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_ INTlWDUCTION 

Regulat:i.qn. of· seXual behavior.in an animal; is a multiphasic pro-
.. ··. 

cess.- Systems 'of a :neU:ta:l, hormonal.{ and andnergic nature a_re known 

to be involved. The extent to which each system 1!18.Y contrt'bri£e to th~ . 
. . . . : 

regulati•on of: sexual behavior is, however; diffi~ult to delineate oe-. 
• < • • • 

Catlse of the numer~us intera~tions which exist among them. 
' . . . . 

:In studying problems· of this nature.,-- one gene;rally attempts to 

manipulate one of the systems while holding ot:heJ:.s·constant and ob;,.. 
~ . . .. : . ,. 

. . . . 

. serving the effects. This is. the gene-ra,i approa~h.. 'Wh:tch was taken to. 

· stuc:ly the sexual behavior_ of chick.~ns and Japa:;iese quail. 

·tines of. chickens.· arid .Japanes·e--quail···both b1directioru1.l~y selec.;,. 

ted for high a11d' :low libido. have been e~tablished at the VPI & SU -. ' · .. ' ·: ...... , .. , . . . . .. ' ' . ''-· 

Poultry Res.earch Center. · In· attempts ,tp. establish -the- biologiCal 

bases for. the differi:ng ~ex~l befulvior~ it has been' shOwn tb,at the. 

difference in 'libi4o of. both t:he chickens and. quail are not relat:ed.' 

. --

to _systemic testosterO:n:e tfters, nor does it appear that the . ontogeny · --
.:\'····)·': . ' 

of ste:i;oidogenesis in the: chicken ·eml>:tyo is a factor •. It has· a!So 

been demonstrated that hypothalamic uptake of testosteron~ ~id n¢t 
. ., • ; •• . •. '1 . 

differ betwe~n the lines. and is probahJ.}rnot resporisil>le for the 
' - ' 

dffferen~e. 
.:.l 

In previous researc·h, it .w.S.s~ estabtished. that-~ ceriter exi~t~d 
. ' . ~.. ' ·'. ' 

in the preoptic area of thehyPothalamus o:f the selected lines_of 
- -
chickens that was -sttiiulatory to tnati.rtg behavior. Eviderice.foran 

.,,.·· 

'·,. 

···'·',, . ',. 
J,·: 

.. ;·• 

. ,'-· 
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additional center(s) was also found. The purpose of the current re-

search was to (1) attempt to locate a neural inhibitory mating center, 

as well as (2) to establish.the role of serotonin in regulating sexual 

behavior in the selected lines of chickens; (3) to study the effects 

of arotnatizable, non-aromatizable and estorgenic compounds on sexual 

behavior in mating lines of quail; and (4) to determine if additional . 

dimensional measurements of the skull would allow the development of 

a prediction equation to. increase the accuracy of stereotaxic pro-

cedures. 
.) 



Experiment I: The effects of ruber lesions on. the mating behavior 

of the low mating line Chickens. 

3 
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LITERATURE·~IEti 
: , , 

~. ,· 

Changes in se:kllal behavior result:ing fri:>m iesions in specific 
. . ... 

brain 1,1:t11::lei have been reported foi- seV'eral organJ~~s. . Heimer and 

. Larsson .(t964a) . round that extens.ive iesions 'located at . the.Junction. . . . . •.. . . ·,· . : . 

of· the diencephalon and mesencep~lon r~s~lted ·· i11~significant in~ 
. . . . . . ,,·. . 

,c:r;eases in normal . sexual b~havior by l)iale rats. ·More localized 
. .. . ':. _·. ' 

lesions in this same area, however,. failed to'stiJ11Ulate anyin;crease 

in male sexual ~ehavior . (Heimer and Larsson, . l964b) • 

l,isk (1966a, i966b) fotind tha:.t d:ts~rl;!~e lesiot:?,s of. the manunfllaey' 

bodies at· the. level of the di.enceph'~li~~esencep~lic junction re:.. . 
. . - ' . . . . 

t;iulted in a constant level of normal male sexual behavior during the 
·.. . . . . . ··. 

. . .· 

six week period. of testii:ig.which followed lesioning~. Thi~ wits :tn 

contrast to nonlesioned and:Sham l~sioned rat~ which showed a gradual 

.decline in the mean number of copulations during the s.ame testing ... 

interval. Male ra.ts possessing larger lesions in· this same area de-
. . 

lllOnstrated increased Se::iaJal a~tivity over the cour$e Of the testing 

period. 
. . 

Lesions in tf:le mammillary areas of. ndn-sexually ~ctive rats•• 

(Lisk, 1969) resulted in a s'.ustained increase in th,e leve.1 of, copu.-. 

· .. latory activity for at ieast ei·ght weeks followin~. lesioning •. · Lesions·. -

at this. location in r~le. ra~$ result~d in high levels, of 111ating . 
. . . . : . . 

' -
activity during diestrus, a .period. duri11g which:in~ting nopnally does 

not occu.r (I.aw and Meagher, 1958) ... 

Other a~eas of the brainhave·also been shown to.affect sexual 

4 

. . . ~ 
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behavior when lesioned. Clark et al. (1975}, working with .male rats, 

lesioned the rostral midbrain disrupting the dorsal norepinephrine 

bundle before it decends into the hypothalamic medial forebrain 

bundle; this significantly shortened the post-ejaculatory interval 

and increased the number of ejaculations per hour. The lesioned 

males showed a 63% depletion of telencephalic norepinephrine (NE) 

relative to sham and unO-perated controls. However, the researchers 

felt that the altered sexual behavior may have resulted from de-

struction of a .system which lies in close proxi1Ility to the dorsal 

NE bundle, but is functionally unrelated to it; the basis for this 

hypothesis was that telencephalic NE depletion was also obtained by 

lesioning the hypothalamic medial forebrain bundle which impaired 

copulatory performance (Caggiula et al., 1973). Caggiula et al. (1973) 

also analyzed the brain levels of serotonin since depletion of that 

biogenic amine from the brain has been shown to result in hyper;;. 

sexuality (Gessa and Tagliamonte; 1974). The levels of serotonin, 

·however, remained µnchanged. 

In a similar experiment, Barfield et al. (1975) lesioned the 

rostral midbrain in male rats and significantly reduced or abolished 

the refractory period that characteristically follows ejaculation. 

