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OXYGENATED STEROLS AS INHIBITORS OF ENZYMATIC CONVERSION OF DIHYDROLANO-
STEROL INTO CHOLESTEROL
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Seven oxygenated sterols were tested for their effect on cholesterol
biosynthesis from 24,25-dihydrolanosterol by rat hepatlc subcellular
10000 x g supernatant fraction. The sterols (40 puM) exhibited consider-
able inhibitory effects on the synthesis of cholesterol from [2“,25—3H]—
24 ,25-dihydrolanosterol (18 uM). 50-Cholest-8(14)-en~38~0l-15-one had
the greatest effect (64% inhibition). The biological importance of the

. inhibitory propertlies of the sterols is discussed.

KEYWORDS

cholesterol bigsynthesis; lanosterol; [24,25-3H]-24,25-
dihydrolanosterol; 22-hydroxycholesterol; 24,25-epoxycholesterocl; 5a-
cholest-8(14)-en-3B~0l~15-0ne

It has been established that certain oxygenated sterols, e.g. 25-hydroxychole-
sterol and 7-oxocholesterol are potent inhibitors of sterol synthesis and conse-
quently are cytotoxic in various mammalian cells.l) One of the targets of this
action of oxygenated sterols is 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase,
the rate-limiting enzyme 1in the sterol synthetlc pathway which catalyzes the for-
mation of mevalonic acid.l) This 1s consistent with our recent finding that
oxygenated sterols are not toxic to the silkworm Bombyx mori, which lack de novo
sterol biosynthesis.z) In addition to the inhibition of sterol synthesis, oxygen-
ated sterols also affect human polymorphonuclear leucocyte chemotaxis;3) echinocyte
formation of red blood cells,u) and platelet aggregation in plasma.S) These effects
are perhaps related to the insertion of oxygenated sterols into plasma membranes
and the consequent derangement of the membrane properties and function.6) Further-

more, oxygenated sterols reportedly possess angiotoxlic properties and are suspected
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of being atherogenic.7)

In our continuing investigations of the blological effects of oxygenated ste-
rols,2’5) we have now examined the influence of these compounds on enzymatic con-
version of 24,25-dihydrolanosterol into cholesterol. By the same method as described
previously,a) [24,25-3H]-24,25-dihydrolanosterol was incubated with the rat liver
homogenate Sy fraction in the presence of oxygenated sterol. The results are
summarized in Table I. Essentlally identical results were obtained on incubation
with [24-3H]—1anosterol.9) It is clear that all the oxygenated sterols tested have
a considerably potent inhibitory effect on cholesterol synthesis from dihydrolano-
sterol and lanosterol. 5a-Cholest-8(14)-en-38-0l-15-one was found to be the most
potent of the sterols examined. Schroepfer and his coworkerslo) reported that this
ketone caused slight (12-15%) inhibition of the synthesis of digitonin-precipitable
sterols from labelled acetate, but not from mevalonate, upon incubation with the Sy
fraction of rat liver, even though this compound is an inhibitor of sterol synthesis
in cultured cells and a potent hypocholesterolemic agent in intact animals. Our
present results appear to be at variance with that reported.lo) The main differ-
ences 1n experimental conditions between the two studies were the substrate used
(acetate or mevalonate vs. dihydrolanosterol), the concentration of the substrate
and test compounds, and the method of preparation of the emulsions of the compounds.

In our previous paperll)

concerning the effects of oxygenated lanosterol ana-
logs, we demonstrated that T7-oxo-24,25-dihydrolanosterol was an extremely potent
inhibitor of cholesterol synthesis from lanosterol. However, in the present experi-
ment 7-oxocholesterol was found to be only marginally inhibitory. This is another
indication of the importance of the steroid nucleus structure in eliciting the

12)

inhibitory activity, and is reminiscent of the reported differential effect of

l4a-ethyl-5a~cholest-7~ene-38,150~diol and its desethyl'analog.lo’ls)

