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I. l R i' R 0 DU C i' l 0 R 

Tb.ere is a lack of understanding of simple or idiopathie hir­

sutism concerning both the etiology and the treatment. Even the nature 

of normal bair growth itself is not completel.y clarified. Birsutism bas 

been reported in a variety of conditions. lt may be associated vith 

defeets of the pituitary gland, the adrenal gland, the ovary, and the 

thyroid gland, vith genetic defeets, central nervous system defects, and 

other miscellaneous conditions, e.g. pregnancy, burns, anorexia nervosa, 

dermatomyositis, treatment vith certain drugs, thymie tumor, mnmps, 

teratomata (Brookbank review, 1961). 

Tb.e occurrence of hirsutism may be purel.y coincidental in some 

of these cases. Very little is known about the relation of the nervous 

system to hair growth. Genetic factors seem to be important for the 

growth of body hair, but whether their influence is a direct one on the 

bair follicles or mediated by control over the metabolism of hormones 

which in turn affect hair growth is still a question. The frequent 

finding of hirsutism vith a defect in endocrine glands bas led to the 

study of the hormonal statua in this condition, particularl.y with regard 

to androgenic hormones. BOwever, the indefinite pattern of metabolites 

of androgenic steroid in both urine and blood in this condition makes it 

necessary to search for a more reliable index of effective circulating 

androgen. Testosterone, wbich is the most potent, naturally occurring 

androgen, bas becom.e the centre of investigation in recent years. Few 

methods have been developed for measurement of testosterone in blood and 
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in urine. The following work deals with methodology and resulta of 

measurement of testosterone excretion 1n idiopathie hirsutism, as well 

as in normal subjects. 
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II. H I S T 0 R I C A L I N T R 0 D U C T I 0 N 

A. llEFINITION 

Hirsutism is an excessive growth of body hair with cbaracteris­

tic masculine distribution. It is one of several signs of v1rilism 

which occur in the case of overactivity of androgen-secreting cells. A 

condition in which hirsutism appears without any demonstrable etiology 

is called idiopathie or simple hirsutism. This may sometimes be associ­

ated with an increase of body hair in general, menstrual disturbances, 

obesity, and acne. Women with idiopathie hirsutism are usually fertile. 

James et & (1962) selected their patients for the study of 

steroid excretion patterns by the abnormal growth of facial hair, 

especially in the chin and moustache areas. 

An excessive hair growth means an increase in the number of 

terminal hairs; the actual number of hair follicles in the skin still 

remains the same. The transformation of small vellus haire to big 

terminal hairs which are easily recognized, resulta in the impression of 

excessive hairs. 

There is no definite dividing line between normal and abnormal 

hair growth. Attempts have been made to assess body hair by dividing 

the body into different areas and mak.ing a "ha ir score" of each area 

(Garn, 1951, Shah, 1957, Ferriman and Gall vey, 1961, McKnight, 1964). 

The principal of these methode is based on the method of Garn. Shah 

(1957) modified it by taking into account not only the number and density 

of hairs, but also the quallty on palpation. By this evaluation, it is 
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possible to exc1ude the patients who bave genera1ized hairiness or hyper­

trichosis from those who are hirsute. Neverthe1ess, these methods are 

not genera11y used in actua1 practice. The hirsutism of women is usua11y 

judged by examining the hair growth in characteristic male areas, e.g. 

face, chest, baCk. 

B. NA'l'URE OF HAIR 

1. CLASSIFICATION 

Da.nforth (1939) c1assified body hair into 3 types: 

(1) Vellus bair or soft hair in general. 

(2) Ambosexua1 hair, sim11ar in the two sexes and dependent 

on endocrine factors, i.e. axillary and pubic hair. 

(3) Hair which constitutes a secondary sexua1 characteristic, 

present on1y in the male, i.e. beard, chest, abdomen, shou1der. 

Another hormonal classification was offered by Garn (1951) in 

his study of the type and distribution of the hairs in man: 

(1) Hair not dependent upon steroid hormones, but which can 

be inf1uenced by growth hormone and sometimes is inhibited by androgenic 

hormone, i.e. head hair, eye1ash, eyebrow, mid-pha1angea1 hair, hair on 

the distal segment of 1imbs, and to sorne extent, hair on the 1umbodorsa1 

triangle. 

(2) Bair which is dependent on fema1e steroid hormones, i.e. 

pubic, axillary, 11mb, and to a 1esser extent, hypogastric area. 

(3) Bair which is dependent on male steroid hormones, i.e. 

beard, moustache, ear, body hair, especia11y chest and back. 
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There is no definite evidence of the control of hair growth 

except in same areas, and even so, there may be more than one factor 

involved. Hamilton (1958) stated that although growth of axillary hair 

and beard was dependent upon testicular and ovarian secretion, genetic 

factors also bad some influence. 

The best classification for body hair at the present time is 

a morphological classification. The hair is divided into two types: 

(1) Termiœl bair: big, coarse, and containing much melanin 

pigment. 

(2) Vellus bair: small, soft, and colorless. 

The length alone cannot be used to classify the types of hair 

because there is variation in different areas. The vellus hair of the 

scalp may be longer tha.n terminal hair of the back, for exam.ple. 

2. HAIR FOLLICLE 

The total number of hair follicles in the epidermis is con­

stant from childhood on. However, "dilution" occurs with the expansion 

of body surface area. MOreover, there is no significant difference in 

the number of hair follicles in the skin of men and women (Sz&bo, 1958). 

Kligman and Strauss (1956) reported that the vellus hair 

follicles can be newly formed on the face of an adult human. This situa­

tion bas also been reported in mice (Lacassagne and Latarjet, 1946), in 

rats (Taylor, 1949, Butcher, 1959), and in rabbits (Breedis, 1954, 

Billingha.m and Russel, 1956, Billingha.m, 1958). Straile (1959) and 

Montagœ (1962), however, do not accept this concept. 
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During its life cycle, a bair follicle can produce more than 

one type of bair. In the human, the follicles which in preadolescent 

year give rise to small vellus bairs, will produce terminal haire after 

puberty. A change in the type of hair produced by gi ven follicles bas 

also been shawn in castrated male and female hamsters. After giving 

testosterone, botb locally and systemically, the haire in the pigmented 

costo-vertebral spot, which is a secondary male characteristic in the 

hamster, ebange from the vellus type to the large melanin-containing 

type as in the adult male hamster. After the treatment is stopped, the 

growtb declines (Hamilton and Montagna, 1950}. 

3. HAIR GROWTH 

Bair growth is a cyclic phenomenon. There is a distinct 

histological change in the hair follicle during the grow:f.ng and resting 

periods. In the buman, each hair folliele bas its own cycle independent 

of tbat of nearby follicles (Montagna, 1962}. This is also true in the 

guinea pig (Butcher, 1934, 1951, Chase and Eaton, 1959}. The periode of 

activity and quiescence differ in different parts of the body, different 

individuals, at different ages, and in the two sexes. During the 

growing stage, there will be numerous mi tosis in the matrix of bair 

follicles and growth of bair is the result of this proliferation. Mitotic 

activity stops in the resting stage; the follicle beeomes smaller and 

shorter. When a new hair is formed, it eitber dislodges the full grown 

hair, whieh is called a club hair, or grows alongside it. Sometimes, a 

single follicle may form more than one hair (Montagna, 1962}. 

In the rat and mouse, tbere is a spontaneous hair growth wave 
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pattern which usually starts t'rom the ventral side and moves upwa.rd to 

the dorsum. The bair follicles in one area are therefore in the same 

phase (Butcher, 1934, 1951, Chase and Eaton, 1959). In the growing 

period in these an:fmals, the subcutaneous fat is clearly 2-3 times 

thicker than in the resting stage (nttwa.rd and Rudall, 1949, Montagna, 

1962). 

4. RATE OF HAIR GB.OWTH 

The rate of normal bair growth differa in each area in the 

human {Butcher, 1951, MYer and B&milton, 1951, Storey and Leblond, 1951). 

Chin 

. Axilla 

Tbigh 

Eyebrow 

Crown of scalp 

0.38 mm./day~ 

0.30·mm./day~ 

0.20 mm./day~ MYer and llamilton, 1951 

0.16 mm./day) 
) 

0.35 mm./day) 

In the mouse, the total growing period is about 19 days and 

in rat, 21-26 days. B'a.ir grows in both animals at a rate of approximately 

1 mm./day (Montagna, 1962, lavis, 1963). 

In the guines pig, the growing stage is 4 weeks; the resting 

stage is 12 weeks in mal.es and non-pregnant females, and 15 weeks in 

pregnant femal.es ( Iawson, 1930). 

C. FACTORS IBFLUENCIBG HAlR GROWTH 

It is a well known fact that both men and women of certain 

racial origin have more body bair generally than others. The incidence 
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of hirsutism in the Caucasian women is much higher than in Mongolian 

women. 

Comparing beard and a.xil.l.aey hair in male twins, related 

males, Caucasian and Japanese males and females, and in eunuchs, 

Hamilton (1958) concluded that genetic factors had an important role in 

controlling hair growth in these two areas. !here was no relationship 

between geographie, climatic, or dietetic factors and the growth of 

hair. 

Genetic factors may determine the steroid pattern in each 

indiv:f.dual (GaJlagher,!! al, 1958, Bush and Mahesh, 1959). It seems 

that the urinary level of steroids normally excreted by a particular 

person will persist through life, whether the level be high, low, or 

average, relative to others (Savard, 1961). 

Recently, evidence bas been brought forward tbat there may be 

racial differences in "normal" steroid excretion patterns (hl brook, 

et al, 1964). Total 17-ketosteroids (17 KS) excretion in Japanese women 

is about half tbat of British women, but the difference disappears if 

the excretion is expressed in terms of creatinine excretion. This bas 

been attributed to differences in body build. !he ratio of androsterone 

to etiocholanolone, however, is significantly higher in Japanese than 

in English women. 

From these evidences, it cannot be concluded at the present 

tfme that genetic factors determine activity in the hair follicle locally, 

or determine the steroid pattern which will then control the ha1r growth. 

Androgenic steroid patterns of production and excretion in various races 

have never been studied. Perhaps differences in these patterns may 

explain the prevalence of hirsutism in certain groups. 
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Clipping and shaving have no effect on hair growth in the 

huma.n being or in animals (Montagna, 1962). Plucking of club hair in 

rat and mouse initiates new hair growth, but a certain minimal number 

of hairs is required to produce this response (nu-ward and Rudall, 1958, 

Chase and Eaton, 1959). This is true only if the plucking is done in 

resting phase; otherwise, there will be no acceleration or retardation 

of hair growth (But cher, 1959). In the guinea pig, ha ir growth increases 

after clipping or plucking, in comparison with the non-traumatized area, 

but plucking is more effective (Kim et al, 1962). Plucking is also 

effective in the human (Montagna, 1962). 

( b) Chemical 

In man, a therapeutic dose of amethopterin causes a transient 

but reversible injury to the hair bulb of the scalp (Van Scott and Ekel, 

1958, Van Scott, 1959). The hair formed during the period of drug 

administration bas a smaller diameter than normal. 

In the rat, sorne antimitotic agents and thallium are able to 

destroy the hair follicle. On the other band, some irritants, e.g. 

benzoic acid, tine. capsicum, tine. cantharides, and xylene, can stimu­

late quiescent hair bud (Butcher, 194o, 1959). 

(c) Radiation 

In the human scalp, a dose of x-ray enough to cause severe 

damage to growing follicles, actually initiates growth in quiescent 

ones (Chase, 1958). 
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3. BERVOUS COl'flROL 

'l'be role of the nervous system in bair growth is not knawn. 

