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INTRODUCTION

One of the more interesting tumors of the ovary is the arrhes.
roblastoma. Rare in ocourence, it is characterized by a wide speecw
trum of histolegical patterm, am umcertaim clinical picture, beoth
as regards maligramey and symptomatology, amd the secretion of poe
tent androgenic substamces as yet undetermined.

Because of the rarity of the tumor, it would seem fruitless
to expand the slowly but persistemtly emlargimg literature on the
patholegy amd climical aspects. However, if more imfermation were
available as regards specifiec (amd probably umique) entities which
are secreted by the tumor, it might be possible te umderstamd its
moede ef secretion as well as devising a urimary method fer preope=-
rative diagnosis. Im this event, early diagnosis amd, therefore,
early therapy might culminate im greater therapeutic suecess.

It is the object of this imnvestigation to amalyze the tissue
of a “typical arrhenoblastoma” amnd attempt to iseclate frem it any
steroids that might have secretory significance. To better unders
etand the place of sueh am analysis, an abbreviated review of a-
vailable information concerning these tumors is presented.

HISTORY
A. Definitiens amd classification

In 1903 masculinizing tamors of the ovary were first reported

by Pick 1, He names his tumor “adencma tubulare testiculare ovarii”

because it ¢closely resembled testicular tissue. The first report



in the American literature was by Moats 2 im 1915. He described
his tumor as a “fibroblastic sarcema of embryonic testis.” No

systematic classification was presented uatil 1930 when Meyer ree

ported a series of them and gave the tumor its mow gemerally ac-
cepted name, the arrhencblastoma,

Myers’ classification s is now universally accepted. How-
ever, because eof the known discrepancy between the histologic ar-
chitecture and the emdecrinolegical function of these tumors, it
would seem advantagecus to add to the present classificatiom an
additienal aspect based omn the emtity of amdrogen secretien rather

than histologie appearance. Im table I such a correlation is prew

sented.
TABLE I
Histolic Appearance
Types PP Secretion
1l). adenoma tu- Typical and atypical Rarely
bulare testieula- tubular elements and (3 reported
re ovarii sone solid elements. cases)
2). intermediate Typical and atypical Usually
tubular elements with
more solid elements.
3). atypical Least differentiated. Usually
Tumors are solid or
predominately solid.

Many early writers included im their case reviews of arrhe-
neblastomas amn adrenal rest tumor of the ovary, the masculinevo-

blastoma. This tumor differs histologieally from the arrhemncblas-



toma. The former is composed of aggregate of lipoid cells, while
the latter is made wp of small darker staimed cells arranged imn ru-
dimentary tubules or cords of cells. Although unlike histelogical-

ly, beth tumors give a similar clinical picture.

B. Histogenesis

Meyer 3 proposed a developmental origin im the gemital ridge
of the embryo, suggesting the arrhencblastoma aris s from certain
undifferentiated cells in the rete ovarii, the anatomic hamologue
of the testis imn the female. Popoff has considered arrhenoblas.

4 postulates a simi-

tomas to be of teratomatous origin. Iversom
lar histogenetie origin for the arrhenoblastoma and the masoculino.

voblastomas.

C. Cliniecal

The origimal climnical description of this emtity was repor-
ted by Bell in 1915, ten years after the eriginal morphopatholo-
gle descriptiea by Piek.

Since then a hé¢st of papers 4,5,6,7,8,9,10, 11, 12
have described imdividual cases of arrhenoblastoma amd their con-

4 reviewed the litera-

comitant clinical manifestatioas. Iversom
ture up to 1947 and compiled the various climical manifestations
of this tumor out of 94 reported cases (tables II amd III)., Ja-
vert 10 compiled an excellent review of cases up to 1951. A to-

tal of 136 authenticated cases have been reported up te 1957.



TABLE II
ETHNOLOGICAL MANIFESTATIONS
_Feature ________________Distripution _______________

Average age 31.86 years., Range 1566 years

Race Hinda, Spanish, Latin American, Caucasian
and Negro.

Duration of tumor | Average 4 years. Range l«l7 years.
before diagnosis.

TABLE III

CLINICAL MANIFESTATIONS*

Characteristic = _______ Incidence of signs and symptoms im percent
Amenorrhea 168
Hirsutism 85
Breast Atrophy 70
Clitoral hyper-

trophy 70
Objective signs,
e.g. palpable

mass

Voice change 62

Weight less S0

Pelvic pain 33

Loss of libido 20

Other signs and symptoms frecuently associated with this tumer
are, masculine habitus and manscular development, loss of female fat

¢ Tabulated froem Iverson’s Data



distribution, acne, and thickening of the skin. Rare cases of

psuedohermaphroditism, vaginal atresia, infantile uteri and ad-
nexia have been reported. No one has yet described the sex chro-
matin pattern but since all reported cases have beem unquestiona-
bly physiologically female, it is assumed the sex chromatim pate
tern is female also.

