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Dihydrocholesteroll occurs as a normal 
constituent of the nonsaponifiable fraction in 
all mammalian tissue studied thus far (1).  I t  
is similar in many respects to cholesterol. Both 
are readily absorbed and largely esterified in 
the process ( 2 ) .  Like cholesterol, feeding of 
dihydrocholesterol to rabbits produces athero- 
matous lesions, fatty livers, and bile stones 
(3, 4).  In rabbits and guinea pigs, relatively 
high proportions ( 10% ) of dihydrocholes- 
terol occur in the adrenal sterol fraction (5,  
6 ) .  When dihydrocholesterol is added to the 
diet of rats, the 'total beta-hydroxy sterol 
level of the adrenal gland rises to more than 
double the control level and this increase is 
due entirely to dihydrocholesterol deposition 
without cholesterol displacement ( 7 ) .  Its 
high concentration and ready deposition in 
the adrenal along with its structural similari- 
ty to cholesterol posed the question of the 
significance of adrenal dihydrocholesterol and 
whether it too, like cholesterol, could serve 
as a precursor for the synthesis of adrenal 
steroids. To investigate this hypothesis, radi- 
oactive dihydrocholesterol was incubated with 
various adrenal preparations; i.e., homog- 
enates of adrenals from hogs, normal rats, 
and rats maintained on a diet containing 1% 
dihydrocholesterol and suspensio'ns of acetone 
powder preparations of beef adrenal mito- 
chondlria. 

Materials a.nd Methods. Glands. Adrenal 
glands were obtained from female rats of the 
Wistar strain, 6 to 10 months of age, main- 
tained on Purina rat pellets. In one experi- 
ment, the rats were maintained for 7 to 11 

The trivial name of dihydrocholesterol has been 
employed for 5a-cholestan-3~-ol. 

weeks -on a diet of ground Purina rat pellets 
to which was added 1% dihydrocholesterol. 
Hog and beef adrenal glands were obtained 
at  a slaughterhouse, immediately cooled on 
ice, trimmed of fat, and frozen. Glands frozen 
several days to 11 weeks were used. 

Whole adrenal hiomogenates. Adrenals 
(pooled from 3 to 9 rats or minced from hog) 
were homogenized in Krebs-Ringer bicar- 
bonate buffer (8) ,  100 mgJml. For each sam- 
ple, 1 ml of homogenate was added to a small 
Erlenmeyer flask coataining 1 mg of re- 
duced sodium nicotinamide-adenine dinucleo- 
tide phosphate (NADP) and 3 mg of glucose 
6-phosphate. As a control, 1 ml of homog- 
enate was heated in boiling water for 10 min 
and transferred to a flask with cofactors. 
The mixture was made to a volume of 3 ml 
with additional buffer and 01.3 pCi (2.3 pg) of 
4-14C-dihydrolcholesterol or 0.015 pCi (0.4 
p g )  of 4-14C-cholestero12 was added in 0.2 ml 
of propylene glycol. All samples were incu- 
bated for 2 hr in a Dubnoff shaker under an 
atmosphere of 95% O2 and 5% iC02 at  37.51". 
After incubation, the conltents of each flask 
were quickly frozen by immersion in a Dry 
Ice-acetone bath. 

Acetone powders of adrenal mitochondria. 
Acetone-dried preparations were prepared 
from mitwhoadria separated by differential 
centrifugation of beef adrenal glands homog- 
enized in 0.44 M sucrolse by the method of 
Halkerston et al. (9). The equivalent of 5 g 
of adrenal cortex tissue (110.5 rng of pow- 
der) was incubated as a suspension in 5 ml of 
0.33 M phosphate buffer (pH 7.4) contain- 
ing 7.7 mg of glucose 6-phospha,te, 1 mg of 
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sodium NADP, and 2 units of glucose- 
6-phosphate dehydrogenase. Addition of radi- 
oactive sterol (in 0.075 ml of propylene gly- 
col) and incubation conditions were the same 
as with whole adrenal homogenates. 

