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Reagent.
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A highly sensitive spectrophotometric method for the determination of general keto-
steroids was investigated. The development of chromophore with p-nitrophenylhydrazine
reagent was achieved efficiently in alkaline dimethylformamide. Micro amounts (0~50 pg.
for saturated ketosteroids; 0~25 pg. for 4*-3-ones) of steroids were determined by the
standard procedure. One of the remarkable advantages is the possibility to estimate micro
quantities of the saturated 3-ketosteroids such as cholestan-3-one, that has been almost
impossible by the most published methods.

A discussion on the reactivities of different kinds of steroidal keto group for the
method derived was also presented from the results of the study using forty oxosteroids.

(Received May 9, 1966)

In the previous papers® of this series, it was shown that only 4*-3-ketosteroids
such as progesterone and testosterone reacted rather specifically with the p-nitrophenyl-
hydrazine-hydrochloric acid reagent to form hydrazones, which produced reddish
purple colors showing absorption maximum at 540 mp in an alkaline solution of
dimethylformamide (DME). A specific method for the detrmination of 4*-3-ketosteroids
(Method A) based upon this principle was presented subsequntly.® The larger molar
ratio (160) of hydrochloric acid to p-nitrophenylhydrazine (PNPH) in the method A
should be kept in order to show higher specificity for 4*-3-ketosteroids. When the
ratio is reduced down to 2.0, on the contrary, the sensitivity was highly increased
with a subsequent increase of the reagent blank losing the specificity for 4*-3-keto-
steroids.

The present paper deals with a micro method for the determination of ordinary
ketosteroids (Method B) derived from the above-mentioned finding, accompanied with
an improvement on the purification of solvent used. A discussion on the comparison
of these two methods A and B is also given with respect to the reactivity of different
steroidal keto groups.

Experimental

Reagents and Apparatus——1. Ketosteroids : Steroids having carbonyl group in A~ or B-ring in the
cholestane series were prepared by the known methods and those proved to be pure on thin-layer chromato-
graphy and by elemental analysis were used; some of them were gifted from other laboratories, which are
acknowledged elsewhere.

2. Carbonyl-free Ethanol : Reagent-grade alcohol (2.0 L.) with 2,4-dinitrophenylhydrazine (2.0 g.) and
conc. HpSO0,4(1.0 ml.) were refluxed and distilled. The same procedure was repeated once and redistilled.

3. HCI-Ethanol Solution : Reagent-grade conc. HC1 (2.7 ml) was made to 250 ml. with the carbonyl-
free EtOH.

4. p-Nitrophenylhydrazine Reagent (PNPH): After p-nitrophenylhydrazine (m.p. 157~158°; 20 mg.) was
dissolved in a small amount of the carbonyl-free EtOH, the HCI-EtOH solution (2.0 ml.) was added and the
solution was made to 50 ml. with the EtOH.

*L Part X : This Bulletin, 13, 414 (1965).
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5. 1N NaOH: Prepared as an aqueous solution from concentrated carbonate-free NaOH solution,
removing precipitate by filtration through a glass filter.

6. Dimethylformamide (DMF): Reagent-grade DMF was purified by distillation under reduced pressure
in an all-glass apparatus.

7. Spectrophotometer : Hitachi Model EPU-2A and Hitachi Self-Recording Model EPS-2U Spectrophoto-
meters were used.

Development of Method——1. Absorption Spectra : EtOH solutions (0.5 ml.) containing cholestan-3-one
(50 wg.) and progesterone (50 pg.), respectively were treated under the standard procedure. Absorption spectra
of these solutions showed maxima at 520 mp and 540 mp for cholestan-3-one and progesterone, respectively
(Fig. 6).