Post-ejaculatory vocalizations were also abolished or singificantly 

reduced in these animals. The results were attributed to disruption 

of biogenic amine pathways wh.ich pass from the ventral part of the 

anterior.midbrain to the posterior hypothalamus.· 
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Dorner et al. (1969). found that electrolytic lesions in the 

ventromedialarcuate comp!~ resulted inmale hypersexuality. More 

recently, Christensen et al. . (1977) bilaterally lesioned either the 

ventral medial hypothalamus (VMH) or the preoptic area (POA} of 

castrate male and female rats. When tested for masculine sexual 

behavior after treatment with testosterone, the VMH lesioned animals 

showed significantly more mounts, intromissions, and ejaculations with 

shorter latencies than the sham lesioned controls. Those with POA 

lesions exhibited significantly less seJQial behavior with longer post--

ejaculatory latencies. These findings were in general agreement with 

the earlier results of Dorner .et a.1. (1969}, and indicate that the 

ventral medial areas of the rat brain may be inhibitory in nature 

(Christensen et al. , 1977) • 

In studies utilizing avian species, Perek et. al. (1973) and 

Ravona et al. (1973) reported that lesioning of the 111aJI11'1lillary nuclei 

resO.lted in functionaJ.ly castrat~d cocks wit.h completely atrophied 

combs and testes. Hormone therapy with testosterone propionate did 

not restore sexual behavior which was in contrast to the results ob-

tained following mammillaty lesions <in rats (op. cit. ) • This is in 

general agreement with Haynes and Glick (1974) who reported that 

lesions in the mammillaris lateralis and ectomailltllillaris did signifi-

cantly reduce attempts to mate. !lowever, lesioning the mammillaris 

medialis did not affect mating behavior. They also reported that 

lesions in the area of the ruber nucle.i (RU) , mesencephalicus nuclei 
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(MPV), and nervous oculomotorius (NOC} increased 1I1ati:ng responses in 

males. Crawford and Glick Ct975) also reported that lesioning of the 

ruber nuclei increased mating behavior of cocks. 

An experiment was designed to test the hypothesis that one of 

these areas producing relative hypersexuality when lesioned, Le., 

the ruber nucleus, was responsible for the low activity observed in 

low mating line cocks. 

MATERIALS· AND METHODS 

The chickens utilized in this experiment were low mating line 

(l'...ML) males from the lines bidirectionally selected fo.r highand low. 

cumulative number of completed matings (CNcM} (Siegel, 1965; 1972). 

High mating line nia.les were not utilized. Prior to lesioning, 17 

males were segregated into individual floor pens and tested for mating 

behavior with a female model. The testing consisted of five l!lating 

trials, each of ten minutes duration; the birds received only one 

trial per day. Following these initial. trials the males were bi-

laterally lesioned in the ares of the ruber nuclei. The atlas of 

Juhasz and van Tienhoven (1962) was utilized as a guide. 

Lesioning: Birds were anesthetized via the brachial vein with sodium 

pentabarbitol to a state of surgical anesthesia, and the head was 

then fastened into a stereotaxic instrume~t (Baltimore Instrument Co., 

Model 1500U) which:h.ad been modified to accomodate the head of a 
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chicken. Next, the skull was perforated with a dental drill over the 

general brain area desired. For placing the lesions, the earbars 

were utilized as the zero reference for measurements in the anterior-

posterior plane, while the surface of the brain was used as the zero 

reference.for measurements in the dorsal ventral plane. l'he1llidline 

crevice .of the brain immediately berteath the int.ernal sagittal C:t:"est 

of the calvaria was used as the zero reference point for lateral 

measurements. The coordinates were as follows: anterior, 4~5 1lllll.; 

ventral, 8.5-9.5 mni; and lateral, 1.25 mm. Lesioning currents were 

100 volts for eight seconds or 50 volts for 10 seconds. These two 

combinations produce lesions of appro:dmately the same s:i.ze. The 

electrodes utilized were stainless steel insect pins which had been 

twice coated with an epoxy electrode insulation (Epoxylite Corp.) . 

The epoxy was removed from the lesioning tip (. 4~ .5 mm) using t/420 

emery paper. 

After lesioning, the hole in the skull was occluded with zinc 

oxide dental cement and t11e incisi.on closed with 00 silk suture. Each 

bird was allowed 10 to 14 days recovery before starting the.second 

set of mating trials. 

Body weights, body temp¢ratures, and hematocritvalues were 

recorded for each b'l'."id p:rior to surgery and at the termination of the 

experiment. All data were analyzed using a paired;...t test. 



RESlJLTS AND DISCUSSION 
- • . • • • .. ·1 ·'; •. - •• •. ', 

.· , .. '. . ·~ ... 

. . ' 

Histolc:>gical evaluations· of the.les;i.ons·showed only on:e bitd 

had perfect b~lat.~:ral rub er lesion$, foQ;t birds .. hac;'l PE!,rf ect unilatera~ 
-._ ; 

lesions T.tlth the 1esio11 i>n the opp~site side .being immediat·eiy ventral 
.. . 

to the ideal:lzed site. Four: birds .had.· bilaterai lesions. positioned 

slightly· dcirsal to t'he ·centel;.'.>qf t.~~ ruber nucl~;f:. '!hese lesions 
. . . . - - . 

were located in the vesttbulo;...mesencephali.cus tract (VM) and/or in 

the tegmental:l.s laterodorsalt;~ nucle\ls (TL}. Eigbt bi:rd:s. had bi.:;· 

lateral les~ons positioµ.ed ~e1ltra1 to. the center of the ruber nuclei . 

. and .-were lo<:ated· in the ventral port.ion of t;he ruber ·a.nd/or, in the · 

dorsal portion·· of tile ·mesertC.e~balicus. p:r:oft.mdis pa:r:s ventralis (MPV)~ 
• • • 4 • • • 

The remaining bird had. both ,l.esions located ~on~iderably .. vent-ral t.o . 

. the ruber nuclei: and we]:'.e located •. in the .ventral ·h;order of the brain; 
' . ' . ' 

this blrd was ~ot.inclur;f.edtn' the data•foranaiysis. 
. . : •. . . . . ' ··_·, ' .. 

All birds had good'lateral place~l}t of the l.esions,whilett110 

birds showed lesions sl:l.ghtly anterio:r :to the ruber nuclei. The 

lesions in this experiment were f~\l.nd .to be. between. O. 8 arid L 2 mm 

diameter. Although ~of .all ie~ions were perf~ctly pl)sitioned, ·it . 
. ' ' 

was felt ·that at least partial des;truction of the ruber was, accom• ··· 

plished in all cases •. 
·' . . . - . 

In looking. at ·the ·physiological ··consequences of the lesions, 

there was no significant change in body weight over the c·ourse ·Of the . 

experiment (Table 1) • Only• one bird lost a ~ubstantial a:mo:iJn~ of 

.-_-:;. 

·, .. • 

.· .. ,'; 
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·weight, dropping from 2380 g to 1340g over the post lesion interval. 

