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FURTHER DATA ON A HISTOCHEMICAL REACTION AS APPLIED TO 
THE TIiIN-LAYER CKROMA-fOGRAPHY OF STEROLS 

SUM puf ARY 

A method for thecharacterization ofsterols on silica gel G kqers is proposed. 
After the chromatogmms have been sprayed with a permanganate-sulphuric acid 
o.tidative reagent and the reaction has been terminated with Sodium hydrogen sul- 
phitee. the pfates are sprayed with the calour-developing reagent (an acid solution of 
alcian blue or toluidine blue). The pIates are also viewed under UV radiation (254 
and 366 mu). Only 3 of the 28 sterol samples assayed (spot content 8 jog) did not 
show positive reactions after oxidation, which suggests that this step can be used as 
a “universal” detection method for sterols. After stair&g the plate, several sterols 
are shown to be easily differentiated from one anher. The exposure of the plates to 
UT radiation assists characterization. In general. the reaction exhibits satisfactory 
sensitivity for the qualitative and ditiirentiating detecdon of st2rok; it is ako rapid 
and easy to can-y cwt. 

Irr previous work’, we have shown that the histochemical reaction of Hadler 

and co-worker@ can be applied to the thin-layer chromatography (TLC) of estrane, 
androstane and pregnane steroids. Sterol o.xidation by permanganate-sulphuric acid 
or peroxyacetic acid solutions would lead to the formation of keto-acid group#, 
which w&d be deep& stained by either toluidiae blue or al&an blue reagents. Spot 
tests demonstrated that the reaction ivas specific for &3-01 steroids when oxidation 
was carried gut with peroxyacetic acid, and that the pH of the oxidizing agent was 
important for differentiation between the sterohi’. 

III this work, &oksceroI, its natural and synthetic esters and sterks with several 
structural modifications have beeri assayed by using the modified HadIer reaction. 
Two effective & V~VO b[ackicmg agents of desmosEeroZ--I’~-rzdcctase’.” were &SO 

assayed. 
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L. B. S. VALLE, R. ht. OLIVE!&%-FTrHO, S. -4. CA!k%:ARA 

METHOD 

One-dimensional TLC on silica gel G (Merck, Darmstadt, G.F.R.) ~8s carried 
out as described by Stab!‘. Samples of 26 steroIs (Sigma, St. Louis, MO., U.S.A., 
and Steratoids, Pawling, _ N.Y., U.S.A.) and. of two synthetic nitrogen-containing 
sterols, inhibitors of cholesterol biosynthesis (G.D. Searfe, Chicago, EK., U.S.A.), 
dissolved in c’;_,ioroform-methanoI(1 :I, v/v) were applied to 20 x 20 cm plates (f , 2, 
4 and 8 ,ug for each spot}, and the chronatograms were devetoped witi chloroform. 

We ha%; examzbted four groups of srerois, as Follows (see also Table I): 
Group A: natural and synthetic esters of cholesterol, and biIe acids; 
Group B: cholesterol and sterols with modifications in the B ring; 
Group C: sterols with modikatioas In the A or A and B rings, or at the 

decalin junction; 
Group D: sterols with modifications in the side chain. 
After each run, the Hadler reaction was applied as previorrsly reported’. 

Briefly, the process includes (1) spraying with permaomnate-sulphtic acid solution, 
(2) heating and recording the results, (3) interrupting the oxidation reactIon by 
spraying with sodium hydrogen sulphite soI~tion, (4) spraying with coIour-developing 
reagent (an acid solution of toluidine blue or alcian blue) with immediate recording 
of the results, (5) heating until the best colour is attained, followed by recording the 
results. and (6) exposing the plates to UV radiation in order to detect fiuorescence. 

RESUL-i-S AND DISCUSS!ON 

Table I shows the results obtained after treatment of the chromatograms as 
indicated above. The natural esters of cholesterol (group A) showed better sensitivity 
in the oxidative reaction. than did the synthetic ones (propionate and benzoate), 
whereas all the bile acids tesred exhibited only “water-marks’* (translucent areas). 
OF the sterols iTr group B, rhe most sensitive to the oxidizing reagent wascholesterol, 
as had been noted by Hadler et a/.‘. Those sterols io group C with a trans-junction 
between rings A and B (cholestanol, cholestanone and epoxycholesterol) were unreac- 
tive to the oxidant, despite the hydrosyl or 0x0 function at C-3. AH the sterols in 
group D gave positive reactions with the oxidizing agent. The sensitivity was better 
with desmosterol (J5nzz:) and ergosterol (.G 5*7.2’-24&methyI), indicating that an 
increase in the number of double bonds could be responsibk for the increased 
reactivity. Surprisingly, SC-i 1952, with a 5a structure, was more reactive than 
SC-12937, with a A5 structure. Or: the whole, however, the results obtained in TLC 
with oxidative reaction at low pH agreed with those of HadIer et ak3 and confirmed 
that the absence OF blockage of doubie bonds inhibits the oxidative reaction (see, for 
example, biie acids and those sterols of group C with a 5a; structure in Table I). Fur- 
ther. several of the unsaturated sterois have tierent stnsiti\+ties. 

