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a ABSTRACT

The object'bf the present étudy was to.evaluate'ﬁoéh
the endocrine‘and the.gametogenic fUngtiéns of the rat testis
in response to treatment with pineal indoles. Two experimenﬁ—
al designé‘were utilized;.one,a chronic in vivo inves-

. tigation where inaoles (lpmole) were. administered subcutan-
eoqsly and week;y to adult rats (evéluation monthly for 3
.months),and“an in vitro investigation where indoles were'
added directiy to testicular homogenates incubated with
pregneneoloné. |

In viveo,the influence of indoles (lymole/week) on Ehe

- reproductive functions of the adult male rat were ver§ mod;
est. Indolesrhad no effect on the gametogenic function of
the téstis,agd influenced the endocrine function of the
testis to a minor degree. Indoies induced only slight alter-
Iation§ in teipggteroné secre£ion,but apparently affected
andrOStenedioﬁe seéretion to a greater extent. Indoles
administered a;{ffmole/week afﬁected.the metaboiism of
testosterong;frém thé blood sﬁ{eam; The fegﬁlation of the

o : : . ‘
hetaboliéﬁfﬁ;inly‘hepatic) ciearance of testgeterone appears
to be the important feature of indolic function at this dose
level.

Indoles significantly inhibited the in zigig.biotransr

formation of pregneneolone into androgens. Melatonin was




o

by far the most potent inhibitor in this respect. The mech-
anism of indolic action may be attributed to a non=competi-

tive type of inhibition of the enzymes of androgenesis. In

this fashion,indole interaction at the testicular, level

appears related to structural similarities at the 5 position
of the indane ring system. Interaction with the two compon-
ent l?B—hydroxysteroid déhydrogenase system appears td be

indole specific. Each indolic compound induced a épecifié

pattern of influences on the activities of the i?B*hydroxy-

steroid dehydrogenase and the 17~ keto,reductase enzymes.

Consequently melatonln and 5 methoxytryptophol dlmlnlshed

both testosterone_and androstenedione formation while sero-

-9

‘ tbhin and S5-hydroxytryptophol diminishegd testosterone form-

ation but did not alter the formation of androstenedione.

\
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CHAPTER I _ /

~

REVIEW OF THE LITERATURE

. I. THE TESTIS 1

-

The testis in the adult rat gefvgs'two,distinct func-
"Eién which maintain the ;eproductive status of the animal,
namely, tﬁe gametogeﬁié function of providing sex Célls, and
the endoérinevfunction of secfeting ﬁormones, principally o
androgens; Divorced from the influence of higher centers
(pituitary wpd hypothalamus),however, fulfillment ofrthese
functions-would be impossible.ﬁThe lifelines connecting the
highér centefs with the main works (teétié)varg thé gonado—
'troPﬁihs ie;folliqle stimulating horméné (FSH), &hd inter-
;titial cell stimulating hormone (ICSH): the indispenkible

couriers of the complex system.

(A) THE ENDOCRINE FUNCTION OF THE TESTIS

. -
Historichl Introductiod ‘ {

v
\

;n some respigts, knowledge ?f th% en@ocrino;ogy of

_the testis has advanced more rapidly than that of other
eﬁdocrine organs (Hali,lS?O). The role of the testis in nor-
mal male development and the effects of cast#ation were known
in the time of Ariétotlez,In 1849, Berthold demonstrated that .
regression of the cock's comb followed casfratidn and that |
this regression was prevented by transplanting the testis

to é new siﬁe. This experiment demonstrated that the testis

controlled growth of the.cock's comb and that the influence




was endocrine in nature,since transplantation of the testis

prevented regression of the comb. In 1889 Brown-Sequard
: » _
reported an increased vigour after self treatment with tes-

ticular extracts. According to Tepperman (1968),this experi—
ment was one of many that prompted an early lack of'respect-
-for endocrinology. More than'40 years latexr in 1931,Butenandt
crystélized androsterone from urine. This éllowed character--
ization of androgenic structure. In 1935 testosterone was
isolated in érystalline form and in the same year Butenandt
syﬁthesized the hormone. Soon rélatively cheap preparations
'of testosterone were avaiiable for experimental use. These

) : .

advances paved the way for a detailed study of the nature

of androgeﬁic function. Recently, specific and accurate
methods for measuring .androgens in body fluids have been
developed. Finally,considerable progress has béen'made in
elucidating the mechanism of action of androgens. However,
progress has beeh slow in some aspects of male sex gland
function ie;the action of FSH on the,testis‘is stiil not

uhderstood.

Biosynthesis of Androgens

% The testis secretes Ehree main androgens: testosterone,
and;ostenedione,and dehydréépiandrosterone (Eik~Nes and Hall,
lQéS).lTestosterone and androstenedione are considerably

more’ androgenically potent than dehydroepiandrosterone

(%@rfmann and Shipley,1956}).




AndrOgeneéis has been kﬁown for some time to occur iﬂ
the Leydig or interstitial cells of the testis (Hall,l910).
Christensen and‘Mason (1965) succeedgd?in séparating»tub_
ules from Leydig cells anq were able to show that androgen-
esis also occured in the tubules. ﬁndér the assumptiop that
cholestercl is an cbligatory intermediate in steroid<ﬁormone
biosynthesis, Hall (1970) q&zgtioned the seminiferous tubules
as a furthér site of androgen synthesis wheﬁ;hé was, unable to
demonstfate'dndrogén function from radio-labelled cholesterol
with tubular preparationsﬁig_gigzg. Recently, Lacy (1973} has
shown that tubular preparations can i&.fact, prodﬁce andro-
gens from cholestérol, and a microsomél fraction of tubules
poséessed greater activity in.metabéliziné progesterone-thén
a similar interstitial microsomal fraction. At the present
tiqe the physiological significance of tubular androgenesis
is uncertain. |

It has been c¢lear for some time that cholesterol is a
precursor of steroid hormones (Samuels,1960). However, side
5ﬁgzgﬂ;1eavage at C-17 %ust précede fprmation of steroid hor-
mones.Side chain cleavage is acéomplished by an importaht |
pathway whereby cholésterol is converted to pregneneolone
and isocapraldehyde. This conVefsion takes place in mito-
chondria of the testis cells (Toren et al,1964) and has been

shown to be the rate limiting feature of steroidogenesis.

In the rat, further transformation of pregneneolone




to androgens takes place in the microsomes; the supernatant
£luid (105,000 x G) is esseﬁtially‘devoid of enzymatic activ-
ity (Tamaoki,1965). However, the supernatant fluid is capable
of stimulétingﬂthe_cdnversioﬁ of pregneneolone to testoster-
oné'by a NADPH independent mechanisﬁ. |

Two pﬁthways*for the producﬁion of androgens from
pregneneoclone have beeg described 'in the rat (Slaunwhite aLd
Samuels, 1956,Slaunwhite and Burgett, 1965). The first consists
of the formation of testosterone via progesterone, 17u-hydroxy-
progesterone, and androstenedione: the progeste;one‘of deita—4
pathway. The second invplves i7a~hydroxypregneheolone,dehy—
droepiandros?efone,S—androstenediél, and téstosterone: the
dehydroepiandrosterone“6r delta-5 pathway.

Slaunwhite ahd-Samueis (1956) incubated homogenates
of rat testis wiph progesterone—cl4. Whenever androstene-
‘dione-Cl4 and testlosterone-cl4 were obtained, and progéster:
one-—C14 was in excéss,‘17unHydrOXYpngesteroheeCl4 was iso-
laﬁed. With 17u—hydro;cyprogesterone—_cl4 as substrate both
" labelled androgens (testoéterone and androstenedione} were
rapidly formed.

Workers sought to determine whether or not the éeita—
4‘pathway was the.predominant one. Shikita et al (1964)
showed that in the conversioﬁ_qf prégneneolone—H3 to testos-
terone—H3 by rat testicular micrOsoﬁes, progesterone—HB,

' . . . 3
17a—hydroxyprogesterone-H3 and androstenedione-E~ were found

* - Figure 17, page 110 illustrates the pathways to éndrogen

formation
Niihh
ji
i,




of pregneneolone—ﬂ3 and progestefone—cl4, progesterone-~C

¢ N
as intermediates. Labelled l7u~hydroxypregneneoione was pres-
ent only in negligible amounts. .-On incubation with a mixture
' 14
was more rapidly converted to testosterone than was preg-

neneolone—H3; Androstenedione was produced from both sub-

strates. Incubation with progesterone—c14 and l7a-hydroxy-

pregneneolone—.—H3 showed that the former steroid was more

readily converted to testosterone. Slaunwhite and Burgett

"{1965) derived similar results and’ attempted to guantify the

extent of converéion‘from pregneneoione. They showed that
the progesterone pathway hormally predominates;‘44% of
pregneneclone was converted to progesterone while only 19%
of pregneneolone was converted to l7u—hydroxypregneneofgne.
The'delta—5 pathway has been described for the rat
testis by Slaunwhite and Burgett (1965). They concluded that
8

dehydroepiandrosterone was not an important intermediate in

testosterone biosynthesis,being readily converted to andro=-

. stenedione.

Slaunwhite and Burgett (1965) osed thqt androstene-
dione and testosterone are formed Via.independent pathways,
the former by the delta-4 pathway and the latter by a delta-
5 route and that these pathways‘are not readily interconvert-

ible.

Hormonal Control of Androgenesis
For some years it has been known that a hormone from

the anterior gituitary stimulates the synthesis of androgens
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b

. by the testis (Hall,1970). This hormone has been called
interstitial cell stimulating hormone (ICSH). Trophic

~ N o ' .
stimulation of the testis by ICSH results in enhancement of

.., f€stosterone, androstenedione and dehydroepiandrosterone

synthesis both in vivo and in vitro (Brinck-Johnsen and.

Eik-Nes,1957). Méreoyer, the increase'in.synthesié of
androgens fs'accompaniéd by increased secretion of these
steroids into the biood streém‘{Van der Molen 53_55,1973).

ICSH has-beeﬁ shbwn to interact wiﬁh‘the testis, spec-
ifically with the Leydig cells (Greep,1973). According,to
Van der Molen gE_gl\(l973) the mechanism of ICSH action is
believed to correlate well with ﬁhe general schemg, based
mainly on evidence from the‘action,of ACTH on,the adrenal
cortex.

The proposed mechanism of action of ICSH is presented
in Figure 1. ICSH binds specifically to receptor proteins
.on the surface of the Leydig ceil memb&ané (Mdudgal et al,
1971) . ICSH activates adenyl cyclase in thé membfane to
produce the second messenger, cyclic AMP (Sandler and Hall,
1966) . The cyclic adenosine monophosphate that is formedl
-activates a series of kinases by binding with an inhibiting
subunit.of a protein kinase, thus'releasing the active kin-
ase (Garren et al,1971). This process initiates‘the activ-

ation of cholesterol esterase (Behrman and Armstrong,l1969)
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FIGURE I. Proposed mechanism of actior of interstitial cell,

stimulating hormone (ICSH).
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which hastens the transformation of cholesterol esters.to
free cholesterql,a preéursqr of androgens. The activated
protein kinase catalyées the'phosphorylation of a ribosome
moigty,théreby modulating the translation of ‘4 messenger
RNA (Garren et al,1971l). This results in the induction of
a regulatbr protein which facilitates the trarnslocation of
cholestercl into the mitochondria.

ICSH appéars to stimﬁlaté‘androgenesis by a mechanism
-involving RNA and or prote&n synthesis. ReelAand Gorski (l§68)-
Gbserved that actinomysin D and cyclohexamiée inhibited the

actiqp of ICSH. Cyclohexamide administration had no influence

-

on the converéion of acetate to cholesterol,but'inhibitgd'
the ACTH stimulated fall in free cholesterol and the ACTH
stimulated conversion to corticosteroids (Davis,1969).Results
of this néture ie; stimulation of the rate limiting sfep

of steroidogenesis by trophic hormones are in agreement with
those reported by Van der Molen et al(1973). These workers
infused labelled pfegneneolone ;nto the spermétic artery of
the testes: concomitantly with.hﬁﬁan choriénic gonadbtrophin
(ﬁcé) or éyclic AMP. Tﬁey discévered that the specific act-
ivities of all iﬁtermediaﬁés between_pregneneolonerand tes-
tosterone in the spermatic venous blood were decreased when .
cdmpared to the unstimulated controls. They concluded that
this decrease confirms that gonadotrophins do stimulate

steroid biosynthesis prior to pregneneolone formation. Since




Cne ey m A m o -

.of cholesterol to pregneneolbne has also been'suggested.

-

a large mass of pregneneolone is formed during gonadotrophin
administration,tﬁe_specific acﬁivities,of other steroids

that Can be synthesized fro&\pregnenebloﬁe are then decreaéed
when compared to the controlg\) |

-

ICSH interaction at a site other than the conve:Sioﬁ

-

Bardin and Peterson (1967) administered HCG to rats and

examined the concentratipns of testosterone and androstene-

dione in testicular venous blooq. They observed that. rats
with-less apparent gonadotrophin stimulation (0.0i iU HCG)
had teétosterone to androstenedione (T/A) ratios of about
4. Stroﬁg gonadotrophin stimulation (1.0 IU HCG) maintained
T/A ratios. in the order of B.. The authors conclﬁded that\j
the éonadotrdphin was in part responsible for the high
secretion of testosterone relative to androstenedione. These
results suggest that perhaps ICSH acts to stimulate the
conversion of androstenedione to testosterone. |
Recéntly,the involvement of prolactin in androgenic
process has ybeen sugé?sted. Hafiez gE_gi(l972b);using ,

hypophysectomized rats,made injections twice daily with

' saline,prolactin,Ll,prolactin + LH for 3.5 days,beginning

18 days post-surgery. These investigators incubated minced

l4-—a_cetate-for three hours at 37OC,

testes in vitro with 1-C
and calculated the conversion of acetate into testosterone.

