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A13STRACT 

The suppression of the formation of corticosterone 

by the rat adrenal tissue !! vivo and ~ vitro by androgens 

is reported. There is some evidence that androgens can be 

converted to more polar compounds by the ineubated glands. 

Two auch metabolites of 17 ~ -aethyl-A?-androstene-'3 ~ , 

17 p -diol (MAD) have been investigated. One is methyl

testosterone, probably formed by the oxidation of MAD by 

the enzJlll.e, 3 f -hydro:xydehydrogenase. The other aay, in 

addition, contain one or more extra hydroxyl groups. Even 

more polar compounds have been observed. Whether these 

originate from the exogenous androgens or arise as a 

consequence of diversion of corticoid synthesis from 

corticosterone is not known. 
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INTRODUCTIOJI 

I. Origin of the Problem 

In 1959, Saffran and Vogt reported that 17 cl -aethyl-

~~ -androstene-3 ~ ,17 ~-diol (MAD), added !Q vitro to the 

rat adrenal glands, did not apparently inhibit the formation 

of corticoids (1). However, this preliminary experiment did 

not rule out the possibilities that 

a) MAD diverted the production of steroids by the adrenal 

gland to abnormal metabolite(s), or, 

b) the adrenal glands conTerted the added MAD to substances 

which interfere with the measurement of adrenocortical 

steroids, yielding spuriously high values. 

The objectives of this study were to determine whether 

MAD direotly suppreeses the biosynthesis of cortiooids by the 

rat adrenal cortex, and, if it does so, to ascertain the 

meohanism whereby it brings about the inhibition. 

In the early part of this study, MAD was added to 

surviving adrenal tissue. A!ter a period of incubation the 

ultraviolet absorption of the lipid extract of the incubation 

media was measured. The lipid extraot was then chromatographed 

for the separation of the cortical steroids. Findings of these 

experimente indicated that added MAD vith or without the 

presence of adrenocortiootrophic hormone (ACTH), was likely 

metabolized by the incubated adrenal glands beoause of the 
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elevated readings of ultraviolet absorption and the appearance 

of augmented ultraviolet-absorbing areas in chromatograms of 

lipide from the incubation media. It is, therefore, of 

interest to take up the study of a neglected aspect of 

adrenocortical activity---its action on androgens. Purther, 

provided if the possibility under heading (a) exista, auch 

an effect may be due to the action of the androgen itself or 

some of its metabolites. Knowing the products involved in 

the metabolic pathways employed by the adrenal tissue for 

utilization and disposition of the androgen, one can hope to 

gain some light on the nature of the definitive active 

substance(s). 

II. Biogenesis of Adrenocortical Steroids 

In spite of the recent advances and the many dis

coveries in the field of steroids, the sequence of reactions 

involved in the biosynthesis of adrenocortical steroids is 

still not fully known. The current concepts which are most 

generally accepted today are proposed by Pincus and his 

colleagues (2, ;). The work of others modified the original 

scheme but without drastic alteration. The following schemas 

are based on etudies with perfused ox adrenals:-

a) Formation and Utilization of Cholesterol and Cholesteryl 

Esters 

The steps involved in the formation of cholesterol 

from acetate vere well documented. Wright (9) has recently 

reviewed on this subject. Only the main steps are indicated 

in Fig. 1. 
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Fig. 1 

Formation of cliolestero,l and esters from acetate 

Acetate __ .,. Mevalonic Acid -+ Squalene -+ Cholesterol -:.:;;::t_ Cholesteryl Esters 

Fig. 2 

Postulated pathway for the formation of progesterone from choleaterol 

1 2 3 4 
Cholesterol --+ 20a-hydroxycholesterol --+ 20a,22~-dihydroxycholesterol --+ Pregnenolone --+ 

Progesterone 

1 - 20d-hydroxylase (4) 

2 - 22-hydroxylase (5) 

3 - 20,22-desmolase (6) 

4- 3f-hydroxysteroid dehydrogenase (7) and isomerase (8) 



Cholesteryl esters are included here because of the 

findings of Griffiths (10), who, in 1960, showed that it is 

the estera rather than the free corticosterol which diaappears 

from the human adrenal glands on stimulation with ACTH, 

suggesting that the estera may play some role in the bio

eynthesis of corticosteroids. 

After the formation of cholesterol, progesterone is 

made from cholesterol and is further hydroxylated in 

several positions. These reactions are illustrated 

aocordingly in Fig. 2 and Fig. 3. 

b) Alternate Biosynthetic Pathways not Involving Cholesterol 

Whether cholesterol is an obligatory intermediate in 

adrenocortical steroid biosynthesis remains a controversial 

question. Recent work of Werbin and Chaikoff (11) seemed to 

bring light on this problem. By feeding guinea-pigs with 

cl4-oholesterol and examining cortisol excreted in the urine, 

they were able to demonstrate that for cortisol biosynthesis 

cholesterol was an obligatory preoursor. In the subsequent 

year (1962), Caspi (12) established that the biosynthetic 

origin of nine carbon atome in cl4_cortisol was shown to be 

the same as those nine carbon atome in cl4_oholesterol formed 

at the same time from the methyl and carboxyl carbone of 

l-c14-acetate perfused through ox adrenals. This aleo supports 

the view that most of the cortisol is derived from cholesterol. 

However, radioactivity was found in certain carbon atome where 

none was expected, allowing for the possibility of the 

existence of an alternative biosynthetic pathway not involving 
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cholesterol. 

III. Steroids Foraed bY the Rat Adrenal Cortex 

According to their physiological activity, steroids 

formed by the adrenal cortex can be divided into four groups:

a) Glucooorticoids, which exert an influence on 

carbohydrate metabolism (13, 14), 

b) Mineralcorticoids, whioh control the electrolyte 

balance in the body (15), 

c) Sex horaones, which includes androgens, estrogens and 

progesterones, and 

d) Physiologically inactive steroids, which are probably 

the precuraora or metabolites of the active hormones. 

Bush (16) was the first to apply methode of chroma

tography to the study of the secretion of the rat adrenal. 

He concluded, from the mobility of the produots isolated 

from the adrenal vein blood, that the major secretory product 

is corticosterone and that the ratio of hydrocortisone to 

corticosterone is lesa than 0.05. Similar observations were 

made on the steroid content of rat adrenal vein blood by 

Vogt (17), Holtzbauer (18) and Reif and Longwell (19). They 

further deteeted an unidentified, non-reducing compound 

slightly more polar than corticosterone. 

The demonstration by Saffran et al (20) that isola.ted 

rat adrenals incubated iB _T_i_tr.o. secrete adrenocorticoids and 

respond to AOTH provided a convenient, simple method for the 

study of adrenocortical seéretion, which is free of the 
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Fig. 3 

Progesterone hydrox::r1ations in C-21 oortiooete.roid biosrnthesis 

17G-hydroxyprogesterone 

2 

l?G-hydroxy-11-deoxyoorticosterone 

13 
Cortisol 

1 - 1701-hydroxylase 

2 - 21-hydroxylase 

3- 11f-hydroxy1ase 

4 - 18-hydroxylase 

5 - 18-hydroxysteroid dehydrogenase 

Progesterone 

1 
11~-bfdroxyprogesterone 

11 ', 
'' ? 

' ' 21-deoxycortieol , 

2 

11-deoxylo:ticosterone 

Cortioosterone 
', 1 

' 4• 5 
' f )& ...... 

Aldosterone 



technical difficulties of adrenal vein cannulation. Elliott 

and co-workers (21) developed micromethods for the 

estimation of adrenocorticoids extracted from the adrenal 

incubation media and found that measurement by ultraviolet 

absorption gave higher values than by reduction of tetra

zolium, which measures the ot -ketol aide chain. They 

concluded that the rat adrenal secretes compounds lacking 

the characteristic ol -ketolic si de chain in addition to 

C( -ketolic compounds. Ohromatography of the incubation 

extracts revealed that most of the compounds secreted by the 

isolated rat adrenal have polarities equal to or greater than 

oorticosterone (22) in agreement with the findings on adrenal 

vein blood (23). Four major ultraviolet-absorbing regions 

were obtained by Heard et al (24) on chromatograms of ex

tracts of rat adrenal incubation media developed in the 

toluene-propylene glycol system of Burton, Zaffaroni and 

Keutmann (25); these were designated the F, E, x, and B 

regions in order of decreasing polarity. 

On the basie of mobilities of the free and 

acetylated compound and mixed chromatography with the 

authentic reference compound, Heard et al {24, 26) suggested 

that the material in the F zone was hydrocortisone. Reif 

and Longwell (19) obtained material with~e mobility of 

hydrocortisone from rat adrenal vein blood, and aeveral other 

workers detected it using in vitro adrenal preparations (22, 

27, 28, 29, 30, 31). Mialhe-Voloss et al (32) obtained 

evidence for the presence of a 20, 21-diol in this region. 
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Birmingham and Kurlents (33} found that eluates of the ~ 

zones possessed hardly any reducing activity and gave a 

negative Porter-Silber reaction, indicating the absence of 

a dihydroxyacetone aide chain; they concluded that little if 

any hydrocortisone is present in the ~ zone. 

The material in the E zone was thought to be 

cortisone by Heard's group (24} who later obtained evidence 

for its contamination with aldosterone (26). The presence of 

aldosterone wae confirmed by Giroud (29, 34) and Mialhe-Volose 

(28). Birmingham and Kurlente (33) could find no evidence for 

the presence of Porter-Silber positive substances in this 

zone, and hence no evidence for the presence of cortisone. 

The material in the X zone was found to be non

reducing (22, 24, 26, 30, 36). Péron (37) claimed the 

identification of 6 ~-hydroxy-11-desoxycorticosterone as a 

minor component of this region. The material in this zone 

resembles in several properties the non-reducing, ultraviolet

abeorbing steroid detected earlier in adrenal vein blood by 

Vogt (17), and is apparently identical with compound RT5 of 

Giroud (29), steroid 3 of Eisenstein (30) and compound Y of 

Reif and Longwell (19). That this compound gives a Porter

Silber reaction, presumably .specifie for the dihydroxyacetone 

aide chain, in spite of ita apparent lack of an d-ketolic 

group, was found for the compound isolated from the adrenal 

vein blood by Reif and Longwell (19) and independently for the 

compound produced 1B vitro by Birmingham and Kurlents (33). 



The presence in this region of 17d-hydroxy-ll-desoxycorti

costerone claimed by Roberts {35) was ruled out by the 

significantly greater polarity of the unknow.n material (19,24). 

The material in the X zone is a major secretory product; it 

represente almost all of the Porter-Silber chromogenic 

material secreted by the rat adrenals ~vitro (33), which in 

turn accounts for one-third to one-half of the total ultra

violet-absorbing material seèreted in the absence of ACTH 

( 30' 38). 

More recently Ward (40) reported that the major 

secretory products of the rat adrenal cortex are corti

costerone and 20-+ 18-hemiketal of 18-hydroxy-11-desoxycorti

oosterone. The latter was located in Heard's X zone and its 

identity was first revealed independently by Ward (40) and 

Féron and Koritz (41) almost at the same time. Aldosterone 

was found to be the major oomponent of the E zone. Other 

minor components of the adrenal secretion were identified to 

be 11-dehydrooorticosterone and ll~desoxycorticosterone. 

The rat adrenal also secretes material with polarity in 

toluene-propylene glycol system similar to that of hydro

cortisone. This material was found to 1ack a dihydroxy

acetone aide chain, a ketone function at C-11 and a hydroxy1 

group at C-17 and C-6. It was not identica1 with 20 Cl - or 

20 , -dihydrooorticosterone. It. was a1so pointed out that i t 

migbt consist of more than one component. 

It has been demonstrated by severa! workers (17, 23, 

24, 31, 35) that the B region consiste mainly of cortioosterone, 



on the basie of chromatographie behaviour and reducing 

properties of the material in that zone. 

In addition, other less polar compounds have been 

detected in smaller amounts• Elliott and Sohally (22) found 

small amounts of material with the mobility of 11-desoxycorti

oosterone on ehromatograms of rat adrenal incubates. Roberts 

(35) reported the secretion of equal amounts of this compound 

and oorticosterone by the adrenal incubated in the absence of 

ACTH. An ultraviolet-absorbing steroid of similar mobility 

was found in rat adrenal vein blood by Reif and Longwell (19). 

IV. Adrenal Androgens 

That the adrenal gland can synthesize androgens was 

indicated by the early isolation etudies of Reichstein et al 

who identified adrenosterone (59), 11~-hydroxyepiandrosterone 

(60) and androstenedione (61) in adrenal gland extracts. 

These findings are of particular interest in view of the 

frequent association of virilism in women with hypertrophy 

or tumour of the adrenal cortex {62). In this eonnection it 

is interesting to note that an excess of androgenie hormone 

has been found to be present in the urine of virilism cases 

by Simpson {63), and by Simpson, deFremery and Macbeth (64) 

and Gallagher (65). Callow (66) has reported the isolation 

of the androgenic substance from the urine of a patient in 

an adrenal tumeur. The androgenic potency of the compounds 

isolated from the cortex led Reichstein (59, 67) and after

wards Mason, Myers and Kendall (68) to suggest that the 
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compounds in question had a steroid structure. 

The presence in the adrenal of compounde possessing 

androgenic potency and the theory that the adrenal cortex 

exercises a direct control over the male accessory sex organe 

had received support from the work of Davidson and Moon (69). 

They have show.n that treatment of castrated immature male 

rats with pituitary gonadotropic extract containing the 

adrenotropic and lactogenic factors, but no growth, 

thyreotropic or gonadotropic hormones, resulted in not only 

hypertrophy of the adrenal cortex but also considerable 

stimulation of the seminal vesicles was observed. It then 

seemed probable that the adrenals form an androgenic principle. 