It is genrerall accepted that the most differentiated of these
tumors, the tubulare adenoma, rarely gives rise to the severe mas-

culinizing signs characteristic of the less differentiated tumor.

D. Laboratory

With the undoubtedly marked clinical signs and symptoms of exw
cessive androgenic activity, one might expect laboratory evidence
of imcreased androgen production. Uniquely, this clirical picture
is not reflected by elevated 17 ketosteroids. Since the first rew
port of hormone studies by Szathmay 13 in 1937, various investigae
tors have reported mormal or upper normal 17 ketosteroid values in
the urine.

Everett and Jones S reported a case with elevated titers of
17 ketosteroids preoperatively on two 24 hour urine determinations.
They demonstrated a fall ia titer after surgical removal of the tue
mor. Control values for the laboratory were not given mor was the
method of determination reported. Pregnanediol levels were attem-

ted but no activity could be determined. Dorfman 14 reported a



similar case with elevated 17 ketosteroids preoperatively.

9, 15 revealed

Interestingly enough, biocassay imn two cases
increased androgenic activity with a demonstrable fall im potency
~after surgery. This would indicate an androgen that is mot de=-
graded te a urimary 17 ketosteroid or an extremely potent androgea
unmeasureable by present chemical technique.

Yarious investigators 4 have attempted te differentiate the
masculinovoblastoma and the arrhemoblastoma im the laboratory en
the theatrical basis that the masculinovoblastema will exhibit
more of a typical “cushinoid” picture. However, several cases of
arrhenoblastomas have been reported which exhibited pelycythemia

and diabetic glucose toleramce curves. At present, there is no

reliable method of differentiation other than histologic.

E. Biosynthesis
Three careful laboratory imvestigations on the hormone enzynme

16 attempted the isolation

level have been reported. Anliker et al
from a 65 gram arrhenoblastoma. (Tetal weight of tumor was 110
grams). This tumor was from a 24 year old white female with mas-
culinization but with normal 17 ketosteroid levels. They presen-
ted evidence for the presence of androstenedione, androsterone,
testosterone and progesterone. Howsver, the amounts isolated were
2-24 micrograms and the proof of
in the range off structure based on chromatographic Rf mmst be con-

sidered presumptive at best.



Savard et al 17

14
C  in fresh human serum. By use of carrier, they isolated 17 al-

incubated a similar tumor with progesterone «

pha-hydroxy-progesterone, 4 androstenedione, testosterone, 20 -
alpha hydroxy - 4 -pregnene - 3 - one and 20 beta hydroxy « 4 -
pregnene ~ 3 - one.

Weist et al 18 incubated a virilizing arrhenoklastoma from a
20 year old woman with progesterone = 4 - 014. 17 - hydroxy proges-
terone, androstenedione and two more polar substances which were
not identified were isolated.

In normal testes (Savard et al 14 ) and ovaries (Solomon et al
20 ) incubations have resulted in the isolation of a similar series

of steroids. These findings have led to the postulate that the

pathway of synthesis is as follows:

C
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The exact mechanisms of reaction are not well-known but

Slaumwhite et al postulated that a series of dehydrations and
rearrangements by hydrations leads to the formation of andro-
stenedione and/or testosterone. However, the data of Lynn would
indicate the presence of a potent oxidase system which employs
molecular oxygen. .Salhaniek and Kadis 21 have suggested that
their experiments indicate the formation of the 17-hydroxyl per=
acetate which decomposes spontanecusly to androstenedione.
However, most of these authors are impressed with the possibility
that these substances “do not account im a quantitative way for

the tumors virilizing properties 17.' This concept will be ela-

borated upon in the discussion.

MATERIALS AND METHODS

A. Tamor

The aliguot of tumor was removed from a 22 year oId white few
male who exhibited amenorrhea of 15 months duration and hirsutism.
50 mg. challenge dose of progesterone did not produce menstruation.
FSH levels were negligible. 17 ketosteroids were within normal
range. Pathologic examination revealed an arrhenoblastoma of the
ovary. 17.8 grams of tissue was available for extraction. This
had been deep-frozen since the time of surgery, but sufficient op-
portunity for minor oxidations had occurred. For this reason, in-

cubation studies were not attempted.



