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SUMMARY 

A slmphfled and accurate assay of cholesterol 7cy-hydroxylase actlvvlty using SLu-cholestane- 
3/3,7P-dlol as an internal standard 1s described Endogenous mlcrosomal cholesterol was used as 
the substrate Followmg mcubatlon and addltlon of the internal standard, lrplds extracted from 
the mcubatlon mixture were applied to Bond-Elut slhca cartridge columns 7a-Hydroxycholes- 
terol, 7/?-hydroxycholesterol, 7-ketocholesterol and the internal standard were quantltatlvely re- 
covered by elutmg the column with 6 ml of benzene-ethyl acetate (2 3, v/v) after removal of 
cholesterol with 6 ml of benzene-ethyl acetate (9 1, v/v) After tnmethylsllylatlon, the mass of 
7cr-hydroxycholesterol was determmed by capillary gas chromatography with selected-Ion mom- 
tonng The method permits a faster, easier and more sensltlve determmatlon of the actwlty of 
cholesterol 7cY-hydroxylase m small samples 

INTRODUCTION 

7cx-Hydroxylatlon of cholesterol by hepatic mlcrosomal cholesterol 7a-hy- 
droxylase 1s generally considered to be the rate-limiting step m the major path- 
way of conversion of cholesterol to bile acids [ 11. Since the measurement of 
the activity of liver mlcrosomal 7a-hydroxylase was first described in 1950, 
several mo&ficatlons and newer methods have been reported In general, there 
are two major approaches: to measure the conversion rate of added ra&ola- 
belled cholesterol mto 7cu-hydroxycholesterol [ 21, or to determine the actual 
amount of 7a-hydroxycholesterol formed directly by a double labelling tech- 
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nique [3], high-performance hquld chromatography [4] or gas chromato- 
graphy with selected ion momtormg (GC-SIM) [ 561. 

Although the former IS widely used, it is less sensitive and less accurate. 
Because the ‘la-hydroxylation of cholesterol is the rate-hmltmg step of bile 
acid biosynthesis, the conversion rate is very low. This poses a great difficulty, 
especially m microscale analysis in which microsomes are obtained from small 
amounts of samples such as human liver biopsy specimens [ 7,8]. The mcre- 
ment of radioactivity at the RF value of 7a-hydroxycholesterol must be deter- 
mined by subtracting a considerable background radioactivity In our expen- 
ence, the radioisotopic assay was unsatisfactory: the signal suffered considerable 
interference from the background noise and in some mstances calculation even 
resulted in negative values. In addition, there 1s the possibihty of incomplete 
equilibration between the added labelled cholesterol and the endogenous cho- 
lesterol pool. 

The latter approach was developed to overcome the above disadvantages. 
Because of its superior sensitivity and accuracy, GC-SIM is considered to be 
the best method; it monitors only a few selected ions and therefore suffers httle 
interference from the background noise arising from the impurities present 
after the chromatographlc separation [5,6] Prehminary purification of 7cu- 
hydroxycholesterol seems to be necessary in order to obtain a higher sngnal-to- 
noise ratio and to avoid contammation of the GC column and the mass detec- 
tors. Formerly preparative thin-layer chromatography (TLC) was usually uti- 
lized to semi-purify the sterols, but it is time-consuming and inconvenient for 
many samples, 

The crucial point in developing an accurate chromatographic method is the 
availabihty of a suitable internal standard. The use of deuterated 7cr-hydroxy- 
cholesterol [5] and 5cr-cholestane [6] has been reported. Theoretically, the 
former was considered to be the better internal standard, but the method has 
not been widely adopted, probably because it is difficult to synthesize deuter- 
ated 7a-hydroxycholesterol. In contrast, 5cx-cholestane is commercially avail- 
able. However, there is a great difference in the polarities of this compound 
and 7a!-hydroxycholesterol. The former has no hydroxy group whereas the 
latter has two hydroxy groups in the molecule. Therefore, they might behave 
dfferently during the extraction and sample preparation steps. 

