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SUMMARY

Thin-layer chromatography (TLC) on Silica Gel G or on Alumina GF is a simple
and useful tool for the investigation of vitamin D and related sterols: The use of
Alumina GF layers and chloroform or petroleum ether (b.p. 37°-59 )—benzene (50:50,
v/v) as solvents yields the best separation and sensitivity. It allows specific.detection
of samples on the basis of their U.V. absorbance or fluorescence characteristics,
followed by staining with antimony trichloride or other spray reagen"t's;"and finally
charring with 759 sulfuric acid. Vitamin D can also be quant1tat1vely recovered after
TLC by elution of the layer with -methanol. : SRR :

Metabolic studies of vitamin D necessitates the use of very prec1se separatlon
methods for various sterols. Such procedures must respect the physico-chemical
structure of isolated compounds. It is well-known that vitamin D and related substances
are highly sensitive to oxidation and to photochemical transformations!. Various
chromatographic techniques have been proposed: paper chromatography?, column
chromatography38-5,12-14  thin-layer chromatography!?-2?, and gas—liquid.chromato-
graphy (GLC)9%-19, The former gives poor resolution in spite of long development times.
Good separation is achieved on columns, but minute amounts.of sterols are not
readily detectable by chemical means. GLC allows very fine resolution, but induces
thermal rearrangement of certain sterols. Compared to those methods, thin-layer
chromatography has the advantage of being easy, rapid, and inexpensive. It allows
sensitive and specific detectlon of developed sterols which can be eluted for further
characterizations.

In this paper results obtained on silica gel and alumma layers w1th various
sOlvent systems are studied. Sterols are not only detected in submicrogram amounts
on the chromatoplates, but can also be quant1tat1ve1y recovered for further charac-
terization. - : - : -
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MATERIALS

The Desaga-Brinkmann “applicator’, with a fixed exit slot of 275 u high, is

used to coat the 10 X 20 cm glass plates.
An “application box’’ Desaga-Briukmann Model DB 1s convenient for spotting

the samples under nitrogen simultaneously on two plates.

Chromatoplates are developed in rectangular glass ‘“developing tanks’” 9.7 X
27.2 X 3o0cm (d X h X w).

A layer suction apparatus consists of a fine stainless steel tube (r mm internal

Glags tube o ible rubber
' ,  tube

Stainless steel
tube . ¢,

4l ---Rubber stopper

.-~ Glass tube collector

p-~—Glass flask
~-~=Methanol

----Rubber plug

" LAYER sucrlon APPARATUS

Flg 1. Layer suction a.ppa.xatus

diameter) connected to vacuum, through an mtermed1ate glass collector ﬁlled w1th
methanol (Fig.-1). This apparatus was suggested by Dr. N. GoLD".
- Adsorbents . Slhca Gel G Merck No 773:[ average partlcle size 5—25 o CaSO4

bmder, neutral pH.
- Aluminum Ox1de GF Merck No. 1092, average partlcle size 40 u, CaSO, bmder,

manganese ‘activated zinc silicate as fluorescing indicator (peak 2540 A).

.Color reagents 509% antimony trichloride in glacial acetic acid; 20%, phospho-
tungstic acid in absolute ethanol; 759, sulfuric acid; phosphomolybdlc ac1d—Brmk-
mann spray reagent No 531. Co

‘METHOD o

Preparatwn of tke chromatoplates
A slurry is. made of 30 g adsorbent per 60 ml d1st111ed water, and applled ina

uhlform layer of about 250 u thickness.
Silica, as well as’ ‘alumina ge]s, are act1vated at I4o m the oven for at least 12 h

The dry. layer is scraped off-along the edges of the plate and separation lines are made
‘to form 9 mm “lanes’’ parallel to the length of the plate. The plates are then activated

- * N. GoLDp, Ph.D., Harvard Medical School and the Childrén’s Flospital Medical School. -
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TLC oF VITAMIN D AND RELATED STEROLS 55