It bas been observed tbat in cbildren Yi th brain damage, there is a 

growth of fine bair over the baek and arms. The rate of bair growth 

decreases as the child responds to pbysiotheraw and retraining 

(Dratman, 1963). 

In the rat, denervation by destruction of segmental. nerves to 

the skin bas no effect on hair growth ( IUrward and Rudal.1, 1949); but 

atter sectioning of segmenta! nerves and resectioning of the cervical 

sympathetic chain in ma1e and fema1e rabbits, the bair grows faster than 

in1he control (Balus, 1961). 

4. Elf.D()CRiltE FAC'.OORS 

Tb.ere is evidence, both direct and indirect, tbat in the 

human, androgen bas an influence on the hair vhich is characteristic 

of the male. Most of the studies were done Yi th the facial hair. 

Treatment of elderly men vith testosterone increases the 

rate of beard growth (Chieffi, 1949). In eunuchs who had been eastrated 

prior to puberty, the beard fails to grow. Af"ter orchidectomy in mature 

man, there is a regression of beard growth. 'l'be growth of f'acia1 hair 

in these tvo groups can be induced again by giving testosterone 

systemieal.ly (Hamilton, 1958). 

In vomen, hirsutism. is one of' the features of overactivity 

of androgen-secreting cells either in the ovar.r or the adrenal g1and, 

and of' treatment with large doses of testosterone. 

Maguire (1964) injected testosterone repeatedly, loeal.ly over 



- 11-

the chin ot white temales aged 50-65 and tound that 4 out ot 5 subjects 

bad terminal hair growtb at the injection site atter a period ot a.ix 

montbs to one year. 

The pattern ot bair loss on the limbs in old people is similar 

in both sexes, but the temale tends to lose more axillary hair tban the 

male and at tbe same time, tbere is an increase in hair growth on the 

upper lip and chin. The dissociation between loss ot pubic and axillary 

bair and the growth ot tacial bair suggests ditterent determining factors. 

The decline in hair growth can be due to decreasing hormone levels or 

decreasing sensitivity ot hair to11icles (Melick and Tatt, 1959). Since 

the growth ot tacial hair can be induced by testosterone in both old men 

and vanen, it is more likely tbat a change in hormone level is respon­

sible tor the declination ot bair growth. 

Hirsutism which is associated vith pregnancy and disappears 

post partum bas been reported in the past ( stoddard, 1945). Becently 1 

'l'urunen ,!i !:! (1964) presented tbree cases ot recurrent hirsutism in 

pre~cy. The bairs began to tall out a tev days atter dell veey, 

cœrpletely disappeared vithin a tew months, and recurred in successive 

pregnancies. There vas also a bigh incidence ot congenital anomaly 

among the children born. The steroid excretion pattern was studied 

in detail in 2 cases. There vas an increase ot total 17 KB, epiandro­

sterone and androsterone in both, and ot dehydroepiandrosterone {DHA.) 

in one. Etiocholanolone and 11 oxy 17 KS, 17-h:ydroxycorticosteroids 

(17 OHCS) and pregnanediol vere vitbin normal llmits. 17-Ketogenic 

steroids (17 KGS) vere law in one. The author suggested the possibi­

llty tbat a block in 11 hydroxylation resulted in an increased 
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production or 17o.OH progesterone. l'urthermore, in one case in which 

pregns.ncy was terminated, and the placenta incubated with testosterone, 

there was evidence or lower 17f3 dehydrogenase acti vi ty than in normal 

placenta. 

Trotter (1935) f'ound no difference in rate of' hair growth 

in pubic, perineal, and lumbar areas in seven vomen studied during 

pregnancy. 

Hormones other than androgen may have an influence on hair 

growth. Loss of' eyebrow and body hair is commonl.y observed in severe 

:myxoedema (Segre .!1 al, 1964). Some cases of' Addison's disease and 

panhypopi tui tarism have absent body hair and patients wi th anterior 

pituitary b.yperf'unction are f'requently hairy (Bissel and Williams, 

Hormonal int:luences on hair growth in anirœls have been 

studied mostly in rats and mice. Steroids which show an inhibition of 

ha1r growth are oestrogen (Whitak.er, 1956, Mohn, 1958, Ebling and 

Johnson, 1964), cortisone (Baker, 1951, Fukuyama and Baker, 1958, Mohn, 

1958, Davis, 1963, Ebling and Johnson, 1964), and epinephrine (Mohn, 

1958, Davis, 1963). 

!he re is controversy regarding the effect of' androgens. 

Houssay et al (1959) and Davis (1963) reported an inhibition of' hair --
growth vhereas Mohn (1958) and Rennel and Callahan (1959) :round no 

ef'fect except that androgen pramoted the sexual difference in hair 

texture. 

Tb.yroxin stimulates hair growth (Mohn, 1958, Davis, 1963, 

Ebling and Johnson, 1964). Insulin re stores the spontaneous hair 
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replacement in alloxan diabetic rats (Mohn, 1958, Davis, 1963). Preg­

nancy and lactation retard hair grcnrth (Mohn, 1958). Gonadecto.my, 

hypophysecto.my (Mohn, 1958, Ebling and Johnson, 1964), and adrenalectomy 

(Whitaker, 1956, Mohn, 1958, Ebling and Johnson, 1964} stimulate ha.ir 

growth. 

Rats which are hypoplcy'sectomized before puberty have an 

infantile type of hair. Oestrogen and a.ndrogen will cause an alteration 

in hair texture only in the presence of growth hormone (Mohn, 1958). 

For the pubertal maturation of hair, luteotrophic hermon~ is more 

important than growth hormone (Rennel and Cellahan, 1959}. 

D. EXCRE'l'IO!l OF HORMOBES D IDIOPATHie liiRBU'l'ISM 

1. TOTAL 17-IŒTOST.iROiœ 

As metabolic. products of androgen, sec.reted from adrenal gland 

and ovary, 17-ketosteroids (17 Iœ) have been Yidely investigated. Twenty 

five per cent of total 17 KB are produc.ts of the ovaries in normal 

female; 35; of the total are derived from the testes in normal males. 

In botb sexes, the remainder c.omes from the adrenals (Williams, 1962). 

Only some of the 17 KB are androgenic. The reported normal values for 

total 17 KS excretion are very variable; therefore, the camparison 

between normal and hirsute subjects should be made from the sam.e 

laboratory. 

Dorfman and Shipley (1956) collected the data on 17 KS 

excretion in idiopathie hirsutism. Although the values ranged from 

normal to high, the mean vas higher than the normal subjects. 
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other papers, not quoted b;y the se authors, support this con­

clusion (Bissel and Williams, 1945, Salter et al, 1946, Escamilla, 

1949, Butt et al, 1950, Perloff' et .!:!,, 1957, 1958, Gilbert-Dre;yf'us 

et al, 1958, Prunt;y .!1 al, 1958, Lipsett and Riter, 1960, Brooksbank, 

1961, Martin et al, 1961, James et '!.±., 1962, Mauvais-Jarvis and Baulieu, 

1962, Tropea!!. .!b 1962, Gold and Goldberg, 1963, Julesz et al, 1963, 

Llo;yd et al, 196 3 ) • 

In some cases, total 17 KS are lower than in normal subjects 

(Bissel and Williams, 1945). 

There are reports of distinct variations in total 17 KS in 

hirsute patients in relation to the menstrual cycle (Koets, 1949, 

Merivale, 1951, ArgÜelles et al, 1959, Brooksbank, 1961). In normal 

subjects, day-to-da;y variation is small (Ka.ppe.s and Gallagher, 1955, 

Vestergaard and Leverett, 1957, Fotherby, 1960), but some show great 

variability (Vestergaard and Leverett, 1957). There is no clear evi­

dence of' variation during the menstrual cycle (Mason and Engstrom, 1950, 

Dorfman and Shipley, 1956, Gold and Goldberg, 1963). 

2. FRACTIONS OF 17-JŒTOSTEROIDS 

To get more information about the androgenic statua, different 

fractions of 17 KS have been studied. Total 17 KS can be divided into 

2 groups: 

A. 11 Deoxy 17 KS or C1902 wbich consista of': 

1. Dehydroepiandrosterone or DBA (3~-0H-Androst-5-en-17 one) 

2. Epiandrosterone . ( ~-OH-5a Androstan -17 one) 

3. Androsterone (3a-OH-5a Androstan -17 one} 

4. Etiocholanolone (3a-OH-5~ Androstan -17 one) 
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B. 11 Ory 17 KS or C19~ consista of: 

1. l.lf3 .. 0H Androsterone (30, l.l.f3 dihydroxy-5a Androstan -17 one) 

2. l.lf3-0H Etiocholanolone {3Q,l.lt3 dihydroxy-5~ Androstan -17 one) 

3· 11 Keto Androsterone (3<J-OB-5a Androstane-11,17-dione) 

4. 11 Xeto Etiocholanolone {3<»-0B-5~ Androstane 11,17-dione). 

Only DBA, androsterone, and l.lf3-0H androsterone have some 

androgenic activity, but they are weak in oom:pa.rison with testosterone 

{Dor:f'man and Shipley, 1956). There is no sign of virilism a.fter DHA 

administration at a dose of 100 mg., 3 times a veek for a period of 100 

days, vhereas testosterone, 100-200 mg. per month, induces signs of 

ma.sculinization (Dorf'man, 1963). 

(a) Pree fraction of 17 KS 

In idiopathie hirsutism, the free or unconjugated fraction of 

total 17 KS is in the normal range, vhile in hirsutism assooiated with 

the a.drenogenital syndrome or with the Stein-Leventha.l syndrome, it is 

found to be high ( Gold and Goldberg, 1963). 

(b) Dehydroepiandrosterone (DBA) 

DHA is secreted ma.inly by the adrenals, but it can also be 

produced by testes or avaries (Dor:f'man, 1963, Macdonald ,!i al, 1963). 

Part of DBA is exoreted in urine as a sulpha.te conjugate. Another part, 

which is free, forma A 4 a.ndrostenedione and is excreted as a.ndrosteDone 

and etiochola.nolone gluouronide and sulphate. A very small portion is 

excreted as DHA gluouronide {Siiteri et al, 1963). 
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In some of the earlier methode for rueasurement of 17 KS, a 

strong acid was used to hydrolyse the steroid conjugates, by which DHA 

could be converted to another compound (Venning et al. 1942). There­

fore, the value of DHA might not be true. Using a mild hydrolysis 

procedure, DHA is :found to be elevated only in some subjects with 

idiopathie hirsutism (Johnsen, 1956, Gilbert-Dreyfus et al, 1958, Prunty 

et ,!!1 1958, Bush and Ma.hesh, 1959, Gemzell ~al, 1959, Jayle et al, 

1959, Brooks and Prunty, 1960, Lipsett and Riter, 1960, Zerssen, 1960, 

Goldzieher and Axelrod, 1962, James et al, 1962, Mauvais-Jarvis and 

Baulieu, 1962, I.e.nthier, 1963). Pesonen (1963) found normal or slightly 

decreased values for DHA. 

In normal subjects, the DHA concentration in plasma and urine 

varies over a wide range (Kellie and Wade, 1956, Kellie and Smith, 1957, 

Brooks, 1958, Gallagher et ,!!, 1958, Brooksbank and Salokangas, 1959, 

Jayle et ,!!, 1959, James, 1961). 

