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SUMMARY 

The intermediary role of oxygenated sterols in the conver- 
sion of cholest-7-en-3fi-ol to cholesta-5,7-dien-3P-ol by rat 
liver homogenates is considered, assuming that an oxygen 
molecule may attack the double bond of cholest-7-en-3fi-01. 
Labeled cholestan-7a,8a-epoxy-3P-01, cholestane-3P,76,8a- 
triol, cholest-8-ene-3/?,7&diols, cholestane-3/3,7a,8a-triol, 
cholestane-3fi,-8ar-diol-7-one, and cholest-8(14)-ene-3/3,7cr- 
diol have been synthesized. All these compounds, but 
cholestane-3@, ~CI, 8oc-triol, are efficiently transformed to 
cholesterol under oxygen atmosphere. However, they can- 
not be considered as obligatory intermediates in the biosyn- 
thesis of cholesterol from cholest-7-en-30-01 since under 
anaerobiosis they are transformed to cholest-7-en-3P-01. 
The implications of these findings and the mechanisms in- 
volved are discussed. 

It is now established that the conversion of cholest-7-en-3fi- 
01’ into cholesterol implies the obligatory role of cholesta-5,7- 
dien-3fl-ol (l-3). The introduction of the double bond in l’osi- 
tion 5 takes place through removal of 5cr and 60( hydrogen atoms 
of cholest-7-en-3fl-ol (4, 5). This process has an absolute rem 
quirement for oxygen (I, 6) while it is still doubtful which pyri- 
dine nucleotide is involved in the reaction (1, 7, 8). 

It has been proposed that oxygenated intermediates are in- 
volved in the formation of cholesta-5,7-dien-30-01 from cholest- 
7-en-3P-ol (9-11). The intermediary role of 5cr, 6a, and 6p 
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1 The configuration of the hydrogen at carbon 5 in the various 
sterols rncntioncd in this paper is a. 

hydrosy derivatives of cholest-7-enm3P-ol has been rendered 
unlikely by Slaytor and Bloch (9) and Dewhurst and -\khtar (10). 
In addition Paliokas and Schroepfer (11) demonstrated that’ 
[4-W]5cu, &-epidiosy-A”-cholesten-3P-ol is not incorporated into 
both cholesta-5,7-dierl-3fi-ol and cholesterol. The possibility 
that other intermediates might be formed by oxygen interaction 
with cholest-7-en-3@-ol x-as considered by us. Therefore con- 
pounds containing oxygen atoms at 7 and 8 position or both have 
been tested here as possible intermediates of the formation of the 
5,7-diene. Such intermediates could be formed by the attack 
of oxygen to the double bond in Position 7. 

We synthesized labeled cholestan7a, 8a-egos>--3P-ol (I), 
cholestaue-3@, 76, Xoc-trio1 (II) and cholest-8-ene-3P, 75.dials 
(ZZZ) (IQ) (Fig. 1) and showed that they are efficiently converted 
to cholesterol by rat liver homogenates only under aerobic condi- 
tions, while under nitrogen they are all transformed into chole>t’- 
7-en-36-01. Similarly, 6a! and SD hydroxy derivatives of cholest- 
7.en-3P-ol (9), cholesta-7,14-dien-3fi-o1,2 cholestu-8,14-die~l-3~-ol 
(12), cholesta-7 ,O(ll)-dien-3/X01 (13) and cholest~%ene-3P,6cu- 
diol (9) are converted to cholest-7.en-3P-ol in anaerobiosis, &ile 
cholest-8(14)-eii-30-01 (14), cholest-14.eii-3@-o12 am1 choleat-i- 
ene-30, Sot-diol (10) are not metabolized under anaerobic contli- 
tions. To elucidate further which structural changes might be 
involved in the formation of the seven double baud from ox?- 
genated sterols, labeled cholestane~3~, 7cr, Rcr-trio1 (V) (Fig. l), 
cholestane-3@, 8or-diol-‘i-one (VI), and cholest-8(14) -ene-S/3, icu- 
diol (VIZ) have bee11 synthesized (Fig. 2) ; the lust two COIW 
pounds only are metabolized to cholest~7-eil-3P-ol under anaero- 
biosis, while the first one is recovered unchnr~getl both under 
aerobic and anaerobic conditions. 

J~;XPERIMEIT.IL PROCEI)URE 

S~ynfhesis oj” Radioactive Sterols 

Cholesl-7-cn-3p~ol-Cllolesta-j, 7.dien-3fi-ol ac&nte W:I~ II?-- 
drogenated in benzene using tris tri~~he~l~l~~ho~l~l~i~~erl~odiulr~ 
chloride as cat:rlyst (15). Cholest-7-ell-3P-ol acetate, n1.y. I ‘.?O”, 

2 Unpublished results from o,,r laboratories. 
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FIG. 1. Hypothetical pathways of transformation of cholest 
i-en-3p-ol to cholesta-3,7-dien-36.01. 

VI VII 

FIG. 2. 