This bird was also the bird with bilateral lesions perfectly centered 

in the ruber nuclei: Haynes and Glick (1974) found no significant 

body weight differences between control and lesioned birds and stated 

that "lesioning did not appear to have a pronounced effect on body 

weight". Our results are, therefore, in general agreement with those 

of Haynes and Glick. 

There was no significant change in body temperature throughout the 

experiment. Body temperatures· were monitored because Feldman· et al. · 

(1973) reported that some birds with posterior hypothalamic lesions 

were unable t:o regulate.their homeothermiC mechanisms. Nevertheless, 

the sites lesioned by Feldman et al. (1974) were not the same as in 

this experiment, and thus a direct comparison is not possible. Of the 

other experimental reports describing lesions in the area of the ruber 

nuclei, none tested whether body temperature was affected. · 

There was a highly significant increase in the hematocrit of the 

lesioned birds (Table 1). Perek et al. (1973) reported that brain 

lesions affected the hematocrit by causing a decrease, but their 

lesions were in the areas of the mammillary nuclei, several milli-

meters anterior and ventral to the ruber nuclei. The ma:mmillary 

nuclei lesioned birds of Perek ~ al. (op. cit.) were also function-

ally castrated which is not surprising since the medial and lateral 

mammillaris lie just dorsal to the pituitary stalk. Lesions in this 

area will generally destroy the hypothalamic hypophyseal portal 
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. . 

system precipitating t;h,e func:t:tonaly cci.~tration a.n.d the subsequent re-

sponses due to the castration. 

A number of factors can affect thepackecl. cel;J..volume. These 

include exercise, excitement, ·environl!lental temperatures, endogenous 

steroid hormones, and diurnal fluctuations (Ganong, 19751. Tl:i.us, 

reason(s) for the increased hematocrit observed in this atudy are not 

immediately obvious and must remain open to speeu]_ation at this :ti1Ue. 

The mating data (Table 2 } were interesting, for in contrast to 

the earlier reports of Haynes and Glick (197 4) and Crawford and Glick 

(1975) a significant decrease in mating behavior was observed in the· 

selected low mating line. While not alllesions were situated pre-

cisely within the ruber nuclei, the majority were with:i..n the circum.,,. 

scribed area lesioned by Haynes and Glic:k (£E.!.. cit.). Several major 

differences, however, do exist between. this study and the earlier 

study which could account for the discrepancy in results •. The birds 

in this experiment were adult males, 13-14 months of age at the time 

of lesioning and hormone therapy was not utilized. Haynes a,nd Glick 

lesioned males at 21to.49 days of agej and with such relatively 

smaller brains, destructive radiation from the point of the lesion 

focus could have encompassed a greater area. In addition, immediately 

following surgery, and daily thereafter testosterone propionate (TP) 

was injected for.the 14-20 days which preceeded the mating trials. 

The injections were continued through the testing period~ Alao, they 

used anesthetized test females, but this should have been similar to 



12 

female model that was employed in the current study. 

Crawford and Glick (1975) als.o lesioned birds at five weeks of 

age, but they waited until the males reached maturity before testing 

mating behavior. ·The exact age was not specified. They found an 

increase in both attempted -matings arid ·matings in the RU lesioned 

males. Males hatched from eggs.dipped in a TP solution on day'thr:ee 
. . 

of incubation/exhibited little if any mating activity, even when 

lesioned in the ruber nuclei. 

Both Haynes and Glick_ (1974) al'ld Crawford and Glick (19751 have 
. . 

suggested that the ruber nuclei andtilesencephalicus nuclei exert an . ' . 

inhibitory influence on sexual behavio:t' .in the domestic fowl. The 

data present;:ed here for birds genetically selected for low levels of 

mating activity are contrary to their studies. Based on the current 

data it would appear that this are~ does riot have ·.an inhibitory 

influence on sexua.l behavior~ 

Therefore, it would be attractive to speculate that the ruber 

nuclei have a stimulatory influence on mating activity (Table 2 l, but 

to do so would be beyond the scope of the existing data. An indirect 

negative physiological influence (s) of the !es.ions on the mating 

activity cannot be ruled out. 

To test whether the ruber nucleus may be stimulatory :tn nature, 

implants of crystalline testosterone would have to be placed into 

this area of capons as well as lesions (expeJ:.'.imental, control, and 

sham) in the. high mating line cocks as was done for the preoptic 
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nuclei in these same lines of b:L.rds (Balander, 1977}. 

It is possible that discrete areas of this general region are in-

hibitory with respect to. sexual behavior, but it is also possible that 

nerve tracts which are stimulatory in nature, similar to those postu-

lated by Clark et al. (1975), may traverse this a+ea in close prox-

imity to the ruber nuclei. If the lesions in the current study en-

compassed such stimulatory tracts, it could account for the observed 

reduction in sexual behavior. 

Since only two previous reports utilizing GaUus domestiaus 

(Haynes and Glick, 1974; Crawford and Glick, 1975} have found in-

creases iri sexual behavior resulting from ruber andmesencephalicus 

nuclei lesions and we have obtained coritradictory findings, further 

investigations are warranted. 
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Table 1. Means +.standard errors for body weight, body temperature, 
and hematocrit values for birds lesioned in the area of 
the ruber nucleus. 

Prelesion Postles ion Difference 

Body Weight (gm) 3238.7 + 90.5 3106.0 + 152.58 -132.7 

Body Temperature (oF) 106.0 + . 0.3 107.2 + 0.6 1.2 
' Hematocrit .37.3 + l.3 42.8 + 1.8 5.5** -

**P<0.01. 
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Table 2. Means .:!:. standard errors for the cumulat;Lve number of 
completed matings '(CNCM} by low Diating ·line . (LML) cocks 
prior to and after lesioning i.n the ruber nucleus~ 

Prelesion Diff ei;ence 

CNCM 3.S + 0.8 1.4 ± 0.5 , ""2 .1** 

**P<O.Ol. 

I 
I 



Experiment II: The effects of parachlorophenylalanine (PCPA) on 

mating behavior in the low mating and control lines 

of chickens. 
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LITERATURE REVIEW 

Progressively more interest is being fo.cused on the roie of bio-

genie amines as regulators of physiological functions, and one 

function that has received considerable attention in the last decade 

is sexual behavior. Several different general approaches have been 

employed to investigate the aminergic control of sexual behavior. 

Pharmacological studies, utilizing a wide variety of drugs to modify 

the amines have probably been the most fruitful; while anatomical 

studies mapping biogenic amine nuerons in the CNS and manipulating 

them by chemical and/or electrolytic means have been complimentary to 

the pharmacological research. 