2. Concentration of PNPH : Under the standard procedure varying with the concentration of PNPH,
almost constant absorbance was observed within the range of 0.3 to 0.6 mg. per ml.  The higher the con-
centration of PNPH, the more increased the reagent blank and 0.4 mg. per ml. was set as an optimum.
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TasLe I. Absorption Maxima and Apparent Molar Extinction Coefficients
of the Colored Solution produced from Various
Oxosteroids by the Method A and B

A B
Compound -
Amax M e’®  Index® Amax mp ¢’®  Index®
1) Cholestan-1-one® . negative — — 520 1600 5
2) Cholestan-2-one® 520 7900 26 520 30100 99
3) Cholestan-3-one® 520 6000 20 520 37400 123
4) Cholestan-3-one/) 520 5400 18 520 37600 123
5) Cholestan~4-one?) 520 2300 8 520 5600 18
6) Cholestan-3f-o0l-6-one acetate™ 520 2900 9 520 12200 40
7) Cholestan—7-one® negative —_ — 520 19000 62
8) Cholestan-38-o0l-7-one acetate) " — — 520 13700 45
9) S5a-Pregnan-11-one " —  — negative _ -
10) 3a,17a,20-Trihydroxy-58-pregnan-11-one " — — " — —
11) Hecogenin " — - 520 5200 17
12) 12-Ketopregnane-3,20-diol 3-acetate 520 11600 38 520 44000 144
13) 3B-Hydroxypregn-16-en-12,20-dione acetate 520 5200 17 520 20000 66
14) g_ﬂégé)t«a[t)éhydroxy—lélﬂ,17a-pregnan—15—one negative - . 520 5000 18
15) 3B8-Hydroxyandrostan-16-one acetate 520 1300 4 520 7500 24
16) Androsterone negative _ - 520 4500 15
17) Pregnenolone " — — 520 10700 35
18) Cholest-2-en-1-one® " —_ — 540 1000 3
19) Cholest-1-en-3-one® 540 15000 49 540 36700 120
20) Cholest-4-en-3-one™) 540 30500 100 540 44500 146
21) Cholest—4-en-6-one™ 540 2500 8 540 8200 27
22). Cholest-5-en-7-one? negative — - 540 7100 23
23) 38,20-Dihydroxypregn-9(11)-en-12-one diacetate 540 2300 7 540 4900 16
24) Progesterone 540 30200 99 540 49800 163
25) Corticosterone 540 32900 108 540 53500 175
26) Desoxycorticosterone 540 29000 95 540 51600 169
27) Hydrocortisone 540 33300 109 540 45100 148
28) Cortisone 540 26600 87 540 43900 144
29) Prednisolone 565 15600 51 565 25600 84
30) Prednisone 565 15700 51 565 27600 90
31) Cholest—4,6-dien-3-one® 570 44600 146 570 57300 192
32) Cholest-3,5~-dien-7-one?) 570 1100 4 570 20000 66
33) 7-Ketocholesteryl acetate?? negative — — 555 3500 11
34) Cholestane-3,6-dione® 520 2100 7 520 46100 151
35) Cholest—-4-ene-3,6-dione™ 590 37900 124 620 40500 131
36) Cholest-4-ene-3,6-dione 6-enol ethyl ether® - 590 41000 134 620 46100 151
37) 3B-Hydroxy-148,17a-pregnane-15,20-dione acetate 520 1030 3 520 8900 29
38) Cholest-3-en~2-one-3-ol tosylate® negative —_ — 570 21400 70
39) 2a-Bromocholestan-3-one®) 520 1300 4 540 19200 63
40) 4-Br-pregnane-174,21-diol 3,11,20-trione 21-acetate 540 6900 23 540 30600 110

a) The relative absorbance at maximum was represented as cholest-4-en-3-one index, when the observed value
with an equimolar solution of this ketosteroid by the method A was taken as 100.

b) ¢’=E/Ixc, where E: optical density, [: light path of cell, ¢: concentration on moles per liter.
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3. Concentration of HCl: Under the standard procedure varying with the molar ratio of HC1 to PNPH,
maximum absorption was obtained at the ratio of 2.0 as shown in Fig. 1. Sulfuric acid revealed the same
result.

4. Effect of Temperature upon Time of Reaction : The standard procedure was carried out at different
temperatures such as 60° 65° 70° and 75° in different periods ranging to 120 min. and the developments of
the reactions are shown in Fig. 2. Reagent-blank was increased at higher temperatures and for longer
periods. For practical purpose, 60 min. at 65° was selected as an optimum.