B. Laboratory Methods
All solvents were purified by standard procedures and by dise

tillation prior to use. All evaporations involving more than 10 ml
were carried out in vacuo. When quantities less than 10 ml were to
be evaporated, the solvent was blown off by a fine jet of nitrogen.
Acetylation was carried cut in pyridine and acetic anhydride (1:4)

at room temperature. The Zimmerman reaction for the estimation of

17 - ketostercids was the routine clinical precedure im which m -~

dinitrocbenzene in 0.1 ml KOH in Ethanol was employed.

C. Extraction of Tumor

The aliquot of tumor available for extractiom was hemogeniged
in a waring blendor and extracted three times with a total of 4 lie
ters of Acetone at 50° C. Two fractions were obtained: The aque=~
ous acetone fractiom, which was evaporated im vacuo, and the protein
residue which was hydrolized with one liter of 5 percemt NaOH for 2

days at room temperature.

D. Acetome Fraction

The agueous residue from the acetone fraction was extracted
quantitatively with chloroform. After the chloroform was removed
in vacuo, the fatty residue was partitioned between hexan, which
was discarded, and 75 percent methanol, which was concentrated in
vacuo. The agqueous residue from the methanol was extracted with

chloroform and dried for column chromatography. The final weight



of the yellow oil was 221 mg.

E. Column Chromatography

The silica gel (100-300 mesh) was washed extensively with ace-
tone, ethancl, and ether and activated by heating at 120° C for one
hour. A column 15 x 120 mm was prepared with 10 grams of silica gel
in a hexane slurry. The oil was placed on the surface of the co=
lumn by dissolving it in § ¢c of chloroform. The details of the sol-
vent system and residue are shown in table IV.

TABLE IV

CHROMATOGRAPHY OF ACETONE EXTRACT ON SILICA GEL

Fraction Solvent Volume Weight of | Comment
Number material
o ml. T g
1. Hexane 100 84.4 14 hours
2. Hexane=Ace~ 180 87.6 4.5 hours
tone, 10:1
3. Hexane~Acew 100 31.0 2 hours
tone, 1l:1
4, Acetone 100 7 .8 1 hour
5. Acetone~Etha- 160 6.3 1 hour
nol, 20:1
6. Acetone~Etha- 100 17.8 1 hour
nol, 4:1
7. Ethanol 100 2345 -
8. Glacial ace~ 100 - stored
tic 3
{

10



The resultant solutions were evaporated im vacuo, recomstie

tuted with ethanol and spectrophotometrie curves obtaimed.

F. Reextraction of Tumor Residue after Alkali Hydrolysis

It is often diffiecult to extract steroids from crude tis~
sue, and whether this is a reflection of “protein biading” er
inadeguate mechanical procedures is difficult te demomstrate.
However, it is Imown that alkali digestiom remders the material
readily extractable with ether (22). It is oftem mot desirable
for a first step because of the degredative action of the alka-
114 on the steroids. Progesterene and mamy estrogeric compounds,
howeveyr, are stable te alkali, and for this reason, the protein
residue was hydrolized im 1 liter of 5 percent NaON fer 48 hours
at room temperature, and them extracted with ether. The solution
was them evaporated im vacuo. This fraction has not yet been ex~
plored. However, on the basis of past experience, it is amtici«
pated that a larger yield of steroids will be ebtained if the di-

hydroxy acetone side~chain is mot present.

6. Paper Chromatography

Isolation of the individual steroids was accomplished by
paper chromatography aceordimng to the methods of Zaffaroni zs.
Bach of the fractions eluted from the columm (supra vide) were

rechromategramed on paper im the appropriate solvent systenms.

These were determined on the basis of polarity. A diagrasmatie

11



representation of these chromatograms are presented in the next se=-

ries of tables.

TABLE V

Whatman #1 paper was used for all chromatograms.

CHROMATOGRAM OF COLLUMN FRACTION # 1 MOBILE PHASE: HEXANE SYSTEM

Area Rf Characteristies in ultraviolet Absorption maxie
ma
l-1 «01 origin -
l« 2 L4 not determined -
1a3 | .92 fat -
i
TABLE VI
CHROMATOGRAM OF COLUMN FRACTION # 2 MOBILE PHASE: HEXANE