Extraction, purificadkon, and assay. Incu- 
bates were thawed and extracted 'three times 
with 20 ml of methylene chloride to remove 
steriods. The incubate was then poured into 
100 ml of acetone-alcohol (v/v), brought to 
a boil, cooled, filtered, and combined with the 
methylene chloride extracts. The combined 
extracts were evaporated to dryness and made 
up to a volume of 25 ml with acetone:alcohol 
(v/v). Aliquots of these extracts were eva- 
porated to dryness and acetylated overnight 
with 1 ml each of pyridine and acetic anhy- 
dride. The acetylated samples were dried un- 
der a stream of air, dissolved in 0.2 ml of 
chloroform containing 80 pg each of dihydro- 
cholesterol acetate and cholesterol acetate, 
and applied in lanes to thin-layer chromato- 
graphy plates. coated 0.4 mm thick with wal- 
ter-silver nitrate-silica gel G (20:4: 10) as 
described by Chattopadhyay and Mosbach 
(10). Plates were developed in a Sandwich 
Apparatus3 in the cold (5") with freshly 
distilled methylene dichloride which was al- 
lowed to rise 15 cm above the origin. Steroid 
acetates were located in the zone extending 3 
to 5 cm above the origin. In runs with stan- 
dards, the acetates of corticosterone, the ma- 
jor corticosteroid produced in incubations of 
quartered rat admrenals ( l l ) ,  cortisol or 
5~-pregnane-3P-01-2 0-one, the steroid which 
would be farmed by cleavage of the side 
chain of dihydrocholesterol, were retained 
within this area. Cholesterol acetate (av Rf 
0.3 1) and dihydrocholesterol acetate (av RI 
0.60) separated into bands on Ithe plate. 
When 14C-cholesterol used as a substrate in 
this study was acetylated and applied to a 
plate, 94 to 95% of the radioactivity was 
present in the cholesterol acetate band after 
development, while 96 to 98% of 14C- 
dihydrocholesterol acetate occurred in its 
band. Sterol acetates were detected on the 
plate by spraying lightly with 2,- 
7-dichlorofluorescein (0.04% in methanol) 

Kontes Glass Company, Vineland, New Jersey. 

and viewing under ultraviolet light, and the 
thin-layer plate was divided into 5 or 6 ap- 
propriate areas. The adsorbent in each area, 
including that containing steroid or sterol 
acetate, was sucked into a glass extractor 
fitted with a sintered glass disk (12) and 
eluted with 8 ml of chloroform drawn 
through the extractor. Aliquots of samples to 
be counted were taken to dryness in 25-ml 
glass counting vials and dissolved in 15 ml of 
scintillation fluid containing 3 g of 2, 
5-diphenyloxazole and 0.1 g of 1, 
4-bis [ 2 (4-methyl-5-phenyloxazolyl) benzene/ 
liter of toluene. Radioactivity was mea- 
sured in a Model 314 ES Packard Tri-Carb 
liquid scintillation spectrophotometer ( 7 5 % 
efficiency for counting I4C) to a counting 
error k 5 % .  Results were calculated as per- 
centage of total radioactivity appearing in 
the two sterol acetate and steroid acetate 
areas. 

Results. The results presented in Table I 
show that normal rat adrenal homogenates, 
which are capable of converting 25 to 40% of 
added radioactive cholesterol to labeled 
steroids, do nut convert radioactive dihydro- 
cholesterol to labeled steriods to any signifi- 
cant extent (less than 3.570). Moreover, i t  
can be seen that even adrenal homogenates 
from rats which had been fed dihydrocholes- 
terol, thus "loading" the gland with the 
sterol, also failed to effect a significant con- 
version of the radioactive substrate to labeled 
steroids. In  addition, when radioactive 
cholesterol in tracer amounts was incubated 
with homogenates of these dihydrocholes- 
terol-loaded adrenals, the conversion to la- 
beled steroids was greatly reduced (3.4%) 
compared to the conversion by normal rat 
adrenal homogenates (above 25 %) . Althoagh 
the concentration of cholesterol in the 
adrenals of rats fed dihydrocholesterol was 
essentially the same as that in the adrenals of 
normal rats, (see footnote b, Table I) the 
total amount of cholesterol per adrenal more 
than doubled (from 0.67 to 1.68 mg) . 

In Table 11, the data indicate 'that even 
the essentially cholesterol-free acetone pow- 
der preparations of beef adrenal mitochon- 
dria, which have a high capacity (79.17') to 
convert added radioactive cholesterol to la- 
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TABLE I. Formation of Steroid from Radioactive Sterol by Adrenal Homogenates. 