The fact that excretion of male hormone persiste, 

although on a much lower level, after the cessation of 

sexual function and after ovariectomy led Callow (70) to 

the suggestion that the adrenal may be the principal source 

of excreted male hormone. Oallow and eo-workers (71) 

further showed that gonadectomy in either sex did not aboliBh 

urinary 17-ketosteroids production, suggesting androgen 

secretion by the adrenal. 

Although adrenosterone was first isolated from the 

adrenal tissue by Reichstein in 1935, the saae compound in 

pure crystalline state was actually first separated from 

human urine by Butenandt in 1931 (72, 73). Butenandt's 

findings were supported by additional data by Butenandt and 

Tschering (74, 75). A second male-hormone, which was found 

to be an ester-chloride derivative of dehydroisoandrosterone, 
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was separated in 1934 by Butenandt and Dannenbaum (76}. 

That the chloride is an art~fact obtained from the parent 

compound dehydroisoandrosterone during extraction procedures 

was proved by Butenandt and his associates. In the later 

etudies they concluded that man's urine contains praetically 

equal amounts of androsterone and dehydroisoandrosterone (77). 

The first androgenic steroid was isolated from 

adrenal vein blood by Gassner et al (78}. In 1953, the 

presence of 11~-hydroxy- ~4-androstene-3,17-dione was 

demonstrated in human adrenal venous blood {79) and urine (80) 

after adrenocorticotropin administration. In the subsequent 

year, Block et al (81) perfused bovine adrenals with 

homologous blood containing added adrenocorticotropin. They 

were able to demonstrate the presence of 11~-hydroxy-
4 

~ -androstene-3,17-dione as well as adrenosterone and 

4 4 -androstene-3,17-dione, in the perfusates. 

The production ~vitro of the adrenal androgens from 

acetate by various preparations of human adrenal glands is 

we11 established (42). The avai1ab1e evidence suggests 

that the pathways invo1ved in the formation of androstenedione 

are similar to tho~demonstrated for the gonade. The adrenal 

androgen, dehydroepiandrosterone, was isolated following 

incubation of a3-pregnenolone with a homogenate prepared 

from an adrena1 adenoma (43), and 17«-hydroxypregneno1one 

was shown to be an intermediate by So1omon, Carter and 

Lieberman {44). Lombardo and Hudson (45) and Cooper and 

associates (46) isolated 11 ~-hydroxyandrostenedione from 
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adrenal tissue from patients with metastatic breast careinoma, 

prostatie carcinoma, and hypertension. Androstenedione, 

dehydroepiandrosterone, and 11 ~ -hydroxyandrostenedione have 

be en demonstrated in human adrenal vein blood ( 4 7, 48, 49, 50) • 

• The adrenal origin of the aforpentioned androgens is well 

doeumented by 17-ketosteroid secretory rate etudies measured 

by isotopie dilution (51, 52). 

With fresh human adult "normal", atrophie and various 

"abnormal" adrenal sliees, Cohn and Mulrow (53) were able to 

demonstrate the release of dehydroepiandrosterone, 

an.drostenedione ~d 11 p -hydroxyandrostenediorie into the 

medium after three hours of incubation in Krebs-Ringer 

bicarbonate buffer, fortified with glucose. They also found 

that the addition of ACTH to the system increased 

11 ~ -hydroxyan.drostenedione release in all kind of tissues 

studied. They added, however, that ACTH did not stimulate 

dehydroepiandrosterone and androstenedione release. More 

recently, Dorfman et al (54) claimed that they were the first 

ones to demonstrate the potentia1ity of homogenates of 

normal and abnormal human adrena1s to form testosterone from 

progesterone. Other biosynthetic produets isolated by them 

in the same study were 17 cl -hydroxyprogesterone, 

androstenedione, and cortisol. The possible pathways of 

adrenal androgen biosynthesis are summarized in Fig. 4. 

Up to 1956, five androgenie steroids had been 

isolated from adrenal tissue (82). They inc1ude a C-21 

compound, 17a-hydroxy-progesterone, and four C-19 compounds, 
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Fig. 4 

Possible pathways of adrenal androgen biosynthesis 

1 
Pregnenolone 17a-hydroxypregnenolone 

21 ! 5 
Progesterone 4 Dehydroepiandrosterone 

'l 7 
l 6 

17d-hydroxyprogesterone Androstenedione Testosterone 

91 10 111 

8 21-deoxycortisol 11,-hydroxyandrostenedione 

11-deoxycortiso.l 

121 
Cortisol 

19-hydroxytestosterone 
1 
1 

"' Oestrogens 

Reactions 1, 5, 6, 11--- 1957, Block, Dorfman and Pincus (55}; later Bloch and Benirschke (56) 

1, 5- ------ Goldstein, Gut, and Dorfman (43}; Lipsett and Hokfelt (57) 

3, 7------ Solomon, Lanman, Lind and Lieberman (58} 

Adrena1 androgens are oonverted predominantly from 1 --+ 5 --+ 6 --+ 11 rather than from 

2 --+ 3 __. 7 --+ 11. 



adrenosterone, A4-androstene-3,17-dione, androstene-3 ~, 

11 f -diol-17-one and 11 ~ -hydro:x:y- A4 -androstane-3, 17-dione. 

And by 1959 three additional androgens had been iso1ated 

from this source. An account of the adrenal androgens known 

to date ie given in Table 1 (83). 

V. Biosyntheeis of Adrenal Oestrogens 

The formation of oestrogene from any precureor !B 
vitro by normal adrenal tissue bas not been demonetrated. 

The finding by Meyer (84) that bovine adrenal glande are able 

to introduce a hydroxyl function in the 019 methyl group of 

6 4 -androstene-3,17-dione wae followed by the suggestion 

that the biologie removal of the angular methyl group would 

be preceded by this preliminary hydroxy1ation. Griffiths (85) 

obtained similar resulte with guinea pig adrenals. 

Hydroxylation at C-19 may, therefore, serve as an inter

mediate step in the conversion of androgene to eetrogene. 

That this ie the case was demonstrated in human placental 
c 

tissue by Meyer (86), Ryan (87) and Lon~ampt et al (88). 

Another hypothetical biosynthetic route is shown in Fig. 6. 

To bring the present state of knowledge up to date, it 

should be mentioned that Engel and Dimoline (89) have 

recently reported that surviving elices of human adrenal 

cortex have only a very limited capacity to carry out the 

aromatization of testosterone or 19-hydroxyandrost-4-ene-3, 

17-dione. 

VI. Testicular and Synthetic Androgens 

The principal natural occurring androgene are 
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TABLE 1 

0-19 androgenic steroids of adrena1 origin (83) 

~4-androstene-3,17-dione 

Dehydroepiandrosterone 

Testosterone 

Adrenosterone 

11~-hydroxy-A4-androstene-3,17-dione 

11~-hydroxyepiandrosterone 

6f-hydroxy-A~androstene-3,17-dione 

6~hydroxy-A4-androstene-3,17-dione 

19-hydroxy-44 -androstene-3,17-dione 
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androsterone, dehydroepiandrosterone and testosterone, 

the latter being the most active of the three compounds. 

The isolation and identification of androsterone and 

dehydroepiandrosterone have previously been referred to. 

Testosterone was first prepared in crystalline form from 

bull testis-tissue by Laqueur et al (90). At practically 

the same time, Butenandt and Hanisch (91) and Ruzicka and 

Wettstein {92) announced the artificial preparation of 

testosterone, identical in physical, chemical and biologieal 

properties with the natural form. 

Much synthetio work has been done on testosterone 

analogues wi th 17 ol-alkyl substi tuents and/or 19-nor 

structures as well as on 9-halogeno-11-hydroxy derivatives. 

Many androgens are found to have protein-anabolic aotivity, 

an4 muoh work has recently been done to develop oompounds 

with a high anabolio/androgenio ratio, e.g., 17 or-ethyl-

19-nortestosterone. 

VII. Influence of Androgens in Metabolism 

a) Protein Metabolism 

The influence of androgens on protein metabolism 

has been studied in detail sinee the demonstration by 

Xochakian and Murlin (93, 94) and Kochakian (95) that urinary 

extracts containing androgenic material, and also the pure 

compounds,4~androstene-3,17-dione and testosterone, were 

capable of causing nitrogen retention in the castrated dog. 

A decrease in the urinary nitrogen of the treated animal was 

observed, whereas the fecal nitrogen and the nitrogen content 
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of the blood were unaffected. Similar observations were 

made by Kenyon et al (96) and by McCullagh and Rossmiller (97) 

in human beings. Increase in nitrogen excretion exceeding 

the pretreatment levels followed when androgen treatment 

was discontinued. With rats, the administration of 

testosterone propionate produced nitrogen retention in normal, 

castrate, adrenalectomized, and hypophysectomized animale 

(98, 99, 100). However, the effect in rat lasts for about 

one week in spite of continued treatment. In 1950, 

Kochakian (101) studied the relative nitrogen-retaining 

activity of a variety of androgens in two strains of rats. 

He pointed out that there is a strong correlation between 

the nitrogen-retaining activity and the androgenic potency 

of these eompounds. 

The mechanism by which androgens bring about their 

effect on nitrogen retention has not been fully elucidated. 

The quantity of nitrogen retained is too great to be ex

plained as an action only on sex accessnry tissue. The 

effect appears to be rather a more general one auch as the 

influence on skeletal musele. The nitrogen-retaining action 

of androgens takes place in the absence of the testes, the 

pituitary, the pacreas or the adrenals. The decreased urinary 

nitrogen excretion is principally due to a decreased amount 

of urea. The concentration of ammonia nitrogen is un

changed. Increase in protein synthesis and decrease in the 

rate of amino acid catabolism had actually been demonstrated 

by Bartlett (102) in the female dog. The amount of nitrogen 
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retained under the influence of an androgen varies depending 

upon the hitrogen intake, age, and differe in certain diseases 

due to disturbancee in endocrine functions. 

b) Carbohydrate Metabolism 

Early report of Fichera (103) indicated that 

testosterone propionate caused hyperglyeemia and a decrease 

in liver glyeogen in male rabbits. However, the group headed 

by Gaunt (104) was unable to influence liver or muscle 

glycogen in rats by treatment with the same androgen. On the 

other hand, Cahone (105) claimed a decreased concentration 

of muscle glycogen in guinea pige treated with testosterone. 

A decrease in muscle glyoogen was also observed in adrenal

ectomized rats when treated with testosterone propionate. 

17a-methyltestosterone was found to be able to 

deerease sugar tolerance and liver glycogen in the intact 

rabbit (106). These effects can be nullified by hypo

physectomy or thyroidectomy. Testosterone produced no 

change in sugar tolerance but increaeed liver glycogen. 

Decreased eugar tolerance and glycogen stores were also 

observed in patienta with hypogonadism. 

VIII. Adrenal Cortex and the Gonade 

It has been mentioned previously that the adrenal 

cortical tissue secretes androgens. The cella of the adrenal 

cortex arise from the coelomic mesoderm of the posterior 

abdominal wall near the anterior portion of the mesonephros 
• and condense into a small cluster of acidophilic celle 

between the root of the mesentery and the genital ridge from 
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the fourth to the sixth week of embryonal development. This 

structure eventually becomes the foetal cortex. Inclusion 

of cella from the genital ridge in the adrenal cortex is 

responsible in part for the widespread distribution of . 

adrenal resta and for the occurrence of androgenic and 

oestrogenic tumours in the adrenal cortex in later life. 

At the early stage of development, the primitive 

gonad bas the potentiality of developing into either a 

testis or an ovary. Although embryologiste have not finally 

established the ultimate embryonie origin of eaoh oell type 

in the mature ovary or testis, the main outlines of gonadal 

differentiation in each sex are clear. 

It is know.n at one stage of development, the gonad 

is situated immediately adjacent to the adrenal gland and 

has a close ontogenie relationship to it. Nesta of adrenal 

celle frequently separate off with the gonad as 

differentiation proceeds and are found as adrenal reste in 

the mature ovary or testis. (107) 

IX. Effeot of Androgens on Adrenal Cortex 

That natural and synthetic oortioosteroids dimimish 

or abolish pituitary AOT.H production, causing thereby adrenal 

atrophy and hypofunotion, has been known since Ingle and 

Kendall (108) published their report in 1937. The original 

work of Outu1y, Cutu1y and Mc0u11agh (109), confirmed by 

Leonard (110), and Zizine, Simpson and Evans (111), showed 

that androgens and some other steroids (112, 113) wou1d 
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prevent partially the expected adrenal atrophy after hypo

physeetomy. Leathem (114) saw the same e!fect of testosterone 

propionate but found that it was a time-limited response which 

faded out after two weeks despite continued treatment. Gaunt, 

Howell and Antolichalt ( 115) found that MAD and testosterone 

propionate counteracted markedly the adrenal-inhibiting effects 

of cortisone. In 1953, Winter, Bollings and Stebbins (117) 

observed adrenal-maintaining effect of the same two compounds. 

Gant, Tuthill, Antonchalt and Leathem (118) reported that 

cortisone-induced adrenal atrophy in the intact animal 

could be prevented by testosterone and a large number of 

other C-19 and 0-20, but not C-21, steroids, and that this 

e!fect could not be correlated with their androgenic, growth 

stimulating or other observed biological properties. But it 

was Reifenstein, Forbes, Albright, Donaldson and Carroll {119) 

and Brooks and Prunty (120) who pointed out that under 

conditions when ACTB was available, 17 a -ethyl-19-

nortestosterone and other androgens suppressed adrenal 

secretion rather than exerting a beneficia! effect on the 

function of cortical tissues in man. Similar resulta were 

obtained by Saffran and Vogt (1) in intact rats treated with 

MAD. 

