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SUMMARY ‘, 

Thin-layer chromatography (TLC) on Silica Gel G or on Alumina GE is a simple 
and useful tool for the investigation of vitamin D and related stcrols.!~The use of 
Alumina GF layers and chloroform or petroleum ether (b.p. 37°-5g0)Lbenzerie. (50 :50, 
v/v) as solvents yields the best separation and sensitivity. It allows $pecific,detection 
of samples on the basis of their U.V. absorbance or fluorescence characteristics, 
followed by staining with antimony trichloride or other spray reagents;’ and finally 
charring with 75% sulfuric acid. Vitamin D can also be quantitatively recovered after 
TLC by elution of the layer with-methanol. : 

Metabolic studies of vitamin D necessitates the use of very precise separation 
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 transformation.+. Various 
chromatographic .techniques have been proposed : paper chromatography2, column 
chromatography?6,?2- 14, thin-layer chromatograpl~y10-e9,, and :gas-liquid chromato- 
graphy (GLC)a-lo. Ilhe former gives poor resolution in spite of long development times. 
Good separation is achieved on columns, but minute amounts (o{ 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 
chromatpgraphy has the advantage of being easy, rapid, and inexpensive. It allows 
sensitive, and, specific detection :of developed sterols which can be eluted .for further 
characterizations. :: .: 

In this paper results obtained on silica gel and alumina layers with various 
solvent systems are studied. Sterols are not only detected in submicrogram amounts 
on the chromatoplates, but can also be quantitatively recovered for further charac- 
terization. ’ .‘_ ,.. ,, ‘S., 
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MATERIALS 

The Desaga-Brinkmann “applicatoz”, with a fixed exit slot of 275 ,u high, is 
used to coat the IO x 20 cm glass plates. 

An “application box” Dcsaga-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 >( 30 cm (d x h x w). 

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

---Rubber stopper 

--Glass flask 
. . . 

---Rubber plug 

LAYER SUCTION APPARATUS 

Fig. I. Layer suction apparatus. 

diameter) connected to vacuum, through an intermediate glass collector filled with 
methanol (Pig.. I). This apparatus was suggested by Dr. N. GOLD". 

Adsorbmzts: Silica %el G Merck No. 7731, average particle&e 5-25 ,u, CaSO, 
binder, neutral pM. ‘I 

,: Aluminum Oxide GF Merck No. 1092, average particle size 40 ,u, CaSO, binder; 
manganese activated zinc silicate as fluorescing indicator (peak 2540 A). 

‘Color reagents: 50% antimony trichloride in glacial acetic acid; 20% phospho- 
tungstic acid in absolute ethanol; 75 y0 sulfuric acid ; phosphomolybdic, acid-Brink- 
mann spray reagent No. 531. 
. 

METNOD '. : : 
: . 

Prefiaration of Eke ckromatoplates 
.A slurry, is >made ,of, 30 g adsorbent per Go ml distilled water, and applied in a 

uniform layer of about 250 (cl tl1icknes.s. ,, 

“’ Silica, a&well &alum$&gels~ are activated,at 140~ in the oven for at least 12 11. 
The dry layer is scraped off .along the edges of the plate and’separation, lines are made 
to form g mm “lanes” parallel to the length of the plate. The plates are then’activated ; ,.'. ,,:, :,. . ),. ,..'.. ., 

* N. GOLD, Ph.D., Harvard Medical School and th&‘Cliildrdn’k Eiospital Medical School. 

Cirromatog., -35 (r$GS) .53-65 
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‘again for z 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 in a similar way. 

Sfiottimg of the sawt$des : 

‘. The samples are dissolved, in petroleum ether (b.p. 37”-59”) at a concentration 
of 5 ,ug/,& This solvent is chosen because the, very low polarity and high 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 :tetrachloride or 
chloroform may be used, although not as effectively. ,, : 

Five ,~l aliquots (25 ,ug) are delivered by calibrated 5 ,~l Drummond microcaps. 
Two or three successive 5 ,ul aliquots can be spotted without difficulty, except when 
carbon tetrachloride or chloroform are used as solvent. 1n;those cases special care 
must be taken to avoid spreading of the samples. Five ,~l of, dye mixture ,are spotted 
on both edge-lanes ‘as indicators ,of development. ., .I , ,, 

Generally, compounds to be analysed are run on t’he central’lanes while known 
sterol standards are chromatographed on the peripheral lanes as. “markers”. The 
plates are spotted in a special application box undera stream. of nitrogen. Red light 
is used during the entire procedure which must not. last longer than IO min for. two 
plates. ‘I 

Devilo@ent 
1’ ’ The chromatographic jars are filled with the ‘solvent mixture to a depth of’2 cm 

‘24 11 before’use. Local saturation is obtained with filter’ paper sheets covering the walls 
of the tank and dipping ‘in the solvent! 

