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Testicular development is seasonal and photoperiodically induced in
many species of birds that breed in the North Temperate Zone. After reach-
ing maturity, testes are maintained in full functlonal status for a short
time; then they regress (for reviews, see King et al., 1966; Hamner, 1968).
Regression begins spontanecusly while days are long both in nature or under
artificial lighting regimes.

The role of the hypothalamo-hypophysial axis in the control of annual
gonadal cycles of birds has been investigated extensively during the past
decade (for reviews, see Farner et al., 1967; Lofts et al., 1970). The
tubero-infundibular region of the hypothalamus has been implicated in the
control of pituitary gonadotropin secretion in several species by lesion
techniques (Wilson and Farner, 1965; Lepkovsky and Yasuda, 1966; Graber
et al,, 1967; Koike and Lepkovsky, 1967; Wilson, 1967; Wilson and Hands,
1968; Sharp and Follett, 1969; Snapir et al., 1969; Stetson, 1969) and by
implantation techniques shown sensitive (as revealed by reduced pituitary
gonadotropic function) to increased local concentrations of androgen both
in the domestic mallard (Gogan and Kordon, 1964; Kordon and Gogan, 1964;
Gogan, 1968) and in the Tree Sparrow (Wilson, 1970). The latter finding,
confirming the potential for inhibitory feedback of androgen on gonadotropin
secretion, raises the possibility that feedback of androgen onto the cen-
tral nervous system may be involved in the onset of testicular regression
in some photoperiodic species (see Farmer, 1961, 1964, 1967, 1970; Farner
and Follett, 1966; Kobayashi and Farner, 1966; Wilson, 1970). To explore
that possibility, testosterone propionate (TP) or the free alcohol of
cyproterone [(6-chloro-17-hydroxy-1',24-methylenepregna-4,éﬁiiene-j,ZO-
dione) CYP), an androgen antagonist with little or no testosterone-like

activity (Bloch and Davidson, 1967, 1971; von Berswordt-Wallrabe and



Neumann, 1967, 1968; Davidson, 1969a, 1969b; Davidson and Bloch, 1969;
Stern and Eisenfeld, 1969; Goslar et al., 1970; Karfsmeler and Davidoff,
1970; Neumann et al., 1970), was implanted stereotaxically into the

hypothalamo-hypophysial axes of Tree Sparrows (Spizella arborea), In

one experiment, TP was implanted to see 1f testicular regression could be
induced, In another, CYP was implanted to see if antiandrogen might pre-
vent or retard spontanecus testicular regression in chronically photo-
stimulated birds. Hesults of both experiments suggest that androgen plays
an important role in the onset of spontaneous testicular regression in
Tree Sparrows and, further, that the site of androgen sensitivity may be

a relatively discrete region of the basal infundibular nucleus.



METHODS

GENERAL

Tree Sparrows captured with mist nets from wintering flocks near
Manhattan, Kansas, between 19 December 1969 and 21 February 1970 and re-
tained in walk-in aviaries or 3 to 5 per cage in small cages (26x27x50 cm)
were held on 8-hour (0830-1630 CST) daily photoperiods until late summer
when experiments began., Food (a vitamin- and mineral-enriched chick starter
crumble mixed with parakeet food) and water were freely available, Temper-
ature varied a few degrees about 22°Cc, At least 3 months prior to experi-
ments, birds were sexed by laparotomy under Nembutal anesthesia (Donovan,
1958); only males were used.

Stainless steel tubes IZ?-gage (OD = 041 mm; ID = 0,20 mmﬂ containing
minute amounts of TP, CYP, or cholesterol (CH) mixed homogeneously with
cocoa butter [bCB (2 parts steroid to 1 part CCB by weightﬂ y Or CCB alone,
were implanted stereotaxically into the hypothalamo-pituitary axes of
males (for procedure, see Wilson, 1967, 1970)., Tubes were filled by
tamping in mortars plus occasicnal packing of lumenal contents with a
small wire; ends of filled tubes were dipped in saturated sucrose solution
to protect against loss of contents, After implantation, tubes were fixed
in place with Teets "Cold Cure" dental cement (Co-Oral-Ite Dental Mfg, Co.,
30x 793, Santa Monica, Ca., 90406), 3Small Screws (0-80 round head, C. L.
Presser Hdw. Co., 3524 Market Sireet, Philadelphia, Pa. 1910%) aided in
adhesion of cement to skull (Fig., 1).