Conversion of acetate to testosterone was not changed by

-
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prolactin treatment,was significantly increased by'LH,and
furthér increased by prolactin + LH to approximately the

level 6bserved in the intact controls. These results demon- JE?'
étrateAa synergiséic action of pﬁOléctin and LH pn the syn-
thésis.of testosterone in vitro. Hafiez et al(1972a) demon-
strated that testoétefone_ﬁlasma lévels were éignificantly'
greater in th; prolactin + LH-treated group than in the.LH—
treated group. These results indicate that prolactin poten-
tiated the effects of LH on both the synthesis and-the release
by the testis. |

(B) THE GAMETOGENIC FUNCTION OF THE TESTIS

The_gametogenic funétion'of the testis is of prime im-
" portance for the continuity of the species. 'Male germ cellé
or spermatozoa are‘producéd in the seminiferous tubules by a
process Eérmed spermatogenesis.

In the adult rat,the.seminiferous epitheiium is composed
of two éategories of cells:supporting or Sertoli cells,and
gefm cells at different stagés of development(Patt and Patt,1969).

Sertoli éells are the suppofti&e cells of the seminif-
erous- epithelium which lie very close to the basement membrane.
'The'cytoplasm of Sertoli cells exhibits an elaborate system
of thin p:oceSses surrounding all germ cellé except the sper-
matogoniai-stem celis(Monesi,1972).-The function df tﬁe Ser-
toli cells 1is not clear. They certainiy plaf a role in.the

mechanical support of the germ cells,the release of mature

-
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spermatozba from the. tubules,and the resorﬁtion of residual
bodies (Monesi,1972). Sertoli cells never divide ;n the mat-
ure testis and they are very resistant to x—fays and other
ionizing ;adiation,and other toxic-agents that destroy the
_germ celis(Monesi,lQ?Z). |
Spermatogenesis can be divided into three phases

(Clermbnt,l972).The/first phase involves the.spermatogonia
which proliferate and simultaneocusly maintain their numbers
by renewal.In thé rat,type A,Intermediate and type B sperm-
atogonia are present.near the basement membrane.The tyée,A
spérmétdgogia give rise to otﬁer type.A spermatogonia (Al—A4);
of this progeny,some cells divide to form Intermediate sperm-
atogonia,some degenerate and some form new type Al spermat-
ogonia (Clermon£ and Bustos—Obregon,l968).Another;class of
type A spermétogonia,designated a§ Aé were discoverea after
irradiation of the testis'(Dym and Clermont,lQ?O).These in-
vestigators discovered that type AO spermdtogonia were fhe
most resistant germ cell type and served as reserve sfem cellé,
which rarely divided. Intermediate spermatogonia divide by mit-
osis to produce type B spermatogonia which ;onsequently mit-
oée-to form primary spermatocytes.

| The second phase of sperﬁatogenesis involveé the primary
and secondary spermatocytes which divide by meiosis to pro-

duca haploid cells,the épermatids.The third bhase concerns

the spermatids.The spermatids undergo a complex series of




cytological traﬁsformations'(spermiogenesis) which produ@a,.
spermafozoa.No cell division occurs during this process(Patt
and -Patt,1969) .At the completion of spermiogenesis mogt of
"the excess cyteplasm containing ribosomes,lipid droplets,Goigi
membranes 3gg:degenerating ﬁitoqhondrie is cast ‘off (Monesi,
1972).This mass,termed the residual bodies is phagocytesed-

by the Sertoli cells.
4

K]
L

The seminifegrous epithelium ofﬁthe adult rat is composed

[

of,in addition{to the Sertoli cells ,Che or two generetions (\_,,W
of spermatogoni along th%lbasément membrane one or two
generations of spermatocytes and one or two generations of
spermatids bordering the lumen of the tubule(Leblond and
Clermont,1952);Accordiﬁg to the auﬁhors a geeeratiqn_repres-
ents a grdup of‘celle at'the same stage of development,pro—
"duced at the same time and evolved synchronously through the
spermatogenic process. The earious generations of gerﬁ—Cells
form'cellular associations of fixed compos;tion,and onlﬁklimé
ited numbers of such cell associations can be observed iﬁivax—
iqus'cress‘ééctions of seminiferous tubules (élermontIlQ?E).
The cell assoclations appear and follow one another in a given
and fixed sequence,which is fepeated indefinately in a cyciic
manner.The complete series of cell associations is termed

‘the cycle ef the 'seminiferous epithelium and each cell assoc-

iation is a stage of the cycle (Clermont,1972).Clermonft and

Perey,(l957)'demonsgrated that in the rat the cycle of the




Mo _
seminiferous epithelium has 14 stages (Figure 2). .
| Spgrmatogenesis commences when a type A spermatogonium
initiates mitosis (Monesi,1972).1In the semiﬁifé%ous_epithel—
lum miéoses are initiated at regular. intervals corresponding
- to the completion of a éycie of the seminiferous épithelium.
Clermont and Harvey (1965) dIscovéred.that 12.9 days were
required to complete one cycie of the seminiferoqs epithelium
in the Sprague-Dawley rét. These investigators obéervéd that
during the interval necessary for a type'A spermatogonium
to differentiate into a spermatozooﬁ, 4-cyclés of the sém—
iniferous epithelium had proceeded.Thus the spermatoéénic

. o ] e ,
‘process in the Sprague-Dawley rat was calculated to require
51.6 days.

The Hormonal Control of Spermatogenesis

Until recentiy,the status of the knowledge regarding
hofmonal control of spermatogenesis relied heavily on the
assumptipn thét FSH was the.prime control factor.Howéver,re—
cent advance; have cast serious doubts oﬁ the role of FSH in
the spermatogénic process.Workers in the field have utiliéedl
variocus experimental approaches to'mpré clearly define the.role
of FSH,as well as the functioﬂs of ICSH and androgens in the
spermatdgenic process.

Removal of the pituitary gland in the rat has been shown
to produce aﬁ arrest of spermatogenesis'at the stage.df the

-

primary spermatocytes (Mess,1952).The rate of spermatogenesis
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FIGURE 2.

composition.of the fourteen cellular associations

observed in the seminifcrous cpithelium of the

v

rat. Each column consists of the_variQus'coll
types composing a stage of the cycle(identified
by ‘roman numerals. Abbreviations: A,In,B: Typeh,
Intermediate and type B spermatggonia;R,L,z,P,

Di: prlmary spermatocytes at pre leptotene,

~, '

“ leptotene, zygotene, pachytcne and dlakﬂee51s res-

"\
pective}y;II:secondary spermatocytes;lfig;zgtages

of spérmiogenesis. From Perey et al(l961).

'
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duriﬁg the preﬁeiotic stageé was shown té be unaltered,bﬁt
the.qUantitative aspects bf germinal_cellLdiffereﬁtiation
was affected (Clermont and Morgéntalef, 1955). Tﬁeée inves-
tigators observed that only one-half of the type A spermat- .
‘ogonia complete mito?ic divisions to form type B spermato-
gonia, and that sperﬁat0cy£es tended to degenerate as$ evidenced
by a high-resting épermatocyte to pacﬁytene spermatocy£e.ratio.
| ' Hormone replacemeﬂt tﬁerapy after hypophfseétomy has .
been employed‘as an experimental approach‘to clarify gonado-
trophin ihvolvémgnt in the spermatogenic'péocess. Clermont
and Harvey (1967) administeréd either ICSH,FSH, testosterone
or a combination of these hérmongs to ﬁypbphysectomized rats
and found that spermatogenesis was not quant£tativély main-
tained. Although all stages of spermatogenesis were present
in the ICSH-treated '‘animals, only about two-thirds of the
normal numbers of germ cells were present. The authors con-
cluded that onlﬁJICSH was effectivé in the maintenance of -
spermatogenesis; FSH had no effect on the process.

Lostroh (1963), using relatively pure hormone, found
that neither FSH ﬁor ICSH élone was able to restore compietg
spermatogenesis in hypophyééctomized rats and‘concluded
that both FSH and ICSH must be available if spermatid form-
ation is to be achieved.

Steinﬁerger and Duckett (1967) suggested that FSH and’

testosterone act upon different germinal cells in a consecutive
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. fashion; a poteRtiating effect on ﬁhe same cell type was
implied. In immature réts, the gonadotrophins were.éuppressed
- "with eithef testosterone or estrogen. Testosterone was re-
vealed to be essential for the completion of the meiotic
divisions and for‘the‘formation of sﬁermatids up to stage
15 of spérmioggnesis. Formation of more mature spermatids
occu?red only aftef FSH administration.

Lostroh (19695 observed an improvement of testicular
morphology if growtﬁ hormone was c0ncoﬁitantly administered
with testosterone to hypophysectomized rats; This study

- suggested that hormones, other than gonadotrophins may play
alsignificant_role in the guantitative aspects of spermato-
genesis. |

In vitro studies have confirmed many of the in vivo

' results. Steinberger and Steinberger (1965) demonstrated .
that thérpremeiotic stages of spermatdgenesis in cell culture
. proceéded totally in the abscence of hor&ones. Utilizing
radioautography these authors showed that differentiation'of
gefm cells during thé preﬁeiotic $tages proceeds in culture
at nqormal rates. Steinberger and Steinberger {(1973) observed
that attempts to employ hormone therapy in céll culture had
been disappointing. These investigators suggested thag'the
hormones necessary for sprematogenesis may have to be modified
in some way before their activity can‘be exerted on the target

‘organ or cell.
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Steinberger (1971) suggested that the hormonal control
of spermatogenesis involved numerous hormone%f at various Stagés
along the spermatogenic process. He proposed that although
‘the prémiotic stages had been shown not to require goﬁado-
trbphins,perhéps growth hormoﬂe is required.to stimulate the
quantitative aspects. The author impliéd thaf hormonal controi
seemed to-be Qxefted atVtwo‘levels;'(l) testosterQne at the
level.of the meiotic divisions and spermatids to stage 15 of
spermiogenesis {2) FSH at the later stages'of spermatogenesis.

Lagf et al (1969) subjected rats to sterilizing.doses
of heat treatment to facilitate an increase in the ratio of
Sertoli cells to germ cells. Seminifefous tubqles were in-
cubated with progesterone'—c14 and the yields of endogenous
~and labelled testosterone were ﬁetermiped. There was no
significant difference in ‘the yields of either endogenous or
labelled testosterone when compared to incubations carried
out on normal tissue. These results suggest that thé Sertoli
cells. are sites of and;ogen'produqtion. Recently,~Castro et al
(l970)demonstfated that FSH binas specifically to the Sertoli
¢ells. These results imply thét-FSH acts‘upon the Sertoli cells
to increése tubular androgen'prodgction; Thus the Sertoli cells
may have an important role with regards to the hormonal cont:ol

of spermatogenesis.
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IT. THE PINEAL AND MALE REPRODUCTION
M

Historical Introduction

The pineal is a small white structure shaped somewhat
likela pinecone which is located near the centet of the
mammalian brain. Existence of such.a body has been realized
for at least 20b0 years. Galen, in the. second century A;D.,
quoted studies of earlf Greek anatomists who were impressed
because of }ts unique'perch on the aqueduct of the cerebrum.

Descartes, writing in the 17th century, formulated that
the plneal body housed the seat of the ratlonal soul. Phil-
osophlcally, ‘he proceeded to hypothe51ze the mode of pineal‘
action. Descartes assumed that the eyes perceived the events.
of' the world and that this information was tranemitted by
.meens of strings to the pineal. The pineal responded by
releasing humors down - hollow tubes to the muscles where the
appropriate responses were initiated.

As it turns out, Descartes was not far from the truth
in_a‘sense, for the pineal does convert photic information,
which is neurally transmitted ftom the .eyes to the gland,
to elaborate a hormone type outout which, via the blood
stream then affects glandular performances (Kinson, 1872} .
Such an organ which can respond to neural information in such
a way as to synthesize a hormonal type output into the blood
stream, has been d851gnated a neuroendocrlne transducer. The

pineal is not unique in this respect, for the adrenal medulla,




19

posterior pituitary, and the pituitary releasing factor sys-
tem opérates in this fashion.

In 1889 Heubner published a case report of a boy who
showed precocious puberty and was aiso found ﬁo have a pineal
tumour. Over the next 50 years many othef such céses were
documented, as well as a smaller  number of patiénts whése
pineal £umours were associated with'deiayed sexual development.
Kitay and Altschule (1954) reyiewed the entire world liter-
ature concerning'pineal tumours. They discovered tha£ most
of the tumo&%s associated with precocious péberty were not
really pineal in origin, but wefe tuméurs.of the supporting
tissues. The tumours assdciatéd with delayed puberfy were,
in most cases, true pineai tumours. From these‘reviews the
relation of the.pineal to feproduction became established
ie; one of an inhibition of reproductive status.

Biochemistry of the Pineal

The plneal gland possesses complex biochemical gz
machlnery capable of translatlng neural 1nfluences into endo-
crine responses.A unlque product of pineal functlon, melatonln,
was isolated by Lerner gg_ii (1958). It is a methoxyindole,
the methoxy group being attached to the 5 position of the
indane ring system. - o

The ultimaté precursor of mélatonin is trfptophan
which is hydroxylated by the enzyme tryptophan hydroxylase

to 5-hydroxytryptophan (Lovenb@rg et al,1967). This substrate
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is catalysed by aromatic amino acid decarboxylase to form
sero%onin (Snydef and Axelrod,1954}. Part of the serotenin
is then acetylated by an acetylating enzyme,N-acetyl
t;ahsferase (Weissbach et al,1960). The final step involves
O—methylation to_melatonin by hydroxy indole-O-methyl trans-
ferase (HIOMT) (Axelrod,l971).lThe enzymes catalyéing the
formation of‘melatonin are highly conceZtrated in the pineal
‘(Axelrod,1971). Serotonin is the precursor of other indoles,
not.just melatonin; eart of the serotonin is deaminated by -
monoamine oxidase to 5-hydroxyindole acetic.acid and 5-hydroxy-
tryptophol (Axelrod,iQ?l). The enzyme HIOMT O—methylates
5-hydroxytryptophol to ferm 5-methoxytryptophol (Wurtman
gg_gl,l968); Figure 3 illustrates ‘the stuctures of several
of the indoles present in the pineal gland
Relatlvely large amounts of amino acids were reported

to 5é formed from glucose in the plneals of young goats
{Hellman and Larss%i +1961) . The rapid formation of amino
a01ds in the pineal may supply the materlal for produc1ng

a proteln or polypeptide secretion (Wurtman et al,1968).