,. .’ _. 
, ‘, : >- 

Immediately after spotting, the plates are allowed to develop at room temper- 
ature (20”). Development is stopped before the front reaches the upper limit of the 
layer giving runs of approximately 12 cm. However, a method where the s,olvent,front 
moves up. to an “end, line’) at 15 cm from the starting line can be used., Development 
time is approximately I, h. 

The following .adsorbents and solvent systems were studied : ‘, 

,.’ ‘I,, Silica Gel G, : rt-hexane-acetone (95 : 5, v/v) 

II,. Silica Gel G :, q-hexane-acetone (90 :ro, v/v) 
III. Silica,Gel G: chloroform ‘. 

. . 

: IV:, Aluminum, Oxide GF : chloroform I 

V. Aluniinum Oxi,de GF’: chloroformymethanol (99 : I, v/v) , 

VI. Alu,minum Oxide GF : chloroform-methanol (95 : 5, v/v), 

VII.’ Aluminum, Oxide GF: petroleurndther ‘(b.p. 37’-5g0)-benzene (go: IO, v/v) 

,VIII., Aluminum Gxide GF: petroleum etherTbenzene.,(80 :20, v/v) ‘, ,, 

IX; Alnminum Oxide GF: ‘petroleum ether-benzene (50 :50, v/v) 
X. Aluminum Oxide GF: y-hexanechloroform (95 :5, v/v) 

XI, ,.Aluminum Oxide GF: ,+z;hexane-chloroform (go : 16, v/v) 

.: XII. Aluminum .O&ide GF’: n-hexane-chloroform ‘(75 ,: 25, v/v), , 

:X111; Alnminum ‘Oxide GF: n-hexane&chloroform ‘(5o : 50, ‘v/v) 

: 

: 2$l[v,. Alqminum Gxi& GF :, n-hexane-,diethyl ether’@ :2,0, v/v) ’ 

Qetectjon 
After chromatography the plates are allowed to dry for 2 minin.the darkness. 

J; Clrrdina~og;', 3'5 (1968),53%5 
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First examination is done under U.V. light with a lon&wave_(366 m,u) and a short-wave 
(255 mp) lamp. The absorbing and fluorescing spots are recorded ‘within ,20 min after 
drying. 

The chromatoplates are then sprayed with one of the color reagents mentioned 
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 IIOO 

for 20 min, or after a delay of one day at room temperature. 
Colors and fluorescence of sterols,are also recorded following charring with 75 y0 

H&SO, at greater 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. 

4 ‘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 rnp U.V. light or of 
absorbance under 255 rnp 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 ‘prints of stained plates or of 
fluoreGen’ce under 366 m,u U.V. light are takenon Kodak Ektachrome. With the U.V. 
lamp at a distance of 20 cm, exposure time for color prints is a matter of trial and error; 
around, 3 min. ,, ‘. . 

Extraction ‘c$ sterols from Eke Lizyer 
‘The dye mixture ,and the sterol standard “ma&ers” are visualized 011 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 ‘corresponding area of ‘layer is sucked off in 
the apparatus described above*. The adsorbent is collected in‘a glass tube containing 
3 ml <of methanol. The stainless steel tube is then rinsed with ‘an idditional z mi of 
methanol. The 5 ml suspension is vigorously 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 thau ‘011 ml per spot, removed. ,Thus, the solvent methanol 
contains the sterol eluted in a volume of, 5.0 nil; neglecting the small volume of ad- 
sorbent. Four milliliters of this’superriatant are easily pipette,d for subsequent analysis. 

.I ,. .’ 

Q~~antitative deternzinatioii and anabjsiq iillp$&itj of vitawhi D . . 