[a]:” +4.1” (c = 1 in chloroform) was saponified by refluxing 
1 hour with 5% methanolic potassium hydroxide. The free 
sterol was isolated by ether extraction of the cooled and diluted 
solution and crystallized from methanol, m.p. 121-123”, [LX] i” 
+6.3” (c = 1 in chloroform); literature m.p. 122%123”, [o(]E’ 
+6.5' (16). 

The acetate derivative of this sterol showed a single peak by 
gas-liquid chromatography with a relative retention time of 5.09 
and the mass spectrum showed the expected molecular ion at 
m/e 428 and a fragmentation pattern in agreement with the 
literature (17). The isomerization of the double bond from 7 to 8 
and 8(14) position or both is excluded since, under the same 
conditions, cholest-8-en3P-ol and cholest-8(14)-eii-3P-ol ace- 
tates showed a relative retention time of 4.76 and 4.56, respec- 
tively. 

Cholest-7.en-9.one-The foregoing material was oxidized with 
chromic acid in acetone according to the Jones procedure (18). 
Purification of the material by Silica Gel G-Celite (50:50; v/v) 
column chromatography yielded a white solid which showed a 
single spot on Silica Gel I-IF thin layer chromatography either 
with chloroform or with benzene-ethyl acetate (90 : 10; v/v). 
Crystallization from methanol yielded pure cholest7-en-3-one, 
m.p. 145146”, [(Y] i0 +24.9” (c = 1 in chloroform); literature 
m.p. 146-148”, [CL]? +24.7” (19). 

[z?, 4-“H4JC~olesl-7-en-3P-ol-Cholest-7-en-3-orle was labeled 
at I’ositioiis 2 and 4 by exchange with tritiated water (0.5 Ci per 
ml) on basic alumina (20). The tritiated ketone by reduction 
with lithium aluminum hydride in anhydrous ethyl ether and 
crystallization from methanol yielded [2, 4-3H4]cl~olest-7-en-3~-ol, 
m.p. 122-123”, [a]:’ +6.4” (c = 1 in chloroform). The product 
showed a single spot with an RF value identical to that of stand- 
ard cholest-7-en-3fl-ol by thin layer argentation chromatog- 
raphy (al), which contained virtually all the radioactivity 
(98.8yg. 

L1 portion of the labeled sterol was acetylated with acetic 
anhydride in pgridiiie. No change of molar radioactivity was 
observed after acetylatioir. Gas-liquid chromatograpl~~- aiialy- 
sis of the acetate showed a single peak with a retention time of 
5.09 corresponding to cholest-i-en3fl-ol acetate. 

The specific activities of the various preparations of cholast- 
7.en-3fl-ol are reported in t.he following sections. 

[d,4-3H4]Cholestan-7voc, 8cY-epoxy-SP-ol-In essence tlie reaction 
described by Fieser and Goto (22) for the preparation of choles- 
tan’ia, 8ai-epoxy-3P-ol acetate was utilized, except that meta 
chloroperoxybenzoic acid was used instead of rnorloperl)l~tllalic 
acid. [2,4-3H4]Cholest-7-ei1-3/3-ol (specific activity 23.2 PCi 
per pmole) was allowed to stand at 0”. To avoid further trails- 
formation of the eposide, the reaction was stopped after 12 hours, 
when only part of the cholest-7-en-3@-ol was transformed (22). 
The product was isolated by partition between ether and 57; 
sodium hydroxide and evaporation of the ether extract after 
washing with water and drying over sodium sulfate. The ether 
extract was subjected to basic alumina thin layer chromatogralihy 
with chloroformmethanol (97 : 3 ; v/v) which separated the 
epoxide from monoene sterols. The spot corresponding to the 
monoene sterols was extracted and acetglated: the resulting 
product gave a single peak in gas-liquid chromatography having 
the retention time of cholest-7.en-30.01. The eposide after 
crystallization from petroleum ether yielded a white solid (specific 
activity 23.2 PC1 per pmole), m.p. 11%120”, [CL]:’ -8.2” (c = 
1 in chloroform). 

Calc~ilated: C SO.54 H 11.52 
Found : C 80.51 H 11.50 

The crystallized eposide on basic alumina thin layer chromatog- 
raphy showed a single sliot which contained 99.4% of the radio- 
activity. A portion of the product after acetylation and 
crystallization from methanol yielded [2, 4-3H4]cholestatl-7a, 8~ 
epoxy-36-01 acetate (specific activity 23.2 PCi per Fmole) m.p. 
84485” (low melting form) (22), [a]:’ 17.3” (c = 1 in chloro- 
form). Under our crystallization conditions we never obtaiiled 
the high melting form reported by Fieser and Goto (22). The 
mass spectrum of the acetate showed the expected molecular ion 
at m/e 444. 