At the end of the experiments, birds were killed by decapitation,
Brains were fixed 3 to 5 days in Bouin's fluid, dissected according to

Oksche et al, (1959), embedded in Paraplast through dioxane, sectioned






Fig. 1. Sketch showing method of anchoring carrier tube. DC =
dental cement; S = stainless steel round head screw; SST = 27-gage stain-
less steel tube; SK = skull; a = ocuter laminar layerj b = middle reticular
layer; ¢ = inner laminar layer. About 40 times natural size,
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parasagittally (10M), and stained with paraldehyde-fuchsin for identi-
fication of implant centers, Testes and seminal sacs were fixed 5 days

in AFA, transferred to 70% ethanol for 5 additional days, and then debrided
and weighed on a torsion balance. Selected testes and seminal sacs were
embedded in Paraplast through dloxane, sectioned (8M), and stained uith
periodic acid Schiff's and hematoxylin, Student's t-test was employed to
determine significance of differences in weights of testes and seminal sacs

among the various experimental and control groups.

TESTOSTERONE PROPIONATE EXPERIMENT

Between 3 and 17 September 1970, 37 photosensitive males were trans-
ferred (3 to 11 per day) from short (8-hour) to long (20-hour) dailly photo-
periods (0830-0430 CST). Illumination was by fluorescent lamps at an inten-
sity of at least 320 lux; daylight and extraneous light were excluded. To
determine if TP could halt testicular growth and induce regression, 26
birds were subjected to intrahypothalamic implantation of TP (~ 250 ug) or
CH (~ 260 #g) in CCB 3 weeks after transfer to long days, Five birds sacri-
ficed after 3 weeks on long days plus 2 that dled during surgery served as
initial controls., As a test for systemic effects of TP, 4% birds received
subcutaneous implants of 27-gage tubing (a1 cm) containing~250 ug TP in
CCB. All birds were sacrificed 28 days after implantation (i.e., 7 weeks

after transfer to long days).

CYPROTERONE EXPERIMENT

Tubes containing CYP (~150 mg) or CH (~ 210 ug) in CCB, or CCB alone
(As185 Mg), were implanted stereotaxically between 7 August and 1 September

1970 into the hypothalamo-hypophyslial axes of 91 photosensitive males held



on 8-hour daily photoperiods since capture, To observe the chronic effects
of antiandrogen on spontaneocus testicular regression, birds were trans-
ferred from short (8-hour) to long (20-hour) daily photoperiods (0830-0430
CST) on the first postoperative day and sacrificed 17 weeks later. Under
the latter lighting regime, 12 to 15 weeks is usually sufficient to com-
plete a gonadal cycle, i.e., growth, maintenance, and complete regression
of testes. Source and intensity of light were as before. To see whether
testicular weight changed during the 25-day implantation period, 5 birds
were killed on 7 August and 4 on 1 September, These along with 7 that
died during surgery or on the first postoperative day served as initial

controls.



RESULTS

TESTOSTERONE PROPIONATE EXPERIMENT

As noted previously, birds for this study were subjected to implanta-
tion of TP or CH in CCB 3 weeks after transfer from 8- to 20-hour daily
photoperiods. Mean testicular weight at the time of implantation was
41,0 mg (Group IT; Table 1). Testicular growth continued during the sub-
sequent 4-week experimental period in all birds bearing CH implants (Group
CT; Figs. 2 and 3; Tables 1 and 2) or subcutaneous TP implants (Group NT;
Table 1). Although mean testicular weight of Group NT was significantly
less (P €.05) than that of Group CT (Table 1), selected testes and seminal
sacs of both groups showed full spermatogenic activity as assessed histolo-
gically., On the other hand, testicular regression was induced, at least
partially, in all birds with TP implants in the basal infundibular nucleus
(Fig. 2; Table 3). Nine birds (Fig. 2) had large testes (X = 287.3 mg) at
sacrifice, but testes and seminal sacs showed histological signs of regres-
sion (Table 4; see legend for explanation of histological analyses), Testes
of 6 others (Fig. 2) had regressed to or near the midwinter condition
(X = 3.57 mg; Fig. 3; Table 4). Seminal sacs of these were small and inac-
tive (Table 4)., Four TP implants, none of which terminated in the basal
infundibular nuclear region (Fig. 2), had no effect on the spermatogenic
function of the testes (Table 4). However, with the exception of 1 bird in
which the implant ended high along the border of the optic chiasm and
infundibular nucleus, seminal sacs were relatively small (Fig, 2; Tables 3