One of the biogenic amines, serotonin, or 5--hydroxytryptamine 

(5-HT), has probably received the most attention.. Serotonin is now 

recognized as being inhibitory with respect to sexual behavior, both 

in males and females. This view of serotonin came about partially 

as a result of experiments ut:Uizing pa'l,"a-chlorophenylalanine CPCPA); . 

PCPA selectively and irreversibly inhibits tryptophan hydroxylase 

(Koe and Weissman, 1966), an enzyme which is essential for the 

synthesis of serotonin. Koe and Weissman showed that the chronic 

administration of PCPA {100 mg/kg) for four days to rats and dogs 

lowered both brain and peripheral serotonin levels by approximately 

90%, while the otherbiogenic amines remained relatively unchangeQ.,. 

Jaquier et al. (1967) found that a single dose of. PCPA {300 mg/ ---
kg) to rats entered the praih rapidly, but levels declined after only 

one day. Nevertheless, tryptophan hydroxylase levels remained un-

17 
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detectable for four days and returned slowly to norm.al levels during . 

the following week. Serotonin levels approximated the tryptophan 

hydroxylase levels. 

The administration of PCPA to male rats·. results in abnormally 

high levels of hol!losexual behavior.in colony caged rats (Sheard, 1969; 

Tagliamonte et al., 1969, Gessa et al., 1970;'Shi11ito et al., 1970; --- ' ·.· -. -.-· -. --
Malmnas and Meyerson, 1971; Mitler et al •. , 1972; Benkert et al., 1973}. 

Gessa (in Sjoerdsma et al., 1970} reported that at times, five to 

eight rats would line up and mount each other at the same time. PCPA 

\ also stimulates an increase in heterosexual·behavior by increasing 

the percentage of animals that copulate with estrous females and/or 

by increasing the number of ejaculations per hour in males already 

exhibiting copulatory activity (Ahlenius. et al., 1971; Malmnas and 

Meyerson, 1971; Salis and Dewsbury, 1971; Tagliamonte et al., 1971; 

Mitler et al., 1972; and Sodersten et al., 1976). 

Gessa et al. (1970) found thatPCPA does not stimulate sexual be-

havior in castrate adult male rats; however, ifthe castrates re"-

ceive concurrent testosterone treatment, t:he sexual excitation is 

greater than in intact males treated with PCPAalone. Del. Fiacco 

et al. (1974) have reported similar results. Sodersten et al. {1976) 

reported that PCPA was inef:j:ective in prepuberally castrated male 

rats, but that PCPAplus submaximal doses of testosterone propionate 

(TP) resulted ina rapid onset of mounting andintromitting behavior. 

These findings are in general agreement with those of Mitler et al. 
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(1972) and Benkert and Eversmann(l972) who reported that intact 

male rats treated concurrently with PCPA and testosterone exhibited 

significantly more homosexual mounting than intact males treated 

with PCPA alone. Malmnas and Meyerson (1971) reported that PCPA 

potentiated the effects of submaximal levels of testosterone by 

stimulating mounting behavior in castrate.male rats. In sharp con-:-

trast to these findings, Bond et al. (l972)reported that castrated . . -.--
male rats would display hypersexual behavior after treatment with 

PCPA alone. Hypersexual behavior also occurred in castrated, 

adrenalectomized males, indicating that PCPA did not work by increasing 

adrertal androgen secretion. Sodersteri. et al. (1976) reported that 

postpuberally castrated males treated with PCPA alone would. exhibit 

mounting, intromissiorts and ejaculations. 

If PCPA is administered to.hypophysectomized males (Gessa et al., 

1970), no sexual stimulation. is observed. They felt this was due to 

atrophy of the gonads precipitated by a lack of gonadotropins. 

Another substance, pargy1ine, a monoamine oxidase inhibitor 

(?1AOI) has been used in conjunction with PCPA in numerous studies. 

While PCPA prevents the synthesis of serotonin, pargyline prevents 

the breakdown of catacholamines, dopamine, adrenergic compounds and 

serotonin by inhibiting the monoamine oxidase enzyme(s) which 

catalyzes the breakdown of these amines. Therefore, if pargyline is 

administered several hours after PCPA treatment, high levels of all 

biogenic amines except serotonin are present in the animal. This 
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combined drug .treatment has been reported to increase copulatory be-

havior in male rats significantly more if only PCPA is administered 

(Tagliamonte et al., 1970). 

Gawienowski and Hodges (1971). found that PCPA plus pargyline would 

not induce homosexual activity in immature )nale rats• However, when 

the immature.males were·pretreated with testosterone, 50 percent of 

the rats exhibited overt homosexual mounting and thrusting. In this 

same study, the combination of PCPA, pargyline, and testosterone 

failed to induce sexual activity in hypophysectomized adult males. 

They concluded that an intact pituitary was nec~ssary for any andro .... 

gen dependent, male-male copulatory response to PCPA and pargyline. 

Pinealectomy was found to have no effect on the PCPA mediated 

increase in sexual behavior of male rats, which ruled out the 

possibility that PCPA inhibited the formation of pineal indole hor-

mones derived from serotonin.. Indole hormones have been shown to 

exert an inhibitory effect on ovarian (Wertman.et al., 1969) and 

testicular (Gaston and Menaher, 1967; Tait et al., 1969) growth .. 

.Ahlenius et al. (1971) using male rats selected for high leV'els 

of sexual activity, found that PCPA alone or.in combination with 

pargyline caused a significant increase il1 the number of intromis-

sions per minute and significantly shortene.d the ejaculatory latency 

(the period between the first introtnission and ejaculation). The 

other components of the mating pattern were not significantly 

different. 
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To test whether the enhanced sexual behavior precipitated byPCPA 

was due to serotonin depletion, Tagliamonte et al. (1969) administered 

5-hydroxytryptophan (5:..HTp) to actively copulating male. rats that had 

been treated with PC:PA; 5:;.liTP is. the ii;nmediate precursor of serotonin 

and is one step beyond that affected by PCPA. When the 5-HTP was 

administered to actively copulating male rats, all copulatory activity 

was abolished for several hours within ten to thirty minutes after 

administration of this precursor. ·other laboratories have also shown 

this to be true (Shillito, 1970; Malmnas and Meyerson, 1971). Gessa 

has reported (in Sjoerdsma et al., 1970) that .two metabolites of PCPA, 

p-chlcirophenylethylamine and p..;chlorophenylpyruvic acid did not result 

in any episodes of sexual .excitement, ruling out the possibility that 

the action of PCPA might depend on the :formation of one or more of its 

metabolites. . 
Only one study utilizing PCPA hasncit reported an increase in male 

sexual behavior. Whalen and Luttge (1970) found that PCPA administered 

to male rats known to be vigorous copulators did not heighten any of the 

copulatory behaviors, i, e. , mounting, intromissions, or ejaculations. 

