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1. Sntroduction 

The introduction of a hydroxyl group at the 7ar- 
position of cholesterol is the first step in the major 
pathway for the conversion of cholesterol into cholic 
acid and other bile acids. Cholesterol 7a-hydroxylase, 
the enzyme catalyzing this step, is confined to the 
microsomal fraction of the liver cells and there is 
evidence to suggest that cytochrome P-450, together 
with an NADPH-dependent flavoprotein, are involved 
in this hydroxylation [ 11. 

Cholesterol 7ar-hydroxylase is probably an impor- 
tant rate-limiting enzyme in bile acid biosynthesis [2], 
and therefore the study of changes in the activity of 
this enzyme under different physiological conditions 
may be expected to provide information on the regu- 
lation of bile acid synthesis in liver. In view of this 
fact, it would be of interest to know whether the ac- 
tivity of cholesterol 7a-hydroxylase measured in vitro 

is sensitive to the nutritional, hormonal and other ex- 
perimental conditions under which the experimental 

animals may be kept. 
In this communication it is shown that the activity 

of cholesterol 7cw-hydroxylase exhibits diurnal rhyth- 
micity in the livers of both fed and fasted rats. The 
pattern of the cyclic rise and fall observed in the ac- 
tivity of this enzyme is similar to that of tyrosine 
transaminase measured in the soluble part of liver 
homogenates. The rise in the activity of cholesterol 
7ar-hydroxylase is prevented by treating the rats with 
inhibitors of protein synthesis, such as cycioheximide 
or actinomycin D. A brief account of part of this 
work has been given elsewhere [3]. 
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2. Experimental 

The rats used were males of the Wistar strain weigh- 
ing 180-220 g when killed. The animals were kept at 
24” in wire cages in a room that was artificially illumi- 
nated from 9:00 a.m. to 7:00 p.m., and they had free 
access to food [4] during the dark periods. The ani- 
mals were adapted to their new environment for at 
least 15 days and showed normal weight increases. 
Fasted rats were maintained without food for various 
periods of time as indicated for the particular experi- 
ment. The activities of cholesterol 7c+hydroxylase and 
other enzymes were measured, at each specific time, 
in groups of three fed or fasted animals which were 
killed within 10 min of the given time. 

The preparation of the subcellular fractions, incu- 
bation conditions and measurement of the mass of 
7&-hydroxycholesterol produced during the incuba- 
tion have been described previously [ 11. Under the 
conditions of our experiments, the rate of synthesis 
of 7a-hydroxycholesterol was constant up to 20 min 
and all the incubations were carried out for this length 

of time. An estimate of the size of the microsomal pool 
of cholesterol which acts as substrate for cholesterol 
7o-hydroxylase was obtained using the equation 

M/X R 

where M = mass of cholesterol in the substrate pool 
(nmole); F = fraction of added [‘4C]cholesterol that 
enters the pool; R = the amount of 14C added (dpm); 
and S,a = specific radioactivity of 7cu-hydroxycholes- 
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TIME OF DAY 

Fig. 1. Diurnal changes in the activity of hepatic cholesterol 7a-hydroxylase and tyrosine tiansaminase in rats adapted to controlled 
lighting and feeding. The rats were supplied with food only between 7:00 p.m. and 9:00 a.m. Each point shows the mean and SD of 

values obtained from 3 groups of rats. 

terol formed after addition of [‘“Cl cholesterol (dpm/ 

nmole). F was assumed to be equal to unity and hence 
M is only a maximum estimate of the actual size of the 
substrate pool in the microsomal fraction [5]. Tyrosine 
transaminase activity in the soluble part of the liver 
homogenates was assayed by the method of Diamond- 

stone [6]. 

3. Results and discussion 

In order to ensure that cholesterol 7cY-hydroxylase 
activities could be accurately compared under different 
conditions, an estimate of the activity of the enzyme 
was obtained by incubating [4-14 Clcholesterol with a 
microsomal preparation at various concentrations of 
protein and then assaying the incorporation of [ 14C]- 
cholesterol into the 7a-hydroxycholesterol fraction. 
When the amount of protein in the incubation was 
varied from 0 to 10 mg, the amount of radioactive 
7o-hydroxycholesterol formed increased linearly. In 
all subsequent comparisons, therefore, the incubation 
mixture contained between 6 and 10 mg of microso- 
ma1 protein. 

In order to observe the diurnal variation of choles- 
terol 7a-hydroxylase, three groups of rats, each con; 
taining three rats, were killed every 4 hr and the activi- 
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ty of the enzyme was assayed in the microsomal prepa- 
ration from the combined livers of each group. The 
activity of tyrosine transaminase was assayed in the 
soluble part of the same homogenates. From fig. 1 it 
may be seen that the activity of cholesterol 7o-hy- 
droxylase is maximal during the middle of the dark 
period. The activity then declines to a minimum 
around noon, before rising again in the evening. This 

is in agreement with earlier findings of Gielen [7]. The 
activity of tyrosine transaminase also exhibits a similar 
pattern of variation (fig. 1). The activity of cholesterol 
7o-hydroxylase expressed in nmole of 7cw-hydroxy- 
cholesterol formed per g of liver per 20 mm shows a 
diurnal rhythm very similar to that expressed on a 
basis of the microsomal protein. 