The findings of Winter et al (117) and Gaunt et al 

(118) were repro,duced by Rinne and Naatânen wi th nor

androstenolone-phenyl-propionate (121), Llaurado et al with 

norethandrolone (122), and Kar et al with 19-nortestosterone 

(123). 
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Recently (1961), Jekete and Gorog (124) found that 

MAD and norandrosterone propionate had no effect on adrenal 

hypofunotion due to cortisone in spite of their capability 

of averting adrenal atrophy to a significant degree. They 

also failed to demonstrate the presence of any close cor

relation between morphologr and function in the same series 

of experimente. 

X. Metabolism of Androgens bz Tissueaother than Adrenal Cortex 

In 1934, Zondek {125) demonstrated that oestrogens 

were inactivated and destroyed by the liver tissue. This 

suggested that androgens might undergo similar changes in 

the body. Earlier in 1933, BÜhler (126) had already re

ported that only a small proportion of the activity of a 
' 

urinary androgenic extract injected into a human male was 

recovered in the urine. In 1935, Davidt Dingemanse, Jreud 

and Laqueur (127) showed that the hormone isolated from the 

testis was different and more active thanany of the 

androgenic substances which were separated from the urine. 

Later, Dorfman and co-workers (128, 129, 130, 131, 132, 133) 

found that when large doses of testosterone were administered 

to human beings and various animale, androsterone, 

isoandrosterone, and etiocholanol-3d-17-one were excreted 

into the urine. Dobriner and aesociates (134) had since 

shown that androsterone and etiocholanol-3d-17-one appear 

in largest quantity in normal urine and in about equal amounts, 

while isoandrosterone was present in much smaller concentration. 



Only very small amounts of etiocholanol-'3 ~ -17-one were 

fouhd. 

Three possible routes by which testosterone was 

metabolized in the body were proposed by Koch (1'35) to ex

plain the resulta of excretion studies:-

i) Reduction of ketone group in ring A followed by 

oxidation of C-17 and subsequent reduction of the double 

bond; 

ii) Oxidation of C-17 followed by a progressive reduction 

of ring A; 

iii) Reduction of the double bond followed by oxidation of 

C-17 and subsequent reduction of the ketone group on C-'3. 

The two saturated dionee postulated by the third 

route had sinee been found in the urine by Lieberman and 

Dobriner (136). Since A~androstene-'3,17-dione was also 

found, a fourth probable course would be:-

iv) Oxidation of C-17 followed by saturation of the double 

bond and then reduction of the ketone group at C-3. 

Findings by the same group suggested the following 

possible metabolic pathway of testosterone as indicated in 

Fig. 5. 

About 50~ of the testosterone administered was not 

aecounted for. In addition. the number of organe and enzyme 

systems involved in these changes were unknown at that time. 

That the liver was the major site of androgen in

activation was first eonfirmed by Biskind and Mark (137). 

Burrill and Greene (138) showed that the livers of male rats 
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Fig. 5 

The metabolism of androgens by tissues as reviewed by Samuels (143} 

Testosterone 

4 l 
A -androstene-3,17-dione 

/~ 
(1%) Androstane-3,17-dione Etiooholane-3,17-dione 

/ ~ / ~ 
(45%) Isoandrosterone Androsterone Etiocholanol-3&-one-17 Etiocholanol-3~one-17 t_ ... 

17 f-OH ...- or --,. 17~0H 

( 5%) ~ Androstanediols-3,17 and 4 Etiooholanediols-3,17 

! 
? 

( ) Percentage of testosterone administered appeared as the metabolites indicated on the 
right hand aide of the figure. 

Possible metabolio pathway of testosterone based on isolation experimen~ in urine. 

All the compounds shawn above had been isolated from human urine (with the exception of 
testosterone). 



were also capable of inactiTating androgens produced by 

their own testioular tissue. 

Danby in 1940 (139} reported that perfusion of bull 

testes with blood led to an increase in the androgenic 

activity of the blood. She also stated that perfusion of 

liver or kidney of bulla resulted in the disappearanoe of a 

large proportion of testosterone introduoed into the system. 

She added that pulped liver or kidney lost the ability to 

destroy the hormone. 

Enzyœic destruction of an4rogens bl rat liver tissue 

Testosterone, when incubated with minoed rat liver 

tissue in the presence of oxygen, was definitely destroyed 

(140}. The simultaneous disappearance of the 240 m~ 

absorption band indicated the destruction of -.p-unsaturated 

ketonic structure. Failure to obtain any colour by the 

Zimmermann method indioated that 17-ketosteroids were not 

the final break·down produots under auch experimental 

conditions (141, 142). Destruction was shown to be enzymic 

since boiling deprived the tissue of the ability to deetroy 

the hormone. That oxygen was essential for destruction 

implied that some oxidative prooesses were involved. 

It is also interesting to know that when DPN was 

added to the incubation media, the disappearanoe of 

testosterone as measured by the decrease in absorption at 

240 ~ was aocounted for by the formation of 17-ketosteroids. 

Hence DPN appeared to enhance the destruction of o,p-unsaturated 

ketonio structure and the oxidation of C-17 of testosterone. 
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Added citrate only inoreased the destruction of the 

~.~-unsaturated ketonic group in ring A. These observations 

were made with chicken-liver mince. However, with rat-liver 

mince, only a small proportion of the testosterone molecules 

in which d,p-unsaturated ketonic structure was destroyed 

could be accounted for as 17-ketosteroids. When DPN was 

added, destruction of d,~-unsaturated ketonio structure 

increased, and a large proportion of these were converted 

into 17-ketosteroids. Added citrate had the same effect as 

with chioken-liver mince. It was, therefore, concluded that 

there were at least three enzyme systems operating:-

i) A system acting slowly on ~~p-unsaturated ketonio 

group in ring A, 

ii) DPN-activated enzyme oxidizing 0-17 hydroxyl group, 

and 

iii) Another system, affected by citrate, alao acts on 

~~p-unsaturated ketonic structure. 

Other androgene auch as androsterone and methyl

testoeterone are also metabolized by rat-liver mince, the 

former more rapidly, whereas, the latter more slowly than 

testosterone (143). 

Metabolism of androgens by tissues other than the liver 

Few tissues other than the liver metabolize 

testosterone. The one other tissue which has been found to 

be significantly active is the kidney, with a rate being 

approximately equal to one-third of that of the liver (143). 
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XI. Metabolism of Androgens by Adrenal Gland 

Much work has been done on the study of the effect 

of androgens on the adrenal gland, but until recently little 

attention has been paid to the action of the adrenal on 

androgens. Early etudies on the metabolism of testosterone 

by tissues other than the adrenal have been referred to. 

Only very recently have Chang et al (144) demonstrated that 

incubation of normal human adrenal homogenate with 4-014-

testosterone yielded, among other compounds, the following 
4 . 

metabolites: ll.-androstene-3,17-dione, adrenosterone, 

11 ~ -hydroxy-A4 -androstene-3,17-dione, and 11 ~ -hydroxy

testosterone. The latter is found to be the major conversion 

product. 'Based on this, the author_s concluded that 11 ~

hydroxylation seemed to be predominant in adrenal tissue. 

This should not be surprising in view of the fact that adrenal 

homogenates have long been known to be capable of introducing 

a hydroxyl group in the 11 ~ -position of certain neutral 

(145, 146, 147, 148) as well as phenolic (149) steroids. It 

is interesting to note that the usual metabolites of 

testosterone, auch as androsterone and 3 ct -hydroxy-5 ~ -

androstan-17-one were not found in detectable amounts in the 

incubation extract of Chang et al. Wb.en ma.mm.alian adrenals 

of several species were incubated with A4 -androstene-3,17-

dione as a substrats, metabolites were formed by reduction 

of ring A (116). This indicates that these mammalian 
4 ' adrenals possess A-hydrogenase activity. 

As Lombardo and Hudson (45) have already demonstrated, 
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vi th human adrenal glande, that adrenosterone and ll ~ -h;rdroxy-
4 

A -androstene-3,17-dione do not arise from 3 ~-h;rdroxy-

A~-pregnen-20-one, progesterone, 17-h;rdroxyprogeeterone or 

17-h;rdroxydeoxycorticosterone, Chang et al (144) poetulated 

that their 11 ~ -h;rdrox:r- A4 -androetene-3,17-dione may 

originate from either one of the two sources: 

i) Dehydrogenation of 11 p -h;rdroxytestosterone, or 

11) Direct 11 t-hydroxylation of Â
4 -androstene-3,17-dione. 

In addition, they also reported the isolation of a higbly 

polar compound which was thought to be a C-16 or C-6 

hydroxylation product formed by the adrenal tissue. Further

more, there is also evidence supporting the claim that adrenal 

tissue can convert some androgens to phenolic steroids, 

presumable oèstrogens (144). 

The work of Chang et al gained further support from 

Engel and Dimoline (89), who also demonstrated the conversion 

b;r surviving slices of human adrenal cortex of testosterone 

to 11 f -hydroxytestosterone. They too observed the production 

of one other polar metabolite of testosterone, whose identity 

is still unknown. Moreover, a non-polar metabolite having the 

properties of a testosterone ester has also been mentioned. 

XII. Mechanism and Possible Sites of Action of Androgens 

It has been known for a long time that treatment with 

androgens causes a decreased rate of atrophy of the adrenal 

cortex in hypophysectomized rats. Cutuly and McCullagh (109) 

thought that "the unexpected high weight of these glands was 

probably due to variable quantities of lipoidal material 
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since it has been demonstrated that the medulla does not 

change greatly in weight after hypophysectomy." Leonard (llO), 

however, attributed this effect to the unchanged state of the 

cell aize. Findings of Zizine and co-workers (111) seemed to 

agree with the point of view of Cutuly et al. For they 

succeeded in partially maintaining the adrenal weight and 

cortical lipid distribution in hypophysectomised rats with 

testosterone propionate. Since the androgen had the same 

effect in hypophysectomized male rats which had been 

simultaneously gonadectomized, they concluded that the effect 

of the male sex hormone did not seem to be mediated through 

the action on the pituitary or the gonade. 

In spite of the demonstration by Nathanson and Brues 

(151) that testosterone propionate could increase mitosis 

in the adrenal cortex, Leonard's experimenta (llO) indicated 

that apparently this did not occur in the absence of the 

hypophysis. It also appeared that an increase in the number 

of celle could not account for the "heavier" adrenals. 

It has equally well been established that adrenal 

atrophy produced after treatment with large doses of co~sone 

can similarly be antagonized by androgens {117). Winter 

and associates suggested that it is possible that the 

sparing action of androgens on the adrenal cortex of 

cortisone-treated rats is a consequence of their anabolic 

action. However, no auch action could be demonstrated upon 

the growth-auppreaaing action of cortisone in their ex

perimente. In view of the fact that it is not neeessary to 



assume that steroids have a qualitatively similar action 

upon metabolic phenomena in all the tissues of the body (152), 

they proposed that anabolic action of androgens on the 

adrenals might still be possible. 

Attempt has also been made by Rinne and Naataen (153) 

and others (117, 118) to study the effect of androgens on the 

histological picture of the adrenal cortex. Earlier Selye 

(154-156) reported that androgens exert rather specifie 

effects on the adrenal cortex. In rat they tend to increase 

cellularity of the glomerulosa and cause capsular fibrosis 

as well as a pronounced diminution of weight. This usually 

accompanied by fatty metaplasia of cortical cella. He also 

pointed out that only if very high doses of testosterone are 

given does the rat adrenal fail to involute. But Fekete and 

Gorog (124), with reference to Vecsei's Thesis (157), argued 

that auch histological findings offer no basie for drawing 

inferences concerning the funotional condition of the 

adrenals. 

More recently, the effects of steroids hormones are 

being studied intensively at the molecular level. Some 

model systems have been worked out for the mechaniem of 

action of oestrogens (150) and some other steroid hormones 

(150). However, similar systems have not yet been evolved 

for androgens, although Hurlock and Talalay (158) have 

found a transhydrogenase in rat liver which is stimulated by 

3~-hydroxysteroids. Sinoe another non-androgenic steroid, 

3d-hydroxy-5~-androstane-17-one, is found to be as effective 
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as androsterone in mediating transhydrogenation, the 

relation between this effect and androgenicity becomes 

obscured. It was further pointed out by Bloom (159) and 

Stein and Kaplan (160) tbat the bydroxysteroid-mediated 

transhydrogenation bad a minor role in liver. Considerable 

amounts of work have been done on the effects of castration 

and androgens on the levels of D-amino acid oxidase (161), 

transaminase and glutamic dehydrogenase (162, 163). Of 

particular interest is the work of Fishman and Lipkind (164), 

who demonstrated that levels of ~-glucuronidase in the renal 

tissue of mice was markedly increased by androgens. The 

specificity of this effect ihdicates that there ie some 

relation between structure and function. 

Enzyme-hormone interaction plays a definite, if not 

a particularly important,role in the process of metabolism. 

To elucidate the mechanism of known metabolic antagoniem 

between androgens and cortisone, Kowalewski and Bekesi 

studied tissue respiration, a function dependent upon enzyme 

activity, in animale treated with some C-19 and 0-21 

steroids (165). They found both androgens and cortisone 

significantly depreseed Qo~ of rat diapbragm and liver 

slices (166, 167). Kerppola recently reported tbat cortisone 

inhibits oxidative phosphorylation in liver mitochondria (168). 

