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GENERAL INTRODUCTION

Introduction

Skin, the largest single organ of the human body covering as it does
a total area of 15000 sq.in. in the adult human has, because of the technical
difficulties hitherto associated with working with this tissue, received
comparatively little attention from medical research workers.,

The skin is composed of various components or parts and is made up
of many different populations of cells. It can be subdivided into the epidermis
and the dermis, The skin_ appendages arise from the epidermis embryologically
but lie in the dermal layer. These appendages consist of the pilosebaceous
follicle and the sweat glands and the apocrine glands, the latter arising
embryologically from the pilosebaceous unit, Below the epidermis and the
dermis, which go to make up the skin, lies the subcutancous tissue through
which the skin is supplied with nerves and blood vessels, Different types of
cells are found in the skin, The epidermis is made up of squamous cells while
in the dermis are found fibroblasts and collagen., The sebaceous gland cells
arising as they do from the epidermis, are therefore modified squamous cells.

Sebaceous glands were first described by Eichorn in 1826. They are
characteristic of mammals, display species difference and although structurally
similar, they show some degree of variation over the surface of the body.
Sebaceous gland deyelops early in the embryo (at 3% - 4 months) as part of the
pilosebaceous unit: it forms as the upper of two swellings which appear on the

posterior side of the hair follicle. This/




This swelling grows and develops into a sebaceous gland, whose duct

opens inside the pilosebaceous canal. Sebaceous glands which are
functionally dormant in the prepubertal child, become active at the onset

of puberty and are found in the adult to be distributed throughout the area

of the skin except on the palms of the hands and the soles of the feet. They
vary between the different regions of the body in their size and number,

but are found to be largest and most numerous on the face and forehead.

The sebaceous glands of the face are large and multiacinar, They open
either into a widely dilated follicular canal i:hrough a short duct, or some

on the face open directly on to the surface of the skin. These extra large
sebaceous glands are called sebaceous follicles (Kligman and Shelley 1958).
Large and numerous sebaceous glands are also found on the scalp so that

the head region in general is particularly richly endowed with sebaceous glands.
To a lesser extent the upper back and chest region possesses large sebaceous
glands while over the remainder of the body they are much smaller and less
densely distributed (Montagna 1963, Benfenati and Brillanti, 1939).

. Sebaceous glands are holocrine usually multiple acinar glands in which
the cells show a centipetal enlargement. The cells towards the centre of the
gland become laden with lipid droplets and swell until they become fragmented
and form the sebum which fills the lumen of the gland and travels out through
the duct. The process of development which the sebaceous gland cells undergo
is called "sebaceous differentiation'. |

The/



The functions attributed to sebum are many and mostly speculative -
ones as very little of its biological significance is known for certain, The
uses assigned to it include antibacterial and antifungal effects, inhibition of
water loss and the implementation of barrier fﬁnction (Kligman in Advances
of Biblogy of Skin, 1963). It has also been suggested that it plays a part
in the synthesis of Vitamin D and also that it is responsible for that
cholesterol synthesis Which is _t13011ght to occur in the skin (Baillie, 1964).
Whét_is certain is that sebaceous gland development and the secretion of
sebum is closely related to the androgeniec metabolism and sexual maturity™
of the individual. This can be ascertained in man where sebaceous glands
are undifferentiated and inactive throughout childhood only to begin growing
rapidly at the onset of puberty, this effect being accompanied by considerable.-
increase in the améunt of sebum excreted on the skin:surface (Strauss and
Pochi, 1964). It can also be reflected in the development of special sebac\eous
structures such as preputial gland in rat (Ebling and Skinner, 1967) or theA
territorial marking in the gerbil (Thiessen 1968). which.develop. fully with the
onset of sexual maturity and are clearly-associated with the androgenic
hormones. The function of the sebaceous.gland-as the target drgan of androgenic
hormones has aroused considerable-interéstiinimedical research.

The nature of the stimulation which thersebaceous:gland receives at
puberty is not very well understood, especially in the ferﬁale. In the male
sebaceous gland hyperfunction has been established (Hamilfon, 1941) for the

following reasons:-

1./



1. Prepubertal individuals, castrates and eunachoid males
do not develop acne or seborrhoea,

2, If the above mentioned individuals are treated with large
doses of testosterone they do develop acne (providing
the pituitary gland is intact).

3. Normal males and females when treated with large doses
of testosterone may develop acne. (Strauss et al., 1962)

4. Also the administratioh of testosterone to normal rats
produces a pronounced enlargement of the sebaceous

gland (Haskin et al,, 1953).

It has in fact often been suggested that acne vulgaris may be associated
with excessive androgen production, particularly since acne lesions may
result from the administration of androgens. The exact causes of acne
vulgaris are still far from clear but it is accepted that sebaceous gland
hyperfunction occurring at the onset of puberty, may lead to the development
of juvenile acne vulgaris (Vadasz and Debreczeni, 1966) and thus in any
considerations as to the causes and cure of acne one has to approach via a
study of the sebaceous gland. The attention of dermatologists has long been
directed to the obvious association between acne and puberty. The fact that
acne is absent in eunochs followed by the observation of the stimulating effect

of testosterone on the sebaceous gland (Rony and Zakon, 1943) suggests a
connection between the occurrence of acne and sebaceous gland activity, when
stimulated by androgens.

Sebaceous/
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Sebaceous gland activity is recognised to be the result of androgenic
stimulation in the presence of the pituitary (Ebling, 1948, 1951 ,- Hamilton,
1941, 1947, Hooker and Pfeiffer, 1943, Lapiére, 1953, Haskin et al., 1953
etc.). The pituitary must be present for andro';tg;enic stimulation of the
sebaceous gland to take effect. Hypophysectomised rats do not show any
marked changes in sebaceous gland size or sebum secretion after treatment
with testosterone, even given in large amounts (0.2 mg/day for 3 weeks)
(Ebling, 1957). It has been suggésted that the pituitary effects a permissive
action through a "sebotropic factor'. (Lorincz and Lancaster, 1957). To
consider the further implications of androgenic control of sebaceous glands,
it is necessary to discuss some of the known facts about the androgens in the
context of steroid metabolism in general. Figure I sets out briefly some of
the metabolic pathways of the steroid hormones, their synthesis, transformation
and some of the breakdown reactions they undergo in the body. The figure
shows the major pathways which occur in the adrenal gland, the testis and the
ovary. The testis and the ovary are responsible for the synthesis of the
androgens and the oestrogens, while the adrenal glands accounts for the other
steroid derivatives.

