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INTRODUCT ION

Until recently relatively little work had been done
on the steroid blochemistry of the human skin. Most of
the biochemical information now at hand has been obtained
through gross and microscopic examination. WVarious stain-
ing methods have been used to study cytological details.
Histochemical methods have also given much inforsation
on enzymes and their reactions. It has become increasingly
evident, however, that only by using many different methods
of investigation can we hope to obtain a true picture of
the skin and its importance. The purpose of this study
has been to elaborate further the metabolism of testos-
terone by human skin.

For future orientation a brief summary of some of the
anatomical physiology of the skin is necessary. The skin
is the largest and one of the more complicated organs in
the body. Its functions are many and varied., It serves
as a protection for the body, receives sensory impulses
from the outside, secretes and excretes various substances,
and acts as a temperature regulator.

The skin covers the surface of the body and consists
of three portions. The outer portion of skin is called
the epidermis and the underlying layer of dense connective
tissue, the dermis. BPBeneath the dermis is the subcutaneous

layer or looser connective tissue which in many places of



the body is transformed into the subcutaneous fatty tissue.
The boundary between the epidermis and the dermis is easily
defiped. However, fibers pass back and forth from the dermis
to the subcutaneous layer making sharp histological division
impossible.

The epidermis is composed of stratified squamous
epithelium and is fairly thin on most of the body except
for the palms and soles. There are generally two portions;
the external pertion or stratum corpeum, which is keratin-
ized, and the inner pertion or ltrliu: Ealpighii. The en-
tire epildérmis is devoid of blood vessels and is nourished
by tissue fluids penetrating into the intercellular spaces
of the Malpighian layer from the underlying conpnective tissue.

The dermis may also be divided into two portions. The
surface or papillary layer projects into the epidermis,
whereas the deeper dense portion of the dermis is known as
the reticular layer. A division between the two layers can
not be clearly defined since they are composed of inter-
winding elastic fibers and bundles of collagenous fibers
which are condensed about the bair follicles and the sweat
and sebaceous glands. The dermal appendages, i.e., hair
follicles and various glands are found in the tissue under
study and may be concerned with steroid metabolism.

The hair is formed by an invagination of the epidermis,
The lower terminus of the hair root is expanded forming the

hair bulb, which contains the generative watrix of the hair,



It has been suggested that the cyclic activity of the hair
follicle may be modified by hormones., Also, that all hor-
mones with androgenic mctivity regardless of their point of
origin have a stimulating eifect on the germinative epi-
thelium (27).

The sebaceous or "oil" glands are scattered over the
surface of the skin except in the palms and soles. Rounded
sacs or Alveoll are the secretory portions of the sebaceous
glands. Generally several alveoli form a wass like a bunch
of grapes and all of them open into a short excretory duct.
Stratified squamous epithelium lines these excretory ducts
of the sebaceous glands and is continuous with that of the
bair follicle. Thus, the oily secretion is excreted either
onto the hair or directly upon the surface of the external
skin. These glands tend to increase in size under androgenic
stimulation (27). The seébaceous gland is almost associated
as a functionally integrated unit with n hair, the entire
structure being called a pilo-sebacecus unit,

The eccrine sweat glands are distributed im the skin of
almost the entire body, They are simple coiled tubular
glands. There is the ductal portion composed of a double
layered epithelial tube and a single layered tortuous se-
cretory portion around which myocepithelial cells are present,
The sweat delivered to the surface of the skin varies with
the site and the general condition of the body.



The potentiality of human skin as a medium for the study
of steroid metabolism was first indicated by Wotiz et al (54).
From in vitro studies of the metabolism of testosterone by
human tissue slices they concluded that the two tissues with
outstanding ability to metabolize testosterone were breast
cancer and norsal skin. Breast cancer was found to msetabol-
ize from 6.0 to 30 uM of testosterone per mg. of DNA and
normal skin, on an average, 9.0 uM. ﬁ*-nndmltnn.-ﬂ,l?—dlonl
was indicated as the major metabolic product of testosterone
oxidation.

Further iﬂ vitro studies were carried out by Wotiz,
Mescon and co-workers (55) on human skin. They found that
adjacent biopsies contained similar amounts of DNA and ex-
hibited similar rates of metabolism. Of the three sites
studies: back, scalp, and axilla, the highest steroid meta-
bolic activity was observed in the skin of the back and the
highest DNA content in the skin of the scalp. The existence
of about six other Zimmermann positive substances in addition
to testosterone and Ili-lndrnntunl-a,lT-ﬂlun- was demonstra-
ted in this same group of experiments by mseans of paper
chromatography and radio-autography.

In the original approach to steroid-enzyme relation-
ships the investigators (16) postulated that steroid hor-
mones exerted their action by influencing enzyme systems.

It was felt that they might: 1) influence the concentration

of enzyme systems, 2) function as components of enzyme



systems as in a protein steroid complex where the steroid
acted as the prosthetic group, 3) act as accelerators or
inhibitors of the enzyme reactions, directly or indirectly.
At present it is felt that the steroids are important in
themse¢lves and, conversely, are acted upon by enzymes.
When one looks at the problem of testosterone breakdown
from both aspects it is impossible to tell whether, in the
vast network of metabolic actions, it is of major or minor
importance.

Primary studies of testostercne metabolism were car-
ried out in vive and the urine apalyzed for breakdown
products. The actual reactions which occur in intermediary
testosterone metabolism are only imperfectly understood.
Undoubtedly many of the intersediary compounds were absorbed
into the bloodstream and tissues as steroid protein complexes,
Others, unable to pass through in the glomerular filtrate
until further catabolism cccurred, can only be suggested,

In vitro experiments, where a known amount of testos-
terone was added to skin as substrate, may be felt to give
a true picture of testosterone breakdown products per se.
Bowever, actual in vivo metabolism might be quite different.
Due to the mipute amount of steroid metabolized by skin
actual quantitative measurement and identification of all
but the major breakdown product has not been attempted.
Their existence can only be postulated through paper chroma=

tography and radio-autography. Also, if in the future testosa=-



terone or other active androgenic compounds should be
found to be synthesized by the skin, the guantities
produced might be too minute to be detected by our

present assay method.



HISTORY

The study of the steroid hormones i=s comparatively new,
Much of the pioneer work om androgens was done by F.C. Koch
(22) and his aseociates. In 1927 McGee (28) first clearly
demonstrated androgenic material in lipid extract of bull
testis.

The first pure crystalline androgen, androsterone, was
obtained by Butenandt and Tscherning (7) from men's urine
following the report by Loewe in 1928 of the presence of
an androgenic material in this source (24). A second
crystalling androgen was isolated from urine by Bueenandt
and Donnenbaum (5) in 1934, which became known as dehydro-
epiandrosterone,

The primary site of androgen synthesis is believed to
be the interstitial tissue of the testis. Androgens have
also been reported present in the adrenmal (34,35,36),
ovary (10,30), placenta (13), anterior pituitary (32), and
epididymis (19). Laguour and his associates isolated the
bull testis androgen in 1935 and named it testosterone (14).
This compound was also isolated from stallion testis tissue
(48) , and was indicated in the boar testis (33). Several
other androgens and related compounds were isolated from
testicular tissue.

Immediately following its isolation, Ruzicka and
Wettstein (38) and Butenandt and Hanisch (6) synthesized
testosterone giving proof of its structure,



Early knowledge of the metabolism of androgens by
tissues was obtained by analysis of urinary excretion
products. Dorfman and Hamilton (17), Callow et al. (8),
Schiller et al. (42), and Hoskins et al. (20) administered
testosterone orally or intramuscularly and found that the
increase in androgen content of the urine was directly
proportional to the administered steroid.

In 1839 Callow (8) and Dorfman, Cook, and Mamilton (17)
found through isclation procedures that the main portion of
the administered testosterone was recovered as androsterone
in the urine. Other metabolites of testosterone also iso-
lated were the two stereoigomers etiocholan-3(<)-0l-17-cne
and epiandrosterone. In one case the androgen androstane-
36c) ,17 (<) ~diol was also isolated (42).