·However, they administered the PCPA intramuscularly, whereas all other 

studies utilized intraperitoneal injections. 

The ad.ministration of PCPA to rabbits also causes significant in-

creases in sexual behavior (Tagliamonte et al., 1969; Sjoersdma et al., 

1970; Gessa and Tagliamonte, 1974). Gessa. {in Sjoersdma et-~., 1970) 

reported that the., hypersexuality induced by PCPA in rabbits was so ex-

treme that the treated males attempted to mount not only male and female 
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rabbi ts, but also cats and small dogs. These rabbi ts demonstrated thiS 

compillsive mounting behavior for three days or more while rats treated 

with PCPA lose their hypersexual drive in less than 24 hours. 

The administration of PCPA to.cats has had both positive and nega-

tive results with respect to increasing male sexual behavior. Dement 

(1969} reported that male cats giy$n PCPA would not only compulsively 

mount both anesthetized and passive male cats, but would relentlessly 

stalk a raging, clawing, highly resistant tom and persevere until the 

quarry was finally backed into a corner where a mount could be executed. 

Ferguson e.t al. (1970) found that male cats administered PCPA exhibited 

hypersexuality (i.e., the tendancy of one male cat to mount and attempt 

intercourse with another male cat) •. They also observed an extreme en-

hancement of rage and aggressive behavior as measured by cat-rat inter-

action tests~ As with rats, the administration of 5-HTP eliminated the 

abnormal sexual and aggressive behavioral effects of PCPA. 

Hoyland et ·al. (1970) found that the oral administration of PCPA 

to male kittens and adults precipitated mounting of other males 48 to 72 

hours later. Injection of 5-HTP caused all homosexual behavior to cease. 

On the other hand, reports of no change or slight decreases in the 

sexual activity of cats after PCPA administration have been reported 

by Zitrin et al. (1970) and Aronson et al. (cited in Zitrin et al., 1973). 

In monkeys, Perachio and Marr (cited in Zitrin ~al., 1973) re-

ported .that a single large dose of PCPA to male Rhesus monkeys altered 

the first intromission of ejaculation time which they interpreted as 

an increase in sexual behavior. Dement (in the.same quote) found no 
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change in masturbatory behavior of two individually caged male Rhesus 

monkeys receiving PCPA for eleven days. Scruton and Herbert (quoted 

by Everitt, 1977) reported that highly sexually active male Rhesus mon-

keys showed no alteration in their sexual behavior,when treated with 

PCPA. 

Redmond et al. ( 1971) utilizing Ma.c.a.c.a. .6pe.c.1.o.6a. monkeys did not 

observe any increase in aggressive or sexual behavior (mounts, presen-

tations, or copulations) following PCPA treatment. The animals were;. 

however, housed in mixed sexes in groups of five and observed for only 

one hour per day. It is quite possible that with such a social environ-

ment, the abbreviated period of observation was insufficient to detect 

any behavioral changes which may have occurred. They also reported 

that two of the animals receiving PCPA decreased their eating and drinking, 

and lost weight;both appeared near death and had to be maintained by 

by nasogastric intubations of fluids. 

In human studies concerned with the behavioral effects of PCPA, 

Cremata and Koe (1966) administered PCPA to prison inmate volunteers. 

The subjects did not report any feeling of increased libido, but com-

plained of symptoms including tiredness, dizziness, nausea, uneasiness, 

headache, constipation and paresthesias, which is a tingling of the 

skin. Sicuteri ( 1974) (quoted in Everitt, 1977 and Sicuteri et al. , 

1975) "demonstrated that in patients complaining of migraine and sexual 

dysfunction, PCPA in combination with testosterone significantly in-

creased sexual activity (measured by erections induced by erotic 

imagery)". Benkert (1975) found PCPA had no effect ori sexual behavior 
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of healthy patients, nor did it have any therapeutic effect in sexually 

impotent patients. 

In a recent.report, Fratta·et·a1. (1977) decreased brain.serotonin 

by a non-pharmacological means. Rats.and rabbits were fed a tryptophan 

free diet and tested for sexual behavior six hours later. Homosexual 

mounting behavior was observed in 70% of the rats and 65% of the rabbits 

while:ori.iy 10% and 15% of the control rats and rabbits, respectively, 

mounted other males. Moreover, some of the sexually excited rabbits 

when paired with a cat repeatedly attempted to mount it. The fact that 

depletion of brain serotonin by a tryptophan free diet mimicked the 

effects of PCPA further supports the hypothesis that serotonin is 

inhibitory to male sexual behavior and that PCPA exerts its effects by 

depleting brain serotonin. 

With respect to other physiological systems affected by the biogenic 

amines, numerous investigators have found that microinjections of sero-

tonin into the third ventricle or into the hypothalamus has produced 

hyperthermia in cats, rabbits .and monkeys (reviewed by Myers, 1973). 

The actual temperature changes were, however, hot reported. 

Scott and van Tienhoven (1974) utilizing chickens found that 

serotonin injections into the third ventricle produced both hypothermic 

and hyperthermic responses depending upon the ambient temperature at 

which the bird was maintained. El Hala.wani and Waibel (1976) f'ound 

that rearing turkeys at 5°C. had no effect on brain serotonin levels, 

but in cold reared birds receiving an intravenous injection of PCPA 

there was a significant reduction in brain serotonin levels. 
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Gal (1973) injected 14c""".labelled PCPA, intraperitoneally into rats 

and found some of the label in the liver, brain and plasma;, but relative 

to the amount of 14c in the urine, it was extremely minute .. This in-

dicated that the majority of PCPA and/or its metabolites are removed 

and excreted by the kidrteys. Gal also reported that when PCPA was 

incubated with rat liver.or kidney homogenates for 30 minutes, mar:k_ed 

conversion of p ... chlorophenylpyruvic acid (P-CPPA) occurs at pH 8.5. 

Koe and Weissmann (1966) found that PCPA also inhibited hepatic 

phenylalanine hydroxylase. 

Bau (1977) has reported on the effects of prenatal and early 

postnatal ad.ministration of PCPA in rats. He found no differences in 

testicular weights at .day 80 for control rats and rats treated pre-. 

natally with PCPA, either in absolute weights or when expressed.as a 

ratio to body weight. In the groups treated postnatal;LY, · tne rats 
'. . -- ' 

receiving PCPA on days 6 ... 10 hadsigp.ificantly larger testes at day 

80 relative to the other postnatal PCPA groups (days l""'.5 and days 11-15). 