( c) !Piandrosterone 

E,piandrosterone, a minor urinary metabolic product of testo­

sterone, bas less androgenic activity than androsterone (Dorf'man and 

Shipley, 1956). It is elevated in idiopathie hirsutism and in the 

Stein-Leventhal syndrome (Pesonen, 1963). An increase was also reported 

in two cases of recurrent hirsutism associated with pregnancy (Turunen, 

1964). Pesonen (1963) stressed that an increase in epiandrosterone was 

a typical sign of "male phenomenon." However, when the "inactivation 

coefficient" epiandrosterone + etiocholanolone 100 x was epiandrosterone + etiocholanolone + androsterone 

estimated, there was no difference between normal subjects and those with 
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idiopathie hirsutism. This coefficient is slightly lower tban normal 

in cases of hirsutism associated with pregnancy (Turunen, 1964). 

(d) Androsterone and etiocholanolone 

Androsterone and etiocholanolone are metabolic products of the 

weak androgens DHA and A 4 androstenedione, of the strong androgen 

testosterone, and to a limited extent, of the non-androgens 17~0H 

progesterone and li deoxycortisol (Dorfman, 1963). They form the major 

portion of 17 KS and are present as both glucuronide and sulpbate conju­

gates. The normal excretion values of these two steroids also vary 

widely (James, 1961). 

To interprete the results of 17 KS excretion measurements, the 

method of analysis has to be taken into consideration. If fractionation 

is made after hot acid hydrolysis, the result may be artificially raised 

by artifacts derived from 1~-0H androsterone and 1~-0H etiocholanolone 

(Brooksbank, 1961). 

Some women with idiopathie hirsutism show an elevation of 

androsterone, or etiocholanolone, or both (Pond, 1954, Johnsen, 1956, 

Perloff ~ al, 1957, 1958, Gallagber .!i al, 1958, Gilbert-Dreyfus et al, 

1958, Prunty et .!!:!., 1958, Herrmann et al, 1960, Lipsett and Riter, 1960, 

Zerssen, 1960, Brooksbank, 1961, James et .!!:!., 1962, Mauvais-Jarvis and 

Ba.ulieu, 1962, Tropea ~ g, 1962, Julesz et !.!_, 1963, I.anthier, 1963). 

Pesonen (1963) reported normal values of androsterone and 

etiocholanolone in ali of his patients. There are also reports of 

deficiency of these 2 steroids (Brooksbank, 1961). 



- 18 -

The high excretion of total 17 KS in this type of patient is 

due largely to inereases in androsterone and etiocbolano1one (Kappas 

et ,!b 1956, Ga11agher ll ,!b 1958, Brooks and Prunty, 1960, Lipsett 

and Riter, 1960, James ll al., 1962). 

(e) 11 O:x:z 17 KS 

The preeursors of this group are 1~-0H androstenedione and 

11 ory C-21 eompounds from adrenal gland. ~-OH androstenedione, wbieb 

is androgenie, is mainly exereted as 1~-0H androsterone, wbieh a1so bas 

androgenie aetivity (Dorf'ma.n and Shipl.ey, 1956, Bradlow and Gallagher, 

1959, Brooksbank, 1961). 

The ratio 1]J3-0H androsterone 
1~-0H etioeholanol.one + 11 ketoetiochol.anolone 

may offer an index for the proportion of androgen and cortisol. production 

from adrenal gland (James et al, 1962). It bas been eonsidered to be 

significant in indicating an androgenie infl.uence of the adrenal. gland 

in hirsutism (Bush and Mahesh, 1959, Brooks and Prunty, 1960). However, 

the elevated ratio is found only in some subjeets with idiopathie 

hirsutism (James et al, 1962). 

Prunty et al, 1958, reported a high ratio of 11(3-0H androsterone 
~-OH etioeholanolone 

in some cases of idiopathie hirsutism. 

In general, the excretion of total. 11 ory 17 KS, and in parti­

eular that of 1~-0H androsterone, is higher than normal ( Gallagher et !:k 

1958, Bradl.ow and Ge.llagher, 1959, Bush and Mahesb, 1959, Rodrique et al., 

1959, Brooks and Prunty, 1960, Lipsett and Riter, 1960, Zerssen, 1960, 

Brooksbank, 1961, James et al, 1962, Mauvais-Jarvis and Baulieu, 1962). 
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However, some a.uthors have reported normal values (Perloff et al, 1957, 

1958, Goldzieher and Axelrod, 1962, Julesz et a._l, 1963, Pesonen, 1963 ). 

3. ANDROS1'D'OL ( 5a ARDROST-16-EN-3a-OL} 

Dorfman {1961, 1963) suggested that a.ndrostenol might be a. 

unique metabolite of testosterone: 

a. There was an excessive secretion of androstenol after 

injection of labeled cholesterol and pregnenolone intra.venously to a 

woman sutfering from virilizing adrenal adenoma. 

b. Incubation of testosterone with rat testes yielded 

androstenol. 

c. In virilized women, wb.etber the adrenal gland or ova.ry is 

involved, tbere is an elevation of urinary androstenol. 

Androstenol was also high in 2 hirsute women (Richter and 

Arnold, 1962) .. 

Richter and Arnold (1962}, Wilson et al (1962} and Bulbrook 

et al ( 1963), however, presented ev:::ldence that androstenol was not a 

peripheral metabolic product of eitber DHA or testosterone. There is a 

high correlation between androstenol, DHA, androsterone, and etiochola-

nolone, in urine. As a. means of evalua ting androgenic statua, i t does 

not appear to be more useful than ll deoxy 17 KS {Bulbrook et al, 1963}. 

4. 17-HYDROXY COR'r!COSTEROIŒ (lT OHCS) AND 17-KETOGENIC STEROIDS (17 KGS) 

17 OHCS and 17 KGS are both used as indices of adrena1 function. 

17 OHCS or Porter-Si1ber chromogens, include all the steroids with a 

dihydroxyketone aide chain, wh11e 17 KGS include those with the dihydroxy-
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ketone side chain and also pregnanetriol, cortol, and cortolone. In 

terms of cortisol and cortisone, 17 OHCS measurement is more specifie 

tban 17 KGS (Williams, 1962). 

In many studies, no distinctive abnormality was found in 17 OHCS 

or 17 KGS in idiopàthic hirsutism; the values range from normal (Levell 

et al, 1957, Prunty li al, 1958, Bra.dlow and Ga.llagher, 1959, Gemzell 

et al, 1959, Rodrique et al, 1959, Lipsett and Riter, 1960, Brooksbank, 

1961, Martin li al, 1961, Go1dzieher and .Axelrod, 1962, Pesonen, 1963) to 

high (Brooksbank, 1961, James et al, 1962, Ma.uvais-Ja.rrts and Baulieu, 

1962). Other reports indicate tbat the values are high in same patients 

only (Gemzell ,ll al, 1959, Zerssen, 1960, Julesz et al, 1963). 

However, Kent et al (1963), who measured both 17 KGS and 17 OHCS 

in the same patients, reported higb values for the 17 KGS and normal 

values for the Porter-Silber chromogen. Th.ese authors also measured 

cortisol secretion rate in one patient and found it to be abnormally high. 

Urinary pregnanetriol was normal in this patient. On the basis of this 

patient, it was postulated that idiopathie hirsutism metabolizes 

excessive cortisol through the pathway leading to the excretion of steroids 

which are measured as 17 KGS, possib1y corto1one. 

Lloyd et al (1963) measured urinary 17 OHCS every 3 hours and found 

no difference between hirsute and normal women. After ACTH stimuJ.ation, 

the patients excreted more than control subjects in the first 3 hours, 

but later, there was no difference. 

Pasargiklian (1961) gave AC'I'H infusions to 9 patients with 

post-pubertal idiopathie hirsutism. The ratio 17 KGS (NaB114 + Na.Bio3) 

Porter-Silber chromogen 
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increased, with a marked constant increase of androsterone. The author 

suggested an adrenal defect of 11 and 21 hydroxylase activity, causing 

hypersecretion of 17~0H progesterone with a resulting overproduction 

of C-19 androgens. 

5· PREGNANETRIOL (5ê PREGNANE-3a,l7a,2Qa..TRIOL) 

Pregnanetriol is a urinary metabolic product of 17~0H pro­

gesterone. A defect in adrenal cortical hormone synthesis will result 

in retention of 17~0H progesterone and high level of pregnanetriol will 

be expected. 

Pregnanetriol is in the normal range in most cases of hirsutism 

(Prunty et al, 1958, Rodrique et al, 1959, Herrmann et al, 1960, Lipsett 

and Riter, 196o, Martin et !:_!, 1961, Pasargiklian, 1961, Goldzieher and 

Axelrod, 1962, Kent et al, 1963, Lloyd et al, 1963). Only one patient 

out of five bas an elevation of pregnanetriol (Bradlow and Gallagher, 

1959). 

6. PREGNANEDIOL ( 5ê PREGNABE-3a1 2Qa..DIOL) 

Pregnanediol, a urinary metabolite of progesterone, is used 

as an index for progestational activity of the ovaries. In idiopathie 

hirsutism, it is normal (Merivale, 1951, Gemzell et al, 1959, Rodrique 

et al, 1959, Martin et al, 1961, Julesz ,!i al, 1963). 

1· PREGNANETRIOLO:RE (5ê PREGNANE-3a117a,2Qa TRIOL-11 ONE) 

Finkelstein (1959) claimed that the presence of this steroid 

in the urine shows the deficiency of 21 hydroxylase activity; however, 
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it was not found in cases of idiopathie birsutism. 

8. OESTROGEN 

Post-menopausal women tend to develop bair on the upper lip 

and chin. Norma.lly, the urinary levels of DHA, androsterone, and 

etiocholanolone are lower tban in young women (Ka.ppas and Gallagher, 

1955, Pincus et al, 1955, Brooksbank and Sa.lokangas, 1959). There are 

reports of high 17 KS excretion in post-menopausal hirsute women and 

DHA was bigh in one case (Brooksbank, 1961). Because of the possibi­

lity that a change in androgen-:oestrogen ratio may be responsible for 

birsutism in these cases and in idiopathie hirsutism, oestrogen bas been 

investigated. Urinary oestrogen was found to be low, normal, or high 

(Brooksbank, 1961). Cruz Ferreira et al (1960) observed t'bat only 3 

out of 22 hirsute patients had high oestrogen levels; two of these had 

adrenal hyperplasia which was confirmed surgically. Two additional 

subjects had subnormal urinary oestrogen and the rest were within normal 

limi ts. Rodrique et al (1959) reported normal values. 

An abnormal increase in oestrogen level is found in hirsute 

patients with menstrual disorders, after a dexamethasone suppression 

test (Jayle ll al, 1961). 

In a study of 16 women vith idiopathie hirsutism, oestrone 

excretion was less than normal, oestradiol-17~ was at the lover limit of 

normal, and oestriol was in the normal range ( Julesz et al, 1963). 
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9. CONCLUSIONS 

a. In idiopathie hirsutism, the mean total 17 KS is higher 

than normal, but the range is very wide. 

b. There is no distinctive pattern of various components of 

17 KS. As a group, ~9o2 or 11 deoxy 17 KS seem to be higher than 

normal (Bradlow and Ge.llagher, 1959, Bush and Mahesh, 1959, Goldzieher 

and Axelrod, 1962). DHA is elevated only in some patients. There is 

sametimes an increase in androsterone, or etiocholanolone, or both. 