From the study of stercid compounds in the urine,
splandrosterone, etiocholan=3(<x)=-0l-17, androsterone, and
possibly atiuﬂhﬂlln-Eﬁp}—nl-l?—ana, have been indicated as
probably metabolic end products in testosterone metabolism
(31) .

Experiments performed by Block (2) indicated that
cholesterol is a probable precursor of stercid hormones,
and Brady (3) im 1951 showed further that tissue slices
from hog, rabbit, and human testls can convert labelled
acetate to testosterone, These latter experiments also
showed that the labelling in testosterone was actually

higher than that of chplestercl indicating that cholesterol



may not be the primary intermediate in the biosynthesis of
testostercne. Lastly, Savard et al. (41) by perfusion

studies of l'.-l:‘:l"i

=acetate through husan testis showed the
production of CI‘—Ilbllltd testosterone and .ﬂi-nnd.runtnn--
3,17-dione.

In 1947 it was observed by Samuels et al. (39) that
the livers of rat, mouse, rabbit and human destroyed tes-
tosterone. Clark and Kochakian (l1) were the first to
1lnllti1b‘-lndrn-t|n|-3,IT-dinn. and cis-testosterone, as
well as to indicate the presence of small amounts of other
unidentified steroids from the incubation of testosterone
with rabbit liver slices. This work also showed that Ad.
androstene-3,17-dioné could be reduced to testosterone,
suggesting the reversibility of the reaction.

West and Samuels (51) in 1951 demonstrated catabolism
of testosterone in kidney tissue from dog, rabbit, and
guinea pig. The primary enzyme action was found to be
that of oxidizing the hydroxyl group on C=17 to a ketone
forming b‘—lndrnitlnl—3,1?-d1nﬂ-. The co-¢nzyme, diphos-
phopyridinenucleotide (DPN) was active in both the dog and
guinea pig systems.

Studies by Sweat et al. (48) suggested that DPN and
citrate are involved in the setabolism of testosterone by
liver, The products of the reaction in the presence of
DPN are largely l7-ketosteroilds, whereas those in the

presence of citrate are not. Filoally, in 1950 Sweat et al.(47)



succeeded in isolating an enzyme from steer liver which
oxidizes testosterone tnJﬂf-lndrnntlna-ﬂ.IT-dlun-. When
the co-enzyme DPN was added to the rat liver mince the
amount of testosteroné destruction and 17-ketosteroid
formation increased. This catabolic picture was further
accentuated by adding nicotinamide as a diphosphopyridine
nucleotidase inhibitor. The addition of citrate to the
mince increased testosterone destruction but without the
appearance of l7-ketosteroids. Ofner (29) using rat liver
and a number of micro procedures indicated a 20 per cent
conversion of the substrate to ﬂ-lndmtcul-ﬂ.l'r-dmnu.
It i8 of intérest that from a species of Pseudomonas

grown on testosterone Talalay and Dobson (49) demonstrated
and purified a DPN-linked dehydrogenase which is capable
of interconverting certain 31- and 17 ?—hrdm:rlttmidn and
their respective ketosteroids.

Wotiz and Lemon (53) found a catabolic enzyme present
in human prostatic tissue capable of metabolizing testos-
sterone tnﬂ'-lndmiuu-:!.l?-ﬂun and eight other uniden-
tified substances., Further studies by these authors (54)
showed testosterone to be metabolized by normal human
tissues, such as: prostate, endometrium, myometrium,
intestine, smooth muscle, liver, skin, and breast, as
well as malignant human tissues of the breast, prostate,
bladder and cervix., The malignant tissue in each case

showed greater metabolic activity of testosterone when

10
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compared with its pormal counterpart. Relatively high
values for salignant breast tissue and normal skin were
suggested. Some correlation was also shown between the
disappearance of testosterone and the formation .ﬂ.‘-
androstene-3,17-dione. When prostatic tissue was incu-
bated with testosterone there was an 1l per cent recovery
of ﬁl-lndrnltinﬂ-ﬂ,l'?-diﬂ“. Conversely, incubation of
prostatic tissue with ﬁ‘-lﬂdﬂltiﬂl-ﬂ,lf-din“ showed a
9 per cent recovery of testosterone, presenting evidence
for the reversibility of the reaction.

In vitro studies by Wotiz, Richterich-van Baerle,
and Lemon (56) on blood serum showed the presence of an
active testosterone wmetabolizing enzyme system, Boiling
the serum prior to incubation led to inactivation of the
engymeé. A decrease in testosterone recovery with an in-
creaseé in serum concentration was also observed. These
facts led them to assume that a steroid protein complex
had been formed. Extraction of testosteéerone immediately
after its addition to serum and before incubation yielded
only a 680 per cent recovery of the steroid, giving further
evidence that a great part of the testosteroné loss was
not due to enzyme activity. Two metabolic products of
testosterone were observed on paper chromatograms of the
serum extracts. One was an unknown compound intermediary
in position to testosterone add ﬁ"'—l.ndrnit-u—:!,l?—dinn- and

the other was identified as A'-androstene-3,17-dione,



In the late eighteen hundreds Schulze (43) isolated

a substance from wool fat which he regarded as closely
related to cholesterol and he called it "isocholesterol™,
In 1930 Windaus and Tschesche (52) isolated two substances
from "pure" isocholesterol: (a) lancstercl, and (b) agnos-
terol. Lanosterol constitutes about 92 per cent and agnos-
terol about 8 per cent of isocholesterol. Extensive chem-
ical work has now definitely established that mnosterol has
the same ring structure as cholestercl (37).

In 1941 Dimiter (15) showed that squalene was produced
by buman skin, and recently the presence of squalene was
demonstrated in norsal skin surface fats of husans.
Finally, evidence was presented by Langdon and Block (23)
that squalene is converted to cholesterol by the animal
organism. In fact, the two tissues which apparently are
most concerneéd with cholesterol synthesis are the liver
and the skin., It had previously been indicated by Block
that cholestercl was a probable precursor of the steroid
hormones. However, no active androgenic compound has yet
been demonstrated to be synthesized in the skin.
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EXPERIMENTAL

A. METHODS
(1) Biopsy Taking

Skin biopsies were taken from the backs of normal
male volunteers. A sterile 5 or 7 mm. electric punch
was uséd to excise the tissue rapidly. No anesthesia
was employed.

(2) Incubation

The tissues were scored with a razor to allow a
paximum surface for the reaction. They were incubated
immediately in 20. ml. of Krebs-Ringer phosphate buffer
at pA 7.4 made up as follows:

4.5% BaCl S0 ml.
2.75% EC1 2 ml.
6.1% l:lﬂl2 0.5 ml.
19.1% “i5“4 0.5 ml.
distilled Hﬂﬂ 202.0 ml.
Ihzlrﬂ4 buffer 52.5 ml.
{brought to pH 7.4 with 0.1 § HC1)
Glucose 0.317 gm.
Nicotinamide 0.600 gm.

Five mg. of diphosphopyridine nucleotide, 20,000 units
of penicillin-G and 1 mg, of testosterone dissolved in 0.1 ml,
of absolute ethanol also were added to each incubation flask,

For radio-autograms iﬂli-tlltnltﬂrnn- was used.
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Incubation times varied from three to eighteen hours,
After removal from the incubator the mixture was extracted
immediately or deep frozen for later extraction.

(3) Extraction

The tissue was extracted three times with 20 ml. of
acetone and the supernatant three times with 20 ml. of
ether. The ether and acetone extracts were combined,
evaporated to dryness, and taken up in 50 ml. of chloro-
form. The chloroform was washed twice with 20 ml. of
dilute 0.2 N acetic acid (diluted l-4 with distilled water),
once vith 20 ml. of 1 per cent sodium bicarbonate at pH 8,
and twice with 20 ml. of distilled water (the resulting
solution was at pH 7). The chloroform was then evaporated
to dryness and the steroid recovered overnight imn 50 ml. of
70 per cent methanol.

The 50 ml. of methanol were partitioned three times
with 20 ml., of n-hexane to remove lipids. The n-hexane
fractions were combined and back extracted three times
with 20 ml. of 70 per cent methanol. The methanol frac-
tions were combined and takem to dryness. The residue was
kept in a dry state until it was chromatographed.

