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SUMMARY

Methods are descnbed for the chromatography -of the very lablle z-hydroxy-
estradlol-17ﬁ on paper, thin layers and columns without oxidative decomposition.
This is' accomplished by impregnating the stationary phases with ascorbic ‘acid as
reductant; which does not alter the Ry values of the several estrogens tested on paper
and silica’ gel. The recoveries of radloactwe 2-hydroxyestradlol-17,8 are markedly
improved by chromatography in the presence of ascorbic acid as compared with

standard- chromatographic- procedures.. Amounts as small as-2 ug. of 2-hydroxy-

estradiol-178 are: easily and quantltatxvely recovered. when usmg these new reducing
chromatographlc systems RO . : : :

,,,,,

“‘.

INTRODUCTION

In the. last dccade, the bmgenems and metabohsm of 2-subst1tuted phenohc
stermds have been extensively studied by in vitro and in vivo experiments. The results
have. suggested that the 2-hydroxyestrogens belong to the major metabohtes of

v estrone and estradlol-r7ﬁ in man?-8,

Rccently KNuPPEN and.his: colleagues"-12 were able to demonstrate that the
enzymlc -inactivation 'of :catechol : amines - is. strongly -inhibited by ‘2-hydroxylated
estrogens, To obtain more mformatlon on the; physmlogxcal 51gn1ﬁcance of this obser-
vation, whlch mlght be rclevant to the occasmnal occurrence of hypertensmn of un-

g known origin durmg pregnancy, it is necessary to mvestlgate the quantitative correla-
-tlon between urmary excretlon of catechol ammes and catechol estrogens durmg

pregnancy ST LIS

Although z-hydroxyestrogens have been closely studled for several vears, their

o handhng is still extremely difficult, because they readily undergo-oxidative decompo-

“sition. Thus, no satlsfactory quantitative assays of the catechol estrogens areavailable
- today, -apart from a radioimmunoassay for. 2-hydroxyestrone in.plasma ‘recently de-

“scribed by -YOSHIZAWA AND FISHMAN!S, Furthermore;:the preparation of: labelled;2-
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hydroxyestrogens with very high specific activities for internal yield correction is
impeded by degradation during chromatographic purification, especially when very
small amounts are used4,15,

When biological material containing 2-hydroxyestrogens is submitted to the
usual chromatographic separation procedures, analytical losses of the catecho
estrogens approach 1009, in some instances. It was therefore clearly necessar}
to establish experimental conditions under which no decomposition of catecho
estrogens would take place during the chromatographic procedures. The experiment:
reported in this paper were carried out with 2-hydroxyestradiol-x7f as a representa.
tive of the catechol estrogens.

MATERIALS AND METHODS -

Steroids :
2-Hydroxyestradiol-178 (2-OHE,; 1,3,5(10)estratriene-2,3,174-triol) was gener-
ously donated by Schering (Berlin, G.F.R.). [6,7-H,}2-Hydroxyestradiol-178-tri
acetatel® (specific radioactivity 115 mCi/mmole) was synthesized as follows: 2.
Hydroxyestradiol-178-triacetatel” was oxidized with CrO; in glacial acetic acid ac
cording to the method of LONGWELL AND WINTERSTEINER!®, The resulting 6-oxo
compound was reduced with NaBH, in methanol at room temperature to the corre
sponding 6a-hydroxy steroid. Treatment of the latter compound with methanolic HC
yielded 6-dehydro-2-hydroxyestradiol-178 (¢f. ref. 19), which was acetylated witl
acetic anhydride in pyridine and then tritiated in ethyl acetate with Pd-charcoal. The
[6,7-8H,y]2-hydroxyestradiol-17f-triacetate thus obtained was hydrolysed witl
methanol-5 N H,SO, (3'1; v/v), containing 19, (w/v) of ascorbic acid, at room tem
perature for 3 days. The resulting material was purified by paper chromatography or
ascorbic acid-impregnated papers in system Agr as described below. The fina
[6,7-3H,]2-hydroxyestradiol-178 had a radiochemical purity of more than 95%. It
general, stock solutions were prepared by dissolving 1oo uCi of the tritiated 2-OHE.
in 50 ml of methanol and adding 0.3 g of ascorbic acid; they were stable for at least :
months when stored at 2° in the dark. Usually, 0.5 ml of this stock solution was usec
for one chromatogram without removing the ascorbic acid.

Othey materials

All chemicals used were of p.a. grade and were purchased from E. Mercl
(Darmstadt, G.F.R.). Organic solvents were redistilled before use. The standard solu
tion of ascorbic acid contained 15 g of ascorbic acid and 4 ml of glacial acetic acid ir
400 ml of methanol.