[g , 4-3H&%olestanemSfl, 7cr ,8ar-trial--[2, 4-3H4]Cholest-7-eu - 38 - 
01 acetate (specific activity 8.67 &i per wmole) oxidized \vith 
osmium tetroxide as previously described (In), yielded a mixture 
of [2, 4~3H&llolestane-3fl, 70(, 8cr-trio1 and [2, 4-3H4]cl~olestnne- 
3fl, 7p, 8P-trio1 3fl-acetates (m.p. 155-157”). Several crysta- 
lizations from diethyl ether-heptane allowed the separation of 
crystalline [2, 4-3H4]cho1estane-3P, 701,8oc-trio1 3,f%acetate (spe- 
cific activity 8.67 &i per pnlole), m.p. 172-174”, [a!]$ -21.7” 
(c = 1 in chloroform). The Q configuration was assigned to the 
vicinal hydroxy groups based on the known tendency for rear 
approach of the reagent to the molecule (23). To confirm this 
assignmeut and to prove the purity of the trio1 the compound 
was treated with hydrochloric acid in diosane. A quantitative 
transformation of the radioactive cholestane-3@, 70(, 8cr-trio1 
a&acetate to cholestan-3,&ol-7.one acetate was observed, iii 
agreement with the quantitative transformation of ergostane- 
3p, 7a, 80( -trio1 to ergostan3%ol-7-one reported by Mleakins 
and Stephenson (24). This reaction occurs via a trans-elimim- 
tion of the tertiary hydroxy group followed by ketonization and 
requires an intramolecular 1,2 hydride shift as we previousl> 
observed in the acid treatment of cholestane-3p, 7cr, 8a-trio1 3P- 
acetate labeled \vith tritium at l’ositioii 7 which gave rise to 
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clrolest:lrl-3P-ol-7-olle BP-acetate labeled at Position 8 (I 5). On 
the other hand both the two isomers mixture and the mother 
liquors of crystallization under the same conditions yielded a 
mixture conta.ining cholestan-3fl-ol-7-one and cholesta-7,9(11)- 
dien-3P-01 acetates, iit agreement. with the transformation of 5p- 
Iuinistxne-3fl, 75, X&trio1 into 5P-lumistan-3~.ol-‘i-one, and 
5/A~lumista-8,14-die~l-3~-ol observed by Castells et al. (25). 

The [2,4- 3Hl]cholestane - 3p, 7cr, Sor - trio1 3/3 - acetate was 
saponified \Tith lithium aluminum hydride in diethyl ether. The 
excess reagent was dest.ro)-ed by careful addition of methanol 
followed by water, the product was extracted into ether and the 
ether estract was dried over sodium sulfate. Evaporatioil of 
the ether solution gave a crude product which was purified by 
thiu layer chromatography in chloroform-methanol (95:5; v/v). 
The desired product \vas isolated by extraction of the silica gel 
\vith ether. Crystallization from methanol yielded [2,4-W- 
cholestane-NP, 701,8a-trio1 (23) (specific activity 8.67 PCi per 
Irmole) m.p. 210-2120, [&!I i0 -19.5” (c = 1 in chloroform); 
literatllre 111.1). 213-214”, [a]: -20.7” f  3 (19). 

C;~lcr~l:~ted: C 77.00 H 11.50 
I’lOlllld : c 70.0-l IT 11.53 

Thill layer chromatogral)hy on Silica Gel HF (solvent benzene- 
ethyl acetate 50:50; V, Y) showed a single compouent which coil- 
taillet 98.4yc of t,he total radioactivity. 

[~,4-“fI,]Cholestnne-S~,8cr-diol-7-one-[2,4-3fI~]C’holesta~~e- 
3@,8cr-dial-i-one acetate, m.p. l6l-163”, [01]$ -10.5” (c = 1 in 
clrlod’om~) was obtained from pure [2, 4-311q]cholest:ulem3fl, 7a, 
%-trio1 S&acetate (specific activity 18.6 PC1 per pmole) by 
uyiug Ille procedure described by Davey et al. (26) for the prep- 
aration of cholestan-Sot-ol-7-one from cholestane-7cr, tloc-diol. 
S:rl)ollificatioil of t,he acetate with 3% methanolic KOH and 
crystallization fr(Jnl methanol yielded [2, 4-3H4]cllolestnrle-3P, 801- 
tliol-‘i-one (sllecific activity 18.6 PCi l)er pmole), r11.p. 205-206” 
[a] L,” -0.65’ (c = 1 in chloroform). 

C:llcul:rted: C: 77X II 11.08 
E’or1r1d: c: 77.39 II 11.09 

‘Ulill Ia\-er clrrornatoar:rl)ll3- on Silica Gel HF with chlorofolm- 
rr~rthn~lol (99: 1; v/v) showed only oue spot which contained 
99.2% of the radioactivity of the chromatographed material. 
The mas.q spectrum of the SD-acetate showed the expected molec- 
ular ion at ?n/e 460. 

I+?,4 -3H4]Cholesfan~ -3p, 7/3,8cArioI--[2,4- 3H4]Cholestarle- 3fi, 
>(oc-diolL’i.olle acetate (q)ecific activit,v 8.67 &I per pmole) was 
~~rtlucd by using the procedure described by Davey et nl. (26) 
for tile reduction of cllolestan-8cr-ol-7-olle. The mixture of the 
esl)rcted ~holestane-3/j, 7a, &-trio1 and cholestane-3P, 7p, 8~~ 
trio1 W:M chromatographed on Silica Gel G-Celite (50 :50; v/v) 
c~~lurnn. The fractions eluted with benzene-ethyl ether (90 : 10; 
I./V) contained 3/3,7cr, 8oc-triol, m.p. and mixed m.p. 210-212”, 
l)rlrzelle~ether (80:20; v/v) eluted c~holestane-SP,7P,8cr-triol 
(Gl)rc*ific activity 8.67 PCi per pnlole) nl.1). 170-172”. 