and 4),

CYPROTERONE EXPERIMENT

All birds had been on 8-hour daily photoperiods for at least 5 months
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FPig., 2, Schematic parasagittal sections through the hypothalamo-
pituitary region showing locations of testosterone propionate and
cholesterol implants and their effects on testes (ellipses) and seminal
sacs (cones) of photostimulated Tree Sparrows. Size of ellipses and
cones reflects relative intensity of gonadotropin release., (A) Testos-
terone propionate implants: moderate (open circles) to severe (closed
circles) gonadosuppression (9 birds showed only histological evidence of
testicular regression: combined testicular weights, 70.0-558.2 mg; com=-
bined seminal sac weights, 1.87-73.5 mg; 6 birds showed severe gonado-
suppression: combined testicular weights, 2.81<4,73 mg; combined seminal
sac weights, 0.52-2.70 mg). (B) Testosterone propionate implants: no
gonadosuppression (half-closed circles) as evidenced by histological
condition of seminiferous tubules (4 birds: combined testicular weights,
202,8-550.2 mg; combined seminal sac weights, 10,95-74.1 mg). (C) Cho-
lesterol implants: no gonadosuppression (7 birds: combined testicular
weights, 456,7-682.0 mg; combined seminal sac weights, 48.7-171.1 mg).
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Fig. 3. Transverse sections of testes (left column) and seminal
sacs (right column) of birds bearing testosterone propionate (TP) or
cholesterol (CH) implants at sacrifice, 4 weeks after implantation and
7 weeks after transfer to 20-hour daily photoperiods. (A,B) 1402; TP;
combined testicular weight, 4.57 mg; combined seminal sac weight, 2,18
mg. (C,D) 14163 TP; combined testicular weight, 352.1 mg; combined
seminal sac weight, 6.10 mg. Note absence of free sperm. (E,F) 1403;
TP; combined testicular weight, 550.2 mg; combined seminal sac weight,
74,1 mg. (G,H) 1314; CH; combined testicular weight, 682,0 ; com~
bined seminal sac weight, 151.1 mg. (See Tables 2, 3, and 4,) AFA,
Periodic acid Schiff's and hematoxylin. X172,
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when the experiment began. Five birds sacrificed on 7 August (Group ICBI)
and 4 on 1 September 1970 (Group ICAI) served as initial controls. Testic-
ular weights of Groups ICBI and ICAI were not significantly different

(P > .05) from each other or from those of birds that died during surgery
or on the first postoperative day (Group BDDI). Thus, the 3 groups were
combined (Group ICB)., Mean testicular weight at the time of implantation
(1.68 mg; Table 5) approximated the midwinter value reported for Tree
Sparrows by Wilson (1970).

Without exception, neither CH (Group CH-CCB; Fig. 4; Table §) nor CCB
(Group CCB; Fig. &4; Table 7) implants affected spontaneous testicular regres-
sion: after 17 weeks of long-day stimulation, testes and seminal sacs were
at or near the midwinter level (Table 5). On the other hand, testicular
regression was inhibited in 7 birds bearing CYP implants (Figs. 4 and 5).
Magnitude of inhibition ranged from complete to moderate (Tables 8 and 9)
as evidenced by both weight and histological criteria., Seminal sacs of
birds with effective CYP implants ranged histologically from fully active
to fully regressed and were heavier (though not always significantly so)
than those of birds with ineffective CYP implants (Table 8; Fig. 6). Testes
of birds with ineffective CYP implants or CH or CCB implants did not differ
markedly in weight or histologically from those of initial controls,

CYP implants that prevented or retarded testicular regression ended,
with 1 exception, in a relatively specific region (Fig. 4) of the basal

infundibular nucleus (der Grundkern of Oehmke, 1968). Three effective

implants were in complete contact with hypothalamic tissue whereas 3
others made only partial contact therewith (Fig. 5). The latter 3 also
made contact with pars tuberalis cells and loose connective tissue adja-

cent to the hypothalamic border. Of the 6 implants in the CYP-sensitive



19

*3S0T SBM ST}S93 B YOTUM UOIF PITQ SUO SOPNTOXH,

*sgseyjuared ul pejeOoFputl ST dnox¥d yoee uyl SpIpq Jo Iequm)y °*HS F c.mozn

*uotyeuSTSsep dnox?d Jo uotjeueTdxs JOT 3X9% eeg,

TT°6-42°T  (0T) o4 ¥+ 2i*z2 61T a4~102 046T *09Q #Z °% g o800
0T°2-62'1 (8) TT* + 9i°1 611 an-102 0L6T "o9Q ZZ 0% ST €00-HO
09'2-68°0  (9T) TT* + g9°T sanjdeo souts a9t-1g 046T *3deg T 03 *Zny / €01
09°2-TE*T (L) 6T° + S8°1 san3ded 90ouls a9t-18 0461 *3deg T 03 *3ny [/ 10ag
09°1-€2°1 (4) OT* + 04T sInjdeo 9Ouls agt-1g 046T *3des T YOI
T1€°2-68°0 (6) 62° F 69°1 aan3ded 9oUTS ag1-18 046T *8ny L 1901
(Fw) eBuey orawsv 5935e3 potaedozoyd 90T JTIOBS je 0T JTI0RS JO 93B( .m.nnohu
OM} JO UTTeM uo sfe( potaedojoyd