Measurement of radioactivity

An Intertechnique liquid scintillation spectrometer, Model SL 36, was used fo:
the measurements of the radioactivity. The scintillation fluid contained 4 g of 2,5
diphenyloxazole and 0.3 g of 1,4-bis-2-(5-phenyloxazolyl)benzene in 11 of dry
sulphur-free toluene.

On paper chromatograms the radioactivity was counted directly by a pape:
strip scanner (Berthold paper chromatogram scanner, Model LB 280) with a dua
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rate meter integrator, LB 242 K. The radioactivity on thin-layer plates was located
with a Berthold Diinnschicht Scanner II, Model LB 2723.

Paper chromatographic methods

General. Strips of Schleicher and Schiill 2043 b Mgl paper were immersed for
impregnation in the appropriate solutions, blotted with filter-paper and dried in a
horizontal position at room temperature for at least 30 min (ref. 20). Unless otherwise
stated, the chromatograms were equilibrated for at least 60 min at 22 4- 2°. After
development and drying, the radioactivity on the chromatograms was located; the
appropriate areas were cut into small pieces and these were thoroughly extracted with
a mixture of methanol and the standard ascorbic acid solution (10:1; v/v) at room
temperature. The combined methanolic extracts were evaporated to dryness in vacuo
at room temperature and the residue was distributed between 109, (v/v) aqueous
acetic acid and dichloromethane—ethyl acetate (1:1; v/v) to remove the material used
for impregnating the paper chromatograms. The combined organic phases were
evaporated to dryness after the addition of 0.2 ml of the standard ascorbic acid solu-
tion.

System A (with addition of ascorbic acid). Impregnation was carried out with
standard ascorbic acid solution. The solvent system was 1,2-dichloroethane-methyl-
cyclohexane-acetic acid—water (125:75:140:60, by vol.) ; the upper, mobile phase was
saturated with ascorbic acid.

System A (without addition of ascorbic acid). No impregnation was carried out,
The solvent system was I,2-dichloroethane-methylcyclohexane-acetic acid—-water
(x25:75:140:60, by vol.).

System Bpr (with addition of ascorbic acid). Impregnation was carried out with
formamide-methanol (1:x, v/v), containing 1.9%, (w/v) of ascorbic acid. The solvent
system was chlorobenzene-ethyl acetate (1:1; v/v), saturated with formamide and
ascorbic acid. As ascorbic acid is slowly decomposed in the presence of formamide,
these solutions were prepared shortly before use.

System B (without addition of ascorbic acid). Impregnation was carried out with
formamide-methanol (1:1; v/v). The solvent system was chlorobenzene~ethyl acetate
(x:1; v/v), saturated with formamide.

System Cg (with addition of ascorbic acid). Impregnation was carried out with
ethylene glycol-methanol (1:2; v/v), containing 2.5% (w/v) of ascorbic acid. The
solvent system was dichloromethane-ethyl acetate (3:1; v/v), saturated with ethylene
glycol and ascorbic acid.

System C (without addition of ascorbic acid). Impregnation was carried out with
ethylene glycol-methanol (1:2; v/v). The solvent system was dichloromethane-ethyl
acetate (3:1; v/v), saturated with ethylene glycol.

Thin-layer chvomatogrvaphy methods

General. Thin-layer plates (MN-Polygram Alox N/UVg;,, Macherey-Nagel,
Diiren, G.F.R., and DC-Fertigplatten, Kieselgel Iy, E. Merck, Darmstadt, G.I'.R.)
were immersed for impregnation in the appropriate solutions, blotted with filter-paper
and dried in a horizontal position at room temperature for at least 30 min. After
development of the chromatograms and drying at room temperature, the radioactivity
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was located; the radioactive zones were scraped off and eluted with formic acid--
standard ascorbic acid solution (1:r; v/v). The eluates were evaporated and the
residues treated as described in the paper chromatographic section above.

Silica gel plates with addition of ascorbic acid. Impregnation was carried out with
standard ascorbic acid solution. The solvent system was acetic acid-chloroform-
methylcyclohexane (1:2:2, by vol.), saturated with ascorbic acid.

Silica gel plates without addition of ascorbic acid. No impregnation was carried
out. The solvent system was acetic acid-chloroform-methylcyclohexane (1:2:2, by
vol.) (ref. 14).

Alumina plates with addition of ascorbic acid. Impregnation was carried out with
standard ascorbic acid solution. The solvent system was 2-butanone-acetic acid (11,
v/v), saturated with ascorbic acid.

Alumina plates without addition of ascorbic acid. No impregnation was carried
out. The solvent system was ethanol-acetic acid (3:1, v/v).

