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SUMMARY 

The metabolism of cholesterol 25-hydroperoxide by subcellular fractions of rat and calf liver and of rat 
kidney was examined. The sole metabolic transformation observed was the reduction of the 25-hydroper- 
oxide to the corresponding 25-alcohol5-cholestene-3@5-dioi. No evidence of enzymic rearrangement of 
the 25-hydroperoxide to vicinal diol products was adduced. Neither cholesterol 25-hydroperoxide nor 5- 
cholestene-3P,25-dial was converted by rat liver homogenates to bile acids. Attempts to demonstrate cho- 
lesterol 2%hydroperoxide as a putative intermediate in the biosynthesis of bile acids from cholesterol in 
rat liver homogenates and calf liver microsomes by trapping techniques were unsuccessful. It was con- 
cluded that cholesterol 2%hydroperoxide is not implicated in cholesterol metabolism in liver or kidney 
tissues. 

INTRODUaION 

The metabolism of steroid hydroperoxides by mam- 
malian [l-12], higher plant [l3-141 and microbial 
115171 enzymes has received recent attention. With 
the one exception of the metabolism of cholesterol 200(- 
hydroperoxide by adrenal cortex mitochondria to 

form 5-cholestene-3/?,20a,21-trio1 and 5cholestene- 
3/3,20s(,22R-trio1 [2-43 the preponderant mode of 
metabolic alteration of steroid hydroperoxides is 
reduction to the corresponding alcohol [6- 171. Other 
accompanying reactions. including formal dehydr~~tion 

of secondary hydroperoxides to the corresponding 
ketone [S, 12, 141, carbon-carbon bond scission 

[6,7.10]. and deoxygenation [7]. mimic thermal 
decomposition reactions of the hydroperoxide sub- 
strates [ 1%22] and thereby may not be enzyme trans- 
for~dtions. 

The indicated rearrangement of cholesterol 20x-hyd- 

roperoxide to vicinal diol products suggested to us that 
the vicinal diol feature of other steroid metabolites 
might derive in similar fashion from a precursor hyd- 
roperoxide. Among such vicinal diol metabolites are 
the several ecdysterols bearing the 2&,22R- and 25,26- 
diol features [23,24], the 24,25- and 25,2&diol meta- 
bolites of cholecalciferol [25,26] and 25,26-dihydroxy- 
lated bile alcohols [27,28]. Furthermore, the reported 

* Paper Xx1X of the series is Smith, L. L. and Teng, J. 1.: 
J. Am. them. Sue. % (1974) 2640-2641. 

generation of [‘4C]-acetone from [26-r4C’]-cholesterol 
by rat liver mitochondria in the formation of bile acids 
[29] suggested the additional possibility of 24,25-diol 
intermediates in bile acid biosynthesis in liver. The 
present report deals with our e~mination of this thesis 

using the relatively readily accessible cholesterol 2% 
hydroperoxide as a model substrate and liver and kid- 
ney tissue as model sources of enzymes which might 
catalyze hydroperoxide-diol rearrangements asso- 

ciated with bile acid biosynthesis and cholecalciferol 
metabolism respectively. 

EXPERIMENTAL 

Cholesterol 25-hydroperoxide was prepared by 
autoxidation of cholesterol [30]. 5-Cholestene-3&25- 
dial, cholic acid, and chenodeoxy~holi~ acid were com- 
mercial samples recrystallized before use. [ 1,2-3H]- 

Cholesterol obtained from New England Nuclear, 
Boston, Mass., was purified extensively by t.1.c. prior to 
use. 5-Cholestene-3fl,25,26-trio1 was a gift of Dr. M. J. 
Thompson, U.S. Department of Agriculture, Beltsville, 
Md. 