Staining with akian b!ue at room remperature did not reveal ChOksteFOl esters 
and bile acids (which slrpports the spot tests of Hadler et a/_“). whereas, in aoup B, 
only 7-keto- and 7-dehydrocholesterol gave positive responses. Positive resuits ob- 
tained with A’, As or AL.’ unsaturated 3-oxo-steroids in group C, and with most of 
the group D sterols (but no: desmosterol), made it dii?icuit to establish any re[aGon- 
ship behveen chemical structure and the affinity For the stain. Over-ah consideration 
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ofthe ~actionw~th dch blueat rO0i11 temperature makes it possible to differentiate 

sterok of great physiologicaf significrrnn ceeg., choIesteroI. 7-hydrosychoiestero!, 
desmosterol and choIestanoi) from ‘T&et& and 7-dehydrocho[estero[_ After heating. 
no cfear-cut relationship was observed between sensitivity to oxidation and aRni&I 
for the stain (se Table 1). The LXC~~OE was less sensitive for the bi[e acids, as mi&t 

be expected, since some substances in this category (e.g.. choiic and d&ydro&olic 

acids) are resiStan to Several coIour reaget&. However, in TLC, the results seeIT; to 
Ofkf better sensitivity than tfiOSe obtained by HadIer et ~i.3, despite the rc[ativeiy 
long period of heat& It is noteworthy that 7-ketocholesterol, a sterol difiicu[t to 
render visible, is detectable both by the oxidative reaction and by staining with alcian 
blue. The alcian blue mxGon at room temperature permits differentiation of 7-keto- 
chole-stero! from eitkr 7-hydroxychoiesterol or 3,5-choIestadien-7-one, without the 
need for prior dehydration or reduction’. This reaction offers interesting possibilities 
for differentiation between cholestanone, epoxycholesterol and cholestanol and other 
sterols. Under UV radiation (366 nm), chromato_mms stained with alcian b[ue per- 
mitted excefient ~kuat distinction of cholesterol oleate and propionate (red) from 
chofesteroi benzoate (pale) and other esters (yellow). With regard to the bile acids. 
substitution in positions C-3 and C-12 seems to affect their fluorescence reactions, 
since dehydrocholic acid (bluish) can be distinguished from chofic and deoxycholic 
acids fgreenish). Among the group B sterols. it was possible to differentiate 7-keto- 
and 7-dehydrocholestero1 from the others; this is advantageous in chromatographic 
studies of the autoxidation products of cfrotesteroi. Further. the 7a-epimer was 
detected with better sensitivity than 78-hydrouycholesterol. The results in Table 1 
for group C steroids show that, under UV radiation, it is difficult to establish a 
relationship between the chemical structure and the fluorescence developed. Small 
differences in structure seem to be critica (see, for example. 5choiesten-3-one and 
choIestenone). It is dificult to explain exactly what makes compounds as different 
as, say, cho[estanone and 3.5cholestadien-7-one show the same UV reaction (yellow); 
similar remarks apply to desmosterol and ergosterol (red) in group D. 

No positive reaction was observed before heating when the chromatognms 
were sprayed with coiuidine blue; even after he?ting, the sensitivity did not differ 
geatiy from that attained with aician blue. However, in group B, i1 was possible to 
differentiate ii&eta- and 7-dehydracholesterol from cholesterol and the epimeric 7r/.- 
2nd 7,2&ydroxychofesterois. Under UV radiation (2% nm), some of the sterok did 
lot show the sensiti&y exhibited when alcian biue was used. In group A at 366 nm: 
lowever, cho[esteroI oleate (pale) could be distinguished from cholesterol bemoate 

md prop&ate (reddish), and these last-named two esters from all the others (Yellow- 
oh). Dehydrocholic acid, whkh did not fluoresce, was easily differentiated from 
:holic and deoxycbolic acids, both of which showed bluish reactions. In FouP 5. 
terols with a 7-keto or As.7 grouping &d not fluores=, and SO could be difFa-cntiated 

ram cholesterol and 7c+hydroxycholesterol, which gave red responses. 7Mydroxy- 
$oIesterol was difticult to uisuafk Among the sterols of FouP CT there was 2 wide 
ariety of reactions, but the lack of fluorescence of i.kholestadien-j-one and 5 
sho&ten_3_one at either 23’4 or 366 nm might be of value in distin;uishing these from 
he other sterols in this goup. Visualization of ~,5-cholestadien-7-one bias difficult- 

It can be seen that a number of the fiaoresc2nce reactions on the afcian blue- 
tained plates parail&d those on the toluidine blue-stained Piates- In radiation Of 