Substrate : 14C-Dihydrocholestero1 14C- Choles terol 

Percentage of incubated radioactivity in: 

Steroid Chol" DH-Chd' Steroid Ghol DH-Chol 

Ratb Boiled control 
Samples" 
Minus control 

Boiled control 
Samples 
Minus control 

Boiled control 
Samples 
Minus control 

Rats fed dihydro- Boiled control 

Minus control 
cholesterolb Sampleis 

1.3 0.7 
5.0 0.6 
3.7 

1.6 0.3 
4.7 0.6 
3.1 

2.7 0.9 
2.1 0.45 
0 

0.5 3.4 
3.2 1.6 
2.7 

98.Q 
94.4 

98.1 
94.7 

96.4 
97.45 

96.1 
95.2 

1.9 97.6 0.5 
44.0 55.4 0.6 
42.1 

1.1 97.7 1.2 
27.7 71.7 0.6 
26.6 

3.0 90.6 6.4 
32.2 59.1 8.7 
29.2 

3.6 95.9 0.5 
7.0 92.45 0.56 
3.4 

~~ 

(I C h o l z  cholesterol; DH-Chol= dihydrocholesterol. 
bAverage weight of one adrenal: Normal rat, 29 mg; DH-Chol-fed rat, 68 mg. Sterol con- 

tent, mg/100 mg adrenal: Normal rat, 2.32 mg of cholesterol, 0.21 mg of dihydrocholesterol; 
DH-Chol-fed rat:  2.47 mg of cholesterol, 8.34 mg of dihydrocholesterol. 

Average of duplicates or triplicates. 

beled steroid, cannot effect the conversion of 
radioactive dihydrocholesterol to any appre- 
ciable degree (2.2 % ) . 

Discussion. It appears that the adrenal 
gland cannot utilize dihydrocholesterol as a 
precursor for steroid synthesis. On the other 
hand, while not serving as a substrate itself 
for steroid synthesis, high concentrations of 
the sterol in the adrenal appear to reduce 
the utilization of cholesterol for such synthe- 
sis and result in a buildup of cholesterol in 
the adrenal. 

Competiltive inhibition cannot account for 
the lack of conversion of dihydrocholesterol 
by adrenal preparations since there is insig- 
nificant conversion even by highly active 
adrenal mitochondria preparations depleted 
of cholesterol. Nor is there appreciable con- 
version by homogenates of adrenals which 
contain markedly elevated levels of dihydro- 
cholesterol; Le., adrenals from rats fed the 
sterol. 

Since cleavage cannot proceed in the ab- 
sence of the A5-bond, the enzyme system 
involved in the side-chain cleavage of choles- 
terol appears to be very specific. Had forma- 
tion from dihydrocholesterol proceeded 

through the first step of side-chain cleavage, 
the expected product, Sa-pregnane- 
3p-o1-20-one, would have appeared in the 
steroid fraction. I n  addition, the adrenal 
gland apparently has no enzyme system ca- 
pable of introducing a double bond into the 
C-5, 6 position of the steroid nucleus, for the 
formation of cholesterol from dihydrmholes- 
terd would be followed by the appearance of 
steroids. 

The inhibition of steroid synthesis from 
cholesterol by dihydrocholesterol in rat 
adrenal homogenates demonstrated in the 
present experiments confirms and extends the 
in vivo work of Fredericckson et al. (13 ) ,  
who found the steroid level in adrenal vein 
blood greatly decreased in rats fed cholest- 
4-ene-3-one, a precursor of dihydrocholes- 
terol. 

Summmy. The A5-bond appears to be a 
very specific requirement for the formation of 
steroids from cholesterol. Rat and hog 
adrenal homogenates were incapable of con- 
verting tracer amounts of radioactive dihy- 
drocholesterol to labeled steroids to any sig- 
nificant extent. This inability was not due to 
competitive inhibition by cholesterol since 
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TABLE 11. Formation of Steroid froiii Rat1io:ictive Sterol by Acetone Powder’ Preparations of 
Bovine Adrenal Mitochondria. 

Substrate : 14C-l>iliyclrocholesterol 14C-Cholesterol 

Percentage of incubated radioactivity in  : 

Steroid Chol DH-Chol Steroid Chol DH-Chol 

Boiled control 1.0 0.9 98.1 4.2 94.9 0.9 
Samplesb 3.2 0.4 96.4 83.3 13.5 3.2 
Minus control 2.2 79.1 

terol content = 0.520 mg. 
I, Average of duplicates. 

cholesterol-extracted acetone powder prepara- 
tions of beef adrenal mitochondria or homog- 
enates of adrenals with high levels of dihy- 
drocholesterol were similarly unable to effect 
a significant conversion. Steroid synthesis 
from radioactive cholesterol was substantially 
inhibited in homogenates of adrenals from 
rats fed dihydrocholesterol while the total 
amount of cholesterol in these adrenals was 
increased as compared to that of normal rats. 
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