SQHUTH

(LNTWIMAIXH FNOYTIOYJAO)
TOHINOD TYNIWHEL ONY TYILINI JO SIHOIEM HYTINOILSHL



20

"6 pue ) ‘9 seTqe] Suowe Suostxedwod Joj,

*sysATeu® STU} UT POPNTOUT 30U ST POTP 3¥U3 PITq Sug,

*{ pue z SeTQe], UT Se SuOTjeuUFTSeD pue sToquis IeYlQ (V4 *FTJ 968) STOTIFUSA DITY3 oY} JO SSI0QT IBINQTP
-uNJUT SY3} JO JOOX U3 SAOQE WW GT*Q 0% /('O SnLTonu Ieynqipunjuy Teseq Y3 Jo uotidod TeIJued € = ONI

95° € 01*z a + + L0°0 ¥ 86L0
gz°ez 26°1 g »* "0 T 2621
440 0£°'T * 02'0 1 9911
Lz't T4°T * £0°0 ¥ 8621
L€ 80°2 0 * GT*'0 1 oHlT
19°2 18°1 * gT'0 ¥ 6041
H°t 68°1 * ¢TI0 1 6EET
m°T G2°1 * 42'0 1 9% ¢
dIV ¥I @ ONI NI 10O (wu)
Amsv 80®vs Teutuwes (Ju) seyses nﬁoawom SUTTPTW WOXT I93uad *ou pITq

Iojued jueldu] JO UOT3EIO0] queTdut Jo @duelsSTP
PUR UOT3O8IT(Q

oM} 3O JUBTeM  OM3 JO JUTTeM

(INEWIHEIYE ENOHEIOHAXD)
oSMOHUYAS FEML NI SINVIIWI TOYALSTIOND J0 SNOILVOOT

9 WIgV.L



21

*ST3898% 8suo Jo pcwﬁmzﬂ
*gTsATEUR STY3} UL POpNTOUT 40U aJe DIIpoTsSTP owedsq aqny jueTdur esSoyMm auo pue PP 3BUL BITq auo,,

‘g 9Tqe] Ul Se SUOT}euUI[Sep pue sToquis Iayzp *patIToeds aanionx}s fwoaxy peoeldstp 4ng ‘Iesu juetdur = #

GE 1 L2'1 #* + 60°0 ¥ ZIET
£€g'ez 92" * + 20°0 gzZe1
92°¢ 16 q ¥ ¥ 0T*0 ¥ 9LTT
a4z 04°T * 0 68€0

- 0z'z * L0°0 1T 2811
61°€ Z8°¢t 0 * #1°0 1 0040
etz 26°1 * Znto 1 €6t
L€ q00°€ # §4°0 1 4BET
28t 64" 2 * 20 1 8911
181 68T v * 11°0 H 26ET
00°€ 892 * €10 1 L9ET

dIV HI UW ONI NI 100 ((wr)
(Ju) soes Teutuwes (Hu) sejsey uotday SUTTPTU woxJ Ieljusd ‘ou pIgy
OM3 JO 3YITem  OM3 JO UuIiaM I8lused jueTdut Jo uoTIRIOT queTdut Jo souel}sip

pue UOT3O8IT(

(INAWTHAIXH ANOYWHIOHJAD)
2SMOHYVAS HEMI NI SINVIAWI YELINE Y0000 40 SNOIIVOOT

4 T18YL






9 £€g'e g1 4 92* 4 gzt
9 GE°T €1 4 L2°1 ZIET
9 92Z°¢t 0T 01 116 9LTT
9 Ente 9 #T 26°1 €GET
(TT Jo +) SAT3O097FeuUT  :sSjueTduy €00
9 STt g1 2 06°2 00€T
9 ez 81 2 ra S/ TEET
9 En'e €T L 9T €0zt
9 9€°2Z A 8 91T L6ZT
9 T4°€ 1T 6 L8°2 HR1T
9 66°1 £ LT €8t £LTT
(€4 30 §) PATIOSIIOUT  :SRUBTAWT §00-dAD
9 ¢0'9 6 1Y 2 62 CTET
9 Ly 8T Z ,°28 +#8ET
9 20°6 91 4 £°g0T £81T
9 219 g 6T L*66 LETT
9 H°TT A 8 9°291 GLTT
9 00°TT Tt 6 G*0ET 80
9 PAS 5 9T 4 8° 665 9EEeT
(4 30 4) sat3dezye sjuweTdut d0D-dXD
(9] 24 o i (Bw) *3m OH 47 LM 2t ™ 2 Td (Pw) *3m  ‘*ou pITqg
S80S Hdﬂ.weom .wo uotl JES H.mc.nsnm mo.u.mou. .HO UoT31TpPUOD .ﬁdoamo.moa.m.ﬁm Hw._nsoa#mn.“_.
-Tpuod TeOTI0TO0}STH peugquoy peutquop