CS,IlOO:: 
(::llrrdated: <: 77.09 II 11.50 
F~,llnd : C; 7(i.X? H 11.48 

‘l’llill layer cllr(~illiLto~r:ll)l13. on Silica Gel IIF (solvent chloroform- 
ll&h:mol, 95:5; v/v) of 3/? ,Sp,Xcu-trio1 showed a single com- 
l)onent, \vhich contained 98.8”/, ol’ the total radi0activit.y. No 
rntlio:r~ti\-ity (~orresl)olltling to 3@, 7a, 8cu-trio1 was found. 

[S ,4-3f14]C~zolest-S(14)-ene-3P, ~oc-di0l-[2,4~~H~]Chole~t-7-eil- 
3p-01 (specific activity 18.6 PCi per pmole) was oxidized with 
selenium dioxide in benzene and acetic acid accordiirg to Fieser 
et (~1. (23). The [2, 4-3H4]cholest-8(14)-enem3fl, ‘iol-diol diace- 
tate obtained in this way was reduced wit11 lithiunl nlumiuun~ 
hydride in ethyl ether. I’:stractiou and crystallization from 
methanol yielded [2, 4-3H&holest-8(14)-ene~3P, ioc-diol (specific 
activity 18.6 pC”i l)er pmole) ; rn.1). 156-157”, [a] i” -20.5”; litera- 
ture 111.1). 157-158”, [01] A0 -21” (23). 

62iH&L 
c:llclllated: c 80.53 II 11.52 
For1nd: (1 go.:{5 IT 11.48 

The chemical purity and radiopurity of the compound was 
checked by thin layer chromatogral)hy on Silica Gel I-IF (solvent 
chloroform-meth:lllol 97 :3; v/v). The single component ob- 
served upon this :ur:tlysis contained 98.8% of the total radioac- 
tivity. Oxidation of the compound with CrOa iI1 pyridiue 
yielded a single diketone, cholest-8(14)-ene-3,7-dione, m.p. 
129-1300, [a!] i” -29.3” (c = 1 in chloroform), A,,, 262 E 10.400 
ir (nujol) 1718, 1695, 1668, 1595 cm-l; the compound showed a 
relative retention time of 9.33 and its mass spectrum showed the 
espected molecular ion at m/e 398. The presence of cholest-8- 
elle-3,7-dione was excluded from the ultraviolet spectrum, the 
relative retention time anti nlxss spectrum as reported in the 
following paragraphs. 

[2, /t-3H4]Cholest~S-~n-Spolr-one SP-ncetate-Thiollyl chloride 
WLS added at 0” to a solution of [2, 4-31~4]cllolestane~3P, 8a-dial- 
i-one 3P-acetate (specific activity 16.7 /Xi per pmole) ill pyri- 
dine. .\fter standing for 12 hours at 0” the solution was poured 
illto crushed ice and extracted four times with ethyl ether. The 
ethereal layer was ~~ashetl with 5% hydrochloric arid and 5% 
KHC03 solution. The labeled material was purified by chroma- 
tography on a column of Silica Gel G-Celite (50 :50; v/v). Frac- 
tions eluted with bellzene-hrrane (10 :90; v/v) were pooled. 
(Irystnllization from methanol of the residue yielded [2,4-‘H.& 
cllolest-8-en~3P-ol-7-o~~e a&ate (sl)ecific activity 16.7 PCi l)er 
ptnole), m.1). 15%160°, 10(]6’ -32.3” (c = 1 in chloroform), A,,,,, 
253, t 10.000; litJeraturc m.1). 154-l 57”, [c# -34”, A,,,,, 252.5 E 
10.000 (27). 

The determiilution of chemical alld radiopurit\- of the con- 
llound, by thin layer chroIn;Ltogr:tpll\. on Silica Gel I IF (solvent 
chloroform-metllalrol 97 :3; v,/v) indicated the presence of :I 
single spot which contained 99 To of the radioa&vity. The mass 
q)ectrum showed the expec+ed molecular ion at m/e 442. Sal)011- 
&cation of the acetate with metllanolic KOH yielded [2,4-“H& 
cholest~8~en-3P-ol-7-olle, n1.p. 112-l 13”, \ol] i0 -20.5” (c = 1 
in chloroform); litemture m.p. 114-llci”, [a]? -22” f  2 in 
dioxane (28). 