Histologically the testes of rats recei'v-ing PCPA on. days 9:...12 of 

gestation were normal while the testes of the.fetuses exposed to PCPA 

on gestation days 18-21 showed moderate. degeneration, but some sperl'.ll.ato'zoa 

were present. 

The two postnatal groups receiving PCPAon days 1-5 and 11-15 

showed some minor degeneration while th.e group receiving PCPA on days · 

6-10 showed severe degeneration with v.ery few sperm priesent. He .attriputed 
. . 

the results to probable drug induced alterations in the brain monoaminergic 
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pattern during a critical period that resulted in a subsequent pitui-

tary dysfunction. 

The purpose of these experiments was to investigate the role of 

serotonin in a line of chickens selected for low mating activity and 

in the control line from which the select line originated. If high 

endogenous titers of serotonin were responsible for the relative lack 

of mating behavior in low mating line males, this could be established 

with PCPA administration. 
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METHODS AND MATERIALS 

The effect of parachlorophenylalanine (PCPA) on mating behavior 

was tested in two populations of chickens. Because of limitations with 

respect to the availability of individual housing facilities, it was 

necessary to test the two populations at different times. This experi-

mental design necessitated that each population be treated as a separate 

experiment and was analyzed accordingly. 

The first experiment was conducted µtilizing low mating line (LML) 

males; these birds had under-gone selection for a low cumulative number 

of completed matings (CNCM) for 18 generations. The second experiment 

was conducted utilizing males from the unselected Athens Canadian 

Randombred (AC) control population. This population of chickens was the 

base for the selected line. Because orily a limited a.mount of PCPA was 
available and it had been reported by Whalen and Luttge (1970) that 

PCPA did not increase sexual behaviors of vigorous copulators, the drug 

was not tested in the line of males selected for high cumulative number 

of completed matings (HML). 

The bd.:tds in botl;J. experiments were sexually mature and had been 

tested .. for mating activity when 28 to 31 weeks of age with small flocks 

of females. The males were maintained in large flocks until the time 

of experimentation, at which time they were moved into individual floor 

pens (1.2 meters X 2.4 meters). Feed and water were available ad 

libitum. Thirty birds, from each of these two populations were utilized; 

15 were treated with PCPA and 15 received saline, serving as controls. 

Para~chlorophenylalartirte: A para-chlorophenylalanine (PCPA) suspension 

(30 mg/cc) was prepared fresh daily, by suspending the drug into a 0.9% 
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saline solution to which 2-3 drops of polysorbate (Tween 80) had been 

added. The PCPA was injected intraperitoneally at a dosage of 100 mg/ 

~g body weight daily. This dosage was predicted upon that found to be 

effective in mammals. Control birds in each experiment received a lOcc 

intraperitoneal injection of saline with Tween 80. Injections were 

given between 0900 and 1000 hours daily. The injections schedule was 

started four days prior to initiation or the mating trials and continued 

through the five days of testing for mating hehavior (nine days total). 

Mating Trials: Mating trials were conducted the final five days of 

injections commencing between 1330 and 1400 hours. A trial consisted 

of introducing a male singly into a 1.2 X 2.4 meter pen in which a 

freshly sacrificed hen had been positioned and restrained in a crouched 

receptive posture. Each of the five mating trials was of ten minutes 

duration. The order in which the males were tested was changed each 

day and .. each bird was tested only one time per day. The cumulative 

number of completed matings (CNCM) for the five trials was recorded 

for each male. 
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Associated Physiological. Parameters.: A niJmber of general physiological 

para.meters were monitored in each experiment~ In the experiment utilizing 

the LML birds, initial and final body weights, initial and final 

hematocrit values and initial and final rectal temperatures were· recorded. 

These data were collected at approximately the same time in the after-

noon for both the initial and :f'.inal recordings. In the second experi...;; 

ment utilizing the AC birds, in,itial and finai body weights and initial 

and final rectal temperatures were recorded. However, in this experiment 

only final hematocrit values were recorded. In addition, it was decided 

to.also collect the liver, pineal gland, and testes. These organs were 

weighed and then processed for microscopic evaluation utilizing standard 

histological procedures. 

Statistics: LML birds: Changes between initial and final values for 

body weight, hematocrits, and rectal temperatures were tested for 

significance utilizing a paired - t test. Variances for the CNCM's of 

saline and PCPA birds were heterogeneous in this line of birds; square 

root transformations did not eliminate this heterogeneity and, therefore, 

the CNCM' s were analyzed by the nonparametric Mann-Whitney U Test . 

AC Birds: Changes in body weight and rectal temperat'\.l.re in this line 

were also tested for significance utilizing a paired - t test. Because 

initial hematocrit values were not available in this experiment, the 

final values from the PCPA group and the saline controls were compared 

and tested for significance by a Students - t test. It was of necessity 

assumed that initial hematoc~its would have been approximately equal. 
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The liver, testes, and pineal glands weights were converted to 

grams/100 gra!lls final body weight. Comparisons were made between the 

PCPA birds and the saline control birds; the Students - t test was 

utilized to test if the differences between the two groups were 

significant. The variances of the CNCM's of the PCPA and saline birds 

in thi$ experiment were also heterogeneous, but square-root transforma-

tions of thedata made them homogeneous and the transformed data were 

analyzed by analysis of variance. 

RESULTS AND DISCUSSION 

Experiment One, LML Birds: 

There was a significant decrease in body weight in both the PCPA 

and saline control..groups (Taple 3 ) . The loss in weight by the saline 

controls and the PCPA treated males was probably due to the eriviron-

mental conditions at the time of the experiment. The ambient temperature 

was qu:;Lte low (-10°C to o0 c) and the birds were maintained in individual 

floor pens. Thus their weight loss may have been thermogenically 

related. 

The PCPA birds of this experiment lost ah average of 333 grams 

while the birds receiving saline lost only an-average of 78 grams. The 

four fold increase in weight loss by the PGPA birds may have been due 

to gastro;...intestinal problems caused, directly or indirectly, by the 

PCPA. 

Sodersten etal. (1976) indicated that PCPA reduced the body 

weight of rats in their experiments, but did not discuss the_ subject 

further. Redmond et al. (1971) reported that several monkeys receiving 
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PCPA decreased their eating and drinking and lost weight, while Cremata 

ahd Koe (1966) reported that human subjects complained of nausea, un-

easiness, and constipation among other symptoms. In a review article, 

Weissmann (1973) stated. that "PCPA has relatively little effect on food 

and water consumption of rats, until very high doses are reached, where 

anorexia and a reslilting weight loss occur; these effects may be medi-

ated by toxic peripheral actions of PCPA, especially after an intraperi-

toneal injection". Dement (1969), on the other hand, has reported cats 

receiving PCPA exhibit hyperphagia. 