(4) Chromatography

Papér chromatography was carried out according to the
method of Savard (40). Whatman #1 filter paper previously
refluxed with alcohol and benzene was used, The paper was

cut into 1 x 45 and 3 x 45 mm, strips allowing paper for a
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common attachment at the top. The strips were dipped in
a 50 per cent mixture of propylene glycol and methanol
and the excess removed by blotting.

The steroid extract disscolved in methanol was applied
to the top of the strips already impregnated with the sta-
tionary phase (propylene glycol) and then the steroid was
blown dry with nitrogen. Generally 0.1 ml. of the extract
was applied to each 1 cm. strip: however, the amount varied
with thé concentration of the steroid to be chromatographed
and eluted.

The common base of the paper was placed between two
glass plates. These plates were placed in a tray contain-
ing ligroin (the moving phase) saturated with propylene
glycol vapors. The strips were removed from the tank and
quickly examined under ultraviolet light for the presence
of the darker lpptlrln:.g.E-nnllturltad ketosteroid zones
against the fluorescing paper background. After drying in
an oven the strips were stained (40) by immersing them in
a 2.5 N solution of potassium hydroxide in ethanol and
then were blotted between filter paper to remove the ex-
cess reagent. Following this, the strips were reimmersed
in an ethanolic solution of m-dinitrobenzene, again
blotted and heated at 75°C for 1-2 minutes to develop the
color. Testosterone (a C-3-ketone) gave a blue zone on
the chromatograms whereas ﬁ"-lndrultunn«.‘l.l?-diuna {(a C-

3,17=-diketone) exhibited a pinkish violet color.
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(5) Quantitative Determination

All steroid samples were chrosatographed in triplicate
on 1 cm, Strips. One of the strips was stained by a modifi-
cation of the Zimmermann reaction to ascertain the position
of testosterone, its main metabolite, ﬂi-lndrultlni-a,l'?-
dione, and other ketonic catabolites. Only testosterone and
ﬂ.i-lndmltanl-ﬂ,‘l?-d:lnnu were eluted from the strips. The
eluates were quantitatively determined in a Beckman DU spec-
trophotometer at 240 mu. A reference testosterone solution
was established for each experiment and used to calculate
the steroid concentrations.

(6) Radioautography

The radioactive testosterone obtained from New England

Nuclear Corp. was characterired as follows: 101 Testosterone-
1-E1‘. Lot. No. 10-87-1. Radicactivity, 10 pc; weight, 2.42
mg.; specific activity, 4.13 pc/mg. or 9.1 x lﬂ" cpa/mg.

The radioactive testosterone was carefully dissolved in a

10 ml. volumetric [lask with benzene. To each experimental
flask was added 1.0 ml. of a sterold solution containing

1.00 mg. of testosterone and 0.0]1 mg. of radioactive testos-
terone.

The procedure outlined under section 5 was repeated
using 3 cm. paper strips. Instead of eluting the steroid
the dried paper chromatographs were placed in an X-ray

cassette and covered with a sheet of Kodak No-screen X-ray

film., The film was exposed to the chromatogram for



2 and 5 week periods before development.
(7) Thicsemicarbazide Determination (4).

In identification of Af-androstene-3,17-dione as a
métabolite of testosterone the chromatographically iso--
lated steroid was reacted with thiosemicarbazide. The
eluted steroid samples were first dissolved in 0.1 ml.
of 95 Per cent ethanol and then 0.1 ml. of 95 per cent
ethanol wag placed in the reagent blank tubes. One-
tenth of a ml. of reagent ( 5 mg. recrystallized thio-
sémicarbazide per ml. from 5 per cent acetic acid in
méthanol, which had been distilled from 2,4-dinitro-
phenylhydrazine ) was added to the tubes and heated for
20 minutes in a steam bath. Five ml. of chloroform and
5 ml. of 0.1 M hydrochloric acid were added and the tube
was shaken. The hydrochloric acid layer was removed from
the top by pipetting and the chloroform again was ex-
tracted once with 5 ml. of 00,1 N hydrochloric acid and
twice with 5 ml. of distilled water. The chloroform
layer was evaporated to dryness in vacuo and redissolved
in methanol. A spectrophotometric curve of the eluted
sample was determined and compared with that of a known
sample of the authentic steroid.

(8) Sulfuric Acid Test

For further identification of the testosterone meta-
bolite steroid extracts from several experiments showing

evidence of thﬁ-nndrnntinl-ﬂ.17—d1unl production were pooled

17



and chromatographed. After elution from the paper the di-
ketone was evaporated to dryness., Five ml. of sulfuric
acid was added to the dried eluate and a curve from the
degredation of the steroid was obtained every 5 minutes
for one half hour on a4 DK 2 spectrophotometer. Curves

from an authentic sample of ﬁ‘Atndrnlt-u--E.IT-diune and
the eluate were similar. The maxisus and minisums values
for ﬁ*-nnﬂruuttn.—ﬂ,lT-dLnnn with this method had been

reported to be 294 and 105 respectively (1).

(9) Adaptation of the "Thunberg Technique for Estimation
oI Dehydrogenase Activity" (50)

Using a Warburg apparatus a simple closed air system

was established and the rate of ﬂ= uptake was measured in-
stead of the reduction of methylene blue. The flask it-
self contained 0.3 ml. of 0.0027 M methylene blue, which
acted as the hydrogen acceptor, 0.3 ml. of 0.5 per cent
diphosphopyridine nucleotide, 0.3 ml. of 0.05 M NaCN to
inhibit the cytochrome system, varying amounts of 10 per
cent rat liver homogenate in M/15 pyrophosphate buffer at
pH 8.2, and distilled water. The center well contained
0.2 ml. of 20 per cent KOH on a piece of folded filter
paper to absorb any Cﬂa produced. Lastly, the side arm
contained 0.2 wl, of testosterone solution ( 1 mg./ml.
absolute ethanol ) or 0.2 ml. of absolute ethanol as
control.

The flasks were closed and allowed to come to equi-

18



librium at 37.5 C for about 15 minutes. After the mano-
meters were read, the contents of the side arm were care-

fully tipped into the flasks and the readings were recorded

every ten minutes.

19



metabolism of testosterone by the modified "Thunberg

Technique™,

Calibration of Flasks and Manometers

Calculations for the oxygen uptake found in tissue

‘ Density| W = Total
Flask # Wt. Hg. Total wt. | Tc| Hg. | D~ | volume
13 M 10,369 24)|13.5364| 0,766

" P |256.7450 267.1140 23| 13.5389 (18,963 | 19,7291

1M 11,3400 24| 13.5364 | 0.838

" F |235.2670 246.6070 20|13, 5242 [17.396 | 18,234
8 M 9.0578 24| 13,5364 | 0.669

" F  |246,0062 255.0640 26| 13,5315 |18.180 |18,849
16 M 10.3320 24|13,5364 | 0.763

" F |252.6086 262.9406 26|13, 5315 [18.668 |19.431
pe M 11.0220 24|13.5364 | 0.814

" P |226.6626 237.6846 24|13, 5364 |16.744 |17.558
23 M 10.8444 24(13.5364 | 0.801

(9)F  |223.9448 234,7892 24113.5364 [16. 544 ]17.345
B2 M 9.6856 25(13.5340 | 0.716

"¢ |250.3016 259.9872 27|13.5291 18,501 |19.217
34 M 9.8633 25{13.5340 | 0.729

"F  [217.3354 227.1987 27|13.5291 16.064 |16.793
10 M 10, 1880 24|13.5364 | 0.752
Lo F 47.9986 258. 1866 24]13.5364 [18.322 |19.074
o w | 10.8818 25|13, 5340 | 0.803

The calculations for the oxygen uptake by the contents

of each experimental flask are described on the following

page.
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Calculation of Oxygen Uptake

The results for each experimental flask were calculated

as follows:

change in mm. thermo- actual flask pl.
of manometer - barometer = change x constant = uptake
reading correction in mm.

Determination of flask constant.
273 +

k = flask constant = Vg T Viodl

L]

The values for flask (F) and manometer (M) #8 are

presented.