[b,/,-3E/,]Cholest~S~ent~~~,7~-~~o~~-[2 ,4-3r14]Cholest-8~ell-3P- 
ol-7.oile 3p-acetate (q)ecific activity 16.7 j&i per prnole) was 
reduced with lithium :~luminurn hydride iir ethyl ether. After 
12 hours stirring at room temperature, the mixture was extracted 
as usual. The analysis of the product on thin layer chromatog- 
raphy showed the 1)resrnce of two sljots of similar polarity which, 
however, could be eluted separately (diol A and diol U). The 
mass spectrum of both the radioactive diols showed the expected 
molecular ion at ??L,‘e 402. Oxidation with CrO3 in pyridine 
performed separately on the two diols yielded in both cases a 
single diketolle having a relative retention t,irne of 10.37. I%- 
actly the same diketone was obtained by oxidizing pure cholest- 
8.en-3P-ol-7.one under the same conditions. After crystnlliza- 
tion the c~ompouud showed mp. 138-139”, A,,,,, 253 6 10.000. 



The mass spectrum of the compound showed the expected molec- 
ular ion at m/e 398. A characteristic peak at m/e 192 arising 
from the cleavage of the 8,14 and II,12 bonds was present. 
Since the cholest-8(14)-en-3,7-dione, described above, showed 
different ultraviolet spectrum and gas-liquid chromatography 
retention time and the peak at m/e 192 was absent from its mass 
spectrum it was possible to exclude the presence of an 8(14) ene 
system in the cholest-8.ene-3,7-dione a,nd corresponding diols. 

Incubation Procedures 

Sprague-Dawley rats, 120 to 140 g body weight, were decapi- 
tated and their livers perfused with cold buffer, quickly excised 
and collected in ice cold 0.1 M phosphate buffer, pH 7.4. The 
following part of the procedure was performed in the cold up to 
the incubation step. Liver pulp was prepared by passing the 
livers through a stainless steel press (29) and collected in a gradu- 
ated cylinder. Phosphate buffer, enriched with 0.006 M MgC% 
and 0.03 M nicotinamide, according to Bucher and McGnrrahan 
(30) was added to make the ratio of tissue to buffer 1:2.5 (v/v). 
The homogenate was prepared by means of a glass homogenizer, 
clearance of 0.5 mm, giving only 5 to 6 strokes. The homogenate 
was centrifuged at 1,000 x g for 10 min. The supenintant was 
centrifuged at 10,000 x g for 20 min to give a supernatant frac- 
tion which, filtered through a gauze was used for all the incuba- 
tions. The average protein content for the homogenate was 
determined according to Lowry et al. (31) and was 20 to 25 mg 
per ml. 

The labeled precursor sterols were dissolved in a small amount 
of acetone; Tween 80 and phosphate buffer were added (4 mg of 
Tween 80 per ml) and the acetone evaporated under a stream of 
nitrogen to obtain a solution containing 20 to 40 pg per ml of 
labeled precursor. This solution, 0.25 ml, was pipetted into the 
side arm of the incubation Hask which contained 10 ml of the 
homogenate plus 1.75 ml of Tween 80 in buffer (4 mg per ml). 
1~1 traI) experiments 200 pg of unlabeled cholest-7-en-3P-ol were 
dissolved in the 1.75 ml of Tween solut,ion. The Basks used for 
aerobic experiments were flushed with oxygen and tightly sealed 
with a stopper. For anaerobic experiments, to ensure a strict 
nitrogen atmosphere, a maximum of six flasks, maintained at 4” 
and attached to the side arm of a tube connected with a gas 
burette filled with nitrogen, were shaken and alternatively erac- 
unted and filled with nitrogen five times, and maintained in a 
closed nitrogen atmosphere under slight pressure throughout 
the incubation. All the flasks, both under nitrogen al~tl oxygen 

were transferred to a Dubnoff incubator and shaken for 15 min 
at 37” before adding the substrate, which was then l)oured into 
the main well of the fiasks and incubated for an additional 60 
min. In each experiment parallel incubations of labeled cholest- 
7-ell-3/Xol were run both under nitrogen and oxygen as a cont.rol 
of the anaerobiosis and of the homogenate activity, respectively. 
The reaction was stopped by adding 10 ml of 2 N KOH in absolute 
ethanol and the mixture was saponified at 50” for 2 hours. The 
unsaponifiable fraction was extracted wit.11 petroleum ether (boil- 
ing point 60-80”)) washed with water and dried over arlhydrous 
sodium sulfate. The solvent was filtered and evaporated in 
vacuum. A portion of the residue was used to determine the 
radioacat,ivit.y recovered in the unsaponifiable fract,ion. Sepnra- 
tion aii~l purificatioli of cholesterol and cholest-7.en-36-01 \v:Ls 
I)erfornled as indicated in the following sections. 

Thin Layer Chrondogmphy 

This was carried out using four types of layers (0.25 mm tllick- 
lies,) : Silicaa Gel HF, Silica Gel G impregnated with 30% silver 

nitrate, neutral alumina Woelin impregnated with 155, silver 
nitrate and basic alumina Woelm. The bands corresponding 
to the sterols were identified through the use of authentic stand- 
ards and detected by ultraviolet light either directly or with 
0.05% Rhodamine 6G. The spots were sucked off the plates 
and the sterols were eluted by means of appropriate solvents. 

