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STEROIDS

CC)\V THE QUANTITATIVE ANALYSIS OF
STEROIDS BY THIN-LAYER CHROMATOGRAPHY*

JOSEPH S. MATTHEWS, ANA LUISA PEREDA V. aND AM ADA AGUILLRA .
Syntex Reseavch Labovatovies, Mexico City (Mexico)

(Reccived May 8th, 1962)

The development of thin-layer chromatography: (TLC) by KIRCHNER et al. in 19512
and 195234 was not fully appreciated until its extension by STAHLS 'in- Europe be-
ginning in 1953. Since then TLC has spread to-every field involving separations and
its usefulness is attested to by the literature (for reviews see ref. 6). Often, the resolu-
tion by TLC surpasses that of paper partition chromatography and in some cases it
is as good as gas chromatography?.8. The first application of TLC to the separation
of steroids? was rapidly followed by many others (see ref. IO) showmg that thls me-
thod is applicable to many different types of steroids. = e
‘ The excellent resolution and rapid development times: w1th T LC offers many
advantages for quantitative applications: Methods of quantification reported in the
literature have included quantitative analysis by gas chromatography after separation
by TLC!, densitometry of sprayed plates!? and-comparison techniques!3. In some of
his original work, KIiRCHNER% 14 detected U.V. absorbing steroids by adding an in-
organic phosphor!® to the coating. Under ultra violet irradiation, U.V. absorbing
compounds stand out as dark spots against a bright background The spots were then
eluted and quantitative measurements made with a spectrophotometer. GANSHIRT
AND MORIANZ16 also used this technique for the separation and quantitative analysis
of methyl and propyl p-hydroxybenzoates with excellent results.
The quantitative analysis of non-U.V. absorbing steroids has usually presented
a more difficult problem. They must first be detected in a non-destructive way so that
they may be extracted and determined quantitatively by colorimetric or physical
methods. In general, non-U.V. absorbing steroid zohes are detected by colorimetric
reactions. Of the several general reagents used for detecting steroids, iodine vapor??
appears to be the mildest. It was found during our investigations that detection of
steroids by iodine vapor dces not affect them markedly for quantltatwe analysis by
other methods afterwards. The effect seems to be one of adsorption since the iodine
spots generally disappear shortly after the plates have been removed from the iodine
vapor. The use of a phosphor in the 'thin layer did not affect their detection with
iodine vapor.
‘ These’ techmques have been ada.pted to the quantitative analy51s of sterdids by
«TLC on a semi micro scale The procedures and our results w1th this method are
wdescribed. ' :

* This work was supported by National Institutes..of Health contract No. SA-43—PI-I-4448
For Part CCXIV see ref. I.
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EXPERIMENTAL

Preparation of coating material

The phosphor used in this work was GS-115 green emission phosphor of U.S. Radium-
Corp. With 100 mg of phosphor/30 g of coating material (silica gel G or aluminum
oxide G with CaSO, binder)* the green fluorescence was adequate when viewed under
a lamp peaking at 254 my. The contrast is séen best in a U.V. viewing box (Chromato-
Vue) although a hand lamp will serve. In order to remove solvent extractable inter-
ferences, the 30 g of adsorbent with 100 mg of phosphor added was extracted three
times with 75 ml of boiling methanol (redistilled) with stirring. Fines were effectively
removed by filtering with suction through a coarse porosity fritted Pyrex glass filter
funnel. After washing and filtering three times, the powder was dried in an oven
before it was applied to the plates in the usual manner.

In extracting steroids from zones, erratic or high results were obtained if the
coating material was not extracted before preparation of the plates. Tests with me-
thanol and ethanol extraction showed that the lowest blanks were obtained after
extraction with methanol. In all quantitative determinations the extracted stermds

were read agamst a blank.

Sterozd extmctzon Sfrom zomes

After solvent development the plate is v1ewed under U.V. light and the U V. a.b- ’
sorbing zones are marked with an ample margin around the zone. The powder in the
zone is extracted from the plate by means of the zone extractor shown in Fig. 1. The

10 cm ,

2¢cm

Fig. 1. Zone extractor.