¥f = volume of fluid in vessel = 3.35 ml. =« 3,350 .PJ‘

) 3
"

solubility in liquid of O, (gas/ml. liquid, Brodies
fluid sp.gr. 1.034,at 760 mg. Hg and at temperature
T ,25 = 0,028

VE = volume of gas phase in flask - total volume (18,.849)-
fluid volume (3.35)

T = 273 - 25 = 298

Pp = 760 mm. Hg expressed in terms of manometer fluid =
760 x 13.60(sp.gr. of Hg)/ sp.gr. of manometer fluid
k for flask (F) and manometer (M) #8 = 1,448

The oxygen uptake from duplicate flasks was averaged

and reported as single values in the following tables (1 - §),



B. RESULTS
(1) Modified Thunh-_rl. Technique

A. The effect of variations in testosterone concen-
ration

In the first set of experiments (Table 1) the 10
per cent rat liver homogenate (enzyme) concentration was
varied from 1.0 ml. through 0.5 ml. to 0.25 ml.

Large male rats, weighing about 200 grams, were
killed instantly by a blow on the head. The liver was
immediately excised and weighed. Sufficient M/15 pyro-
phosphate buffer at pH 8.2 was added to make a 10 per
cent ( weight/volume ) solution and the mixture was homo-
genized in a pre-cooled Waring blender for 5 minutes.

Equal volumes of testosterone solution (0.2 ml.)
were added to each flask. The substrate was varied as
follows:

1,1V Twenty-five mg. testosterone dissolved in
25 ml. of absolute ethancl.

II Five mg. testosterone in 10 ml. of distilled
water exposed to a 10 KC ultra sonic vibrator
for 30 minutes.

III Five mg. testosterone inm 10 ml. of distilled
water exposed to a 10 KC ultra sonic vibrator

for 1 hour.
Table 1
:iﬁu]::“ T IT F?%t“‘ IV
1.0 434 6.9 no change T4
0.5 268 10.6 = - 137
0.25 |154 l 11.3 -, " 64
(85" [168 | 8.4 { & “Vram




It was felt that ethanol itself might affect the
métabolism; therefore, an additiooal experiment was done
using an alcohol control. A general rise in metabolism
with increasing amounts of tissue was seen for the con-
centration from 0.5 ml. to 1.0 ml. but the concentration

of 0.25 ml. shows the greatest metabolism of all (Table 2).

Table 2
pl. ﬂh Uptake
ml. homo- Total change - Control = T.R.
genate (tissue respiration)
1.0 101 65 38
0.75 100 65 35
0.5 108 78 30
0.25 117 75 45

B. The effect of co-enzyme variation on testosterone
motAbollsE

The first experiments were carried out with the co-
enzyme diphosphopyridine nucleotide (DPN), giving incon-
clusive results. Therefore, it seemed advisable to run
simul taneous experiments with DPN and triphosphopyridine
nucleotide. With PN the lowest tissue concéntration,
0.1 ml., gave a negative reaction, and the rest - 0.2,
0.3, and 0.4 ml. - showed an 0, uptake which decreased
with increasing tissue concentration. TPN showed no ﬂh
uptake (Table 3).



Table 3
u:;ﬂf::ﬂ- 0.1 0.2 0.3 | 0.4
Pl;igi :g;lk' -20 | 421 +9 +7
ST ol R R I

C. The influence of various solvents on testosterone
metabollism

1. bovine albumin solution
Another method was sought for bringing the testos-
terone into solution to prevent obscuring of the tissue res-
piration by alcohol dehydrogenase activity.

A dilute solution of bovine albumin was prepared by
diluting 3 ml. of a 35 per cent standard solution to DO =ml.
with distilled water. Fifty mg. of testosterone were dis-
solved in 50 ml. of this dilute albumin solution. The
solution was again diluted 1:30 with distilled water and
its concentration was determined in the Beckman spectro-
photometer. A second steroid albumin solution was prepared
similarly but it was also shaken at 37.5 C overnight in the
Warburg apparatus. The results were recorded (Table 4).

Table 4

Albumin I SO PEORTS
solution | 0.1 iD.E 0.3 0.4 (0,5 |0,8]| 0.7 |0.8

pl., 0, 1. =11 ‘-15 +3 |-17 [+18 | s3p118 | -1
u,pt-i.i«l

1. 2. -8 | +4 | #$2 | =3 |=14 | 41| 49 | 45
Pu?t&n 1 i
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4. Use of Tween 80 and Triton
Solutions of 1 per cent Tween 80 and 1 per cent
Triton were incubated with testosterone at 37,5°C for about
20 hours. From spectrophotometric readings the concentra-
tion of the Tween 80 solution was determined to be 100 PE.
testosterone per ml. and the Triton, 135 ME. per ml. Slight
but not significant evidence of Og uptake was found in the
two lowest tissue concentrations with Tween 80. All other
flasks showed no change.
3. Utilization of a water soluble steroid preparation
Lastly, 10 mg. of t-:tn-urnm-f-n-;lumprrunumn-
oside (57) were dissolved inm 10 ml. of hot distilled water.

Again inconclusive results were obtained (Table 5).

ml. homo- | | -
I.“t-'- -l-l Dli nia 'u"‘- n.ﬂ ﬂlﬁ ﬂq.'? u..
‘ ‘.—2,

| : |

—

(2) In Vitro Incubation Method

A. Verification of the method

As the manometric experiments gave variable re-
sults in relation to enzyme concentrations, it was decided
to return to the original method of experimentation. For
a check of the method a 10 per cent rat liver homogenate
was used as the enzyme source. The homogenate was prepared

as previously described for the "Thunber Technique" with
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the exception of the buffer ( Krebs-ringer phosphate buffer
at pH 7.4 ).

A solution of testosterone was prepared by dissolving
50 mg. of testosterone in 50 ml. of absolute ethancocl. One
ml. of this solution was used in each flask. On doubling
the tissue concentration consecutively the loss of substrate
appeared to increase directly with increasing enzyme concen-
tration (Table 6).

The tissue homogenate was incubated and extracted as
previously described under Methods. One-tenth of the ex-
tract (100 micrograms of steroid) was chromatographed, in
triplicate, on 1 cm. strips. HResults of elution and quanti-
tative determination on the Beckman spectrophotometer of
two strips are seen in Table 6. The third chromatographic
strip of each group was stained with the Zimmermann re-
agents., Reproductions of these stained strips were drawn
and photographed (Figure 6).

B. A General experiment with human skin

A group of experiments were undeértaken to check
the previously reported testosterone metabolism of the
skin (53).

Tissue samples were removed from the subject's back
with a 5 mm. biopsy punch. Controls and experiments were
carried out in duplicate. The control tissues were boiled
in buffer for 20 minutes before adding steroid and DPN.

One group of the control tissues was incubated for 3 hours
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and the other deep frozen until ready for extraction. The
results can be seen in Table 7. Corresponding chromato-
graph strips stained by the Zimmermann reagents are found
in Figure 7.

The loss of testosterome by elution from paper was
computed and found to be 19.8 per cent. Other preliminary
experiménts had shown about an average recovery of 85-90
per cent of the original steroid when eluted from paper.

In this experiment, as in those following, the value of
the eluted substrate was taken as 100 per cent recovery
of testosterone.

Testosterone was incubated without tissue and there
was a 9 per cent loss., The presence of an additional less
polar compound was indicated by the appearance of a purple
Zimmermann stain. It is probable that this was ﬁ;-lndraat&u-
3,17=dione. On incubation of tissue with substrate a 24.9
per cent loss of testosterome was observed. When the tissue
was boiled 20 minutes before incubation a 12.7 per cent loss
wag found, giving a 3.7 per cent difference fram the steroid
incubated without tissue. This difference was believed to
be dueé to incomplete destruction of the enzyme by insufficient
boiling. However, when the tissue was boiled but not incu-
bated mfter addition of testosterone a 28.4 per cent loss was
encountered. It was felt that this represents an error in

experimentation.



C. Variation in metabolism due to chln;ﬁ in surface area

In this experiment, set up in the same manner as
the preceding one, 7 mm., biopsies were used. Its purpose
was to test for variation im enzyme activity due to change
in surface area, and to increase the bolling time for the
controls. The first set of flasks contained whole tissue;

the second set of flasks, tissue scored through the epidermis

with a scalpel; the third set of flasks, tissue which had been

frozen and shaved very fine with a scalpel ( partly homo-
genized ). The control tissue was boiled for one hour and
then cooled to room temperature before the testosterone and
DPN were added. Results are recorded in Table 8.

