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ABSTRACT Although indirect evidence has implicated
ABTH.cholestatrien-38-0l as a possible intermediate in choles-
terol biosynthesis, this sterol has not previously been isolated
from tissues. Administration of two inhibitors of cholesterol
biosynthesis to pigs led to the accumulation of A%%%-cholesta-
trien-38-ol in the tissues, and this sterol was isolated from the
lung. Proof of its chemical identity was based upon UV, IR,
NMR, circular dichroism, and mass spectra, as well as com-
parison with synthetic A%7*.cholestatrien-38-ol.

A fragment at m/e 143 is particularly prominent in the mass
spectrum of A%7-sterols, and this fact may prove useful for the
detection of this functional group. It is proposed that A%%%.
cholestatrien-38-0l may be an intermediate in sterol bio-
synthesis in both animals and plants.
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AVAILABLE EVIDENCE supports a role in cholesterol
biosynthesis for both A5’ and A%-sterols! (1-6), and
AbT%.cholestatrien-38-0l (I, see Fig. 1) has therefore
been prpposed as a possible intermediate in cholesterol
biosynthesis (7). Our demonstration (8) of the conver-
sion of chemically synthesized A%%?%-cholestatrien-38-
ol-3a*H to cholesterol in the rat, beth in vivo and in
vitro, directly supported this hypothesis.

Although the possible existence of a A%"M-sterol in

This paper was presented at the 1967 meeting of The Federation
of American Socicties for Experimental Biology, Chicago, Il
(1967 Fed. Proc. 26: 341).

Please address requests for reprints to: Department of Bio-
chemistry, School of Medicine, The University of New Mexico,
Albuquerque, N. Mex. 87106.

! Names of sterols used in this paper are: AS-cholesten-38-0l
(cholestexol); Ab%-cholestadien-38-ol (desmosterol); AS7-choles-
tadien-38-0l  (7-dehydrocholesterol); A$.7.#-cholestatrien-38-ol;
A8 M-cholestadien-38-0l (zymosterol); A7 #-cholestadien-38-ol; epi-
peroxide of As’-cholestadien-38-0l (5a,8a-epiperoxy-Aé-cholesten-
38-ol).

biological material has been suggested by indirect evi-
dence from several laboratories (9-13), the isolation and
chemical characterization of this sterol from biological
sources has not previously been reported. We describe
here the isolation of this sterol from pigs treated with
two inhibitors of cholesterol biosynthesis, AY-9944 [trans-
1,4-bis(2-chlorobenzylaminomethyl)cyclohexane dihy-
drochloride] and 20,25-diazacholesterol (SC-12937). We
thank Dr. D. Dvornik of Ayerst Laboratories for the
AY-9944 and Dr. R. E. Ranney of G. D. Searle and Co.
for the SC-12937.

MATERIALS AND METHODS

Isolation of AS"2*-Cholestatrien-38-ol (I)

For 3 weeks two weanling pigs received AY-9944, 20 mg/
kg, and 20,25-diazacholesterol (SC-12937), 1 mg/kg,
mixed with their regular diet. Sterols were isolated from
both liver and lung tissue. A typical isolation procedure
was as follows. 100 g of lung tissue was saponified in 500
ml of 159, ethanolic KOH at reflux in an atmosphere of
nitrogen for 3 hr. After the reaction mixture had cooled
to room temperature, 500 ml of water was added and
the mixture was extracted with three 1 liter portions of
petroleum ether. The petroleum ether was removed by a
stream of nitrogen, and the residue was applied in ben-
zene to a silicic acid column (14), 2.5 X 100 cm. 20-ml
fractions were collected. The isolated sterols (peak at
fraction 94, see Results) were further purified by addi-
tional silicic acid chromatography and finally by crystal-
lization from either anhydrous methanol or acetone-
water. The yield of A%%*-cholestatrien-38-0l (I) from
100 g of lung tissue was approximately 100 mg (0.1%).

Specira

Infrared spectra were obtained from KBr pellets in a Per-
kin-Elmer 337 grating spectrometer.
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Fic. 1. Biosynthetic pathways involved in the conversion of AS:7.2-cholestatrien-38-ol (I) to cholesterol

(IV).

Nuclear magnetic resonance (NMR) spectra were
measured in a Varian A-60-A spectrometer with a 109,
solution of sterol in CDCls.