This paper describes a method for the determination of the mass of 7a- 
hydroxycholesterol by GC-SIM A Bond-Elut silica cartridge column was used 
for easy punfication of steroids from the crude lipids extracted from the in- 
cubation mixture. As an mtemal standard we employed 5cu-cholestane-3/3,7/?- 
diol, which behaved very similarly to 7cr- and 7&hydroxycholesterol and 7- 
ketocholesterol on the silica gel cartridge column. 
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EXPERIMENTAL 

Chemwals and reagents 
All solvents used were of analytical-reagent grade and distilled prior to use 

TMSI-H (hexamethyl&silazane-trimethylchlorosilane-pyridine, 2 1 10) was 
obtained from Gasukuro Kogyo (Tokyo, Japan), NADPH from Kolin (Tokyo, 
Japan), dithiothreitol (DTT) and cholesterol from Sigma (St Lotus, MO, 
U.S.A.) and silica gel G from Merck (Darmstadt, F.R.G. ) . Bond-Elut silica 
cartridges (500 mg of silica, Lot No. 011941) were obtained from Analytichem 
International (Harbor City, CA, U.S.A ). 

Eqwpment 
A Shrmadzu GC-15A gas chromatograph, equipped with a flame ionization 

detector, a Van den Berg’s solventless inJector and a data processmg system 
(Chromatopac C-R3A; Shimadzu, Kyoto, Japan), and a Shimadzu Auto GC- 
MS 9020DF system, equipped with a data processing system (SCAP 1123 ) , 
were employed. They were fitted with a fused-silica capillary column ( 15 m X 0 2 
mm I.D. ) coated with a non-polar stationary phase (HlCap CBPl; Shimadzu). 
The GC and GC-mass spectrometric (MS) conditions were the same as de- 
scribed previously [9,10]. 

Synthesu of 7c~- and 78-hydroxychoksterol 
7-Ketocholesterol benzoate was prepared from cholesterol as described pre- 

viously [ 111. 7-Ketocholesterol benzoate (2.4 g) in 100 ml of anhydrous di- 
ethyl ether was reduced with lithium aluminmm hydride (2 5 g) at room tem- 
perature overnight. The reaction mixture was poured mto a large volume of 
water, carefully acidified with dilute hydrochloric acid and extracted three times 
with diethy ether. The organic phases were combined, washed with water, 
dried over anhydrous sodium sulphate and evaporated in vacua The residue 
was dissolved in diethy ether and applied to a column of silica gel G (100 g) 
and eluted with diethyl ether. Fractions containing less polar spots on silica 
gel TLC usmg diethyl ether as the eluent, i.e., 7&hydroxycholesterol, were 
combined and evaporated under reduced pressure Crystallization from meth- 
anol-water afforded 1 g of 7&hydroxycholesterol, m-p. 177-178°C (lit. [12] 
m.p., 177-1785°C). Fractions containing more polar spots TLC (7cu-hydroxy- 
cholesterol) were also combined and evaporated. Recrystallization from meth- 
anol gave 300 mg of 7a-hydroxycholesterol, m.p. 186-188°C (lit [ 131 m p , 
186187°C). 

Synthesis of 5a-cholestane-3/3,7j%drol” 
A solution of 7p-hydroxycholesterol(700 mg) m 50 ml of methanol to which 

were added 300 mg of platinum dioxide was hydrogenated with hydrogen at 

“rhe internal standard, 5a-cholest.ane-3#i,7j?-dlol, IS available from the authors on request 
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Mass spectrum of the TMS ether derlvatwe of 5a-cholestane-3fi,7P-dlol 