Earlier Lacroix has provided evidence that enzymatic 

impairment observed in tissue of cortisone treated animale 

may be localized at the level of the Krebs Cycle (169). 

Subsequent work of Kowalewski shows that succinic 
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dehydrogenase activity in liver mitochondria was depressed 

by cortisone treatment (170). In epite of the reversible 

nature of the depression, androgens failed to alter that 

affect of cortisone. This observation seemed to rule out 

one of the possible sites of action of androgens, namely at 

the level of the Krebs Cycle, specifically between succinate 

and fumarate. 

With whole rat adrenal homogenates incubated in the 

presence of sufficient quantity of triphosphopyridine 

nucleotide, Tsutsui, Marks and Reich (171) were able to 

demonstrate that addition of dehydroepiandrosterone decreased 

the rate of generation of reduced triphosphopyridine 

nucleotide. When the concentration of TPN is sufficiently 

low to limit the rate of oxidation of glucose or glueose-6-

phosphate to CO& through the hexosemonophosphate shunt, 

addition of dehydroepiandrosterone stimulates the rate of 

formation of ce~ , reflecting an increased rate of oxidation 

of TPBH. On the other hand, the 1!1 :!ill effect of 

dehJdroepiandrosterone was believed to be on the rate of 

TPNH oxidation rather than on inhibiting the glucose-6-

phosphate dehydrogenase aetivity, thereby causing a decrease 

in available TPBH. It is well known that in the adrenal 

cortex many steps involved in the biosynthesis of steroids 

require the partiêipation of TPBH (172-176). These steps 

include the conversion of squalene to cholesterol, the 

conversion of cholesterol to pregnenolone by aide ohain 

cleavage and the conversion of androgens to oestrogens and 



various steroid hydroxylations. Decreased rate of formation 

of TPNH or increased rate of oxidation of TPNH is likely to 

interfere with steroid biosynthesis. 

Another possible site of action of androgens can be 

localized at the enzymes themselves. Ichii et al (54) showed 

that virilizing adrenal adenoma possessed a much higher 
4 biosynthetic capacity for testosterone and A -androstene-3, 

17-dione from progesterone than normal adrenal tissue. 

They also observed that when adrenal adenoma homogenate was 

incubated with progesterone, in spite of the intense in

crease in the formation of the two androgens, cortisol 

production per unit weight of tissue is only of the order 

of 5% of the normal tissue. The authors intErpreted this 

decrease as due to a possible competitive inhibition effect 
4 of A -androstene-3,17-dione on the enzyme, 11 ~-hydroxylase. 

This postulate is in good agreement with the recent report 

from Dorfman and Sharma (177), who found that testosterone, 

A
4-androstene-3,17-dione and dehydroepiandrosterone do not 

inhibit C-21-hydroxylation of progesterone and 17~-hydroxy

progesterone. This is in contrast to the inhibitory action 

of adrenal androgens on 11 p-hydroxylation step in corti

costeroid biosynthesis. Suppression of formation of corti

costerone by MAD was also reported. 
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EXPERIMENTAL 

PART I: The effect of MAD on the body weight, adrenal weight 

and the seeretory capacity of the adrenal cortex of rats. 

1. Material 

i) Steroid hormones used: 

a) MAD 

b) Cortisol (Compound F) 

c) Testosterone 

ii) Carrier: 

Peanut oil 

2. Preparation of solutions 

a) For control: 

A mixture of 10 m.l. ethanol (95%) and 11 ml. 

acetone was added, !ew drops at a time, to 4Ô ml. 

hot peanut oil contained in a 125 ml. erlenmeyer flask. 

The ethanol and acetone were allowed to evaporate off 

before the next addition. The flask was stoppered with 

a cork and the solution left overnight in an oven kept 

at 70-80° o. 
b) MAD solution: 

Procedures are the same as mentioned above except 

that 500 mg. of MAD were dissolved in the ethanol

acetone mixture before its addition to the hot peanut oil. 



c) Cortisol solution: 

As in (a) and (b), except cortisol replaced MAD. 

d) Cortisol - MAD: 

500 mg. each. 

e) Testosterone solution: 

500 mg. testosterone. 

3. Treatment 

Male 180 gm. to 200 gm. rats of the Sprague-Dawley 

strain, obtained from Canadian Breeding Laboratories, 

St. Constant were used. They were housed in groups of 

two per cage. The rats receiving the same treatment were 

kept in the same cage. No attempt waa made to train the 

animale to handling. 

In this series of experimenta, rata~ighing 180-200 

gm. were used. A daily aubcutaneous injection of 0.4 ml. 

oil was given to one group, 5 mg. MAD to a second, 5 mg. 

cortisol to a third, 5 mg. cortisol combined with same 

amount of MAD to a fourth, and 5 mg. testosterone to a 

fifth. All doses of steroids were in 0.4 ml. oil each. 

Treatment oontinued for 9 days, and on the tenth day 

adrenal vein blood waa collected and the left adrenal was 

weighed. The body weight of each animal was recorded 

every day before the injection was given. 

4. Anaesthetic 

a) Ether 

b) Nembutal (16 mg/ml) 



5. Collection of adrenal vein blood 

The animal was anaesthetised with 1 ml. of nembutal 

injected intraperitoneally. 0.6 ml. of heparin was 

injected via the tail vein. The abdomen was eut open 

along the mid ventral line. About midway along and 

perpendicular to the incision, two cuts were made, one 

to each aide, so as to expose the whole abdominal cavity. 

The viscera were displaced to one aide auch that the left 

adrenal gland could be reached without much hindrance. 

Fatty tissues and connective tissues had to be removed to 

free the renal vein, which was then bulldogged on the left 

before it joined the kidney, and on the right before it 

entered the vena cava. A small elit was made with a pair 

of fine scissors at the point where the adrenal vein and 

the renal vein met. Cannulation of the adrenal vein was 

made with a piece of extremely fine polyethylene tubing 

(I.D. = 0.023", O.D. = 0.038"). Adrenal vein blood was 

collected in ice-cooled tared centrifuge tubes for 15-

minute periode. 

6. Left adrenal gland 

When the collection of adrenal vein blood was over, 

the left adrenal gland was removed and cleaned free of fat 

in a Petri dish eontaining filter-paper (Whatman No. 41) 

moistened with distilled water. The gland was then 

weighed on an electric automatic balance. 

7. Fluorometric measurement of corticosterone content in 

adrenal vein blood 



The blood was weighed and then centrifuged. Transfer 

of plasma was carried out with micro-pipettes. 

Outline of procedures: 

a) 0.5 ml. plasma in a 15 ml. pyrex centrifuge tube. Volume 

brought up to 2.0 ml. with distilled water. 

b) Add 4.0 ml. heptane, shake 15 seconds and discard octane 

layer. 

o) Add 2.0 ml. distilled water and 5.0 ml. chloroform. 

Shake 30 seconds and centrifuge 3 minutes (2,000 rpm). 

Discard top layer. 

d) Add 0.5 ml. 1/10 H sodium hydroxide. Shake 15 seconds. 

Centrifuge 3 minuta (2,000 rpm}. 

e) Transfer 4.0 ml. of the chloroform extract to another 

15 ml. centrifuge tube containing 1.2 ml. 30 N sulphuric 

acid. Note the time. Shake vigorously for 30 seconds 

and centrifuge 3 minute (2,000 rpm). 

f) 1.0 ml. acid extract (bottom layer) transferred to a 

fluorometer tube. Read 30-40 minutes from the addition 

of sulphuric acid. Set fluorometer at 40. 

g) Set activating wave length at 460 mp and fluorescence 

wave length at 510 mp. 

8. Preparation of standard curves 

a) Standard stock solution -- A solution of standard corti

costerone in 95% ethanol was used. The concentration of 

the stock solution was made up to 0.1 ~g corticosterohe 

per 10 ~1 solution. 

b) Experimental procedures -- 30 pl 95% ethanol, 30, 25, 20, 



15, and 10 pl of standard stock solution were placed in 

15 ml. centrifuge tubes marked blank, Sl, S2, S3, S4 and 

S5, respectively. Evaporated to dryness. Then add 2.0 

ml. distilled water and proceed as outlined under (7). 

PART II: The effect of MAD on the secretory activity of the 

adrenal cortex of rats in vitro. 

The methode used.in this study were adapted from those 

of Saffran and Schally (178), and Birmingham and Kurlents (38). 

1. Material 

i) Steroid hormone (MAD) 

11) Peptide hormone 

Adrenocorticotropin (AOTH) 

2. Preparation of solutions 

a) Incubation medium: 

Krebs-Ringer-bicarbonate-glucose solution (178) which 

was saturated with 95% oxygen-5% carbon dioxide (KRBG). 

b) MAD solution: 

Weighed out amount of MAD was dissolved in 95% 

distilled ethanol to give a final concentration of 150 

pg MAD per 10 pl solution. 

c) AOTH solution: 

A few milligrams of USP corticotropin (1.14 U/mg.) 

were dissolved in an appropriate amount of glass

distilled water such that the final concentration would 

be 100 mt1 AOTH per 50 )11 solution .• 



d) Ethanol: 

95" distilled. 

3. Anaesthetic -- Nembutal: Part I (4) b. 

4. Incubation experimente 

8 male Sprague-Dawley rats, weighing 200-250 gm. were 

anaesthetised with nembutal, injected intraperitoneally. 

The adrenal glands were removed immediately after 

decapitation. They were cleaned free of fat and quartered 

in a Petri dish containing filter-paper moistened with 

KRBG solution. The adrenal quartera were then distributed 

among eight numbered segments of a second piece of moistened 

filter-paper in auch a manner that each segment contained a 

quarter of an adrenal from each rat. This filter-paper was 

kept in a Petri dish, which was placed in a "humidor" to 

keep the atmosphere moist, and kept cold by sitting the 

whole set-up on ice. 

Adrenal quartera were taken in an orderly way, four 

at a time, from each segment. The tissue was weighed on a 

microtorsion balance and placed in a 15 ml. erlenmeyer flask 

containing 1.5 ml. KRBG solution, and kept on ice. All the 

flasks were gassed with 95% oxygen-5% carbon dioxide for 20 

seconds and stoppered tightly. They were then placed in a 

Dubnoff Metabolic Shaking Inoubator, incubated at 370 C for 

60 minutes. At the end of this "pre-incubation" period, the 

medium in each flask was discarded by suction and replaced 

with 1.5 ml. of fresh KRBG solution. Ethanol and hormone 

solutions were added in a manner indicated, as follows: 
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:Flask No. 1 2 3 . 4 5 6 . 7 8 9 10. 11 12 

ETOH (ul) 10 10 10 10 10 10 

MAD ( ul} 10 10 10 10 10 10 

ACTH (ul) 50 50 50 50 50 50 

Flask No. 13 14 15 16 

ETOH (Jl.l) 10 10 

MAD (}11) 10 10 

ACTH (ul) 50 50 

The flasks were then gassed again with 95% oxygen-5% 

carbon dioxide and stoppered. From the time they left the 

incubator till the gassing stage, ali the flasks were kept 

on ice. 

The flasks were incubated for two hours under the same 

conditions as set for the pre-incubation. At the end of 

the incubation, medium from each flask was transferred to 

a 15 ml. stoppered centrifuge tube and extracted once with 

an equal volume of methylene chloride. The concentration 
4 of A -3-ketonic steroids was determined by ultraviolet-

absorption measurements of the methylene chloride extracts, 

while the corticosterone content was measured by the 

fluorometric method. 

5. Ultraviolet-absorption measurement 

Ail spectrophotometric measurements in this part were 

obtained in the Beckman DU spectrophotometer. The samples 
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were 1 ml. methylene chloride extract of the incubation 

medium. They were all read against 1 ml. of methylene 

chloride in the reference cuvette at wave lengths 240 m~ 

and 255 mp. Response of the adrenal cortical tissue to 

the added hormones was estimated by the difference between 

the optical densities at 240 m~ and 255 mp per lOO mg 

fresh weight of tissue. 

6. Fluorometric measurement 

Fluorometric method was used to measure the corti

costerone content of the extract. In this experiment, 

0.1 ml. of methylene chloride extract was taken and blown 

down to dryness under nitrogen. The residue was then 

treated with 1.2 ml. 30 N sulphuric acid. For fluoro

metric measurement, 1 ml. of the acid solution was taken 

and read against the appropriate blank together with a 

set of standards {Part 1, 8). 