T/S 10/30 jointcanfits, IO 250r 50 ml Kimble or Pyrex volumetric flasks. Throughout
this work, 1o.ml volumetric flasks were used. With a volumetric flask attached,
suctlon is apphed at the hose connection and the ster01d zone can be sucked off the

Obtamed from Brinkmann Instruments Inc., 115 Cutter Mill Road Great Neck, N Y
(U. S Al)
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plate by rubbing it loose with the inlet tube, A. The powder is carried by the rushing
air and stops on top of medium porosity disc, B. After the powder in the zone has
been completely removed it is extracted » s, With the vacuum still applied, etha-
nol is sucked up through A and the steroid is extracted directly into the volumetric
flask. The zone extractor can be cleaned by reverse flushing with water and methanol.
Occasionally it is necessary to clean the extractor with concentrated sulfuric acid.

After the U.V. absorbing zones have been removed the plate is inserted into a
clear jar containing iodine crystals. In a few seconds brown spots appear wherever
there are non-U.V. absorbing steroids. The plate is removed immediately and the
zones marked quickly. After the spots disappear, the zones are extracted as above.
Any trace of adsorbed iodine left is probably removed under the conchtlons (zur and
partial vacuum) of zone removal.

Extraction of the steroid from the adsorbent was complete with the first ml of
ethanol when quantities of 50 ug of progesterone were used. Using quantities of 1—-8 ml
of ethanol, recoveries of g4-100% were obtained with an average recovery of 96.4%
from silica gel and 97.8% from alumina (Table I). In general practice 8 ml of ethanol
was used for extraction.

TABLE 1
%, RECOVERY OF 50 ug PROGESTERONE FROM ALUMINA AND SILICA GEL
Solvent vol. (ml) r 2 3 °€ 5 6 T 8 Average
Alumina 99.8 098.1 094.4 96 98.1 96 @ 100 100 97.8
Silica gel 06.3 94.I 94.8 96 96 - 99.8 96 o8.1 - 96.4

Application of steroids

Since the quantities of steroid which are used are small there would be an appreciable
error in weighing the amounts applied. Furthermore, the coatmg on the plate is too
fragile to stand 1epeated applications at the same spot such as is done in paper
chromatography in order to quantitatively transfer a weighed sample. In this work
the solution was applied to the starting line from a 100 ul Kirk type transfer micro
pipet. The use of the 100 u«l pipet led to much greater reprodu01b111ty than could be
obtained with smaller micro pipets or the microliter syrmges commonly used in gas
chromatography.

The concentration of the stero:1d solutlon was such that the ste101d was apphed
to the plate in one application from a 100 ul pipet. In any given experiment the so-
lutions were applied with the same micro pipet to eliminate errors due to differences
between pipets. For strongly U.V. absorbing steroids such as A4-3-ketones, 100 ug
of steroid or r mg/ml concentrations were used. For weak U.V. absorbers such as
estrogens, 300 ug of steroid were applied. In order to .reduce the errors in weighing
and dilution, the appropmate amount of sample was weighed in a 5 or 10 ml volumetric
flask and dissolved in distilled chloroform. Other solvents did not prove as suitable as
chloroform for sample a.pphcatmn The more polar solvents such as methanol tended
to.leave the steroid as a ring rather than a spot It was found convenient to warm the
plate on an.electric hot plate at about 50° while applying the solution:in order to
increase the rate of eva.pora.tlon, thus speeding up sample a.pphca.tlon and l\eeplng
the spot small. ~ . R
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RESULTS

The results of multiple determinations are shown in Table II. In these experiments
pure testosterone and 4-chloro-ryx-hydroxyprogesterone standards were used. The
spots containing approximately 100 ug each of steroid were placed on a silica gel plate
without development and extracted with 8 ml of ethanol into 10 ml volumetric flasks
which were then made to the mark. The exact amount of steroid a.pphed to the plate
with the 100 ul pipet was determined by placmg the same volume in a 1o ml volum-
etric flask (in triplicate), making to volume and determining the absorbance in the
ultraviolet. The results listed for testosterone and 4-chloro-17«-hydroxyprogesterone
thus represent the percentage recovery from the plate. In these cases the E 2%
calculated for the standard was taken as 100%. The percentage in any case was.

calculated as follows: ‘
T 9%,

E problem
I cm
- X 100 = % (1)

- E*%  reference v

Icm

TABLE II
STATISTICAL ANALYSIS OF REPETITIVE DETERMINATIONS
Steroid Results i X d s

Testosterone (std.) 95.6, 94.0, 95.6, 94.0, 95.6 94.96 0.77 =+ 0.87
4-Chloro-17a-hydroxy 96.1, 94.8, 95.1, 94.8, 95.9, 90.1 95.47 0.58 - 0.63

progesterone (std.)

