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Paper chromatographic separation of sterol mixtures by a reversed-phase
system"”

Investigations: of inscet sterol metabolism have necessitated the separation
of sterols, particularly cholesterol from z-dehvdrochiolesterol, and such procedures
have invariably utilized adsorption column chromatography!- 20 This method s
accurate but time-consuming (ca. 30 h per test),

» Although there have been several reports of sterol separation by paper chroma-
tography, especially treated papert=%, this laboratory has heen unable to reproduce
the dativ: of especial interest, cholesterol and z-dehyvdrocholesterol would smear
together and never separate when chromatographed in o misture, while individual
Ry values would indicate separittion possibilities, The latter phenomenon was true
of mixtures of other closely related sterols,

More recently thin-laver chromatography (ILC) (in a reversed-phase system
was reported for the separation of mistures of animal and vegetable futs3, cholesterol
and z-dehvdrocholesterol being two sterols separated. Although the procedure gave
accurate separations onoceasion, the TLC plates were difficult to prepare inanidentical
fashion from test to test, especially the coating procedure, and sterols must he
acetvilinted before being chromatographed.

This paper reports on the modification of the reversed-phase paper chromato-
graphic system for separating mixtures of certain sterols, with porticular emphasis
on the sepiration of cholesterol from z-dehydrocholesterol,

Materials and niethods

The paper chromatographic chambers used in these studies were 500-ml glass-
stoppered graduate evlinders, lined with \Whatman Noo T filter paper to increase
vapor saturation. The mobile phase consisted ol acetic acid--acetonitrile (1:3)
siturated with z-undecane, The stationary phase (200, e-undecane in chioroform)
was coated onto 2,54 em Whatman Noo 1 chromatography paper by dipping the
paper through the stationary phase solution and then allowing the chloroform to
evaporitte, The sterol(s) were spotted (1o-2o g cach) onthe paper and the strips
placed into the chiimbers within 5 min from the time they were coated with the
stationary phase. o this closed, ascending system it took ca. 5 hlora 23 20 em length
of run. .

For conducting tests with o continuous ascending papor system, cork stoppers
wore split longitudinally and then cach hall Tined with aluminum foil and smoothed
for a tight tit. The paper strips were hung between the two halves with ca, 2.54 ¢m
extending through the tip, The solvent would ascend the strip, pass through the cork
stoppuer, and evaporate. This systeny was run for 16 L for best separations,

The column chromatographic svstem used was o 1o =025 emocolumn of 25 &
Woelm acid aluminum oxide, grade 11, maintained at 20g° (vef, 1) The column was
cluted with n-hexane-benzene (93:3) and the fractions (20 ml) collected on an
automatic fraction collector. The column accurately separates cholestersl acetate
from 7-cdehyvdrocholestery] acetate, ‘

Cf Michigan Agricultural Experiment Station Joarnal Article. No. 55.0.
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The radioactive 7-dehyvdrocholesterol was biosynthesized by feeding f1sx-%H -
~cholesterol to house fly larvae (Musca domestica 1.), and the sterols extracted and
puritied from the adults as previously reporteds®, :
The solvents used in these studies were reagent grade, and the sterols and
steroids were all analvtical standards (>08 25). Onlyv 7-dehyvdrocholesterol and
cergosterol were purified further by repeated recrvstallization before use? Al R
Cand R values presented are means of at least five determinations, and the compounds
were visuildized by spraving the dry chromatograms with 1o 25 ethanolic phospho-
“molvbdic acid and heating the strips for 2—4 min at 100°,

Results

The Rp values of the sterols and steroid hormones separated in 5 h on the
reversed-phase paper chromatographic system are presented in Table . Although
the system adequately separated sterol esters from free sterols from the more polar
steroid hormones and cholic acid, individual separations were not attained. Thus
cholesterol and 7-dehvdrocholesterol ran together as did all the sterols even though
the R values for the compounds alone might indicate otherwise. Mixtures of the
compounds, therefore, showed up as a large smear.