5. Stability of Colored Solution : The standard procedure with 30 wg. of cholestan-3-one gave the result
as shown in Fig. 3. As reagent-blank practically diminished after about 20 min., it was recognized to be
suitable to read the absorbance after elapsed time of 30 min.

6. Calibration Curve: The linear relationship between the optical density and the concentration of
ketosteroid was obtained in a range of 10 to 50 pg. Curves of cholestan-3-one and pregnenolone are shown
in Fig. 4.

Standard Procedure (Method B) Add 0.5ml. of PNPH reagent to 0.5ml. of ethanolic solution con-
taining 0~50 pg. of ketosteroid (0~25 pg. in the case of 4*-3-ketosteroid) and keep the mixture at 65 1°
for 60 min.  After cooling for several minutes, add 4.0 ml. of DMF and 0.5 ml. of 1N NaOH. After the
elapsed time of 30 min. read the optical density at the wave length of maximum absorption against reagent-
blank which is prepared through the same procedure with regard to 0.5 ml. of ethanol without ketosteroid.

Parallel Test between Method A® and Standard Method (Method B)-——Amounts of 30~50 pg. were
determined individually by the two methods with regard to forty ketosteroids. Table I presents the results
observed on the wave lengths of absorption maximum and the apparent molar extinction coefficients (¢’ =E/I x ¢)
at the corresponding Amax.

Discussion

Ketosteroids appeared in the field of clinical chemistry are roughly divided into
two groups with regard to the active carbonyl function. One of them has a keto
group in A-ring of the steroidal structure (chiefly 4*-3-one type and some saturated
3-one type) and the other one in the opposite side of the molecule mostly in p-ring
(17-ketosteroids) and some in side chain. Isonicotinic acid hydrazide® and 2 ,4-dinitro-
phenylhydrazine® have generally been utilized for the determination of the former
group as summarized comparatively in Table I and Zimmermann reaction® using
m—dinitrobenzene for that of the latter one, particularly for 17-ketosteroids. It should,
however, be pointed out that these methods often serve only to give an estimate of

TapsLe I. Comparison with Other Methods for Determination
of Unsaturated 3-Ketosteroid

Metod e Wotkingen Tine
UV (4%-3-one) ' 240 17000 — —
Isonicotinic acid hydrazide® 380 11000 30 60
2,4-Dinitrophenylhydrazine® 460 22000 20 5
4-Aminoantipyrinel® 354 9200 25 20~285
Method A3 (4%-3-one) 540 30500 50 60
Standard Procedure (Method B) 540 44500 65 60

the total amount of carbonyl functions, whether they are in the steroid nucleus or
not, and that the reagent-blanks of the hydrazine methods are unsuitably tended to
interfere the estimation of test solutions. A specific method for the determinaton of
4*-3-ketosteroids (method A)®» presented by the authors has an advantage in this
respect. The enormously higher ratio (160) of hydrochloric acid to PNPH is responsible

4) E.J. Umberger : Anal. Chem., 27, 768 (1958).
5) A.G. Gornall, M. P. MacDonald : J. Biol. Chem., 261, 279 (1953).
6) W. Zimmermann : Z. Physiol. Chem., 233, 257 (1935).
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for the substrate specificity of the method A. When the ratio was reduced down to
2.0, on the contrary, the specificity for 4*-3-ketosteroids was lost away, although the
sensitivity became much higher with increase of reagent-blank. This would explain
the increased reactivity of the PNPH reagent in such lower concentration of hydro-
chloric acid for the carbonyl group, so that even traces of carbonyl impurities in
alcohol could be reacted enough to produce color and the unfavorably higher blank
value was thus shown. The purification of alcohol described in the experimental part
was fully effective to introduce a new micro method for the estimation of general
ketosteroids presented in this paper.

It should be noted that the specificity for ketosteroids would, therefore, not be
expected in the present procedure (method B). On the other hand, the relatively
higher sensitivity of this method is useful for the micro estimation of the ketosteroids
as shown in Figs. 4 and 5. Tne increased stability of the color produced is also
shown in Fig. 3. One of the remarkable advantages is the possibilty to estimate
colorimetrically micro amounts of the saturated 3-ketosteroids such as cholestan-3-one
as shown in Fig. 4, that has been almost impossible by means of the most published
methods. It seems most reasonable to conclude that the method B presented here
could be expected to be utilized suitably for the estimation of isolated ketosteroids
such as those separated on thin-layer chromatography and for the quantitative
analysis of the medicinal steroid preparations.