11 Oxy 17 KS, especially ll.f3-0H androsterone, are high only in some 

cases. 

c. Androstenol - There is not enough evidence to make any 

conclusion, but it seems no better than total 17 KS in demonstrating 

androgenic status. 

d. 17 OHCS and 17 KGS range from normal to high. 

e. Pregnanediol, pregnanetriol, and pregnanetriolone, are 

within normal limits. 

f. Oestrogen excretion varies from low to high. 
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E. RELATION OF HAIR GR~H TO 17-KETOSTEROIDS 

The relationship between bair growth and 17 KS is controver­

sial. Hamblen n!:! (1941) and Bayer and Koets (1951) found a tendency 

for the elevation of 17 KS values to parallel the degree of hirsutism. 

Perloff et al (1958) showed tbat they could correlate the degree of 

hirsutism with the level of C1902 17 KS. There is a significant 

correlation between degree of bairiness, 17 KS excretion, incidence of 

oligomenorrhea (Ferriman et al, 1957), and between bair growth and 

biacromial width (Ferriman et al, 1957, Ferriman ~al, 1962). However, 

there was no difference in the oestrogen excretion in urine of hirsute 

and non-hirsute women. The non-hirsute ones bad large biiliac diameter 

(and were therefore distinctly feminine in body build) (Ferriman et al, 

1962). Pedersen (1942) round a correlation between the hair along the 

linea alba and the level (using bioassay) of androgen in urine. 

Lipsett and Riter (1960) and Zerssen (1960) found no signifi­

cant correlation between the intensity and progress of hair growth and 

17 KS excretion. 

In normal male and female, there is no relationsbip among the 

axillary bair growth, total 17 KS (Hamilton, 1951, Kinsell et _!!, 1954, 

Hamilton,.!! al, 1962), the urinary content of androgenie activity 

(bioassay) (Hamilton, 1951, Hamilton et al, 1962), and any fraction of 

17 KS (Hamilton et al, 1962). There is also no correlation among beard 

growth, 17 KS, urinary content of androgen (bioassay), and any fraction 

of 17 KS in male (Hamilton et al, 1962). Tanner et al (1959) found 

definite correlation between 17 KS, bair growth generally, and muscle 

mass in young men. 
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Dor:fman (1960, 1963) bas pointed out that 17 KS, either in 

plasma or urine, cannot be used as a reliable index of androgen pro­

duction in the body because on1y a small portion of 17 KS (approximately 

1 mg.) comes from the most potent androgen, testosterone, while the 

bulk of 17 KS (approximately 9 mg.) is derived directly or indirectly 

from weak androgens ( DHA and A 4 androstenedione). This is supported 

by the evidence that in cases where plasma testosterone is high, 17 KS 

may be normal. Direct measuring of testosterone should give more 

information about the effective circulating androgen. 

F. TES'l'08'1'ERONE (lM-OH ANDROST-4-EN-3-0NE) 

Testosterone was isolated from testicular tissue in 1935 (Iè.vid 

li al). It is mainly a secretory product of the testes ( Savard. et al, 

1952, West et al, 1952, Slaunwhite and Samuels, 1956, Lucas et al, 1957), 

but also may be produced by the adrenal glands and ovaries, and perhaps 

the placenta (Slaunwhite and Samuels, 1956, Solomon et al, 1958, Kase 

!!.,!!!, 1961, Ichii li!!!, 1962, Kase and Kowal, 1962, Dorfman, 1963, 

Dorf'man et al, 1963, Vande Wiele li al, 1963 ). 

In fact, the pattern of steroidogenesis of adrenal glands, 

testes, and ovaries is similar. Differences in local enzymes will 

determine which steroids are produced. Alteration in normal enzyme 

patterns may change the steroid production. It is well accepted that 

such defects occur in congenital adrenal hyperplasia. In stein-Leventhal 

or polycystic ovary syndrome, it becomes more and more evident that the 

ovary fails to synthesize oestrogen and there is an accumulation of 
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testosterone, DHA, or A 4 androstenedione in the circul.ation, 'Which may 

be responsible for the hirsutism and virilism {Sandor and Lanthier, 

1960, Warren and Salbanick, 1961, Axelrod and Goldzieher, 1962, Mahesh 

and Greenblatt, 1962, Giorgi, 1963, Dorfman, 1963). 

The major urinary metabolites of testosterone are androsterone 

and etiocholanolone. After the administration of labeled testosterone, 

4o-50~ is recovered as androsterone and etiocholanolone {lukushima et al, 

1954, a, b, Horton ~al, 1963, Korenman et al, 1963, Camacho and Migeon, 

1964). Only 1~ appears as testosterone glucuronide and very s:ma.ll amounts 

in free form and sulphate conjugate {Horton et al, 1963, Camacho and 

Migeon, 1964). The presence of testosterone in urine as glucuronide 

conjugate was supported by the works of Schubert and Wehrberger. {1960) 

Camacho and Migeon ( 1963) Korenman et al. { 1963). 

Testosterone, DHA, and A 4 androstenedione, apart from being 

secreted by gonad and adrenal glands, are interconvertible to some 

extent in the periphery {Mahesh et al, 1962, Vande Wiele et al, 1963). 

DHA----) A 4 androstenedione---~ testosterone. This view was ,---
confirmed by Camacho and Migeon (1964), who showed that after intravenous 

injection of A4 androstenedione, a significant amount of radioactivity 

is recovered as testosterone glucuronide, while DHA and 17~0H proges-

terone do not contribute to urinary testosterone. 

Testosterone will produce signs of masculinization in wamen at 

a dosage of 200 mg. per month. It is roughly esti:ma.ted from this result 

that endogenous production of testosterone of 6 mg. per day over a 

period of one month will cause hirsutism (Dorf:ma.n, 1963). In normal 

men, the daily production rate of testosterone bas been estimated at 4~9 
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mg. {Hudson .!i al, 1962}, 4-11.8 mg. (Korenman et al, 1963}, and 6.9 mg. 

(Vande Wiele et g, 1963}. In normal women, the production rate has been 

reported to be 0.9-2.8 mg. per day {Korenman et al, 1963) and 1.8 mg. per 

day (V ande Wiele et al, 1963). The testosterone production rate in 

idiopathie hirsutism has not yet been studied. Macdonald et al (1963) 

found that the secretion of ovarian androgens (DRA and A 4 androstenedione 

plus testosterone) increased in patients who had hirsutism vi th abnor:mal 

ovarian function. 

The metabolism of exogenous testosterone in 2 hirsute and 4 

normal wamen has been studied. After injection at testosterone intra-

muscularly, total 17 KS excretion increased and then returned to the 

pre-injection level in both groups; DBA plus epiandrosterone increased 

slightly, androsterone moderately increased, and etiocholanolone 

increased to a greater extent than both. Oestrogen rose slightly in one 

hirsute subject. Androstenol was high in hirsutism, but independant of 

testosterone. It was concluded that hirsute women metabolize testoserone 

in the same manner as normal women, and that the excretory mètabolic 

products appea.r in urine in the known forms (Richter and Arnold, 1962). 

Forchielli et al (1963), using the modified method which had 

been developed by Finkelstein et al (1961), found plasma testosterone to 

be high in idiopathie hirsutis.m. This method involves the conversion of 

testosterone to oestrogen and measurement of oestrogen by fluorimetry. In 

this pa.rticular group of patients, the mean total 17 KS were also slightly 

elevated. 

Hudson et al {1963), using a double isotope dilution technique, 

reparted bigh plasma testosterone only in some hirsute patients 

(etiology not mentioned). 
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Burger et al (1964) and Casey and Kellie (1964) suggested tba.t --
testosterone from the adrenal gla.nds was invol ved in some cases of 

idiopathie hirsutism because the testosterone level in adrenal vein blood 

was signifiean.tly higher tba.n in periphera.l blood (double isotope 

dilution technique). Onl.y some patients bad high plasma testosterone. 

Lloyd et al (1964), using the double isotope dilution technique 

of Riondel ,!1 al (1963), also found high plasma testosterone only in some 

cases of hirsutism ( etiology not mentioned). 

There is a report of urinary testosterone in only one hirsute 

subject {etiology not mentioned), using the technique of axidation of 

testosterone to A 4 androstenedione, and measuring the latter as 17 KS. 

The level was found to be higher than in normal (Vermeulen and Verplancke, 
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III. M E T H 0 D 0 L 0 G Y 

The method of measurement of urinary steroids in general con­

sista of three main steps: extraction, purification, and quantitation. 

Most of the extraction procedures are similar in principle and are based 

on partition between immiscible solvents. Purification is aehieved by 

means of several types of chromatography and the method of quantitation 

depends on the individual steroid under study. 

A. MEASURDŒNT OF URINARY· TES'l'OB'l'.IRONE 

1. EX'.r.RACfiON 

The method of Goldzieher and Axelrod (1962) was followed with 

slight modification. Although it is reported that testosterone is present 

in urine mainly as glucuronide conjugate, both enzyme hydrolysis and 

solvolysis were performed so that the subsequent measurement ineluded 

three forma of testosterone: tree, glucuronide, and sulphate eonJugates. 

Total 17 KS were measured on the same extract. 

The total 24-hr. urine was adjusted to pH 4.5-4.6, roughly 

with 1/20 volume of acetate butter pH 4.5, and then more exactly with 

acetic acid. It was tben incubated at 37°C for 60 hrs. with enzyme 

13-glucuronidase {Ketodase), 300 unit/ml. Testosterone-4-c14, 0. 4 IJ.C. 

{specifie activity 22 millicurie per millimole) was added at this point 

to serve as an indicator for recovery of endogenous testosterone. 

The urine was neutralized to pH 7 with 5~ NaOH. NaCl, 17.4 

gm. per 100 ml., was added. The urine was extracted 3 times with 
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redistilled ethyl acetate, using an equal volume once and 4/5 volume 

twice. The extract was dried by the addition of sodium sulphate, 6 gm./ 
100 ml. Solvolysis (Segal et &, 1960) was carried out for 16-20 hrs. 

at 30°C. The extract was washed once witb saturated sodium carbonate, 

and twice witb distilled water (1/10 volume). The pooled washings vere 

re-extracted vith ethyl acetate which was then added to the original 

ethyl acetate extract. This was dried under reduced pressure at a 

temperature below 4o°C. 

2. SEPARATION ABD PURIFICATION 

(a) Hexane-methanol partition 

Partition between two immiscible solvents auch as hexane or 

petroleum ether and 70~ methanol or ethanol, is used as the first step 

of purification in the determination of plasma and tissue testosterone 

(Samuels, 1947, Hollander and Hollander, 1958, Oertel and Eik-Nes, 1959, 

Oertel, 1961, Finkelstein et al, 1961). Hexane extract is supposed to 

remove cholesterol and neutral fat ( Gallagher and Koch, 1929). In urine, 

the concentration of fat and protein is lower than in blood; therefore, 

this step may not be necessary. Because of poor initial resulta with 

subsequent stages in the measurement and recovery of testosterone, hexane 

partitioning was introduced along witb other steps to be described. No 

attempt was made to determine the contribution or this procedure to the 

overall improvement in reaults, but it was continued on an empirical 

basis. 

The dried residue was dissolved in 2 ml. of 7~ methanol and 

partitioned against 0.4 ml. of hexane (Horton et al, 1963). The methanol 
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layer was removed; the hexane was re-extracted twice with 1 ml. 70'fo 

methanol which was added to the original methanol fraction. This was 

evaporated to dryness under N2• 

(b) Thin-layer chromat.oe;raphy 

The separation of testosterone was obtained by thin-layer 

chromatography ( 'fl,C). The advantages of TLC over paper and column 

chromatography are the greater simplicity and the shorter time required 

for development. The separation of steroids is as good as w1 th the 

other types of chromatography. 