Methanol solutions’ of calciferol standards or extracts from TLC’ are analysed 
for U:V. absorption using .a.’ Beckman DU, sl&trophotometer equipped with 1’ ,Cm 
rectangular cuvettes ‘of standard .silica.’ Quantitative determin&tidn is, done, at’ the 
maximum- of 264 m,u for. ergo-: and’ chole-calciferol. ~Absor&ou ‘c&v& are recorded 

* This process must be done very rapidly after development, while tile chromatopl~te is 
still impregnated ,wit,h solvent.. : 8, : , ; ,‘.. ,‘,., ‘,,’ : : ” : 

J. C+=w!pg. ,,, 35 ..( r,968), 53-65 
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from 220 rnp up to 320 mu. Blanl+are pure methanol for calciferol standards. When the 
sterol is recovered from a chromatoplate, the .blank consists of a, inethanolic~~estract of 
an equivalent area of adsorbent taken’oiiF from a lane free of sterol. ., 

RESULTS 

Sefiaratio98 and nzo&iZity of sterols. 
Tables I and II ,summarize the & and, R, :values of .various. sterols and dye 

mixtures chromatographed on activated, Silica Gel G and ‘Alunlina, GP, using the 
solvent systems described in .the method*. ” 

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

. .’ 

From the series of solvents used, the best separation between,cholesterol, ergo- 
and pre-ergo-calciferol, was reached with the system IV, pure chloroform.; On the other 

: 

??fl AND Rdl VALUES ON SILICA GEL G 

SampZes Solve& systems 

I ** II 

RF Ra I?;.- 

III -- 

& RF Xi 

Cholesterol 0.03 f 0.004 (5)* 1.0 0.09 & 0.003 (7) 1.0 0.11 f 0.01 (7) I.0 
Ergocalciferol 0.07 f 0.010 (5) 2.0 O.IG If 0.004 (7). I.8 0.22 & O.OT (6) I.9 
Pre-ergocalciferol 0.10 f O.OTO (5) 2.9 0.20 & 0.006 (7) 2.2 0.27 & 0.02 (6) 2.4 

* Welucs - mean j= S.E. Rraclcets = number of’ plates. 
** Roman numerals indicate the solvent systems, as described under METHODS. 

hand, the esters of cholesterol are better separated with a system of lower polarity, 
such as IX-petroleum ether (37°-5g0)-benzene (so : 50, v/v). 

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

Compared to room dried (20’) plates, the activation at 140~ results in a 25 y. 
increase of the RI;* 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 mobility of the 
sterols and dye mixture by about 12%. 

.‘Presaturation of activated plates is performed by placing the plates in the 
chromatographic tanks as for development and allowing the solvent to migrate freely 
througli the layer for. 6 h.’ The samples are immediately spotted thereafter and de- ,,. 

I’ 

l The RN given n&y difkr slightly from the, value expected on’ the basis of the n&an $J 
\vh&n an isolated deterinination of the “standard” 
chromatography .6f the sterol considered. 

choles,terol is made without co~committant 
,’ I 

J. Chromatog.,,.35 (1968) 534.4 
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{:‘?,,f ;. : : .,I :;I; ,, ,, : , ;. ; ; 3 .’ 
I$,! :, ,. : 
> / ,: ‘.. ., 
,;‘I 

.I l.*, ,a.‘.‘:>.;.; :;, r, ; ),?) .,,.: ,.: ., i % 
Fig. 2.. ‘l&pro&&tins op. thin-k+er $a&&. .‘;‘Ik‘&n’ activzited’;Aluniin~ GF,.~solvent chloro&m. 

,,I / 4 , i :, 'I : ', ,,: !!,, .: '_ 3.8 i..":... p:>l~.;*~:,. .'. ,,l> .(. '.:';~fj j>~ < fi,; .r,,J;r ._;: .; 111, : : 

The &tic ~1~~~ ‘is ‘&ziz&uxl by U.V. ‘absorption, fluorescence,’ and ‘a’ntimony t’riclil&&le staining; 
Samples’chromatographed from left to right :-clyc~mixture, ergocalcifefol and stigmaste~q’i,a’detate, 
8_sitosterol and ergocalciferol, ergocalcifekol and cholesterol benzoate, ergocalciferol- ,and ‘chole- 
sterol acetate, cholesterol and ergocalciferol, ,dye mixture. (a) Natural U.V. absoiptibn with 
255 rnp U.V. light, 15 min after chromatography. ‘(b) Natural fluorescence under 366 mj,i 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 reproductionsi c is a 
contact print with Kodalc Velox F.) 

veloped in the same solvent,. as usual. Such’ a procedure only slightly modifies the 
Rp values of sterols and dye mixture. ., 

By allowing the solvent to migrate up to the “end” line at 15 .cm,from the starting 
point for I hour, the Rp values are increased by about 20 7$. 