Anetomy and Innervation of the Pineal

| In lower vertebrates the pineallwas shown to contain
‘photoreceptor elements not unlike the rods and cones 0of the
retina (Kappers,l971l). However,workers soon discovefed,using
. electron microscopy,that. the ﬁineal of mammals had lost such .

photoreceptor elements {(Wurtman e£ al,l968). Instead, the

LY
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FIGURE 3. Structures of several pineal indoles.’
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‘mammalian pineal has become specialized during evolution
to assume a secretqry role (Wurtman et al,1968). RéspOnse to

: — —
light was altered from a direct photreception to an indirect
photo-neurohumoral machaﬁism. The nature of this indirect
influenqé was‘discovered by Kappers k1960), who demonstrated
‘that the mammalian pineal loses all nervous connections with
the brain soon aftérvbirth and becomes exte;sively penetrated
by sympathetic'nefves of the autonémic nervous system.

Ele microscope studies.rgvealed that these nerves term-
inate di:edtly on the pineal cells, instead of on blood vessels
or smooth muscle cells, as in most other organs.

The exact innervation of the pineal gland (Wienef,1968)
clearly démonstrates the indirect influence of light on the
pineai. Iight energy is translated into nervous impulses in
the retina. Neﬁvé impﬁlses are transmitted via the optic
nerﬁes to thé infer%dr accessory optic tract. Via the
medial forebrain, bundle, and the tegmentum, the nerve impulses
are relayéd to the superior cervical ganélion. Sympathetic
nerves innervating the pineal, thus transmit external photic
information; this'information is indirect since light-as
such does not stimulate the pineal directly..

Light and the Pineal

‘The first demonstration that environmental lighting
influences the structure and f%pction of the mammalian

- pineal .was made by Fiske et al (1962). These WOI%SES
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" housed male and female rats in continuous darkness or light -

for 6 to 25 weeks. At éhe end of this time the weight of

the piheal gland had decreased by about 25% in the light
treated animals. Darkness had no- effect on pineal weighf.
This result was rapidly confirmed in dther "laboratories.
Moreover, when a large enough'population_of animals QASlstud—
ied, it was possible to demonstrate that pineal weight norm-
ally varied abouf a 24 hour cycle (Axelrod et al, (1965): the
weight of the pineal was lowest at the end of the daily

light period. fhese'fesults demonstrated the inhibitory in-
fluence of light illumination on the pineal.

Wueran EE_§£1(1963) subjected rats to an environment
of either continuous ligﬁt or darkness for 6 to 55 days. The
pineals were ﬁhen assayed for ﬁIOMT activity. Coutiﬁuous
light produced a marked decline in the activity of this en-
zyme; animals maintained under light'péoduced‘only one-third
to one-tenth as much melatonin as rats kept in‘Aarkness. Thg
effect of light on HIOMT appeared specific, inasmuch fhe act-
ivity of monoaminé oxidase was unaltered. -

Wurtman et al (l1964a) demonstrated tﬁat the depression
of'HiOMT aétivity depended upon‘information carried to.the
pineal by its sympathétic nerves. These investigatgrs removed
the superior cervical ganglia bilaterally and subjected these

surgically operated rats to an environment of constant light

or darkness. The removal of the superior cervical ganglia
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abolished the effects of environmentalrlight on the pineal.
To furthér exahine ﬁhe pathway involved in the transmission
of light messadges frop the retina to the pineal,the inferiop
accessory optic tract was transected (Moore et al,1967). The
lesion abolished the fall in HIOMT activity  caused by contin-
uous light.'These observatioﬁs conclusivgly d?monstfated the
indirect phot9—neurohumoral " influence of light upon pineal

function.

Rhythms and the Pineal
-Wurtman and Axelrod (1965) showed that HIOMT activity
is very dependent on the status of the diurnal lighting
reglme,and osc1llates closely about 24 hours in a c1rcadlan
rhythm. HIOMT activity has been clearly demonstrated co be
greatest in the dark phase and lowest during the light phase.
Howeqer,the.HIOMT activify rhythm is different'from'other
biological rhythms in that light completely dictates the
cyclicity. Exposure of animals to continuous dark maintains
a , ‘
peék HIdMT activity while continuous light maintains ﬁig}mal
HIOMT activity. This exogenous rhythm is therefore éompletely
dependent on environmental cues. .
Serotonin contenﬁ also cycles about a diurnal light

pattern (Quay,1963). However,the rhythm is out of phase with

the HIOMT rhythm. During darkness serotonin content is min-
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imal and under light exposure-peak serqtonin levels are main-
tained. The significance of the out of phase relationship
becomes_apparent when oné consideré that serbtonin is the
precursor to melatonin. The serotonin content rhythm q}so
differs with ﬁherHIOMT activity rhythm in thét it is endo-
genous ie; a rhythm’contrplled by higher centers. This is
clearly demonstrated when animalé are exposéa to conﬁinuous
darkness. The rhythm persists, illustratin% that environ-
mental ligh£ acts only as an external syncﬁfonizer.

N-acetyl transferase,'the enzyme that catalyzes the
conversion of serotdnin to N-acetylserotonin has also been
shown to exhibit marked diurnal changes of aétivity in the
rat pineal'(Axelrod,iQ?i). The enzyme exhibits greatest
activity at night; thus more serotonin is acetylated at night.
Since N~acetylserotpﬁin is a precursor of mélatoqin the
significance of‘the'rhythm Is evident.

Light, Reproduction and the Pineal

The influence of light or the lack of it on reproduc-

_ tion has been guite clearly demonstrated in‘a séaéonal breeder,
the hamster. Hoffman and Reiter (1965) found that if sex-
ually mature hamstefs were placed in an environment which
allowed one hour of light per day,‘the testes suffgredisevére
atfophic changes within 4 to 6 weeks. Proof that this alter-
ation in growth was a consequence of a hyperactlve pineal

was demonstrated by the fact that the dark malntalned ham—
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stefs,thét had been pinealectomized failed to exhibit repro-
ductive regression. This study aﬁd oﬁe by Wurtman et al (1961)
clearly demonstated that the pineal secretes a gonad—iﬁhibitiﬁg
compound whose' secretion is stimuléted in darkness.

Effects of Pinealectomy on Male Reproduction

Pineal removal in experimental animals has been shown
to be very inconsistent. Reiter and Sorrentino (1970) suggest
that the absenée of a response seen by some workers'may be
due to a mulfitude of factors; such as the age of animals
at pinealectomy,ambient lighting conditions,nutritional -
status,di%ferenée in strain and species,and methods of caging
the animals. '

Motta and'his,éolleagues(1§67) observed 12 days after
pineal removal an extraocrdinary 82 and 4{% hypertrophy of
the seminal vesicles and prostate glands respéctively, com-
pared to similaf organs of the sham—operéte@ controls: thefe
was also an insigﬁificanﬁ enhancement bf testes weight;
Kinson and Peat (1971) observed significant increases in
prostate weight after pineal removal when compared tolthe
sham—opé;ated contro;s.‘However,this response at 4 weeks
post-pinealectomy was nothing like the 44% hyperﬁrophy
observed by Motta et al (1967) . The same study revealed a
dramatic three fold rise in‘testiéular venous testosterone,

in the pinealectomized animals when compared to the sham-

operated controls. These studies sugge%%:ghat the pineal is
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normally an inhibitory influence on male reproduction: its
removal accelerates accessOry Sex gland weight and testos-

terone secretion.

Effgcts of.Indo}e Treétment on Male Reproduction
The administr;tion of melatonin and serotonin to exper-
imentai animéls'hé@ been extensively'utilized to qain insight
to the influence of the pineal on male reproductio;.
Boccabella et al (1962) studied the effects of high
doses of serotonin (20mg/rat/day)-on testicular function of
the rat.‘Theée investigators feported dramatic impairment .
of spérmatogenesis after 35 dayg of treatment. They attrib-
uted the massive damage to serotonin—induéed testicular
ischemia since simultaneous injections of sero£qnin with
Apresoline (a vasodilator) produced no evident changes in
‘testicular morphology. Kormano et al(1968) studied the long
~term influenée.of serotonin treatment on the testicular
function of the rat. They reported dramatic impairmeht of
spermatogenesis,similﬁr to those induced by testicular
ischemia. Kormano (1370} sﬁudied the influence of seroﬁonin
on testicular blood vessels. He observed that a single dose
of -serotonin (25 mg/Kg) could complétely occlude the testic-
uiar artery and its b;ahéhes. A smaller dose of serotonin
(10 mg/Kg),though causing clear cut vasoconstriction,did not

completely occlude the blood vessels.

I,iu and Kinson (1973) administered melatonin and
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serotonin in pellet form to mdture male rats (10 mg indole/
rat) initjally and again after 4 weeks. Administration of

lndoles in pellet form was employed to ensure a slow sus-

tained release of 1ndoles;JAnlmals were sacrificed at 4,8,

~and 12 weeks after the 1n1t1al 1mplantat10n Serotonin

administration severely affected testis weight which was
siqoificantly depressed from the controls at 8 and 12 weeks
a%d drastically t@paired spermatogenesis; at 12 weeks over
85% of the tubuLes were damaged.‘The effect of serotonin
upon spermatogenesis can not be attributed to testicular
isohemia,si;ce the dose level emplofed was not excessive.
Me%g%gﬁ%ﬁﬁtreatment in this study resulted in. a sig-
nificant deoression of prostate weioht at 12 weeks when
comp;red to the controls. Melatonin treatment significantly
depressed testicular ,venous levels of testosterone at 4
weeks. The effect per51sted throughout the study, nonetheless,
was not significantly different from the controls at 8 and
12 weeke. Meiatonin administration had no effect on the
gametogenic function of the testis throughout the study.“This

study clearly demonstrated that the locus of serotonin act-

ion is at the tubular level while melatonin predominantly

‘affects the endocrine function of the testis.

Kinson et al (1973) demonstrated that the fractionai

blood flow to the testis was not significantly altered during

ol

melatonin or serotonin administration. These investigators
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concluded that the vascular effects of indoles are of
secondary importance.
The effects of other indoles, 5-hydroxytryptophol and

5~ methoxytryptoPhol have not beén extensively examined.

Vilchez-Martinez and Debel]uk (1972 administered 5-methoxy-

tryptophol to immature rats and observed that the indole
had no significanﬁ'effects on testis, ventral prostate and
seminal vesicle weight.

The Effects of the Pineal: Levels of Interaction

-~
The plneal is believed to exert its influence at two

main levels; (1) hypothalamo—pltultary level (2) testicular
) I

level (Kinson,1972).
The iﬁfluenqe of pineal indoles at th; hypbthalaﬁo—
|
pituitary. level is widely documented. Nevertheless, there 1s
little evidence that the ﬁineal gland or its pfinciples

normaily’determine the synthesis or release of specific

pituitary gonadotrophins (Reiter,1973).

Fraschini et al (1968) castrated adult male rats«éo

stimulate the production and storage of LH in the .anterior

pituitary. By means of cannulae, various pineal-derived indoles

were then placed in several central nervous system areas.
When deposited 1nto the median eminencg both melatonin and
5-hydroxytryptophol significantly retarded the accumulation
of LH in the pituitary. Serotonin and S5-methoxytryptophol
were ineffective at this 51te These results indicated that

either the release of LH had been activated or the synthe51s

1\
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had been inhibited under melétonin or'S—hydroxyﬁryptophol
treatment. Fraéchini gg_gi(1970)robservedllow pituitary and
plasma levels of LH after implantation of'these indoles,and
therefore propoéed that me}atonin and 5—hydroxytryptpphol
act by inhibitingthe';ynthesis of LH.

Fraschini g&ﬁél(l970){using similar experimental

methods,demonstrated the effects of pineal indoles on FSH.

Serotonin and 5-methoxytryptophol implanted into the median

eminencer were most effective in reducing pituitary FSH
cdntent.

‘Kamberi et al(1970) infused melatponin (2ig/minute)
direétly into a cannulated stalk portal vesseltthe blood of
which drains into the sinusoids of the anterior pituitary:;
dld not affect the ‘concentration of LH in the perlpheral
serum. Its admlnlstratlon via the ventrlcular route, caused
a marked but transitory reduction in serum LH. From these
results,it appéars that melatonin has the ability to inhibit.

the release of the luteinizing Hormone releasing factor into

.,

_ the primary portal plexus.

The results seem to indicate that pineal indoles influ-
ence the secretion of pituitary gonadotrophins through at
least two different channels by means of inhibjition of the "
releasing factors from the median eminence. Since methoxy-

indoles can be syntheéized only by the pineal gland,melatonin

and 5-methoxytryptophol are probably more important -than
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serotonin and 5—hydroxft£yptophol aé pineal regulatdrs‘of
pituitary activityn(Ffaschini et al(1l970).

The major problem with the physiolagical in£erpretation
of these results rests with the fact that workers are still
not clear whether pinéal indoles are sécreted inté the éer—
ebral spinal fluid or enter the brain through the blood
brain barrier. If indoles are seqreted directly . into the
cerebral spinal fluid then pefhaps £hé results reported by’
Fraschini and his colleagues may duplicate what happens
normally (Reiter,1973).

, Thé direct interaction of pineal indoles with the
testis has Been'demonstrated recently. Ellis (1969) incubated
tgéticular homogenates with pregneneolone-—H3 and pfogest—?‘
erone—C14 and utilized serotonin, (2 uﬁﬁles/ml) and melatonin
{4 my mgles/ml) as_inhibitors. Both mélatonin and sérotonin
inhibited testostefone and androstenedione formation, although
the former was more effective. Inhibition of the enzymes of
androgenesis appeared to be the site of action of these
indoles.