1. Preparation of plates 

In trial experimenta to determine the best solvent systems, 

microscopie slides vere used as plates. They were prepared by mixing 

about 1 gm. of silica gel G. or aluminum oxide G. vith 2 ml. of distilled 

water. The material was then poured on the slide and rolled by band 

until it was evenly d.istributed. This amount was enough for 2 slides. 

These were dried in the oven at ll0°C for 15-30 minutes. A covered 

beaker was used as a chromatographie jar. The time for preparation and 

development was short, ma.king it possible to screen a great number of 

solvent systems. The solvents which showed promising results were 

further tried on the usual glass plates, 20 x 20 cm. 

Glass plates, 5 x 20 cm., 20 x 20 cm., and 20 x 4o cm. vere 

prepared by Desaga-Brinckman apparatus. The same resolution was 

achieved with plates of 0.5 mm. and 1.0 mm. thickness. Since a large 

volume of urine extract vould be applied, a thickness of 1 mm. was 

selected as the standard preparation. 
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Silica gel G., 20 gm.. + 40 ml. of distilled wate~; or aluminum 

oxide G., 35 gm. + 45 ml. of distilled water (Ritter and Meyer, 1962} 

were suf'ficient for one 20 x 20 cm. glass plate. The plates were le ft 

air-dried for 10-15 minutes and activated in the oven at 110°0 for at 

least 1 hr. They were stored in a desiccator until used. 

Solvents for developing were mixed about 16 hours before use 

and normally replaced at intervals of about 2 weeks. The depth of the 

solvents in the chromatographie jars was kept at approxima.tely 1 cm. 

Development was allowed to proceed until the solvent front was about 

16. 5 cm. from the starting line on 20 x 20 cm. plates and approxima.tely 

35 cm. on 20 x 40 cm. plates. 

2. Location of steroids 

steroids are located on the plate by 3 techniques: 
1 

1. 1~ phosphomolybdic acid in alcoho1 (Kritchevsky and 

Kirk, 1952}. 

2. U.V. le.mp, short ave (254 DJI.l) for the detection of 

testosterone and A 4 androstenedione (Bush, 1952). 

3· Scanner for radioactivity. 

The first method was used during development of the chromato-

graphie procedure, when it was not necessary to elute the steroids. 

Subsequently, when the separated compounds were to be recovered, method 

2 and 3 were used. 

As mentioned above, testosterone-4 c14, specifie activity 22 

millicurie/millimole (New England Nuclear Corporation}, was used as a 

marker. An end window Geiger counter with a window 3 mm. wide was used 

as a scanner. 
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Several experimente vere performed to insure that the standard 

non-labeled testosterone traveled vith T.-4 cl4 standard on the thin­

layer plate, using both aluminum oxide G. and silica gel G. as supporting 

media. 

In the final method, the standard non-labeled testosterone 

was located approximtely with the U.V. lamp, then the appropriate area 

of the plate was scanned for the peak of radioactivity in a stepwise 

ma.nner, each step being equal to the width of the detector window. The 

amount of radioacti vi ty in counts per minute ( CPM) was recorded on a 

graph paper and the peak area thus determined. This area was marked and 

eluted. 

For final measurement of radiœ.ctivity, to calculate recovery, 

a liquid scintillation counter was used. Samples were transferred to 

counting vials and evaporated to dryness. The residue was then dis sol ved 

in 10 ml. of counting solution which consisted of 6.5 gm. of 2,5 diphenyl­

oxazole (PPO) and 0.39 gm. of 1,4-di-2,5;phenyloxazolyl-benzene (POPOP) 

dissolved in 1 litre of redistilled toluene. Counting efficiency was 

calculated from a quench-correction curve and was always in the range of 

78-~. 

3· Technigue of elution 

Glass pipettes were prepared and used according to Beroza and 

McGovern (1963). The steroids were eluted with 3 portions of 1-2 ml. of 

ethanol. Each portion was shaken with the steroid-loaded powder and 

allowed to remain in contact with it for 10-15 minutes before separation 

by filtration through glass wool. (See Figure I.) 
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4. Standard conwounds 

At the beginning of the separation experimenta, only standard 

DHA, androsterone, etiocholanolone (Sigma) and testosterone (Sigma and 

CIBA.) vere used. Subsequently 11-0H androsterone, ll-OH etiocholanolone 

{gift from Prof. W. Klyne), ll keto androsterone, ll ketoetiocholanolone 

(Soutbeastern Biochemicals, Inc. }, and A 4 androstenedione (Sigma) vere 

tried. All the standard vere dissolved in methanol or ethanol. 

5· Solvent s~tems 

A. Silica gel G. as supporting medium 

The solvent systems which vere tried witb the microscopie 

slides are as follows: 

1. Toluene:ethyl acetate 1:1, 1:2.5, 1:3, 1:4, 4:1 (Shen et 

al, 1962), 3·5:1, 3:1. 

2. Hexane:ethyl acetate 1:1 (Ma.tthews et al, 1962, Smith and 

Foell, 1962}, 1:1.5, 1:2, 1:2.5, 1:3, 1:3.5, 1:4. 

3· Benzene:ethyl acetate 1:1, 1:1.5, 1:2, 4:1, 3.5:1, 3:1, 

2.5:1, 2:1, 3:2 (Dorfman, 1962). 

4. Hexane:ether 1:1, 1.5:1, 1:3, 1:4. 

5· Benzen:ether 2:1, 1.5:1, 1:1 (Matthews.!!. al, 1962). 

6. Hexane:toluene 1:3 no movement. 

7. Benzene:ch1oroform 1:1, 1.5:1, 2:1. 

8. Hexane:methyl acetate 1:1. 

9· Bthy1 acetate:cyc1ohexane 1:1, 3:7. 

The solvent systems which vere chosen for the trial on 20 x 20 

and 20 x 40 cm. glass plates, and the Rf. of the standard steroids are 

given in Table I, A and B. 
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On silica gel G., in all of the solvents used, DHA and andro­

sterone bad similar Rf; etiocholanolone and testosterone also traveled 

close to each other. 11 Oxy 17 KS and A 4 androstenedione were well 

separated from testosterone. 

B. Aluminum oxide G. as supporting medium 

gated: 

With microscopie slides, the following solvents were investi-

1. Hexa.ne:ethyl acetate 1:1 (Matthews et al, 1962), 1:2. 

2. Toluene:ethyl acetate 1:2.5, 1:4. 

3· Benzene:ether 1:1 (Matthews et al, 1962). 

4. Hexa.ne:methyl acetate 1:1, 1:1.5, 1:2, 1.5:1, 2:1, 2.5:1, 

3:1. 

5. Benzene:methyl acetate 1.5:1, 2:1, 2.5:1. 

6. Benzene:ethyl acetate 2:3. 

7. 6'f, ethanol in chloroform:isooctane 1:1 ( Chiang and Schweppe, 

1963), 1:2.5, 1:5, 1.5:1. 

8. Ethyl acetate:cyclohexa.ne:toluene 10:10:1 (Chiang and 

Schweppe, 1963), 3:3:1. 

9-· Ethyl acetate:cyclohexane 1:1 (Golab and Iayne, 1962). 

For 20 x 20 and 5 x 20 cm. glass plates, the resulta are shown 

in Table II, A and B. 

Generally, on an aluminum oxide G. plate, etiocholanolone could 

be separated from DHA, androsterone, and testosterone. Androsterone and 

testosterone tended to move together. 11 Oxy 17 KS were well separated 

from testosterone. System benzene:ether 1:1 also permitted the separa­

tion of testosterone and epitestosterone (Ma.tthews et al, 1962). From 
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these studies, it appeared tbat by two-dimensional chromatography, 

testosterone could be adequately separated from the other steroids. 

Bexane:ethyl acetate 1:1 as a first solvent1 and benzene:ether 1:1 as 

the second; did give good separation of testosterone from DRA, andro­

sterone, and etiocholanolone on an aluminum oxide G. plate ( see Table 

III). 

Because of the large volume of urine extract to be used, it ws 

not possible to apply the extract in one spot, consequently, the two­

dimensional system on a single plate was not feasible. Two plates were 

then substituted. An aluminum oxide G. plate, using sol vent benzene: 

ether 1:1, allowed the separation of testosterone from DHA, etiocholano­

lone, epitestosterone, and'll 0xy 17 KS. For the separation of andro­

sterone and testosterone, either hexane:etbyl acetate 1:1 or benzene: 

etbyl acetate 3:2 could be used. The degree of separation, however, was 

better on silica gel G. tban on aluminum oxide G., em;ploying the same 

sol vent systems. Moreover, silica gel G. was easier to bandle tban 

aluminum oxide G. l6 4 Androstenedione and 11 Oxy 1 T KS were also well 

separated from testosterone. The original sequence of plates was 

therefore as follows: 

1. Aluminum oxide G. plate, solvent benzene:ether 1:1 

2. Silica gel G. plate, solvent hexane:ethyl acetate 1:1 or 

benzene:ethyl acetate 3:2. 

:Dlring one experiment with urine extract, the first plate was 

developed in sol vent hexane :ethyl acetate 1:1, by mista.ke. However, the 

resolution was found to be better because the distance from the starting 

point was greater tban in solvent benzene:etber 1:1. It was followed 
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by another two plates wbich bad been planned earlier. Testosterone 

added to urine extract and isolated by these three plates, however, did 

not bave a cbaracteristic U.V. absorption apectrum in methanol. The 

isolated material vas then re-applied on another silica gel G. plate, 

using benzene:ethyl acetate 3:2 as a solvent. The isolated testosterone 

now gave the expected absorption spectrum. Subsequently, a series of 

trials vith urine extract was performed, using a sequence of these four 

cbromatographs (i.e. aluminum o:x:ide G. he:x:ane:ethyl acetate 1:1, aluminum 

oxide G. benzene:ether 1:1, silica gel G. he:x:ane:ethyl acetate 1:1, and 

silica gel G. benzene:etbyl acetate 3:2). Testosterone occasionally 

showed a spectrum identical to that of standard testosterone. Usually, 

however, the absorption peak shifted s1ightly, indicating some contamina­

tion. The order of' the plates and so1vents was then re-arranged on a 

trial and error basis. l!'urthermore, since it was easier to get an even 

application of crude urine extract on silica gel G. tban on aluminum 

oxide G, the final sequence used was as follows: 

1. Siliœ gel G. plate benzene:ethyl acetate 3:2 

2. Silica gel G. plate hexane:etby1 acetate 1:1 

3· .Al.uminum oxide G. plate benzene:ether 1:1 

4. Silica gel G. plate benzene:ethyl acetate 3:2 

This gave better reproducibility of the absorption spectrum, though the 

peak still was shif'ted slight1y at times. However, changes made 

simultaneously in the method of quanti tation ( see next section) made i t 

unnecessary to refine the chromatographie procedures turther. 

(See Figures II, III, IV.) 
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3. QUAII'.riTATIVE MIASURli4Elf.r 

The techniques that have been used tor the determination of 

testosterone in biological tluid are as follows: 

1. An isotope dilution technique (Hollander and Hollander, 1958). 

2. Modified Koenig!!!. al reaction (Oertel and Eiknes, 1959, 

Oertel, 1961). 

3. Conversion to oestrogen and measurement by fluori:metry 

(F:lnkelstein et al, 1961, Forchielli et.!:±,, 1963). 

4. Fl.uorimetry {Korenman et !!,, 1963). 

5· Double isotope dilution techniques {Hudson et al, 1963, 

Riondel et al, 1963, Burger et al, 1964). 