Gas-Liquid Chromafography 

This was carried out using a Perkin-Elmer 881 gas chromato- 
graph equipped with a flame ionization detector and glass syl:l- 
nized columns 2 m long, packed with PhSi 3oy0 on sylanized 
Chromosorb W (100 to 200 mesh). The column temperature 
was maintained at 220”-240”, the nitrogen How rate was 40 ml 
per min. Acetate derivatives of the sterols were used for gas- 
liquid chromatography determinations and the relative retention 
times were measured against standard cholestane. 

Radioactivity Determinations 

Scintillation counting was carried out b\- nleans of a l’ackar(l 
liquid scintillation spectrometer, 3000 series. The labeled sterol 
samples were dissolved in 10 ml of the liquid scintillation fluid 
(4 g of 2,5-diphenyloxazole, 100 mg of 1 ,4-bis[2-(5.p,heilyloxa- 
zolyl)]benzene, 1000 ml of toluene) and counted as long as neces- 
sary to ensure accurate statistics. The calculation of the 
absolute counts (disintegrations per min) was det,ermined by 
measuring the efficiency of a [3Hm]toluene internal standard added 
to the samples after they had been counted. The average effi- 
ciency was 357; for the 3H samples. 

Xass Spectrometry 

An LKB 9000 gas-liquid chromatograpl~~-lnass spectrometer 
was used for the analysis of the sterols as acetate derivatives. 
The working conditions were reported el.qen-here (17). 

Ultraviolet Spectromelry 

Ultraviolet spectrometry was performed with a Perkill-Elmer, 
137 spectrometer using ethanol solutions of sterols. 

Pur$cation of Cholesterol as Dibromide 

Aliquots of the unsaponifiable fraction of each incubation 
(100,000 to 250,000 dpm) were diluted with 50 mg of unlabeled 
cholesterol and dissolved in 0.5 ml of ethyl ether. -1 diluted 
solution of bromine (0.5 g) and sodium acetate (50 mg) in acetic 
acid (10 ml) was added drop by drop until an orange color p,el’- 
sisted. The solution was cooled at 0” and the dibromitle pre- 
cipitate was filtered and washed wit11 acetic acid. Free cholea- 
terol was recovered from the dibromide by zinc reduct’ion in ethyl 
ether containing acetic acid. Brominatioll and reduction were 
repeated to ensure complete purification of cholesterol. The 
recovered cholesterol was crystallized from methanol to col~s:tunt, 

specific activity. 
In control experiments, labeled cholest-7-erl-3P-ol (about 

200,000 tlI~m) was diluted with 50 mg of unlabeled cholesterol 
wllich was purified as tlescaribed above. X0 radio:lctiCt’y wa.k 
recovered iI1 the crystallized salnl’le. 

Purijication oj’ Cholest-$-rwSfi-ol 

Xliquots of the uns:t~~oi&~ble material were :&led to 2 mg of 
unlabeled cholest-7-en3P-01. When cholestanl-7oc, %-eI)oxy-3@- 
01 was used as precursor, the mixture was subjected to thitl ln\-el 

cI~romatograpl~y on basic nlumii~a in benzeile-ethyl ether (30 : 
70; v/v) to eilsure separation of cholest-7-en-3P-01 and cho- 
lesterol from the rI)oside. 1Yheli chole%Celie-3PZ i&tliol;, 
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clrolrht -8(14) -ene-36,7oc-diol, cllolestarle-3P,7or,8cr- triol, and 
cholestane-3P, 7p, 8a-trio1 were used as precursors, the un- 
y:rl)onifiable fraction, ~)lus 2 mg of unlabeled cholest-7-en-3P-ol 
was subjected to thin layer chromatography on Silica Gel HF 
iI1 c~lrloroform-metlZRllo1 (95:5; v/v) to separate cholest-7-en-3P- 
ol and cholesterol from the more oxygenated compounds. The 
Fractions corresponding to cholest-7-en-30-01 plus cholesterol 
eluted from the plates of either basic alumina or Silica Gel HF 
Caere sel~~ntetl further by thin layer chromatography on neutral 
alumina-AgNOs. The developing solvent was chlorofornl- 
methanol (95:5; v,‘~). The spot corresponding to cholest-7- 
~II-36-01 was eluted and, after gas-liquid chromatography control 
of its purity, was diluted with 30 mg of unlabeled cholest-7-en- 
3&01; no change in the molar radioactivity was observed during 
recrj-stallizntion. 

The spot correq~olldillg to cholesterol was also eluted and, in 
:ome rsl)eri:ne::ts, further lmrifietl through bromination, as de- 
sc-ribed above. 

RESULTS AND UISCUSSION 

.\II of the labeled substrates were tested for nonspecific label- 
ing of cholesterol or cllolest-7-ell-3P-ol. Amounts equivalent 
t,o t,hose uhed in the true experiments were incubated either with 
buffer solution or wit.h boiled liver enzymes. The samples were 
llrocessed in parallel with the actual exl)eriment and no radioac- 
tivity was recovered in the purified cholesterol or cholest-7.en- 
3B-01. All the experiments reported in the tables were carried 
out at least twice RII~ each assay was made in duplicate. Con- 
versiolr values did not differ by more than 3%. The figures 
quoted represent individual assays. In anaerobiosis the coil- 
ver>ion of the tested sterols was of the same order as for cholest- 
S~en~B@~ol, that is, IIO more than 2y0 and, for this reason, con- 
versions of t,his order of magnitude were not considered to be 
significant. 