It may have been possible that the chronic administration of PCPA 

at the dosage utilized in-these experiinents did reach a toxic level in 

the chickens. It was noted that after several injections, the birds 

receiving PCPA were more docile than the saline injected birds. They 

were easier to catch for injections, and at the tiine of the mating 

trials. Although the dosage of PCPA was similar to, or less than that 

used for chronic administration in other animals, chickens may have a 

greater sensitivity than mammalian species. -- If this is true, and the 

PCPA was reaching toxic levels, it could account for the lethargy and 

the weight loss. 

Rectal Temperature: Rectal temperature remained constant in both the 

PCPA and saline treated LML birds (Table 4 ) • No reports have been 

found which studied the effect of PCPA 9n body temperature, but based 

on the data of Scott and van Tienhoven (1974) such an occurrence would 

not be totally unexpected. At a cold ambient temperature, they found 

that an injection of serotonin into the brain caused a hyperthermic 
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response. Therefore, depletion of serotonin via PCPA might also effect 

a temperature change. However, the resulj;s obtained in the current. 

study are difficult to evaluate based solely on serotonin depletion, 

for Scott and van Tienhoven (1974) and El Halawani and Waibel (1976) 

have shown that dopamine, epinephrine, and norepinephrine may also be 

involved,in temperature regulation. 

Hematocrits: The hematocrit values for the LML males receiving PCPA 

did not change over the course of the experiment, while those of the 
~ 

saline controls showed a significant increase· ( Table s ) . Albert et 

al. (1965) indicated that during periods of cold environill.ental temper-

atures, there was a general vasoconstrictionwhich results in a heme-

concentration. This could account f'or the increased hematocrits seen 

in the saline birds. 

It is generally accepted.that packed cellvo:lumes arereadily 

affected by numerous factors (Ganong, 1975; Sturkie, 1976). In addition, 

the total pharmarological response of PCPA ~n Aves is unknown·, especial-

ly in higher dose levels. Thus it is entirely conceivable that the 

PCPA prevented the increase· in packed cell volumes as was seen in the 

saline control birds. 

Mating Behavior: The mating data of the LML birds were skewed and thus 

analyzed by the Mann-Whitney U-Test. Because this is a non-parametric 

test, median values are presented. The birds receiving saline had a 

median value of two CNCM while the birds receiving PCPA had a median 

CNCM value of zero. These values are significantly different (p<0.05). 
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. This is in contrast to published results obtained with mammalian 

species where PCPA administration generally resulted in significant 

increases in sexual behavior. No other reports have been found to exist 

concerning PCPA and sexual behavior in avian species making it difficult 

to discuss the findings of this experiment on a relative basis. However, 

as mentioned earlier, the PCPA treated males were more lethargic than 

the saline birds. If this lethargy were due to toxic effects of the 

PCPA, it could account for the diminished sexual activity. 

It is also possible that the usage of a model affected the mating 

activity of the birds. Whalen and Luttge (1970) in discussing the 

PCPA induced homosexual activity of male rats suggested that the drug 

worked net by enhancing sexual motivation, but rather by altering the 

male's ability to adequately distinguish appropriate sexual partners. 

Nevertheless, it has been shown (Balander et al., 1978) that the usage 

of a female model with both the high and low mating males precipitated 

copulatory behavior signigicantly more than live hens did. Thus, it 

is doubtful that preceputal disorientation, would account for the , 

low responsiveness. 
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Experiment Two, AC Birds: 

There was a significant decrease in body weight of both the PCPA 

and saline birds in this experiment just as in the initial experiment• 

This experiment was conducted under environmental conditions similar to 

those described_in Experiment One and thus the weight loss'here may 

also have been thermogenically related (Table 6). 

The weight~loss of the PCPA birds averaged 297 grams while the 

weight loss of the saline birds averaged only 115 grams. The exagerated 

weight loss by the PCPA birds relative to the saline birds may be as~ 

cribed to the same conditions discussed in Experiment One. 

Rectal Temperatures: The rectal temperature of the birds in this 

experiment also remained constant through its duration (Table 7). 

Initial and final rectal temperatures were not significantly different. 

Hematocrits: Unfortunately, in this experiment initial hematocrit values 

were not recorded, and I was thus restricted to making a comparison-.. 

between the PCPA and saline birds for the final hematocrit values. It 

was as-sumed that initial values of the exJ?erimental and control birds 

would have been approximately equal. 

The final hematocrit of the saline birds was 50.2 .:t. 0.9 (mean .:t. 

standard error) which was significantly higher (p~ 0.05) than the 44.5 

+ 1.1 observed for the PCPA treated birds. With the stated assumption, 

the discussion of hematocrit values in Experiment One_should also .be 

applicable to these birds. 
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Liver Weights: The livers of the ACR males receiving PCPA were signifi-

cantly heavier than those of the sali.ne birds on a relative basis 

(Table 8 ). The reports of Gal (1973) and Koe and Weisman (1966) indicate 

that the liver is involved in the metabolism of PCPA to an extent. 

Assuming this to be true in Aves also, the small, but significantly 

larger size of the PCPA livers was probably related to the presence of 

the drug. Nevertheless, a microscopic examination of the hepatic 

sinusoids revealed no detectable differences between the control and 

PCPA groups. 
( 

Testes: There were no significant differences in the testes weight of 

the PCPA and saline control birds (Table 8 ) • There was also no detect-

able alteration of the spermatogenic process when the testes were examined 

histologically. No reports have been found on the effects of PCPA on 

the testes when administered to adult animals; however, the absence of 

li!>bservable affects in this experiment may have been due to the short 

duration of the PCPA administration. On the other hand, PCPA may not 

affect the spermatogenic process unless administered during the critical 

embryonic period described by Bau (1977). If true, and considering the 

fact the the birds in our study were adults, it is unlikely that sperm-

atogenesis would be afi'ected. 

Pineal Glands: Pineal gland weights (Table 8 ) were also not 

significantly different between the PCPA and saline control groups. 

As previously mentioned, serotonin is a precursor for pineal indole 

hormones including melatonin, and thus it was thought that PCPA may 
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have an affect on this organ. Again, the short nine day duration of' 

the experiment may have been insufficient to bring .about any detectable 

weight changes. 

Mating Behavior: The untransformed mean CNCM of the saline birds was. 

7.9 which was significantly higher (p< 0.05) than the untransformed 
. . - . 

mean CNCM of 2.7obtained from the PCPA treated birds. Again, in this 

experiment, as in the first one With L.\:IL birds, the results are contrary 

to what has generally been found in ma.mril.a.lian species. 



37 

Table 3. 