Area % Rf Characteristics in ultraviolet Absorption maxi=
E ma
|

2wl «02 origin -

22 .06 240

2«3 o1l 240

2 -4 «26 240

2=95 .36 230

2«6 .51 230

2 -7 «860 not determined

2- 8 81 fat -

12




TABLE VII

CHROMATOGRAM OF COLUMN FRACTION # 3 MOBILE PHASE: HEXANE~-BENZENE

&

Area Rf CHARACTERISTICS IN ULTRAVIOLET Absorp tion
maxima

3 -1 .01 origin -

3 -2 03 fluorescent - purple 265 «270

3«3 «11 Absorbent 240

3 -4 .24 blank -

3.5 «34 questionable absorbence 230

3 -6 44 Absorbent 230

3.7 «68 silver = blue fluorescence 230 -278

3-8 «86 fat -

TABLE VIII

CHROMATOGRAM OF COLUMN FRACTION # 4 MOBILE PHASE: HEXANE-BENZENE

Area Rf Characteristics in ultraviolet Abso;ption
maxima

4 -1 «02 origin -

4.2 «07 doubtful absorbence 290

4 w3 «10 purple fluorescence 290

4 - 4 «20 questionable absorption 250-270 showl-
der

4 « 5 «50 blank -

4 .6 «40 fat -

13




TABLE IX

CHROMATOGRAMS OF COLUMN FRACTION # 5 MOBILE PHASE: HEXANE-BENZENE

Area Rf Characteristic in ultraviolet Absorption
maxima

S = «02 origin -

S = «08 questionable absorption 230~280

S = o1l purplish fluorescence 280

S = a2l questionable absorption 260

S - 093 blank -

5 = 9 fat -

TABLE X

CHROMATOGRAMS OF COLUMN FRACTION # 6 MOBILE PHASE: BENZENECHLOROFORM

I

Area Rf Characteristics ian ultraviolet Absorption
maxima

6 «l «04 origin -

6 - 220 questionable absorption 260

6 = «29 blue fluorescence 280-290

6 - 53 blank -

6 -3 «65 absorption 260

6 -~ 6 .88 fat -

14




TABLE XI

CHROMATOGRAMS OF COLUMN FRACTION # 7 MOBILE PHASE: BENZENE~CHLOROFORM

Area Rf Characteristies in ultraviclet Abso;ption
maxima

7 «1 «03 origin -

7 w2 14 questicnable absorption ?

7 =3 24 blue fluorescence 250-280 (shoul=-

der)

7« 4 45 blank -

7 -5 <74 absorption 280

7 -6 «91 fat -

Prom resultant chromatograms, certain substances were pooled on
basis of approximate similarity of Rf and/or ultraviclet maxima.
From the final pools, it was possible to separate a large numbker of
unknown compounds. S3ince it was apparent at the start that the most
interesting substances would mot be in the progesterone, 17 « alpha -
hydrexy ~ progesterone, androstenedione series, these areas were not
explored. The most interesting substance (compound 3$3) was then stu-
died extensively to demonstrate its presence and its possible struc-

ture.

H. Characterization of ecompound 33:
This substance was first detected after the third eluate of the

column was chromatographed in the hexane ~ benzene system. It had an

138



Rf of .11. On the basis of the solubility ir the extracting sol-
vents, its elution from the column with hexane = acetone and its
Rf, it was apparent that the substance was a steroid with threee
oxygen functions. Ultraviclet analysis revealed a peak of maxi-
mal aksorption at 240 mm which is characteristic of the alpha -
beta unsaturated ketone. Sinee practically all known natural ste-
roids with this conjugation have it in the A ring, it was possible

to predict the structure, as follows:

po—- ? o
sy 2
O/

It can be seen that the side-chain remained unknown. The Zim-
merman reaction was performed on a micro scale and the absorption
maxima determined to be at 490 mu. Since most 17 - ketones have
absorption maxima at 520 (24), it was appareant that an intact side-

ochaln was present and it was a 20 - ketone. The presumptive strue-

ture was then as follows: CH3
, )
C-0
«f- 1 0o =
04

As is evident, it would be difficult to place the additional
oxygen. The unnatural pesitions would seem to be eliminated. These

would include positions 1, 2, 8, 9, 12 and 15. Positions 4 and 6

are eliminated because there is no additional conjucation to the

16



delta « 4, 3 ~ ketone demostrable by ultraviclet analysis unless po-
sition 6 carried the oxygen as a hydroxyl group. This leaves avail-
able for the hydroxyl group positions 6, 7, 11, 14 and 16. Ketones
might be placed at 7, 11 or 16. Either hydroxyls or aldehydes might
be leocated at the angular 18 or 19 methyl groups.