Thin-layer, gas and liquid column (Sephadex LH-20) 
chromatographic procedures for sterol analyses were 
those previously described by us in detail [31--341. 
Sterols were analyzed on 0.25 mm thick chromato- 
plates of Silica Gel HF,,, in the systems benzene-ethyl 
acetate (2:l and 3:2, v/v). toluene-ethyl acetate (3:2, 
v/v),chloroform-a~etone(24: 1, v/v), or iso-octane-ethyl 
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xctiktc acclic acid (5: 7: I. by ~01.). K%olcstene- 
i/25-dial. i-chol~sttene-3P.ZS.16-tI-iol, and cholesterol 
25-hvdroperoridc were run its reference sterols. Sterols 

wcrc dctccted with 50”,, aqueous sulfuric acid [31], 
stcrol h~droperoxidcs with N.N-dimethyl-p-pheny- 
Icncdiamine [34]. Bile acids wcrc analyzed on 0.25 mm 
thick chromatoplatcs in the sys~tn iso-octanecthyl 
xotatc acetic acid- butanol (30: IO: 3: 3. by vol.) using 

manganous chloride (50 mg MnCl, 4HZ0 in I5 ml 
w:ttcr and 0.5 nil cone sulfuric acid) for detection [35]. 

Li\crh of male Spr~~gue-~a~~~c~ rats (35~37Og) 
were perf~tsrd in sitar with 0.75 M sucrose to remove 

blood. then excised and homogenized at &5-C with 

0, ii M Tris-HCI buffer (pH 7.4) (4 ml bufferjg wet 
liver) in a loosely-fitted glass homogenizer. The homo- 
(‘enate was centrifuged at 3000 g for IO min to remove c 
cell d&is, and the decanted supernate was used for in- 

cubations. To 4 ml of the enzyme preparation was 
added 1 111g of cholesterol 25-hydroperoxide in 25 ~tl of 

ethanol. and the total volume was adjusted to 1Oml 

M ith (1.15 M Tris- HCI buffer. The sample was irtcu- 

bated at 37 C‘ together with similariy prepared samples 
coiitaix~ilig no enzyme and boiled enzyme. Analyses of 
the i~lcubatioli mixtures were made at 30, 60, 120 and 
180 min. Results arc recorded in Table I as Exper- 
imcnts No. 1 3. 

In other experiments. malt Sprague Dawlc~ rata 

(250-3OOg) were pretreated daily for h days with ;I 
2 mg/ml aqueous solution of phenobarbital adminis- 
tered intraperitoneally at 40 mg;‘kg doses. C‘ontrol an- 

mals received daily injections of saline. Livers of sacri- 
ficed animals were perfused in .situ with ice-cold I IY,, 
KC1 solution to remove blood and then were homo- 

genized at Oh-5 C in IO”,, sucrose using a loosely fitted 
glass homogenizer and 15 strokes of the pestle. The 

homogenate was centrifuged at 1000 y for 10 mill to 
remove cell debris and the decanted supernate was 
used in ensuing incubations. ttlcu~~tioi~ media con- 
tained 125 mg ATP (disod~uin salt), 5 mg NAD, L.5 mg 

glutathione, 20 mg sodium citrate. 0.25 mg Coenxymc 

A, 5 mg EDTA, 1 mg FAD (disodium salt), 1.25 mg 
NADP, and 8 mg MgCl,. each dissolved in 11.20 ml of 
0.15 M Tris--HCl buffer (pH 8.5). Incubations of these 
cofactors with 325 ml of enzyme preparation (equival- 
ent to 2 g of wet liver) and additional Tris--HCI buffer 
to bring the total volume to 6.60 ml were conducted 
with shaking in a water bath at 37 C in air for 00 min 
with 6OOicg of cholesterol 25-hydroperoxide dissolved 
in 0.1 mI of acetone Similar incubations wcrc con- 
ducted using boiled enzyme preparation as control. 

Results are recorded in Table i 21s Experiments No. 3-- 
7. 

In order to establish that these rat liver enzyme 

preparations were active in bile acid biosynthesis. incu- 

Table I. <‘holcstcrol ZS-hydroperoxide metabolism hq rat and calf tissues 
-.- 

IncLlbatlon Products found b! thin-layer chromatqxph! 
.._ - 

Dtwatloll C‘llolcsterol 5.(hlcstene- Bdc Putative 
Incubation conditions Tcmp pH m 1 II 2%hydroperoxide ?P,?S-tliol acids dials 

1 .sooo {, Supcrnate, as is 
2. iOtt $ Supernate, boiled 
3. No tissue control 
4. 1000 g Supernate. phenobarbital 

pretreatment. cofactors added 
_ ‘. 1000 .(I Supernate. boiled. 

phenobarbital pretreatment, 
cofactors added 

h. 1000 9 Supernate. saline 
pretreatment. cofactors added 

7. IO00 IJ Supernate, boiled, saline 
pretreatment. cofactors added 

37 8.5 

37 X.5 

37 X.5 

(‘alf liver- 

s 20.000 q Supernate. as is 
11. X.000 9 Supernate. 