As to the intensive coloration of hyrazones and the simultaneous degradation of
excess of p-nitrophenylhydrazine in alkaline DMF, that play important parts in the
methods A and B, the discussion will be presented in the following paper.

Reactivities of Different Steroidal Keto Groups for Methods A and B

Forty ketosteroids were estimated by both methods with the comparative results
as shown in Table L.

1. In common with the two methods and independently of the position of keto
group in a steroid structure, saturated ketosteroids (1~17) gave Amx at 520 mp;
a,f-unsaturated ketosteroids (18~28) at 540 mp; crossed dienone steroids such as
prednisolone (29) and prednisone (30) at 565 mp; more conjugated ketostsroids such as
cholest-4,6-dien-3-one (31) and cholest-3,5-dien-7-one (32) at 570 m.

2. In the case of the method B almost quantitative formation of hydrazones were
found on both of 4*- and saturated 3-ketosteroids, whereas that of 20-ketosteroid such
as pregnenolone was estimated at about 30%, when the respective result (¢/) obtained
was referred to the individual molar extinction coefficient (¢) of the specimens of p-nitro-
phenylhydrazone.™® :

3. Saturated ketosteroids could hardly or slighty produce color in the method A.

4, As a rule, a,8-unsaturated ketone is considered to be less active than the
corresponding saturated one, so that the formation of its hydrazone is rather difficult.
In the method B, «a,B-unsaturated ketosteroids, except for 4*-3-one, thus gave lower
optical densities than those of the corresponding saturated ones. In the method A, on the
other hand, 4*-3-ketosteroids gave exceptionally higher absorbances, contrary to the
negative reactions of their isomers such as 4?-1-keto- (18) and A°-7-ketosteroid (22) and
to the lower activities of those such as 4'-3-keto- (19), 4*-6-keto- (21), 4°*V-12-ketosteroid
(23). Thus the remarkable specificity of the method A for 4*-3-ketosteroids was clearly
indicated. It is also of interest that A*-3-ketosteroid (19) gave only a half of the
reactivity shown by 4*-3-keto isomer (20).

5. No appreciable difference in reacivity was observed on a pair of conformational
isomer, cholestan-3-one (3) and coprostan-3-one (4).
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6. The method B could make more clear the relation between the reactivities of
different carbonyl groups with their locations on steroid structure. The following order
was observed as to the activities of saturated ketosteroids :

3>2>T7~6~20>16>12~15~4>17>1>11

Wheelor” studied on the reactivities of ketosteroids for the Girard T reagent and
estimated their velocities as well as the dissociation constants of their Girard T
hydrazones. The order was observed on a reciprocal of dissociation constants as
follows :

43-3,3>6>17~20>7~12~11.

It has been clarified that the hydrazone is generally formed via following steps® :

OH
>C=O + HN-NH.R oo c< ...... -  DC-N-NH.R
slow NH-NH.R fast
A B C

and the step from A to B is rate determining. It has also been well known that the
ketal is formed in a similar mechanism with that revealed on the formation of the
intermediate B from A. Djerassi, ef al.? studied semi-quantitatively the ketal formation
of saturated ketones and aldehydes using optical rotatory dispersion method and
observed the following order :

39 16~2~4>12~17~1

as to the facilities on steroidal ketones, with the subsequent interpretation of steric
hindrances such as ring size. The above-mentioned order found on the method B
would substantially be consistent with those observed in these papers.

7. Although the carbonyl function of 12-ketosteroids such as hecogenin (11) is
generally regarded as rather inactive, it is of particular interst that 12-ketopregnane-
3,20-diol 3-acetate (12) having no spirostane structure in the molecule was observed to
have some remarkable activity for the method presented in this paper.

Details of such kinds of reactivity as described above should be discussed more
definitely on the basis of the kinetic studies.
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