‘again for 2 h at 140°. If not immediately used after cooling, they may:be stored on
racks in a vacuum dessicator. When the period of storage is longer than four days, the
plates are reactivated i ina s1m11ar way : ‘

Spottmg of the samples ‘ o
. The samples are dissolved in petroleum ether (b p 37 59°) at a concentratwn

of 5 ,ug/‘ul This solvent is chosen because the very low ~polarity and lugh volatility
will allow the greatest concentration of the material to be adsorbed onto the layer.
When the substances do not dissolve in petroleum ether, carbon tetrachlonde or
chloroform may be used, although not as effectively. E

Five ul ahquots (25 ug) are delivered by calibrated 5 ,ul Drummond m1crocaps
Two or three successive 5 ul aliquots can be spotted without d1fﬁculty, except when
carbon tetrachloride or chloroform are used as solvent. In those cases special care
must be taken to avoid spreading of the samples. Five ul of dye mlxture are spotted
on both edge-lanes as indicators of development. : e

Generally, compounds to be analysed are run on the central la.nes whlle known
sterol standards are chromatographed on the peripheral lanes as “markers’’. The
plates are spotted in a special application box under a stream. of nitrogen. Red light
is used during the entire procedure wh1ch must not last longer than :Io min for. two
plates.. : - - C g

Development

 The chromatograpluc ]ars are ﬁlled w1th the solvent mixture to a depth of 2 cm
24 h before use. Local saturation is obtalned with filter paper sheets covering the walls
of the tank and dlppmg in the solvent.

Immediately after spottmg, the plates are allowed to develop at room temper-
ature (2o°) Development is stopped before the front reaches the upper limit of the
layer giving runs of approx1mately 12 cm. However, a method where the solvent front
moves up to an “end lire’’ at 15 cm from the starting line can be used Development
time is approxxmately 1 h. SR

~ The following . adsorbents and solvent systems were stud1ed
1. Silica Gel G: #-hexane-acetone (95:5, v/v)
- 11, Silica Gel G: #-hexane-acetone. (90 10, V/V) .
III. Silica Gel G: chloroform L
1V, Aluminum Ozxide GF: chloroform ‘ '
V. Aluminum Oxide GF: chloroform—methanol (99:1, v/v)
\ VI...AIummum Oxidé. GI‘:‘chloroform—methanol (95 5, v[v) .
 VII. Aluminum Oxide GF: petroleum ether (b.p..37°~59 )—benzene (90 10, v/v)
rVIII;,Alumlnum Ox1de GI‘:_petroleum ether-benzene (80:20, v/v) ,
- IX. Aluminum Oxide GF: petroleum ether—benzene (50:50, v/v)
X. Aluminum Oxide GF: n-hexane-chloroform (95:5, v/v).
. XI..Aluminum Oxide GF: z -hexane—chloroform (90:10, v/v)
, XII. Aluminum Oxide GF: -hexane-chloroform (75:25, v/v)
_'jX,I_IIg Alummum ‘Oxide GF: -hexane—chloroform (50 50, v/v) L
.;X'IV.'_:Alummum Ox1de GF: -hexane—drethyl ether (80: 20, viv)

' Detecnon _
After chromatography the plates are allowed to dry for 2 min in the darkness

E Chromatag.-. 35 (1968) '53-65
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First examination is done under U.V. light with a long-wave (366 mu) and a short-wave
(255 my) lamp. The absorbing and fluorescing spots are reco1ded w1th1n 20 min after
drying. : - :
The chromatoplates are then sprayed w1th one o[ the color reagents mentloned
above and dried in the oven at 80° for 5 min. The localization and colors of the spots are
again recorded under regular light at that time (initial color). Fluorescence of the
colored spots under long-wave U.V.light is examined after prolonged heating at 110°
for 20 min, or after a delay of one day at room temperature.

Colors and fluorescence of sterols-are also recorded followmg char1 ing with 75 %

HESO,, at gxeater than 150 on a hot plate

Records £ .
In each case the Rp of the sterol is measured from the point of maximum in-

tensity, not necessarily the actual center of the spots. The Rs values are calculated
with reference to cholesterol, or to the dye azobenzene when cholesterol remains on
the starting line with solvents of very low polarity:.