Peatland Kinson (1971) incubated testicular homogen-
ates with pregneneolone-H3 and employed melatonin as the

inhibitor. Addition of 0.2 umoles of melatonin to the inc-

. ubation mixture,significantly inhibited androstenedione for-

mation only whereas,the addition of 20 pmoles was inhibitory

towards the biosynthesis of both androstenedione and testos-
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' terone.
Ellis (1972) revealed the details of his previous ex-
periment. Serotonin and melatonin, inhibited the activity of

17a-hydroxylase and‘17a-hydr0xypregneneolone-c17—C lyase.

20

The author observed a differential action of serotonin and
melatonln on the 17p- hydroxysteromd deh;drogenase system.
He concluded that this was’ con51stent with the hypothe51s
that this system is comprised of two components: one, a-
l?—ketoreductase‘and the other a 178 -hydroxysteroid dehy-~
drogenase. Melatonin inhibited the 178 ~hydroxysteroid dehy-
drogenase with no effect on the 17-ketoreductase. Serotonin
increased the activity of the former enzyme and inhibited
the activity of the latter ehzyme. These results clearly
demonstrate that pineal indoles exert a direct effect on an-
drogen biosynthesis.

" Debeljuk et al (197;)'QEmonstrated a direct effect of
melatonin on testis and or ventral prostate weight. These
investigators showed that 1in hypophysectomlzed rats, melatonin
is able to further lower ‘the weights of the testes and or <2

hése

ventral prostates, and is able to modify the responses of t

structures to HCG administration.
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- CHAPTER 1I

AIMS: OF THIS STUDY.

Previous inveétigationé have demonstratéd the in-
hibitory nature of melatonin and serotonin upon male re-
production. Melatonln admlnlstratlon primarily compromlses
testicular androgen synthesis while serotonin drastlcally
impairs spermatogenisis. The infiuences of 5-hydroxy- ¢
tryptophel and S—methoxytryptophbl upon male reproduction
have nét been studied in any detail, except at the hypo-
thalamo-pituifary level.

It scemed appropriate therefore, to investigate-the
effects of 5-hydroxytryptophol and 5-methoxytryptophol
upon male :eproductive functions and to examine_the nature
of responses in compérison with melatonin and serotonin.

A chronic in vivo approach was taken whereby the influence
of inddles upon .the endocrine and gametogenic function of
the testis was examiﬁed. Since goﬁadotrophins were not
measured, it seems logicdl that such a study would_not

yield any informatiﬁn concerning the mode or level of pineal
" interaction, but would facilitate the evaluation of pineal
indoles as péssible agents for male fertility control. In-
formation to date would suggest that one or more of the |
known plne\l‘compounds might sustain the endocrlne functlon

of the testis, while the gametogenlc functlon would be

impaired. Such an action would be a highly desirable fgaturef
‘>
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.of‘fufure male cqntracebtive chemicals.

The pineal apﬁears to exert influences at two ‘levels:
(1) the hypotealamo?pituitary level (2) the testicular levell
The relative physiological importanee of either'mOde of
pineal regulatlpn-en male gonadal functions has yet to be
clarified. Aﬁy effeets of indole admlnlstratlon mlght

presumably ff/ﬁit};rom influences 'at both levels, partic-
7

ularly wheé' @ pharmacological doses were employed
'The'influence of indoles at the testicular level

" gseemed the logical step for investigation both from an un-
complicatea and mechanistic standpoint. birectﬂtééﬁicular
actions have been.demonstrated for both melatonin and sero-
tonin,but such anAinteraction has not been examined with .
SwhydroxytryptOPhOl and‘5—methoxytryptopholt
Therefore experiments were carried outfto test the

.effecfs of 5-hydroxytroptophol and S—methoxytryétOphol at

the testicular level and to compare their actions with those

of melatonin and serotonin. The direct influences of these
compounds were studied'quantitively by measuring androgen
formatlon from radio- labelled pregneneolone by rat test1c~ \
ular preparatlon in vitro, with and without added 1ndole.

In similar fashion their effects on the terminal step to

testosterone ie; androstenedione- testosterone intercon-

version was also examined.




35

In conclqsion, in vivo and in EEEEQ.éxperimentai
approaches were utilized to examine the effects of pineal

indcles upon rep;oductive function of the aduit male rat,

in an effort to further clarify pineal-gonadal interrelation-

ships. Céntinuéqfeffortsalong these lines could eventually

lead to the develop%ent of én effective method of male

fertility control.
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CHAPTER ITI

MATERIALS AND METHODS

Animais |

The animals used in these experiments weré adult male
Sprague-Dawiey rats purchased from Biobreeders of-Ottawa.
The rats were caged iﬁdividually in a‘contfolled environment,
with a daily light gycle of 12 hours light to lZ_hoﬁrsldark¥
ness (lights on at 0600 hours and off at 1800 hours) and an
ambient temperaturé of 20iioC. Food and water we%e adminis-
tered ad 1ib and the animals were allowed to acclimatize for
several déys prior to their experimental use:
Indocles .

Iﬁdoles were utiiized as purchased from the'Sigma-Chem-'
ical Co. and included : serotonin creatine éulphate(S),mel—
afonin (M);S—methoxftrfptophpl (Me) ,and S—hydroiytryptophol

{(Ho) .

(A) IN VIVO EXPERIMENTATION

The animals were divided into five groups,ie; four
experimental (corresponding to the indo;es employed) and one
controi groups,and were injected,beginning when the rats were
63 days of age. Homogeneous suspensions of indoles in peanut
oil { lumole/0.1 ml) were preéared and thoroughly mixed by
mechanical shaking for at least one hour prior to injection;
Rats were injected subcufanéously,once a week,with 0.1 ml

of the respective indole (1 umole) suspension and the control

,ﬁ.
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. animals similarly,received-o.l ml of vehicle alone. Six rats
from each group were removed for study at intervals of 4,8,
and 12 weeks follow1ng the lnltlal injections (Figure 4).
Body weights were recorded and the animals were anaesthetlz—_
ed with sodlum pentobarbltol (25 mg/Kg body weight) .

Blood Collectlon

Animals were heparinized (1000 USP units/0.1 ml iso-
tonic saline) via the tail vein and all blood samples were
collected between 0900 and 1200 hours in an effort to mini-
mize‘variance due to circadian fluctuation (Kinson and Liu,
1973a) .

The right testis was exposed and testicular venous
blocd was collected from a prominent branch of the testic-
ula: veln for five minutes as outlined by Kinson and Peat
(1971)_ Following 1mmediate centritugation at 900 X G for
20 mlnutes,plasma was collected for the estlmatlon of test-
osterone and androstenedlone levels in testicular venous
plasma (TVP). The estimation of hormone levels in TVP should
provide a good index of testicular endocrine function,andro-
stenediorie and testosterone being regarded_as the major sec-
retory products of the testis.(Hall,1970).

Mixed venous ‘blood was collected from the right ven-
tricle of the heart Toe plasma was utlllzed for the estim-
ation of testosterone levels in mixed venous plasma {MVP) .

Circulating testosterone was measured as an 1ndex of androgen
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status Furthermore any possible change in circulating hormone
in the absence of alterations in TVP 1evels would tend to
suggest effects on the metabolic clearance of the hormorie.

Examination of Organs

Tmmediately following blood collection,the contralat-
eral testis was removed,weighed,and placed in Helly's Fix- -
ative for subsequent histological examinetion.The acceésory
sex complex was removed and the androgen- dependent ventral
prostate carefully separated and weighed. Flnally the whole
pituitary wes excised and the weight recorded.

Hormone Assays

-

Both testosterone and androstenedione levels were est-
imated by a'modification of the method outlined by Furuyama
et al(1970) (Figures 5&46) .Essentially,the procedure can be
divided into three stages ie; (1) extraetion of hormones
from plasma (2) purification of hormone (3} radioimmuno-
assay {RIA).

(1) Extraction of Hormcnes from the. Plasma’

(a) Testosterone

Aliquots of 0.005 ﬁl of TVP and 0.05 ml of MVP were
utilized for the estimation of testosterone levels. These
volumes of plasma were used because testosterone leﬁels in
.TVP are approx1mately ten fold higher than those of testos-
terone in MVP.Consequently,this enabled the 51multaneous

estimation of ‘testosterone in both TVP and MVP,employing .one
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—p- (0.1 N NaOH

RECOVERY TRACER
DISTILLED WATER

EXTRACTION OF TESTOSTERONE
FROM PLASMA (ETHYL ACETATE)

\

PURIFICATION OF TESTOSTERONE
(THIN LAYER CHROMATOGRAPHY)

ELUTION FROM GEL
(2.0 ml METHANOL)

\

0.5 ml
RADTOIMMUNOASSAY
INCUBATION

WITH ANTIBODY

\

PRECIPITATION
OF BOUND HORMONE

\

0.25 ml

SUPERNATANT
FLUID

FIGURE 5. FLOW SHEET ILLUSTRATING EXTRACTION AND RADRIO-

IMMUNOASSAY PROCEDURES FOR THE ESTIMATION OF

TESTOSTERONE.
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0.025 ml TVP : > 0.1 N NaOH, ¢
: DISTILLED WATER .
- \i!r.\

RECOVERg*FLANKS ' N @
RECOVERY ' TRACER ) w3~ EXTRACTION OF ANDROSTENEDIONE
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FIGURE 6. FLOWSHEET ILLUSTRATING EXTRACTION AND RADIOIMMUNO-
ASSAY PROCEDURES FOR THE ESTIMATION OF
ANDROSTENEDIONE.




range of'g&andards. 1,2—H3—testosterone (5000 DPM) waé
added to each sample for recovery pufposéé.and the plabmg
gample.was made alkaline by the éddition of 0.1 N NaOH, in?l
order to render estrogen extraction negligible. An aliéuot
of distilled water (0.5 ml) was added to wash_the recovery
tracer down the sides of the tubes. Extraction of hormone
<from plasma was achieved by adding 6.0 ml ethyl écetate

and mechanical shaking for one hour. The aqueoué'layer-u
wasﬂéspirated and discarded and the organic phase driéd

by staﬂding over anhydrous sodiui sulphate for 1.5 hougé. ‘vgb
" The dried organic layers were cqrefully decanﬁed into

tubes and evaporated pndég a stream.gf_j;N2 at 40°¢c.

:
(b) Androstenedione : : . .

Aliquots of 0.025 ml of TVP were utilized for the )
estimation of androstgnedione. Distilled water was added
to make up the volume to ‘0.5 ml. Extraction of the hormone
from TVP utilized é solvent mixture of hexaneiethyl

acetate (100:1), and after mechanical shéking, the ggueous

layer was aspirated and discarded. Aliquots of 0.5 ml of 5
the organlc layers were pipetted into 2.0 ml conical tubes . . ,
: | ‘ f N
and evaporated under a stream of N, at 4OOQ. RefO%éfy was 7’ -/:fm
' &

determined for each set of samples by adding 20,000 DPM T"\d
of l,2:h3~androstenedhone to two. extraction tubes and two

‘counting vials. The volume in the extraction tubes was made

F
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up to 0.5 ml with distilled water and the hormone extracted -
similarly to the samples. Dﬁplicate aliquots of 0.5 mls
organic layers were pipetted into counting vials after

mechanical shqking, and evaporated to dryness under a stream

-

of N, at 40°C.

(2) Purification of the Hormones

{a) TestbsterOne - | O "

Thin layer chromatographic techniques wegé emﬁloyed
in the purifitation of testosterone. Silica gel F,c,Plates
purchésed'from the E.M.Merck-Co., containing a fluorescent
indicator, were pfe—washed at least two times in a 50:50
methanol;écetone'mixture. An inert testosterone standard
was spotted along one side of each plate to which two
samples:had also been appliéd. After development-in a
17:3 benzene:methanol solvent mixture,sample areas

corresponding to thée height of migration bf_the inert

standard, which were located under UV light, were scraped

fo the plates. Elution of testosterone from the gel was.
achieved by mixing with 2.0 ml methanbl. The gel was
sedimented by céntrifugation at iOOO x G for 20 minutes
and 0.5 ml eluate were pipetted into counting vials

for recovery purposes and equivalent amounts Qere used

for the RIA.




(b) Androstenedibne

Androstenedione was assayed without preliminary
chromatographic purification. The high specificity of the
antibody used in the RIA was consideréd sufficient to
allow determination of androstenedioné in direct extréct}
rendering purification unnecessary. This was further
substantiéted by exhaustive analysis of plasma samples
with and without prior chromatographic purification, which
‘gave almost identical results (Chandlef et al,in press).

(3} Radioimmunoassay*

The radioimmunoaésay procedures employed antisera to
'Ibovine.sgrum albumin (BSA) complexes of testdsterone-3-oxime
and androstenedione-6-thioter (Endocrine Sciencgs), to

wﬁich tritium labelled testosterone.or qndrosténedione
respectively were added as competitors in the antigen-antibody
reaction. Dilute working solutions of testosterone

antiserum was freéhly prepared by addig@ 0.1 ml bovige

serum aibumin-(BSA), ¢.2 ml bovine gamma globulin (BGG),

0.02 ml stock antiéerum,.and 0.1 ml borate buffer pH 8.3.
Fresh working solutipns of'androstenedione antiserum weré
similarly.prepared by adding 0.15 ml BSA, 0.2 ml BGG, 0.02 ml
stock antiserum, and 0.02 ml stock i,2—H3—androstenédione
(260,000 DPM) to 10 ml borate buffer, pH 8.3.'Aliquots of
0.25 ml dilute antisera were pipetted into_eacb sample and

into counting vials, as well as into tubes containing known

* for composition of buffers refer_}o the Appendix
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amounts of the hormone.The steroids were incubated with the
antibody fér three hours at room temperaturé, and 0.25 ﬁi
saturated ammonium sulphate solution was added to precip-
;Eﬁte the bound form of the hormones. The precipiéated
complex was ;edimented by centrifugation at 1600 pls G:for-/
* 30 minutes and 0.25 ml supernatant was pipetted into counting
vials for_ghe estimation of unbound labelled hormone by |
liguid scintillation counting. Aliquots of 50% saturated
ammonium Sulphate were added to . the blankKs.
The samples were counted in a Nuclear Chicago Mark I
liguid scintillation spéétrophotométer following the addition
. "

of 10 ml scintillator solution which contained 4 g PPO,Tand
2% methanol per liter of toluene. Sampleslwere mechanically
shaken for 1 hour priof to counting to effect'extradtion
into the_saturated medium. Counting techniques employed the
channels ratios method to correct for possiblg quenching.

| A Standard curve was prepared for each hq;mgne.aSSay
(Figs; 78} . Known amounts of hormoneslwere assayed and
the results ;ere plotted against % free label. The relation-
ship obtained was utiliéed to determine the concentration
of hormone in the samples. Following correction for procedural
losses based on tritium recovery in the chromatographic |
elute, results were expressed as ug hormone/100 ml plasma.