6. Ga.s chromatography (Futterweit !!!. al, 1963, Guerra-Ga.rcia 

et al, 1963). 

7• Conc. H2S04 reagent {Sachs, 1964). 

8. Absorption in conc. ~S04 (Ca.:macho and Migeon, 1963). 

9· Absorption at 24o mJ.L in methanol or ethanol {Horton et al, 

1963). 

10. Oxidation to f'orm ô. 4 androstenedione and measurement of 

the l.atter by Zimmermann reaction (Horton et al, 1963, Vermeulen and 

Verplancke, 1963). 

There were four possibilities avail.able for the present work: 

color reaction, absorption spectrometry in conc. H2S04, absorption 

spectrometry in methanol, and gas chromatography. 
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(a) Gas chromatogra.Pby 

Binee it has been shawn that gas chromatography can measure a 

minute amount of steroids, of the order of nanograms (Rorning et S:,l, 

1963), and since it is claimed to be fast, simple, and reproducible 

(Kirschner and Lipsett, 1962), this technique was tried first. 

The gas chromatograph was from Research Specialties, model 6oo, 

with an argon ionization detector. Two types of column were tested. A 

column of 1~ Q.F. 1 was unsatisfactory wi th the standard compounds 

(DHA, androsterone, etiocholanolone, testosterone), their trimethy1silyl 

ether (Kirschner and Lipsett, 1963), or their acetate derivatives (Wotiz 

and Martin, 1961). 

Trimethy1silyl ether derivatives of these steroids were well 

separated with a column of 3~ X.E. 60 under the following conditions: 

Co1umn: 6 ft., 21 inches, stainless steel. 

Column temp. 232°C. 

Detector temp. 248°C. 

Vaporizer temp. 250°C. 

Argon gas flow 6o ml/min. 

The reproducibili ty was rather poor even after a priming 

injection. The sensitivity of this particular detector for testosterone 

was only about 1 J.Lg. Another difficulty was the type of injector 

emp1oyed which made it impossible to analyse the small quantity of 

testosterone in urine. The reproducibility and the sensitivity could 

probably bave been improved by altering temperature, by the use of a 

flame ionization detector and by the use of a solid injector. Unfortu­

nate1y, the last two items were not available. Therefore, gas chromato-
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graphy might bave been suitable for qualitative analysis, but not for 

quantitative measurement in the present work. 

(b) Modified Koenig et al reaction (Oertel, 1961) and conc. ~S04 

reaction (Sachs, lg64) · 

These two color reactions are specifie for testosterone,~ 4 

androstenedione, and isotestosterone. d 4 Androstenedione and iso­

testosterone are removed by the previous TLC; therefore, it appeared 

feasible to use these reactions for quantitation of testosterone. The 

sensitivity was found to be approxi:mately 1 j.Lg. per sample for both 

reactions. When these color reactions were applied to testosterone 

isolated from urine extract after four TLC, the persistent presence of 

an interfering substance which reacted with conc. ~S04 in both reactions, 

made it impossible to measure testosterone accurately. Moreover, the 

Koenig et al reaction showed a great deal of variability even with 

standard testosterone. 

(c) Absorption spectra 

The absorption spectrum with conc. H2S04 was discarded for 

the same reason as above. 

Absorption spectroscopy in methanol or ethanol presented the 

same problem. The presence of contaminants often shifted the spectral 

peaks and quantitation could not be made on this basis. The sensitivity 

was in the same range as that of the Koenig et al and conc. ~S04 

reagents. 
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(d} Oxidation and Zimmermann reaction (Vermeulen and Ver.plancke, 1963) 

This method involves oxidation of testosterone to A 4 andro-

stenedione and measurement of the latter as 17 KS. It vas thought that 

the o:rtdation may well be an effective vay to get rid of the non-specifie 

contaminants. After separation on the first tbree successive chromato-

graphe as mentioned earlier, the testosterone area was eluted and taken 

to dryness under N2• 

To the dried residue were added 0.2 ml. of 2tj, cbromic trioxide 

and 0.3 ml. acetic acid. These were mixed and left overnight at room 

temperature. The solution vas then diluted with 2 ml. of distilled vater 

and extracted with an equal volume of ethyl acetate once,and with a half 

volume twice. The ethyl acetate extracts were combined and evaporated 

to dryness. The residue vas applied to the fourth TLC for final purifi­

cation of the A 4 androstenedione obtained. 

Two modifications of the Zimmermann reaction were then tried 

for quantitation of the A4 androstenedione: 

1. Modified Masuda and Thuline method (1953} 

The volumes of all the reagents were eut in half in order to 

increase sensitivity. A 4 Androstenedione from the last TLC vas eluted 

and evaporated to dryness, together with 2, 5, and 10 JJS• aliquote of 

standard A4 androstenedione. 0.1 ml. of absolute ethanol, 0.15 ml. of 

5 N KOH (freshly prepared) and 0.1 ml. of '2$ m-dinitrobenzene in ethanol 

were added to the dried residue, mixed, · and incubated for 90 min., at 

27°C, in a covered vater bath. 0.5 ml. of 7CJI, ethanol vas added and 

mixed; the color was then extracted into redistilled amyl acetate (o. 5 mL). 

The biphasic mixture was left in the dark for 8 min. The optical densi ty 
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of the amyl acetate-ethanol layer was then raad in a Beckman spectrophoto-

meter at 510 !DJ.l· A reagent blank and a plate blank vere used as references 

for the standard â 4 androstenedione and unknown samples, respectively. 

A correction was said to be unnecessary (.Masuda and Thuline, 1953). 

However, sometimes there was an interfering color which could 

not be controlled and the color was unstable. 

2. Zimmermann reaction (Corker et al, 1962) 

This method employa benzyl trimethyl ammonium hydroxide instead 

of ICOH which has been used widely in Zimmermann reaction. It bas 

advantages over alcoholic ICOH or aqueous ICOH in that it is stable and the 

optical density of the blank is found to be lower, but some batches of 

this reagent may also give high blank. The sensitivity of the method is 

in the range of 0.5-4.0 J.&S• per sample for the micro methoo, and 3-20 J.&S• 

for the ordinary method. The stability of color.is better than in the 

first method used. 

To the dried ~ 4 androstenedione vere added 0.1 ml. of 1; 

m-dinitrobenzene in ethanol and 0.1 ml. of 4o; aq. benzyl trimethyl 

ammonium hydroxide. The solution was incubated in a covered water bath 

at 25°C for 90 min. 0.5 ml. absolute ethanol was added and an absorption 

spectrum was then made in a recording spectrophotometer (Spectronic 505). 

A "true" optical density was obtained from the O.D. values at wavelength 

460, 520, and 58o IIIIJ. by the Allen correction { 1950). 

Corrected O.D. = O.D. 520 - O.D. 460 + O.D. 580 
2 

With this procedure, the standard curve was reproducible, and 

duplicate determinations agreed vell. 
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B. MEASURliŒN'!' OF 'ro!'AL 17-KETOSTEROIDS 

Measurement was made on an aliquot of the urine extract 

prepared for measurement of testosterone. After extraction, the dried 

residue was dissolved in 10 ml. of ethanol, of which 0.1-0.2 ml. were 

taken for 1 T KS determination and the remainder for testosterone. The 

former aliquot was diluted with ethanol and duplicate aliquots containing 

approximately 10 ~· of total 17 KS were taken to dryness. 

To this dried residue and to DRA standards (5, 10, and 20 ~.) 

were added 0.1 ml. of 0.5, m-dinitrobenzene in absolute ethanol and 0.05 

ml. of ~ aq. benzyl trimethyl ammonium hydroxide. This was incubated 

for 90 min. at 25°C in covered water bath. 3 ml. of absolute ethanol 

were added and the optical density was read in the Beckman spectrophoto­

meter at wavelength 46o, 520, and 580 Jlli.L• Allen correction was applied as 

above. 

C. SUMMARY 

The final method for determination of urinary testosterone was 

as follows: 

1.. Enzyme hydrolysis, solvolysis, extraction 

2. Purification and separation 

a. Hexane-metbanol partition 

b. Thin-layer cbromatography 

Silica gel G. benzene:ethyl acetate 3:2 

Silica gel G. hexane:ethyl acetate 1:1 

Aluminum oxide G. benzene:ether 1:1 
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c. Oxidation w1 th chromic trioxide 

d. Thin-layer chromatography 

Silica gel G. benzene:ethyl acetate 3:2 

3· Quantitative measurement by the modification of Zimmermann reaction. 

D. MA'I'ERIALS USED AND PURIFICATION 

1. Ethyl acetate (Segal .!i !:t:, 1960). 

2. Ethanol (Peterson et al, 1955). 

3· Benzene, analytical grade, redistilled. 

4. N-hexane, spectrograde, otherwise purified according to 

Wilson et al (195~). 

5. Ether (Wilson .!i al, 1961). 

6. Methanol redistilled. 

7. Amyl acetate redistilled. 

8. Water for mixing with silica gel G. and aluminum oxide G. 

was glass-redistilled (Korenman et !b 1963). 

9· Washed silica gel G. (Research Specialties Co.)(Korenman 

et al, 1963). 

10. Al.uminum oxide G. (Research Specialties Co.), no f'urther 

purification. 

11. Test tubes for oxidation were cleaned with '2$ chromic 

trioxide and acetic acid overnight before use, then rinsed with tap 

water and distilled water. 

12. Pipettes for elution were put in chromic acid overnight. 

They were then rinsed, washed with detergent, rinsed with tap water, 

distilled water, and purified ethanol. 
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13. Al1 test tubes and pipettes used in Zimmermann reaction 

were cleaned with hot alcoholic KOH for 2-3 hrs., then rinsed vith tap 

water and redistilled water. 
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IV. EXPERIMENT 

A • EJ.i'FECT OF TES'roSTEROD ON HAIR GROWTH IN RATS 

Testosterone may have an influence on sexual hair growth, but 

there is no proof of a direct effect of testosterone on the hair follicle. 

In mice, inhibitors of carboh.ydrate metabolism (in vitro) and severe 
' 

starvation and shock (in vivo) are able to inhibit the mitotic activity 

of the ha ir bulbs (Bullough and Ie.urence, 1958). Binee the proliferation 

of cella in the hair follicle can be modified by various factors, the 

action of testosterone on cell proliferation in the bair follicles in the 

facial area of normal women was considered worthy of investigation. By 

using the approach of Bullough and Laurence, pieces of skin could be 

incubated with testosterone and the effect of testosterone on the mitotic 

activity studied. 

Another approach was considered. It was not feasible to apply 

testosterone locally on the face of wamen in active sexual life because 

of the possibility of inducing irreversible cosmetic changes. Yet it is 

with this age group that the studies on idiopathie hirsutism are mainly 

concerned. (Recently this approach was used by Ma.guire (1964), but in 

older subjects, 50-65 years of age, as reviewed in the historical 

introduction.) However, the effect of local application of testosterone 

on the size of hair follicles or hairs in female rats might be studied 

and the response would be at least suggestive of the situation in the 

human. 

For tbese purposes, two preliminary experimenta were performed. 
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DPBRIMENT I 

In order to develop a technique for examination of human skin 

in vitro, pieces of skin from the rat vere taken by biopsy and fi:xed on 

a cork board to prevent curling. Sections vere made both horizontally 

and vertically and stained vith hemalum-phloxine-saffran. In horizontal 

sections, measurement of the diameter of hair follicles or estimation of 

mitotic activity was impossible because the sections of different pieces 

of skin were never in the same plane and there was no definite landmark 

to rely on. Both measurements could be done on sections made on a plane 

perpendicular to the surface, but even in rats which possessed a great 

number of hairs, the number of follicles per section was very low. The 

e:x:periment was thus not feasible with human skin because of limitations 

in size of skin biopsy and because of the low density of hair follicles. 