Colummn chromatography methods

Silica gel columns. Silica gel (Kieselgel, E. Merck, 0.05-0.2 mm) was impreg-
nated with ascorbic acid by stirring 30 g in a solution of 7.5 g of ascorbic acid in 200
ml of methanol. After 30 min, the silica gel was collected and dried overnight at room
temperature. The ascorbic acid-impregnated silica gel thus obtained showed a
yellowish colour, which became more intense after several days. Therefore, the
impregnated silica gel was used within the following 2 or 3 days. The columns (0.9 X
8 cm) were prepared by suspending the impregnated silica gel in the solvent system
acetic acid-chloroform-cyclohexane (1:2:2, by vol.), which was saturated with
ascorbic acid.

Chromatography on non-impregnated silica gel was carried out in the same
way except that the solvent system was not saturated with ascorbic acid.

Alumina colummns. Protection of the steroid by ascorbic acid during chromato-
graphy was achieved as follows. Columns (0.9 X 6 cm) were prepared with a slurry of
5 g of alumina (Aluminum Oxide Woelm acid, activity grade I; Woelm, Eschwege,
G.F.R.) in methanol containing 1.9% (w/v) of ascorbic acid. After passage of a further
20 ml of the same solution, the radioactive 2-OHE, was applied to the column, elution
of the steroid being carried out afterwards with another 15 ml of 1.9%, (w/v) ascorbic
acid in methanol.

For chromatography without ascorbic acid, the columns were filled with a
slurry of 5 g of alumina in methanol. The radioactive 2-OHE, was applied to the
column and after the passage of 20 ml of methanol it was subsequently eluted with
15 ml of methanol-formic acid (x:x1, v/v).

Calculation of vecovery

To determine the total radioactivity recovered after the different chromato-
graphic procedures and after elution, portions (19%) of the resulting material were
submitted to liquid scintillation counting. In order to calculate the extent of degrada-
tion of the radioactive 2- OHE2 the residue was subjected to paper chromatography in
system ‘Apr. After scanning, the radioactivity at the position of the 2-OHE, was
related to the total scanned radioactivity on the paper chromatograms9.
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RESULTS AND DISCUSSION

In order to protect -2-hydroxyestradiol-178 from oxidation, attempts were
made to carry out chromatography under reducing conditions by simply impreg-
nating the stationary phases with a reductant; for this purpose ascorbic acid and
SnCl, were tested. While impregnation with SnCl, had no stabilizing effect (Table II),
ascorbic acid gave excellent results.

Strikingly, the Ry values of 2-OHE, were not influenced by the impregnation
of paper chromatograms with ascorbic acid. This was also valid for the paper chroma-
tography of some other estrogens tested in several systems, and it therefore seems
possible that standard paper chromatographic procedures can generally be modified
by impregnation with ascorbic acid, which should guarantee the stability of 2-
hydroxyestrogens without affecting the properties of the chromatographic system.
Moreover, the chromatographic behaviour of 2-OHE, on silica gel (column and thin-
layer chromatography (TLC)) was not influenced by impregnation with ascorbic acid,
whereas the Ry values were changed markedly when alumina was treated with ascorbic
acid.

FFor this investigation, it was necessary to establish experimental conditions
under which 2-OHE, is quantitatively removed from paper and thin-layer plates. As
a result of pilot experiments with different solvents, a methanol-ascorbic acid solution
was chosen for the elution of 2-OHE, from paper, and a methanol-formic acid-
ascorbic acid solution for elution after alumina and silica gel TL.C. Hence, the recovery
of total radioactivity from the appropriate areas of the paper chromatograms varied
between go and 100%,, depending on the previous impregnation, whereas about 909,
of the radioactivity was eluted from silica gel and alumina thin-layer plates.

In order to check the reliability of the results, the standard deviation for the
final recovery of 2-OHE, was calculated in a series of experiments. For this purpose,
various amounts (2.5, 10 and 4o ug) of 2-OHE, were chromatographed in system AR,
eluted from the paper and submitted to solvent distribution. The standard deviation
of the final recovery, as calculated by the combination of liquid scintillation counting
and a second paper chromatography in the system AR, varied between 4-3.5 and
+-5.4% (Table I).