The methods employed were considered to be sensitive

to 10 pg steroid per sample. Accuracy was previously tested
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a

over the range of 10-200 pg steroid, amounts being added to
ether . .extracted samples of TVP of the rat..Detérmined values v
were within 97-101.3% of ‘the added amounts of steroid. The
mean blank value for the testosterone assay was 7 pg and
for androstenedione, 16 ﬁg; The laéter was appreciably
greater by virtue of thé lack of chromatographic .purification
in the androstenedione assay procedure.

- These pfoceudres applied to rat plasma samples were
found to yield valués quite comparable with those derived
by the double isotope derivative assaf of Bardin and Peterson
(1967). The latter method afforded 4.2:0.56 ug testosteroné
and 0.5610.10 pg androktenedione per 100 ml TVP.while values
of 4.3+0.61 and 0.72:0.09 respectively were obtained by RIA.

. *
Histological Techniques

Conventional histological techniqﬁes were employed to
guantitatively evalﬁate spermatogenesis (Fig. 9).
Thé major'aims‘of‘the histological manipulations were:
(13 to préven£ postﬁﬁrteﬁ changes to the tissue (25 to section
the tissue to such a diaphaneity as to render the tissue |
“microscopically observable without damage and (3) to differ-
entiate portions of gﬁe tissue so as to'make characterization
possible;
Fixation should satisfy the initial aim. Helly's fixative
was employed fpr this purpose and the testes wefe-imgerSed
o

* for composition of histological solutions refer to the

‘..~ Appendix

b - A
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LEFT TESTES
FIXATION (HELLY'S FIXATIVE)
SLICE MID PORTIONS : —p» DEHYDRATION

{70~100% ethanol)

CLEARING (xylene)

¥

INFPILTRATION
(paraffin}

- >~

EMBED (paraffin)

SECTION (atd-6um) //'

.y

AFFIXATION
(MAYER'S ALBUMIN)

\

STAIN {( PERIODIC
ACID-SCHIFF'S
REAGENT-HEMATOXYLIN)

MOUNT (CANADA BALSAM)

GERM CELL COUNTING
TECHNIQUES

L

FIGURE 9. FLOWSHEET TILLUSTRATING HISTOLOGICAL PROCEDURES
: INVOLVED IN THE QUANTIFICATION OF SPERMATOGENESIS. -
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-

immediately. after removal from the animals. After treatment

for 18 hours, a‘mid portion of each testls was sliéﬂ% and

returned to the fixation pfocess for a further 6 hours. Post-

fixation involved washing for a period of 24 hours prior to
further phases of manipulation.

Sectioning of the tissue can only be employed when the

tissue has been supported in a paraffin block and itself

infiltrated Qith paraffin. Omissibn of these treatments would
yield a preparation too soft and fragilelfor sectioning
technigues. Several phases usually ﬁrecede ihfilﬁration and
embedding; a dehydration step is employed since_paraffin is
not miscible with water. Dehydration involves the suhjection
of tissue to-a-séfies of alcohols (70%—1005 ethanol) to remo&e
all traces of water from the tissue. Ethanol is also not
miscible with paraffin, and consequen%ly an intermediate
clearing procedure is next employed. Clearing removes opacity
from dehydrated tissueg making them trénsparent (Humason,1972) .

Xylene was used for this purpose and is miscible with ‘both

A

-.ethanol and paraffin. Therefore, the tissue was subjected to

a series of phases ie; (1) 1: xylene:absoluteAethale (v/v)_
(2)-pure xylene.(B) 1:1 xyl‘ne:paraffin (v/v).

| ; Infiltration with "Tissuemat" paraffiﬁ (melting point
52.50C, Fisher Scientific Co.) was next employed and involved
three succesgive;?hanges of paraffin in three hours. Embedding

of the tissue in "Tissueprep" paraffin (melting point 56.50C,

‘%,
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Fisher Scientific Co.) followed infiltration, rendering
sectioning possible. The tissue was sectioned oﬁ a rotary.
microtome (Leitz~Wetzlar) to yield sections of 4-6 um
thickness and thése were affixed to glass slides with Mayer's
albumin The glass slides were'alléwed to dry for a period
of 48 hours so that affixation would be complete

o

The remaining manlpulatlons served to satls%y the flnal

t

~aims, ie;that of differentiation. The tissue sections need to
be deparaffinized in xylene and rehydrated in a series of
alcohols since staining occurs in an aqueous state. Complexes
of HgC12 must be removed aﬁd this was achieved with an iodin
solution (Lugol in 70 % ethanol). The éﬁain used was the
Periodic acid-Schiff-Hematoxylin stain as Qutlined by Leblond
and Clermont (1952). ‘Initially,the tissue sections were
immersed in periodic acid for ten minutés;folldwed by immérsiOn
in Schiff's reagentjfor 30 minutes. Hematoxylin was used as
a counterstain and the sections forwarded to a dehydration ser-
ies of alcohols to remove all £races of water. The tissue
sections were finally mounted withJcover slipé using Canada
Balsam.

" The tissue sections were examined under a mlcroscope
and ten stage V and stage VII tubuies were examined for germ
cells. From the stage VIi tubules, the number of type A Speer
atogonia,resting and pachytene Spermatocytes,spermati@s,andll

Sertoli cells were noted. Stage V tubules were examined for

e
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&
type B spermatogonia. The numbers of these germ cells were

recorded as ;rude counts of germ cells. However,these .crude
counts do not chpengéte'for differences in thickness 5f
section or sﬁortening of tubular diameters (Clermont and
Morgentaler,1955). Therefore,the number of germ célls was
corrected.for these factors. Using an ocular micrometer,the
mean diameter of ten of each respective germ cell type was
noted. True gérm cell countskwefe calculated utilizing these
diameters as well as thickness of section by means of
Abefcrombie's formula {(Clermont and Mofgentalei,l955). Since
in tZé Hdult rat, ‘Sertoli cells do not divide {(Monesi,1972),
an increase in the number of Sertoll cells would indicate
that- shortening of tubules had occured in thé histological
manipglations. Therefore, the number of germ'cells was'oncé
mofe corrected by a Sertoli correction factor (Clermont ahd

Morgentaler,1955). . —
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(B) IN VITRO EXPERIMENTATION

Experimentation entailed two phases.ie;‘(l) the effects
of added indoles on the conversion of S;mpfegnénéolone—H3 to
androgens and (2) the effects of added indoles on the inter-
conversion of téstosterone and androstenedione. Quantitative
analysis was afforded through the use of radio-labelled
substrates and thus 5~pregneneolone—7u—H3 (specific activities

'18.6 Ci and 11.3 Ci/m mole), testastgﬁgne—4—cl4 and andro-

stenedione.—Q—Cl4 (specific activities 46 mCi/m mole) were
r 4 .
purchased (Amersham Searle Co.) and these were repurified

~

P

b?“tﬁﬁhk;ayer,chromatography prior to use. The nicotinamide-

gdenine-dinucleotide coenzymes (NADP,NADPIH) and indole

compounds wére.obtained from the Sigma Chemical Ca. and used
L

-witz;Ft further purification.

Tisgue Preparation

Adult rats were killed by swift decapitation.lThQ testes
were\decapsulated and & homdgenate in 9 volumes' ice cold 0.25 M
sucrdse solution was prepared, using homogenizers fitted with
teflédgﬁgstles {TRI-R Instrﬁments Inc.) which were kgpt cold
by %mmersion'in crushed'ice. The homogenate was centrifuged
on a.high speed refrigerated-(Oogj.centrifuge (Lourdes Instru-
ments) at 10,000 ; G'for{20 minutes.to remove debris,_nucl-i,
unbroken cells and mitochondria. .The supernatant'fluid was

pooled from all tubes, the total volume noted, and the volume

corresponding to 0.25 g wet testis was calculated. A portion
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of supernatant fluid was placed in a boiling water bath for
20 minutes and this preparationlservéd as tissue controls.

: . X *
Preparation of the Incubation Mixture

Tncubation tubes were prepared for six groups corres-
ponding to the four indoles;‘control, and boiled-tissue
control groups reépectively, and Qere made up 24 hours prior
to preparation of testicular hqmogenate.

The initiél series of experiments, designed to test the
influence of indoles on the conversion of 5-pregneneolone-

i to aﬁdrOgens, was executed at several different dose levels
of indoles, ie; -SOnmoles, 450nmoles, and 18um01e$ of indole

per tube. Indole solutions were prepared in ethanocl:0.05 M
phosphate buffer, pH 7.4}(1?1), S0 tgét 0.l-ml of solution
contained 90nmoles, 450nﬁoles, 900 nmoles, respectively.
control and boiled-tissue control tubes containéd 0.1 ml
ethanol:buffer (121) in lieu of indole solution. For study
at thé highest dose level, the apprbpriate amount of indole
was weighed directly into the respective experimental tubes.
all tubes éshtéinéd O.i ethanol solution of S-preg-

3 (6.1 x 10% or 3.8 x 10° pPM, .152 mumole),

neneolone-7a-H
1000mumoles NADggxand 100mpmeoles nicotinamide,dissolved 1in
0.1 ml of phosphate buffer.

For the study of the influence of indoles on the inter-

conversion of testosterone and androstenedione, the basic

* for composition of buffers refer to appendix—"
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experimental approach was sim%lar, with a few minor excep-
tions. Only two dose levels of indoles were studied, g00nmoles,
and lBumples of indole per tube. Solutions of substratesc

utilized were such that 0.25 ml of ethanol solutlon contained
14

24,977 DPM testosterone-4-C (18.2 mumole),or 0.2 ml ethanol

solution contained 24,1000 DPM androstenedione—A—Cl4l(15.6
mymole) . For the metabolism of testosteroee, 6.1 ml NADP

(100 mpmolés) in buffer was present and for androstenedione
metabolism, a corresponding amount of reduced coenzyme C
(NADPH) was added.

Incubation Procedures

Incubation mixtures were completed by the final addition
of ‘supernatant fluid, corresponding to 0.25 g wet testis and
the flnal volume was adjusted to 5.0 ml with phosphate buffer.

All lncubatlons were carried out in air, at 32 C with constanat

‘shaking for two hours 'in a Dubnoff incubator. All incubations

were terminated throwgh rapid freezing to -50°C by placing
the tubes in a dry ice:acetoue mixture.

For the incubation of trltlated su@strates, internal

};;pvery standards of 10,000 DPM of testosterone 4 C L4 and

androstenedione—4—cl4 were added to the incubations and thor-
oughly mixed. :

. 9
Separation and Measuxement of Testosterone and Androstenedione

Formed from Pregneneolone-—H3

The androgens were extracted from the incubation mixtures

e
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L. . .
.
by mec%anical shaking fori30 minutes with 10 ml of ethyl’

; o _ : :
-acetate. After standing to allow separation, aqueous layers

. were aspirated and‘discardéd and the organic phases were . Ti

o

evaporated Eﬁder a stream of Nz at 40°C. Inert chromatography

. 'markers (50 ug.testosteronéfand 50 g androstenedione) were
b .
appiled to thin layer chromatography pld%es The extracts

< ' / T
were initially "defatted" on silica gel P254 plates, with -

chloroform as the runnlng solvent - ndrostenedlone and ;f“-ﬂ/

A ¥

testosterone were then separated by thln layer chromatography

&
-u51ng a Solggnt mixture of benzene#!thyl acetate (3:2}).

Steroid zones were visualizedipnder UV light (254 mp) and these

L

located with a pencil mark aroﬁnd‘the_periphery. These areas

of gel were scraped into tubes and eluted by shaking with -3.0

L ) o | Iy
ml methanol:ethyl acetate (3:1). Following centrifugation, - &

~

the solvent was decanted and evaborated under Nz'at {OOC.
'The separated steroid extracts were fnrther purified Ry suc-
ce&S;ve thln layer chromatography on silica gel T254 plates
using the following solvent systems, benzene:hexane:ethanol
(15: 4 l) benzene-methanol (1s:1), 'and benzene methanol l?:B).
This sequence of chromatographic procedures was found to

ylei/,pure products, as judged by the constancy of tritium:

-

carb ratios after the two flnal chromatograghy systems.
N\ | Stefiid areas on the last chromatogram were scraped dirgCtly
S P . - A - ‘
’ . into counting vials and shaken with 10 ml scintillatorf solution
g;#/) prior to counting. Doubly labelled prbducts were assayed by

W

‘ \..J
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liquid scintillatibn counting using .a Nuglear Chicaqo Mark I

gpectrophotometer set for double isotope analysis and pro-
14

r

viding efficienciésléf 30@\§nd 50%,for tritium and carbon
respectively- Saﬁple counting was carried‘out in 10 ml
scintillator containing per litey of toluene; 4 g PPO,
S
0.1 g dimethyl POPOP, and 10 ml ethanol. A series of
unquenéhed and quendhed-standards were prepared using
n—hexadecane-»cl4 ana n¥hexadecqne-H3 (specific activities
of1.06 uCi/g'and 2.00 y«Ci/g; Amersham/Searle Co.) and carbon
tetrachloride,'and were routinely used to‘detérminéfquepching
relationsﬂgmploying.an externgl barium stamdard (Fig. lO). )
The tritium activity afforded estimation of the formation:/
of testostéroﬁe and addroé@énedione and correction for pro-
ceQQEal loséesLWés derived from the carbon'® data. Results ..

- ; . . 3
were expressed as per cent conversion of pregneneolone-H
- - . .

to both androstenedione and testosterone.