PART III: Qualitative studies on the effects of some 

androgens on the pattern of corticoids produced by the rat 

adrenals 1B vitro 

1. Material -- Androgens used: 

a) MAD (concentrations used were the same as before 

except where specified) 

b) Methyltestosterone 

c) Testosterone 

2. Pre-treatment 

Pre-treatment of the animale with androgens and the 

method of incubation were exactly the same as mentioned in 
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the previous sections. The additional physical and chemical 

means exmployed for these etudies are, as follows:-

3. Paper chromatography 

a) Preparation of paper: 

Whatman No. 42 filter paper (47 or 54 cm. long) was 

eut along the fibre direction of the sheet to give sheets 

18 cm. wide consisting of strips of 1 cm., 2 cm., or 6 cm. 

wide attached to a common head. These sheets were washed 

in a Soxhlet apparatus with methanol-benzene (1:1) for 2 

days (179), hung in the dark for a few hours to dry, and 

then stored in the dark until used. 

b) Spotting {Application of steroids): 

Steroid extr~cts and the corresponding blanka were 

taken to dryness with nitrogen in a water-bath kept 

below 50° c. The residue was taken up with 1 or 2 drops 

of methylene chloride, and the resulting solution was 

applied to the paper strip with a micro-pipette. The 

solution was either confined to a small circle, not 

more than 0.5 cm. in diameter on narrow strips, or, was 

applied in the form of a streak on 6 cm. wide etripa. A 

jet of nitrogen was placed close to the spot to help 

evaporation during spotting. Appropriate reference 

standard steroids were included on each chromatogram, 

and so was a dye, either Sudan III or F-5, to facilitate 

detection of the solvent front in the former case and the 

position of compound X, 20 -+ 18-hemiketal-18-

hydroxydesoxycorticosterone, in the latter. 



c) Solvent system: 

The solvent system used was that of toluene

propylene-glycol (25). All solvents used were the highest 

quality reagent grade available. Toluene and methanol were 

distilled before use. 

i) Solvants: 400 ml. toluene mixed with 100 ml. 

propylene-glycol. 

ii) Wetting of paper: A solution mixture of 60 ml. 

methanol and 40 ml. propylene-glycol was used. The 

paper was wetted prior to application of the 

steroids by passing it through this solution. It 

was then blotted between two sheets of filter paper. 

iii) Temperature: 31 - 340 o. 
iv) Equilibration time: Overnight 

v) Running time: 8 - 12 or 50 - 72 hours. 

vi) Collection of effluent: Small beakers were placed 

underneath each strip to collect the drips for re

application. 

4. Drying of chromatograms 

After being removed from the chromatographie tanks, 

the chromatograms were hung in the dark overnight to dry. 

5. Detection of steroids on chromatograms 

Paper etripa 1 cm. wide were eut from the developed 

ohromatograms and scanned in the Beckman DU spectro

photometer at 240 m~. The width of paper exposed to the 

ultraviolet light was confined to 3 mm. by means of a 

diaphragm placed in the light path in order to avoid any 
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destruction of the steroid by excessive exposure to ultra

violet light (180). In the later part of the course of 

this study, an autoscanner (Densicord, Photovolt Inc., N.Y.) 

was used, which was found to be more efficient and exact 

in locating the steroid masses. Bath machines detect 

steroids possessing an cl, ~ -unsaturated ketone group. 

6. Colour reactions on Eaper 

Colour tests were performed on narrow etripe (0.3 cm. 

wide) eut from 1 cm. wide strips of the developed chroma-

tograms. 

a) Porter-Silber reaction: 

Compounds possessing the dihydroxyacetone side chain 

give a positive Porter-Silber reaction (181). Its 

application on paper was adapted by Birmingham (182). 

The paper strip is passed through the Porter-Silber re

agent (181) at room temperature and the development of 

the characteristic yellow colour of the phenylhydrazone 

noted. This colour appears in half to two hours with 

2 pg/cm2 of steroids containing the dihydroxyacetone 

aide chain and immediately with steroid-21 aldehydes. 

b) Reduction of a tetrazolium derivative: 

The paper strip was passed through a solution of the 

tetrazolium derivative M. and B. 1767 (2 mg. of 2:5-

diphenyl-3-(4-styrylphenyl)-tetrazolium chloride + 2 ml. 

of 95% ethanol+ 5 ml. of 2.5 N NaOH). It was then 

passed quickly through distilled water and blotted 

lightly between two sheets of filter paper. Develop-
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ment of a purple oolour is charaoteristic of compounds 

possessing an ~-ketol group, whioh can be deteoted at 

a concentration of 2 ~g/cm2 • 

PART IV: Some quantitative etudies on the effeots of some 

androgens on the production of oortioosteroids bi rat adrenals 

in vitro 

Cortioosteroids produoed by inoubated rat adrenals 

were separated by paper chromatography (Part III, 3). The 

appropriate ultraviolet-absorbing areas, as looated by 

scanning and oomparison with the reference steroid strip, were 

eut out and eluted by either one or the other of the following 

two methode:-

1. Method adapted from that used by Birmingham and Ward (40) 

The ultraviolet abeorbing areas on the chromatogram, 

which were under investigation, were eut into small pieces 

in 15 ml. erlenmeyer flasks. Enough dietilled methanol 

was added to cover the pieces of paper. The flasks were 

le ft standing overnigh t in the dark and were shaken in the 

Dubnoff incubator the next day for 2 hours. The eluates 

were stored in etoppered test-tubes for later meaeurement. 

2. Method by Saffran and Sharman ( 183) 

The appropriate ultraviolet-absorbing portions of the 

etripa were out off and eluted with a mixture of ethyl 

acetate and distilled methanol (2:1) in~ll-glass eluter. 

The solvent was evaporated with a stream of nitrogen and 

the residue was taken up again with 2 ml. of distilled 

methanol. Quantitative measurements were performed with a 
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Beckman DK-2 Spectrophotometer. 

3. Tests on eluted steroids 

1) Ultraviolet absorption spectra: 

Ultraviolet absorption spectra were obtained in the 

Beck:man DK-2 spectrophotometer. A solution of the steroid 

in methanol was read against a corresponding blank 

solution. The wavelength range used was 215-280 m~. The 

amount of steroid present could be calculated by com

paring the difference between the optical densities at 

240 mp and 260 m~ with a similar calculated density of a 

standard solution of USP reference hydrocortisone. All 

eteroids possessing an fl, p -unsaturated ketone group 

absorb in the ultraviolet region with a maximum at 238-

242 m~. 

11) Colour tests: 

a) Porter-Silber reaction 

To a steroid-containing solution was added 

phenylhydrazine reagent (65 mg. of recrystallised 

phenylhydrazine hydrochloride dissolved in a 

solution consisting of 62 ml. of concentrated 

sulphuric acid, 38 ml. of water and 50 ml. of 

ethanol) to give a concentration of 5-10 pg. 

steroid per ml. of reagent. Its blank was 

similarly treated with exactly the same amount of 

reagent. The solutions were left overnigbt and 

read the next day in the Beckman DK-2 spectro

photometer over the wavelength range 310-500 mp. 
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b) Reduction of tetrazolium in solution 

Ultraviolet absorption spectra were obtained in 

the Beckman DK-2 spectrophotometer. A solution of 

the steroid in methanol was read against a cor

responding blank solution. The wavelength range 

used was 215-280 mp. The amount of steroid present 

could be calculated by comparing the difference 

between the optical densities at 240 mp and 260 m~ 

with a similar calculated density of a standard 

solution of USP reference hydrocortisone. All 

steroids possessing an~, ~-unsaturated ketone 

group absorb in the ultraviolet region with a 

maximum at 238-242 ~· 

PART V: Identification of some of the isolated steroids 

formed by the adrenals incubated in the presence of MAD 

1. Purification 

a) Partition between benzene and water {5:2) 

b) Application on alumina or silica gel column and gradient 

elution with benzene-ethyl ether in the former case, 

and with methylene chloride-ethanol in the latter. 

2. Zimmermann reaction 

17-ketosteroids were detected by passing the paper 

strip eontaining 5-10 pg. of steroid through a 1% solution 

of m-dinitrobenzene in ethanolic KOH (184). A 

characteristic purple colour developed upon drying the 

paper in the oven. 
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3. Other colour reactions 

a) Porter-Silber reaction (Part IV, 3, iia} 

b) Reduction of tetrazolium (Part IV, 3, iib} 

4. Mixed chromatography 

15 pg. of the eluted steroid and the same amount of 

reference steroid were mixed and spotted. The chromatogram 

was developed in Zaffaroni's solvent system (Part III, 3). 

5. Sulphuric acid absorption spectra 

A solution of 8 ~g. steroid in 0.5 ml. concentrated 

sulphuric acid was allowed to stand at room temperature for 

two hours. The absorption spectrum was then determined 

over the wavelength range 220-600 m~ (185}. 

6. Infrared spectra 

240-270 ~g. of steroid was dissolved in 0.1 ml. 

carbon disulphide or compressed in 20 mg. potassium 

bromide; the infrared spectrum was determined in a 

Perkin-Elmer double beam spectrophotometer, model 221. 

PART VI: Perfusion of rat adrenal gland with Krebs-Ringer

bicarbonate-glucose (KRBG) solution containing MAD 

1. Animal 

Male Sprague-Dawley rat weighing 380 gœ. was used 

2. Anaesthetio 

1 ml. nembutal solution oontaining 16 mg./ml. 

3. Preparation of perfusate . 

a} KRBG containing 0.1 ml.distilled 95% ethanol per 100 

ml. solution 
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b) KRBG containing, per 100 ml. solution, 0.1 ml. of 

MAD solution (50 mg./ml. distilled 95~ ethanol). 

4. Perfusion of isolated adrenal gland ~situ 

Technique employed was that developed by Birmingham 

and Nutik {unpubliShed). 

5. Analysis 

The perfusate was extracted with 1 ml. of methylene 

chloride. The ultraviolet absorption of the extract was 

measured with the Beckman DK-2 spectrophotometer (Fart lV, 

;, i). 

Most of the reference steroids used in this 

investigation were either U.S.P. Steroid Reference Substances 

or were obtained from Southeastern Biochemicals Inc. 17 01-

methylandrostenediol was obtained from Organon, Ltd., 

Newhouse, Scotland, or Charles E. Frosst Co., Montreal. 

Cortisol was a gift from Merck Oo., and testosterone was a 

generous gift from Dr• Thompson of' the Charles E. Frosst Co • 

.All solvants used were the highest quality reagent grade 

available. 

50 



RESULTS 

PART I: The effect of MAD on the body weight, adrenal weigpt 

and the secretory capacity of the adrenal cortex of rats 

1. The ability of MAD to antagonize the catabolie effect and 

adrenal atrophy produeed after treatment with cortisol: 

a) Body weight 

Table 2 (Groups 1 and 3) showed that MAD, given on 

ita own, did not change the body weigbt significantly. 

Treatment with cortisol reduced the body weight to 81.5% 

of normal. Simultaneous administration of MAD (Group 4) 

failed to antagonize the catabolic effect of cortisol, 

but on the contrary, the body weight was further reduced 

to 77% of normal. 

b) Blood flow 

The rate of blood flow through the adrenal was 

measured by the amount of plasma (ml.) collected within 

15 minutes. Cortisol and MAD treated rats gave a rate of 

0.87 and 0.84 ml. of plasma per 15 minutes, respectively. 

Control rats or those which received combined treatment 

of MAD and cortisol had a rate equal to half that of the 

two previously mentioned groups. 

c) Adrenal weight 

The weight of the left adrenal was measured in all 

cases. The mean adrenal weight of rats given the vehicle 

was 20.6 ! 0.81 mg. Cortisol reduced the adrenal weight 
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TABLE 2 

Effect of MAD and cortisol on body weight, organ weigpt, rate of blood flow and 

secretory capacity of the adrena1 cortex o~ the rats. 

~ Corticostercne Secrete 
Group No. Plasma Weight of 1 IJléV gland/ 

and Body Wt. Collected of left No fg/min/ gm % of llr/kg 
Treatment in(!:i)min. Ad(!~)l r mBJ. Adrenal ,ormal Body Wt. 

(mn) 

* 1. None ( 4) 319 ± 11 0.46 + 0.01 20.6 ± 0.81 - 27.4+ 6 - - 112+21 
~-··-

2. Cortisol (5) 260 ± 9.9 0.87 -1- 0.01 12.2 ± 0.65 59 6.9-1- 1.1 25 18.9± 3.2 

3. MAD (6) 289 ± 8.7 0.84 ± 0.01 24.5 ± 1.09 119 8.7± 1.4 32 40.8± 7.2 

4. MAD & 
Cortisol (5) 245 "" 10 0.44 ± 0.01 16.4 ± 1.03 80 8.4+ 1.1 31 39.7± 7.1 

~-----

( ) No. of animale 

* Standard error 

MAD 17d- methylandrostenediol 

% of 
Normal 

-
17 

36 

35 

1 

\11 
f\) 



to 59% of the control. The 19% increase above the 

control caused by MAD wae apparent although emall. 

The repair by the combination of MAD with cortisol 

was not statistically significant. · It is interesting 

to point out that MAD, in the presence or absence of 

cortisol, increased the adrenalweight by about 4 mg. 

d) Adrenal secretion of corticosterone 

It was observed that cortisol reduced adrenal 

secretion of corticosterone to one-fourth of that of 

the control. MAD had similar effect but to a lesser 

extent. However, when MAD wae administered along with 

cortisol, it partially antagonized the effect of 

cortisol on adrenal secretion per gram of tissue. 

Owing to the atrophy of the adrenals caused by 

cortisol, the hourly secretion per gland and per kilo

gram body weight of this group of animale was also 

depressed markedly (17% of control). MAD, given alone 

or with cortisol, gave an hourly secretion almost 

double that of the cortisol-treated group. 

2. The effect of testosterone, as compared ta that of MAD, on 

the body weigbt, adrenal weight, the weight of testes and 

the secretory capacity of the adrenal cortex of rats. 

Both the artificial (MAD) and the testicular 

(testosterone) androgens did not cause significant change 

in the adrenal weight, body weight, rate of blood flow througn 

the adrenals or in the weight of testes. However, treat-

ment with MAD or testosterone decreased the secretory 



oapacity of the adrenal cortex. In oontrast, changes in 

the secretory oapacity vere more drastic in animale treated 

vith MAD. 

The rate of blood flow through the adrenals as 

measured by the amount of plasma collected within a period 

of 15 minutes depends greatly on how successful the 

cannulation of the adrenal vein was. In the first ex

periment, MAD-treated animale were found to have a. rate of 

blood flow higher than that of the control group (Table 2, 

second column). But in the second experiment, the rate 

of blood flow for the control group was higher than that 

found in the MAD-treated group (Table 3, second column). 