This approach was therefore discontinued. 

EXPERJ:MJm'.r II 

In idiopathie hirsutism, facial hair in the female takes on 

the characteristics of male facial hair, in regard to thickness, rapidity 

of growth, pigmentation, and distribution. In order to determine 'Whether 

testosterone would have auch a masculinizing effect on the hair of the 

female rat, it was first necessary to establish that differences in fact 

exist between the body bairs of males and females in this species. An 

experiment was therefore undertaken to compare the length and thickness 

of body hairs in male and female white rats. 
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(a} Experimental animals 

Ten male and ten female white rats, four months old. 

(b} Procedure 

The hair was clipped vith small scissors close to the skin, 

from a constant site on the bak. Thirty terminal hairs were taken from 

each animal for measurement. A microscope with a scale in the eyepiece 

was used for measuring the largest diameter of the haire, and a ruler 

und er a magnifying lens was used for measurement of the length. 

(c) ResUlta 

The resulta are shown in Table IV. 

( d) Discussion 

Statistical "t test" analysis of' the resulta for the difference 

in length and diameter gave a P value of' 0.05 and 0.1, respectively. It 

was concluded that there was no signifieant difference in either the 

width, or the length of' terminal hairs of male and female white rats. 

The sex difference in hair texture (Mohn, 1958, Rennel and Callaghan, 

1959) is theref'ore probably due to the ratio of' vellus hairs and terminal 

hairs. The proposed experiment with testosterone was theref'ore not 

f'easible. 
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B. URINARY EXCRJWION OF TESTOSTERONE 

At the time this work was started, the f'irst efficient method 

of measurement of' plasma testosterone had been developed (Finkelstein 

et al, 1961). However, there was no published report concerning the 

level of' plasma or urinary testosterone in idiopathie hirsutism. 

Testosterone had been shawn to induce hirsutism in normal wamen, but the 

analysis of' androgenic steroid metabolites in idiopathie hirsutism showed 

controversial resulta. The evidence also indicated that measurement of' 

such metabolites (17 KS) could not be used as an index for evalua.ting 

the effective androgen in the circulation. There was a possibility that 

these patients might have high production of testosterone either by the 

abnormal activity of' glands in connection with testosterone secretion, or 

by an abnormal metabolic pattern in the peripheral circulation. FUrther­

more, since genetic factors play an important role in controlling the 

hair growth pattern in human beings, idiopathie hirsutism could also be 

due to the mediation of' genetic factors through the production of' 

testosterone. In order to determine Yhether females with idiopathie 

hirsutism do have an increased production of' testosterone, the measurement 

of urinary testosterone excretion was undertaken. Binee it was also 

evident that women of' Oriental origin do not suf'f'er from hirsutism, a 

study was undertaken to compare urinary testosterone excretion in normal 

women of' Occidental and Oriental origin, with the hope that this might 

contribute evidence regarding the role of' testosterone in hirsutism and 

the mechanism by which the genetic factor is manif'ested. 
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1. PURPOSE 

There were 3 specifie purposes to the experiment: 

a. Compa.rison of urinary testosterone in normal women and in 

subjects with idiopathie hirsutism. 

b. Compa.rison of urinary testosterone excretion in normal 

women of Occidental and Oriental origin. 

c. Correlation of total urina.ry 1 i KS and urinary testosterone 

excretion. 

2. SUBJECTS 

a.. Six idiopathie hirsute women, aged 18 to 55, whose physical 

exa.mination, including pelvic examination and other investigations, 

revealed no pathological findings to account for hirsutism. 

b. Fifteen normal healthy women aged 20 to 39 of Oriental 

origin (Chine se, Thai, Phillipino), and Occidental origin ( Canadian, 

Swiss), who bad a ncrma.l working life. 

3. PROCElXJRE 

Urine was collected for 24 hours, without preservative, at 

the beginning of the luteal phase of the menstrual cy~le; collections 

made at other times in the cycle were indicated. The specimen, if not 

processed immediately, was kept in a frozen state under N2• 

The whole 24-br. sa.mple was extracted with ethyl acetate, 

dried, and purified by hexane methanol partition, as previously described. 

Atter removing 0.1-0.2 ml. for measurement of total li KS, the rema.inder 

was applied to T.LC plates for testosterone isolation. Running time at 

room temperature for the various sol vent systems was as follows: 
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1. Solvent benzene:ethyl acetate 3:2, 55-65 min. 

2. Sol vent he:xane :ethyl acetate 1:1, 50-60 min. 

3· Solvent benzene:ether 1:1, 35-45 min. 

For the first 3 plates (silica gel G. solvent 1, silica gel G. 

solvent 2, and aluminum onde G. solvent 3), standard testosterone was 

applied on one side of the plate and was located by u.v. lamp to assist 

in localizing the area to be scanned for radioactivity. The testosterone 

zone was eluted according to the peak of radioacti vi ty. It was then 

oxidized to A 4 androstenedione and repurified by the fourth TLC (silica 

gel G. solvent 1). After localization on the TLC plate by U.V. fluor­

escence and radioactivity, the A 4 androstenedione was eluted in the 

usual manner. The eluate was made up to 3 ml. in calibrated test tube. 

0.5 ml. was transferred to a counting vial and taken to dryness. Radio-

activity was measured in a liquid scintillation counter. 

Du.plicate aliquots of o. 5 or 1 ml. were evaporated to dryness 

and Zimmermann reaction was performed as described bef ore. Modified 

Ma.suda-Thu.line method was employed for samples 2 and 3 in the normal 

Occidental group, and the method of Cor ker et al for the rest. The 

resulta were expressed as IJ8• of A 4 androstenedione per 24-hr. urine. 

Total 17 KS in all samples were measured by the method of 

Corker et !:!, as previously described. Tbe result wa.s expressed in mg. 

of standard DHA. per 24-hr. urine. 

The average recovery through the entire procedure ranged from 

45~ to 75~· The recovery could be improved, but in order to avoid non-

specifie contaminants, only the peak area of radiœ.ctivity wa.s taken. All 

the values reported had been corrected for loss. 
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4. RESULTS 

The results ot urinary testosterone and total 17 KS are shawn 

in Table V. 

From an analysis ot variance, there w.s round to be no signif'i­

cant difference tor the testosterone and 17 KS excretion between the 3 

groups studied (P > 0.1). Because the creatinine excretion in one 

sample (No. 6 Hirsute) w.s low, the resulta of' the testosterone and 17 KS 

determination were not included in the statistical analysis. 

There was no signiticant correlation between urinary testosterone 

and 17 KS in the normal Occidental group or the hirsute group (P > 0.1). 

The regression coefficient w.s also not signif'icant (P > 0.1). In the 

normal Oriental group, both the correlation between testosterone and 17 

KS (P < 0.02), and the regression coefficient (P < 0.05) were signif'icant. 

Bowever, there was no signiticant correlation between those 2 determina­

tions, and the regression coefficient was not signiticant (P > 0.1) wben 

determined f'or the 3 groups combined (Statistics: Snedecor, 1956). 

( See Figure V. ) 

5. DISCUSSIOB 

furing the course ot this study, there appeared reports on the 

measurement ot urinary testosterone, using a variety of' methods f'or 

purification and quantitation ( Camacho and Migeon, 1963, Borton ~ al, 

1963, Futterweit et al, 1963, Vermeulen and Verplancke, 1963, Brooks and 

Giuliani, 1964). 

At the outset or the experiment in wbich the urine extracts 

were applied to aluminum oxide G. plate and developed in the solvent, 
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benzene:ether 1:1, the testosterone areas which bad been identified by 

equating them to the corresponding standard non-labeled testosterone 

area, gave a recovery for testosterone,as measured by testosterone-4 cl4, 

as low as l-4i. It was found through sampling of successive ascending 

areas of the plate that most of the labeled testosterone traveled much 

faster than the non-labeled one. The experimenta previously described 

(see Methodology) were then carried out to determine whether the labeled 

and non-labeled testosterone standards moved at the same rate. The 

discrepancy in the two rates ws removed through the introduction of the 

hexane-methanol partition, as a first step of purification, plus the 

change in the sol vent system, made in error, as mentioned in the 

methodological part. 

The use of 4 TLC plates in place of paper or column. chroma.to­

graphy as used by others, permitted a good separation of the testosterone 

in much lees time than that required by the other methode. This method, 

however, did not remove all of the non-specifie urinary chromogens which 

interfere vith the spectrophotometric quantitative method most commonly 

employed. It was therefore necessary to find a method for testosterone 

quantitation not affected by such chromogens. Oxidation of testosterone 

to ~ 4 androstenedione and measuremeut of the latter by the Zimmermann 

reaction proved suitable. This method had a lower limit of sensitivity 

of approximately 0.4 J,&g. and was highly reproducible. In t'uture vork, 

it may therefore be feasible to reduce the volume of urine to be extracted 

to 1/3 or 1/4 tbat used in the present study. It is necessary, however, 

to take the noted precautions concerning cleaning of glasswares, purifi­

cation of solvents and reagents, and use of freshly-prepared m-dinitro-

benzene reagent. 
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While localization of the testosterone on TLC plates could be 

made by U.V. fluorescence~ the identification of testosterone through 

the scanning of testosterone radioactivity provided a more exact locali­

zation and a correspondingly lower contamination by non-specifie materials. 

In some cases vb.ere the amount of testosterone vas belov the level of 

detection with U.V. light, the scanner was most helpf'ul in locating the 

area. In addition, the use of labeled testosterone permitted calculation 

of recovery of endogenous testosterone. 

Urinary testosterone excretion by normal women in this study 

was within the previously reported range (Camacho and Migeon, 1963, 

Horton et al, 1963, Vermeulen and Verplancke, 1963, Brooks and Giuliani, 

1964), although the variation was greater {1.03-18.5 IJ.I!../24 hrs. ). The 

level of urinary testosterone has been studied in only one case of 

hirsutism (etiology not mentioned) and was found to be high {Vermeulen and 

Verplancke, 1963). In the present study, only one patient with marked 

hirsutism showed an exceptionally high value. Two patients had values 

at the upper limit of normal and the hirsute subject No. 6 would have had 

a value in the upper normal range as vell, if the recorded testosterone 

value had been corrected to 24 hrs. by creatinine estimation. Plasma 

testosterone in idiopathie hirsutism was found to be high only in some 

patients {Forchielli et &, 1963, Hudson et al, 1963, Burger et al, 1964, 

Casey and Kellie, 1964, Lloyd et al, 1964). The level of urinary testo­

sterone in this study supports the findings for testosterone in blood. 

The degree of hirsutism seems to be related to the blood testosterone 

concentration (Segre et al, 1964). Based on the one hirsute patient who 

had a high value of urina.ry testosterone, it would appear that the degree 
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of hirsutism is related to the urinary testosterone concentration as well. 

Since there was no difference in urinary testosterone and total 

17 KS concentration between normal Occidental and Oriental women, it is 

unlikely that genetic factors related to racial differences have a role 

in controlling steroid production. The prevalence of hirsutism in 

Occidental women is therefore probably due to genetically deterined 

differences in the hair follicles. 