TABLE EL 

COLOUR RlzAcflO~S OF 23 STEROLS ON -WIN-UI’ER CEmoMAmGRu~ AECCER 
TREAThENT y ALCIAN BLUE OR TOiXl-ID~ SLUE PSAGEXT 
Amount of st+rol = 8pg. kThsneveF nvo colOurs ti repot?ed, they ocamed at dBkrent heating 
&xs; the second c&our is the %I& one. !?.f.fges indicate the time req+ired _for the tiat Mom de- 
velopment. _Abbretiations: 5. = browx: 61. = b[ue;br. = bx%I!.iant:cz- = cadmium;ch- = chrome; 
co. = cob&; d. = deep; ea. = wth; g. = green; &. =-gmnkh; go. = gold; k. = Indian; 
-1. = ikgbt; h. = lake; Ie. = Iemon; oc. = o&ire; or. = dr2nge: p_ = pale; Paz. = Pozmoli; r. = 
red; sc. = scailec.; ter. = t~~as~ttq ul. = ~Imiiarine; mb. = umbeF; ver. = vermilion; vet = 

verte; ~0. = violet; y_ = ye&w: z 5 zinc. 

Sr2d 

Group A 
Chotuterol stear2ie 
Cholusceroi okare 
cholusterol paInlime 
cbokiterol myFist2tz 

cllolzskrol bc?szoatl 

Cholsterol propionate 
Cholic acid 
Daxychotic acid 
DehydrGciloiic acid 

Group B 
ChOItStz~d 

7a-Kydro.xychol~teFo! 
7/?-Hy&o~gchok!st2rol 
7-Ketochoiexerol 
7-Dehyckocholesterol 

Group C 
1,KtioleSadien-3-one 
4,6-chotestadien-3ale 
3,5-alo!estadien-7-oonc 
5-cho!esrzn-iQue 
cbokstenonz 
aok5tanone 
CllOkS~O1 

Epoxycholesteroi 
cbo!esEan+tFiol 

ter. wt.-b. oc. 
d. oc. 
uub. gh.-y. oc. 
umb. gh.-br. y. d. 
umb. gh. 
umb. gh_ 
In. y.-2. y. 
In. y.-y. oc. 
ch. y. p.-ch. y. le. 

7 

i: 
7 

IO 
3 

25 
1.5 
30 

y. oc.-b. oc. 
ul. d.-go. oc. 
ul. d.-go. c-c. 
br. y. d.-cz. t. sc. 
br. y. d--es. F. d. 

5 Paz. ea. 
5 ul. d.-E’oz. ea. 
6 d. CL-Par. ea. 

13 Paz. ea. 
13 - 

Paz. e2. 20 
co. bL I. 15 
In. y. 7 
Puz. ea. 30 
CT. g. p. s 

go. oc. 30 
in. Y.-b. oc. 10 
Paz. es. 6 
y_ oz. 7 

Inn. y.-b. oc. 6 
r.mb. gh. IO 
go. cc. IO 
Paz. ea.-y. oc. 13 
co. \o. d.-b. 0~. 8 

ca. 5’. or. 
Gi. r. SC. 

ver. r. p. 
vs. F. p. 
ver. r. p. 
1. r. 
y. oo. P.-In y. 
ca. y. oc.-a. r. d. 
ch. y. 6.u. y. d. 

ver. r. p. 
Paz. ea_ 
Ch. y. OF. 
Q. y. or. 
ch. g. I.-Pox. ea. 
ch. y. d.-ca. F. SC. 

c2. y. or.-ca. r. sc. 
br. y. d.-Ln. y. 
br. y_ d.-ch. y_ or. 

vu. r. d.-Poz. ea. 
\eF. r. p--xl. ia. 
ver. F. d.-ca. F. d. 
br. y. d. 
ver. r. d. 

L3 
14 
13 
15 
15 
7 

30 
10 
30 

IZ 
7 
5 

18 

30 
7 

I7 
20 
10 
15 
20 
7 
5 

5 
I5 
10 
30 
30 

366 nm, ail the group D steroh except those contaming nitrogen showed red spots. 
However, it should be QOXX.I that SC-I1952 and SC-I2937 viewed under 25~run 
razdiationappearzb es reddish spots, but were pa!e io 366--nm radiaticn. 

The results pxsented in Table II s&xv &at d.iEerent cohrs GZQ develop with 
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a@ slight st-n~%~aI ~eMlcS. Further, the s&era1 cofow-s reported can vary with 
temperature, time of heating, and the parity of the &em&is used duting the chro- 
nxitographic ptocedwc. -4khough it was observed that: the coIours were reasonably 
&able (up td 24 h for most of the sferofs), they could vary with time. On the other 
hand. spraying the-chromatograms with a freshly prepared 5% solution of nitric 
acid in methanol helped to clarify the background, akhough it sometimes caused 
discoIoration of the spots. 

Our results seem to justify the conclusion that the HadIer histochemical r-c- 
tion as adapted for use with TLC is a relatively simple and rapid tecchnique, extiibiting 
satisfactory sensitivity for the qudlirative and differentiating detection of sterols. We 
found that most of the negative resuks obtained in spot tests on paper became positive 

iE TLC. Such improved sensitivity can be ascribed, as we!1 as to tJze effect of heating. 
to the concentration of the samples on the surface of ttie fine granuies of an inert 
adsorbent such as silica gee[. 
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