Testosterone was implicated first as an agent capable of causing
enlargement of sebaceous glands by Montagna in 1941, It is testosterone,
the most active androgenic substance which is still considered of fundamental
importance in the observations regarding sebaceous gland activity and
therefore in the discussion which follows, testosterone will be primarily

considered, In/
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Figure 1 General metabolism of some steroid compounds
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In the male this hormone is formed by the testis and therefore its origins
present no problem, In the female however the sudden development of the
sebaceous glands at puberty remains to be explgined. Both.dehydroepiandro-
sterone (DHA) and A4 - androstenedione which are synthesised by the

adrenal glands are known to be precursors of testosterone (Neher and
Wettstein, 1960, Kahut 1961)., It is thought that DHA or dehydroepiandrosterone
sulfate (DHA-SO 4) (Korenman and Lipsett, 1961) is converted to testosterone

or testosterone-glucuronide,

In the méle testosﬁerone is mainly of testicular origin and testosterone
levels fall after orchiectomy (Rosner and Conte 1966), In the female the
source of testosterone is, as mentioned earlier not quite clear, but as

some conversion of A4 -androstenedione to testosterone occurs
in women, both these steroids must be considered, Some light is thrown
on the subject of androgen production in women by considering abnormal
gsituations such as arise in hirsutism, which may be an accompaniment of
eertain adrenocortical or ovarian diseases. In hirsutism caused by the Stein-
Leventhal Polycystic Ovary Syndrome, one finds that 17-keto steroid excretion
patterns are not greatly raised above normal values (Goldzieher and Axelrod,
1962) while plasma and urinary testosterone levels are higher than normal
(Bardin and Lipsett, 1967) and Futterweit et al., (1964). Plasma A4 -
androstenedione levels are also higher than normal (Horton and Neisler,
1968). Both testosterone and A4 - androstenedione production rates are
increased but less A4 -androstenedione is converted to testosterone than in

normal women. (Bardin/



(Bardin, Hembree and Lipsett, 1968).

There is evidence that both the ovary and the adrenal gland act
as source of androgen in this syndrome as in vitro synthesis of A4 -
androstenedione and testosterone from various steroid substrates is
greater in polycystic ovarian tissue than in normal ovaries (Jeffcoate et al.,
1968). Savard et al., (1965) claim that there are no abnorma;l pathways of
metabolism in the polycystic ovary but that the resultant manifestation of
hirsutism is due to an excess of ovarian stroma causing a shift in the
pattern of secretory products and a consequent excessive accumulation of
testosterone,

All these considerations would explain the difference which is found
between testosterone production rates as measured by urinary and blood
testosterone. Mahesh and Greenblast (1959) demonstrated a rise in plasma
testosterone after administration of DHA. Horton and Tait (1958) showed
that in females a large proportion of A4 -androstenedione is converted into
testosterone. The role of DHA-S0 4 in pregnancy and its significance in the
plasma will be described more fully under the special introductory section
dealing with DHA-SO 4

The correlation between metabolic clearance rate and the dilution of
intravenously administered labelled testosterone is found to be good in the
male as would be expected in view of the direct metabolic synthesis of this
hormone in the male, and it is found to be bad in the female where as explained

most of the circulating testosterone originates from other steroid compounds.

Testosterone/




Testosterone is also formed from progesterone and 17« -hydroxypregnenolone
(Slaunwhite and Samuels, 1956), In the blood, testosterone and A4 -
androstenedione are at equilibrium., While in the male there is more
testosterone formed, in the female there is more A4 -androstenedione,

This explains the rise in circulating androgens which occurs in both rﬁales
and females at puberty when the glands mature giving rise to testosterone

in the male and oestrogens and progesterone (thus also testosterone) in the
female,

The whole problém of androgen balance has only recently become
fully understood since modern methods for measuring the levels of testosterone
in plasma and urine have been developed. These methods include double
isotope dilution techniques (Dulmanis et al., 1964) and direct assays using
gas liquid chromatography (Futterweit et al,, 1964), The accurate
measurements of the amounts of testosterone in plasma and urine have given
us new insight into the metabolic pathways of the androgens and their trans-
formations in males and females. The studies of Horton and Tait (1966) for
instance have done much to elucidate the question of A4 ~androstenedione-
testosterore conversions in males and females which by proving conclusively
the derivation of testosterone in the female from A4 -androstenedione has
explained the pubertal development of the: sebaceous gland which has been
mentioned above. There is now evidence that androgens are produced
directly by the ovaries. Both androstenedione and testosterone are produced
in vitro by ovarian homogenates (Savard et al,, 1965). In overiectomized

women, plasma testosterone levels fall (Lamb et al., 1964). It/



It can now be conclusively stated that in the female just as in the male there
occurs at puberty an increase in circulating androgens, arising from the
ovary and from the adrenal cortex which is now known to synthesise
A4 -androstenediore and testosterone (Kase and Kowal, 1962),

Besides these three basic sites: adrenal cortex, testis and ovary,
it had been suggested that peripheral tissues may also play a part in androgen
metabolism. It was therefore an important breakthrough when in 1965/ 66
Baillie et al,, demonstrated the presence of hydroxysteroid dehydrogenases
in the skin, This demonstration was histochemical, but at about the same
time Rongone (1966) showed that skin metabolized testosterone in vitro
giving rise to ba-androstan-3a-ol, 17-one, 5a-androstan-3, 17-dione, A4—\
androstenedione, and 58-androstane-3a-ol, 17-one, while Cameron, 1966
and Faredin, 1967 presented evidence that skin can metabolize DHA in vitro
with the formation of several steroids. TFigure 2 illustrates possible
pathways of DHA metabolism resulting in the formation of some steroid

compounds mentioned above.

Various groups of workers (Cook and Lorincz, 1963, Julesz et al.,
1966, Dubovyi, 1967) tried to show the presence of androgenic steroids in
skin surface lipids. Among the steroids identified in vitro studies
of incubating skin with testosterone or A4 ~androstenedione was
dihydrotestosterone (Gomez and Hsia 1968). This androgen (5« -androstan-
17B3-01-3-one) is an interesting compound which is thought to be the active
androgen at the nuclear site of action in certain target tissues in some species
(Bruchovsky and Wilson, 1968).

In/
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In connection with this recent development in androgen metabolism,
one may consider another disease which though rare provides an interesting
connection with the study of the skin, In patien’gs suffering from testicular
feminization, the testis can synthesize oestrogens and androgens in vitro
when incubated with steroid precursors ( Griffiths, et al., 1963 ). Plasma
testosterone levels and testosterone production rates are in the range of the
normal male (Southern et al., 1965). The testosterone is apparently available
to the peripheral target organs since no abnormal urinary androgens have |
been found after injections of labelled testosterone (French et al., 1965, 1966).
It seems therefore that the defect in this disease is due to an inability of
target tissues to respond to androgen. Decreased conversion of testosterone
to dihydrotestosterone in some tissues of patients suffering from this disease
has been shown in vitro by Northcutt et al., 1969, In vitro studies involving
the skin of ‘these patients provide further support for this theory (Heinrick et al,,
1969, Wilson and Walker, 1969), In vivo studies by Mauvais-Jarvis (1969)
provide evidence that normal skin has a 5a-redudase responsible for the
conversion of t'estosteljone to dihydro-testosterone and that this enzyme is
absent in patients with testicular feminization.

Sebum production in patients with this disease is much lower than in
normal individuals (Gwinup et al., 1966) and it would seem that the sebaceous
gland reflects the general lack of response to androgen stimulation which
characterises this condition.

Results are accumulating from recent work mentioned above, that
the skin plays an active part in steroid metabolism. So far there is no agree-
ment as to the precise site of activity of steroid metabolism in the skin.

Histochemical/
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Histochemical work beginning with the observations reported by Baillie
et al., and the investigations carried on from there by this group of co-
workers, points to the sebaceous gland as being this active site. Gallegos
and Berliner (1967) however in their work on tissue culture of the dermis
have demonstrated the presence of A5 -3 ~ol-steroid dehydrogenase
(38 HSD) system activity in L - 929 fibroblasts in tissue culture, and they
stress the importance of fibroblasts in steroid biotransformations in the skin,
Endocrine factors have been known since a long time to regulate the
size and the sebum producing activity of sebaceous glands. Various groups
of investigators have carried out studies on the effect of steroidal hormones
on the skin of man (Strauss and Pochi, 1963) and rat (Ebling, 1957) -
Testicular androgen has been unequivocally implicated in the direct stimulation
of sebaceous gland activity. Orchiectomy leads to reduction of sebaceous gland
activity (Pochi and Strauss, 1963).
It has been established that increase in the rate of sebum secretion

is achieved by the androgens by -

1. an increase in cell division of sebaceous glands
2. an increase in sebum synthesis within each

sebaceous cell.