Permanent records of the stained chromatoplates are made by contact prints
(black and white) on Kodak Velox F or Azo F, with regular light. It is also possible to
obtain black and white pictures of the fluorescence under 366 mu U.V. light or of
absorbance under 255 mu U.V. light before staining by the use of Panchromatic (red
fluorescence) or Orthochromatic “Royal Ortho-Eastman Kodak” (yellow-green
fluorescence) films with a Wratten AA filter. Exposure time is at least 2 min with a
U.V. lamp (0.1-0.2 A) at a distance of 20 cm. Color prmts of stained plates or of
fluorescence under 366 mi U.V. light are taken on Kodak Ektachrome. With the U.V.
lamp at a distance of 20.cm, exposure tlme for color prmts is a matter of trlal and error,

around 5 mm

E;»tmotzon of sterols from the layer . ‘
The dye mixture and the sterol standard “markers’’ are visualized on the

“edge-lanes”, while the center of the plate is covered with a thick sheet of paper or
opaque plastic. Location of “unknown’’ sterols on central lanes is determined by
reference to the edge “markers’’ and the correspondmg area of laver is sucked off in
the apparatus described above’. The adsorbent is collected in'a glass tube contalnmg
3 ml-of methanol. The stainless steel tube is then rinsed w1th an additional z ml of
methanol. The 5 ml suspension is v1gorously shaken for one minute, and centrifuged in
the same glass tube at 3,000 r.p.m. for 15 min. The volume of packed adsorbent at the
bottom of the tube is less than o.1 ml per spot removed. Thus, the solvent methanol
containis the sterol eluted in a volume of 5.0 ml, neglecting the small volurne of ad-
sorbent. Four nnlhhters of thls supernatant are easﬂy plpetted for subsequent analy51s

Quantitative determination and cmalys'bs of pumty of vitamin D~ ‘
Methanol solutlons of calciferol standards or extracts from “TLC are analysed

for U.V. absorption using a Beckman DU spectrophotometer equlpped w1th I cm
rectangular cuvettes of standard ‘silica.’ ‘Quantitative determination is done at the
max1mum of: 264 m,u for ergo- and chole-ca101ferol Absorptlon curves are recordedv

* Tlus process must be done very rapldlv after development w]nle the chrom'x.topla.te is
st111 1mpregnated with solvent. B R H , EE R
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- from 220 my up to 320 mu. Blanksare pure methanol for calciferol standards. When the
sterol is recovered from a chromatoplate, the. blanl\ cons1sts of a methanohc extract of
-an equwalent area of adsorbent taken off from a I'me free of sterol ‘

RESULTS
.S‘epamtwn cmd mobzlzty of sterals Co

- Tables I and II. summanze ‘the R[' and R, values of varlous sterols and dye
mixtures chromatographed on activated Silica Gel G and Alumma GI‘ usmg the
solvent systems described in the method* R

In TLC the Rp values are not very reprodumble from one plate to another On
the other hand, good reprodumblhty is’ noted on runs of the same samples on a given
plate.

From the series of solvents used the best separatmn between cholesterol ergo-
and pre-ergo-calciferol, was reached with the system IV, pure chloroform_ Ontheother

TABLEI ‘
Fr AND Ry VALUES ON SILICA GEL G
Samples . - Solvent systems _

" ‘ Ir 111

Rp Ry Ry Ry Rp R,
Cholesterol ‘ n.o3' - 0.004 (5)" 1.0  0.09 4 0.003 (7) 1.0 o.11 + o.01 (7) 1.0
Ergocalciferol 0.07 4 0010 (5) 2.0 0.16 &4 0.004 (7). 1.8 ~ 0.22 4 o.01 (6) 1.9
Pre-ergocalciferol 0.10 - 0,010 (5) 2.9 0.20 4 0.006 (7) 2.2 0.27 4. 0.02 (6) 2.4

* Values = mean =+ S.E. Brackets = number ot plates,
** Roman numerals inclicate the solvent systcms, as described under METHODS.

hand, the esters of cholesterol are better separated with a system of lower polarity,
such as IX———petroleum ether (37°-59°)-benzene (50:50, v/v).