Ultraviolet (UV) spectra were obtained with a Bausch
& Lomb Spectronic 505 or Zeiss PMQ-II spectrometer
with cyclohexane as solvent.

Circular dichroism (CD) spectra were obtained by
using a Cary 60 spectropolarimeter with CD attachment
and dioxane as solvent.

All mass spectral studies were performed with a CEC
21-110B mass spectrometer equipped with a combina-
tion detector system and an electronic peak-matching
accessory for precise mass measurements. The samples
were introduced into the ion source by the direct intro-
duction probe technique. The ion source was held at
200°C, and the mass spectra were recorded on plates at
probe temperatures of 150-160°C. Mass and isotopic
abundance were measured on a sample introduced via
the probe at 155°C. The photographic plates were
scanned by means of a Jarrell-Ash model 24-300 record-
ing microphotometer.

RESULTS

The first silicic acid chromatogram of the unsaponifiable
extract is shown in Fig. 2. The largest peak (at tube 94)
corresponds to A%7%2-cholestatrien-38-0l (I); 7-dehydro-
cholesterol (II) was incompletely separated from I and
gave a peak at tube 86; cholesterol (IV) was present
(peak at tube 80); and another sterol was found with a
peak at tube 66. An IR spectrum of this peak was identi-
cal with that obtained for a sterol with the probable
structure of 4p-methyl-A%%*-cholestadien-38-0l as de-
scribed by Sanghvi (15). The peak corresponding to
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Ad?-cholestatrien-38-0ol (I) was chromatographed
twice more; Fig. 3 shows the silicic acid chromatogram
obtained. An excellent correspondence between the
Liebermann-Burchard color reaction (16) and the UV
absorbance at 282 my is seen. This is important because
it shows the absence of A%?- and A8*-sterols, which
would have given a significant Liebermann~Burchard
color reaction but would not have specific absorbance
at 282 mu. If these sterols had been present, they would
have been detected on the more polar (right) side of the
peak in Fig. 3.
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Fie. 2. First silicic acid chromatogram of the nonsaponifiable
extract from the lungs of pigs treated with AY-9944 and 20,25-
diazacholesterol (SC 12937). O 0, Liebermann-Burchard
color 1.5 min after addition of reagent; @ o, Liebermann—
Burchard color 30 min after addition of reagent.
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Fie. 3. Silicic acid chromatogram of AS.7.%-cholestatrien-38-ol,
isolated from the lungs of pigs treated with AY-9944 and 20,25-
diazacholesterol (8C-12937), after third passage through silicic
acid column. x x, UV absorbance at 282 mu; O0—O,
Liebermann-Burchard color 1.5 min after addition of the reagent.

The material whose elution pattern is shown in Fig. 3
was crystallized from anhydrous methanol; mp 107-
108°C. The UV spectrum was typical of a steroid con-
taining the A%%-diene system (17); Apax 294 mp (e =
6570), Mpmax 282 mp (e = 11,200), and A, 271 mp (e
= 10,300).

The NMR spectrum is shown in Fig. 4. Several per-
tinent observations can be made. () The presence of the
A?.bond is shown by peaks at § 1.62 and 1.70 associated
with the two isopropylidene methyls, C-26 and C-27
(18). (b) The C-6 and C-7 protons are seen as a quartet
centered at § 5.48. A similar quartet was seen in this re-
gion for 7-dehydrocholesterol. In addition, the C-24
proton is observed as a triplet centered at 5.12. {¢) Inte-
gration of the region associated with olefinic protons re-
vealed three protons attached to doubly bonded carbon
in agreement with structure I. (d) A broad peak at § 3.57
represents the 3a-proton. The location and configuration
of this peak are consistent with an equatorial hydroxyl
group at C-3 (19). (¢) Calculations similar to those of
Ziircher (20), which predict the expected resonant fre-
quencies of the C-18 and C-19 angular methyl groups,
were made: C-18 methyl, calculated § 0.625, observed
0.637; C-19 methyl, calculated § 0.950, observed 0.955.
Also, the C-21 methyl protons were observed at § 1.02
although separation from the C-19 methyl protons was
incomplete.