. . ] . .
Measurement of Interconversion of Testosterone and Androstenedione

~*  The androgens were extracted from the incubation mix-
tures by‘ghakinq with 2 ml ethyi'acetate. The extracts were
evaporated to dryness under a stream of N2 at 40°¢c. ;nert
chromatography markers (50 ug tesEosterone and 50 ug aqdro—
stenedione) wére added to the extracts and were spotted on
silica gel F254 plates, which were developed with benzere:
methanol (17:3). Following development,plates (5x20 cm) were

scanned with a,Nuclear Chicago Actigraph III instrument to

s

e S
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confirm the location of radioactive areas coincident-with the
UV-absorbing marker areas. No radioéctive éreaé were detected
" routinely, other than those corresponding to labelled .testos-
terone and androstenedione. Areas corresponding to testoster-
6ne and androstenedione were scraped directly into counting
vials for liquid scintillation techniques in a Nuclear Chicago
Mark I spectrophotometer. Samples were shaken with 10 ml
scintillator solution containing per liter of toluene; 4 g
PPO, 0.1 g dimethyl POPOP, and 10 ml ethanol, prior to coun-
ting. Unquenched and queﬁched standérds employing n—he;a—-
decéne—c14 (épecific activity of i.OO uCi/g) were again
routinely employed to establish guenching relations using

an external baritm standard. Results were expresséd as per
cent conversion of either testostcrone to androstenedlone

or androstenedlone to testosterone based on the total radlo—
activity recovefed (50%-65%) . The identity of steroid
substratc end product was substantlated by chromatographic

mobility in different solvent systems (Peat and Kinson,1971}) .

-
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CHAPTER IV ~
RESULTS

(A) IN VIVO EXPERIMENTATION

Suﬁcutaneéus.indole administration to adult male rats
had only modest effects on testis,pituitary and body weights
as shown in Table 1. .

Alterations in testis weight as a result éf indole
treatment were observed only in the 5-hydroxytryptophol-treated
animals$ testis weight was significantly depressed at 4 weeks.
Noﬁetheless,the influence of 5~hydfoxytryptophol was trans-
itory in nature since testié weight was not different from
tﬁe controls duriné-the remainder of the study.

Body and pituitary weight was not affected by.indoleé
at 4 and 8 weeks._At 12 weeks,in the S—methoxytryptophol—treated.
anima%éra-reductign in body weight which was significantly
different from the controls was observed. Serotonin treat-
ment produced ahdepression in pituitary weight ( P< 0.025)
ét this period of investigation. No other effects of indoles
were observed on body and pituitary weight at the ultimate
stagé of investigétion.

Ventral prostate weight has been show? to vary prop-
ortionally with the androgen status of the animal. Therefqre,
any change in Qentral'proétate welght might be expected to
to.coincide with alterations in the endocrine function of

the testis. The indole-treated groups had ventral prostates |
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which persistently decreased in weight throughout the study.
A significant decrease in ventral prostate weight was init-

ﬂrggally observed at 8 weeks in the 5-hydroxytryptophol-treated

animals. However,at 12 weeks,all the indole-treated animals
"{except the serotonin-treated animals) had ventral prostates
which were significantly lighter than the corresponding

4

controls.
Cifculating teéstosterone levels 'in mixed venous plasma
.(MVP),as aﬁticipaéed,paralleled the alterations in ventral
prostate weight very closely. A persistent decrease in test-
osterone as the study progressed,was observed in the indcole-
treated groups. Finally,at 12 weeks of investigatidn,circulat—
ing testos£erohe was significantly reduced in the indole-
treated groups as compared to ;he controls.
ieStoéterone levels (TVP and MVP) interestingly énough,
seemed to vary consistently ffom month.to month,in a type of
peak and trough relationship. As shown in Tables 1&2, a peak
of téstésterone was e&ident at 4 weeks,consequently followed
by a fall in .levels to a trough poé}tion at 8 weeks. At 12

weeks,the testosterone levels began to increase once more.

Effects of Indoles orn Testicular Venous Plasma Androgens
ig vivo, the effects of indoles (1 umole)week),on
testosterone secretionlwefe apparently very modest. From
rable 2,it is evident that indoles prompted a reduction in

testosterone levels 1in TVP throughout the experimental period.
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“TABLE 2

EFFECT OF INDOLES ON TESTICULAR VENOUS.

PLASMA ANDROGENS ' ’
INTERVAL OF EXPERIMENTAL TESTOSTERONE  ANDROSTENEDIONE
STUDY GROUPS ( wg /100 ml TESTICULAR VENOUS
PLASMA)
4 WEEKS CONTROL 19.14:3.32% 0.79+0.15
: MELATONIN 12.31:2.41 2.2210.61%
SEROTONIN 12.07+1.66 1.68:0.42 -
S_METHOXYTRYPTOPHOL  20.75:2.68 2.6310.41%
5 —HYDROXYTRYPTOPHOL  11.75+1.50 1.96+0.44%
8 WEEKS CONTROL 4.82+0.86 1.86+0.50
MELATONIN 3.9840.47 1.30+0.59
SEROTONIN 4.25410.7 0.7540.44
5 - METHOXYTRYPTOPHOL 4.98+0.68 0.41+0.24
5~ HYDROXYTRYPTOPHOL 2.3740.51% 0.4210.24
12 WEEKS CONTROL 6.34+1.16 0.7240.10
MELATONIN 4.29+0,48 0.3210.15*%
SEROTONTN 4.62+1.06 0.07:0.030
5 - METHOXYTRYPTOPHOL 6.95+1.41 0.90:0.49
- _qYDROXYTRYPTOPHOL  6.51'1.36 0.68+0.33
t test

l; Statistical significance using Student's

as follows:

*— at:

¥*- at

+—- at

Tt=- at

(1= at

({ a - meant S.E. )
g
)

the
the
the
the
the

.05 level
.025 level
.01 level
.005 level-
.001 level

OO0
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5-methoxytryptophol was at variance with this patterh,for ’

testosterone levels in TVP in the 5-methoxytryptophol-treated
animals were slightly elevated at all intervals of investigation.
Only,S—hydroxytryptophql prdmpted a significant. reduction

in testosterone levels af 8 weeks. The effect did not per-
sist,in fact testosterone levels were slightly elevated at
12-weeks.

In contrast to the modest influence on TVP. testosterone,

indoles produced marked alterations in'éndrostenedione levels
during the course of the investigation. Initially,as shown

\ :
in Table 2,a significant enhancement of androstenedione was

sy

observed in the'indole—treéted groups. Serotonin elevated
androstenedione levels from the controls at 4 weeks,but the
differénce Qas insignificant. Investigation at 8 weeks re-
.vealed-that the the enhancement of andfoﬁfigedione,initially
observed in the indole-treated groups,had disappeared and
that the effect of indo}es on androstenediohé at this'interval
was of dramatic inhibitidn. However,only S-hYdroxytryptophol
and 5-methbxytryptophol.sighificantly reduced androstenédione
levels when compared to thé controls. At 12 weeks inhibition
of androstgnedione was still evident. However,only melatonin
and serotonin si@hificantly inhibited androsteqedione. The
latter indole prompted a severe depression of androstenedione

secretion,since androstenedione levels in TVP were reduced

to less than 10% of the gontrols. At this interval,5-hydroxy-
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: !
tryptophol and 5-methoxytryptophol'had no effect on andro-

stenedione.

Effects ‘of Indoles on Total Testicular Venous Plasma Androgens

The influences of indole treatmeﬁts on the testicular
endocrine function of the adult rat, as revealed by examin-
ation of total androgens (testosterone and androstenedione)
in TVP is presented in Figures 11-14. The indoles employed‘in
these experiments. induced various patterns of alterations
in total androgenic status when compared to the controls.

: r
{a} Melatonin Treatment

Initially,'mélatonin prompted a reduction of the total
TVP androgen status, even though androstenedione levels were
significantly elevéted from the controls. A coincident dec-
rease of testostercone levels obsefved at this intervanmain~
tained a reduced total TVP.androgenic status.

' Study at 8 weeks revealéd that androstenedione. was
slightly inhibited by melatonin. Since testosterone.leﬁels
approached those of the controls, this feature of andro-
gtenedione suppreSsion maintained the reduction %n total
TVP androgens when compared to the cong;ols.

At 12 weeks, androstenedione levels were deéreaséd
(P<0.05) when compared to the controls. festbsterone leve%s

were reduced, though’not significantly.'The adéipive effect

of these androgens prompted a reduction in total androgen status.




LEGEND FOR FIGURES 11-14

(1) Control groups are represented by bars on the left at

each interval of study

(2) Experimental groups are represented by bars on the right

at each interval of study;

corresponds to the level of androstene-

dione

- corresponds to theflevel of testosterone

s . _ statistical significance at 0.05 level,
using Student®*s t test of the individual

‘", , - androgens.
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{b) Serotonin Treatment

rd
=

S - ' ]

Serotonin administration was observed to produce a pat~
tern of'influences“bn total TVP androgens similar tb the
pattern revealea by melatonin treatment. ertheless,andro-~
stenedione levels were not significantly:alﬁered from the
controls at 4 weékehof studf. .

(c) S-Hydroxytryptophol ‘Treatment ' -

5~Hydroxytr;;25pﬁol s;gnificanfly enhanced andros£ene—
dione duriwgwthe initial interval of study. A co;qcident
insignificant decrease in testosterone levels maintained a
reduced total TVP androgen status.

.Study at 8 weeks revealed a marked inhibition‘of TVP
androqens.lTestosterone and apdros£énedione levels were
significantly depress@ﬁ when compared to the controls. Total
TVP androgens as a result WSiibreduced from the controls.

The dramatic inhibition pf TVP androgens was not appar-

i
. {.

ent at 12 weeks. Testosterone was slightly elevated and qndr;%

stenedione was slightly reduced. In this .fashion,total TVP

androgens were slightly reduced from the controls.

. N v .
(&) 5—Methoxytr§ptopholrTﬁeatment' t

-~

. ' . '
g At 4 weeks,total TVP androgens were elevated purely
S N .

1
At 8 weeks ahdrostenedion?yievels were signifidqantly

as-a result of a significant enhancement of androstenedione. Lj/“jx

depressed when compared to the c@ptrolsT.Therefore,tota

~ :

o f S . \
TVP androgens were reduced from the controls. : ‘\ //\ﬁ
. \ ' E

] B

/ _. | '- /\f" | ;:&




Study at 12 weeks revealed an enhancement of andro-

¥

stenedione and testosterone that was not significantly dif-
. * . )

ferent from the controls. As a result,total TVP androgens

were elevated over the controls.

Effects of Indoles on Spermatogenesis

v
Al
’

The data concerning the effects of indoles on g%ﬁ{
cell numbers.is presented in Table 3.
Initially,indoles induced a significant increase in

the number of type B spermatogonia when eompared‘to the cen—

Y
trols.

At 8 weeks,the numbers of type B spermatogonia was
elevated, though not significantly. Indoies apparently reduced
the number of resting spermatocytes,although statistical
Slgn1f1cahce~was r%vealed only by 5- methoxytryptop 1. The
numhers of pachytene spermatocytes were influenced by indoles.
However,only S—hydroxytryptophel and S—methoxytryptophel
were able to induce a.significant. reductlon in the number
of pach%;ene spenmatocytes. Indoles affected spermatids in
such a manner as to induce a significant reduction in qpmbers.

Examination at 12 weeks showed that the number of

type B spermatogonia remained slightly elevated,except in

. the melatonin- treated group where a. small reduction in num-—

ba;s was observed. A reductlon in the number of restlng

spermatocytes was evident,though only 5-hydroxytryptophol

and 5+methoxytryptophol significantly reduced the numbers
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from the controls. The numbers of pachytene spermatocytes
_and spermaﬁids were not significantly altered by imdoles at’
this interval of study. All pineal indoles induced a slight
reduction in thelnumbers of these germ cells,except melatonin.
ahd serotonin &hiéh induced a small elevation of the numbers
of these germ cells. ’

The influence of indcles upon spermatogenesis,as eval;
uated by germ cell ratios is shown in mafile 4.

Initially,germ cell ratlos were not altered by indole
treatment,except 5- hydroxytryptophol whlch reduced the
resting spermatocyte/type B spermatogonia ratio (P < (0.05).

Evaluation of spermatogencsid at 8 weeks demonstrated
tha£ indoles reduced the ratioc »{ ronting spermatocytes/type
B spermatogonia,though only serdgenn ﬂlqnificantly reduced
this ratio when compared to the cr;TQ%E?B Indoles affected
the resting spermatocyfe/pachytuno spermatocyte ratio by é
small increase in magnitude. Howcve;; 5—hydroxytryptophél
apparently decreased this ratlo to a sllght extent. All in-.

s
doles reduced the ratio of spermatlds/pachytene spermatocytes,

|,
N

\
although cnly melatonin and 5~hydr0ﬁytryptophpl depressed

this ratio significantly. A

Upon investigation of the in vivo effects of indole
. _ . _ —_— .
treatment on spermatogenesis at,K 12 weeks, a decrease in the

ratio of resting spermatocytes/type B spermatogonia was observed.
Only 5-methoxytryptophol and S—hfdroxytryptophol significantly

“r
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[

reduced the'magnitude of this ratio when compared Eo the
'controis. All indoles except melatonin'reduced tHe ratio of
resting spermatocyfes/pachytene_spermatocytes,though 5-meth-
oxytfyptophol and 5-hydroxytr;ptbphql gignifibéhtly altered
.the ratio from the cqntfols. No significant'gﬁfect upon the
ratio of spérmatids/pa;hytene sperﬁatocytes was obsér&ed'at.
i}_weeks,though all indoles except S—méthoxytryptopbol induced

a slight reduction in magnitude.

-
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(B) IN VITRO EXPERIMENTATION S o *

' $he.preparation of testicular homogeéates involved the
pooling of testes (wei@htiS;E, 1420+25 mg,range 1215 to
1851 mg} from matufehanimals Qhose'body weight ranged from
296 g to d37 g-and averaged 317.9+3.6 g.