As Table I clearly demonstrates, the stability of 2-OHE, could be markedly
increased in a number of typical paper chromatographic systems used for the separa-
tion of phenolic steroids?. Chromatography on ascorbic acid-impregnated papers led
to considerably increased recoveries, of as little as 2 ug, compared with standard
procedures. Under the conditions of ‘“‘rediicing chromatography’’ in the systems AR,
Br and Cgr, the recoveries of undecomposed 2-OHE, were 93, 88 and 879,, respec-
tively, whereas the standard systems A, B and C gave only 57, 0 and 469, recoveries,
respectively. It was possible to dry paper chromatograms impregnated with ascorbic
acid at elevated temperatures and to store them under normal laboratory conditions
for more than a week without decomposition of 2-OHE,. The pronounced variation of
the stability of 2-OHE, in the three paper chromatographic systems used without
ascorbic acid can be explained by the increasing instability of the catechol estrogens
in alkaline media. Thus there is complete decomposition of 2-OHE, after using
formamide-impregnated paper, as formamide easily becomes alkaline by decomposi-
tion, whereas chromatography with the very acidic Bush system (system A) still
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TABLE I | |
. PERCENTAGE RECOVERY OF Z-OHEQ AFTER PAPER CHROMATOGRAPHY IN DIFFERENT SYSTEMS

Companson ‘between: standa.rd chromatographic procedures in"the systems A, B and C, and ''reducing chromato-
graphy’’ in the systems AR, Bg and Cg; further details are given in the text. Each figure represents the mean
of four mdependent mea,surements, and the highest and the lowest values are given in parentheses, .

"Applied Chyomatographic systems Tyeatment of
amount of ' I B the chromato-
,z-OH’Ea (ug) 4 - An‘ . ‘ B Bp ..C ~ Cnr grvams befove
G T e C o ' e elution
40 e 51 (44—57) o1 :=4.I[8]% \  — . — e == Drying at room
‘10 . 158(51-64). 94 =5.4[8]> o 86 (83-88) 34 (30-39) 86 (85-87) = temperature for
2.5 .. 57 (52-62) | 93 =3.5[16]% -— — = L ’ - 3h
10 ’ '60 (56—62) ‘91 (89-93) "~ = 88 (85-91) — 84 (81-86) ‘Drying at room
L : . " M : <. temperature
and exposure to
 normal labora-
tory cond:tlons
o o : . S . for 1 week -
40 C—_— — —— 81 (80-82) — 88 (84-91) Drying at 80°
10 . .28 (26-31) .. 89 (86-92) o 88 (84-01) 43 (40~46) 87 (86-8g). . forzh '
2.5 Ve —_—i — 84(80-87) — 89 (88-90).
10 —_ ) — 782 (80—84)_, —_ 83 (80-87) Drymg at 80"

. for 2 h'and -
. exposure to-
. normal labora-
~ tory conditions
for 1 week

_ ] Calculatmn of the sta.ndard devxation. The number of mdependent measurements is gwen in square
'cbmckets., S e : . ’

gD

TABLE II

Compa.nson ‘Between'c : inatography on non-:mpregnated and’ ascorbxc acxd-lmpregnated statlona.ry phases.
- further. deta.:ls-‘a.re gwen in:the text. Each ﬁgure represents the mea,n -of four mdependent measurements, and

% the. hi‘ghest‘g\va;uq ’Q:h ;owest values are, gwen in’ parentheses. - ;

o

- "“'Non-zmjwegnated

Alumma : Silica gel A,Szhaa gel . ..
_ ]: zmpregnated wzth 'szhca gel o ' zmjwegnated wzth ‘zmj:regnated wzth
g asaorbw aazd ' ascoybic acid - " SnClg
' ‘7o (67—73) L 30(36-42) o «-,‘-~655(6z—‘68) . 21.5;(17-_'-.24)
: L zs,s,<,r.9:..=9>: e 64 <.6.I:6.6>, TS A GS:!.?) |

.‘k,‘ -~;“,
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. TABLE III

" PERCENTAGE RECOVERY OF 2-OHE9 AFTER COLUMN CHROMATOGRAPHY USING DIFFERENT STA-
TIONARY PHASES

Compa.nson between chromatography on non-impregnated and ascorbic acid-impregnated sta-
tionary phascs; further details are given in the text. Each figure represents the mean of four
M ‘independent measurements, and the highest and the lowest values are given in parentheses.

WA pplied amount Stationary phases
~ of 2-OHE, (ug)
Non-impregnated Alumina Non-impregnaled Silica gel
aluminag impregnated with silica gel impregnated with
: ascorbic acid ascorbic acid
" 40 53 (47~60) 83 (78-87) 79 (76-84) 91 (88-93)
2.5 : 55 (53—59) 85 (83-86) 81 (77-82) 90 (88-92)

Applying the principle of ‘‘reducing chromatography’’ to column chromato-
graphy improved the recovery of undecomposed 2-OHE, again in comparison with
non-impregnated silica gel and alumina (Table III).

' Finally, it should be mentioned that 2-OHE, should be transferred in a solution
containing ascorbic acid to chromatograms and columns. This precaution is taken to
‘avoid oxidative decomposition of the steroid before the start of chromatography.

" The results obtained in this work should facilitate further investigations con-
cerning the physiological significance of catechol estrogens in man.
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