40’ C for 20 h [ 141. The reaction mixture was filtered and the solvent evapo- 
rated in vacua. The resrdue was dissolved m 50 ml of methanol, a solution of 
0.2 ml of concentrated hydrochloric acid in 10 ml of methanol was added and 
the mixture was heated at 60°C for 2 h to destroy remammg 7/3-hydroxycho- 
lesterol, because 5a-cholestane-3P,7/3-&ol and trace amounts of 7@-hydroxy- 
cholesterol form a mixed crystal and therefore recrystalhzatlon could not re- 
solve the two compounds. The reaction mixture was concentrated and poured 
mto a large volume of water and extracted three times with dlethyl ether The 
ethereal extract was washed with water, dried over anhydrous sodium sulphate, 
filtered and evaporated under reduced pressure. Crystallizatron from benzene 
and then methanol-water gave crystals of 5cr-cholestane-38,7/3diol(397 mg), 
m-p. 161.5-162.5”C {lit. [ 131 m.p., 156-159°C (ethanol-water), 169-170°C 
(benzene)). Nuclear magnetic resonance (NMR) spectra were measured at 
400 MHz on a JEOL JMN-GX-400 spectrometer NMR (6 ppm): 0.708 (3H, 
s, 18-CH3),0.850 (3H,s, 19-CH3),0.876 (3H,d, J=6_6Hz,27-CH,),0.880 
(3H, d, J=6 6 Hz, 26-CH,), 0.937 (3H, d, J=6.6 Hz, 21-CH3), 3 234 (lH, 
m, 7a-H), 3.503 (lH, m, 3a-H). The mass spectra of the trrmethylsrlyl 
(TMS) ether derivative of 5cu-cholestane-3jI,7/3-diol is shown m Fig 1. 

The purity of the synthesized sterols was checkedby TLC using diethyl ether 
and benzene-ethyl acetate (3 2, v/v) as eluents and by GC. The purities of 
the sterols used in the study were better than 99% The TLC RF values of 5a- 
cholestane-3fi,7/3-drol usmg above eluents were almost the same as those of 
7cu-hydroxycholesterol 

Separakon of sterols on a Bond-Elut srltca cartrdge column 
All steps in the Bond-Elut silica cartridge column fractionation were carried 

out at room temperature with elutlon by gravity flow. For a recovery experi- 
ment, 2 M each of 7~ and 7/I-hydroxycholesterol, 7-ketocholesterol and 5~ 
cholestane-3/3,7j?-dial were added to crude hpid extracts from freshly prepared 
mlcrosomal solution. The solvents were evaporated to dryness under nitrogen 
The residue was &ssolved in 100 ~1 of benzene-ethyl acetate (9 1, v.v) and 
applied to the silica cartrrdge column. The column was eluted three times 
(fractions l-3 ) with 2 ml each of benzene-ethyl acetate (9 1, v v) and then 



three times (fractions 4-6) with 2 ml each of benzene-ethyl acetate (2 3, v/ 
v). The column was finally washed with 2 ml of ethyl acetate (fraction 7). 
Each fraction was collected separately, the solvents were evaporated to dryness 
and the residue was treated with 100 ~1 of TMSI-H [Xi]. The resulting TMS 
ether derivatives were analysed by capillary GC. Coprostanol was used as a 
recovery standard. 

Antmals 
Male Sprague-Dawley rats (Charles River Japan) were acclimated to the 

vivarium for at least two weeks with the temperature at 23 ’ C and light periods 
from 8 a m to 8 p.m. The animals had free access to water and Standard Pow- 
der Chow (Oriental Yeast, Tokyo, Japan). The ammals were fasted for 12 h 
prior to the study. The abdomen was opened under diethyl ether anaesthesla. 
The liver was excised, rinsed with ice-cold homogenizing solution (see below 
for composition), chilled on ice and weighed. 

Preparatum of lwer mrcrosomes 
The microsomal fraction was prepared according to BJorkhem and Danlels- 

son [ 5 ] Liver homogenate (lo%, w/v) was prepared m 50 m&f Tns-HCl buffer 
(pH 7.4) containing 0 3 M sucrose, 10 mA4 DTT and 10 mM EDTA m a Pot- 
ter-ElvehJem homogenizer with a loosely fitting pestle. The homogenate was 
centrifuged at 20 000 g for 15 mm. The microsomal fraction was obtained by 
centrifugatlon of 20 000 g supernatant fluid at 100 000 g for 60 min. The mi- 
crosomal pellet was washed once with homogenizing medmm lackmg DTT and 
recentrifuged at 100 000 g for 60 mm. The resultmg mlcrosomal pellet was 
resuspended in 0.1 M phosphate buffer (pH 7.4) containing 1 m.iV EDTA with 
a loosely fitting pestle in a volume corresponding to the original homogenate. 
A small ahquot was used for protem determination according to Lowry et al. 
[lf31. 