In contrast to this oestrogens are found to suppress sebaceous glands
(Bullough and Laurence, 1960) and decrease sebum production perhaps hy
increasing the turnover rate of cells of the sebaceous gland.

The/



24,

The administration of testosterone causes an enlargement of the
sebaceous glands, while the administration of oestradiol causes the
sebaceous gland to decrease in size. Simultaneous administration of
testosterone and oestradiol has no overall effecf on the sebaceous glands
and it is thought that there is no direct antagonism between oestrogens
and androgens as to their peripheral effect on sebaceous glands. (Strauss,
Kligman and Pochi, 1962),

The effect of androgens on the sebaceous gland is thought to be direct
because topical application leads to a local response (Dorfman, 1961), As
evidenced by the enlargement of the sebaceous gland in the mouse skin
following local application of testosterone (Lapiére, 1953) as well as increased
sebum production in areas of skin subjected to local application of testosterone
in man (Strauss et al., 1962),

Both oestrogens and antiandrogenic substances have been found in
experimental systems to inhibit sebaceous gland activity (Strauss et al., 1969,
Saunders and Ebling, 1969). Progesterone does not seem to have any effect
on the sebaceous gland if administered in physiological amounts (Strauss
and Kligman, 1961). If administered in large amounts it does lead to enlarge-
ment of the sebaceous glands. This is thought to be due possibly to some
metabolic conversion to androgens (Haskin et al., 1953).

Adrenal steroids are thought to have an additional function in mediating
sebaceous gland activity. Sebum production decreases after adrenolectomy.
Cortisone and hydrécortisone therapy increase sebum production, DHA is
the adrenal steroid hormone thought to be principally involved in stimulating

sebaceous gland activity (Pochi et al,, 1963), The/
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The administration of A4 -androstenedione also results in sebaceous

gland stimulation (Pochi and Strauss, 1969), Co‘rtisone and hydrocortisone
therapy increase sebum production, Moreover other hormones than the
steroids are thought to play a role in the control of sebaceous gland function.

Removal of the pituitary from overiectomized rats results in the
atrophy of sebaceous glands. (Lasher et al., 1954), It is therefore clear
that the sebaceous glands are affected by hormones. They are stimulated
by androgens (though not in the absence of thé pituitary) and inhibited
by oestrogens. Simultaneous administration (;f androgené and oestrogens
indicates that they do not antagonise each other's action (Strauss et al., 1962)
suggesting that they have different modes of action on the sebaceous gland.
While the most important effect of androgens is to increase cell .proliferationani
the size of sebaéeous cells as well as to decrease turnover time, oestrogens
reduce sebaceous gland volume, seemingly by increasing turnover time, but
not by any effect on mitotic division rate. Androgens show no effect in
‘’hypophysectomized rats while oestrogens are equally effective in intact,
hypophysectomized or adrenolectomized rats: their effect is mdependent of
mediation through the pituitary, gonads and adrenals (Ebling, 1957),

If it is assumed that acne is related to an increased activity of the
sebaceous gland, then the administration of large doses of androgens would
be thought to provoke the development of acne - which it does (Strauss et al.,
1962) while oestrogen treatment would be expected.to give rise to an
improvement in acne - which in fact is reported to happen (Ebling, 1967).

Haskin/



Hagskin et al., suggested in 1953 that adolescent seborrhoea and acne

in the male is caused by an excessive production of testicular androgens

and in the female by androgens from the adrenals. Hamilton (1941)

presented evidence that androgen is an incitant of pubertal acne as
prepubertal subjects to whom testosterone was administered in large

doses, develop acneform eruptions. Normally, however, in individuals
suffering from acne, one does not find higher blood testosterone levels.

In considering the influence of steroid hormones on sebaceous glands and on
acne Kalz (1958) recognised the stimulating effects of androgens on sebaceous
gland (Hamilton, 1941) and at the same time reported the successful results
6f testosterone ltherapy in acne, He also described the poor results

obtained in oestrogen therapy in spite of 1‘;he fact that oestrogens cause atrophy
of the sebaceous gland (Ebling, 1948),

And so although it is coming on to thirty years since t-he important
work of Hamilton in describing the part which androgens play in acne
(Hamilton, 1941) it is only within the last few years that an explanation seems
to become available. Since the elucidation of the metabolic pathways of the
vast network of steroid substances in the human body and the recognition of
the important role played by hydroxysteroid dehydrogenases have come to
light, the realisation has grown that it is within the sebaceous gland that we
must look for the elucidation of many problems. The answers to such
questions as the peripheral transformations of androgenic substances in the
correlation between hormonal action and metabolic activity and the search for
a sensitive test point for androgenic activity, may be found in the understanding
of the sebaceous gland,

The/
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The connection which is established between androgenic hormones
and acne does not imply that acne is caused diréctly by an excess of
androgens. The cause of acne is unknown. All that can be said is that
androgens in the presence of the pituitary stimulate the sebaceous gland
activity. Sebaceous glands seem to be the major site of bacterial growth
6n the skin, (Evans et al,, 1950). There exists a hypothesis that at
puberty the higher levels of circulating androgens appear to cause follicular
hyperkeratosis which results in the pilosebaceous duct becoming blocked.
This blockage sets up in the duct anaerobic conditions suitable for bacterial
development and this gives rise to the development of the acneform eruption,
Strauss and Pochi (1965) studied the effect of injecting lipid material
taken from the skin surface and from comedones into human skin of scalp
or back. From their studies it appears that sebaceous lipids gaining
access to the dermis ellicit a response similar to that in acne and moreover
free fatty acids play a major role in this response. When these authors
injected freshly formed sebum into the skin they got no reSponse. When,
however, they injected fresh sebum + free fatty écids, the response of thé
skin resembled acne. Although sebum freshly formed by the sebaceous gland
contains no free fatly acids, these are formed by the action of bacterial

lipases on the sebum and the injection of Coryunobacterium acnes into

keratinous cysts initially devoid of free fatty acids, induces an inflammatory
reaction (Nicolaides and Wells, 1957, Strauss and ‘Kligman, 1960). It may

be that this account-s for the formation of an acneform eruption which implies an
absence of direct correlation between androgenic stimulation and acne,

and may explain why acne does not appear before puberty and yet why in acne
patients testosterone levels are not necessarily higher than in normal patients.

In/



In recognising the important part played by androgens in the activity
of the sebaceous gland, only the first step is accomplished, It is now
necessary to elucidate the manner of the processes involved. And here
many hypothesis have been put forward, Already in 1948 Lederer and
Mercier examined the constituents of skin surface fats in the sheep with
the view of elucidating the nature of the substances synthesised in the
sebaceous gland. In 1955 Nicolaides and Rothman thought that the sebaceous
gland is the main site of squalene synthesis, Fentenstein et al,, (1955)
failed to show the presence of Provitamin D in the skin but other workers
(Kandutsch and Russell, 1960) presented a strong case for the function of
the sebaceous gland in the synthesis of Vitamin D, Gaylor and Sault (1964)
suggested the formation of 7-dehydro-cholesterol in the skin, Skin is known
to synthesise squalene and the main site of this synthesis is the sebaceous
gland (Nicolaides and Rothman, 1955). A certain amount of this squalene
is converted to sterol esters.