o (INEWTHEIXT HENOHALONJAD)
SOVS TYNIKES ONV SHLSHEL QIIDFIES 40 NOIIIANOD TYDIDOTOLSIH

g8 HIGVL



23

*# 81q®] UT S® STSATeUE Jo Spoylsu pue suoTjeusise(,

DD NOND

0e
02
0¢
0¢
0e
0e

T
LT
€1
ET

912t
H<t
L1ET
0£TT
L6L0
61t

O~ - MO

g0°2
52T
ot*e
26°1

(9T 30 9) STOIX3u0d TBTITUT

OHLT
EEET
g6L0
2621

(830 #) eAT3O0eIIeUT

1squeTdut €00-HD



24



Fig, 4. Schematic parasagittal sections through the hypothalamo-
pituitary region showing locations of steroid and cocoa butter implants
and their effects on spontaneous testicular regression (stars = preven-
tion; open circles = severe inhibition; half-open circles = moderate
inhibition; closed circles = no effect) in Tree Sparrows after 17 weeks
on 20-hour daily photoperiods. Size of ellipses and cones reflects
relative size and functional status of testes and seminal sacs, respec-
tively, as evidenced histologically. (A) Cyproterone implants: complete
to moderate inhibition of spontaneous testicular regression (7 birds:
combined testicular weights, 29.2-599.8 mg; combined seminal sac weights,
4.37-152,7 mg). (B) Cyproterone implants: no effect on spontaneous
testicular regression (43 birds: combined testicular weights, 1.16-%4.83 mg;
combined seminal sac weights, 1.3%-5.44 mg)., (C) Cholesterol implants:
no effect on spontaneous testicular regression (8 birds: combined testi-
cular weights, 1.25-2,10 mg; combined seminal sac weights, 0.77-3.56 mg).
(D) Cocoa butter implants: no effect on spontansous testicular regression
(11 birds: combined testicular weights, 1.27-5,11 mg; combined seminal
sac weights, 1.35-3.82 mg).
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Fig, 5. Schematic frontal section through the hypothalamo-pituitary
region showing locations of cyproterone implants that prevented or re-
tarded spontaneous testicular regression in Tree Sparrows held 17 weeks
on 20-hour daily photoperiods. IN = infundibular nucleus; ME = median
eminence; ALP = anterior lobe of pituitary; CS = cavernous sinus; ST =

sella turcica; ICA = internal carotid artery; OT = optic tract. Symbols
ﬂ-S iﬂ. Fig. QAI









Fig. 6. Transverse sections of testes (left column) and seminal sacs
(right column) of birds implanted with cyproterone and held 17 weeks on
20-hour daily photoperiods. (A,B) 13363 combined testicular weight,

599.8 mg; combined seminal sac weight, 152.7 mg. See Fig, 7 for implan-
tation site. (C,D) 0384; combined testicular weight, 130.5 mg; combined
seminal sac weight, 11.00 mg. (E,F) 1184; combined testicular weight,
2,87 mg; combined seminal sac weight, 3.71 mg. (See also Tables 6 and 7.)
AFA, Perlodic acid Schiff's and hematoxylin. X172,
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zone, the least effective was the most posterior and made least contact

with hypothalamic tissue. The most effective was the most anterodorsal

and was in complete contact with hypothalamic tissue (Figs. &, 5, and 7;
Table 8)., One CYP implant that terminated posteroventrally and laterally

in the left optic tract markedly inhibited regression (Figs. 4 and 5). His-
tological analysis revealed that a thin layer of optic fibers and some loose
connective tissue separated it from the cavernous sinus surrounding the pars
distalis (Vitums et al., 1965, 1966).

All CYP implants in the infundibular nucleus that terminated above,
below, anterior, or posterior to the effective zone (Fig, 4; Table 9) were
ineffective and did not retard spontaneous testicular regression (Table 8).
Implants in the median eminence, in the pars distalis, or at their common
borders (Fig. 4; Table 3) were also ineffective, as were 3 of 4 implants in
the optic chiasm or tract, Several ineffective CYP implants at various
levels of the hypothalamus made contact with the third ventricle or its

infundibular recess.
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Fig. 7. Implantation site of a 27-gage tube containing cyproterone.
Steroid-tissue contact in basal infundibular nucleus (IN), 1336: Weight
of testes and seminal sacs after 17 weeks of photostimulation: 599,8
and 152,7 mg, respectively, See also Fig., 5. (ALP) anterior pituitary;
(ME) median eminence; (NL) neural lobe; (OC) optic chiasm. Bouin, Para-
sagittal section (0,07 mm left of midline), Paraldehyde=fuchsin. X100.
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SUMMARY OF RESULTS