On the chromatographic strips stained with the Zimmer-
mann reagent (Figure 8) the same compounds appeared to be
present in all of the incubated tissues: testosterone, polar
compounds in small quantities, a compound with a travel rate
uf.ﬁ*-audruntinu-ﬂ,lT-diﬂna, and an unknown compound running
between this and testosterone. These compounds are also
found to a much lesser degree in the testosterone incubated
without tissue. Only in the unincubated testosterone con-
trol are they absent.

The guantity of tissue was doubled to 14 mm. and the
incubation time increased to 4 hours using the same method
of experimentation; all flasks were incubated and then im-
mediately deep frozen. After processing and gquantitative

determination the results shown in Table 9 were obtained.
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It would seem that no metabolism has occurred. As in
the previous experiment, only testosterone appears on the
stained chromatographed strips of the homogenized tissue
(Figure 9), With incubated tissue the same picture was
found: weak blue polar compounds, testosterone, an unknown
violet staining compound, and a purple staining compound
{ probably .ﬁ‘-lnd.ruﬂtenu-S.lT-diunﬁ ) running in order of
decreasing polarity.

D. Eifect of increasing amounts of tissue

Incubations were performed as described in the
previous experiments and 7, 14 mm. biopsies of cut tissue
were used. A fresh solution of DPN was prepared, as usual,
Just before incubation. Both testostercone and its major
metabolite, the compound believed to be &%-androstene-3,17-
dione, were eluted and quantitated by the spectrophotometer.
The results are shown in Table 10.

It was seen that although the tissue concentration was
doubled from 7 to 14 mm, little difference in substrate loss
could be observed, At the same time, however, the metabolism
of testosterone to ﬁ‘-lﬂdﬂﬂtﬂnﬂ*ﬁ,l'?-ﬂiﬂni appeared to double.

Corresponding chromatographic strips obtained in the
usual manner and stained by the Zimmermann reagents are found
in Figure 10.

E. The determination of the catabolic products of
radioactive testosterone

An experiment to check the metabolites of testos-



terone observed in previous studies with the Zimmermann
stain was performed with radioactive testosterone. The
steroid residue after extraction was evaporated to dryness
and diseclved in 1 ml. of absolute ethancl. One-half of
the ethanolic steroid solution was applied to 3 cm. chroma-
tographic strips and developed for 20 hours. Upon drying
the strips were placed in am X-ray cassette with a sheet
of No-screen X-ray film. After an exposure period of five
weeks the filw was removed and developed. A photograph of
the film is found in Figure 1l1A. At least 8 compounds, as
reported by other authors (55) were seen.

For further determination of the breakdown products
of testosterone an experiment with radioactive testosterone
was run Simultaneously with, and under the same conditions
as, the other experiments. Quantitative recoveries of tes-
tosterone and ﬁ‘-and:nntunu—ﬂ,I?-diune were determined by
spectrophotometric measuréements.

In the experiment two solutions of testosterone were
mixed together so that .150 ml. contained 1 mg. testosterone
and 0.0]1 mg. of radioactive testosterone. The specific
activity per flask was 0.046 x lﬂa cpm/mg. The steroid-
tissue mixture was incubated for 20 hours and the results
were recorded in Table 11.

The chromatograph strips for each incubation mixture
can be observed in Figure 11B, and corresponding radiograms

are found in Figure 11C.



The eluate believed to be Zf-androstene-3,17-dione was
reacted with thiosemicarbazide. Curves computed from spec-
trophotometric readings showed the same peaks with maximum
values at 270 mu and 300 mu for a known sample nf:ﬂf—lndruu-
tene-3,17-dione and the eluted compound (Figure 11D).

F. The effect of incubation on testosterone

Due to the presence of breakdown products found
in the controls (incubated testosterone) it was decided
that an experiment should be carried out in the usual manner
but without the addition of skin. DPN was not used because
of its instability. Twenty thousand units of penicillin-G
were added to two flasks, two flasks were autoclaved before
incubation (10 lbs., iﬂﬂnﬂ.. 10 min.), and two flasks were
incubated as in previous experiments. All but the auto-
claved flasks showed some degredation. The chromatographic
strips stained with the Zimmermann reagent indicated the
presence of {h‘-lﬁd!ﬂitiﬂl-s.1T-diunﬂ and other compounds,
as well as testosterone. It seemed that bacteria might be
causing the metabolism (Figure 12A).

G. Investigation of testosterone metaboliss due to
bacteria

Three sets of flasks with the same basic com-
ponents as in previous experiments were set up in dupli-
cate, All flasks contained the same amount of testoster-
one (1 mg.) and 20,000 units of penicillin. Half of each

set of flasks were incubated and immediately deep frozen:
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the other half were cultured for bacteria after incubation.

The first set of flasks ( contalning tissue ) were
incubated immediately. The second set of flasks ( no
tissue ) were autoclaved then incubated, and, lastly,
the third set of flasks ( no tissue ) were incubated.

Before culturing, the flasks were well shaken. Ome
milliliter of the incubation mixture was used for a pour
plate with beef infusion agar. Sterile technique was
utilized for preparation of the pour plates and the bac-
terial count obtained for all samples wam zero. The re-
maining contents of the flasks were centrifuged and the
supernatant decanted. The precipitate was used to in-
oculate blood agar plates and broth tubes. The tissue
itself was placed on the blood agar plate.

No growth could be observed on the blood plates in-
oculated from the autoclaved flasks. A gram stain of the
broth revealed nothing significant.

Thére was one colony on the blood plate from the in-
cubated testosterone and a gram stajin of the broth showed
yeast and a few gram negative rods or amorphous material
(Table 12).

There were many non-hemolytic bacteria along the streak
and around the tissue of one of the blood agar plates with
tissue; the other had none. The gram stain of the broth
smear showed the presence of yeast and gram negative rods,

somé of which seemed to contain gram positive granules.



A culture of the skin bacteria was transplanted and kept
viable for later reference

The other paired flasks were removed from the deep
freeze, thawed, extracted, and the steroid recovery com-
puted. Results of the entire experiment are summarized
in Table 12 and the corresponding chromsatographs are seen
in Figure 12B.

A further experiment was carried out with the iso-
lated skin bacteria aloné. Three sets of incubation flasks
containing testosterone weére autoclaved for one-=half hour
at 10 pounds pressure and at 227°C. The first set of flasks
were incubated immediately upon removal from the autoclave.
Approximately one-fourth of a 5 mm. loopful of the skin

microorganism Pseudomonas pyocyaneus was added to the second

set of flasks before autoclaving and to the third set of
flasks after autoclaving. All were incubated for 22 hours
and produced the results found in Table 13.

These studies all presented evidence for bacterial
metabolism of testosterone. Omnly where tissue was used in
the incubation was ope able to detect a stain for A*-andros-
tene-3,17-dione by the Zimsersann reaction, and this was only
slight. The absence of A% androstene-3,17-dione might have
been due to the absence of DPN and glucose from the experi-
meént. Since the guantitative loss of substrate was apparent,
some sort of further degradation of the steroid might have

occurred. These possibilities might well account for some,
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if not all of the loss in the controls,

The culture of the skin bacteria was flourishing, and
the following tests were performed in an attespt to identify
it:

Blood agar Flltl = The microorganisms appeared in

irregular, sucoid, grayish greem colonies with a slight
silver or metalic ahean on the edges. A strong sweet
odor was very apparent,

Eosin methylene blue plate - The microorganisms with

the same characteristic odor formed rough pink colonies of

the non-lactose fermentors.

Glucose fermentation - The reaction was positive.

The above reactions presented strong evidence that

the organism was Pseudomonas pyocyaneus.

Previously Talalay (49) has shown that a species of
Pseudomonas was capable of oxidizing testosterone to
£1‘-lﬂdtﬂﬁtﬂﬂi-ﬂ,l?-dinnu. This species of bacteria was
known to be resistant to penicillin. Sensitivity studies
with antibiotics were carried out and it was found that

the most effective bacteriostatic agent was streptomycin.