Squalene was first shown to be an intermediate in cholesterol synthesis
by Nicolaides et al., (1955) in human scalp skin, Squaiene is hydroxylated
and cyclized to form lanosterol, the first sterol in the synthetic chain,
Lanosterol synthesis is thought to be the same in all organisms and all tissues
but further metabolism of lanosterol is thought to proceed along two
alternative pathways. Both pathways lead to the synthesis of cholesterol,'

one involving saturated and the other unsaturated intermediates.

1. The Bloch pathway (Bloch 1959) is the most important

pathway of synthesis in the mammal,

Lanosterol——Zymosterol =>Desmosterol ——=Cholesterol

2./
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2. The Kandutsch-Russell pathway (1960)‘involves a series of
reactions leading to the formation of cholesterol, It is not
a widely distributed pathway of cholesterol synthesis but is
thought to occur in some tissues (Kandutsch and Russell,
1960). The pathway involves the compound A7 ~cholesterol
which by a shift of the double bond to the 5 position gives
rise to cholesterol. It is thought that 7-dehydro-cholesterol
which is Provitamin D 3 is an intermediate in this reaction
(Schroepfer and Frantz, 1961) and the pathway is therefore
thought to be involved in Vitamin D synthesis, This hypothesis
has recently been corroborated by the findings of Ranschkolb

et al., 1969)

Although o and B hydroxysteroid dehydrogenases were demonstrated by
Marcus and Talalay in micro-organism as far back as 1956 and inspite of
the fact that Wattenberg developed in 1958 a histochemical method for
 demonstrating 38-hydroxysteroid dehydrogenase (38 HSD) in tissue sections,
it was not till 1966 that Baillie et al., first showed this enzyme to be present
in the sebaceous glands of human skin. This breakthrough led to a vast field
of investigations by this and other groups on the skin of man and smaller
animals and both histological and biochemical methods came to be used in
subsequent work on the subject,

The importaﬁce of 38 HSD in steroid metabolism can be observed from

looking at Figure 3. Many/



Tigure 3 38 HSD in pregnenolone-progesterone metabolism
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Many essential reactions in the metabolic pathways linking adrenal steroids
with androgens and oestrogens, reactions involved in the synthesis, the
interconversions and in the breal‘idown of steroid substances are reactions
involving this enzyme, (Kahnt, 1961) both in targﬁt organs and at peripheral
sites, Following the histochemical demonstration of 38 HSD in the skin by
Baillie et al., (1966) Cameron et al., (1966) showed in experiments involvingthe
incubation of skin in the presence of labelled DHA that labelled testosterone
was formed and about the same time Horton and Tait (1966) puf forward the
hypothesis that the skin constitutes the possible site of androstenedione
production and interconversion with testosterone.

Since then biochemical research has brought to light the presence of
many more steroid substances in the skin, some of which are active metabolites
such as testosterone, DHA, androstenedione and others which are compara-
tively inactive, by products such as androstandiol, etiocholanoclone,
epiandrosterone, androsterone which suggests that skin is active in both
anabolic and katabolic pathways of steroid metabolism. Moreover there is
now evidence (Gomez and Hsia, 1968) that testosterone can be metabolized
in vitro by the skin to give rise to (see Figure 1) the active product 5a-
androstan-178-o0l-3-one to be the active androgenic product, rather than
testosterone, at the target organ site. This conversion indicates the presence
of 5a-reductase in the'skin. Neonatal foreskin was found to be most
metabolically active (E:;lllilgydr-()testosteljo?vis found in a higher concentration
than any other metabolite of testosterone, |

Since/
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Since DHA~SO 4 is quantitatively one of the predominantly
circulating (protein-bound) steroid sulfates, whose role is unknown except
during pregnancy, it may be thought to be involved in a regulatory mechanism
of hormonal requirements to sensitive tissues. The site of such biological
synthesis which would serve this important regulatory function is naturally
of great interest., Berliner et al., (1968) have studied in tissue culture
experiments, the formation of DHA sulfate and androstenediol sulfate in the
skin and they have shown that skin participates actively in steroid biotrans-
formations. They consider these biotransformations to occur in the fibroblasts.
Kim and Hermann have described in vitro metabolism of DHA-SO 4 in some
samples of skin and they consider this secretory product of adrenal glands and
ovaries to constitute the precursor of biologically active androgéns. It is
definitely known that most of the circulating DHA is in the water soluble
DHA -sulfate form bound strongly to proteins. The significance of this in
relationship to androgen metabolism in general is however unknown. DHA-SO 4
seems to play an important role only during pregnancy. It is thought that
sulfatase might play a part in the regulation of the androgen metabolisms in
target tissues by changing the proportions of free and conjugated steroids,
Warren et al., (1967) however, find no steroid sulfatase activity in the human
skin,

The importance of androgens in connections with the sebaceous glands
has been established, the finding that 3p HSD is present in the sebaceous gland
and consequent investigations into the metabolic reactions which this enzyme

controls has been shown. Interconversion/
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Interconversion of hydroxyl and ketone groups were among the first
described metabolic transformations of steroids in animal tissues and
micro-organisms,

Chemically some HSD enzymes were isolated and purified from
micro-organisms (Talalay, 1953, 1956) and kinetic studies were carried
out to ascertain the substrate specificity, factors influencing reaction
equilibia and the velocity of the reaction as a function of substrate structure
and concentration (Talalay, 1857),

From 1958 when Wattenberg made histological localization of the
reaction possible in tissue sections, as will be described later, distribution
of various hydroxysteroid dehydrogenases in animal tissues was established.
Wattenberg (1958) showed the presence in a tissue section of 33 .HSD,

Pearson and Grose (1959) 3a and 178 HSD Balogh (1964) 20 HSD, Baillie

et al,, (1965, 1966) 68, 118, 12a, 16w, 168 and 208 HSD. Cértain of these
enzymes have so far poorly defined biochemical roles and although their
localization in a tissue can be demonstrated,t@irpresence is sometimes
difficult to interpret. Among the HSD enzymes listed above some, such as
38 HSD have a well recognised position in an established biochemical pathway
(such as in DHA metabolism shown in Figure 4) and therefore the demonstration
of its presence in a particular tissue leads to possible interpretation of its
significance there. Reactions catalysed by dehydrogenases interconverting
hydroxyl and ketone groups of steroid transformations were among the
earliest to be studied in micro-organisms and in animal tissues (Liebermann

and Teich, 1953), 38 HSD/



Figure 4 38 HSD in DHA metabolism
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38 HSD was first isolated and purified in micro-organisms (Talalay and

Dobson, 1953),

This reaction involves two separate enzjrmatic steps: a primary
oxidatioﬁ of the hydroxyl group by a pyridine nucleotide linked hydroxy-
steroid dehydrogenase proper, followed by a rearrangement of the double
bond, this isomerisation being catalysed by an enzymatic protein distinct
from the oxidising enzyme (see Figure 5). The isomerase has been purified
from micro-organisms, It is a very active enzyme, showing no specific
co-enzyme or metal requirement. It has also been identified in mammalian
tissue: adrenal, ovary, testis, liver and skin. The reaction catalysed by
the isomerase is thought to consist of a direct transfer of hydrogen from
C4 to c6 (Turfitt, 1946), It isa 'reversible reaction and this accounts for
the stability of the A4 -3-keto steroids which gives rise to the overall
irreversibility of the two step oxidation. It is also the linking of the 38 HSD
with the isomerase which causes the specificity of this enzyme to its substrate,
as compared to other dehydrogenases which are much less substrate-
specific. (Marcus and Talalay, 1955),