From the résults shown in Table 5 and.Figures 15&16,1it
is evident that the in vitro biotransformation of pregnene-
olone into androstenedione and‘testosterone was innibiﬁedig‘
pineal-derived indoles. Melatonin is a more active innfbit92
of androgen synthe51s than other indoles. In this respect//

the addltlon of 18 umoles(B 6 m”éolar) of serotonin s/gn{f—
= e
icantly diminished testostercone formation;‘addifdon of 900n
moles(lBOumolar) of 5-methoxytryptophol S-hydroxytryptOPhol

smgnlflcantly diminished testoste:;ne/jdrmatLOn while the

“

addltlon of 450 nmoles(QOpmola*) melatonin significantly
depressed both testosterone and androstenedlone formatlon

Melatonin affected the Eﬂ vitro biotransformation of
pregneneolone into androgenghp& consistently diminishing
testosterone formation relati&e.to androstened%one formation.
However after addltlon of 18 uymoles(3.6m molar) of melatonin
1nh1b1tlon was SO severe that both androstenedione and test-
osterone were reduced to less than 5% of the controls

The influence of_serotonln upon androgen synthesis

in vitro was quite different to that revealed by melatonin.

Addition of 18y moles(3.6mmolar) of serotonin’ to the
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mixture significantly depressed testosterone formation,but

. : -

androstenedione formation was not different from the controls.
Although testosterone formation was diminish%gffqiétiyg to
androstenedione formation,the fact that androstenedione for-

mation wag not affected by serotonin revealed a pattern of

influence which differed markedly from the melatonin
pattern. o‘ i ; : (ﬁ

. Inhibition of androgen synthesis in vitro bng—meth—
oxytryptophol wés demonstrated after)}he addition of 900n
molés(lBOu molar) ofIS—methoxytryptophol to the incubation
mixtures. At this dose level,only testo§terone-wasfsignif-
icaﬁﬁly reduced from the controls. At the ultimate dose level
of .5-methoxytryptophol tested,a pattern of influences on
anérdéen synéhesis'quite.similar to that revealed by melatonin,
was obsefved. 5-Methoxytryptophol apparently diminished -
testosterone formation relative to androstenedione formation.
Both androgens were significantly reduced from the controls

but the magnitude of inhibition revealed by 5-methoxytryp-

tophol was less than one-tenth of that observed by melatonin.
- ‘ .

The influence of 5-hydroxytryptophol on thelig'viiroy"
biotransformation of pregneneolone into androgené aéproximated
the influence. revealed by serotonin guite closely. 5-Hydroxy-
tryptéphol significaﬁtly diminished ﬁestosterone relative to -
androstenedione upon addition of eithér BOOnmoles((180u molar)

I

or 18y moles(3.6m molar) of 5~Hydroxy££yptophol to the




N . @
incubation mixtures. Androstenedione was ﬁot altered from
the controls. Apparently 5—hydrdxyt;yptophol,like serotonin,
did not influence androstenedione formation.

From the'data shown in Table 6 ,it is evident ﬁhatﬂw .
. . Coset

each pineal-derived indole induced a specifié pattern of in--
fluenggg on the l78~h§droxysteroid dehydrdgenase enzyme
system'which'cétalyzes the interconversion of androstenedione

and testosterone. According to Ellis.(l972) , this enzyme

- .

systemuis composed of two'components; a l7-keto reductase
which hastens the conversion of androsténedione Lo testostekr— .')
one, and a l7ﬁ—hydroxys£eroid dehydrogen;se,which catalyzes
the‘conversion of testosterone to andrestenedione:.

Addition of 18pmoles (3.6 m ﬁolar) of indoles to the
incubation mixtures induced a significant gltération in the
activity of the 17p-hydroxysteroid ‘dehydrogenasg system when

— ; ) »

-compared to_the controls. .
Mglatonin significantly depres;ed the activity of the
17-keto reductase and épparently éié not influence the gct-
ivity df the 178 ~-hydroxysteroid dehydrogenase. Ser6ton;n
did not alter the activity of the‘fgrmer enzyme but siggificant—'
ly depressed the activity af thé latter enzyme. S—Methoﬁy—:'ﬂ
tryptbphol did not affect the 17-ketd redudtase but enhanced(P<0.001),
the.actiéitf of the l?ﬂ—hydroxysteroid'deh&drogenase. S—Hyd;oxy—

o

tryptoPhdl significarftly inhibited the former and significant-.

s
Al

. L
ly enhanced the l&tter enzyme activities.

~

@ oo
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DISCUSSION

(A) IN VIVO EXPERIMENTATION

The data of this investl ation show that the in v1vo

1]

admlnlstratlon of indoles (1 umole/week) had only modest

’

effects on the testlcular functlons of the ‘adult rat
At 12 weeks,body weight in the S—metﬂoxytryptophol-
‘l&
\—.

treated animals ¥ significantly reduced below the controls.

Sorrentino et_gi(l971) ebsetved that melatonin implantation
in immature rats induced no alteration in growth. Collu and
Frasch1n1(1972) reviewed the llterature on this aspect of
pineal 1nf1uence and reported that the plneal does not seem
to exert an effect on growth. From these reports,it is evi—
dent that tHe reduction in body weight observed in the 5-
methoxytryptophpl—treated animals was presumably not an ef-
fect due to indole treatment,but as a conse@uence of reduced
food intake by these animals. |

Pltultary weight was significantly reduced by serotonln
treatment At 12 weeks of investigation. Fraschini 93_31(1970)
reported that'serotonin'reguiates FSH syetheéis in. the an-
terior pituitary. Reduction ié the weight offthe,pituitery
could occur as a result of less FSH in the pituitary.

Testls weight was 51gn1f1cantly reduced by 5-hydroxy-

tryptophol at 4 %feks of study. Noﬁetheless,the effect ,was

transitory since testis weight was not significantly altered’%§
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" during the remalnder of the study. A reduction in testis

-

'welght suggests that the tubular function was affected since

the bulk of testls tlssue is comprised of seminiferous tub—
ules. Interstitium occupies a mlnor proportlon of testlc—
ular tlssue Hence changes ‘in the size of'the latter would

)
be sllgh$ in terms of the @hole weight' of the gland. Since

5- hydroxytrytophol presumably regulates LH(Fraschln; et al,
1968) ,this indole would interfere,with the endocrlne;%unc-'
tion of the testis. However, the reddction of testis weight
by S—hydroxytrptophol‘at-4 Qeeks is.not consistent with an
interactidt with the endocrine function of the.testis."No
1og1ca1 explanatlon o& this effect can be prov1ded

b g —
From the results it is evident that ventral prostate

‘ welght was ‘reduced throughout the study At 8 weeks 5~ hydroxy—

tryptophol 51gn1f1cantly reduced vehtral prostate welght

—..

- when compared to the -controls, and at 12 weeks all indoles

(except sﬁrotonln) 51gn1f1cantly reduced ventral prostate’
A

welght Ventral prostate werght closely paralleled the levels'

AN

A
of circulating testosterone. Clrculatrng testosterone was

reduced throughout the study as a consequence of 1ndole
treatments. At 12 weeks,all the 1ndoles sxgnlflcantly reduced .
circulating testosterone 1evels‘when compared to tne,controls;
TVP testosterone was hardly affected by indole treatments

during the investigatron.‘Changes in circulating testosterone

in the absence of changes ih its secretion,suggest effects
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on the metabolic (mainly hepatic) clearance of the hormone,
o ' - : ' > ,
Such actions for melatonin.and serotonin have been reported

upon (Kinson et al,1973).

¢

;ﬂ%namlnatlon of testosterone levels (TVP&MVP) throughout
the study’ revealed that the ba;e line levelé\fluctuated froﬁ,
month_to month.- These flndlngs are\to be expected in view
of reports,attributing‘inherent testicular rhythms to the
‘male laboratory rat. Gunn and Gould(igsa) reported evidence,
forlthe existence,of such rhythms. They reported that the
uptake. of radio-labelled zing by the éorso—lateral-prOState
. during the span of 1 year showed two distinct naxima:in‘
‘February and in June..Kiﬁson;and Lin(1973b) examined testos-
terone levels (MVPeTV?) and disoovered a peak.of_testosteronef
secretion in late May,accomoanied by similar changes in the
circulating ievels of the hormone. A peak 5f testosterone
'wouid presumably precede any response of_the androgen4depen—
dent  dorso-lateral prostate. These reoorts demonstrate that
An lnherent testicular’ rhythm ex1sts 1n the male laboratozy
rat,and that testosterone levels are dependent on the statu57\M_
of thlS rhythm.. ’

The data of this 1nvestlgatlon suggest that 1ndoles
(1 umole/week)had little influence on testosterone ‘secretion.
Although TVP testosterone was reduced during the study as |

a consequence of indole treatments (except S—methoxytryptophol),

| e
only 5-hydroxytryptophol at 8 weeks,significantly dep%essed




S

TVP testosterdne when compared to the controls.,Liu and Kinson-
- (1973), u51ng doses that were five fold greater than those

of this" study,also reported 1n51gn1f1cant 1nfluences on
testosterone-secretion in response to melatonin and.serotonin
administration. Only'melatonin“significantiy reduced TVP
'testosterone at 4 weeks of investigation.

Indoles apparentlf influenced andrbstenedione secretion
to a greater extent. At 4 weeks,indole treatments (except |
.serotonin) significantly ennanced TVP androstenedione levels.
At 8 weeks,indoles reduced androstenedione,tnough only 5-
hydroxytryptophol and 5- methqutryptophol 51gn1f1cantly
reduced androstenedione below the corresponding contrqls.

At l2 week

only melatonin and serotonin signifiéantly de-
pressed androstenedione secretion. , T3

Investigation’at 4 weeks revealed that pineal indoles

influenced TvP.androgens in a differential manner ie;andro-
stenedione\gas elevated relative to testosterone. A necnan—
ism 1nvolv1ng inhibition of gonadotrophlns did not appear
.to be 1nvolved since 1nh1b1tlon of LH- would presumably depress
_both testosterone and androstenedlone secretlon‘and synthe51s
beldw the controls Indoles (except serotonin) induced a
51gn1flcant enhancement of androstenedlone at this 1nterval
This feature could not be explained by means of a “methanism

' #

_involving'LH inhibition. It is gquite conceivable that indoles

'gave rise to a differential influence on TVP androgens by

-

AT




a mechanlsm 1nvolv1ng dlrect testlcular 1nteractlon of
androgen synthesis. Inhlblth;\Uf the terminal step of andro— ’

. [
genesis ie:‘theuconverSLOn“of.androstenedlone to testosterOne, : .\\

could explaln this phenomenom

~

Both testosterone and apdrostenedione levels were'

%

depressed when compared to the controls during the re alnder

of th.e study. Si i ~reasur is ®

Since gOnadotrophlns were net measured,i Is

impossible to attribute inhibistion of  TVP androgen secrétion

by indoles to gonadotrophin inhibition b: to a direct tést=

icular effect. Probably both were involved.

; Indole treatments (1 umole/week) apparéntly had little

effect on the gametogenic function of the testis.

\

$The numbers of type B spermatogonla were increased

, during the study, although 51gn1flcant alteratlons in these

germ cell “umbers were only expressed 1n1t1ally. An increase

o .

in type B sperhatogonia could -Suggest a decrease in the freg-

uency of mitotic events. However,the number of ;esting and
pachytene spermi!ocytes should have reflected this trend.
Some reductlon in the numbers of these germ cells was observed

but a con51stent pattern was not revealed. At 8 weeks. the y

AN

'number of spermatlds was smgnlflcantly reduced from the A

'controls _Stelnberger and Stelnberger(1973) reported that

teatosterone is n cessary for-§91051s and up .to stage 15 of

spermiogenesis. herefore a reduction in ‘stage 7 spermatlds

could reflect a decreased endocrine status. However,upon




£
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closer examlnatlon agdeflnlte correlation between testosterone

and spermatld numbers ‘is not warranted by the results of

"

this investigation.ﬂ

" Examination of the effects of.indoles on germ‘cell
ratios'are merely an extension of the germ‘cell number results.
Generally,a 51gn1f1cant decrease of a germ cell ratio“was
at ributed to a decrease in the number of one cell type over

r
an increase in another cell type. No deteota@ie trends can

4
be gathered fromfthls data. Evaluation of thesetresults

suggests that indoles at thls dose level produced no marked

schanges in the gdametogenic function of the testls

‘_.

L3

Liu;and Kinson (1973),after implantation of pellets
. ] - s .

containing 10 mg serotonin or melatonin respectively,dis-

covered that serotonin dramatically impaired spermatogenesis.

[N

At 12 weeks,examination revealed that over 85% of thejtub—a
ules yere damaged by serotonin tr Ftment. Melatonin had no

effect on gametogenesis.Since.the dose level of indgles em-
r s
ployed by fhese 1nvest1gators was at 1east five fold.greater
o

than presently utilized, 1t 1s evrdent the effectlve dOSe . ’ ;ﬁ
was not approached in the present study; S _ 7 l ;
The weekly administration of lumole of these indodes ¢
o2

did not cause profound changes in the various parameters of

male reproduotlve functlon of the adult rat, 1n the present

»

study. However,strict 1nterpretatlon of the resu}_ﬂ,as ‘dif-

"ficult. The normal physioldﬁical 1eve1§_gf~pinea1 indoles

o oub

e _ ' ’ C <
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in the plasma‘are'currently‘unknown. These conpounds are
‘ obv1ously present in minute amounts,since the methodology o e
required for their routlne estlmatlon is,as yet, forthcomlng.
The pharmacologlcal potential of plneal'lndole derlv-
atives have been recently demonstrated . BoriszeMartino-and | { ;
Trmal (1974) reported that a 81ngle oral dose(lSO mg/Kg) of
plpecol1nmethylhydroxy1ndane resulted in subnormal fertillty
during.the 3rd and 4th week after admlnlstratlon.'Sterlllty'
ensued'from the S5th week and persisted,to the termination |
of the experiment;20 Qeeks after dosing. This compound pos-
sesses an indane ring system,upon which the‘structdre of
‘pineal indoles is based.,These workers discovered that oniy'
testis weight was,altered,ho.effects on the accessory sex:
glands were:evident. They assumed that the endocrine functdon
of the testis eas not affected since accessofy sex gland
weight was, not altered However, the.estimation of‘androgens
in TVP and MVP was not attempted -
Further studles on the potential of this compound(Borls,
Ng -and Hurley,1974)revealed that plpecollnmethylhydroxylndane
was moremeffectlve 1n depre551ng testis weight and 1nter-

ferlng with spermatogene51s than other ant1 fertlllgy dgugs.
Also this compound reduCed accessory sex gland weight to ‘a
lesser'extent than other-antl-fertlllty drugs 'These flndings

suggest that thls lndole der&vatlve is ver}\effectlve in : *

: <
suppre551ng the gametogenlc functlon of the testis,but the
£




. \-\ ' ' - . . N . .
of the testis is not conclusive. Only upon further examin-

~ - 7 .
: 4
data concerning the maintenance of the endocrine function

ation will the influence of pipecolinméthylhydroxyin ane on
- - » ~ )
. : _ : [
androgen secretion and metabolic clearance be clarifie@. If
. o . it

the endocrine fungtion of the testis is not altered by this

-

coﬁbound,then effective male fertility control may_be viabie[

»

provided that toxic effects on othet body organs are not

$,

present.