CARPS-venerating system 

IO. Whole homogenate. as is 37 74 

1x0 
IX0 
IX0 

90 

90 

90 

90 

IX0 

i- + 
i- + 
I- i 

-t + 

-5 + 

-t + 

+ + 

+ + 
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bations were made using exactly the same enzyme 

preparations and cofactors, but using 7.5 pg of [1,2- 

3H]-cholesterol (1.2 x lo6 d.p.m.) dissolved in 50 ~1 of 
acetone-ethanol (1 I 1, v/v) as substrate. After incubat- 
ing for 90 min at 37°C 20 ml of 95’;/, ethanol was added 

to stop the reactions, and the reaction mixture was 
saponified by warming for 1 h with 5 ml of 6 N 

NaOH. Precipitated material was washed with eth- 
anol, and the pooled liquids were evaporated under 
vacuum. The residue was dissolved in 10 ml of water, 
the solution acidified to pH 1.0 with 0.6 ml of 2 N HCI, 

and extracted 4 times with 20 ml of petroleum ether to 
remove fatty acids and sterols. To the aqueous layer 
were added 4 mg each of cholic acid and chenodeoxy- 

cholic acid. The aqueous layer was extracted 4 times 
with 20 ml vol. of diethyl-ether. The ether extracts were 

washed with water until neutral, dried over anhydrous 
sodium sulfate, and evaporated under vacuum, and the 
bile acids were recovered by t.1.c. After further carrier 
dilution with 12 mg cholic acid and 12 mg chenodeox- 
ycholic acid the sample was recrystallized from ben- 

zene-diethyl ether to constant specific radioactivity. 
Calf liver (150 g) transported within 1 h from a local 

abbatoir to the laboratory was rinsed with cold saline 
and homogenized at O-SC with a Waring btendor in 
200 ml of 0.02 M phosphate buffer (pH 7.0) also con- 

taining IOe4M EDTA. The slurry was squeezed 

through cheese cloth, and the filtrate was homogenized 
in a glass homogenizer with Teflon pestle using six 

strokes of the pestle. The homogenate was centrifuged 
at 1000 g for 15 min to remove cell debris, then at 

20,000 g for 15 min. The supernate was decanted and 
diluted as necessary with buffer to bring the total pro- 
tein content to 2 mg/ml. This solution was used as the 
microsomal enzyme preparation. Incubations of 1 mg 
of cholesterol 25-hydroperoxide dissolved in 100 it1 of 
ethanol were conducted at 30°C for 30 min with 5 ml 

of the enzyme preparation. A similar incubation was 
conducted to which 5 rag NADPH, 20 mg gtucose 6- 
phosphate, 1 unit glucose h-phosphate dehydrogenase, 
and IOmmol MgCl, had been added as a NADPH- 
generating system. Sterols were recovered by extrac- 
tion with 25 ml portions of methylene chloride, 
filtration of the extract through phase-separating filter 

paper, and evaporation under vacuum. Analysis of 
products by t.1.c. is recorded in Table 1, Experiments 
No. 8-9. 

Kidney tissue (8 g) from male Sprague-Dawley rats 
(350-370 g) was homogenized at 0-5°C in a loosely fit- 

ted glass homogenizer with 0.1 M Tris-HCI buffer (pH 
7.4). Whole homogenate equivalent to 1 g of tissue was 
diluted with buffer to 10ml and incubated with I mg 
of cholesterol 25-hydroperoxide dissolved in 40 ELI of 
ethanol at 37’C. Samples were withdrawn at 30. 60, 

120 and 180 min for t.1.c. analyses. Results are given in 
Table 1, Experiment No. 10. 