Kinetic studies carried out on & and B hydroxysteroid dehydrogenases
to determine the substrate specificity factors influencing reaction equilibria
and the velocity of oxidation as a function of substrate structure and
concentration, have shown the Michaelis constants to be among the lowest
for any enzyme in substrate interaction and the affinities for specific steroids

to be very high. Thus/



Figure 5 Enzymes involved in the histochemical method described
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Thus the strength of interaction between steroids and the corresponding
dehydrogenases is very sensitive to small changes in steroid structure
(Talalay, 1957). ,

It appeared in the early investigations of HSD reactions that NAD
is involved., When NAD was added to HSD reactions the rate of reaction
was markedly increased. The addition of nicotinamide as an inhibitor of
the nucleotidase produced the same effect. It was therefore ascertained
that NAD is involved in the reaction and it is now known that it is an essential
co-enzyme which is involved in the oxidation as H acceptor (Samuels et al.,

1951).

HO A o H/—\D

NAD(P)'  NAD(P)H

The H atoms are transferred from the oxidation reaction by the respiratory
co-enzyme NAD, in a stepwise process by a series of oxidative reductions
with oxygen acting as the terminal acceptor in vivo., Many of the enzymes
such as HSD which are involved in biological oxidations are mitochondrial,
Steroid dehydrogenases are linked with NAD in the oxidative pathways, though
some require the phosphorylated nucleotide NADP. 38 HSD is thought to be
NAD-dependant in most cases. '

The/



The studies elucidating the nature and kinetics of the enzyme are
of a biochemical nature. Other considerations involved in the elucidation
of the metabolic and biological significance of an enzyme can be approached
by other means of observations and among them histochemical techniques.
The recognition of the presence and significance of 38 HSD in the skin is a
good example of the way in which several paths of investigations lead to a
working hypothesis.

Various approaches to histochemical investigations are possible.
There are the clasgsical methods of histological techniques based on colour
reactions, and staining methods. These microscopic techniques employing
chemical methods depend on the direct observation of an insoluble product
of a micro-chemical reaction between the substance whose distribution is
being investigated and a suitable reagent. The reagent usegi must be specific
and the reaction between it and the substance being investigated must result
‘in a stable product which can be visualised (Glick, 1949),

These techniques also redquire the preparation of sections which can be
studied under the microscope and which must be thin and allow as little
alteration of the constituent investigated as is possible, The important
considerations which arise in these methods are therefore the preparation
of suitable experimental material, the choice of fixative and of reagent used,

Holt and O'Sullivan described in 1958 the principles of cytochemical
staining methods and at the same time an analysis of frozen section techniques
was presented by Thornbury (1957) in the context of enzymic histology.

The/



The development of histochemical procedure is reflected in the change from
fixed sections to fresh frozen sections which has made possible from the
earlier detection of a substance present in a tissue, to the more
sophisticated studies demonstrating the presence of an enzyme, The
developmentA of the cryostat from a microtome by Linderstrom-Lang in

the late thirties led to the considerations of temperéture effect of tissue
preparations by Scott in the early forties (Scott, 1943). The technique of
sudden cooling to low temperatures by using solid carbon dioxide or liquid
nitrogen, overcame the formation of crystalline ice which might occur
causing damage to cellular structure, In the development of the best method
for preparing sections to be used in enzymic studies by histochemical
techniques, the important criteria were necessarily the maximum preservation
of intact cell structures and the minimum chemical change in the tissue.
With the development of modern cryostat equipment, these aims are
satisfactorily achieved,

Whereas classical methods of histochemistry based on staining
procedures allowed the localization of various substrates in the cell (such aé
fats by differential staining with the Sudan dye) the modern techniques of
tissue section preparations led on to enzymatic work and so allowed
biochemical studies to be undertaken by histochemical methods. These
methods include histochemical investigations in tissue sections on microscope
slides (Glick, 1949) or enzymatic determinations on tissue sections followed
by elution in view of determining or measuring one of the participant products
on the reaction., It can also be extended to the use of modern isotopic
techniques and to autoradiography.

The/
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The tremendous progress achieved in histochemical methods over
the recent years has made possible the vast developments as applied to
cell biology. To mention but a few of the techniques developed within
the last two decades, one may consider spectrophotometry, electron
microscopy, fluorescence microscopy, manometric methods in measure-
ment of cell respiration (Chayen and Denby, 1968). Lowry (1954, 1957)
described general analytical procedures and tools for quantitative
histochemical studies on the enzyme measurements of the brain., The methods
he developed are fluorimetric measurements of pyridine nucleotides and
these will be considered more fully under the special introductory sub-
section.

Burstone (1960) used fluorimetric techniques for the demonstration
of enzymes and this histochemical method has also been applied to the
study of sebaceous glands.

Within recent years there has been an increased application of the
techniques of biochemistry and biophysics to histochemical allocation of
enzymes and reactive groups within the intracellular framework. In the
attempts to localize enzymically active sites in tissue sections, the coupling
of the enzymic reaction to a visible indicator system has been adopted.
Since Wattenberg in 1958 used a hydrogen acceptor to follow the course of
hydroxysteroid dehydrogenations, a great deal of histochemical work has been
done in this field, Histochemical techniques which allow the localization
of the site to enzymic reaction in a tissue section depend on the formation of
a visible i.e. coloured, insoluble product in the course of the enzymic

incubation of a tissue section. I/
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If the section is incubated under suitable conditions (of pH, temperature)

in the presence of the substrate specific to the enzyme under investigation,
with the addition of the necessary co-factors, (Nicotinamide Adenine
Dinucleotide) the enzymic reaction can be so cc;tlpled to an indicator-system
that the presence of the particular enzyme in the section entails the
deposition of the indicator dye at the site of the reaction. In this way
Wattenberg (1958) coupled the oxidation of the 38 hydroxy group on the steroid
molecule to the reduction of a tetrazolium salt, thus making the localization

of the reaction posgsible in tissue sections.

NAD « Formazan :
(insoluble dye)
Diaphorase
NADH Tetrazolium salt

(soluble)

HOJ\

The value of tetrazolium salts as agents for demonstrating dehydro-
genase activity has been fully established (Black, 1953) and its irriplications
will be fully described under the special introduction subsection. Among
this group of tetrazoles, nitro blue tetrazolium (Nitro BT) was found to be
an ideal reagent for histochemical purposes (Nachlas, 1957).

The/
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The requirements for a suitable histochemical indicator include
the rapid formation of good pigment quality with low solubility in aqueous
solutions and these requirements are met by Nitro BT.

The reduced form of Nitro BT has marked substantivity for protein
Dawson et al., 1969), It is deposited in distinct dark blue granules, easily
identified on microscopic examination, Nitro BT is widely used for the
cytochemical localization of dehydrogenase systems (Nachlas et al., 1958),
In principal its function in the histochemical reaction is demonstrated in
Figure 5. Most dehydrogenase systems are NAD —dependant and the reoxidation
of the NADH resulting from the dehydrogenase reaction in the presence of the
NADH diaphorase, is coupled to the reduction of Nitro BT.