Multiple successive developments, of the same chrornatoplate were. .tried ,on 
Silica Gel G layer with +hexane7acetone (95 :&v/v) as solvent. It appeared that the 
effect on Rr;l.depends on the mobility of the compound;, the most rapid are gradually 
decelerated, ‘while the slowest appear to be accelerated. ,. 

.: .;’ : 

Detect,ion of steroh on deveZo~ed’chromatoPlates, ’ 

.,The use,,of fluorescing layers like ,Alumina Cl? lowers the ,detection limits with 
_ 

the 255 m,u 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 Yintensity of 
absorption, the following are noted~ successively : : ergo-, and ,chole+al+erol, : pre- 
vitamin: D, ergosterol,, cholesterol b.enzoate, and’lanosterol? .Under the ,experimental 
conditions, ,,other sterols examined fail to .absorb.U.V. light, ,or at, least are not visible; 
Chole- and ergo-calciferol :.can ,be visualized in amounts smaller than 1.9 ‘fig. (see 
Table.111). 1. ,! : I (, ‘. : , : ,, I., ;; 

Long-wave (366 m&U.V. light brings about fl,uo,rescerrce of all ‘but three of the 
: * 

:‘. ; 
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Key : Sen++$‘~~~~ ,+ i_) ‘less’tlmii 015 lug; (-I_ +) to.&-*.6 pi;. (+)’ i.o-5.0 pg; (*) ~.&~$O.pf); 
( ?) questionably’;.:. no detection. Cddrs : bl, G, .bluc; br 

orange; @ur::‘+“:~Ij’urple; re 2. red;. vi0 ,= 
‘&: brown; gr = gray; gre =, green; or!,p. 

.violet:‘Colers exhibited.after staining with spray reagents 
are recorded uncler regular light: Natural ‘absorbance and~fluores,cencc are’seen under U;‘l’:‘li&t, 
of respectively.: ,255 and ,366’m.u wave ‘.,length, immod!a,tely aft,er drying of developed :.platcs. 
Fluorescence ,after’ SbCl; spray. p?!.when charring with concentrated H&SO, is, dete$ed’ under 
1J.W. light at,,366 m,u: ” ,, 11, 1 :. ’ ,,: ‘., ,.’ 

“, ,,,. 

‘. 
~aiu&zl. NatwaE: Phos#Jco- SbCl, SbCJ, Pk&ho- N,SQ, EL.!%00.” 
absorb- jluoyes-’ : zrlic zjFsZ puores- inolyb&id, in&al- .,,. flz~k~es- 
ance’. ,cence I cencc acid cozors’ hue 

“,, under 
., ‘,” ckardng i 

Ergo- and ‘chole- 1 1’, 
calciferol - ‘. ,‘++ 0 br re-br ++ :lL gr-vi0 -I-++. 

Pre-ergocalciferol’ ; ‘+, : - E ,‘, re-br ’ ’ gr-vi0 ‘, + + + 
Ergosterol, “’ + gr-vi0 
Cholesterol y ‘o 
@Sitosterol;.,, 0 

+ or-lx pur-bl-gre + + bl . . gr-vi0 +++, 
pur-bl-gre + + bl gr-vto, +++ 

St&master01 ,.’ 0 + pur-bl-gre + + 2: ,, gr-vlo +++ 
Lanosterol: ,‘, ‘. I: & or-br 
3/?-Cholestanol. I- 0 ” 

‘++ .: 

o 0 

Cholic a&cl 
Cllolesterol acetate FI 

t’ ? 
+ br ;ur-bl-gre + + 

El gre 
bl gr-vi:, ++,+ 

Cl~ol&tcrol 
benzoate + + br pur-bl-gre + + bl 

Stigtiasteroi 
ad&ate ‘0 + br pur-bl-gre + + bl 

&Cllol&ten- 
3-01 3-acetate 0 ,+ 0 ? ? 

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 sliort-wave U.V. absorption. The,detection limit 
for cholesterol is of the order of 5 ,&g. Theonly compounds which absorb under these 
conditions are ergo- and chole-calciferol and their previtamins (Table III). ” 

It 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 mp 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, 
detection of absorbing sterols must be done by 20 min after development. ‘, ,. 