TP implants in the basal infundibular nucleus of the hypothalamus
induced moderate to severe gonadotropic insufficiency in photostimulated
Tree Sparrows. Spontaneous testicular regression was retarded or pre-
vented in photostimulated Tree Sparrows when the antiandrogen CYP was
chronically implanted in a rather specific region of the testosterone-

sensitive basal hypothalamus (Fig. 8).
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Fig., 8, Schematic parasagittal section through the hypothalamo-
pituitary region of the Tree Sparrow showing the relationship between
regions sensitive to testosterone propionate and cyproterone., Area
circumseribed by dashed line represents region sensitive to testosterone
propionate. Stippled area represents region sensitive to cyproterone,
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DISCUSSION

All TP implants in the basal infundibular nucleus of the hypothalamus
caused some degree of gonadosuppression in photostimulated Tree Sparrows
(as evidenced by weight or spermatogenic state of the testes and weight or
histological condition of the seminal sacs), but CH implants in or near
that region did not. Therefore, the possibility is slight that the gonado-
suppressive effects of TP implants stem from tissue elimination or damage
or from a nonspecific effect of steroid. Since subcutaneous TP implants
did not induce regression of testes or seminal sacs, effects of TP in
effectively implanted birds were presumably exerted locally rather than
systemically, TP implants dorsal to the basal infundibular region (in der

erster dorsaler Abteilung of Oehmke, 1968) or in the optic chiasm, median

eminence, or pars distalis had no apparent effect on testicular growth or
spermatogenesis, but implants in the latter 3 regions did affect the endo-
crine function of the testes as noted by decreases in weight of the androgen-
dependent seminal sacs (see Bailey, 1953)., These observations may indicate
a greater sensitivity to TP by CNS components involved in the control of
IH-1ike release than by those involved in the control of FSH-like secretion,
at least in 3- to 7-week photostimulated birds. Alternatively, differing
degrees of gonadosuppression caused by TP implants in the basal infundibular
region may be due to variability in TP sensitivity in photostimulated birds,
At any rate, these data suggest that the CNS site of inhibitory feedback

of androgen is less clearly defined for LH- than for FSH-like secretion
since TP implants in the optic chiasm, median eminence, and pars distalis,
as well as those in the basal infundibular nuclear region, inhibited andro-
gen secretion (as evidenced by weight and histological condition of seminal

sacs).
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According to Wilson (1970), although TP implants in (or sometimes near)
the median eminence partially blocked the photoperiodic testicular response
of Tree Sparrows, TP implants in the anterobasal infundibular nucleus dorsal
to the median eminence were far more effective. Data of the present study
are generally consistent with those of Wilson (1970) and indicate that when
TP is implanted into the infundibular nucleus, including its anterobasal
portion, testicular regression is induced. Though one implant in and one
rostral to the median eminance did not induce regressive changes in the
testes, they did cause regression, but not loss of function, of the seminal
sacs, Gogan (1968) observed in the Pekin duck that TP implants in the
median eminence d4id not produce gonadosuppression, whereas those in the
dorsomedian-ventromedian nuclear complex or in the mediocbasal region of the
middle hypothalamus did. The primary focus of TP sensitivity in Gogan's
study was the ventromedial nucleus which is somewhat dorsal to the TP-
sensitive region in the Tree Sparrow as observed in this study and that
of Wilson (1970).

The free alcohol of cyproterone has been instrumental in elucidating
androgenic functions related to control of male reproductive and accessory
organs in several mammalian species. CYP is believed to be a competitive
inhibitor of androgen-sensitive receptors while having no progestational
or estrogenic activities and little or no androgenic activity. When
injected systemically, it prevents androgen-induced differentiation of the
male reproductive system in fetuses or neonates and depresses accessory
zlands (and testes to some extent) in adults. Implantation of CYP in the
median eminence causes marked gains in testicular, prostatic, and seminal

vesicle weights in prepuberal rats, but has less marked effects in adults.
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CYP has thus been fairly extensively used in the study of androgenic
functions of the mammalian male reproductive system (for reviews, see
Davidson and Bloch, 1969; Neumann et al., 1970). It has also been demon-
strated that CYP antagonizes testosterone-stimulated comb growth in cock-
erels (Boris et al., 1970).