The measurement of the 38 HSD activity of a tissue section could
theoretically be approached from two angles - |

1. Direct measurement of enzymic reaction by determining
the amount of substrate used, product formed, or co-enzyme reduced

e.g. fluorimetric measurements of pyridine nucleotides (Lowry, 1954).

2. Coupling of the enzymic reaction through a diaphorase |
system and determining the amount of formazan produced. This
could be done by elution techniques followed by spectrophotometric
studies. It could alternatively be attempted by counting procedures
of the granular deposit of formazan in the sections by such methods

as micro densitometry (Stuart and Bitensky; 1969).

Both these methods will be considered more fully under the appropriate sub-
sections,

It/



It is therefore possible to divide the methods of approach to
enzymic studies on the sebaceous glands and the chemical processes which

occur in sebum formation, into two main categories -

(a) Study of surface lipid and sebum such as the gravimetric
measurements of Strauss et al., (1961) or the quanfitative deter-
minations of surface lipid constituents (Rothman 1964) as well as

enzymatic determinations of surface lipids (Cook and Lorincz, 1963).

(b) Study of sebum within the pilosebaceous structure and
within the cells of the sebaceous gland, This approach would utilise
histochemical techniques to localize and identify different substances

and enzymes,

Both these methods could also be considered from the biochemical angle
and with the use of active isotopes and modern chromatographic techniques,
the identification of compounds within the gland and on the surface of the skin
could be achieved. ‘ .

In reality all these meth—ods of approach are necessary to elucidate the
problem of steroid transformations in the skin, and it must be remembered
that in developing a histochemical method for the detection of 38 HSD in the
sebaceous glands of the skin one is not solving, but at least approaching the
more important consideration of steroid metabolis_m in one of the target tissues.

Such studies in man are limited, on ethical 'grounds, to very general
inquiries. The search for an experimental animal is important as it would

allow more advanced experimental trials on topical and systemic effects

of steroids on the metabolic pattern in a target organ. In/



In accordance with the need for such an experimental subject, investigations
into this possibility are detailed in the appropriate section.

In all cases histochemical investigation_s can at most indicate an
approach to more fundamental studies of biochemical nature, involving
isotopic tracers to elucidate the exact nature of the products of the enzymic
reactions sited in a given tissue. Histochemical investigations do however
allow rapid screening and provide a ready method for siting and estimating
an enzymatic reaction, They also allow surveying on a large scale, the
distribution of such a reaction in different tissues or different individuals )
as well as forming a preliminary inquiry into abnormal situations such as
occur under certain metabolic disorders. They provide also a suitable
screening method for studying in vitro substrates which are suspected of
participating in or on the contrary inhibiting the enzymic reaction, as for
example in the investigations of DHA-SO 4 described at the end of these
experimental studies, or antiandrogens mentioned at the beginning, Such
investigations as the screening of antiandrogens by histochemical methods,
are of course strictly limited to the possibilities of in vitro experiments.as

the only certain criterior of anti-androgenicity, is a bioassay.
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PURPOSE OF RESEARCH

The aim of the work described in this thesis was at the outset:

1. To improve and quantitate the histochemical technique
used in determining HSD activity in the sebaceous glands of skin,

and to reduce the quantities of substances used in the incubating

~medium in such a way as to allow for a micro-histochemical

technique which it was hoped would lead to greater precision,
to loss of waste and to reduction of amounts of expensive steroid

substrates often used.

2. To find a2 method of estimating the results of the
histochemical reaction and thus to allow quantitative comparisons

of HSD activity in different skin samples.

3. To collect enough data on HSD activity in the sebaceous
glands of skin taken from various sites in individuals of both
sexes and all age groups, to enable a survey of HSD distribution

to be established.

-4, To find a suitable experimental animal showing HSD
activity in the sebaceous glands of skin or special organs which
Wouid allow further histochemical and biochemical studies
involving the use of steroids and isotopes that are impossible

to carry out in human subjects for ethical and medical reasons.
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INTRODUCTION TO THE EXPERIMENTAL WORK

Histochemical Methods

Histochemical methods were first used to establish the presence
of 38 HSD in mammalian tissues by Sammuels et al,, (195]) and
Wattenberg (1958), This same method which congists of coupling the
oxidation reaction to the reduction of a tetrazolium salt resulting in the
formation of a coloured insoluble formazan which can be localised in a
histological section, was applied by Baillie et al,, (1965) to sections of
human skin in which the presence of 38 HSD was shown to be localized in
the sebaceous glands.

In the course of the work described in this thesis the purpose was
to establish the optimum conditions and minimum quantities in the
standardisation of the histochemical technique, as well as to introduce

some method of quantitation of the enzyme activity reaction.

Preincubation Techuniques

Unfixed frozen sections were used for enzyme histochemistry because
they were highly active and readily prepared. The cryostat shown in
Figure 6 congists of a microtome enclosed in a refrigerated chamber. The
cryostat was devised by Linderstrom-Lang, K., and Morgensen, K.R.,

(938). An/



Figure 6 The cryostat, showing knife, slide and a

sample of skin mounted on chuck



An analysis of frozen section techniques was made by Thornburg, W.,
and Mengers, P.E., (1957) who ascertained optimum conditions for
cutting thin sections from unfixed frozen tissues.

In past work on steroid dehydrogenase localisation it was noted
by Fuhrmann (1961) that hydroxysteroid dehydrogenases are sensitive to
many of the widely used laboratory fixatives such as mercuric chloride
and osmium tetroxide. Therefore Baillie et al., (1965, 1966) used unfixed
frozen tissues and various methods of achieving rapid freezing were
investigated. The one which was adopted was freezing of small skin blocks
in solid carbon dioxide (dry ice). This method overcomes the risk of ice
crystal artefact.

In general, unfixed frozen sections maintained on slides are favoured
for the demonstration of enzymes of the dehydrogenase system. The
freezing and thawing encountered in the preparation of frozen sections may
however disrupt the morphological integrity of the specimens particularly
when studied at the cytological level, but this problem is overcome by using
thin tissue sections and exposing them to rapid freezing procedure at low
temperatures in ligquid nitl“ogen or on solid carbon dioxide (solid CO 9 ) known

as 'dry ice'.

Incubation Techniques

The histochemical reaction depends on the hydrogen ion exchange
illustrated in Figure 5. NAD acts as the intermediate hydrogen carrier
and it is an essential co-factor (Beyer and Samuels, 1956). In the presence
of the steroid base, if the corresponding steroid dehydrogenase is present

in the tissue section, the/



the hydrogen is transferred from the hydroxy group on the steroid
molecule to the NAD molecule causing the reduction of the latter to
reduced nicotinamide adenine dinucleotide (NADH), In some cases
NADP is thought to be the intermedjate hydrogen carrier in the oxido-
reduction chain which is set up rather than NAD. Some HSD enzymes are
NAD dependant, e.g. 38 HSD and 208 HSD. Other HSD enzymes are
NADP dependant such as 20a HSD, There are also some hydroxysteroid
dehydrogenases which use either NAD or NADP, for example 3« or

178 HSD (Hurlock .and Talalay, 1959, Jarabak et al., 1862, Balogh, 1964),

Biological oxidation reduction reactions constitute the mechanism
by which hydrogen atoms or electrons are transferred from one molecule
to another in a living cell, Reactions of this type which are catalysed by
enzymes are related to synthetic and degradative processes., Most
enzymatically catalysed oxidation reactions are dehydrogenaﬁons or
transfers of electrons from the substrate to the electron acceptor. The
hydrogen atoms or electrons are transferred by means of intermediate
compounds such as flavine adenine dinucleotide (FAD) and NAD (and NADP)
(Mehlex, 1957).