This could possiblJ be explained by the fluctuations in 

the personal performance of cannulating the adrenal vein 

in each experiment. 

PART II: The effect of MAD on the secretorz activitx of rats 

~vitro (Table 4) 

The total amount of ultraviolet absorbing steroids 

produced by the incubated adrenals was estimated by the 

difference between the optical densities of the methylene 

chloride extraot of the incubation media at 240 mp and 255 mp. 

Response of adrenal cortical tissue to added ethanol or MAD, 

with and without ACTH, was given as: 

(O.D. at 240 m~ - O.D. at 255 mp)/100 mg. tissue weight 

Adrenal tissue incuba.ted with ethanol served as 

controle. They gave a mean response of 46. Addition of MAD 

to the incubation media caused an increase in response equal 
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TABLE 3 

Effect of MAD and testosterone on body weigpt 1 organ weight, rate of blood flow and 

secretory capacity of the adrenal cortex of the rats. 

Group No. Body Plasma Weight Weight Corti osterone SecretEd 
and Weight Collected of left of p.~minjgm _% o:f 1 JlW 'land % of 

Treatment in 15 min. Ad renal Testes Adrenal Normal hr kg Normal 
(gm) (ml) (mg) (gm) Body Wt. 

* 1. None (6) 289± 7 o. 75f0.11 22.2±1.4 3.lf0.1 33.2±2·3 - 137±13.1 -
2. MAD (8) 286± 7 0.65±0.19 20.9±0.7 3·1±0.1 17.8±1.8 54 81± 9.3 59 

}. Test-
osterone 291± 6 0.86+0.24 20.6±0.8 3·2±0 .1 23.3±3·9 70 92±17.2 67 

(6) 

( ) No. of animale 

* Standard error 
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TABLE 4 

In vitro effect of MAD on production of UV-absorbing steroids by rat adrenals 

with and without added AOTH. 

Expt. Difference 
Due to 

Addition 1 2 3 4 Mean MAD 

Control 39 54 55 37 46 ± 4.7* 

MAD 117 123 107 95 llO ± 6 64 

AOTH 146 155 158 129 147 + 6.5 

ACTH & MAD 266 168 211 217 215 ± 20 68 
---- -···················--

* Standard error 

Incubation media were extracted with equal volumes of methylene chloride 
UV-abso~tion of the extracts were measured in a Beckman DU Speotrophotomer. 

Figures representa response as measured by 240-255 mp/100 mg fresh weight 
of adreBal tissue. 



to 64. Incubation with AC!H alone increased the adrenal 

response to 147. With added ACTH and MAD, an even higher 

value was obtained., namely, 215. Thus the net effect of 

added MAD in the presence of ACTH was an increase of 68. 

This means that MAD, either in the absence or presence of 

ACTH, resulted in a two-fold increase in the production of 

ultraviolet absorbing material by the incubated adrenals of 

rats. 

Table 5 shows the !a vitro effect of MAD on the 

production of "corticosterone", measured by fluorescence 

(page 42), by rat adrenals with and without ACTH. Production 

of corticosterone is expressed as ~g of corticosterone per 

100 mg. fresh weight of adrenal tissue. The control produced 

a mean of 10.4 pg. In the absence of ACTH, MAD increased the 

output of corticosterone to 50 ~g. above the control level. 

In the presence of ACTH, MAD caused a slightly higher increment 
-ing 

amountAto 59 pg. ACTH, added on its own, stimulated a three-

fold inerease in corticosterone production as compared to that 

of the control. This seemed to indicate that MAD was more 

effective than ACTH in stimulating the production of eorti

costerone by incubated rat adrenals. However, the addition of 

concentrated sulphuric acid to the methylene chloride extract 

of incubation medium containing MAD resulted in a yellow 

eolour suggesting that MAD and the concentrated sulphuric acid 

also reacted. 

To ascertain whether the presence of MAD interferes 

with the fluorometrio measurement of corticosterone, standard 
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TABLE 5 

In vitro effect of MAD on production of "corticosterone" by rat adrenals with 

and without added ACTH (fluorometric method). 

~ 
Difference 

due to 
1 2 3 4 Mean MAD n 

10."4 ± 1.8 * Control 5.4 12 13 11 

MAD 67 65 56 54 61 ± 3.3 50 

ACTH 38 46 48 41 43 ± 2.3 

ACTH & l'lAD 105 72 130 102 102 + 12 59 

*Standard error 

Figures are presented in terms of pg of "corticosteronett/100 mg fresh weight 

of adrenal tissue. 

\J'I 
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curves were run in the following manner:-

a) 30 ~g. of MAD were added to 0.3, 0.25, 0.2, 0.15, and 0.1 

~g. of standard corticosterone (Table 6). 

b) 0.5 ~g. of MAD was added to a similar set of corticosterone 

standards (Table 7). 

c) Various amounts of MAD were added to a series of fixed 

concentrations of standard corticosterone (Tables 8 and 9). 

A set of standards consisting of 0.3, 0.25, 0.2, 0.15 

and 0.1 pg. of corticosterone together with an appropriate 

blank was included in each of the above determinations. 

The absence of parallelism between curve with corti

costerone and curve with corticosterone and MAD in either 

Fig. 6 or Fig. 7 indicated that equal amounts of MAD did not 

give equal increments in the fluorometric readings. 

Figures 8 and 9 showed curves obtained by plotting 

fluorometric readings vs. total amounts of s_teroid ( corti

costerone plus MAD). There was no linear relationship 

between the quantities of MAD added and the corresponding 

fluorometric readings. Nevertheless it can be concluded that 

MAD did invariably give higber fluorometric readings inasmuch 

as the estimation of corticosterone by this method was 

concerned. 

The inconsistant interference by MAD in the 

fluorometric aethod for measurement of corticosterone led to 

the use of chromatography to purify corticosterone in the 

investigation of the effect of MAD on isolated rat adrenals. 



TABLE 6 

Fluorometrio measurement of a set of standard oortioosterone and another 

identical set with a series of fixed concentrations of MAD 

Tube Steroid Content (u~) Correoted Total Amount of 
Fluorometric 

No. Corticosterone MAD Reading Steroid ()lg) 

Blank - - 0 0 

s 1 0.30 - 136 0.30 

s 2 0.25 - 87 0.25 

s 3 0.20 - 69 0.20 

s 4 0.15 - 53 0.15 

s 5 0.10 - 35 0.10 

M 1 0.30 30 44 ( 48) 6.04 

M 2 0.25 30 54.5 ( 48) 7.49 

M 3 0.20 30 50 ( 48) 6.86 

M 4 0.15 30 49.5 (48) 6.80 

M 5 0.10 30 36 ( 48) 4.95 

M 6 - 30 60 ( 48) 8.23 

( ) Dilution factor 
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1 

1 
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TABLE 7 

F1uorometrio measurement of a set of standard oortioosterone and another 

identioa1 set with a series of fixed low concentrations of MAD 

Tube Steroid Content (u~) Corrected Total Amount ·of . Fluorometric 
No. Corticosterone MAD Reading Steroid ( )lg) 

Blank - - 0 0 

s 1 0.30 - 88.0 0.30 

s 2 . 0.25 - 72.0 0.25 

s 3 0.20 - 59.5 0.20 

s 4 0.15 - 44.3 0.15 

s ~ 0.10 - 34.7 0.10 

M 1 0.30 0.5 110.4 0.37 

M 2 0.25 0.5 92.7 0.31 

M 3 0.20 0.5 72.7 0.25 

M 4 0.15 0.5 64.7 0.22 

M 5 0.10 0.5 44.7 0.15 

M 6 - 0.5 8.2 0.03 
- ------- -~ -

1 

1 

0\ 
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TABLE 8 

Fluorometric measurement of a set of standard corticosterone and another 

set with a series of increaeing concentrations of MAD 

. 
Tube Steroid Cont.ent .fl!Q') Corrected Total Amount of 

Fluorometric 
No. Corticosterone MAD Reading Steroid ( Jlg) 

Blank - - 0 0 

s 1 0.30 - 54.6 0.30 

. s 2 0.25 - 50.1 0.25 

s 3 0.20 - 38.5 0.20 

s 4 0.15 - 28.6 0.15 

s 5 0.10 - 24.1 o-.10 

M 0 0.15 - ;1.7 0.15 

M 1 0.15 0.1 ;8.1 0.21 

M 2 0.15 0.2 38.1 0.21 

M; 0.15 0.5 41.1 0.22 

M 4 0.15 o.s 50.6 0.27 

M 5 0.15 1.0 47.6 0.26 

0'\ 
....... 
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TABLE 9 

F1uorometric meaaurement of a set of standard cortioosterone and two other 

sets with fixed series of increasing concen~rations of MAD 

Tube Steroid Content (u~) Corrected Total Amount of 
F1uorometric 

lllo. Corticosterone MAD Reading Steroid ()lg) 

B1ank - - 0 0 

s 1 0.'30 - 81.2 0.'30 

s 2 0.25 - 65.7 0.25 
1 

s '3 0.20 - 56.2 0.20 

s 4 0.15 - 40.7 0.15 

s 5 0.10 - 25.9 0.10 

M 1 0.15 0.1 47.7 0.17 

M 2 0.15 0.2 44.2 0.16 

M '3 0.15 0.5 50.:'7 0.18 

M 4 0.15 1.0 61.7 0.22 

M'l 0.15 0.2 50.7 0.18 

M' 2 0.15 0.4 60.7 0.22 

M' '3 0.15 1.0 62.7 0.2'3 

M'4 0.15 2.0 80.2 0.29 
'-- ---·-·-·- - -

0\ 
0\ 
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FART III: Qualitative etudies on the effect of some androgens 

on the pattern of corticoids produced bi the rat adrenals in 

vitro 

1. Effect of MAD with and without added ACTH 

Table 10 showed the data obtained from an experiment 

done with eight rats. Ultraviolet absorbing areas detected 

on the chromatogram were designated as zones F, E, X, B, A 

and DOC ( 40). This was done under the guidance of an 

accompanying paper strip containing the appropriate 

reference steroids. 

Methylene chloride extracts of media from rat adrenals 

incubated with or without ACTH yielded on chromatography in 

toluene-propylene glycol system the four major ultraviolet

absorbing zones, F, E, X and B as described by Heard et al 

(24). The mobilities of these compounds were found to be 

higber than those observed by Heard et al and Ward (24, 40). 

A tetrazolium reducing, ultraviolet-absorbing compound with 

an Rb value (mobility relative to corticosterone) 

approximated to that of authentic 11-dehydrocorticosterone 

(compound A) was sometimes detected. 

Corticoids produced by the adrenals incubated with MAD 

exhibited a different pattern. The two most polar compounds, 

with Rb values of 0.36 and 0.54, had different Rb values 

than F (Rb = .28) and E (Rb = .40) regions, respectively. 

The material located .in the vicinity of the X zone (Rb = .71) 

had a slightly higher Rb than 20 -+ 18-hemiketa1-18-

hydroxydeoxycorticosterone (Rb= .69). Un1ike the 
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TABLE 10 

Effect of MAD on the production of cortical steroids by the rat adrenals !a 

vitro in the presence or absence of ACTH. 

Reference . 
ZONE Standards· Control MAD ACTH ACTH &: MAD 

Rb r p Rb r p Rb r p Rb r p Rb r p 

F 0.284 ? .f. 0.27 4- 0.36 + 0.28 + . T 

0.38 + 
E 0.4 ? + 0.425 f 0.54 + 0.44 + 
x - 0.69 + 0.71 ? 0.69 + 0.69 + 
B 1 + 1 + 1 + 1 + 1 + 
A 1.93 + 1.76 + 1.85 + - -

- - 2.62 - -
DOC 3.64 + - - - -

. ' -

1 

Rb = mobility relative to corticosterone; r = tetrazolium reducing; P = Porter-Silber reaction; 
+ sign indicates a positive reaction. 

Chromatograms of extracts of incubation media were developed in toluene-propylene 
glycol system. Zonee F, E, B, A, DOC were located with reference standards of cortisol, 
cortisone, corticosterone, 11-dehydrocorticosterone and 11-desoxycortioosterone. The X zone 
was aseumed to be between the E and B regions, it denotes where 20~18-hemiketal-18-
hydroxydeoxycorticoeterone should be found. 

Reduction of tetrazolium (r) and Porter-Si1ber reaction (P) were performed on 
paper etripe eut from the chromatograms. 

0\ 
1..0 



hemiketal, it did not give a positive Porter-Silber 

reaction. In addition, an augemented ultraviolet

absorbing area, with Rb equal to 2.62, was detected. This 

material neither reduced tetrazolium nor gave a positive 

Porter-Silber reaction. It was found to be less polar 

than compound A (Rb= 1.93). 

Incubated adrenals in the presence of ACTH and MAD 

produced only three ultraviolet absorbing zones. Two of 

them could be accounted for by compound X and compound B. 

The remaining one, which had an Rb of 0.38, might be similar 

to the most polar compound produced by the MAD-treated 

adrenals. 

To aseertain the observation that MAD, with or without 

added ACTH, affected the pattern of eorticoids produced by 

rat adrenals in vitro, a similar experiment was performed 

but with doubled amounts of material. Table 11 summarized 

the resulta obtained in this experiment. On the whole, 

figures presented in this table agreed quite well with the 

previous observations. The only marked difference was 

found in the adrenale incubated with ACTH and MAD, which 

behaved as if Y~ alone were used. 