The present study shows that CYP, when implanted into a relatively
specific portion of the basal infundibular nucleus of the hypothalamus,
can retard, if not prevent, spontaneous testicular regression in the Tree
Sparrow. The possibility that this effect is due to tissue elimination or
damage or to a nonspecific effect of steroid or CCB is also unlikely since
CH or CCB implants in or near the basal infundibular nucleus had no effect.
Six of 7 CYP implants that inhibited testicular regression were in contact
with hypothalamic cells at least 0,07 to 0.16 mm above the roof of the
infundibular recess of the third ventricle in a central portion of the basal
infundibular nucleus. Implants ventral to the effective zone, yet in the
basal infundibular nucleus, along with implants 1n the median eminence or
along its dorsal border, and in or dorsal to the pars distalis were ineffec-
tive. Thus, structures sensitive to CYP and, therefore, probably to androgen
are not likely eminential or adenohypophysial, Retardation or prevention
of spontaneous testicular regression can, therefore, best be explained as
specific effects of CYP on androgen-sensitive structures in a fairly dis-
crete portion of the basal infundibular nucleus. One effective CYP implant
in the left lateral aspect of the optic tract most likely produced its
effect at a distant site. As noted before, only a thin layer of optic
fibers and loose connective tissue separated the implant from the cavernous
(venous) sinus surrounding the anterior pituitary, but the fate of the

steroid or its site of action cannot be determined from the data available,
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Wilson (1970) also reported that a CYP implant at the rostral tip of the
cephalic lobe of the anterior pituitary prevented testicular regression in
a Tree Sparrow held 15 weeks on 20-hour daily photoperiods, That implant
Wwas in contact with a vascular channel whose destination could not be
determined, and so the site of action of CYP in that bird is alsoc dubious.

Haldsz et al, (1962) hypothesized on the basis of pituitary transplant
studies in rats that substances necessary for normal pituitary function are
synthesized by the parvicellular nuclei of the mediobasal hypothalamus and
carried by fibers of the tuberc-infundibular tract to the eminential zone
in contact with the portal circulation (see also Haldsz et al., 1965). TP
implants in the arcuate (= infundibular) nucleus-median eminence region of
dogs (Davidson and Sawyer, 1961) and rats (Lisk, 1962) cause testicular
atrophy and reduce pituitary FSH. On the other hand, CYP implants in the
median eminence region of prepuberal rats stimulate testicular and accessory
organ growth and increase pituitary FSH (see Davidson and Bloch, 1969),
These observations suggest that the mediobasal hypothalamus (including median
eminence) may respond to circulating levels of androgen by altering the
rate of release of gonadotropin-releasing factors into the hypophysial
portal system, Data of the present study and those of Wilson (1970) and
of Gogan (1968), while not inconsistent with those on mammals, point toward
the basal infundibular nucleus rather than the median eminence as a primary
site of androgen feedback.

As noted before, the region of CYP sensitivity in the Tree Sparrow
is located centrally within the basal infundibular nucleus and lies within
the region shown in this study and in that of Wilson (1970) to be sensi-
tive to TP. CYP is less soluble than TP (Bloch and Davidson, 1967), a fact

that may account for the difference in size of the CYP- and TP-sensitive
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regions., Locations of effective CYP implants may, therefore, indicate more
precisely the region of androgen sensitivity in the hypothalamus of the

Tree Sparrow. The relative insolubllity of CYP as compared to TP plus the
observation that CYP implants in the infundibular nucleus ventral to the
sensitive region or in or near the median eminence were ineffective make an
eminential site of androgen feedback even more unlikely, Ineffective im-
plants in or dorsal to the pars distalis alsoc tend to discount this structure
as a site sensitive to feedback of androgen.

The importance of the infundibular nucleus and median eminence in the
mechanism of photoinduced testicular growth has been demonstrated in the
White-crowned Sparrow by Wilson (1967) and Stetson (1969). Electrocoagulation
of the entire infundibular nucleus or its median basal portion (Wilson, 1967)
prevents testicular growth as does destruction of the entire median eminence
(Wilson, 1967; Stetson, 1969) or its posterior division (Stetson, 1969).
Gonadotropic function is also impaired when lesions destroy the basal tuberal
region in male domestic fowl (Lepkovsky and Yasuda, 1966; Graber et al., 1967;
Snapir et al., 1969). The present study, as well as those of Wilson (1970)
and Gogan (1968), shows that the basal infundibular region sensitive to andro-
gen roughly corresponds to regions shown by ablation to block pituitary
gonadotropin secretion. Recent studies by Sharp and Follett (1969) on
Japanese Quail show that destruction of not only the median eminence and
basal infundibular nucleus but of the nucleus hypothalamicus posterior
medialis (posterodorsal to the basal infundibular region) as well prevents
testicular recrudescence, This observation raises the possibility that
lesions in the basal infundibular nucleus may sever connecting neurons
between the median eminence and some higher region of the hypothalamus.,

Although insufficient data make it uncertain whether posterodorsal portions
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of the hypothalamus are sensitive to TP in Tree Sparrows, CYP implants in or
near the nucleus hypothalamicus posterior medialis, as described by Sharp and
Follett (1969) did not retard spontaneous testicular regression, While it
is possible that a higher region may be involved in the synthesis of neuro-
hormones controlling pitultary gonadotropic secretion, indications are that
the rate of neurohormone release is modulated by components of the basal in-
fundibular nucleus,

Data from this and Wilson's (1970) study indicate that androgen has
the potential for inhibitory feedback control of pituitary gonadotropin
secretion and strongly suggest that feedback of androgen onto the basal infun-
dibular nucleus may be an essential part of the mechanism triggering spon-
taneocus testicular regression in the Tree Sparrow. When TP 1s appropriately
distributed to androgen-sensitive receptors, photoperiediec testicular growth
can be blocked or regression can be induced. As a corollary to this, when
CYP is appropriately distributed (both temporally and spatially) to possibly
the same androgen-sensitive receptors, testicular regression can be pre-
vented and full reproductive activity prolonged.

