activity (pmol x min~! x mg protein ') in the male Spra-

gue-Dawley rats (+--*) and in the male (§——@) and

female (A——A) C3;HeB/FeJ mice. The vertical bars indi-

cate one standard deviation of the measurements made
on six animals.

enzymatic assay was measured on both male and
female C;HeB/FeJ animals sacrificed every 4h for a
complete 24 h day.

Figure 1 shows that the limited circadian rhythm
present in the C;HeB/FeJ mice parallels the daily
fluctuations observed in the rats. Similar results are
obtained in the other strains of mice available in our
laboratory (Table 1). The cholesterol-7Ta-hydroxylase
activity is always higher at 10 p.m. than at 10 am,
but the magnitude of the rhythm is much weaker in
the mice compared to the rats. In effect, the amplitude
of the rhythm never exceeded a factor of 2 between

J. VAN CANTFORT and J. E. GIELEN

the maximum and minimum activity in the different
strains of mice while it reaches a factor of 5 or 6
in the rats.

In order to further investigate the reasons for this
important difference between two closely related
rodent species, we injected mice with either glucocor-
ticoids or cycloheximide. Our previous study in rats
had in fact demonstrated that the enzyme was very
rapidly induced by glucocorticoids and that its half-
life was very short.

In a preliminary study, we have shown that the
toxicity and the protein synthesis inhibitor effect of
cycloheximide was very different in mice and rats. In
particular, the lethal dose was about 25 mg/kg for the
rats and about 500 mg/kg for the different strains of
mice. That is why a 10 mg/kg dose giving an 859
protein synthesis inhibition and a 200 mg/kg dose giv-
ing a 92% inhibition were respectively chosen for rats
and mice. Under these conditions, the mice appeared
to be in better health than the rats.

The effect of this drug on cholesterol-7z-hydroxy-
lase was a little more pronounced in the rats than
in the mice (Fig. 2). From the decay of enzymatic
activity during the first 3 h following the administra-
tion of cycloheximide, one can calculate the half-life
of this enzyme. It is about 220 min in the male rats
while about two times longer in the three strains of
male mice. This half-life appears to be shorter in the
female mice.

On the other hand, glucocorticoids, like hydrocorti-
sone or corticosterone, have less effect on the choles-
terol-7a-hydroxylase activity in the mice than in the
rats (Table 2). A 2 mg/kg dose of these glucocorticoids
significantly induces the rat enzyme without affecting
that of the mouse. A 10 mg/kg dose affects both ani-
mal enzymes and this induction is very rapid as it
is observed only 3 h after the injection.

It must be noted that the tested doses of the corti-
coids correspond several days physiological produc-
tion. In fact, the purpose of this study is not to mimic
a physiological state, but to study a pharmacological

Table 1. Cholesterol-7a-hydroxylase activity in different strains of mice and in Sprague-
Dawley rats measured at 10 a.m. and 10 p.m.

Cholesterol-7a-hydroxylase

Species Strains Sex 10 am. 10 p.m. P
Rats Sprague-Dawley M 6.78 + 2.17 21.33 £ 494 <0.001
Mice C57B1/6] M 447 + 085 8.66 + 2.48 <0.01
C57B1/6) F 5.26 + 1.39 1232 + 224 <001
C;HeB/Fel M 7.66 + 2.26 11.95 + 0.63 <001
C,HeB/Fel F 6.70 + 1.28 12.29 + 2.76 <001
Balb/C M 432 4+ 0.83 841 + 1.52 <0.00t
Balb/C F 448 + 0.99 8.75 + 1.63 <0.01
SWR/J M 417 + 0.72 7.87 + 1.58 <001
SWR/J F 3.53 + 091 7.67 + 1.88 <0.01

Each series of results (pmol x min~! x mg protein~!) corresponds to the mean + the
standard deviation of determinations obtained from 6 animals. Statistical difference
between values obtained at 10 a.m. and 10 p.m. (P) has been determined by Student’s

t-test.
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Rat and mouse cholesterol-7x-hydroxylase
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Fig. 2. Decay of cholesterol-7x-hydroxylase activity (pmol x min~! x mg protein~') after one injection

of cycloheximide in water (10 mg/kg to rats and 200 mg/kg to mice). Areas correspond respectively

to the enzymatic activities of control (), animals treated for 3h (&), and animals treated for 6h

(@). The vertical bars indicate one standard deviation of the measurements made on six animals.

Values in brackets correspond to the half-life of the enzyme calculated from the decay of activity
between 0-3 h following cycloheximide administration.

response to potential inducers. The absence of re-
sponse in the mice thus strengthens our conclusion
that the physiological circadian variations of gluco-
corticoid concentration or production does not in-
fluence the cholesterol-7a-hydroxylase activity in this
animal.

DISCUSSION

Cholesterol-7a-hydroxylase is the first and rate
limiting step in the biliary acid biosynthetic path-
way [13]. The biliary salts are in fact absolutely
required for digestion and absorption of dietary lipids
in the bowel. In the rat, the cholesterol-7a-hydroxy-
lase activity is induced just before the animal begins
eating; thus the biliary salts are released in the intes-
tine at the exact time that they are needed. Compared
to the rat, the mouse synthesizes biliary acids at a
more constant rate, assuming that cholesterol-7a-hy-
droxylase is also the rate limiting enzyme. This
phenomenon might be related to the fact that unlike
the mouse, the rat does not possess a gallbladder.
Thus, at the moment of food intake, the mouse would
expulse its biliary content into the intestinal lumen
whereas the rat requires prior preparation by increas-
ing the rate of biliary salt biosynthesis.

Compared to the rat, the behavior of mouse choles-
terol-7o-hydroxylase is not qualitatively different as
both animal enzymes possess the same biochemical
parameters, a circadian rhythm, a short half-life and
are induced by glucocorticoids.

The differences are only quantitative: mouse cho-
lesterol-7a-hydroxylase has a slightly longer half-life,
responds less to low dose injections of hydrocortisone
or corticosterone and presents a less important circa-
dian rhythm.

Thus, the circadian rhythm of cholesterol-7x-hy-
droxylase activity observed in the rat does not appear
to be a particular phenomenon associated with an
animal which does not possess a gallbladder, but is
on the contrary, a more general phenomenon.
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