~ Various chromatographic conditions were tested in order to determine the most
accurate procedure. The followmg observations are based upon repeated chromato-
graphic trials. :

Compared to room dried (20°) plates, the act1vat10n at 140° results in a 259,
increase of the R values of the sterols as well as of the aromatic dyes on Silica Gel G
layers. This increase does not seem to be influenced by the solvent used. Little effect
is observed on Alumina GF where the activation seems to decrease the mob111ty of the
sterols and dye mixture by about 12%,. '

. Presaturatlon of activated plates is performed by placing the plates in the
chromatographlc tanks as for development and allowing the solvent to migrate freely
through the layer f01 6 h. The samples are 1mmed1ately spotted thereafter and de-

‘ b The P,. given ma.y dlﬁ‘el slightly from the value expected on the ba.sxs of the mean R P
whlien an isolated determination of the “standard’’ cholesterol 1s made thhout concommxttant

chroma.togra.phy of the sterol considered.
J. Chromatog., 35 (1968) 53-65
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TLC OF.VITAMIN- D' AND RELATED STEROLS R R : 59

Fxg 2, Reprod ons of thm-layer pla.tes TLC on actxvated Alumm1 GF solvent_ hlorofor
The same plate is’examined by U.V. absorption, fluorescence; and’ antxmony trichloride staining.
Samples chromatographed from left to right: dye mixture, ergocalciferol and stigmasterol a.cetate,
B-sitosterol and ergocalciferol, ergocalciferol and cholesterol benzoate, ergocalciferol- and chole-
sterol acetate, cholesterol and ergocalciferol, dye mixture. (a) Natural U.V. absorption with
255 mu U.V. light, 15 min after chromatography. (b) Natural fluorescence under 366 mu U.V.
light, 15 min after chromatography. (c) Antimony trichloride stained plate, one day after chro-
matography. (a and b are orthochromatic Royal Ortho Eastman Kodak reproductnons cis a
contact print with Kodalk Velox F.)

veloped in the same solvent as usual. Such a procedure only sllghtly modlﬁes the
Ry values of sterols and dye mixture. - \

... . By allowing the solvent to migrate up to the ‘ end” line at I 5 cm, from the startmg
point for 1 hour, the R values are increased by about 209,.

Multiple successive developments of the same chromatoplate were. tr1ed on
Silica Gel G layer with #-hexane-acetone (95:5, v/v) as solvent. It appeared that the
effect on Ry depends on the mobility of the compound ; the most rapld are graduallv
decelerated whlle the slowest appear to be. accelerated o -

Detectwn of sterols on developed ckromatoplates ,

~The use- of fluorescing layers like Alumina GF lowers the detect10n 11m1ts w1th
the 2 55 mu U.V. light. Absorbing sterols appear as dark spots quenching on a.bright
green fluorescing back-ground (Fig. 2, plate a). In order of. decreasing.intensity of
absorption, the. following are noted successwely .ergo-.and chole-calciferol, , pre-
vitamin: D,: ergosterol cholesterol. benzoate, and lanosterol. Under the expernnental
conditions, other sterols examined fail to absorb U.V. light, or at least are not visible.
Chole--and ergo-calc1ferol can be v1suallzed in amounts smaller than 1.0 ‘ug (see

Table III). S
Long-wave (366 m,u) U V llght brmgs about ﬂuorescence of all but three of the_

J. Chromatog., 35 (1968) 53-65
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TABLEIIT Loane _
DETL‘CTION‘,CIIARACTERISIICS or srnnom AND RL‘LAT]:D COMPOUNDS ON ALUMINA Gl* L