IT11 to ILOW, orlly two possible mechanisms of the transfor- 
mation of cholest-7-ellm3P-ol have been postulated: (a) a direct 
cis-elimination of 5a and 6a hydrogen atoms with involvement 
of XI enzyme-oxygen complex (10) ; (b) an hydroxylation either 
of I’osition 5 or Position 6, followed by dehydration (32). Other 

possible pat’hwn!-s, involving first WI oxygen attack at Position 7 
with the formation of an oxygenated sterol may be considered. 
Such sterol should be further transforrned irlto cholesta-5,7-dien- 
3/%ol. 

It has been showrl that molecular oxygen in a biological system 
can attack a double bond, with the formation of (a) an epoxide, 
as in the case of both squalene (33, 34) and aromatic hydrocar- 
bolls (35) by rat liver microsomes; (b) a cis diol containing two 
atoms of atmospherics oxygen, as in the oxidative metabolism of 
toluene by Pseudomonas putida (36); (c) an hydroperox)- de- 
rivative such as 15~hydroperoxy-8,11,13-eicosatrienoic acid 
formed from 8,11,14-eicosatrienoic acid by soy bean liposidase 
(37) 

These considerations may be applied to the possible oxygen 
attack of the double bond of cholest-7-en-3/J-01: some molecular 
species which may originate by each I)ossible mechanism are 
reported (Fig. 1). 

Labeled Compounds I, III, and IV have been incubated with 
rat liver homogenates both under aerobic and anaerobic tori- 
ditions. Some possible pathways of anaerobic transformation 
of these compounds are described in Fig. 1. The known elimi- 
nation of 5cr and 60( hydrogens (4, 5, 38) was taken irlto con- 

sideration. 
The fl-epoxide and 7cr,8&diol have not been tested sillre the 

1-3 sterical hindrance between the 86 position and the Cl8 and 
Cl9 methyl groups renders rather unlikely their formatiou in a 
biological system. The formation of Compounds II/ and ZV 
has been supposed to derive from reductive cleavage of the 
corresponding hydroperosy derivative (39). 

Should the metabolism of Compound V proceed through an 
initial tram elimination of water, this might happen only between 
the 6fl hydrogen and the 0tOH. However, since other authors 
have proved that this hydrogen is retained during cholesterol 
formation (4, 5, 40) trio1 V was not tested at first. 

The failure of the tested compounds to be transformed into 
cholesterol under anaerobiosis (Table I) excludes their obligatory 
intermediary role in t’he biosynt#hesis of cholesterol from cholest- 
7-ell-36-01. On the other hand, Compounds 1, III, a.nd IV are 

Aerobic and unnerobic conve,sion o.f cholestan-7ol,8~-epos?/-3p-o1 and chole.st-8-cne-3~,7~-tliols h?g ral liver homogena(esCz 

Substrate 

Cholestan-7ol,8ol-eposy-3p-o1 (Z) 
Cholestnn-7ol,Sol-epox~~-3p-ol (Z)b 
Cholest-7.en-3fl-ol 
Cholestan-‘ia,S~-eposy-3P-ol (Z) 
Cholest-7.en-S&o1 
Cholest-8.ene-38,7[-diol (diol A) (ZZI or IV) 
Cholest-S-ene-3p,75-diol (diol A) (ZZZ or IV’)” 
Cholest-7.en-3p-ol 
Cholest-8.ene-38,7~-diol (diol A) (111 or IV) 
Cholest-7.en-3p-ol 
Cholest-%ene-3p,‘I&diol (diol B) (ZZZ or IV) 
Cholest-8-ene-3p,7&diol (diol B) (ZZZ or ZV)b 
Cholest-7.en-3p-ol 
Cholest-8-ene-Sp,7~-diol (diol B) (ZZZ or IV) 
Cholest-7.en-3@-ol 

pCi/fimole 

5 23.2 
5 23.2 
5 11.0 
5 23.2 
5 11.0 
3 16.7 
3 lG.7 
5 24.0 
3 10.7 
5 24.0 
(i 16.i 
(i 16.7 
5 24.0 
(i 16.7 
5 24.0 

Unsaponifi- Cholest-7. Cholesterol 
able total en-3@2f radio- 

adioactivity adioactivitj activity 

% 

89.6 

87.2 
79.7 
98.9 
73.9 
61.2 
63.8 
i8.0 
62.0 
81.2 
65.2 
61.1 
89.0 
53.6 
82.3 

% 
72.5 
67.5 

43.6 

40.9 
56.8 

% 

2.10 
0.79 
2.60 

45.7 
58.0 

2.20 
0.10 
3.10 

48.7 
75.0 

0.47 
0.40 
0.70 

36.3 
49.2 

“ The incltbation conditions are reported in details under “Experimental Procedure.” 
h IJnlabeled c:holest-7.en-3p-01, 200 pg, was added to the incltbation mistklre. 