Measurement of muzrosomal cholesterol 7whydroxylase actwtty 
The enzymatic conversion of cholesterol to 7a-hydroxycholesterol was mea- 

sured as follows. The standard assay system consisted of the microsomal prep- 
aration corresponding to 0.5-1.0 mg of protein and 0.1 M phosphate buffer 
(pH 7.4) contammg 1 mM EDTA and 1 mM NADPH m a total volume of 1.0 
ml. The enzyme assay was carried out m duphcate for 15 mm at 37 ‘C m air 
Care was taken to avoid unnecessary exposure to light. The reaction was ter- 
mmatedby the addition of 10 ml of chloroform-methanol (2 1, v/v). 5a-Cho- 
lestane-3/?,7&diol (300 pmol) dissolved in 50 ~1 of ethanol was added as an 
internal standard 



Sample purlficatron and derrvatuatron 
The orgamc phase was evaporated to dryness under nitrogen. The residue 

was dissolved in 100 ,~l of benzene-ethyl acetate (9 1, v/v) and applied to a 
Bond-Elut slhca gel cartridge column. The glassware was rinsed once with 100 
,~l of the same solvent and the rinsings were added to the column. In order to 
avoid contammation from the cartridge itself, it was cleaned in advance by 
elution with 10 ml each of methanol, ethyl acetate, benzene-ethyl acetate (2 3, 
v/v) and benzene-ethyl acetate (9 1, v/v) in sequence The column was eluted 
with 6 ml of benzene-ethyl acetate (9 1, v/v) to remove most of the cholesterol 
and then with 6 ml of benzene-ethyl acetate (2 3, v/v) to recover 7~ and 7/3- 
hydroxycholesterols, 7-ketocholesterol and !%cholestane-3P,7P-diol. The 
solvent of the latter fraction was evaporated and the sterols were converted 
into TMS ether derivatives [ 151 and analysed by capillary GC-SIM 

GC-MS analyw 
On the SIM mode, the ion at m/z 456 (M-90) was scanned for TMS ether 

derivatives of 7cu- and 7/&hydroxycholesterols, m/z 458 (M - 90 ) for the mter- 
nal standard and m/z 472 (M) for 7-ketocholesterol. Cahbratlon graphs were 
prepared by SIM analyses of 5a-cholestane-3/$7/3-dial (1 pg) with 7~ and 
7j?-hydroxycholesterol and 7-ketocholesterol (O.l-3 pg) The mass of each sterol 
was calculated from the peak areas The activity of cholesterol 7a-hydroxylase 
was calculated by subtracting the amount present m the zero-time assay from 
that at the end of the incubations and expressed as pmol/mg of protein per 
mm Amounts of 7P-hydroxycholesterol and 7-ketocholesterol were also mea- 
sured as an index of the so-called autoxidatlon during the experimental 
procedure. 

Reproducrbllrty and recovery studws 
Reproducibrhty was investigated by analysmg five samples m triphcate by 

SIM. The results were treated according to the one-way layout [ 171, in which 
the analytical errors were divided into two sources of sample preparation and 
measurement of SIM For the recovery experiment, to four groups of duphcate 
samples known amounts of 7cr-hydroxycholesterol were added and the mass 
of 7cr-hydroxycholesterol was determined followmg the standard work-up. SIM 
was carried out in triplicate for each sample. The recovery was calculated by 
dividing the amount recovered by that of 7cu-hydroxycholesterol added The 
calculated values and their confidence hmlts were obtained using the orthog- 
onal polynomial equation [ 171. 

RESULTS 

Recovery of sterols from the Bond-El& sdtca cartridge column 
Recoveries of sterols from the Bond-Elut silica cartridge column are sum- 

marized m Table I. Cholesterol was recovered m fractions II and III The re- 
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TABLE I 

RECOVERY OF STEROLS FROM CHROMATOGRAPHY ON A BOND-ELUT SILICA 
CARTRIDGE 

Solvent systems for fractions l-3 benzene-ethyl acetate (9 1, v/v), 2 ml each Solvent system 
for fractions 4-6 benzene-ethyl acetate (2 3, v/v), 2 ml each Solvent system for fraction 7 ethyl 
acetate, 2 ml 