-After, ‘U:V. :examination i of the chromatoplates, color .reagents ‘provide an 
additionali method of: detection. : : ,‘.,.,’ 

: : With phosphotungstic acid slight differences ,in color ,exist- between the sterols 
examined (Table.III), but after one’day’all the spots become uriifor’mly brown ., 

,.. ‘Antimony trichloride brings.about more intense and various colors (Table III). 
Amcng the substances. tested:[d3-cholesten-3-o1 s-acetate, 3-/?+holest,akiol :and’ cholic, 
acid do not show coldred. spots., The most‘ intense and rapid colorations ,are observed 
with the vitamins ; ” these become apparent immediately after spraying and sbefore 
drying (at’ concentrations of zS,.p&potj. If 5heating of the’sprayedqjlates is prolonged 
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for 20 min at IIOO, 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 whenthe colored plates are allowed to 

stand for one day ‘at room temperature. Fig. 2, plate c shows a contact, print of a 
chromatoplate stained with antimony’ trichloride. 

Phosphomolybdic acid is a sensitive reagent and gives dark blue spots on a 
pale yellow background. Only 3 ,&cholestanol .is not revealed by this procedure 
(Table III). Detection limits with the 3 color reagents tested above are of the order of 
0.5-1.0 ,ug of ergocalciferol submitted to complete chromatographic procedure. 

The use of 75 oh sulfuric acid as a charring agent, gives interesting results. Im- 
mediately after spraying and drying at 8o”, 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 ISo”;fluorescence 
becomes brighterand maintains the same,col.or as the initial spots. At such a temper- 
ature it fis necessary to use special .heat resistant,glass plates to avoid breakage. 

By this .charring technique 3 /?-cholestanol can ,be detected. The detection limits 
for the vitainin D are lowered below’ 0;s pg. The, observed. fluorescences’ disappear 
when the plate is allowed, to cOoli 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 knother 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 fluorescing 
or absorbing spots under U.V. light (Fig. 2, plates a and b). (’ , 

.’ 

Qua&taEiolz of chromatografihed sterols ., ‘. 

Known amounts of ergocalciferol are’ chromatographed on Alumina’ GF and 
then extracted from the,layers and submitted to U.V. spectophotometry for quanti- 
tative estimation. Chromatography ‘is .carried out on activated platesspotting was 
done under red light and in a stream of nitrogen in one series of experiments and 

I ’ 

TARLE IV 
/' 

.‘. 

ERGOCALCIFEROL RECO~ERYFROM T&C ON ALUMINA GF (SOLVENT cHr_oRoFoRhf) 

Under ‘yed IigJii and Lhdey ied ZigJtt withoM 
stream qf N, ’ stream of IV? 
(.?a?zdnrd = ~8.5 ,ug) (Standard = 37.5 ,&) 

Pg % sta.ndavd ,ug : O/O standa.vd 
--- 

27.5 96 34.25 91 
36.0 96 26.5 93 2G.g 93 36.0 96 

28.5 '. 100 34.25 91 

28.5 IO0 ,’ 33.0 ; 8s ,’ : 
“-7.0 95 36.0 gG .’ 
29.5 :I04 36.0 ‘96 
29.5. ,104‘ 32.5 .87’; ‘. 

Mean & S.E. 27.9 & 0.5 ‘98 & 1.6 34.8 ‘it 0.5 ‘93 f I.4 
‘. ” 

.: 
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without nitrogen in the other. In both series, eight spots of ergocalciferol are chromato7 
graphed on the same plate with pure chloroform as the solvent. Asseen on Table IV,. 
recoveries are 98% & z (mean & SE.) when spotting under nitrogen and .g3% &. 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 n-+. 

DISCUSSION. 

Silica gel has been generally accepted for TLC of sterols and vitamin D in either 
esterified or free forms10-26,27-20. In the present experiments, the Rp values of vitamin 
D and sterols on Silica Gel G are about one half of those cited by NORMAN AND. DE- 
LUCA=, 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 BP value of about 25 y0 (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 3-4%. The prepared plates 
must, be more hydrated than that,. since that structural water can only be removed 
by ,heating to, about IjIOOOs Since the free water can be evaporated below zoo’ 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 showe,d decreasing adsorptivity 12. In the, present studies, the CaSOa 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, RI;~ data with rt-hexane-acetone 
(95 :s, v/v) is very poor as a result of inadequate separation’. 

A search for better eluants seemed less p,ractical 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”6, or on 
“reversed-phase partitioning systems”2!~2?. 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 o.f the solute molecule, such as number 
and location of double bonds and length of the lateral chain, Separation between 
vitamins D, and DS has been reported on Silica Gel G impregnated with paraffin with 
a reversed-phase systemr6. 