The newly discovered ultraviolet absorbing material, 

which ran with an Rb of 2.62, was postulated to be 

17~-methyltestosterone. In the next experiment, authentic 

17 ol-methyl testosterone was included in the reference 

steroids. It was subsequently found that the unknown, 

postulated to be 17~-methyltestosterone, ran with an Rb 
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TABLE 11 

Effect of MAD on the production of cortical steroids by the rat adrenals in 

vitro in the presence or absence of ACTH. 

Reference 
ZONE Standards Central HAD AOTI AOTH & MAD 

F 

E 

x 
B 

A 

MT 

DOC 

Rb r p Rb r p Rb r p Rb r p 

- - - -
0.24 .... + 0.22 

"" 
0.21 + 0.21 .... 

0.38 + + 0.39 + 0.34 + 0.37 + 
- 0.64 

"" 
0.79 0.67 + 

1 ... 1 + 1 + 1 .... 

1.52 + 1.44 1.48 1.44 

1.79 - 1.80 -
- - - -

The MT zone was 1ocated with authentie 17~methyltestosterone. 

A1so see legende under Table 9. 

Rb r p 

0.15 

0.24 + 
0.37 + 
0.67 + 

1 + 
1.44 

1.74 

1 

_l 

-:J ...... 
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TABLE 12 

Effect of MAD on the production of cortical steroids by the rat adrenals in 

vitro in the presence or absence of ACTH. (An experiment to demonstrate the reproduoibility 

of data presented in Table 10). 

Reference 
ZONE Standards Contro MAD ACTH ACTH &: MAD 

Rb r p Rb r p Rb r p Rb r p Rb r p 

., 0.24 ... "' 0.19 .,.. + 0.21 ... 0.17 ... + 0.22 + 
E 0.37 + .,. 0.41 + + 0.34 ... 0.34 + 0.37 + 
x - 0.66 + 0.79 J. 0.66 + 0.67. + ' 
B 1 .... 1 + 1 + 1 + 1 + 
A 1.52 + 1.48 + 1.45 + 1.45 + 1.44 + 
M.T 1.79 - 1.79 - 1.74 

DOC - - - - -

See legens under Table 9. 



practieally identical with that of the authentic compound. 

Table 12 also showed the rest of the resulta obtained in 

this experiment. 

2. Since MAD, 17 ot -me thyl testosterone and testosterone are 

compounds closely related structurally, they might exert 

similar or comparable effects on the production of corti

eosterone and/or on the pattern of corticoids produced by 

the adrenal cortical tissue. Thus in a seriel! of runa, in 

which the amount of corticosterone was estimated by 

absorption of ul traTiolet light by the spot on the paper 

ehromatogram, incubation in the presence of MAD and 

17 ~-me thyl testosterone resul ted in consistently lese 

corticosterone formation than in the absence of added 

androgen (Table 13). Added testosterone did not cause a 

consistent decrease. The author is well aware of the !act 

that the density of the peak on a paper chromatogram is 

only a semi-quantitative measure of the production of 

corticosterone. In experimente that followed, the corti

costerone was eluted from the chromatogram and estimated 

more exactly by ultraviolet absorption performed in 

solution and also by the reduction of tetrazolium. 

In chromatograms of lipide from incubation media of 

rat adrenals in the presence of MAD, 17~-methyltestosterone 

and testosterone, augmented ultraviolet-absorbing areas, 

more polar than corticosterone, were detected. These areas 

appeared consistently with all three androgens, and in 

amount greater than cortieosterone. With MAD and methyl-
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TABLE 13 

Absorption of u1trtvio~et 1ight bY the corticosterone 

band from incubation media of rat adrena1s, with and without 

added androgens. 

ml· Added androgens Height of Peak 

1 None 61 
MAD 44 
Methy1testosterone 46 
Testosterone 49 

2 None 52 
MAD 27 
Methy1testosterone 27 
Testosterone 53 

None 42 
MAD 38 
Methy1testosterone 34 
Testosterone 58 
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testosterone, the augaented zone had a mobility relative 

to corticosterone of 0.88, while the Rb of the zone with 

testosterone was 0.60 (Table 14, under Rb zones 0.55-0.6 

and 0.8-o.g). In addition, it was aga1n observed that 

MAD gave rise to an ultrav1olet·absorbing material, which, 

as had been de•onstrated before, had a mobility equal to 

that of 17d-methyltestosterone, suggesting that MAD was 

oxidized by the 3 p-ol dehydrogenase of the adrenal. 

Zones representing compounds more polar than the 

material in the X region were d~tected in the extracts of 

incubation media of rat adrenals in the presence of MAD, 

17~-methyltestosterone and testosterone. These materials 

were present in too small quantit1es for either qualitative 

or quantitative analysis. 

PART IV: Some quantitative etudies on the effect of androgens 

on the production of corticosteroids by rat adrenals !a vitro 

Because collection of sufficient amounts of lipide 

from incubation media of rat adrenals for analytical purposes 

is rather time-oonsuming, the latter part of this piece of 

work was devoted to the study of the effect of MAD on the 

adrenal cortical tissue of rats. The influence of the androgen 

on the seoretory capacity of the gland was also observed. 

Figure 10 showed the typical patterns of corti

coeteroide produced by rat adrenals incubated with ethanol 

(control) and MAD. The appearance of augmented ultraviolet

absorbing areas in chromatogram of lipide from incubation 

media of rat adrenals in the presence of MAD has been mentioned. 



TABLE 14 

Ultraviolet-absorbing zonee in ehromatograms of lipid extracts of incubation 

media of rat adrenals. with and without added androgens. 

ADDITION Rb ZONE 

0.05-0.1 0.15-0.25 0._3-o. 35 0.55-0.6 0.7-0.76 

Control 49 50 18 13 

MAD 40 14 25 18 26 

Methylteetos 17 18 21 13 
terone 

Testosterone 26 36 15 64 

A-Zone = material runs with mobility of 11-dehydrocorticosterone. 

Figures represent heights of peake in the corresponding Rb zones. 

o.a-o.g 1.0 A-Zone . 

13 61 36 

61 50 21 

64 34 33 

35 58 33 

-.J 
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Fis. 10. Ultraviolet-absorbing areas and colour reactions obtained with steroids eluted from 

(-) 
(--) 
(-·-·) 
(a) 

(b) 

paper chromatograms of adrenal lipide developed in toluene-propylene glycol. 
Chromatogram of lipide from incubation media of rat adrenals in presence of MAD. 

• " • " " " " " " 
11 

" " ethanol. 
" " reference steroids. 

60-hour run of incubation extracts and reference steroids, cortisol (F), cortisone (E) 
and corticosterone (B). 
8-hour run of respotted effluents containing i~cubation extracts and standards dehydro
corticosterone (AJ and 17~-methyltestosterone \MT}. 

open bars - reducing areas 
stippled bars - areas giving positive Porter-Silber reaction. 
abaded area - t.puritiea froœ standard debydrocorticoateroae. 
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No attempts have been made to measure or characterize those 

which were more polar than 18-hydroxydeoxycorticosterone. 

The material which ran with an Rb of 0.79 was produced in an 

amount of 6.9 ± 0.6 ~g per lOO mg fresh weight of adrenal 

tissue. The compound with an Rb between 1.74 and 1.79 was ,., 
produced in grea ter quanti ti es, 12 ± 0 •. 7 ""per lOO mg of tissue 

(Table 15). These measureœentswere based on ultraviolet 

absorption. 

Table 15 also illustrated that when the production of 

18-hydroxydeoxycorticosterone (compound X) and corticosterone 

(compound B) was measured by ultraviolet absorption, MAD was 

found to cause a 38% increase in compound X and 22% decrease 

in compound B. However, when compound X wae estimated by the 

formation of Porter-Silber chromogens and compound B by the 

reduction of tetrazolium, a decreaee of 18% ~d 45% in 

dompound X and compound B, reepectively, were obeerved. The 

percentage increase or decreaee in any of the above instances 

was significant as analysed by the paired t-teet. 

FART V: Identification of some of the isolated steroids 

formed by rat adrenals incubated in the presence of 

17 01-methylandrostenediol (MAD) 

Subsequent experimenta were performed for the 

collection of ultraviolet-absorbing lipide located in Rb zones 

equal to 0.79 or ranging from 1.74 - 1.79 in chromatograms of 

lipide from incubation media of rat adrenals in the presence 

of MAD. 
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TABLE 12 

Eluates of certain ultraviolet-absorbing areas in 
chromatograms of lipid extracts of incubation media of rat 
adrenals, with and without added MAD. 

Expt. N'o. 1 2 ; 4 5 6 Mean± S.E~ 
------- ---·-·-- ----(loliJ lOO ag. t ~ssue)· ~------ ···---------

Total Control 24.0 25.4 26.0 25.9 20.2 18.7 23.4±1.; 
uv 

Steroids 
MAD 5'3 .4 52.6 59.9 57.2 45.1 44.6 52.1•2.5 

Control ;.9 4.0 ;.1 2.9 ;.6 2.2 ;.;J:0.29 
Rb O.p6 

uv 
MAD 4.2 4.6 5.4 4.2 4.9 4.0 4.6.:1:.0.2 

Control 2.9 ;.o 2.6 2.9 ;.6 2.9 2.9J:O.l6 
Rb 0.66 

p 
MAD 2.8 2.7 3.3 1.6 2.2 2.1 2. 5:1:.0.24 

Rb 0.79 MAD 7.2 6.8 6.8 9.7 5.7 5.6 6.9,i0.6 

Control 0 2.4 
! 

;.7 ;.9 ;.a ;.9 ;.5±0.27 
B 

uv 
MAD 2.5 2.6 2.9 3.4 2.7 2.2 2.8.:1:.0.18 

Control 0 2.2 ;.; 5.1 ;.5 4.0 ;.6±0.49 
B 
r 

MAD 0.7 2.0 2.0 2.6 ·1.6 1.8 2.0.0.'31 
Rb 1.74-
1.79 
uv MAD 12.0 12.4 13.4 13.6 10.2· 11.1 12.U:.0.7 

16 rats were used in each experiment. Adrenals incubated with 
ethanol served as control. 

UV - ultraviolet absorption ~ - reduction of tetrazolium 

P - Porter-Silber reaction B - Corticoaterone 

Colour reactions were performed in solution. 



1. Zimmermann reaction 

Lipide from both zones did not give positive 

Zimmermann reaction, indicating the absence of a 17-keto group 

in either of the two compounds. 

2. Reduction of tetrazolium 

Inability to reduce tetrazolium suggested the absence 

of an ~-ketol group in both structures. 

3. Porter-Silber reaction 

Both compounds were found to lack a dihydroxyacetone 

side chain since neither of them gave positive Porter-Silber 

reaction. 

4. Mixed chromatography 

The unknown in the lesa polar region (Rb ranging from 

1.74 - 1.79) ran with an Rb identical to that of authentic 

17~-methyltestosterone in the toluene-propylene glycol 

system. 

5. Sulphuric acid spectra 

The compound in Rb zone 1.74 - 1.79 exhibited a single 

maximum absorption at 296 - 298 mp. Authentic 17~-methyl

testosterone displayed maximum absorption at 298 mp. The 

material in Rb zone 0.79 had absorption maxima at 296, 352, 

435 and 495 m~ (~ig. 11). 

6. Infrared spectra 

The lipid eluted from the lese polar region (Rb 1.74 -

1.79) was soluble, and its absorption spectrum was sub

sequently run, in carbon disulphide. The spectrum contained a 

-· band at 3600 cm indicating a hydroxyl function, bands at 

so 
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_, 
2925 cm·' (major) and 2850 cm (minor) attributable to 

carbon to hydrogen stretching bands, and a band at 1670 cm •• 

suggesting the presence of a conjugated ketone group. Bands 

in the fingerprint region also agreed very well with those 

observed in the spectrum of authentic 17~-methyltestosterone 

(lig. 12). 

The infrared spectrum of the lipid isolated from the 

more polar region (Rb 0.79) was determined in potassium 

bromide. The absorption bands in this spectrum, especially 

those of the fingerprint region, were not as sharp and well 

defined. However, a band at 3400 cm·' , bands at 2920 cm·' 

(major) and 2850 cm·• (minor), and a band at 1655 cm-' were 

all noted (Fig. 13). 

PART VI: Perfusion atudy of the isolated adrenal gland 

Attempt to perfuse the rat adrenal gland iB ~ 

with a suspension of MAD in Krebs-Ringer-bicarbonate-glucose 

solution was unsuccessful. Probably the suspension was 

not fine enough to get through the capillaries in the adrenal 

gland. 
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DISCUSSION 

The sparing action of androgens on the adrenal cortex 

of hypophysectomized or cortisone-treated rats has been well 

documented. The resulta of the first part of this study 

showed general agreement with such previous findings. The 

original observation, reported by Saffran and Vogt (1), of 

the suppression of the formation of corticosterone by treat

ment wi th 17 01 -methylandrostenediol (MAD) was also confirmed, 

using a different strain of rats and a different method for · 

the estimation of corticosterone. In spite of various 

attempts to avert the action of oatabolic glucocorticoids 

by the use of anabolio steroids supporting metabolism, 

Winter et al (117}, Gaunt et al (118}, and others succeeded 

insofar as to prevent, to a significant degree, adrenal 

atrophy produoed by oatabolic gluoocorticoids suoh as 

cortisone or cortisol. In most of the cases, however, anabolic 

steroids were found to have no effect on adrenal hypofunction 

following adm1nistration of cortisone. The answer to how 

androgens brought about their effeots on adrenal cortex has 

long been being searched for. Yet the present state of 

knowledge could still offer no satisfactory explanations for 

the mechanism and possible sites of action of those androgens 

that have been investigated. 