Key: Sensrthty (+++) ‘less than o.5 ug; (+ +) o. 5—1 o ug;: (+) 1.0-5. oug; (£)"s. o~z5 o‘ug,
(?) questlona.ble ‘(oyno’ detectmn Colors bl ="blue; br =:brown; gr = gray; gre = green; or’==
orange; pur-=ipurple; e = “red; vio = wviolet.’ Colo1s ‘exhibited. a.fter staining with spray reagents
are recorcded’ under regula.r hght ‘Natural ‘absorbance and ‘fluorescence are’ seen under U.V. light
of respectlvelv 255 .and 366 mu- wave length, immediately after drying of. developed plates.
Fluorescence: a.fter qul spra.v or- when cha.rrmg w1th concentmted I-IESO,, is. detected under

uU. V. llght a.t 366 mu: o , o
- Natural. Natm'al .Phospho- SbCl,l "SbCIg Phosphoé I-IESO¢ H,.SO,,

absorb- - fluoves-' ' tungstic initial Sluores- ' molvbdic  iwitial - - fluores-
ance .. cence ' .acid  ~ colors ‘cence acid colors = cence
R . S o ' ‘ L under -
R charring
Ergo- and chole-- T I S ‘ - a , -
calciferol - R +'+ -f ol ‘br - re-br 44 =bl: . gr-vio. -
Pre- ergocalcxferol +. -0 ., br Sre-br o444 bl greviol o o <
Ergosterol .- e fe o vie-br ogr-vio -4 . bl e o ‘
Cholesterol . 2ol 4 o or-hr o pur-bl-gre. 4+ 0 bl s grevios . A4~ 4
ﬁ-Sltosterol e A ¢ orebr pur-bl-gre .4~ . bl . greviow o= 4
Stlgma.stero] o e or-br - pur-bl-gre 4+ ..-bl:.  grevio 4+ 4
Lanosterol: [ e R B . or-br e ‘bl™ ' c : :
38- Cholestanol o B SR ) ) o Xe) _‘ o 4
Cholic acicl o -+ o ’ ? . bl gre o F
Cholesterol acetate o + br ° = pur-bl-gre -+ + bl gr-vio = -4~
Cholesterol ‘ ) '
benzoate | g -+ br " pur-bl-gre - -+ bl
Stigmasterol ‘ ‘ ' :
‘acetate . - o 4 br " pur-bl-gre -4 bl
A3-Cholesten- - : ' ‘ S
3-ol 3-acetate o - o ? ?

substances analysed. They appear as white or yellowish spots on a dark violet back-
ground with alumina as well as Silica Gel G (Fig. 2, plate b). The sensitivity of the
latter procedure is not as good as the short-wave U.V. absorption. The detection limit
for cholesterol is of the order of 5 ug. The only compounds which absorb under these
conditions are ergo- and chole-calciferol and their previtamins (Table I1I).

Tt must be noted that dark absorbing spots tend to fade: As far as ergo- and
chole-calciferol and the previtamins are concerned, fluorescence under 366 mu U.V.
light develops progreSsively at: room temperature from the periphery to-the center
of the spots. This reflects the degradation of the sterols on the dry plate. Therefore,
detectlon of absorbmg sterols must be done by 20 min after development. .

-After U.V. ‘examination of the chromatoplates color reagents prov1de an
add1t10na1 method of: detection. K 5

“With phosphotungst1c acid slight differences in color exist between the sterols
exammed (Table:III), but after one dayall the spots become unifor ‘mly brown. ° '

“Antimony trichloride brings about more intense and various colors: (Table III)
Among the substances tested- 2A3-cholesten-3 -ol 3-acetate, 3- ,B-cholestanol and cholic
acid do not show colored: spots. The rhost intense and rapid colorations are observed
with the vitamins;’ these become apparent immediately after spxaymg and ‘before
drymg (at concentratmns of 25-ug/spot). If-heating of the sprayed:plates is prolonged

T Chromatog 35 (1968) 53—55



TLC oF VITAMIN'D AND RELATED STEROLS 61

for 2o min at 110°, the colored spots tend to fade and become uniformly brown or gray
brown. Long-wave U.V. light then shows fluorescence of various colors with all
recognized spots. The same result is obtained when-the colored plates are allowed to
stand for one day at room temperature. Fig. 2, plate c shows a contact prmt of a
chromatoplate stained with antlmony trichloride. '

Phosphomolybdic acid is a sensitive" reagent and gives dark blue" spots on a
pale yellow background. Only 3 f-cholestanol is not revealed by this procedure
(Table III). Detection limits with the 3 color reagents tested above are of the order of
o. 5—1.0 ug of ergocalciferol submitted to complete chromatographic procedure.