DISCUSSION

To determine the metabolism of testosterone by human
skin an accurate analytical method was necessary. The
method utilized by Wotiz, Mescon and coworkers (55) in
the previous studies with skin, while quantitatively
adequate, had been quite time consuming. A more direct means
for the measurement of metabolic activity was sought. It
was hoped that the use of manometry would give a direct
measurement of enzyme activity. Sodium cyanide was added
to inhibit the cytochrome system and in this reconstructed
metabolic system methylene blue was used as the hydrogen
acceptor. The effect of varying the concentration of the
tissue enzyme and substrate was investigated. It appeared
that the enzyme and testosterone concentrations had no
effect on the oxygen consumption. The results varied only
with the amount of ethanol. No direct increase of oxygen
consumption with tissue concentration was observed. The
solution of testosterone in absolute ethanol or its sus-
pension in distilled water had no effect on the lack of
uniformity in the results. However, the reaction was
greatly intensified when ethanol was used as the steroid
solvent, most likely due to alcohol dehydrogenase activity
(28). The results of the experiments in Table 1, showing
the effect of various testosterone solutions on the oxygen up-

take by a 10 per cent rat liver homogenate, suggested
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that the ethanol was causing the oxygen absorption.
Alcohol dehydrogenase an enzyme present in tissue

can transfer a hydrogen atom from alcohol to the co-

enzyme diphosphopyridine nucleotide (DPN). The reaction

is as follows:

The existance of alcohol dehydrogenase activity was
further borne out by the results shown in Table 1. It can
be seen that only where ethanol was utilized as the subs-
trate solvent was there an appreciable uptake of oxygen.
However, since the ethanol volume was equal (1 ml.) in all
flasks the variations in oxygen uptake could not be accoun-
ted for by this reaction alome. In experiment I (Table 1)
the oxygen uptake appeared to vary directly with tissue con-
centration. The results were not duplicated in experiment
IV (Table 1) indicating an error in the experimental tech-
nigque.

In order to ascertain whether the entire oxygen con-
sumption was due to alcohol dehydrogenase activity the
experiméent was repeated using ethanol as the steroid solvent.
A control with ethanol and no steroid was incubated simul-
taneously. The controls wére found to utilize oxygen at
a fairly constant rate, and accounted for two thirds of
the oxygen consumption. Because of these findings the

remaining oxygen consumption was considered insignificant.



Diphosphopyridine nucleotide (DPN) was used as a co=-
enzyme in this study. In earlier work Sweat (46) and co-
workers found DPN to bé a necessary co-enzyme for the
conversion of testosterone to ﬁ"—nndmntun--ﬂ,l'?-dtunu
by tissue enzymes. Furthermore it was found that crude
tissue extracts fortified with DPN increased the destruc--
tion of the o ,A-unsaturated ketone groups, while the more
purified extracts acted only on the hydroxyl group at
carbon 17. Their work indicated that the favored rout
of testosterone metabolism was through &"'-nndrnnl;-nn-ﬂ,
17-dione which was formed by the DPN-activated enzyme.
The primary point of interest imn this study has been this
DPN-activated enzyme in human skin.

Using liver slices unfortified with DPN Clark and
co=-workers (11, 12) obtained only a small amount of the
diketone ..ﬁ.‘—nndrult-n--a,l'?-dinnn after incubation with
testosterone. They were also able to obtain evidence for
the reversibility of the reaction as shown by the appear-
ance of epi-testosterone. _

The general equation for the metabolism of testos-

terone to é‘-lnm:t-u-a.l?—ﬁnm is as follows:
]

testosterone MYandrostene-3, 17-dione

0
%)
+ oPr’ enzyme . L.rj + DPHH +H
T [

37, |
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In our study nicotinamide was utilized with the co-
enzyme DPN as a nucleotidase inmhibitor. Because of its
structural similarity to the nucleotide the nicotinamide
is considered to be a competative inhibitor for the enzyme.

Since the experimental results with the adapted
"Thunberg technique™ had prowven unsatisfactory triphos-
phopyridine nucleotide (TPN) was utilized in simultaneous
experiments with DPN.

In recent experiments with enzymes from animal tissues
and Psecudomonas fluorescens Kaplan (21) had indicated a

relationship between DPN and TPN. According to this
author, if such a reaction were to occur im the systems

- DPN + TPN -_HEIEE!E?dIE!FQ!!-;) DPN + TPNH - an increase
in TPN would tend to inhibit this secondary reaction.

With DPN the lowest enzyme concentration showed some
oXygen uptake, however the uptake decreased with increas-
ing enzyme concentration. No oxygen uptake was found with
TPN. Perhaps as EKaplan suggested, TPN combined with the
enzyme cowmpletely inactivating it.

Since the change in the co-enzyme had proved ineffi-
cient in correcting the defect in the method the problem
resained unsolved.

Smith and Kochakian (44) had also obtained irregular
tissue respiration when they incubated rabbit liver slices
with testosterone and ethyl alcohol.

A another means of overcomming the blocking out



effect of the oxygen absorption by alcohol dehydrogenase
the substrate (testosterone) Was dissolved in a dilute
solution of bovine serum albumin., Two solutions were
prepared. The steroid was dissolved by shaking; (a) at
room temperature by hand, and (b) at 37°¢ overnight in
the Warburg apparatus, As in previous experiments it can
be seen from Table 4 that the results were erratic and
did not show any apparent relation to tissue (enzyme)
concentration. Of the two albumin solutions the one
which had been incubated overnight at 37°C showed the
least activity., This might have been due to the formation
of a steroid protein complex resulting in a lower con-
centration of steroid available for reaction.

As a further means of introducing the substrate to
the enzyme without the use of alcohol the steroid was
suspended in a 1 per cent solutions of the wetting agents
“"Tween 80" and "Triton". The two lowest tissue (enzyme)
concentrations (0.5 wl. and 0.6 ml.) with the substrate
in "Tween B0" resulted in the same oxygen uptake, and the
other flasks showed no uptake. These negative results
wére probably caused by denaturation of the proteins in
the presence of these wetting agents,

Finally an aquecus solution of testosterone-¢-D-
glucopyronuronoside (57) was used as a tissue substrate.
Further irregular results were obtained. The conjugation

of testosterone with glucuronic acid did not have a stabil-
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izing effect on the reaction.

All these results showed that regardless of the steroid
preparation utilized, variation in components and their
concentrations, or change in incubation time, no valid
enzyme concentration curve could be established, There-
fore, this enzyme system could not be studied by manometric
techniques in an unpurified preparation.

The method used by Wotiz, Mescon, Doppel and Lemon (55)
for the study of this enzyme system, although more time
consuming, still appeared to be the best approach to the
problem., For verification of the method a 10 per cent
rat liver homogenate was used as the enzyme source. The
loss of testosterone increased directly with increasing
tissue concentration (Table 6). Thus the method was
satisfactory for the purpose of studying the quantitative
aspects of the enzymatic reaction.

This previous work with bhuman skin showed a testos-
terone loss averaging 50 per cent. Controls for testos-
terone concentrations were not repeated in individual
experiments but were computed from a standard chart. Also
about 15 per cent of the steroid may have been lost in
e€lution from the paper and should not have been consid-
ered as metabolic loss. With both of these facts taken
into consideration actual metabolism appeared to be about
60 per cent of that originaly indicated.

When skin was incubated with testosterone (Table 7)

there was a 25 per cent loss of the steroid, while boiled
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tissue showed a 13 per cent loss and testosterone incubated
without tissue gave a 9 per cent loss. Therefore, there is
an enzyme system in human skin which is able to metabolize
testosterone. Furthermore, there is an indication of some
other cause of testosterone breakdown as loss occurs when
testosterone is incubated without tissue,.

There is no significant variation in enzyme activity
with a change in surface area (Table 8). An Bl per cent
recovery of testosterone from whole tissue, a 79 per cent
recovery from scored tissue, and a 77 per cent recovery
from homogenized tissue was found. Either the tissue is
quite permeable to the steroid, or the major enzyme acti-
vity occurs in the outer layers of the skin. Im a prelim-
inary experiment (Simpson, unpublished data) where autop-
sied skin was sectioned parallel to the surface and its
metabolism of testosterone determined a differential site
of enzyme activity was indicated. The greatest activity
appeared in the outermost layers of the skin. Perhaps
changing the surface area of the skin, in this study, does
not alter enzyme activity because of steroid permeability
and the surface action of the enzyme.