Testicular function in birds like the Tree Sparrow is terminated
naturally by regression which slgnals the onset of photorefractoriness.
Photorefractoriness was first described in 1936 by Riley, and although mech-
anisms underlying its control remain enigmatic, inhibition of gonadotropin
secretion by androgen feedback onto the hypothalamus has been suspected,
though little supported, for some time (see Farner, 1961, 1964, 1967, 1970;
Farner and Follett, 1966; Farner et al., 1967; Hamner, 1968; Kobayashi and
Farner, 1966; Wilson, 1970)., Effects of systemically administered TP on
testicular function are inconsistent and confusing, though seemingly deter-

mined by the phase of the testicular cycle during which it is administered,



and probably pharmacologic (see Lofts, 1962; Hamner, 1968). On the other
hand, if, as some authors contend (see Threadgold, 1960), refractoriness
need not necessarlly follow spontaneous regression, then mechanisms under-
lying their control might be separate.

Although the possibility for inhibitory feedback of androgen on gonado-
tropin secretion is confimmed by our data, it is not known whether birds
bearing TP implants that induced complete testicular regression were photo-
refractory as after spontaneous testicular regression., However, as noted
before, chronic CYP implants in a specific portion of the basal infundibular
nucleus (which presumably reduce the local concentration of androgen) can
retard or even prevent testicular regression., Clearly, the one CYP-implanted
bird in full breeding condition (see also Wilson, 1970) after 17 weeks on
long days was still photosensitive. In light of this, it seems likely that
androgen plays an important, if not key, role in the mechanism of spontaneous
testicular regression and, possibly, of photorefractoriness. That a dif-
ferent mechanism initiates photorefractoriness cannot be unequivocally
refuted by the data available; however, the preventlon of spontaneous
testicular regression and of photorefractoriness that naturally follows by
certain CYP implants in this and Wilson's (1970) study suggest that the two

phenomena may be closely related mechanistically.
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The precise mechanism by which spontaneous testicular regression is
induced in photopericdic species of birds is unknown. Previous investi-
gations using intrahypothalamic implantation techniques suggest that andro-
gen has an inhibitory feedback effect on gonadotropin secretion, and some
investigators belleve that feedback of androgen may play an important role
in the initiation of seasonal testicular regression. The site at which
androgen exerts its influence on gonadotropic function has not been eluci-
dated with absolute certainty, but recent studies point to the tubero-
infundibular region of the hypothalamus as an important focus of androgen
sensitivity,

To determine the effect of androgen on gonadotropin secretion during
photoinduced testicular growth, photostimulated Tree Sparrows (Spizella
arborea) were implanted stereotaxically with testosterone propionate 3
weeks after transfer from 8- to 20-hour dally photoperiods. At sacrifice,
after 4 additional weeks on long days, all birds with testosterone propio-
nate implants in the basal infundibular nucleus showed histological signs
of regression of both testes and seminal sacs; magnitude of regression
ranged from moderate to complete. Testes and seminal sacs of birds with
cholesterol implants were fully active. These data confirm the potential
for inhibitory feedback control of gonadotropin secretion by androgen
during photoinduced testicular growth in the Tree Sparrow.

To assess whether androgen is involved 1in the onset of spontaneous
testicular regression, 27-gage stainless steel tubes containing the free
alcohol of cyproterone, an androgen antagonist, were implanted into the
hypothalamo~pituitary axes of photosensitive, nonphotostimulated males. On
the day following implantation, birds were transferred from 8- to 20-hour

daily photoperiods., At sacrifice, 17 weeks thereafter, 1 bird was in full



breeding condition and testes of 6 others were partially regressed; regres-
sion of seminal sacs in the latter ranged from partial to complete. Cypro-
terone implants in 6 of the 7 (including the bird in full breeding condi-
tion) were located centrally in the basal infundibular nucleus and within
that region of the hypothalamus shown sensitive to testosterone propionate,
Birds with control implants or cyproterone implants outside the effective
zone had fully regressed testes and seminal sacs. These results support
the hypothesls that androgen plays a role in the onset of spontaneous
testicular regression and suggest that androgen sensitivity is a property
of a relatively discrete region of the basal infundibular nucleus of the

hypothalamus.