X = mean.

.l

Xt . o . B I
where Xy is deviation of individual values from the mean X and

d = average deviation =

#n is the number of determinations.
s = standard deviation = A/%ﬁ; ]

The analysis of different steroids of different degrees of purity are listed in
Table I1I1. In each case the determination was carried out in triplicate and compared .
against standards run under the same conditions. The results obtained by TLC are
compared with those obtained by other methods. Many analyses were made by more
than one operator and are designated by the letters A, B or C. All these analyses were .
carried out on silica gel G with phosphor. The results listed for 6x-fluoro-r6x-hydroxy-
dihydrocortisone-16, I7-acet0n1de-21-acetate are for two different lots as indicated by
the brackets. - ~ o

In addition to the analysis of impure lots of ster01ds, a synthetlc blend of testo-
sterone and isotestosterone was separated and determined quantitatively (Table IV).
In this experiment a mixture of 130.8 ug testosterone and 8o ug isotestosterone was
run: on aluminum oxide G with phosphor for a distance of ‘15 ¢m using benzene- .
ether (1:1). The determmatlon was performed in triplicate agamst a standard run at-

the same tlme .
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TABLE III
. ANALYSIS OF IMPURE STEROIDS

- o Purity found
Steroid . . Solvent system*

TLC " Other**
1 - 11-Desoxycortisone C:E 3:2 95.5 (A) 97.4 (P)
‘ 95.6 (B) ‘
2 19-Nor-progesteronc B:E 1:1° 93 95.5 (P)
3 4-Chloro-17z-hydroxyprogesteronc C:E 3:1 : 095 96 (p) -
4. -.3-Methyl ether of 17a&-cthynylestradiol B:E 9:1 97.5 (B) 97 (g)
_ ' 98.6 (C)
s : ' 2.9 (A) ] :
‘5 . 6&-Fluoro-16x-hydroxydihydroco. tisone-16,17- C:E 3:2 2.2 (B) 95.8 (p). -
acetonide-21-a-ctate , ‘ 95.2 (C) I
82.8 (A) } - 83.5 (p)
8z2.0° (C) 81.5 (cp)
* C = chlorofoxm E = cthyl acetate; B = benzene,

p = paper partition chromatography; cp = Lolumn paxtxuon g = gas-liquid chromatog-
raphy o

TABLE IV °
SEPARATION AND ANALYSiS or Ti«:STOS'mR'dNE AND 150'1‘1:'5'1*.051'15&0:«12
Stqrat’d Rp | . . % Found . . Average Y% (Theory)
Testosterone 0.37 '62.3, 63.0, 63.2 62.8 62.1
Isotestosterone  0.47 39.1, 39.1, 38.8  39.0 37.9
- TABLEYV

DETECTION OF PURE STEROIDS WITH 10DINE VAPORS

E o
Steroid (standards) U.v. Todine Z;é;‘f,?;’f,’,ﬁ z;lz‘yhgi

Duplicate Average Duplicate ~ Average
Testosterone acetate , ggg 508 f:g'i 487 9 6 S
493 477 So ' A
3-Methyl ether of 17x-ethynylestradiol 42;.2 423 4(853.2, i _ , > :
64.4 3.8 60.8 61.5 96 S
gi 7 64.0 80-5 608 o5 A
‘Cortisonc_ _ y jgg; 408 . :'éi - 426 - 104. S

400 coog 390 :

Corticosterone ) v 13123 ‘ .l 2?(53 358 >° °
- . 422 409 438 420 103 S
o B 26 4T fos 4= 98 A
(?‘-.]?c_:lblych-o-testostcrqne.apgtatc - '. ; zz 765 %gg 760 ’ ‘99‘.’3. s
:';50 759 ;gg 750 988 - A

“* 8 = Silica gel G with phosphor. A = Aluminum oxide G (neutral) with phosphor.’
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As mentioned in the introduction, the analysis of non-U.V. absorbing steroids
was carried out by first detecting the zone with iodine vapors. In order to establish
that this method of detection did not interfere with the subsequent colorimetric
reaction for quantification, the effect was first studied on U.V. 'Lbsorbmg ster01ds
“containing in aggregate the most common steroid groups or groupings.