In this experiment (Table B8) all tissue incubations
showed greater métabolic activity than the controls (boil-
ed tissue and incubated testosterone). The enzyme or
enzymé system converting testosterone to il*-lndrnﬂtﬂna-

3,17=dione is quite stable and resistant to heat since



extensive boiling of the tissue did not completely destroy
it. The possibility that the enzyme was activated by heat
{45) was ruled our as the testosterone was not added until
the tissue and buffer solution had been cooled to room
temperature. A slight degredation of the steroid was
found in the incubated testosterone control.

When the amount of tissue was doubled (Table 9) a
vary slight loss of the substrate occured. This loss
varied between 2 and 6 per cent for tissue incubated with

testosterone, and higher values were found for the con-

troles. It is possible that the steroid became bound to the

increased tissue protein, and thus was not free to react
with the enzyme. This may have been due to the condition
of the skin at the time of biopsy. Since some méetabolites
were observed on the paper chromatographic strips stained
with the Zimmermann reagent the apparent lack of testos-
terone disappearance could not be explained by an absence
of the enzyme, but may be because of experimental errors
in the quantitative estimation.

The first quantitative recovery of the compound be-
lieved to be N*-androstene-3,17-dione is shown in Table
10. Doubling the tissue concentration appeared to have
little effect on the amount of recovered testosterone,
but the recovery of its major méetabolite was doubled.

The percentage of ,{L‘-nndroutuna-:!,l'?-diuna eluted from

the chromatographs was so low, however, that more extensive
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experimentation is required to establish a valid quanti-
tative relationship.

It was suggested from the experiment described in
Table 10 that ¥-androstene-3,17-dione is a major metabo-
lite of testosterone, but that it account for only a small
part of the total metabolism. There was also an indica-
tion that the production of this diketone was proportional
to the enzyme concentration. Again it was observed that
the enzymatic reaction was not completely destroyed by
boiling.

An incubation with skin and 4-Cl4-testosterone was
carried out in the manner described proviously and the
extracts chromatographed on 3 cm. paper strips. After
a two week exposure to X-ray film followed by development
8 compounds could be seen (Figure 11 A) confirming the
previous findings of Wotiz and co-workers (55).

Some quantitative differences in testosterone metab-
olism are evident from the radicautographic studies (Figure
11 A). Tissue incubated with testosterone (strips 1 and 2)
showed more metabolism than all controls. Boiled tissue
with testosterone (strips 3 and 4) showed less formation
of “"polar compounds”, indicating the existence of several
enzyme systems, some of which are more heat stable than
others. Only a very slight decrease is notes in the amount
of the compound occupying the position of éﬂi-nudrnatnn-—ﬂ,

17.dione. Testosterone incubated without tissue (strips 7
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and B) gave evidence of some degredation when compared

with the un-incubated testosterone (strips 13 and 14).
There also appeared to be a slight impurity present in

the original testosterone. Perhaps some ﬂ-"'-lndmnt-n--
3,17=dione is to be found im the non incubated testosterone,
nevertheless, only the polar compounds seem to increase
when testosterone is incubated without tissue., Therefore,
any additional A'-androstene-3,17-dtone observed with
tissue incubation must be of enzymatic origin.

Two experiments were performed simultaneously; one
with 4=-C!¥-testosterone and the other with non radioactive
testosterone. Twenty five per cent of the radioactive
testosterone was recovered as &‘qndrnstenn-a.l'r-dian-,
as against 3 per cent of the non radiocactive steroid.
This quantitative difference resulting from identical
experimental conditions might be due to insufficient
elution from paper or some other obscure error in method-
ology.

These experiments (Table 11) confirmed the earlier
hypothesis that ZAd-androstene-3,17-dione was a major
metabolic product of testosterone and that this diketone
accounts for only a fraction of the testosterone break-
down. The total loss of testosterone ranged from 12 to
43 per cent. This metabolite was confirmed to be /.
androstene-3,17-dione by thiosemicarbazone formation

(Figure 11 D) and by infra-red and ultra-violet spectro-
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photometry. From radioautograms (Figure 11 C) it camn
be seen that at least ten other degradation products of
testosterone have been formed. The steroid nucleus may
also have been degraded into other products not detected
by the Zimmersann reagent.

The most coutstanding characteristic of the enzyme
responsible for the degradation of testosterone in human
skin is its remarkable heat stability. There was rela-
tively little effect produced by heat on the éenzymatic
activity in question as evidenced by the controls with
boiled human skin. Possibly, with heating, the enzyme may
be protected by forming a complex with other proteins or
lipids in the tissue. This complex may be easily precipi-
tated by heat, forsing a protective covering around the
enzymeé, or they may perform their protective action in
some other more complex manner.

A further characteristic of this enEymatic reaction
in human skin is its great variability. There are
several possible explinations for this variability.

It may be due more to differences in the skin from
individual subjects than to the experimental conditions.
The metabolism ranges from less than 10 per cent with
one subject to over 50 per cent with another. The steroid
loss in the average incubation ran between 20 and 25 per
cent.

The variability in testosterone metabolism might also



be explained by competative imhibition. The degradation
of the steroid may depend upon the amount of enzyme avail-
able in the skin. The enzyme concentration in turn may
depend on the physiological conditions of the body at the
time of biopsy.

Overnight incubation of the substrate without the
addition of skin produced a small amount of DY androstene-
3,17-dione (Figure 12 A). Omnly the autoclaved and non
incubated testosterone failed to show this compound after
staining with the Zimmermann reagent. Accordingly it was
thought that this metabolism may have been brought about by
bacterial action.

Therefore, the incubation solutions and the humsan
skin were tested for the presence of microorganisms. In
Figure 12 the results of simultaneous duplicate experi-
ments for qualitative and quantitative determination of
bacterial metabolism of testosterone can be observed,
Where microorganisms were present a quantitative loss of
the steroid was seen, but no production of &"'-lnd.rultnnin
3,.17-dione was observed. (Figure 12 B) Both yeast and
gram négative microorganisms were found in the unauto-
claved flasks (Table 12). The bacteria alone Pseudomonas

procyanecus) were tested for their reaction on the sub-

strate and a 22 per cent loss of testosterone occured
(Table 13).
In the studdes by Wotiz et al. (55) the biopsy sight
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had been "sterilized"” with ethanol. This was later aban-
doned for fear of alcohol dehydrogenase activity. It has
been demonstrated by some authors (25) that most of the
bacteria are deep within the openings of the cutaneous
appendeges where they can not be readily removed or killed.
Thus in these previous experiments with or without ethanol
"sterilization" bacteria might have accounted for some tes-
tosterone degradation. Wotiz, Richterich-van Baerle and
Lemon (56) used gram stains on sediment smears from their
serum incubation mixtures and detected no bacterial contami-
nation. BSerum and most of the other tissues utilized in
the earlier studies of testosterone metabolism by Wotiz et
al., (53,54) exist naturally in sterile conditions. The
fact that skin nearly always contains some bacteria, as op-
posed to other sterile tissues, may account for some of the
variability observed in this study.

In the present investigation of skin bacteria, the

gram negative organism was identified as Pseudomonas

pyocyaneous an organism almost completely resistant to

penicillin.
As shown in Table 13 when the eluted testosterone
which had been autoclaved and incubated was taken as a
100 per cent recovery of the steroid, a 93 per cent recov=-
eéry was found with autoclaved bacteria. This slight loss
of testosterone may be due to some catabolism of the steroid

hastened by increase in heat during the initial period of
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autoclaving. Seventy eight per cent of the incubated sub-
strate was recovered when viable bacteria were added to the
autoclaved testosterone..However, no ﬂﬁ‘-lndrnltunu-ﬂ,lf-
dione was observed on the Zimmermann stained strips (Figure
13). The absence of this compound may be attributed to the
fact that DPN and its nucleotidase inhibitor, nicotinamide,
were absent from this experiment, or that the steroid meta-
bolite was immediately degraded if it was produced.