To complete separations of the sterol mixtures (the steroid hormones and
cholic acid are so polar they will migrate to the front—-the top of the stopper), the
continuous ascending reversed-phase system was developed and the R values are
recorded in Table 1. 1t is shown that several useful separations can be attained, J.c.
cholestery] acetate from cholesterol and 7-dehydrocholesterol as well as fi-sitosterol,

TABLE T
I VALUES OF STEROLS AND STEROTD HORMONES

Development for 5 h on the reversed-phiase piper chromatographic system acetic acid-acetontrile
(1:3) saturated with v-undecane; piper coated with m-atndecine,

Counpotend I valien
Cholestery] stearate 0.01
Cholesteryl acetate 0.0
Cholestanol 0.23
f1-Sitosterol 0,23
Lanuosterol 0,25
Chaolesterol 027
Campuesterol 0,24
Stigmasterol 0,20
7-Dehyvdrocholesterol 040
Desmosterol 042
lirgostoerol 0,43
Caleiferol O
fled ysterone 0.8
Cholie acid 0.80
Pregnandiol 0,80
Listradiol 0,88
Androsterone 0,80
pinandrosterone 0,80

T'estosterone 0,00

® Spots detected with 1o ethanolic phosphomolyhdic acid,
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AL 1Y
Ny VALIEAY OF STEROLS

Development in o continunous ascending chinmber for 16 h by the reversed-phase paper chronuto-
ariphic system acetic acid-acetonitrile (103 satarated with w-undecane: paper coated with
i-nndecane,

Coponnds in oifvture Listance from origin W talie
to spot (enr)

Chuolesters] aeetate 5.

) -
Cholestérol 20,5 304
7-Dehydrocholesteral 27.7 5.33
Cholesteryl nicetate 4.5 -
[amosterol 1o 2,30
Cholesterol 21,0 J.80
7-Dehsdrocholesterol 1703 .10
Cholestery] acetate 5.0
Cholesterol 22,5 Jeo02
7-Dehyidrocholesterol 285 53.00
Caleiferal 1.0 5.0
Cholestery] acoetate 4.7
fi-Sitosternl 5.1 3.2
Chuolesterol 10,6 47
7-Dehvdrocholesterol 25.. 5.0
# N = Cholesterylacetate: spots were detected with 1o2)) ethanolic phosphomolyvbdic acid

TABLE T

COMBPARISON " OF  SEPARNTION  EFFICTENCY 08 {123 HCHOLESTEROL  AND 7-DEHYDRO{12-31] ]-
CHOLESTEROL HETWEEN THE REVERSED-PHASE PAFER CHROMATOGRAPHIC SYSTEM AND AN AD-
SORPTION COLIMN CHROMATOGRAPHIC SYSTEM 0F WORLM ACIHD ALUMINUM ONTDE, GRADIE 11

Separation procediure Test Nooo DPeveent of radioactiniiym

Cholesteraol 7-Dehvdrocholesterol

Iree sterols hy reversad-phiase paper system 1 a5 3
2 N2 [
Acetviated sterols by eolumn chromatography 1 03 -
2 Sy 1

a Determinations conducted in triplicate; total radioactivity on cich chromatograom averaged
20,810 copam, the ridiochemvical purity wias =082 0 and the observable specific activity wirs
azo Ccopum s,

lanosterol, and caleiferol. Different sterol mixtures will give slightly different R«
alues for the individual sterols chromatographed; however, reproducibility within
a4 mixture group is extremszly close, :

- To demonstrate clean separation between cholesterol and 7-dehyvdrocholesterol
on the continuous ascending paper system, radioisotopes were employed (Table 1T,
When reversed-phase paper chromatography was used, g5 9% of the total radioactivity
behaved like cholesterol and g3 25, comprised cholesterol when the sample was subse-

S Cliromatogr., 62 (1o71) 1611ty



104 NOTIES
quently acetyvlated and examined by column chromatography (test Noo 1), Test
No. 2z showed a simitar 29, difference. Thus, within 29, the samples behaved inan
identical manner by two different means of chromatographic separation. The smaller
quantities of radionetivity which . behaved Tike 7-dehydrocholesterol were contirmed
as that compound by ultraviolet spectroscopy (showed a typical 13 -conjugited
diene spectrum). -

Discussion

Reversed-phase paper chromatographic separation of free sterols by o con-
tinuous ascending svstem has been shown to be very reliable, especially for sepirating
cholesterol from z-dehyvdrocholesterol. Such o separation technigque is mueh faster
than column chromatography, and although slower than TLC muthods®, it is casier
to prepare and free sterols may be utilized.

[t is important to point out that a standard such as cholesteryl acetate must
be emploved for visnal recognition of the sterols, beeause different mistures ol sterols
on identical chromatograms will give slightly different K values, Such a phenomenon:

Cix not unknown, because in gas ligquid chromatography, several liquid phases will
present what appears to he good separite retention times for individual sterols, but
will not separate the sterols in misture®,
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