TABLE II 

.1 uwbic and anaerobic conversion of cholestane-3~,7p,8~-Iriol, 

c:holesfane-3~,7a,e~-friol, cholestane-3p,8ol-diol-7-one anti 
cholext-8(14)-ene-3p,7~~diol b?) rat liver homogenafesa 

Substrate !4 

5 

13 

19 

5 

5 
5 

13 

19 

5 

UIlsa- 
ponili 

able 
tot.4 

radio- 
tctivit 

:holest 
i-en- 

( 
3pm01 

radio- 
Ictivit! 7” 

:holes- 
tero1 

rsdio- 
ctivity 

C:holrstarre-3P,iP,~~-tr~iol 
(11) 

Cholest :rrre~:~~,T~~,~a~t~.iol 

(I-1 
C:hole.st.tlne-38,8a-dial-7. 

one (VI) 
C:holest-8(1-l)-eIIc-~~,i~- 

diol (VIZ) 
~:holest-7-en~Rp~ol 
(:2lc,lcst:rne-3p,i~,~~-~~iol 

(II) 
(:h:~le,stnrie-3p,icu,8a-triol 

(1’) 
(:h~,lestane-3p,8cu-diol-7~ 

one (I’Z) 
Ch~~lcst -8(14)-enem3/3,7am 

16 7 

X.7( 

18.7 

18.7 

11.0 
16.7 

8.7C 

18.7 

18.7 

11.0 

% 

87.3 

% 
55.6 

58.6 0.30 

81.6 29.4 

59.0 

94.7 
78.0 

diol (I’IZ) 
(:holest-7~en-3B-o1 i 5 

71.8 

78.9 

81.7 

87.7 

% 

0.90 

0.20 

0.90 

0.40 

2.50 
51.0 

0.10 

18.0 

(Xi. 1 

75.2 

U The incubation conditions are reported in details llnder 
“Experimental Procedrlre.” 

efhcie11tly t,ransformed into cholest-7-er1-30-01 u11der the same 
esperimental conditions (Table I). 

Tl1is fact prompted us to test other sterol structures with 
oxygenated functions at Positions 7 and 8 and, eventually a 
double bond in 8(14) position. For this reason, labeled choles- 
tanr-Nfi, 76, %-trio1 (II), cholestane-36, ICY, &-trio1 (V), choles- 
ta1rem3fi, 8a-diol-7-one (VI), and cholest-8(14)-ene-36,‘icr-diol 
(1111) were incubated with rat liver homogenates and the results 
are reported (Table II). No conversion of trio1 (V) was ob- 
served either mlder aerobic or anaerobic conditions, while the 
tlil1ydroxy ketone VI was efficiently transformed into cholest- 
ime11-3fl-ol in anaerobiosis. These data allow us to exclude 
tl1at the 70( hydroxy group of V is oxidized to a keto group as 
shown by Slaytor and Bloch (9) for cholest-7-erle-3P, 6@-diol 
a11tl cholest-7-ene-3P,6cr-diol incubated with rat liver homoge- 
11ates under anaerobiosis. 

It was not attempted to demonstrate the metabolic pathways 
of tl1e tested compounds. However, the results on the con- 
version of Compounds ZIZ, IV, and 811 (Table II) demonstrate 
that rat liver homogenates are able to metabolize allylic alcohols 
containing oxygenated functions in Position 7. Moreover, 
cholest-7-en-3fl-ol is the final product of the anaerobic metabolism 
of all>-lit alcohols containing oxygenated functions either at 
Position 6 (with a double bond in 7) (9) or, as suggested by 
Huntoon and Schroepfer (40), at position 15 (with a double 
bo11d in position 8(14)). X simple hypothesis for the conversion 
of Compounds ZZ and VI would involve their transformation 
into the allylic alcohols IZZ and IV, or VIZ. A cis-elimi11ation 
of water may be postulated in this case both for trio1 ZZ and 
dihydroxy keto11e VI. A reaction of this type has been recentl? 

3/3,5n-diol to ergosterol.3 It may be postulated that the furthe 
tranforrnation of the allylic alcohols III and IV occur either via 
a concerted mechanism or through the i11termediary formatio11 
of cholest-8-en-30-01 which is converted afterwards to cholest- 
i-e11-3fl-ol (42). The last hypothesis is not valid in the case of 
Compound VIZ. 111 fact, it is known tl1at cholest-8(14)-el1- 
3,&01 is not converted to cholest-7-e11-3P-ol by rat liver homoge- 
nates under anaerobiosis (14). 

The oxygenated sterols which we incubated do not nlq)e:u’ 
among the irltermediates described in the biosynthesis of choles- 
terol. Nevertheless, the enzymes of rat liver llomogenates are 
able to tra11sform them. The results obtained demo11strate 
that either these sterols are precursors of cholest-7.en-3fl-ol 01 
that the system presents very little specificity for sterol struc- 
tures. 
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