. The use of 75% sulfuric acid -as a charring agent gives interesting results. Im-
medlately after spraying and drying at 80°, the substances tested- ‘appear-as colored
spots and the sensitivity is similar to that of the aforementioned reagents. During
charring on an electric hot plate, these spots become progressively fluorescent when
examined under long-wave U.V. light. At a higher temperature, over 150°, fluorescence
becomes brighter and maintains the same color as the initial spots. At such a temper-
ature it lis necessary to use special heat resistant'glass plates to avoid breakage. - -

' By this charring technique 3 8-cholestanol can be detected. The detection limits
for the vitamin D are lowered below' 0.5 ug. The observed fluorescences’disappear
when the plate is allowed to cool; and reappear on heating again even 24'h later. The
charring technique can.be used with very similar results after the plates have been
stained with another reagent, such as phosphotungstic acid or antimony trichloride.

Permanent records of excellent quality are-obtained either by contact prints
of the stained chromatoplates (Fig. 2, plate c), or by’ photographs of the ﬁuorescmg
or absorbmg spots under u. V hght (1"1g 2, plates a and b) :

Quantitation of chromatogmpked sterols R : :
Known amounts of ergocalciferol are chromatographed on Alumma GF and
then extracted from the layers and submitted to U.V. spectophotometry for quanti-
tative estimation. Chromatography is carried out on activated plates. Spotting was
done under red light and in a stream of nitrogen in one series of experiments and

TABLE IV

ERGOCALCIFEROL RECOVERY FROM TLC ON ALUMINA GF (SOLVENT CHLOROFORM)

Under rved lzght anrl " Under ved Zzghf wzthout
stream of N, . P stream of N o
(Standard = 28.5 ug) - ( Standavd = 37.5 ,ug)
ug % standard " ug: - Y% standard
27.5 .96 - | - 34.25. 91
26.5 ‘93 36.0 96
26.5 93 36.0 06
28.5 - 100 . 34.25 or .
28.5 o0 .. 330 . . .88
~27.0. - 95 . 36.0 ‘ 96
29.5 ‘104 36,0 - . 96
29.5 - © 104 . 32.5 87
27.9:£05 98:£1.6 34805 93k 1.4

.J. Chwomatog.;, 35 (1968)- 53-65
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without nitrogen in the other. In both series, eight spots of ergocalciferol are chromato-
graphed on the same plate with pure chloroform as the solvent. As seen on Table IV,
recoveries are 989, -+ 2 (mean 4- S.E.) when spotting under nitrogen and 93%, -+ I.
when spotting without a nitrogen stream. U.V. spectrophotometry does not show
appreciable change in absorption curves between the standards and the chromato-
graphed ergocalciferol; the maximum remains at 264 mu.