Values for total 17 KS excretion in the normal group were 

within the range of those described in published reports, in Which similar 

extraction procedures were employed, but were on the rather law side of 

the range (Jailer et al, 1959, Ianthier, 1960, James, 1961, James et al, 

1962}. They were similarly in agreement with the reported data 'Wbich bad 

been collected by Dorfman and Shipley (1956). In idiopathie hirsutism, 

total 17 KS values overlapped the normal values in agreement with the other 

investigators previously reviewed. There was, however, no significant 

difference in the mean excretion of total 17 KS between the idiopathie 

hirsute and normal groups. In the majority of cases, the high total 17 KS 

excretion in idiopathie hirsutism was accounted for by an elevation of 

androsterone and etiocholanolone fractions (Kappas et al, 1956, Gallagher 

et al, 1958, Brooks and Prunty, 196o, Lipsett and Riter, 1960, James et al, 

1962). Jayle et al (1959} found tbat patients with high levels of 17 KS 

had correspondingly elevated levels of DRA. The urinary 11 deoxy 17 KS 

(DRA, androsterone, and etiocholanolone} are derived mainly from DRA, 

~ 4 androstenedione, and testosterone, all of which have varying degreas 

of androgenicity. The contribution of testosterone to androsterone and 

etiocholanolone is much less than the other precursors. Moreover, from 
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the present study, testosterone excretion is not always elevated in idio­

pathie hirsutism. The elevation of urins.ry androsterone and etiocholano-

lone in such cases could therefore be due to an increased production of 

either DHA orA 4 androstenedione. The finding that the production rate 

of either DHA or A 4 androstenedione plus testosterone, or both, was 

increased in hirsute women vith oligomenorrhea {Macdonald et al, 1963) 

seems to support this view. 

There was no significant correlation between urins.ry testosterone 

and total 17 KS for the whole group of subjects studied. It is probable 

therefore that the apparent correlation in the case of the Oriental 

group was fortuitous and related to the small sample size. The lack of 

correlation re-em:phasizes the view that the total 17 KS value is not a 

reliable index of testosterone or androgen excretion. 
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V. C 0 N CL U S I 0 N S 

1. There is no significant difference in urinary testoserone 

and total 17 KS concentration among idiopathie hirsutism, normal 

Occidenta1 and normal Orienta1 women. Only some women w1 th idiopathie 

hirsutism showed high testosterone levels. It is concluded that there 

is no indication for a mediation of the urinary testosterone or tota1 

17 KS level by genetic factors. 

2. There is no corr~lation between urinary testosterone and 

total 17 KS excretion in the subjects studied. These findings confirmed 

the view that urinary 17 KS are not a reliable index for androgenic 

status. 
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VI. SU MM AR Y 

A method for the measurement of urinary testosterone was 

developed. A urine extract, atter enzyme bydrolysis and solvolysis, was 

purified by hemne-methanol partition. Testosterone was isolated and 

purified by 3 i'LC, oxidized with chromic trioxide to form ô. 4 androstene­

dione. A 4 Androstenedione was turther purified by 1 i'LC and the quanti­

tatien was made by a modified Zimmermann reaction. 

Measurement of total 17 KS was made on an aliquot removed 

prior to the hexane-methanol partition. 

The urinary testosterone and total 17 KS excretions were 

measured in 6 idiopathie hirsute, 7 normal Occidental, and 8 normal 

Oriental women. In the se 3 groups, there was no significant difference in 

both urinary testosterone and total 17 KS. Only one patient with idiopathie 

hirsutism showed an exceptionally high testosterone value, while 3 bad 

values in the upper normal range, and 2 were within the normal limit. 

Binee there was no difference in testosterone and total 17 KS in urine of 

normal Oriental and Occidental women, it was concluded that the prevalence 

of birsutism in the latter was not due to the· mediation of a genetic 

control of steroid production, but probably due to a genetically determined 

difference in sensitivity of bair follicles. 

The correlation between urinary testosterone and total 17 KS 

excretion was significant in the normal Oriental group but not in the 

idiopathie hirsute group, normal Occidental group, or all 3 groups combined. 

The regression coefficient was also significant in the normal Oriental 

group. The f'indings with the latter group were perhaps f'ortuitous due 
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to the small number of cases studied. It is therefore concluded, in 

agreement with previous resulta, tbat urinary total 17 KS are not a 

reliable index of the androgenic statua. 
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ABBREVIATIONS USED IN THE 'fA.BLES AND FIGURES 

T = Testosterone 

A = Androsterone 

11-0H A = 11-0H Androsterone 

11 Xeto A • 11 Xeto Androsterone 

A 4 Andro =A 4 Androstenedione 

DHA = Dehydroepiandrosterone 

E = Etiocholano1one 

11-0H E = 11-0H Etiocho1ano1one 

11 Keto E = 11 Keto Etiocholano1one. 



A. 

!standards 

T 
DHA 
A 
E 

11-0H A Ill Keto E 11 Keto A 
t:J--OH E 

11::. andro. 

TABLE I 

Movement (Rf. ) of standard steroids in various sol vent systems by TLC, 
using silica gel G. as supporting medium 

A. Plate size 20 x 20 cm. 

B. Plate size 20 x 4o cm. 

Toluene:Ethyl acetate Hexane . Ethyl acetate Benzene: Hexane: . 
Ethyl acetate Ether 

1:2.5 1:4 1.1 1:1.5 1:2 3:2 1:1 

o.49 0.53 o.42 0.~5 0.48 0.41 0.07 
0.58 o.62 0.51 0.54 o.62 ) 0.14 
0.6 o.64 0.55 0.57 o.64 )0.52 0.15 
0.5 o.62 o.46 0.47 0.51 o.46 0.07 

0.33 0.29 
0.23 0.27 
~0.27 0.29 

0.27 
0.51 o.6o . 

Benzene: 
Ether 
1:1 

0.28 
0.37 
0.39 
0.30 

1 



B. 

1 

Hexane:Ethy1 acetate Benzene:Ethy1 acetate To1uene: 
Standards Ethy1 acetate 

1:1 1:1.5 1:2 3:2 3:2 1:4 
o. 5 mm. thick 1 mm. thick 

T 0.23 0.34 0.37 0.25 0.26 o.so 
DRA o.4 o.46 0.49 0.39 o.41 0.6 
A 0.4 o.48 o.49 0.36 o.41 o.6 
E 0.28 0.37 o.4o 0.30 0.31 0.52 

- -



A. 

Standards 

T 
DBA. 
A 
E 

11-0H A 
11 Keto A 
11 Keto E 

1 

~-OH E A andro 

TABLE II 

Movement (Rf.) of standard steroids in various solvent systems by TLC, 
using aluminum oxide G. as supporting medium. 

A. Plate aize 20 x 20 cm. 

B. Plate size 5 x 20 cm. 

6cj, Ethanol in chloroform:Isooctane IHexa.ne :Ethyl acetate Benzene: Toluene: 
Ethyl acetate Ethyl acetate 

1:1 1:2.5 2.5:1 1:1 1:2 3:2 1:2.5 

o.62 O.ll o.65 0.42 0.50 0-37 0.51 
0.54 0.13 o.61 o.46 0.50 0.42 0.51 
0.54 0.13 0.70 o.48 o.47 o.4o 0.53 
o.63 o.o8 o.61 0.36 0.35 0.27 0.39 

1 

Benzene: Ethyl acetate: 
Ether Cyclohexane: 

Toluene 
1:1 10:10:1 

0.36 ·51 
0.44 .50 
0.36 ·37 
0.25 .54 
~O.l.O 
)0.07 
o.61 



B. 

Hexane:Methy1 acetate Benzene: 
Standards Methy1 acetate 

1:1 1.5:1 2:1 2.5:1 2:1 

DHA o.49 0.39 0.29 0.30 0.47 

A 0.52 0.39 0.30 0.31 o.48 



TABLE III 

Measurement (Rf. ) of standard steroids in two-d1mensiona1 system, 
a1um1num oxide G. plate 20 x 20 cm. 

Rf. of 1st dimension Rf. of 2nd dimension 
Standards 

Hexane:Etby1 acetate 1:1 Benzene:Ether 1:1 

DHA 0.55 0.21 

Androsterone 0.56 0.14 

Etioeholano1one o.41 0.09 

Testosterone o.49 0.15 



TABLE IV 

Mean length (cm.) and diameter (mm.) ± S.D. of 
10 male and 10 female white rats. 

Se x Length (cm. ) Diameter (mm. ) 

male 1.66:!: .163 .o687! .007 

female 1.48 ± .179 .o652 ! .oo4 



no. 

~. J.A. 

2. L.M. 

3· A.V. 

4. A.H. 

• 5· Po. 
® 

6. Ak. 

Mean 

S.D. 

TABLE V 

Urinary excretion of testosterone (~./24 hrs.), tota~ ~7 KS {mg./24 hrs.), and mean+ S.D. in 
Occidenta~ idiopathie hirsute, Occidenta~ normal, and Orienta~ norma~ women. 

Occ: ~dental Hirsu~ ;e Ot!t!i n~ntA.1 Nn'l"'mi'L1 Or: Lental Normal 
ap;e testosterone 

34 2.a 

~8 ~3.8 

55 n.09 
44 18.3~ 

2~ 6.03 

20 7.4 

22.29 

-t28.o4 

tota~ ~7 KS no. a~e testosterone tota~ ~7 KS 

3·77 
~ 

~. T.R. 22 ~5.46 2.25 

6.82 2. L.K. 39 1~.58 3·57 

4.99 3· M.K. 26 18.5 4.o8 

8.89 4. G.T. 28 16.66 9·59 
® 

3·26 8.8 5· Y.R. 21 3·47 

5.14 
® 

3·45 6. G.N. 25 3·72 

7• E.K. 2~ 8.45 3·22 

6.65 Mean llo05 4.27 

-t2.28 S.D. -J:6.22 -±2.41 

1. Urine was collected on Day 7. 
2. Creatinine excretion = 0.32 gm./24 hrs. 
3· Urine was collected on Day 10. 
4. Urine was collected on Day 25. 

no. 

~. B.J. 

2. P.T. 

3· M.J. 

4. P.R. 

5· M.<P. 
6. P. 

7• R.T. 

B. S.B 

Mean 

S.D. 

5· Urine was collected on first day of menstrua1 period. 
6. Urine was co1~ected on Day 27. 

a2e testosterone 

35 8.49 

31 3.82 

20 ~3·57 

28 1LS 

30 6.21 

26 1.03 

26 7·25 

~4 8.~0 

7.65 

±4.03 

total ~7 KS 

3.88 

2.19 

3-98 

4.18 

3·9 

2.49 

3·12 

2.80 

3-32 

-tO.o8 



Figure I: 

Pipette for elution. 



.. , .. ,." 

Figure II: 

Standard steroids on silica gel G. plate, 
solvent benzene:ethyl acetate 3:2 

From top: 

(a) 6, 4 andro, T 

(b) DHA and A, E, . T 

(c) T, 11-0H A and 11 keto A, 11-0H E and 11 keto E 

(d) T 



Figure III: 

Standard steroids on silica gel G. plate, 
solvent hexane:ethy1 acetate 1:1 

From top: 

(a) T 

(b) 6, 4 andro, T 

(c) A, DHA, E, T 

(d) T, 11-0H A, 11 keto A and 11-0H E, 11 keto E 

(e) T 



Figure IV: 

Standard steroids on aluminum oxide G. plate, 
solvent benzene:ether 1:1 

From top: 

(a) T 

(b) lJ. 4 andro, T 

(c) DHA, A and T, E 

(d) T, 11-0H A and 11 keto A, 11-0H E and 11 keto E 
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Figure V: 

Correlation of urinary testosterone and total 17 KS 