Sterol Recovery (meanfSD ,n=6) (%) 

Fraction Fraction Fraction Fraction Fraction Fraction Fraction 
1 2 3 4 5 6 7 

Cholesterol - 978f09 21?09 - - - - 

7a-Hydroxycholesterol - - - 16+01 968&28 16+29 - 
7@Hydroxycholesterol - - - 62+22 938?22 - - 
7-Ketocholesterol - - - 99l-t20 lo*20 - - 
Sa-Cholestane-3P,7/%dlol - - - - 954447 46_+47 - 

TABLE II 

GAS CHROMATOGRAPHIC AND MASS SPECTRAL DATA FOR THE TMS ETHER DERIVA- 
TIVES OF STEROLS 

The values m parentheses are realtlve mtensltles (76 ) 

Sterol MU” Characterlstlc Ions (m/z ) 

lMl+b [M-15]+ [M-90]+ Other ions 

Base ion/ 

total lone 

Cholesterol 316 458 (34)” 443 (10) 368 (78) 353 (32), 329 (100) 0 12 

7ru-Hydroxycholesterol 314 546(2) 531 (0) 456 (100) 366 (2) 0 42 

7P-Hydroxycholesterol 32 6 546 (2) 531 (0) 456 (100) 366 (2) 0 44 

7-Ketocholesterol 34 1 472 (100) 457 (11) 382 (34) 367 (38) 0 12 

5a-Cholestane-3P,7P-dlol 32 9 548 (2) 533 (43) 458 (100) 443 (21), 353 (32) 0 13 

“Methylene units (MU) were determmed usmg C,-C, n-alkanes The absolute retention time of the 
TMS ether derivative of 7a-hydroxycholesterol was 5 8 mm under the standard condrtlons 
bMolecular ion of the derlvatlves 
‘Ratios of the base ions to total ions (from m/z 100 to 700 collected by GC-MS ) 

coveries of 7a- and 7&hydroxycholesterol, 5a-cholestane-3/?,7Pdiol and 7- 
ketocholesterol were greater than 99% in fractions 4-6 m all mstances. In order 
to purify the sterols, the eluate obtamed using 6 ml of benzene-ethyl acetate 
(2 3, v/v) was collected after removal of most of the cholesterol by elution 
with 6 ml of benzene-ethyl acetate (9 1, v/v). 
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Fig 2 Selected-ion recordmg of an authentic mixture of the TMS ether derivatives of (a) i’cz- 
hydroxycholesterol, (b) 7/I-hydroxycholesterol, (c) 5a-cholestane-3/?,7&dlol and (d) 7- 
ketocholesterol 

GC-MS analym 
The mass spectrometric data for the TMS ether derivatives of the sterols 

are listed in Table II. Representative selected-ion recordings of TMS ether 
derivatives of a mixture of the authentic compounds are illustrated in Fig. 2. 
TMS ether derivatives of all these sterols were clearly separated by capillary 
GC. Fig 3 shows the calibration graphs for 7a- and 7/3-hydroxycholesterol and 
7-ketocholesterol. The linearity was good m the ranges 20-600 pg for 7a- and 
7/3-hydroxycholesterol and 0.2-6 ng for 7-ketocholesterol (correlation 
coefficient > 0,999). 

M~~osomul cholesterol 7a-hydroxyhse actrvtty 
Results of SIM obtained in analyses of the mcubation mixtures at zero time 