Fig. 5 shows the IR spectra of I isolated from lung
tissue and I prepared by chemical synthesis. These spec-
tra are identical except for an additional small band at
885 cm™! in the chemically synthesized material. Thisis
caused by the presence of a trace amount of a ?5-im-
purity which, because it possesses a terminal methylene
group, absorbs in this region (21). A decreased relative
intensity of the band at 1365 cm™ (when compared to
the same band in the spectrum of 7-dehydrocholesterol)
was noted and is consistent with the presence of the A¥-
bond (18). Also, the location of the C—O stretching bands
at 1040 cm~! and 1064 cm™! is similar to that seen with
7-dehydrocholesterol. This is important because the
C-O stretching bands of the C-3 hydroxyl group are
sensitive to the stereochemistry of the C-3 hydroxyl, the
A/B ring juncture, and the presence and location of un-
saturation inring B (18). The A%*-bond, on the other hand,
is remote from the C-3 hydroxyl and has little influence
in this particular region (18).

The circular dichroism spectrum of I showed a series of
strongly negative Cotton effects, seen at: [0]sgs —1.55
X 1080; [O]g2 — 2.93 X 1080; [0]a1 —3.13 X 10%;and a
shoulder at [B]s2 —2.36 X 108 These troughs occur at
essentially the same wavelengths as the UV absorption
maxima and thus are associated with the A%7-diene sys-
tem. The negative values for the molecular ellipticity

[O] in this region are consistent with a left-handed heli-
city of the AS’-diene system (22), in agreement with the
structure of I. The specific rotation, [a]p, obtained in
chloroform, was —114°, essentially identical with our
measured value for 7-dehydrocholesterol.?

Table 1 shows that the empirical formula of A%7*-
cholestatrien-38-ol (I) isolated from the pig can be un-
ambiguously identified as CoH4O, in agreement with
structure I, from the precise mass measurement of the
parent ion at m/e 382.4463. This assignment is based
upon the assumption that I contains only carbon, hydro-
gen, and oxygen; this assumption was verified by both
the mass spectrum of I and elemental analysis.

In addition, the ratio of m/e 384 to m/e 382 was ob-
served to be 6.0 X 1072, A calculation (24) of this ratio,
assuming the 382 peak to be due only to CyyHsO and
the 384 peak only to isotopic contributions from Cor
H40, resulted in a value of 4.5 X 10~% The difference
is attributed to the presence of a trace amount of Cor
H 440, probably 7-dehydrocholesterol.

The high-resolution mass spectrum of A%7*.choles-
tatrien-38-ol isolated from the pig was essentially identi-
cal with the spectrum obtained from A%%#-cholestatrien-

2 The A?%bond is far removed from both the A%7-diene system
(the primary contributor to this measurement) and the nearest
asymmetric center (C-20). That the A%4-bond has essentially no
effect upon the specific rotation, [a]p, has been confirmed experi-
mentally (23).
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Fig. 4. NMR spectrum of A% 7. %-cholestatrien-38-ol isolated from the lungs of pigs treated with AY-9944 and 20,25-diazacholestero! (SC-
12937).
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Fic.5. IR spectrum of (A) AS:7:%-cholestatrien-38-ol isolated from the lungs of pigs treated with AY-9944 and 20,25-diazacholesterol (SC-
12937), and {B) A%.7. #.cholestatrien-38-ol prepared by chemical synthesis.

38-ol prepared by chemical synthesis. Table 2 and Fig. 6
illustrate the major fragmentations observed. The most
intense peak observed above m/e 100 was at m/e 143.
This is reasonable because of the probable aromatic
character of this fragment. In addition, the mass spec-
trum of A5%%-cholestatrien-36-ol shows a pronounced
increase in the relative intensity of a peak at m/e 69
(compared to the same peak in the spectrum of 7-de-
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hydrocholesterol). This difference is probably related to
allylic cleavage of the side chain at C-22, C-23 in the
case of AS"%.cholestatrien-38-ol.

DISCUSSION

Ab7M_cholestatrien-38-ol (I) was first proposed as a
possible intermediate in cholesterol biocsynthesis by
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Fig. 6. Proposed fragmentations leading to mass spectrum of Ad:7:%-cholestatrien-38-ol. Numbers refer

to Table 2, “Process.”

Johnston and Bloch (7). This proposal resulted from
their suggestion that A®%-cholestadien-38-0l (zymo-
sterol) was an important intermediate in cholesterol
biosynthesis.

