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Degradation of 17,21-dihydroxy-20-ketone side-chain of cortisol by lens homo-
genate was investigated and a fairly active degradation of adrenocortical steroid
in the lens was verified. The assay system required the addition of nicotinamide
adenine dinucleotide. Optimal pH, optimal temperature and the optimal medium
composition for activity were also determined. The degradation product of corti-
sol after loss of the side-chain was identified to be 11p-hydroxyandrost-4-ene-3,17-
dione by paper chromatography and scanning method using cortisol-4-24C as
substrate. ———— lens; cortisol

It is of interest to know how adrenocortical steroids are metabolized in the
lens but no information is hitherto available concerning the metabolism of cortisol
in the lens.

In the present study, the authors attempted to investigate the degradation of
the 17,21-dihydroxy-20-ketone side-chain of cortisol by lens homogenate and its
optimal assay condition in order to clarify the steroid metabolism in the lens.

MATERIALS AND METHODS

Total lens homogenates of bovine, pig and rat lenses were used. The homogeniza-
tion medium routinely employed was 0.15M potassium chloride. Homogenization in
distilled water resulted in 35% loss of activity as compared with homogenization in
0.15 M potassium chloride. The incubation medium employed was changed with the
progress of the work to the most suitable one. The incubation was carried out in test
tubes anaerobically at 37°C. Details of the incubation conditions are described in
respective table and figures.

After the incubation, the reaction mixtures were extracted in 5 volumes of chloroform.
The chloroform layer was washed once with 1/4 volume of 0.1 N NaOH, once with 1/4
volume of 0.IN HCl, and once with 1/4 volume of water. An aliquot of the washed
chloroform layer was dried and the residue was dissolved in methanol. To the sample in
1 m! of methanol were added 8 ml of phenylhydrazine in acid and the solution was heated
at 60°+£1°C for 20 min. It was cooled with running tap water for 3 min, and its
optical density (a) was compared with that of a methanol-sulfuric acid phenylhydrazine
blank at 410mu. In order to correct for interfering substances which yielded color
in sulfuric acid solution, a duplicate sample was treated as above without phenylhydrazine.
The optical density (b) was compared with that of a methanol-sulfuric acid blank at 410 my.
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The difference in optical densities, a—b, was proportional to the quantity of 17,21-di-
hydroxy-20-ketosteroid in the sample. Color intensities were estimated by a Hitachi
139 spectrophotometer.

Identification of 11B-hydroxyandrost-4-ene-3,17-dione as a product of side-chain loss
of cortisol was performed in the following way. 0.2 uCi of cortisol-4-4C was incubated
with bovine lens homogenate at an optimal assay condition which gave a maximum
efficiency of side-chain loss. Cortisol-4-14C with a specific activity of 57.9 mCi/m moles was
purchased from Radio-Chemical Centre, England. Incubation mixtures were extracted
with substantial amounts of ethylacetate. The organic solvent was dried under a reduced
pressure. The residue was partitioned between 80%, aqueous methanol and petroleum ether
(b.p. 30-80°C), and the methanol phase was evaporated to dryness. The dried residue
was dissolved in a small volume of a mixture of methylene dichloride and methanol (1:1),
then applied to sheets of Watman No. 1 paper (5x40 em) and chromatographed in the
system B3 (benzene-methanol-water, 100:50:50 by vol) of Bush and Willoughby (1957)
at 37°C for 3 hr. The chromatography brought about the separation of corticosterone,
cortisone and 118, 17a, 208-21-tetrahydroxypregn-4-ene-3-one as side-chain metabolites of
cortisol which reduced phenylhydrazine with their ketone groups and 11 8-hydroxyandrost-4-
ene-3,17-dione as a product of side-chain loss of cortisol which showed no reducing ability.
The position of 118-hydroxyandrost-4-ene-3,17-dione fraction was determined with the
aid of ultraviolet absorption and of paper chromatogram scanner and by comparison with
the standard steroid chromatographed simultaneously.

ResuLrts

Preliminary experiments indicated that a significant loss of the 17,21-
dihydroxy-20-ketone side-chain of cortisol was brought about when cortisol
was incubated with whole homogenates of bovine, pig or rat lenses as shown in
Table 1. The rate of reaction increased with the addition of nicotinamide adenine
dinucleotide (Fig. 1), clearly implicating the involvement of pyridine nucleotides
in the reaction. The time course of the reaction was shown in Fig. 2. The
reaction proceeded linearly for about 120 min, then declined. The pH-activity
curve was fairly sharp as shown in Fig. 3, the pH optimum being at 7.2 to 7.4.
The reaction rate also increased with the increase of temperature, reaching a
maximum at 37°C; the rate fell off sharply at higher or lower temperatures than
37°C.