The experiments were performed in duplicate both on silica gel G and aluminum
oxide G (neutral). The procedure followed was to place four equal spots of the steroid
on a plate containing phosphor. Two of the spots were detected and marked under
U.V. light and determined as described above. After these were removed, the plate

was placed in a clear jar with iodine vapors and the steroid spots marked and extracted
in the normal manner. The values obtained with the steroids detected by U.V. light
were talken as 100% and the values obtained after iodine vapor detection were related
to this. The results are given in Table V.

This method of detecting steroids was then applied to the separation and quanti-
fication of a synthetic mixture of androsterone and isoandrosterone. The method of
quantification chosen was the Zimmermann reaction. For each steroid a calibration
curve was prepared as follows: duplicate samples of 10, 50 and 100 ug were placed
in 10 ml volumetric flasks and the solvent evaporated. To each flask was added 0.2 ml
of a 2% ethanol solution of m-dinitrobenzene and 0.2 ml of an ethanolic 2.5 IV potas-
sium hydroxide solution. The flasks were stoppered, shaken and left in the dark at
25° for one hour. Immediately before being read against a blank on a Beckman DK-z,
each flask was made to the mark with ethanol (the ethanol used was 96% spectro-
scopic grade).

After the steroid mixture had been separated and detected, each zone was eluted
with 2 ml of ethanol into a 1o ml volumetric flask. This was evaporated on a steam
bath under a stream of nitrogen and treated as above. Table VI lists the results.

TABLE VI
ANALYSIS OF ANDROSTERONE AND ISOANDROSTERONE IN MIXNTURE
System: ncutral alumina; 15 cin; hexanc-cthyl acetate (£:1)

Steroid Rp Found (ng) Average Theory
Isoandrosterone 0.95 48, 53.5, 56.5 52.7 51.5
Androsterone 0.76 48.5, 51,5, 52.5 50.8 52

Analysis of an impure lot of isoandrosterone by this method gave 9z9% purity
while analysis by gas chromatography gave 89%.

DISCUSSION

As menuoncd earlier the use of thin-layer chromatography has dlStll‘lCt advantages
over paper partition chrornatography Not the least of these is the fact that there is
less diffusion in TL.C than in partition chromatography. This results in smaller more
compact zones with less tendency to streak and tail. Thus greater resolution is possible:
and more reproducible quantitative results are obtained. Due to variations in.layer
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thlckness and act1v1ty as well as varlables in. solvent compos1t10n the Rp. values in
“TLC are not as reproduc1b1e as in paper partition chroma.tography However, tlus 1s_
not a problem when’ analy/,mg steroids for purity since obv1ously ‘the blggest zone is
\the steroid whose pur1ty is' being determlned Quant1tat1ve analysis of steroids’ by
}’gas—llquld chromatography has the: d1sadvantage that all steroids do: ‘not give. the
‘same molar response’. Unless. the impurities are known, and calibration curves pre-
! pared this’ may lead to considerable error when using the methocl of 1nternal normal-
§1zat1on This ploblem does not. arise in’ quantitative analysis by TLC. 2
~wThe 11m1tless variations in solvent composition that can be used in, TLC allows
,;one to make. e\penments with high' concentrations of the impure steroid so that even
..mmor impurities may be resolved and detected by iodine once the: best solvent mixture
’is found. It-also permlts one to observe whether any impurities.are travelhng close to
f‘the major component Allowances can then be made for tlns when marklng the major
;'zones after detection," so that these impurities are not included :in the zone bclng;
‘extracted. Agam ‘the application of samples as -small spots aids in’ th]S respect since
'}resolutlon is’enhanced. The formation of small spots is aided by warmmg the-plate
:to'about 50° ‘while the 100" ul of solutlon is applied. The flow rate of solut1on onto the
‘.thm layer must also be controlled to- keep the spot small. : e