A sterol with the possible structure of I was first de-
tected by Frantz, Sanghvi, and Clayton (9) in the in-
testinal wall of triparanol-treated guinea pigs. Sugges-

TABLE 1 Mass MEASUREMENTS PERFORMED oN IoNs IN
SpECTRUM OF A57,24CHOLESTATRIEN-36-0L
m/e, Mass,
Isolated m/e, Isolated Empirical Mecha-
Sterol  Standard Sterol Formula A amu* nism
382  381(C¢Fys) 382.44631 CyHO  +0.0012  Parent
ion
CnHqu +00374
CosH e —0.0350
CgeHjy +0.0587
229 231(C.Fy) 229.2334 CeH; O +0.0025 9%
C:Hss —0.0351
Ci;HiyO: +4-0.0377
211 205(CeF,;) 211.2143 CeHyy —0.0004 12}
CyHi:O  +0.0349
CysHay —0.0954
143 131(C,;F;) 143.1320 CpHp +0.0007 13%
CeH,:O —0.0368
69  69(CF,) 69.0922 C;H, —0.0003 Allylic
cleavage
of side
chain
CH ;O —0.0365

* Difference in atomic mass units (observed mass minus calcu-
lated mass).

t Identical precise mass measurements were obtained for the
parent ion of A%7.24cholestatrien-38-ol isolated from pig lung and
A% *cholestatrien-38-ol prepared by chemical synthesis.

{ See Table 2 for process.

tion of the A%%X-gtructure was based upon chromato-
graphic mobilities, the pharmacologic activity of tri-
paranol as a A%-reductase inhibitor, and biogenetic con-
siderations. The presence of the A%’-conjugated diene
system was shown by the UV spectrum. Similar con-
clusions were reached by Galli and Maroni (12) and
Fumagalli, Niemiro, and Paoletti (10). Dvornik, Kraml,
and Bagli (13) reported detection of a sterol thought
to be a AS7¥-sterol by preparation of an epiperoxide
derivative. This derivative was then converted by cata-
lytic reduction to a presumed cholestane-38,5&,8a-triol
derivative. One difficulty in these experiments was that
the preparations were contaminated with 7-dehydro-
cholesterol. This was due to the fact that (¢) chromato-
graphic techniques used to purify I or its epiperexide
derivative were unsuccessful, and (4) blockage of the
A¥-reductase system by triparanol was incomplete.
Thus 7-dehydrocholesterol would also form an epiper-
oxide derivative, and would also be converted by cata-
lytic reduction to the presumed cholestane-38,5«,8a-
triol. Therefore, precise delineation of the side-chain
structure by arguments similar to those presented here,
such as the number of olefinic protons by NMR spec-
troscopy, was not possible. Dempsey (11), using a micro-
somal preparation from rat liver, has also reported de-
tection of a radioactive compound thought to be a
AbT gterol, formed from a biosynthetic substrate that
was probably a mixture of A3%- and A"*.cholestadien-
3B-ols. Assignment of the A37%- structure was based
upon formation of an epiperoxide, addition of the epi-
peroxide of 7-dehydrocholesterol, and catalytic reduc-
tion of this mixture to a presumed cholestane-38,5a,-
8a-triol derivative. Assignment of the A*-bond was
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TABLE 2 PrREDOMINANT FRAGMENTATION PROCESSES OF
AS5,7,24. CHOLESTATRIEN-383-0L*

m/e of
Fragment Re- Abun-
Process Ion*t mainder dancef
1 367 15 Loss of CH; XX
2 364 18  Loss of H;O XX
3 349 33  Loss of CH; + H;O XXXX
4 323 59  Loss of CH; + C.H,O XXX
5 271 111 Loss of side chain (CsH;;) xx
6 269 113  Loss of side chain 4+ H;  xx
7 253 129  Loss of side chain 4+ H.O xxx
8 251 131 Loss of side chain 4 H.O xx
+ H;
9 229 153 D ring cleavage with H xx
transfer from ion
10 227 155 Same as above + loss of xx
H,
1 219 163  C ring cleavage with H x
transfer from ion
12 211 171  Loss of side chain + CH; xxx
+ CH;0f
13 143 239 TLossof CH; + Aand D =xxxx
ring cleavage}
* Molecular jon = 382 mass units, empirical formula =

Cy;H42O. Bombardment was performed with 70 volt electrons,
and the sample was introduced via the heated probe at 150-160°C
with a source temperature of 200°C.

t Abundance of base peak (above m/e 100) = 100, xxxxx;
abundance of parent peak, xxxx.