TaBLE 1. The side-chain loss of cortisol by bovine,
pig or rat lens homogenates.

B Hg/g
Bovine lens 340+ 62.6
Pig lens 669-198. 5
Rat lens 360-128.2

Reaction mixtures contained, in a final volume of 5 ml: 150 mg of whole lens homogenized
in 0.15 M potassium chlorided, 200 4M potassium phosphate buffer (pH 7.4), 100 ug cortisol
and 0.75 pmole NAD. Incubation was carried out for 150 min at 37°C. Loss of side-chain

represented the amount of lost cortisol per gram of wet weight of lens. Kach mean was
obtained from 5 experiments.
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Fig. 1. Effect of addition of nicotinamide adenine dinucleotide. Reaction mixtures
contained, in a final volume of 5ml: 150 mg of whole bovine lens homogenized in
0.15 M potassium chloride, 200 4M potassium phosphate buffer (pH 7.4), 100 ug cortisol
and indicated amounts of NAD. Reactions were carried out for 150 min
anaerobically at 37°C. The percentage of side-chain loss was calculated against the
amount of cortisol added.
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Fig. 2. Time course of the reaction. Reaction mixtures contained, in a final volume of
5 ml: 150 mg of whole bovine lens homogenized in 0.15 M potassium chloride, 200 xM
potassium phosphate buffer (pH 7.4), 100 ug cortisol and 0.75 pmole NAD. Reactions
were carried out for 30, 60, 120, 150 and 240 min, respectively, anaerobically at
37°C.
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Fig. 3. pH optimum. Reaction mixtures contained in a final volume of 5 ml: 150 mg of
whole bovine lens homogenized in 0.15 M potassium chloride, 100 ug cortisol, K,HPO,-
citrate buffer, 0.75 umole NAD. Other conditions were the same as in Fig. 1.

Discussion

The present study has demonstrated for the first time that there-is a fairly
active metabolism of adrenocortical steroids in the lens homogenate. As an
indicator of the metabolism of cortisol, we employed the assay of cortisol C;;—Cyy
lyase activity in the lens which catalyzes the degradation of cortisol side—chain
to the 118-hydroxyandrost-4-ene-3,17-dione. Metabolites of cortisol from human
blood, urine and from synovial fluid have been reported by many authors (Porter
and Silber 1950, Fukushima et al. 1955, Bush and Willoughby 1957, Ichikawa 1966,
Tawfik et al. 1967, Tawfik et al. 1968).

Corticosterone, cortisone, 115, 17a, 208-21-tetrahydroxypregn-4-ene-3-one and
118-hydroxyandrost-4-ene-3,17-dione were separated by the above described
method from the incubation mixture of lens homogenate with cortisol-4-14C.

The fact that the side—chain of cortisol is lost by lens homogenate indicates
that the activity of cortisol C,,-C, lyase is fairly high in the lens and this pattern
of metabolism would also be applicable to the metabolic pattern of adrenocortical
steroids which were administered either orally or locally as an antiinflammatory
drug for therapeutic purposes in the field of ophthalmology.

Recently, the posterior subcapsular cataracts in which opacities lay under
the capsule at the posterior part of the lens have been given attention as one of
the secondary effects of adrenocortical steroid administration (Spencer and
Andelman 1965, Fiirst ef al. 1966, Williamson et al. 1969). Lens protein
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metabolism may be involved in the pathogenesis of the senile cataract, and therefore
the metabolism has been extensively studied. But, the influence of adreno-
cortical steroid on the turnover of the lens protein has not been clarified yet
(Lerman 1964). Experimentally and clinically, 1t has been shown that administra-
tion of adrenocortical hormone induces the promotion of protein catabolism and
the inhibition of protein anabolism (Clark 1953, Reiss et al. 1959, Wool and
Weinshelbaum 1959, Izzo and Glasser 1961, Crews 1963). Therefore, the long
term oral administration of adrenocortical steroids influences gradually the lens
protein turnover and may result in opacification of the lens such as the posterior
subcapsular cataract.
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