Cholesterol 25kydroperoxide trapping uttetnpts 

Homogenates of liver from male Sprague-Dawley 
rats prepared in 10% sucrose as previously described 
were centrifuged at O-SC at 1000 g for 10 min to 
remove cell debris, and the supernate was used as 
enzyme preparation. All of the cofactors previously 
used in other incubations of rat liver homogenates dis- 
solved in 3.4 ml of 0125 M Tris-HCl buffer (pH 8.5) 

together with 4 ml of the enzyme preparation (equival- 
ent to 2 g wet liver) were incubated with 75 pg of [ 1,2- 
3H]-cholesterol (1.2 x 10h d.p.m.). A similar incuba- 
tion was conducted with boiled enzyme preparation. 
After incubation at 37’C for 120 min, 20 ml of ethanol 

was added to terminate the reaction, followed by 

600 pg of cholesterol 25-hydroperoxide dissolved in 
ethanol. The mixture was acidified to pH 1.0 (no 
saponification was conducted in order not to decom- 
pose the cholesterol 25-hydroperoxide added as trap- 

ping agent), and the mixture was extracted several 
times with petroleum ether (b.p. 6CrSOC). The petro- 
leum ether extracts were evaporated under vacuum, 
and the residue was thin-layer chromatographed using 

iso-octane--ethyl acetate-acetic acid (5:2:1, by vol.). 

The cholesterol 25-hydroperoxide was recovered and 
reduced in methanol solution with an excess of sodium 

borohydride, and the sterol rechromatographed in 
benzene-ethyl acetate (3:2). The 5-cholestene-3/?,25- 

diol zone was excised, the sterol eluted, and 10 mg of 
inactive carrier 5-cholestene-3P,25-diol was added. The 
sterol was then recrystallized several times from ben- 

zene-diethyl ether to constant specific radioactivity. 
Homogenates of calf liver prepared in phosphate 

buffer as previously described were centrifuged at 
1OOOg for 15 min to remove cell debris and then at 
20.~ g for 1.5 min to remove mito~hondria. The total 

protein of the 20,O~g supernate was adjusted with 
buffer to 2 mg/ml. and 5 ml of enzyme preparation was 
incubated with 1.5 mg of [1,2-3H]-cholesterol in 300 ,~d 
of ethanol for 30 min at 30°C. A similar incubation was 
performed in which S mg NADPH. 20 mg glucose 6- 
phosphate, 1 unit glucose 6-phosphate dehydrogenase, 

and 10 mmol of MgCl, were added. Products were re- 
covered by extraction several times with 25 ml por- 
tions of methylene chloride. The extracts were evapor- 
ated under vacuum, and I mg of cholesterol 2%hydro- 
peroxide (as trapping agent) and 1 mg of 4-pregnene- 
3,20-dione (as internal reference steroid) were added. 
The sample was applied to a 05 mm thick chromdtop- 
late of Silica Gel HFZS4 and ~hromatographed in 
toluene-ethyl acetate (3:2, v/v), In this system choles- 
terol 25hydroperoxide and 4-pregnene-3.20-dione are 
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not resol~rd. thus perlnittin~ the cholcstcrol Z%hydro- mal enzymes. the substrate bemg io~lly co~~~nxd 

peroxide /one to be locakxi via the strong U.V. iight within 30 min. Addition of ;I ~ADP~i-g~ll~r~~~~~~g sjs- 
absorbing propcrlies of the reference steroid 4-preg- tem did not alter these results. By contrast. incubations 
ncnc-X30-dione. The cholesterol l5-hydroperoxidc of cholesterol 25-hydroperoxide by rai liver or kidncq. 
zone was excised from the chromatoplate and while yielding the corresponding 3-aloohol. pro- 

extracted with methllene chloride methanol (9:l. v/v) ceeded at slower rates. and residual suh~rrate cholcs- 
and the extract e\oporated under vacuum. To the thus terol Shydroperoxidc wah still prchcnt in detectable 
recovered cholesterol 25-hkdroperoxide there was amounts after 180 min at the close of the cxpcrinicnt. 
added 5 mg each of inactive carrier sterols cholesterol, No vicinal dials or bile acids were found. C’ontrol incu- 
cholesterol 2%h!droporoside. and 5-choltstcno-3/i.75- bations with no tissue or with boiled cnzymc trans- 
dial. and the sterol mixture was chroiil~~togr~~plled on formed the substrate to the corresponding 25-alcohol 
;I 0.5 x 6Ocm column of Sephadex LH-20 [X3] devel- but at even slower rates as judged from t.1.c. The 25- 
oped with methylene chloride. 2 ml fractions being col- alcohol is a major product of thermal degradation of 
iccted. In this s>stcm the relative retention volumes of cholesterol ~5-hydroperoxid~ [ 18, 301. but true enzy- 