DISCUSSION-

Silica gel has been generally accepted for TLC of sterols and vitamin D in either
esterified or free forms10-26,27-29 In the present experiments, the R values of vitamin
D and sterols on Silica Gel G are about one half of those cited by NORMAN AND. DE-
Lucal?, using the same solvent system. This is probably due to differences in: the
adsorbent, which is free.of binder in their method. Surprisingly, activation leads to a
definite increase in the Rp value of about 259%, (lowers the adsorptive strength). It is
well known.that the adsorptive strength of silicic acid is critically dependent on its
water content, the less hydrated, the more adsorptive, up to a maximum. which
corresponds to a minimum hydration or structural water of 3—49,. The prepared plates
must be more hydrated than that, since that structural water can only be removed
by heating to about 1;100°. Since the free water can be evaporated below 200° one
would expect.greater adsorptivity with activated silica gel plates. NORMAN AND.
DeLuca left plates at room temperature for more than 45 minutes after activation
and showed decreasing adsorptivity!2. In the present studies, the CaSO, as binder,
might alter the characteristic properties of the activated silicic acid. Among the
different solvent systems, pure chloroform gave the best results. Two other systems
of lower polarity gave very low Rp, values and,.consequently, poor separation.
Cholesterol, which is highly concentrated in many biological materials, could overlap
the vitamin D area..In addition, reproducibility of R data with #-hexane-acetone
(95:5, v/v) is very poor as a result of inadequate separation.

- ..A search for better eluants seemed less practical than looking for another ad-
sorbent which should bind sterols less strongly. Theoretically, solutes of low polarity
are better analysed using both solvent and adsorbents of low polarity. The best
separations between closely related sterols and vitamin D have been realized on
“attenuated’’ adsorbents such as a mixture of Silica Gel G and kieselguhr?s, or on
‘“reversed-phase partitioning systems’’26,27, It must be noted that these chromato-
graphic studies were carried out on ester derivatives of sterols. Esterification of sterols
markedly diminishes their polarity by masking the hydroxyl group, and allows better
separations based upon the structural features of the solute molecule, such as number
and location of double bonds and length of the lateral chain. Separation between
vitamins D, and Dy has been reported on Silica Gel G 1mpregnated w1th paraﬂ’m with
a reversed-phase system?¢,

The use of silver mtrate-lmpregnated silicic acid allowed separation. of dxfferent
esters of cholesterol?2:2?, as well as of vitamin D23, on the basis of the chain length and
the degree of unsaturatmn of the fatty acid rnoiety DiITULLIO éf al.?4 used the same
system for the separation of free sterols, with respect to their number and configuration
of double bonds However, no attempt was made to recover the sterols separated by

such a system
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“The addition of bromine to the moving phase of a chromatographic system can
improve the separation of some sterols on the basis of:their respective number of
double bonds. However, this system cannot be applied in the case of vitamin D or
other sterols having conjugated double bonds or lacking the 45 double bond, which are
destroyed by the bromine??. Alumina appeared adequate for analysing mixtures of
free as well as esterified sterols present in biological materials. Data obtained with
alumina can. add significantly to that of silica gel. Mechamsms of adsorptlon are
different. : :

' Eleven dlfferent solvent systems were trled Among those the- most useful are
pure chloroform and petroleum ether (37°-59°)-benzene (50:50, v/v). The former is
of general use, while the latter is partlcularly suited for separatlon of esters on the
basis of their acidic portion.

. The commercial grades of alumina are already act1vated but may be deactlvated
during storage of:the opened container. Further activation does not seem to-have
much effect:on Alumina GF (Merck), as it is commercially available, but this might
vary according to the solvent used..It may be advantageous to maintain a constant
moisture content of the layer. Presaturation of the activated alumina gel layers with
the corresponding solvent does not significantly change the R r values; which indicates
that saturation of the layer is quickly reached when placed in the chromatographic jar.

The procedure described by BENNETT AND HEFTMANN?2® which allows the front
to reach an ‘“end-line’’ over which the flow ceases, secures a more uniform front than
the usual technique. The Ry values of sterols increase definitely and separatlon is at
1east as satisfactory. No control is needed during the development. -

- Multiple successive developments do not improve the separation, since . the
slowest compounds tend to migrate faster, and the fastest to- move more slowly. In
addition, this procedure enchances the risk of destruction of the chromatographed
sterols. It is well known that the Ry values of TLC are not very reproducible from one
plate to another, and this is confirmed with Silica. Gel G-as well as with Alumina GF.
It emphasizes the need to run adequate standards on each chromatoplate. However,
a sample chr’omatographed‘in.duplicate on the same plate gives very close Ry values;
and is without any “edge-effect’’. Owing to such “intra plate” Rp reproducibility;
spots on.central lanes can be located and identified: by reference to the standards“
developed on the edge lanes. - o ‘