- All the above procedures for- quantltatlve analysis can’ probably be scaled down‘
_vby using rmcrohter syrmges and: smaller volumes ‘and sample welghts but with
,probable attendant increases in.error and decreases in reproduc1b111ty Ifitis desired to
detect. much lower: quantxt1es of UV absorbmg ster01ds it would. be adv1sable “to
increase the phosphor content 1n the layer SO that the contrast becomes gre'tter under'
‘UV llght » ; , o L e S

The detectlon of stero1ds by 1od1ne vapor was.. 1nvest1g'1ted on- compounds‘
i'contammg in aggregate the followmg Iunctlonal groups or groupmgs aromaticring A;
methyl ether of . phenohc ring: Aj tert1ary hydroxyl _primary. .,,_hydroxyl ketone;
;A“-3-ketone A4 °-3-ketone 17oc,21 -diol-zo-ketomne; -'21-0l-20-ketone; ethynyl and_
,ester (Tables V:and VI). Although in somc caszs. ‘there is a d1screpancy of'as ' much as
“4.or'5%, after- detectlon by iodine as compared with UV. detection, the net. results._
i_‘1nd1cate that there is very. little reaction -of jodine with the U. V. chromophm e, i.e.
‘the. A“-3-ketone A4,5-3-ketone or aromat1c rmg A-groups:’ “The addition of 1od1nc to
‘double. bonds is. known to be very 'slow even in. solution and furthermore is. easlly:
frever51ble Under the cond1tlons of detectlons used here, there should be little or no
‘:reactlon since’ it ds in. the- dry state where there is llkely to. be less reaction than in
‘solution. To determme 1f any: reactlon occurred when testosterone ‘dcetate was de- :
f'tected by thls methocl about 0.5.mg was’ placed on a- s1l1ca gel plate and exposed to
dodine’ ‘Vapor.: “When-: ‘the. spot became visible the plate was removed -and the: ‘color
‘of iodine’ allowed to dlsappear Another equal amount of testosterone acetate was then"
j’placed?bemde it: and the’ chromatogram developed w1th chloroform. No new: spots were
?v151b1e in 1od1ne vapor. after solvent: development mdlcatmg that no new products had-
‘been. formed by this'method of- detectlon ‘The same procedure was: followed for each
‘s ,,1'01d in'Table smg solvent systems wluch had been. shown to resolve the largest
x:number of :'mpuntles The only steroid which gave.a new compound was cortlsone,'l
although g heA amount was very small compared to the total SRR N "
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detected by an iodine solution!® indicating that there may be some reaction taking
place. However, when cortisone is detected by iodine vapor in TL.C the appearance of
the spots is the same as for any other steroid at the concentrations used in this
method. Only when high concentrations were used (500 ug/cm?) was a blue color visible.
In order to check that there is no appreciable reaction with the «x-ketolic group when
detected by iodine vapor, cortisone was tested with blue tetrazolium reagent. For this
experiment six equal spots of pure cortisone were placed on a silica gel G plate con-
taining phosphor. Three were detected by U.V. light, extracted and the blue tetra-
zolium reaction run. The other three spots were detected first by iodine vapor, then
treated in exactly the same manner as the previous three spots. The absorbances were
measured on a DK-2. The absorbances obtained with the cortisone detected by U.V.
gave values of 0.318, 0.333 and 0.365 for an average value of 0.339. The cortisone de-
tected by iodine vapor gave values-of 0.311, 0.335 and o. 354 for an average value of
0.333. The difference is less than 2% indicating that there is little 1[ any reactlon of
iodine vapor with the «-ketolic group of cortisone. '
The foregoing indicates that the detection of steroids in TLC by 1od1ne vapor is .
primarily an adsorption phenomenon and there is very little if any chemical reaction
with most functional groups usually present in steroids. Detection by ‘thlS method

does not interfere with subsequent colorimetric reactions.

SUM MARY

A method ‘has been developed Ior the quantitative analysis of U. V and non-UV
absorbmg steroids utilizing thin-layer chromatography. U.V. absorbing steroids are
detected by means of a phosphor in the thin layer, removed and determined quanti-
tatively in a spectrophotometer. Non-U.V. absorbing steroids are detected by iodine

vapor, then removed before bemg determined quantitatively by colonmetnc re-

actions.
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