The use of silver nitrate-impregnated silicic acid allowed separation. of different 
esters of cholesterol22337, as well as of vitamin D23, on the basis of the chain length and 
the degree of unsaturation of the fatty acid moiety. DITULLIO et ad.24 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 d 5 double bond, which are 
destroyed by. the .bromine2?. Alumina appeared adequate for analysing mixtures of 
free as. well as esterified stcrols present in ,biological’ materials, Data, obtained with 
alumina can add significantly to that of silica gel. Mechanisnis of. adsorption: are 
different. . . . 

Eleven different solvent systems were tried. Among ‘those the most ‘useful are 
pure chloroform and petroleum ether (37’-5g0)-benzene (50 :50, v/v); The former is 
of general use, while, the latter is particularly suited for separation of esters on the 
basis of their ,acidic portion, 

The commercial grades of alumina are already activated, but may be deactivated 
during storage of’ the opened container. Further activation does not seem to. have 
much effect :on Alumina GR (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 p values, which indicates 
that saturation of the layer is quickly reached when placed,in the chromatographic jar: 

‘, Theproceduredescribedby BENNETT AND HEFTMANN"* which allows the front 
to reach an "end-line" over which the flow ceases, secures a more uniform front than 
the usual technique. .The RF values. of sterols increase definitely and separation is at 
least 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 niove ‘more, slowly. ,In, 
addition, /this procedure enchances the risk of, destruction of, the chromatographed 
sterols. It is well known that the RF 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 chromatographed in. duplicate on the same .plate gives very’ close’ RF values; 
and. is without, any .“edge-effect”. Owing to such ‘.‘intra plate’, RF reproducibility;’ 
spots on .central lanes can be located and identified by reference to the standards, 
developed, on the edge lanes: 

The best separations are achieved, with’small amounts of spotted material of 
the order. of:5 pg or less. Since large variations in the amounts of samples can produce 
some change in the Rp values, standards should be spotted in~approximately the same 
quantities. as the material under examination. :’ 

‘: Different’ methods of detection were evaluated for sensitivity,’ specificity and 
stability, as well as’the ability to recover the sterol following recognition. Brief exami- 
nation of less than I minute under U.V. light (emission peak at 255 m,u.and;366 m,u) 
does not seem to significantly affect the sterols. Natural absorbance of sterols under 
255 m,u 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. 1ntcnsity: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 ,intensity : 

(I) .Ergo- and chole-calciferol :..three conjugated double. bonds at C5, 7, and ‘10. 
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(2) 

::; 

Prc-ergocalciferol: three conjugated double bonds at C~(IO), 6, and 8. 
Ergosterol: two conjugated double bonds at C5 and 7. 
Cholesterol benzoate: three conjugated double bonds onthe 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 I;O ,ug for both ergo- and chole-calciferol. Natural fluorescence of sterols under 
366 rnp 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 charrin’g 
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 stkrol. 
It provides an additional means of detection by the fluorescence exhibited by the 
sterols examined under 366 n-+ U.V. light after prolonged heating at 110'. The best 
sensitivity is obtained by charring with 75% H&SOB. According to BOLLI~ER -et aZ.10, 
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 with the small amounts of sterols chromato- 
graphed, less’than 25 pg. 

By combining .different procedures, sensitive detection and good character- 
ization can be achieved. Thus, very good results are obtained by successive U.V. light 
examination for absorbance’and ‘fluorescence, antimony trichloride for initial colors 
and fluoresdence, and eventually H2SOo charring. 

When permanent records are needed, black and white contact prints give very 
fine and inexpensive reproduction. The sensitivity of the print allows detection of the 
faintest spots detectable on the origin81 chromatoplate. 

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 redalight, and that the spots are removed just after localization 
while the’.pla$es are still impregnated with solvent. Elution from the layer with pure 
methanol yields a better than 95 O/O recovery of unaltered,vitamin D, as shown by the. 
unchanged U.V. absorption curves. .This compares favorably to. the destrudtion of 
significant quantities of steroid9 and of vitamin D on silica gello. When developed 
chromatoplates .are lallowed to stand on the bench for several hdurs, progressive 
destruction of vitamin’ and previtamin D occurs which restilts in ,a decrease of U;V: 
absorptivity and the appearance of a peripheral ring: ‘oZ fluorescent material under 
366 rnp U.V. light; The occurrence of previtamin D does not,,keflect an artefact ‘of the 
TLC procedure, but results from,.the reversible th&xnal transformation of vitamin D 
which occurs during storage of the standard solution’@@-3”. 
; 
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