and at 15 mm are shown in Fig. 4 The formation of 7a!-hydroxycholesterol 
increased with time up to 30 min (Fig. 5 ) and mlcrosomal protein up to at least 
15 mg (Fig 6). The effect of NADPH concentration on the rate of the reaction 
IS shown in Fig. 7. We chose a reaction time of 15 min, 0.5-1.0 mg of microsomal 
protein and 1 n&f NADPH in 1.0 ml of the incubation mixture as the standard 
assay conditions. 7&Hydroxycholesterol and 7-ketocholesterol, which are 
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Fig 3 Cahbratlon graphs for TMS ether derlvatlves of (0 ) 7cr-hydroxycholesterol, (m) 78- 
hydroxycholesterol and ( A ) 7-ketocholesterol obtamed by measurmg the peak-area ratlo of the 
component to the Internal standard for different weight ratios of the component to the Internal 
standard 
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Fig 4 Selected-ion momtormg of the Ions at m/z 456,458 and 472 of the TMS ether denvatlves 
of the extract of (A} a zero-time mcubatlon and (B) a 15-mm mcubatlon of rat liver mlcrosomes 
(a) 7a-hydroxycholesterol, (b) 7#Lhydroxycholesterol, (c) 5ar-cholestane-3/?,7/3-dlol, (d) 7-ke- 
tocholesterol 7/%Hydroxycholesterol and 7-ketocholesteroi, which are thought to be the autoxl- 
datlon products of cholesterol, were detected at zero tnne and did not mcrease durmg the mcubatlon 



264 

0 10 20 30 40 50 60 

Time (mln) 

Fig 5 Time course of cholesterol ‘7a-hydroxylatlon Standard assay condltlons were used, except 
that mcubatlon tnne varied from 2 to 60 mm 
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fig 6 Dependence of cholesterol 7cy-hydroxylase actlmty on the amount of xmcrosomal protem 
Standard assay condltlons were used 
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Fig 7 Effect of NADPH concentration on cholesterol 7a-hydroxylase actlvlty Standard assay 
condltlons were used, with the NADPH concentration being varied over the indicated ranges m 
1 ml of mcubatlon mixture 

TABLE III 

RECOVERY OF 7a-HYDROXYCHOLESTEROL 

Sample Amount” Amount added 
(X,+na) (pmollmg 
(n=O, 1,2,3) mlcrosomal 

protern ) 

A X0 0 
B X0 0 

C X,+a 713 
D X,+a 713 

E X0+2a 142 6 
F X0+2a 142 6 

G X0+3a 213 9 
H X0+3a 213 9 

Amount found Estunated amount (X0) Recoveryb 

(pmol/mg f confidence lnmt (meanfSD ) 
mwrosomal (95%) (pmol/mg (%) 
protem ) mlcrosomsl protem) 

;;; ;;; ;;; 876-t27 

1483 1507 1478 
159 7 1550 1504 921f52 

233 2 2266 223 7 
2333 2348 2209 983+66 

3066 287 8 2979 
308 7 305 8 2988 993+89 

“X,, = estimated amount calculated by orthogonal polynomml equation [ 131, na= amount of 7whydroxycho- 
lesterol added to the mcubatlon mixture 
*Recovery (X) = [(amount found-amount added)/estlmated amount] 100 
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TABLE IV 

REPRODUCIBILITY OF CHOLESTEROL ?‘a-HYDROXYLASE ACTIVITY IN THE RAT 
LIVER MICROSOME 

A ANALYTICAL DATA 

Sample Found (pmol/mg per mm) 

Individual values MeankS D 

A 1142,ll 13,1249 1168+072 
B 1231,1228,1235 1231+003 
C 1183,ll 79,ll 32 1164fO28 
D 12 16,1183,12 69 12 22kO43 
E 12 05,1120,12 14 118OkO 52 

Mean&SD 119 kO4 

B ANALYSIS OF VARIANCE” 

Source S f v FO 

Sample preparation 1 19 4 
Error (SIM) 2 37 10 

Total 3 58 14 

F(4,10,0 05) =3 478 

0 30 125 
0 24 

“S = residual sum of squares, f = number of degrees of freedom, fi = f (sample preparation), f2 = f 
(error), V=unblased vanance, F,=observed value followmg F d=tnbutlon variance ratlo 
(V _ple prs_t,o,,/VemJ, F(fi,fi,cw) =denslty function of F dlstrlbutlon with fi and fi degrees of 
freedom 

thought to be the autoxldation products of cholesterol, were detected at zero 
time and did not increase significantly up to 60 mm under the conditions 
employed. 

StatLsttcal analyszs of accuracy andprecwon of the method 
Table III shows the recovery of 7a-hydroxycholesterol added to the standard 

incubation mixture, the calculated value of 7cu-hydroxycholesterol and 95% 
confidence limits The recovery of added 7a-hydroxycholesterol ranged from 
84 to 108% with a mean of 97%. The reproducibility of the method is shown in 
Table IV. The coefficient of variation for sample preparation was about 4 6% 
and that originating from the SIM determination was about 3.8% Satisfactory 
precision and reproduclblhty were obtained. 