1 Ion does not contain O.

based only upon chromatographic mobilities and bio-
genetic considerations. Since the presumed cholestane-
38,5a,8a-triol derivative was prepared by catalytic
hydrogenation, the location and extent of unsaturation
in the side-chain could not be determined.?

A further difficulty with these experiments (11, 13) is
whether the derivative really was cholestane-383,5q,8a-
triol. Dvornik et al. (13) report the melting point for this
compound as 185-187°C, whereas Dempsey (11) gives
207-208°C. This is a striking difference, yet both of
these investigators relied upon the presumed structure of
this derivative as evidence for the presence of a A%7%-
sterol.

In the experiments reported here, we were able to iso-
late A%%-cholestatrien-38-ol directly in high purity.
It was therefore possible to characterize the side-chain

3 Another difficulty with previous studies (9, 11, 13) is that
A5.7.24sterols might have been formed as artifacts by dehydration
of sterols, such as 38,5a-dihydroxy-A7.24-cholestadiene or 38-6-
dihydroxy-A”:?4cholestadiene, that might have been initially pres-
ent in the tissues or homogenates; these sterols might have under-
gone dehydration during saponification and chromatographic pro-
cedures to yield A%7.%4sterols. We were able to exclude such arti-
facts as significant contributors: a chloroform-methanol 2:1 extract
obtained at room temperature from the liver of a pig treated with
AY-9944 and 20,25-diazacholesterol showed the UV spectrum
characteristic of sterols containing the A?%7-system. Furthermore,
sterols containing the A%7-system accounted for 0.2%, of the wet
weight of the liver.
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structure by NMR spectroscopy. Because the compound
was pure, we could establish that three protons were
attached to doubly bonded carbon and observe two
peaks at § 1.62 and 1.70 associated with the C-26 and
C-27 isopropylidene methyl groups.

These facts, coupled with evidence presented else-
where (18), allow the unambiguous assignment of the
A%-bond.

In addition, we were able to determine unambiguously
for the first time the empirical formula of I as CsH 4O by
high-resolution mass spectrometry. This removes any
doubt concerning alternative structures which differ by
addition or subtraction of CH; and O (see Table 1).
Consideration of the mass spectrum may perhaps be a
useful way of identifying A%%-sterols. The fact that frag-
ment Ib (Fig. 6), m/e 143, was the most intense peak
above m/e 100 is reasonable because of the probable aro-
matic character of this ion. A similar finding was also
made for 7-dehydrocholesterol. The mechanism shown
in Fig. 6 (Ia — Ib) is only one of several possibilities.
Which of the two angular methyls (C-18 or C-19) is
preferentially cleaved cannot be decided until experi-
ments are performed with the appropriate compounds
containing deuterium at either G-18 or C-19. In addi-
tion, the possibility exists that Ib may possess a seven-
membered aromatic ring. A similar proposal has re-
cently been made by Galli and Maroni {12), but they
were not able to unambiguously assign empirical for-
mulas to the ions in question.

Of primary importance is that in the present study we
have demonstrated that AS%%%-cholestatrien-38-ol iso-
lated from pig lung and liver is identical with A%%%-
cholestatrien-38-0l prepared by chemical synthesis.
This observation, combined with our earlier demonstra-
tion (8) of the biological conversion, both in vivo and
in vitro, of chemically synthesized AS5%*-cholestatrien-
3B-0l-3a-*H to cholesterol, suggests a possible inter-
mediary role for this sterol in cholesterol biosynthesis.®
As72.cholestatrien-38-0l may also be an intermediate
in ergosterol formation in yeast and sitosterol formation
in plants. This proposal seems plausible because of re-
cent work (25, 26) which shows that several A¥-sterols
can be converted via enzymatic alkylation to ergosterol
or sitosterol, Thus A87%_cholestatrien-38-ol could be an
intermediate in sterol biosynthesis in both plants and
animals.

+ Two pathways have been proposed (6) for the conversion of
Cy; sterols to cholesterol: one pathway emphasizes A%4-sterols as
intermediates, e.g., demosterol (IIT in Fig. 1), while the other
pathway emphasizes the corresponding compounds with saturated
side-chains, e.g., 7-dehydrocholesterol (II in Fig. 1). For reasons
discussed previously (6) it is not possible at present to decide which
pathway quantitatively predominates. What can be said is that
substantial evidence (1-7) exists for the operation of both pathways.