choicsteroL 5-ciiolestcne-3P.‘5-diol, and cholesterol mic reduction of cholesterol 25-hydroperoxidc bp rat 

2%hgdroperoxide were 1,0. I.5 and 1.9 respectively. liver microsomes has been previous!) demonstrated 

resulting in a baseline separation of the cholesterol 25- [9]. The presently observed reduction of substrate to 

hydroperoxide from other storols. Fractions were ana- the 25-alcohol therefore includes both enzyme and 
lyzed by gas chromatography on Y,, QF-I columns thermal degradation reactions. We did not attempt to 
[32] and assayed for radioacCvity. measure quantitatively the enzymic reduction. 

HEXlILTS 

The several model experiments involving cholesterol 
?5-hydroperoxide metabolism thought likeiy to pro- 
vide interest are summarized in Table 1. Cholesterol 
~5-hydroperoxid~ ln~tabolism was examined from two 

viewpoints: (1) formation of more polar sterols. the 
putative diols kholestene-3/L24.25-trio1 or S-choles- 
tene-3/125.76-triol. with chromatographic properties 
similar to those of 5-cholcstcne-3B,25.16-triol used as 
a reference stcrol: and (2) formation of the recognized 
murine bile acids cholic and chenodeoxycholic acids. 
As shown in Table I there was no evidence adduced 
for either metabolic transformation of cholesterol 2% 
h>dropcroxide. 

The ready reduction of substrate by the calf liver 
enzyme system potentially compromises observation 
of any hydroperoxide- vicinal dial rearr-angement. 

Were reduction of substrate so rapid as to preempt the 
rearrang~mcnt. no polar stcrol derkatives would he 
detected. However. the sterol h>droperoxide rc- 
arrangement reaction is its&’ prohaM\ a vcrq rapid 

reaction [l-3,, 61, and our failure to find more polar 
sterols or bile acids in the case of the rat tissue enrymc 
incubations is not compromised by this ol,jection. 

~‘holestcrol Shydroperoxidc was readily reduced 
to the corresponding Z-alcohol by calf liver microso- 

Our attempts to trap radioactivity lhn [I.?-“HI- 
cholesterol in cholesterol ?5-hhdropcroxido in rat and 
calf liver sqstcms are presented in Table 2. In rat liver 
homogenates which were active in the conversion ol 
substrate [ I,?-‘H]-cholesterol to cholic and clm~o- 

deoxycholic acids there was no cvidencc for the partici- 
pation of cholesterol ~S-h~dr~~peroxi~i~ as intcrme- 

Table 2. Bioconversions of [I.?--‘HI-cholesterol by rat and calf livet 

lncubalion conditions Steroids isolated 
Radioactivity mcorporated 
d.p.m ‘/ + <i* 

1000 g Supcrnate of rat liver 
phenobarbital-treated rats. 
cofactors added 

IWO 9 Supernate of rat liver. 
saline-treated control rats. 
colktors added 

X.OOO q Supcrnate of calf liver 
20.000 .rt Supernate of calf liver. 

~ADPH-~~ller~~til~~ system added 

5.Cholestene-3B.?S-dial* 
C‘holic acidt 
Chenodeoxycholic acidt 
Cholic acidt 
Chenodeoxycholic acid+ 

Cholesterol 2%hydroperoxidet 
Cholesterol 25-hydroperoxidef 

* Rccowrcd fo~l~~~~~in~ chromatographic reisolation of cholesterol 25-hydropcroxide added as carrier and sodium boro- 
hydride reduction to the 3@.25-dial. 

t Recovered bq chromopraphic reisolation of steroid added as carrier. 
: Percentngc of [I.~-“HI-cilolesterol added as substrate. 
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