Talalay (49) has shown that a species of Pseudomonas

could be adapted to grow on testosterone. He isolated the
metabolic product from the incubation of testosterone with
this organism and this substance displayed the chromato-
graphic characteristics of Zh‘-lndrn-t-n--a.IT-dlnnn.
Species of Pseudomonas are alsco known to contain enzymes

which catalize other reactions with DPN. One of these
enzymes is transhydrogenase (21) which is responsible for

electron transfer between the pyridine nucleotides.

SummBATY

The existance of an enzyme System in human skin which
metabolizes testosterone to {Y-androstene-3,17-dione has
been established.

Twenty to twenty five per cent of the steroid was found
to be metabolized with only a small fraction being recovered
as Af-androstene-3,17-dione.



At least two enzyme sSystems seem to be involved in tes-
tosterone metabolism in the human skin; one or more in the
production of unknown "polar compounds", and the other in
the formation of O'-androstene-3,17-dione. The former of
these systems are the more heat labile.

The enzyme in human skin responsible for the conver-
sion of testosterone to N*-androstene-3,17-dione appears
to be heat resistant. Its destruction by heat may be pre-
vented by the formation of a tissue protein or lipid
complex.

As many as twelve compounds have been clearly noted
on the radiogram both with the incubated tissue and the
boiled tissue controls (Figure 11 C).

Oneé or more microorganisms may be responsible for the
Slight degradation occuring in the incubated testosterone
without tissue. However, this action is not likely to be
of any significance in the metabolism of testosterone Since:
a.) they do not produce O*-androstene-3,17-dione, b,) they
were only isolated once, and c.) they are present only in

very smal]l concentrations.
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ml.
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30+ 0.2 9
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o 4 12
0.8 19
10+ 1.6 49
0.2 0.4 0.8 1.6
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Table 7
Flask # 240 mp % testosterone 4 Hlt-ultnrunu'
reading recovered lost
1,2 tissue boiled
and incubated | 0,300 B7.3 12.7
4,5 tissue boiled
not incubated | 0.328 71.6 28.4
tissue incuba-
7,8 ted, no tes-
tosterone 0 i ] i
tissue incuba=
10,11 tod with tes-=
tosterone 0,344 75.1 24.9
13,14, testosteronc
15 incubated, no
tissue 0,417 81.0 8.0
testosterone
not incubated
but eluted 0.458 100.0 i
original tes-
tosterone un-—-
treated 0,671 - -




Table 8

F‘I.ut # 240 mp % testosterone |% testosterone
reading recovered lost
1,2 whole tissue | 0,523 BO.5 19.5
3,4 scored tissue| 0,514 79.1 20,9
5,6 homogenized
tissue 0.492 T5.7T 24.3
7,8 boiled tissue | 0,540 B83.1 16.9
8,10, | testosterone
i1 incubated, no
tissue 0.626 96.3 3.7
12,13 testosterone
not incubated
but eluted 0,650 100,0 —




Table 9
Flask # |ICD gt % testosterone |1 testosterone
reading recovered lost
1,3 tissue homogenired
and incubated 0.422 87.9 2.1
3,4 tissue cut and
incubated 0,405 94.0 6.0
5,6 tissue homogenized,
boiled, and incu-
bated 0,388 80,3 9.7
7,8 testosterone
incubated 0,358 83.1 15.9
9,10 testosterone not
incubated but
eluted 0.431 100 .0 —_—




9 ?
Table 10
-‘ | —
| Testostercne & -Andrulttn--s,l?-dlnnt]
[Flask # 240 mp |% recov- | % 240 % recove- |Unaccountable
reading ered lost | reading ered loss - %
L,2 7 mm, tissue
cut and in-
cubated 0,383 77.5 22.5 0.007 1.4 21.1
3,4 7 mm. tissue
boiled 1 hr, }
5,6 14 mm, tissw
cut and in-
cubated 0.370 74.8 256.2 0.015 3,0 22.2
7,8 14 mm, tissue
boiled 1 hr.,
incubated 0.395 79.8 20,1 0.000 0 20.1
9,10 testosterone
incubated 0.449 81.1 B.9 — L P
11 testosterone
not incuba-
ted but elu-




Table 11

Radiogctive Testo=terone

Flask #

Testosterone

¥ Andrestene-3,17-dlone

240

reading ered

T recov-—

lost

240 mp
reading

% recov-
ered

Inaccountable
loss - %

1,2

tissue cut
radioactive
toeatosteronae
incubated

0.211 43.3

56,7

0,122

25,1

31.6

8,4

Eilssue cut
boiled
radioactive
testosterone
incubated

0.291 99.8

40.2

0.068

14,2

26,0

7,8

radioactive
testoeterone
incubated

0.477 287.0

13

radioactive
testosterona
not incubated
but eluted

0,487 100.0

Non-Hadiocactive Testosterone

5,6

tissue cut
testos terone
incubated

0,200 44.1

55.9

0,012

53.2

9,10

incubated
testosterone

0.438 96,7

15

tegtosterona
not incubated
but eluted

0,453 100.0




gram positive
r nothing

Table 12
r-I-"--:|..|.i.k g Pour Blood Broth % Recovery
plates | plate testosterone

3,4 autoclaved — P T -

testostercne - - - 100
1,2 incubated —— 1 colony yeast and gram

testosterone —— 1 colony negative rods BO
8,10 incubated

testosterone — many along streak o

knd tissue and around tissue

—— granules with B6




Table 13
Flask # 240 mp T testosterone
reading recovered

testosterone

5,6 autoclaved
incubated 0,222 100
testosterone

3,4 and bacteria
autoclaved
incubated 0,207 83
testosterone

1,2 autoclaved
incubated
with viable
bacteria 0.172 78
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ABSTRACT

From a series of in vitro incubations with human skin
the existence of an enzyme system which metabolizes tes-
tosterone to D androstene-3,17-dione and “polar com-
pounds™ has been established.

Several enzyme systems are felt to be active in tes-
tosterone breakdown by human skin; some of these from
“polar compounds”, one of them forms iﬁﬂ-nndrnntanl-ﬂ,lT-
dione, while others form additional unknown ketonic com=-
pounds., These skin enzymeées were found to vary quantita-
tively amoung different subjects.

Catabolism in a typical in vitro incubation of tes-
tosteroneé with skin ranged between twenty and twenty five
per cent. The major metabolite of this reaction is be-
lieved to be iﬁ’-lndrnlt-ne-ﬂ,IT-dinn-, although it ac=-
counts for less than half of the substrate loss,

The enzyme system responsible for the conversion of
testosterone to Al-androstene-3,17-dione in human skin is
remarkably heat resistant. Extensive boiling if the tissue
showed little destruction of the enzyme, possible due to
the formation of a protective enzyme protein or lipid
complex.

At least twelve compounds appeared on the radicauto-
gram (Figure 11 C) of skin incubated with testosterone.

Incubation solutions and skin were tested for bacterial



contamination and metabolism of testosterone. Where
microorganisss were found a loss of steroid was observed.
However, no production of Al-androstene-3,17-dione was
seen.

A gram negative microorganism isclated from one

specimen of skin was identified as Pseudomonas pyocyan-

eus. When this isclated bacteria was incubated with tes-
tosterone overnight a 22 per cent loss of steroid occured,
but again without the formation of A%-androstene-3,17-
dione,

Microorganisms may be responsible for the slight
degradation occuring in incubated testosterone without
skin. Howevér they are not felt to have significanmt
effect on testosterone metabolism with tissue since 1.)
no &‘-lndmnuu-s.ﬂ-dinn- was produced, 2.) the micro-
organisms were only isolated once, and 3.) they are nor-

mally present in very small concentraions (Pseudomonas

being only a transient organism on the human skin).

An in vitro system where testosterone and human skin
wore incubated in a Krebs-ringer phosphate buffer at pH
7.4 was utilized to determine the enzymatic activity.

An adaptation of the "Warburg technique of the es-
timation of dehydrogenase activity” was proved to be useless
for the determination of enzymatic activity., Regardless

of the steroid preparation utilized, variation in compon-



ents and their concentrations, or change in incubation

time no valid enzyme curve could be established.
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