Steroid dehydrogenases are NAD-linked dehydrogenases. The
enzyme catalyses the direct transfer from substrate to the first hydrogen
acceptor which is NAD.

The mechanism of action of this enzyme was first studied by Talalay,
P., and Wang, V.S., (1955).

Two pathways were proposed (one by Slaunwhite and Samuels, 1956
and the other by Neher and Wettstein, 1960) and are illustrated in Figure 7.

Two/



Figure 7 The two pathways proposed for the conversion
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Two enzymes are involved: a dehydrogenase (3f-dehydrogenase)

5 (6)

and an isomerase, catalysing the isomerisation of A keto steroid

to the corresponding o, 8 - unsaturated ketone. Wattenberg, L.W., (1958)
described a histochemical technique for the demonstration of steroid

3p-0l dehydrogenase which employs NAD in conjunction with either nitro-
tetrazolinm or nitro blue tetrazolium (Nitro BT). Subsedquently the
technique was modified by Allen, (1960) who used a substrate solution

containing the following: -

0.01 M DHA

10 mg. NAD

0.1 M Phosphate buffer pH 7.5, 8.0 ml.
0.3 M XCN pH 7.5, 5.0 ml.

3.5 mg. Nitro BT

and water to make a total volume of 30 ml.

Blue tetrazolium and neotetrazolium were used by various workers
(Nachlas, 1957, 1958, Baillie, 1965, 1966) in the histochemical demonstration
of steroid dehydrogenases but nitro BT was finally adopted by this group
(Baillie et al., 1966) as being most suitable.

The fact that tetrazolium salts have a low redox potential (-0, 08 volts)
makes them sensitive indicators of reducing enzyme systems in tissues.
Essentially the histochemical application of tetrazolium salts depends on the
fact that in the uareduced form, the dye is soluble and when reduced it
is insoluble and coloured (Figure 5). The reduced dye is deposited at the
site of the enzymic reaction and makes localisation of the enzyme possible,

An/



An ideal tetrazole histochemical substrate should posses the

following characteristics:—

1. Ready reduction to the formazan and resistance
to oxidation by molecular oxygen back to the tetrazole.

2. Strong attraction for hydrogen or electrons
liberated from the substrate so that atmospheric oxygen
does not act as a significant competitor.

3. Production of a formazan of good pigment cquality

and low solubility,

Nitro BT possesses the above qualities to a great extent and is thus
of great value in enzyme histochemistiry.

Nachlas (1958) noted the superiority of nitro BT over other
tetrazolium salts, previously used, in that it allowed the cytochemical
visualisation of sites on enzymatic activity in the tissue sections after a
relatively short incubation period,  Nitro BT: 2, 2' di-p-nitro pheny-5,

5'~diphenyl-3, 3' ~ditetrazolium. chloride,
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This ditetrazole was synthesised in 1956 by Tsou (Tsou et al., 1956),
The transformation of the tetrazole to its corresponding formazan occurs

through a ring opening.

Rs N R, - Rs N R
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This application of tetrazolium salts as biochemical reagents and
movre detailed consideration of the various aspects of the enzymatic
reduction of tetrazolium salts, were studied by Black et al., (1953). Kivy~
Rosgenberg et al,, (1955) reported on the applicétion of tetrazolium salts
as indicators of changes in tissue metabolism during functional activity.

The reactions occurring during a histochemical incubation in which an
enzymatically active tissue section is exposed to the incubating medium
containing steroid substrate, NAD co-enzyme and nitro BT can be sub-

divided into two parts (See Figure 5):-

1./



1. Hydrogen transfer from the hydroxyl group of
the steroid to NAD mediated by 38 H3D and resulting in the
production of a keto group on the steroid molecule and the

formation of NADH,

2. A further H transfer from the NADH to nitro BT
resulting in the a) reoxidation of NADH to NAD and b) the

deposition of blue diformazan granules.

This reaction, the reduction of the tetrazoliwum salt to its insoluble
coloured product, with the oxidation of NADH back to NAD is catalysed
by a diaphorase (See Figure 5). The diaphorase is a widely distributed
enzyme in all tissues.

Allen (1959, 1960) studied the histochemical localisation of NAD
diaphorase and also 38 HSD activity in the adrenal cortex of the mouse. The
demonstration of the presence of the diaphorase in skin sections in the
presence of NADH and Nitro BT is used as a general control in the
histochemical work. Its presence is an indication that the latter part of the
histochemical demonstration illustrated in I'igure 5 is possible, NAD
diaphorase is found in the sebaceous gland as well as in the surrounding
connective tissue in the skin., Its distribution in a skin section is illustrated
in Figure 8 which shows the result of an incubation of a section in the
presence of NADH and nitro BT, by the histochemical method described

in the experimental section. This/



Figure 8 Skin section showing diaphorase activity after

incubation with NADH



This widely distributed enzyme allows the histochemical demonstration
of other NAD linked enzymes in tissues as well as the steroid dehydro-
genases in the sebaceous glands of skin., The use of the NADH control
is therefore a check on the NADH-Niiro BT hydrogen transfer reaction
(Nachlas, 1958). If a test incubation in the presence of a steroid
substrate, NAD co-enzyme and nitro BT as electron acceptor, gives a
negative result i.e. no reduction of nitro BT, has occurred and yet the
diaphorase control with nitro BT and NADH is positive, one can be sure
that the negative result in the test incubation is not due to the absence of
the diaphorase but to the absence of the HSD in the tissue section (see
Figure 5).

The important point is that there is little pogsibility that the activity

of NAD-diaphorase is a limiting factor in the study of 38 HSD in the skin,

Quantitation

The problems encountered in attempting to quantitate the histochemical

method of estimating hydroxysteroid dehydrogenase are mainly:-

1. Different size of diformazan granules deposited

in the sebaceous glands,

2. Different focal levels at which the granules are

deposited.

3. The uneven distribution of the granules in the

sebaceous glands.

The/
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The different size of granules is probably due to their super-
imposition at one gpot, or to intracellular conditions affecting crystal
growth.

Three types of dye stuffs are known to result from histochemical

reactions:-

1. Dyes amorphous in appearance such as nitro BT,

2. Dyes which are initially amorphous but
subsequently crystallise,

3. Dyes which are crystalline in pattern such

as the simple formazan dyes.

The formation of a precipitate occurs by the inception of submicroscopic
particles of the reaction produpt and the growth of grains by aggregation
of these particles.

The dyes are held within the tissue section by chemical combination
with tissue proteins by physical forces, such as hydrogen - bondings or
by mechanical means whereby the insoluble pigment particles are held in
the section.

According to Holt and O'Sullivan, an enzyine histochemical staining

reaction may be indicated as follows -

enzymatic "capture reaction' ingol.
Substrate ——————— stain precursor = gtain, ppt.
reaction with developing or dye
agent

The/




The skin sections are as thin as it is possible to cut them without
breaking them up (about 8u) and granule deposition occurs mainly on
the surface of the section in contact with the incubating medium, but
some granules are deposited deeper within the éection, this becoming
apparent when one focuses on the sebaceous gland with the high power of
the microscope. It makes granule counting difficult and constitutes
serious disadvantage in quantitating methods.