A series of steroids with the hydroxyl group in the various pos-
sible sites were chromatogramed to determine which might have similar
Rf’s. The comparative Rf’s are presented in table XII,

TABLE XII

HYDROXYLATED STEROIDS

Compound tested HexanewBenzene system | Benzene system
i e o e — — BF &
6 =~ beta « hydroxy = progesterone 0.37 -
ll ~ alpha = hydroxy ~ progeste- 0.14 0.38
rone
1l - beta « hydroxy -~ progesterone 0.29 0.57
17-alpha « hydroxy « progesterone 0,48 -
16 ~ alpha - hydroxy ~ progeste- 0.09; 0.13 0.24
rone
19 « alpha = hydroxy « progeste- 0.10 0.27
rone
Compound 33 0.11; 0.l0 -

Utilizing data from the above table it would seem feasable that
the unknown compound might be either the 16 or the 19 hydroxylated

substance. The 14 « hydroxylated derivative is neither known nor a-

17



vailable from synthetiec sources for comparison; however, the pose
sibility of compound 33 beimrg this substance appears unlikely be-
cause tertiary hydroxyl derivatives do not exhibit the polarity of
this substance. Similarly, a ketonic dsrivative appears ualikely
because they also are markedly less polar. For example, 1l - keto -
porgesterone proved to have an Rf of 0.55 and 6 ~ keto ~ progesterone
an Rf of 0.71.

To confirm or rule out the presence of the hydroxyl grouping,

a micro - acetylation was carried eut on a small aliquot of campound
33, a 19 - hydroxy « progesterome and a 16 ~ hydroxy « progesterone.
Whereas the known acetate proved , have almost identical Rf’s of
0.78, the unknown substance was not visualized in this area. Inte-
restingly enough, this indicated that compound 33 may mot have an
hydroxyl group capable of being acetylated.

At about this time, Wiest et al 8 published the isolation of
two unknown substances from an arrhencblastama. No data was avail-
able on either of these substances except that substance Iz had an
Rf of 0.36 in benzene - chloroform (4:1) - formamide. This would
correspond to our Rf of about 0.25 im benzene « formamide.

Present investigations are aimed at completion of the identifé~
cation of this substance. Presumably, oxidation of the adehyde will
yield a more polar acid. This finding will confirm the presence of
the third oxygen on either 18 or 19 methyl group.

Additional investigation will be directed at determining whe-

18



ther the uaknown compound has biologieal activity. This activity
will be determined for both, androgenic and progestational poten-

cy. However, suech an investigation is outside the scope of this

thesis.

19



DISCUSSION

The problem confrenting the investigation of an arrhenoblas-
toma is the is the heretofore umexplained endocrinological basis
for the severe masculinization manifested by most tumors. Two
possible explamations present themselves: First, the tumor may
have an increased rate of synthesis of the matural androgenic hore
mones. Thus, there would be imcreased production of 17 = hydroxy -
progesterone, androstenedione, and testosterone. If this were the
case, it should be possible to easily establish a diagnosis by the
presence of increased urinary levels of pregnanetriol amd 17 « ketow-
steroids.

This possibility seems unlikely because the 17 . ketosteroids
are not increased. However, if one assumed that the biological li~
mit insofar as masculinization of the patient is concerned is appro-
ximately 300 mg equivalents of testosterone per month, this would
mean that the tumor would need secrete only 10 mgs per day. Allow-
ing for greater biological efficiency int he production amd functien
of the substance and allowing for a large excretory component being
unmeasured in the bile (Sandberg et al), it is apparent that this
type of increased secretion might mnever be reflected by increased
17 ketosteroids except in a few isolated instances where an inerdi-
nate amount of hormone was exereted. Patients suffering from an
arrhenoblastoma usually exhibit a greater degree of maculinization,

by far, than those patieats with similar clinical virilizing syn-

20



dromes (e.g. adremogenital syndrome) that conversely are characte-
rized by increased 17 ketosteroid levels.

Finally, the demonstration that the urine from patients with
an arrhenoblastoma has large amounts of biological activity in the
presence of normal 17 ketosteroids, tend further, to support the hy-
pothesis of a new hormone. Addition support for this theory is now
evident on the basis that a new hormone has been isolated from the
arrhenoblastoma. Whether this hormone be characterized or mot, it
is certain that it is an unusual substance. Imndeed, the Wiest group
considered it so uwnusual, they did not attempt identification, other
than to report its Rf. It is hoped that bicassay will confim our
impression of androgenic activity.

Miuch work remains to be done on the remaining fractions. While
their biological activity remains obscure, they are now sufficiently
pure, that characterization of several other hormones should be pos-

sible.

21



SUMMARY
Steroids were extracted and one compound partially characteri-
zed from a masculinizing arrhenoblastoma of the ovary. Methods of
isolation and identification are described in detail. The unknown
compound is thought to be either a hydroxy or aldehyde derivative
of progesterone. The significance of these findings is discussed.
A proposed scheme of biosynthesis of androgens is also discussed

in detail.
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