. *




(B) IN VITRO EXPERIMENTATION ™~ . o _ ‘ .-

In the rat, the cbnversion\bﬁ pregneneolone into test-
" tosterone is assumed to predominate via the progesterone or
! . S |
- delta—4 pathway of androgenesis (Slaunwhlte and B%\gett,lQGSI.

‘The data of thls present lnvestlgatlon show tHat’ the: in vitro

blotransformatlon of pregneneolone 1nto testgsterone is. 3

‘lnhlblted by the addition of pineal 1ndoli?\po tgs_lncubation
mixturgé._Thig findiné is in agreement with the.results from v _
this (Pegt and Kihsor,1971) and from other laboratories

(Ellis, 1972). g - ' S %

- Many of the sPécific'featurés regarding the inhibiton

of androgen‘biosynﬁheéfs by indoles reyealed in this study,
are different or in some casesg, in 0pposition to findings
reporteo elsewhere. Disc?epahCiés are eﬁﬁecteé since incu-
batlon and steroid isolation technlques vary from study to

' study. Ellis (1972) ,using Holtzman rats of 12 weeks ofiage,

incubated testicul;r homoéenates corresbdnding to different

weights of'testiéhlar tissue -with progesterone at 37.5°%C. v

This investigator made no correction for procedural losses -

a'-
-t

in his experiments. In the present study, testicular homogen-
. ‘ ' . » " ’ ' ‘

ates corresponding to 0.25 g, testicular tisspe from 9 week .
old Sprague Dawley rats were incubated with pregneneolone

at 32 C. A correctlén for proceddral losses utilized

double isOtOpe'tgchniques (see methods)r
&

—

Ellis (1972) confirmed the fact tb@{umelatonin is a-
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‘more active inhibitor of androgen biosyhthesis in vitro than

_ serotonin. Serotonin inhibited testosterone production at the

u

4,050 nmolarfconcentration while melatonin inhibited testos-

terone and androstenedlone formatlon at the 100 mmolar conces—

'tratlon The results of the present investigation revealed
e,

that serotonin inhibited testosterone productlon at the 3.6 m

bnolar concentration while a 90 umolar concentration of‘mela;
to;in inhibited‘tﬁe production of both androgens. The diff-
erences in sensitivity towards melatonin.and serotonin may be
attributed. to the Variation'in.ekperimental protocol.

]

Ellis (1972) suggested a duality of effects when indoles

were added to the incubation mixtures. He reported that”helaton-
in diﬁinished androstenedione proauction relative to testos—
terone production and that serotonin diminlshed testosterone
formation relative to androstenedione formation. The results-

of the present study demonstrate that all inddles consistent-
ly diminished testosterone prodUCtion relative to androstene~
dione. Nevertheless,a dual naturge of influences on anarogen
'syﬁthesls in vitr® is ssggested Milatonin and S—methoxytryp—

t0phol signifi . 1y qizfessedfboth testos\ergse and androstene—

e while erotonin and 5- hydroxytryptophol 51gn1f1cantly

epressed testosterone but drd not alter androstenedione below

the controls. Therefore,although a dual nature of effects of

B

™

N,

"\/
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f’_Examination-of the terminal step_of.androgenesis ie;
tne interoonveneion of éndrostenedione and testosterone} :e—.
vealed that each indolic‘compound affected the 178-hydroxy-
'steroio dehydrogenaee system in a’varied and specific mepnet.

Addition of 18 umoles (3.6 m moiar}rof melatonin'to the
incubation mixture inhibited the activity of the-l?—ketb
reductase but the act1v1ty of Lhe 178 hydroxyster01d dehy;
drogenase was not affected Thus, whlle the conver51on of andro-
stenedione to testosterone was 1nh1b1ted,the conversion of tes-
tosterone to_androstenedione was‘not influenced. Peatﬂend
.Kinson(19fl)'Hemonstrated thet'uponhanition of a 9 m molar
sointion of mela®onin to the inlubation.nixtute,the conversion
.of androstenedione to testosterone'wae inhibited. However, theee
investigators also showed.thatJthe conVe:sion of'testosterone
- to androstenediqne was enhanced. Preeumably the'effect\of

meb&tonln is first expr ssed upon the conyersion of andro—

stenﬂdlone to testoste one, and at hlghef/ooses tbe conver51on

of testosterone to i drostenedlone is Lnfluenced Ellis .(1972)
'demonstrated that melatonln (2 pmolar)é?hf not 1n£luence'

the conversion of androstenedlone to testosterone, but tﬁat
melatonin (4 umolar) 1nh1bhted the conversion of testostérone

to androstenedione Peat and Kinson (1971) showed that melatonin

at a concentration og‘QO -umélar. did not 1nfluence the inter-

conversion of androstenedlone-and testosterone. In the present
e .
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investigation a concentration of 180 umolar melatonin failed
to affect the jinterconversion of androst%?edione and testos-
terone.

Serotonin i3 6 m molar) 1n thls study did not 1nfluence
the astivity of- the l? keto reductase but the acth1ty of the
-178- hydroxysteromd dehydrogenase was 1nh1b1ted {(P<.025}. Thus,
serotonln 1nh1b1ted the conver51on of testosterone to andro-
stenedione_but had no effect on the converslon of androstene-
dione to testosterone. Ellis (1972) demonstrated that serotonin.
(1 m nblar) inhibited the c¢onversion of androstenedione*to'

testosterone, while the conversion of testosterone to andro-

[ ’ i
s
stenedione was 51gn1flcantly enhanced

5-Methoxytryptophol (3.6 m molar) did not influence the
act1v1ty of the "17-keto reductase but 51gn1f1cantly enhanced ~
the act1V1ty of the 17B—hyoroxyster01d dehydrogenase. Thus, .
S-methoxytryptoohol enhanced the'conversion of testosterone
to androstenedione (P<;601), but had no effect on the conver¥
“sion of'androstenedrone to testosterone. 5~Hydroxytryptophol

(3.8 m molar) significantly inhibited the activity of the

17-keto reductase and si¥nificantly increased the tivity

he latter enzyme. Thus .the convdrsion of an5>Q~\§-

y:
L 1]

to testosterone.was inhibited and the conversion of

estos—
[ .
terone to androstenedione was enhanced.
The magnltude of alterations 1n the act1v1ty of the

178- hydroxyster01d dehydrogenase system ‘was not great. Since

e o
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‘ : e
inhibition ,of testosterone formation was severe, inhibition

' *

" cannot be explainea eolely_aS'a result'of indole‘interactioﬁ'
at this level. The results of this study suggest that in-
_hibition of,intermediatee ptior to androstenedipne‘formation
are involved. Ellis {(1972) reported that upon incubation
with progesterone, the formation of lJa-hyérexyprogesterone,
androetenedione.and testosterone was inhibited. He téported

v that inhibitioh_of,the activity of the l7a—hydroxyiaee and
the 17a-hydroxypregnene- Cl7 20lyase was involved. The re-

sults of this 1nvestlgatlon suggest that the activities of

-
L] -

. these enzymes and the activities. of the 38—hydroxy5ter01d

dehydrogenase and,the Asehydroxystefeid isomerase are in-
hibited by indoles since incubations utlllzed pregneneolone.lb -
| The data of this study suggest that methoxy—indoles
influence the biotransformation of pregneneclone into tes-
tosterone in vitro in a-similar fashioﬁ-ie; both'inhibit the
formatlon of androstenedlone and testosteroue Hydroxyin- '

doles apparently 1nf1uence in vitro androgen synthe51s‘to a
,-""\ I

similar extent; both inhibit testosterone formation and.do
i

not affect androstenedione formation. At the‘tegticula' level,
[} . . pe-y
. results of this nature were anticipated since indole ‘pre- 'é
sumably affect androgen biasynthesis‘through a non-compstitive

type of enzfme inhibition (E11lis,1972) . Lehninger (1970} N
. o '

reported that non-competitive inhibition involved thelbinding

of an inhibitor at a locls other than the substrate binding




’indoles upon gonadotrophins is markedly different. Fra
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site. These findings suggest that inhibitors with similar

chemical structures would exert similar effects. Melatonin oo
and S5-methoxytryptophol possess,common to both compounds, a
methoxy group at the S,position-of the indane ring system

(Fig.3). Since both indoles induce similar effects on in

vitro androgen synthesis it is implied thaf‘inhibition is

induced after the S position of the indole binds to an - \“///;
. ] @ '

enzyme 51te In this fashion, serotonin and 5-hydroxytryp-

|l

tOphol induce 51mllar pattgrns of lnfluence on the ln v1tro v

blotransformatlon of pregneneolone into androgens.

At the pituitary level of interaction, the effect o

et dl (1970) reported that melatonln and 5-hydroxytryptophol

regulate LH synthe51s while serotonln and S—methoxytryptOphol

"regulate FSH synthe51s. These f1nd1ngs suggest that indoles

at this; level either interact at specxflc sites receptlve
only to an 1nd1v1dual 1ndollc compound or that enzyme 1nh1b1tlon
is not»involved in the regulation of gonadotrophlns.

The ohysiological significanoe of direct testicular
interaction by indoles is not clear. Wurtman et;gi (i964b)
demonstrated that radio-labelled melatOnln is taken up by the
testls. Recent studies from this laboratory ‘have shOWn that
melatonin is taken up specifically by the Leydig cells (Dr-.G.
A.Kinson- personal communlcatlon). ‘ |

é? Inhibition of in vitro androgen synthe51s by indoles

- S

yd




~ '

occurred at high dose‘ievels. Presumébly, these dose levels

"

lze pharmacological in nature, since 90 umolar of melatonin

S‘necessary to exert inhibition. Thué,suéh an interaction
‘'would be of little physiologicéi significance in the cohtfpl
.of reproductive funétion of the mat&re‘male rat. Howevér,
certain gébdiﬁioné may arise.in the life of‘thé\ratlﬁhere
a.such interaction may bé important ie; pérhapsrprEquberEy
for 6ne. Most likely, pineal interaction af tﬁe hypbthalamo-

pituitary level is of physiological value.

LY

). -

w2
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SUMMARY

In.vivo administration of indoles (1 umele/week) had only

~

modest effects on the reproductive fﬁnctions of the afult -
male rat. The infiuenCe of indoles upon the metabolism Gf
testostqrone seems to be the important aspect dflindolic
function, at this dese level..

‘In vitro studies have ;evealed-supportive,evidence of the -
direct inhibitory action of_pineal indgfes on androéeﬁ
piosynthesis.'The influence of indoles appéars :elatea to
similarities in structure a£ the 5 position of the indane
ring system.. ' ‘ E
The physiological role of indoles in the regulaﬁion of male
réproductive functions“offthe adul%‘ﬁft is_not understood.

However, the pharmacological potential of male fertility

control .is evident.
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CHAPTER-VII ,
f‘\\ b .
» APPENDIX
,’\ ‘ .
(A) Hormone Assay Reagents .

4

I'. Borate buffer,0.05 M,pH 8.3~ dissolve 2 grams reagent

N grade boric acid crystals in 500 ml distilled Hzo,cdhtain—

ing 0.40 ml: of 10 N NaOH. . - MJ/K\\

2. Bovine gamma globulj dissolve 250 mg of powder in 10 (/

a

ml normal saline,contarming 0.1% sodium azide. / ’

Bov1ne serum albumln— dlssolve l gram in 10 ml distilled

H,0 containing Q. f% sodium azide.

(B) Histological ReagEnts

1. Helly's fixative - dissolve 2.5 g thaséium dichromate,
4.0-5.0 g mercuric chloride in 100 ml distilled H,0.

Just prior to use add 5.0 ml of concentrated fOrmalin.
2. Mayer' 5 albumin afflxatlve—'geat white of an egg until
well broken up,but ;;t Beiff,with egg beater and pour
_1nto tall cylinder. Let stand 'until the air brings -sus-
pended materiaL to th toé(overﬁ‘ ?t). Pour off liquid
*from the bottom,and to it add an equai voiﬁmé of glycer-
ine. Add a bit‘of sodium salicykate to prevent growth
of molds.
3. Lugol solution- dissolve 2 grams of potassium iodide aﬁd
ji_gra:g-g,f iodine crystals in 12 ml distilled H,O.

4.. Periodic acid- dissolve 0.6g periodic acid in 100 ml

distilled HZO' add 0.3 ml concenﬁra;ed nit;ic acid.
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(c)
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Te

. Schiff reagent(>§§her'Scientific Co.,modifiéd for

aldehydes) - basic fuchsin,sodium meta bisulphaté,hydro

‘chloric acid.

Hgmatoxylin reagent (Fisher Scientific Co.,Harris- '

Lillie variation}- ammonium alum,hematoxylin,iéoprof

-~

"panol,red m&rcuric oxide,and glacial acetic acid.

Incubation Buffers

Phosphate buffer,0.05 M,pH 7.4 (Fisher Scientific\Co.)-

potassium phosphate monobasic-sodium phosphate dibgsic.
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Figure 17. Flowsheet illustrating the.pathways to androgen
formation. : ' - T
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