The data shown in Table I suggest that the inhibitory effect of oxygenated
sterols is highly dependent on the configuration of the epoxide or the hydroxyl
on the side chain: (24S)-24,25-epoxycholesterol was a much more potent inhibitor
than the 24R-isomer, and (228)-22-hydroxycholesterol is less potent than the
22R-1somer. It 1s intriguing to note that the confligurational effect of the
22-hydroxyl group was also observed in the interaction with dipalmitoylphosphatidyl
choline in liposome,lu) and in the ADP-induced platelet aggregation.S) The remarka-
ble inhibitory effect of (24S)-24,25-epoxycholesterol, a natural product of mam-

malian steroid biosynthesis by rat liver enzyme,l5) suggests that this compound is
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Table I. Cholesterol Biosynthesis during Incubation of the S;, Fraction of Rat
Liver Homogenate with [24,25-3H]-24,25-Dihydrolanosterol in the Presence of Oxygen-

ated Cholesterol Derivatives

Compound 24 ,25-Dihydro- Cholesterol Inhibition
lanosterol fr. (%) fr. (%) (%)
None (control)* 27.7 o 22.3 ———————
50~Cholest-8(14)-en-38~0l~15-0ne 58.2 8.1 64
7-0xocholesterol 39.3 16.7 25
24 -0xocholesterol hy.1 13.2 by
(248)~-24 ,25-Epoxycholesterol 53.1 10.3 54
(24R)-2U4 ,25~Epoxycholesterol by, 2 15.4 31
(228)~-22-Hydroxycholesterol b2.0 16.4 26
(22R)-22-Hydroxycholesterol by.9 15.1 32

[24,25—3H]—24,25-Dihydrolanosteroll6) (8.85 x 106 dpm; 42.6 uCi/umol, 18 uM) was incubated with S,
fraction (21.0-22.5 mg protein/ml) at 37°C for 3 h. The incubation mixture contained, in a total
volume of 5 ml, 4 ml of S1p fraction and cofactors as described previously.s) Incubation was
started by the addition of the substrate and the test compounds (40 uM) as an emulsion (0.1 ml)
with Tween 80 (3 mg). After incubation, MeOH and KOH were added to a final concentration of 50%
and 107, respectively. The mixture was heated at 70°C for 1 h, then extracted with CHyClp. The
extracts, which contain endogenous cholesterol (0.8-1.0 mg), were washed with water, dried over
sodium sulfate and concentrated to a few milliliters., After addition of carrier 24,25~-dihydro-
lanosterol (1.0 mg) to the solution, it was subjected to silica gel TLC with CHyCly as the mobile
phase and the radioactive 4,4-dimethyl sterol fraction and 4,4-demethyl sterol fraction were
separated. Appropriate amounts of 24,25-dihydrolanosterol were added to the eluate of the 4,4~
dimethyl sterol fraction and it was recrystallized several times to a constant specific activity.
The 4,4-demethyl sterol fractioniseparated by silica gel TLC was isolated as the digitonin-
precipitable sterols and counted with a liquid scintillation spectrometer (Tracor Analytic Mark III).
The amount of cholesterol biosynthesis was determined from the radioactivity of the 4,4-demethyl
sterol fraction (i.e., cholesterol fraction). Results are expressed as the percentage inhibition
as follows: Percent inhibition of cholesterol synthesis = [(percent yield of cholesterol in control
- percent yield in run with test compound)/percent yield in control] x 100. Each incubation was
carried out in triplicate and the standard deviation of each value listed was less than 5 percent.

* [24,25-3H]—24,25-Dihydrolanosterol was converted to 4o-methyl sterol (13%) and sterones (10%)
in addition to cholesterol. The rate (22%) of conversion of 24,25-dihydrolanosterol to cholesterol
is much heigher than that reported by Gibbons and his associates,l7) whereas the same groupls)
demonstrated that mevalonic acid was converted to cholesterol in 49% yield. The main difference
in experimental conditions is the method of addition of the substrates. Tween 80 was used to
emulsify the sterol, since 24,25-dihydrolanosterol is insoluble in water.
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a biological regulator of steroid synthesis.

The present experiment clearly indicates that HMG-CoA reductase 1s not the
sole target enzyme of sterol synthesis inhibition by oxygenated sterols, but
lanosterol demethylation and/or the subsequent transformation ultimately leading
to cholesterol are also affected by these compounds. It may be considered that
cholesterol synthesis in organisms is controlled by oxygenated sterols not only
at the stage of HMG-CoA reductase but also after formation of the steroid nucleus.
The inhibitory effects are strictly related to the chemical structures of the
oxygenated sterols. A more systematic study may provide greater insight into the

relation between the chemical structure and the inhibitory effect.
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