In 1967 when this section of the work was being carried out in our
laboratory in an effort to establish a method of quantitating the histo-
chemical reaction evolved for HSD estimations, the microdensitometer
apparatus available was inadequate for the reasons stated previously.
Since then however, a scanuing and integrating microscope has been
built specially with such an aim in view by the group comprising of
Dr. Chayen et al., (@1969) who have used it to determine the amount of
the insoluble colour reaction produced by lysosomal and by mitochondrial
enzymes, The level of detection which they have achieved by the method
of microdensitometry for the detection of the insoluble colour reaction
produced by lysosomal and by mitochondrial enzymes, is of the order of
10 x 10 _lzg. or less. This new equipment overcomes the shortcomings
which led us to abandon this method two years earlier on the older type of
equipment, and mainly the problem of inhomogencous dispersion, With
this improved scanning and integrating microscope, it would be possible
to envisage quick and accurate estimations of granule deposition in the
sebaceous glands of skin and comparisons of such estimations between

different skin samples. The/



The method appears reliable and its great advantage is independence
from the individual observer's estimation.

Chayen's group show good correlation between relative absorption
and section thickness data which when plotted give them a linear increase
of relative absorption with section thickness while relative absorption
plotted against time of incubation levels off towards a maximum value of
absorption.

Granule deposition in the sebaceous gland is uneven as shown in
Figure 9, Sebaceous glands show greater activity around the periphery
than in the centre and hence depending on the level at which the gland is
sectioned, the relative density of the granulés differs. In the glandular
acini, the cells show a centripetal enlargement, those in the centre being
large and often misshappen and moribund, while the cells on the outer
periphery are undifferentiated and resemble those of the epidermis in
appearance. These cells are the most active in the sebaceous glanci.
Sebaceous differentjation denotes the accumulation of lipid droplets in cells,
At the completion of differentiation, the cells at the centre of the sebaceous
gland become fragmented and form the sebum, As it is the cells on the
periphery of the sebaceous gland which are most active, the histochemical
method for demonstrating enzymatic activity results in greatest granule
deposition in the area of these cells. To compare the activity of two
different skin samples, one would either require to take sections at exactly
the same level of the sebaceous gland in both skin samples, which is
impractical, or one would need to make counts in a large number of sections
of sebaceous glands in the areas considered and to subject these to
statistical tests.

The/



Figure 9 Diagrammatic representation of 38 HSD distribution in

the sebaceous gland

(traced with the aid of Wild M20 microscope)




The method (Wild M20 microscope) used in semiquantitating
the histochemical reaction is therefore limited to comparisons between
counts of consecutive sections in studies of the effect of co-factors
(such as Mg) or inhibitors (such as antiandrogens, cyproterone and
cyproterone acetate) on the enzymic reaction.

In this limited capacity the method is useful, rapid and simple.
It provides a functional system for screening large amounts of material
as well as constituting an excellent preliminary investigation into more
detailed biochemical and physical estimations and measurements of the

final products of the enzyme reactions involved,

Fluorimetric Studies

In the 38 HSD dependant enzymic reaction in which NAD is an
essential co~factor, the amount of NADH produced (TFigure 5) is propor-
tional to the amount of enzymic change. In measuring the amount of
NADH formed one may therefore determine the enzymic activity of the
tissue sample (Lowry, 1954). These experiments consist in measuring-
the vamount of NADH produced during a two hour incubation of skin
sections in the presence of a steroid base and NAD, Of course other
enzymes besides steroid dehydrogenases will be expected to be present in
the tissue, many of which are NAD dependant also and would therefore
also lead to the formation of NADH., 1If can be eﬁpected that a certain
amount of NADH will be produced from NAD normally present in the

tissue and competitively used by other NAD dependant enzymes. These/



These factors however can be accounted for by the use of double controls
(a) no steroid (b) no NAD in the incubation medium, besidcs the basic
control of normal incubation containing no skin sections.

This method of estimation of enzyme activity in tissue sections
is by no means foolproof, If is in effect an indirect estimation,
measuring only one of the products of the reaction and moreover a
product which is not confined to this reaction alone. NAD and NADH
interchanges occur widely in metabolic processes and not only other
enzymes but also back-reactions in the steroid processes can account
for either production or disappearance of the NADH formed. The method
can only be said to be roughly indicative of the amount of steroid dehydro-
genase activity per certain weight of gkin, if one discounts the value of the
controls, And even then it would require a much greater involvement
into tissue fractionation and enzyme purification to establigh this
method as a quantitative tool in HSD studies than can possibly be undertaken
in the limited conditions of equipment, materials and time in this project.

It is thought that more elaborate studies in this field within the
future would give good quantitative results and so justify the digression
from the otherwise histochemical nature of these studies. A separate
project involving tissue fractionation, enzyme separation and purification
by dialysis and other methods, possibly preceded by dissection of sebaceous

glands leading to such work would appear to be worthwhile.
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Survey of Distribution

A survey of the distribution of steroid dehydrogenases in sebaceous
glands of human ski. was carvried out with respéct to 38, 168 and 178 HSD,
the findings of this survey being reported in the enclosed publication
(Ref: Calman, Muir, Milne and Young, In press (1970) ). In particular
the distribution of 38 HSD activity was considered in the context of this

thesis.

Prewashing Technique

In the course of the survey of 35 HSD in the skin, some skin
samples gave rise to positive controls. It was thought that this may arise
due to the presence of endogenous steroids in high enough concentrations
to give rise to an enzymatic reaction in the sebaceous gland cells of the
sections. In skin samples in which this occurred, the incubation was

repeated (both test and control) on fresh sections which were briefly

rinsed in phosphate buffer prior to being covered with the incubation medium.

This method was found to be successful in giving rise to clear negative
controls while the test sections (incubated in the presence of steroid base in

the incubating medium) still gave positive results.
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Introduction to Animal Experiments

In studies linking the effects of androgenic substances with sebaceous
gland activity, the availability of a suitable experimental animal would
be of great advantage. It is for this reason that interest has been growing
recently in the skin of rat (Ebling, 1957) hamster (Takayasu, 1969) and
gerbil (Thiessen, 1968) and other small laboratory animals, The
investigations which are described involving a series of small animals
(mouse, rat, guinea pig, gerbil and hamster) were undertaken with the
purpose of finding suitable material for histochemical studies on the effect
of androgenic and anti-androgenic substances in sebaceous glands., Besides
the normal skin of these animals, special sebaceous structures were
congsidered whenever possible. These included the preputial gland of the
rat, the territorial marking of the gerbil and the costovertebral organ
of the Syrian hémster. Basic histochemical techniques previously
described for human skin were applied. Where these failed to give good
results, experiments were designed to modify the basic technique in varying
the conditions of incubation in an effort to demonstrate the presence of
HSD in the simple sebaceous glands associated with body hairs of the animal
skins ag well as in special sebaceous structures such as the territorial
marking in the gerbil, the preputial gland in the rat and the costovertebral

organ in the hamster,

Special Animal Studies

Gerbil/



Gerhbil

The Mongolian Gerbil (Meriones wnguiculatus) is a small rodent

weighing about 70 - 90 g. and showing a midventral, orange, fusiform
pad constituting the territorial marking (Figure 10), This pad consists
of skin very rich in sebaceous gland, In a shaved animal it is clearly
distinguishable from the surrounding area (see Figure 10) in the different
colour and texture of hair from that covering the res