DISCUSSION 

In order to develop a satisfactory method for the determination of hepatic 
mlcrosomal 7cu-hydroxylase activity, we reasoned that the following condi- 
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tions should be met, (a) endogenous cholesterol is used as the substrate, (b) 
the internal standard should be synthesized with relative ease or be commer- 
cially available and should behave similarly to 7a-hydroxycholesterol, (cl the 
internal standard and the steroids to be quantified can be purified with relative 
ease and (d) the actual mass of the steroids can be determined by GC-SIM. 

Various compounds were screened as possible rnternal standards As the in- 
ternal standard should behave as similarly as 7a-hydroxycholesterol, choles- 
tanediols were the natural candidates. Such a compound should not be present 
m the ordinal microsomal preparation and should be separable from 7a-and 
7/3-hydroxycholesterol and 7-ketocholesterol by GC It ought to be synthesized 
easily and be stable. The final choice fell on 5a-cholestane-3/3,7P_diol. For the 
synthesis of 7a-hydroxycholesterol from 7-ketocholesterol, 7/3-hydroxycho- 
lesterol was obtained as a by-product and in a sufficient amount A one-step 
reaction (hydrogenation) of 7/$hydroxycholesterol gave 5cu-cholestane-3/?,7p- 
&ol m nearly 100%. It could be purified easily and was found to be very stable 
durmg storage and sample preparation because it does not contain double bonds 
It behaves m the same way as the sample steroids during the sample prepara- 
tion as described below, is separated clearly from these steroids by GC and 
gives a high-intensity fragment ion at m/z 458 on GC-SIM. 

At the begmnmg of the experiments, purification of 7a-hydroxycholesterol 
was carried out by TLC as described by BJorkhem and Damelsson [ 51. On 
silica gel TLC with diethy ether as the eluent, 5cr-cholestane-3@,7/?-dlol and 
7a-hydroxycholesterol had similar RF values and therefore the former seemed 
to be suitable as an mternal standard. However, the amounts of the lipid ex- 
tract applicable to the TLC plates were very hmlted and it was troublesome 
and time-consummg to scrape the sihca gel off the plates and to extract the 
purified sterols from the sihca gel The most slgmficant disadvantage of this 
method was the mherent mcrease m impurities derived from the s&a gel it- 
self. The use of a Bond-Elut silica cartridge contammg carefully graded micro- 
particulate silica circumvented this difficulty Almost all of the lipids extracted 
from the mcubatlon mixture could be applied directly to the column and hence 
the purification step was greatly simphfied. This is of great advantage, espe- 
cially when it is necessary to determme the enzyme activity m small samples 
such as human liver biopsy specimens. 

With the mtroduction of the new internal standard and purification proce- 
dure, the measurement of cholesterol 7a-hydroxylase was slgmficantly im- 
proved. Lipids extracted from the mcubatron mixture were quantitatively ap- 
phed to the sihca cartridge column Cholesterol was efficiently removed and 
the internal standard and the steroids to be analysed were recovered quanti- 
tatively from the column, as shown m Table I Followmg derivatization, the 
7a-hydroxycholesterol and 5a-cholestane-3/?,7/?-diol TMS ethers gave prom- 
inent fragment ions at m/z 456 and 458, respectively. Owmg to the simple pu- 
rification procedure and the use of high-resolution GC-SIM, a higher slgnal- 
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to-noise ratio was obtained (Fig 4 ). Hence the method permitted the sensitive, 
accurate and reproducible quantification of 7a-hydroxycholesterol (Tables III 
and IV) 

In conclusion, we have succeeded in developing a satisfactory method for the 
assay of the activity of hepatic microsomal cholesterol 7a-hydroxylase by GC- 
SIM that is applicable to small amounts of samples such as human liver biopsy 
specimens by using a new internal standard and a simple pre-clean-up proce- 
dure This method is simple, sensitive and accurate, and should obtain wide 
acceptance 
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