That adrenal secretion was repressed by androgens 

under conditions when ACTH was available to the gland has been 
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know.n for aome time. The repression of secretion had been 

obaerved in man. However, comparatively recent etudies of 

Saffran and Vogt (1), confirmed by the resulta of this piece 

of work, demonatrated that similar effect of androgena on 

adrenal secretion was obaerved in the rats. The authora 

poatulated that adrenal secretion waa probably limited as a 

consequence of impairment by the androgens of some enzymio 

proceas in the cortical tissue. More recent in vitro etudies 
A 

of Dorfman and Sharma showed that A-androstenedione 

86 

inhibits 11 ~-hydroxylation of 17-hydroxy-11-deoxycorticosterone. 

It also inhibits the formation of corticosterone by adrenal 

cortical extract. Theae findings seemed to give support to 

the postulation advanced by Saffran and Vogt. 

!hat the suppression by androgens of adrenal secretion 

could be explained by an inhibition of the release of ACTH 

is rendered unlikely by Saffran and Vogt. The poasibility 

that MAD could interfere the direct action of ACTH on the 

adrenal cortex still exista. This was tested by adding MAD 

1B vitro to rat adrenal glands. Incubation was carried out 

in the presence or abs~nce of ACTH. Resulta of the second 

part of this study indicated that MADœither antagonized 

nor enhanced the action of ACTH on stimulating the production 

of corticoids by the adrenal cortex of rats. On the other 

hand, MAD, added on its own, enhanced the production of 
4 

A -3-ketol steroids by the incubated adrenals. The increase 

was observed to be more than two-fold in one case, and about 

six-fold in the other. 



Saffran and Vogt {l) also pointed out that MAD jA 

vitro did not apparently suppress the formation of corti

costeroids by the rat adrenals. This was also tested by the 

same experimental design. The formation of corticosterone 

was estimated by the fluorometric method of Sweat {186). 

It was found that whenever concentrated sulphuric acid (3N) 

was added to an ethanolic solution of steroids containing 

MAD, invariably an intensive yellow colour developed, 

suggesting that some chemical reaction bad taken place. 

This yellow colour interfered with the fluorometric readings 

by yielding high values consistently. No attempt bas been 

made to find out the nature of the reaction or how the 

colour arises. However, Dr. Just suggested that reactions 

such as shown in the following would not be unlikely:-

' ' . i· 
~ 

Ho 

~ ... ; 

Ho 

MAb 

rts. 14 
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Whether these reactions are related to the colour 

change observed is not known. 

An attempt to lineate the increments in fluorometric 
were 

readings with different concentrations of MAD that/present 

was also unsucoessful. Yet the fluorometric readings might 

vary with increasing amounts of MAD in a way as predicted in 

the following diagram:-

f'WOROMETRIC 
READIN8S 

AMOUNT8 OF MAD 
rt.a. 1S 

It is, therefore, concluded that it would be inappropriate 

to employ the fluorometric method for the estimation of the 

formation of oorticosterone in the presence of MAD. 

It has been shown that rat adrenals, when incubated 

with MAD in Krebs-Ringer-bicarbonate-glucose medium for two 

hours, gave a two-fold inorease in the production of ultra-
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violet-absorbing steroids. This could be due to one of the 

following possibilities:-

1) by exerting an ACTH-like action on the adrenal cortex, 

MAD bringa about its stimulatory effect on the production 

of corticosterotde; Saffran and Vogt (1), however, 

demonstrated that MAD does not have an ACTH-like action, 
4 

2) MAD itaelf ia metabolized or traneformed to A-3-keto 

derivatives, thus giving rise to an increaae in steroid 

production by the incubated adrenals. 

Subsequent etudies on the chromatographie behaviour of 

various steroids extracted from the incubation media revealed 

several interesting things. The solvent uaed was that of 

Zaffaroni (25). The pattern of adrenocorticoids produced by 

the rat adrenals treated with ethanol (served as control) or 

ACTH fell into the classical pattern as first described by 

Heard et al (24). Incubation with MAD, either in the presence 

or absence of AO!H, modified the corticoid pattern to a 

certain ex~ent. The augmented ultraviolet-absorbing zone, 

more polar than corticosterone, in chromatograms of lipide 

from incubation media of rat adrenals in the presence of MAD 

alone, was located near the X region. The steroid represented 

by this zone, in contrast to that represented by a cor

responding ultraviolet-absorbing zone obtained when ACTH was 

added along with MAD, did not give any positive Porter-Silber 

reaction. This can be explained by the fact that ACTH 

stimulates the production of 18-hydroxydeoxycorticosterone 

by rat adrenals where as MAD acta in the opposite way. The 

suppression of formation of 18-hydroxydeoxycorticosterone 
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needs not be complete, since the amount could be reduced to 

auch an extent that it becomes insufficient to give a 

positive Porter-Silber reaction. Bas~on this argument, it 

can be assumed that the so-called "X" region in chromatograms 

of lipide from incubation media of rat adrenals in the 

presence of MAD, with or without ACTH, may contain a mixture 

of at least two components, both of which are ultraviolet 

absorbing. However, one differa from the other by its ability 

to give positive Porter-Silber reaction. 

Another ultraviolet-absorbing material was detected 

in chromatograms of steroids produced by rat adrenals in the 

presence of MAD. The presence of ACTH seems to enhance the 

production of this material. The density of the peak on the 

paper chromatograms indicated that this material was produced 

in amounts greater than corticosterone, suggesting that it 

could have been derived from the added androgen (MAD). It 

might be the oxidation product of MAD, namely, 17~-methyl

testosterone. That this oxidation product could be an 

artefact produced in the course of incubation without tissue, 

extraction and separation was shawn to be unlikely by inolud

ing an appropriate blank in every experiment. The 17d-methyl

testosterone could be formed from the oxidation of MAD by 

the 3p-ol dehydrogenase of the adrenal. 

It was also found that MAD, in addition to giving 

rise to two augmented ultraviolet-absorbing areas which were 

absent in the control, exerted some effect on the metabolism 

of the more polar adrenooortical steroids. These steroids 

90 



were produced in minute quantities. Hence no attempts were 

made to study the nature of these eompounds. 

Sinee 17~methyltestosterone, testosterone and MAD 

are structurally related, they may have similar effects on 

the rat adrenals. In !act, it was observed that incubation 

in the presence of.MAD and 17~methyltestosterone resulted 

in eonsistently lesa corticosterone formation by the rat 

adrenals than in the absence of added androgens. Added 

testosterone did not cause a consistent decrease. The 

inconsisteney in the case of testosterone is difficult to 

explain in view of the report put out recently by Dorfman 

and Sharma ( 177) • 
4 

They found that ~ -androstenedione and 

testosterone can competitively inhibit 11~-hydroxylation, 

thus bringing about a decreaee in eortieosterone formation. 

Testosterone can also inhibit the enzyme llt-hydroxylase. 

Since MAD and methyltestosterone have also been shown to 

cause a decreased production of corticosterone, it is not 

unlikely that these two androgens bring about their effect 

by the same or similar mechanism. 

It was observed that augmented ultraviolet-absorbing 

areas, more polar and in amount greater than corticosterone, 

appeared consistently in chromatograma of incubation extracts 

in the presence of androgens. Those given rise by MAD have 

been aecounted for. Those that arise due to the addition of 

17~methyltestosterone or testosterone might also be their 

metabolites as well. It does not, however, rule out the 

possibility that these three androgens could divert adreno-
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cortical steroid synthesis into abnormal pathways whereby 

resulting in an increase in ultraviolet-absorbing material. 
out 

Recently, quantitative etudies were carried/in in-

cubation experimente with added MAD. MAD caused a 38~ 

increase in 18-hydroxydeoxycorticosterone as measured by 

ultraviolet absorption. When 18-hydroxydeoxycorticosterone 

was estimated by the formation of Porter-Silber chromogens, 

MAD was shown to give an 18% decrease. One possible ex

planation for this discrepaney is that MAD ~ Vitro mignt 

cause the production by the adrenals of a small amount of 
A 

A -3-keto steroid whieh did not form Porter-Silber 

chromogens but had the same mobility as 18-hydroxydeoxy

corticosterone. 

The formation of corticosterone by incubated adrenals 

was definitely suppressed due to the presence of MAD. 

Estimation based on ultraviolet absorption gave a deorease 

of 22%. When reduction of tetrazolium was employed for 

measurement, it revealed a 45'% deccr.ease. This could either 
;, ---

be due to the presence of some impurities or the production 

of aome abnormal metabolite(s), which absorbed ultraviolet 

ligbt at 240 mp but did not reduee tetrazolium. 

The inhibition of cortieosterone biosyntheais by 

MAD should not be surpriaing in view of the findings of 

Dorfman and Sharma { 177) • The possible meohanism by which 

androgens bring about the inhibition has been discussed. 

The demonstrations of Chang et al (144) and Engel et al (89) 

that testosterone can be coverted to 11p-hydroxytestoaterone 
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by human adrenal tissue provide further supporting evidence. 

It is well know.n that one step in the biosynthesie of 

corticosterone involves llt-hydroxylation of 11--deoxyoorti

oosterone. If androgens oan oompetitively inhibit the enzyme, 

11~-hydroxylase, then theoretically one should be able to 

get some accumulation of 11--deoxycorticosterone. Yet this 

change might not be deteotable owing to the possibility that 

11--deoxycorticosterone oan be metabolized via other pathways. 

The mechanism whereby MAD suppresses the production 

of 18-hydroxydeoxycorticosterone by the adrenal cortex of the 

rat is not as obvious. It would not be without reason to 

speculate that MAD can act in either or both of the two ways:-

1) by blocking the conversion of 11-deoxyoorticosterone to 

18-hydroxydeoxycorticosterone; 

2) by diverting away from preformed 18-hydroxydeoxycorti

costerone, giving rise to some more polar steroids. 

The first assumption eould be a consequence of 

inhibition of the conversion enzyme by the androgen, whereas 

the second is based on the detection of a few very polar 

ultraviolet abaorbing areas in chromatograms of incubation 

extracts in the presence of MAD. Further, there seems to be 

no concrete evidence for the proof of the current concept 

that 18-hydroxylation is the terminal step in processes of 

steroid hormone hydroxylation, especially under auch 

circumstances that C-16 and C-6 hydroxylation might also be 

possible. 

Attempts had been made to oharacterize and identify 
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two metabolites of MAD. The matérial with Rb 1.74 to 1.79 

was concluded to be 17~methyltestosterone, an oxidation 

product of MAD, on the basie of its practically identical 

infrared spectrum with the authentic steroid. Other supporting 

evidence includes ultraviolet absorption at 240 m~, tetrazolium 

reduction, Porter-Silber chromogen formation, reactivity to

ward reagents for the Zimmermann test, mobility in mixed 

chromatogram and finally, the similarity in sulphuric acid 

spectra between Rb 1.74 - 1.79 and 17~methyltestosterone. 

As to the other metabolite, no conclusion can be drawn upon 

its identity. It bas an Rb equal to 0.79, indicating that 

it is more polar than corticosterone. This material absorbed 

ultraviolet light maximally at 240 m~, suggesting the presence 
4 of a .6-3-keto group. If the compound dl.d originate from 

MAD, then it could possibly be a 0-20 steroid. It is also 

believed to be fairly heavily hydroxylated on basie of its 

sulphuric acid and infrared spectra. 



SUMMA.RY 

Previous findings, reported by Saffran and Vogt, 

of the effect of 17~methylandrostenediol (MAD) on the 

adrenal weight, body weight and the secretory capacity of 

the adrenal cortex of the rats have been confirmed. 

Comparable resulta of its antagonistic effect on cortisol 

or cortisone have also been demonstrated. 

The fluorometric method essentially that given by 

Guillemin et al (187) for the measurement of corticosterone 

has been found to be inapplicable for the estimation of 

corticosterone in the presence of Y~D. 

MAD does not inhibit or enhance the action of 

adrenocorticotrophin (ACTH) on the adrenal cortex of rats 

as measured by the production of ultraviolet-absorbing 

material by the incubated adrenal tissue. 

Evidence has been provided to show that the apparent 

increase in the production of ultraviolet-absorbing material 

by the adrenal tissue incubated in the presence of MAD is 

largely due to the formation of metabolites from the added 

androgen. Two of these metabolites have been investigated. 

One of which has been shown to be 17~methyltestosterone. 

Supporting evidence was obtained from infrared spectra analysiB, 

study of sulphuric acid spectra, mixed chromatography, 

tetrazolium reduction, Porter-Silber reaction and Zimmermann 

test. Infrared and sulphuric acid speotra of the other give 
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indications that it might be a multi-hydroxylated 0-20, 

A4-3-ketosteroid. 
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The production of cortioosterone and the 18-hydroxydeoxy

corticosterone by the rat adrenals is suppressed by MAD added 

in vitro. The inhibition is statistically significant as 

analysed by the paired t-test. 

The effects of MAD, methyltestosterone, and testosterone 

1s vitro have been compared. All three androgens inhibited 

the biosynthesis of corticosterone by the rat adrenals. In 

the case of testosterone, the suppression was lesa consistent. 

It seemed that they all brought about the inhibition by 

similar, if not the same, mechanism. In addition, augmented 

ultraviolet-absorbing areas were deteoted in chromatograms of 

lipide from incubation media of rat adrenals in the presence 

of all three androgens. Most of the compounds represented by 

these areas were found to be more polar than corticosterone. 

An attempt has also been made to perfuse the isolated 

adrenal !s ~ with a suspension of MAD in Krebs-Ringer

bicarbonate-glucose solution. The perfusion was unsuecessful, 

probably due to the fact that partieles of MAD suspended in 

the perfusate were not fine enough to get through the 

capillaries of the adrenal gland. 
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