The best separations are achieved. w1th small amounts of spotted mater1a1 of
the order of 5 ug or less. Since large variations in the amounts of samples can produce
some change in the R g values, standards should be spotted in approxnnately the same
quant1t1es as the material under examination. o

. Different: methods of detection were evaluated for sen51t1v1ty, spec1ﬁc1ty and
stablhty, as well as-the ability to recover the sterol following recognition. Brief exami-
nation of less than 1 minute under U.V. light (emission peak at 255 mu and:366 mu)
does not seem to signiﬁcantly affect the sterols. Natural absorbance of sterols under
255 mu U.V. light is a highly sensitive and specific way of detection. The use of a
fluorescent layer, such as Alumina GF facilitates the detection. Only substances having
at least two conjugated double bonds show absorbance. Intensity.of U.V. absorption
is a function of the number, and probably also of the position of the conjugated double
bonds. The following compounds are listed in decreasing order of ‘absorption mtens1ty

() Ergo- and chole-calciferol :.three conjugated double. bonds at C5, 7, and 10.
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- (2) Pre-ergocalciferol: three conjugated double bonds at C5(x0), 6, and 8

(3) Ergosterol: two. conjugated double bonds at Cs and 7. ;

. (4) Cholesterol benzoate: three conjugated double bonds on the aromatic ring.:
U.V. absorption is a most useful means of detection of vitamin D, as well as of their
pre- and provitamins. It is suitable for biological analysis, since the detection limit
is below 1.0 ug for both ergo- and chole-calciferol. Natural fluorescence of sterols under
366 mu U.V. light is far less sensitive and specific. Most sterols fluoresce under such
conditions, except the vitamin D, previtamins and provitamins. In this way it is
useful in distinguishing these compounds.

On the other hand, color reagents do not allow the recovery of the stained com-
pounds. Further application of another reagent is impossible, except for the charring
method which shows similar features before and after phosphotungstic acid or anti-
mony trichloride staining. Among the reagents tested, antimony trichloride gives the
highest specificity, owing to the wide range of colors characteristic of each sterol.
It provides an additional means of detection by the fluorescence exhibited by the
sterols examined under 366 mu U.V. light after prolonged heating at 110°. The best
sensitivity is obtained by charring with 759, H,SO,. According to BOLLIGER ¢t al.19,
vitamin D, and D; could be distinguished from each other using concentrated sulfuric
acid, as brown and green colored spots respectively. However, such differences could
not be recognized in the present studies W1th the small amounts of sterols chromato-
graphed less than 25 ug. : '

.. .By combining different procedures, sensitive detectlon and good character-
Jaatlon can be achieved. Thus, very good results are obtained by successive U.V. light
examination for absorbance and fluorescence, antimony trichloride for mltlal colors
and fluorescence, and eventually H,S0, charring. -

"When permanent records are needed, black and whlte contact prints give very
ﬁne and inexpensive reproduction. The sensitivity of the print allows detection of the
faintest spots detectable on the original chromatoplate. : o

TLC on Alumina GF does not seem to alter vitamin D to any significant extent
provided that:the samples are chromatographed immediately after quick spotting
under nitrogen and red light, and that the spots are removed just after localization
while the plates are still impregnated with solvent. Elution from thelayer with pure
methanol yields a better than 959, recovery of unaltered:vitamin D, as shown by the
unchanged U.V. absorption curves. This compares favorably to.the destruction of
significant quantities of steroids?® and of vitamin D on silica gel. When developed
chromatoplates are allowed to stand on the bench for several hours, progressive
destruction. of vitamin and previtamin D occurs which results in a decrease of U.V.
absorptivity and the appearance of a peripheral ring:of fluorescent material under
366 mu U.V. light ‘The occurrence of previtamin D does not reflect an artefact of the
TLC procedure, but results from the reversible thermal transformation of v1tamm D
which occurs durmg storage of the standard solutmn10 30-32 : s
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