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

Thanks are due to Dr. R. Castle of the Department of Chemis-
try for the use of UV, IR, and NMR equipment. We thank
Mr. Norm Mitchell of Cary Instrument for the circular di-
chroism spectrum. We also thank Mr. Stout of Manaul High
School, Albuquerque, N. Mex. for maintenance of the pigs.

This research was supported by U.S. PHS Grant AM-10628,
Multiple Sclerosis Society Grant 442, and the U.S. Atomic
Energy Commission.

Manuscript received 74 June 1968; accepted 3 September 7968.

REFERENCES

1. Dvornik, D., M. Kraml, J. Dubuc, M. Givner, and R.
Gaudry. 1963. J. Amer. Chem. Soc. 85: 3309.
2. Dempsey, M. E,, J. D. Seaton, G. J. Schroepfer, Jr., and
R. W. Trockman. 1964. J. Biol. Chem. 239: 1381.
3. Dvornik, D., M. Kraml, and J. F. Bagli. 1966. Biochemistry.
5: 1060.
4. Avigan, I., D. Steinberg, H. E. Vroman, M. J. Thompson,
and E. Mosettig. 1960. J. Biol. Chem. 235: 3123.
5. Bloch, K. 1965. Science. 150: 19.
6. Frantz, 1. D,, Jr,, and G. J. Schroepfer, Jr. 1967. Annu.
Rev. Biochem. 36: 691.
7. Johnston, J. D., and K. Bloch. 1957. J. Amer. Chem. Soc.
79: 1145.
8. Scallen, T. J. 1965. Biochem. Biophys. Res. Commun. 21: 149.
9. Frantz, I. D,, Jr., A. T. Sanghvi, and R. B. Clayton. 1962.
J. Biol. Chem. 237: 3381.
10. Fumagalli, R., R. Niemiro, and R. Paoletti. 1965. J. Amer.

11.
12,
13.
14.
15.
16.
17.

18.
19.

20.
21.

22.

23,
24.

25.

26.

Oil Chem. Soc. 42: 1018.

Dempsey, M. E. 1965. J. Biol. Chem. 240: 4176.

Galli, G., and S. Maroni. 1967. Steroids 10: 189.

Dvornik, D., M. Kraml, and J. F. Bagli. 1964. J. Amer.
Chem. Soc. 86: 2739.

Frantz, I. D., Jr. 1963. J. Lipid Res. 4: 176.

Sanghvi, A. T. 1966. Isolation and chemical characteriza-
tion of 4B-methyl-A8,?-cholestadien-38-0l from rat skin.
Ph.D. thesis. University of Minnesota, Minneapolis.
Abell, L. L., B. B. Levy, B. B. Brody, and F. E. Kendall.
1952. J. Biol. Chem. 195: 357.

Dorfman, L. 1953, Chem. Rev. 53: 47.

Scallen, T. J., and W. Krueger. 1968. J. Lipid Res. 9: 120,
Bhacca, N. S., and D. H. Williams. 1964. In Applications
of NMR Spectroscopy in Organic Chemistry—Illustra-
tions from the Steroid Field. Holden-Day Inc., San Fran-
cisco. 77-83.

Zircher, R. F. 1963. Helv. Chim. Act. 46: 2054.

Nakanishi, K. 1962. In Infrared Absorption Spectro-
scopy—Practical. Holden-Day, Inc., San Francisco. 24.
Crabbe, P. 1965. In Optical Rotatory Dispersion and Cir-
cular Dichroism in Organic Chemistry. Holden-Day, Inc.,
San Francisco. 244-248.

Barton, D. H. R. 1945. J. Chem. Soc. (London). 813.
Beynon, J. H. 1960. In Mass Spectrometry and Its Appli-
cations to Organic Chemistry. Elsevier Publishing Co.,
New York. 294-297.

Castle, M., G. Blondin, and W. R. Nes. 1963. J. Amer.
Chem. Soc. 85: 3306.

Nes, W. R, and P. T. Russell. 1966. Fed. Proc. 25: 222.
(Abstr.)

ScaLLEN, DEAN, LouGHRAN, AND Vora Isolation of A% 7 2%-Cholestatrien-38-ol 127

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