It is not possible to explain the rhythmicity in the 
activity of the enzyme on the basis of changes either 
in the level of total liver microsomal cholesterol or in 
the size of the pool of microsomal cholesterol that acts 
as substrate for cholesterol 7a-hydroxylase. The total 
cholesterol content of the microsomal preparations, 
expressed either per mg of protein or per g wet weight 
of the liver, does not change significantly during the 
24hr cycle. However, the estimated size of the sub- 
strate pool reaches a minimum around midnight when 
the activity of cholesterol 7cw-hydroxylase is at its peak 

value (fig. 2). If substrate availability has any influence 
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Fig. 2. Diurnal changes in the activity of hepatic cholesterol 7cchydroxylase and in the size of the microsomal substrate pool for 
this enzyme in rats adapted to controlled lighting and feeding. The substrate pool of cholesterol was estimated by a method based 
on measurement of the specitic activity of the 7crhydroxycholesterol formed from [ t4C]cholesterol during incubation of liver 

microsomes [S]. Each point shows the mean and SD of values obtained from 3 groups of rats. 

Hepatlc Tyrosine Transaminase 

TIME OF DAY - 

Fii. 3. Effect of fasting on diurnal changes in the activities of hepatic tyrosine transaminase and cholesterol ‘lo-hydroxylase in rats 
adapted to controlled lighting and feeding. Each point shows the mean and SD of values obtained from 3 groups of rats 
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on the enzyme rhythm then the amplitude of the os- 
cillations observed in enzyme activity might have been 
even higher, if the size of the substrate pool had remain. 
ed constant. It is worth noting that the content of 
tyrosine in the liver also approaches a minimum at the 
point where the activity of tyrosine transaminase ex- 
hibits a maximum [8]. 

In order to investigate the effect of food intake on 
the diurnal rhythm of cholesterol 7a-hydroxylase, the 
activity of the enzyme was assayed during a 24hr 
cycle of normal feeding, followed by assay of the 
activity of the enzyme every 4 hr in the next 24 hr 

during which the rats were deprived of food. In fig. 3 
it may be seen that the activity of cholesterol 7cr-hy- 
droxylase exhibits a diurnal rhythm even during the 
fasting state. The pattern of variation of enzyme ac- 
tivity is broadly similar to that observed with fed rats, 
but the minimum and maximum values of activity 

amlower than that in the fed state. Furthermore, 
there is a shift in the peak of maximum activity to 
the early part of the dark period, whereas during 

feeding the peak activity of the enzyme occurs around 
midnight. In confirmation of previous results [9], 
tyrosine transaminase activity varies during fasting in 
a manner similar to that observed in the fed state 

(fig. 3). 
There is strong evidence to suggest that diurnal rise 

and fall in the activity of a number of enzymes is con- 
trolled at the level of enzyme synthesis and degrada- 
tion [ 10, 111. In order to investigate such a possibility 
in the case of cholesterol 7a-hydroxylase, rats which 
were adapted to a controlled feeding and lighting 
schedule were injected intraperitoneally with a solu- 
tion of actinomycin D or cycloheximide at 7:00 p.m. 
and the animals were killed 4 hr later. Control rats 
were injected with solvents only. In the control rats, 
the activity of cholesterol 7cu-hydroxylase in the liver 
microsomalpreparations was twice as high at 1l:OO 
p.m. as at 7:00 p.m. (table 1). However, in the rats 
with actinomycin D or cycloheximide at 7:00 p.m., 
the activity of the enzyme at 11: 00 p.m. did not rise 
above that observed 4hr earlier. These observations indi 
cate that an increase in enzyme synthesis was responsi- 
ble for the diurnal rise in the activity of cholesterol 
7o-hydroxylase observed during the early part of the 
dark period. 

Table 1 
Effect of administration of inhibitors of protein synthesis on the 
diurnal variation in the activity of cholesterol 7Lu-hydroxylase. 

Treatment of animals Activity of cholesterol 
7or-hydroxylase 
(nmole/20 min/mg protein) 

7:00 p.m. 11:00 p.m. 

Control 0.40 0.89 
Actinomycin D 0.40 0.38 
Cycloheximide 0.40 0.25 

The rats were adapted to controlled feeding (7:OO p.m.-9:OO 
a.m.) and lighting (9:OO a.m.-7:OO p.m.) for 2 weeks before 
the experiment. Actinomycin D (0.5 mg/kg) or cycloheximide 
(0.5 mg/lOO g) was injected intraperitoneally at 7:00 p.m. and 
the rats were killed 4 hr later. Control animals were killed at 
7:00 p.m. and 1l:OO p.m. Each value shows the results ob- 
tained from a group of three rats. 
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