Initial and final body weights+ standard errors of low mating 
line (LML) males receiving PCPA-or saline. 

Initial 

Final 

PCPA 

3351 .:t::. 135b 

3018 .:t::. 127a 

Saline 

3471 .:t::. 107b 

3393 + lOOa 

Any two numbers in the same column with different superscripts 
are significantly different (P .S.. 0.05). 
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Table 4. 

Rectal temperatures .:!:_ standard errors of low mating line (LML) 
males receiving PCPA or saline, 

PCPA Saline 

Initial . 42.0 + O.la 42.5 + O.la -
Final 42.1 

a 
+ 0.1 42.3 + O.la -

Any two numbers in the same colUiDil with the same superscript 
are not significantly different (P ~ 0.05). 
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Table 5. 

Hematocritvalues +standard errors of low mating line (LML) 
males receiving PCPA or saline 

Initial 

Final 

PCPA 

38. 7 + 1.1 a 

39.4 .±. 0.9a 

Saline 

39.9 !. o.7a 

43.6 !. o.6a 

Any two numbers in the same column with different superscripts 
. are significantly different (P ~ 0.05), 
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,.\. 

Table 6. •'.•· 

Initial and final body weight.s\:!:. standard errors of Atheris 
Canadian RandoI11bred. (AC) males receiv::ing_PCPA or. sal;i.:p,e 

PCPA. 

Initial . :S236 ~ ld5b 

Final 2939 .!.. 99a 

,\«• ~· .. 

Saline 

32.29_>::!: 74 b 

3114 :!:_. 67a 

Any two numbers in the same column With different superscriP,tS 
are significantly different (P ~ 0.05). 
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Table 7. 

Rectal temperatlires + standard errors of Athens Canadian 
Randombred (AC) males receiving PCPA or saline. 

Initial 

Final 

PCPA 

.. a 42.2 + 0.1 .. -

Saline 

42.4 .i O.la 

42.3 .:!:. O.la 

Any two numbers in the same.column with the same super1:1cript 
a.re not significantly different (P~ 0.05) • 

. ' ' 

·. ~.·, 
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Table 8. 

Liver, testes, and pineal gland weights (g/lOOg body wt) + 
standard error of Athens Canadian Randombred birds receiving 
PCPA or saline 

PCPA .Saline 

Liver 1.54 .:!:. o.05b 1.23 .:!:. o.o6a 

Testes 0.76 + o.07a 0.85 .:!:. o.07a 

Pineal Gland 8 _4a 8 _4a 1. 3 .:!:. 0 .11 x 10 1. 5 .:!:. 0~11 x 10 . 

Any two means in the same row.with the same superscript are not 
significantly different (P < .05). · 
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LITERATURE REVIEW 

To date, considerable evidence has been accumulated and published 

to suggest that the aromatization of testosterone to estradiol and 

reduction of testosterone to 5a-dihydrotestosterone are essential steps 

in mechanistic action of testosterone. In some, but not all. species, 

estradiol appears to be responsible for the stimulation of male sexual 

behavior while dihydrotestosterone (DHT) is the metabolite responsible 

for peripheral androgenic and anabolic effects. DHT has, however, also 

been shown to have behavioral effects in some species. The reduction 

of testosterone to dihydrotestosterone (DHT) has been sho'Wn to occur 

in the prostate gland, the seminal vesicles, the preputial glands, and 

other sexual accessory organs of the mammalian male (Brucb.ovsky and 

Wilson, 1968; Gloyna and Wilson, 1969; Stern and Eisenfeld, 1971; and 

Hansson et al., 1974). The 5a reductase enzyme responsible for this 

conversion has been found to exist .in the chromatin and microsomal 

fractions of these peripheral androgen sensitive tissues (Shimazake 

et al., 1965; Bruchovsky and Wilson, 1968). Wilson and Gloyna (1970), 

however, found that the rabbit was an exception in that it does not 

possess the 5a reductase enzyme(s) necessary for the conversion. 

It has been sho"Wn that testosterone is also readily converted to 

DHT in the anterior pituitary and the hypothalamus and is concentrated 

by these tissues in the rat (Blaquier ~~' 1970; Kniewald et al., 

1971; Stern and. Eisenfeld, 1971; Massa et al., 1972; Barley et al., 

1975; and Luttge et al., 1976). Kniewald et al. (1971), Beyer ~al. 

(1972), and Swerdloff et .al. (1973) all have proposed that DHT may be 

44 
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the active metabolite which was responsible for the feedback control 

of gonadotropin secretion in the rat and mouse. 

McDonald et al. (1970) found that 5a-DHT was as effective as TP 

in restoring the sex accessa.ry glands in castrate male rats to pre-

castration size, but at the same time it failed to initiate sexual 

behavior. They proposed that androgens (c19 compounds) must be aromatized 

by estrogens (c18 compounds) before their actions on sexual behavior 

could be manifested. Because dihydrotestosterone has a hydrogen atom 
- . 

on the c5 P_<2s;~!l· rather than the c4 ... c5 double bond Tound on the 

testosterone molecule, and the enzyme necessary to stereospecifically 

remove the c5 hydrogen is not known to exist, DHT is generally considered 

to be a non-aromatizable form of androgen. Whalen and Luttge (1971) 

found that androgens which could not be aromatized to an estrogenic 

compound failed to maintain copulatory behavier in recently castrated 

male rats. Feder ( 1971), Johnston and Davison ( 1972), Ryan ~ al. ( 1972), 

Beyer et al. (1973), and Luttge (1975) all obtaine(l similar results. 

As previously mentioned, testosterone can also be aromatized to 

estrogenic compounds. Goto and Fishman (1977) showed that the bio-

synthesis of estrogens from androgens occurs as a result of a sequence 

of three enzymatic hydroxyla.tions of the A ring. This conversion to 

estrogen has been shown to occur in human and rat brain tissue 

(Naftolin et al., 1971, 1972; Ryan, 1972; Weisz and Gibbs, 1974). 

Naftolin et al. (1972) demonstrated that aromatization of aildrostenedione 

to estrone in the rat brain was restricted to the anterior hypothalamus. 

Tissue f;rom the posterior hypothalamus, anterior pituitary, or frontal 
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cdrtex showed-no measurable degree of aromatization. In a more recent 

pa.per, Naftolin and Ryan (1975) found that in the newborn rat, the 

preoptiC area .. of the hypothalamus and the amygdala. c6ntain high levels 

of aromatizing enzyme activity. 

If one looks at the effects ofestrdgens on male sexual behavior, 

estradiol berizoate (EB)' was found _to activ~t~ the entipe pattern df ma.J.e 
. : . '· . ·.. ·. . ' 

sexual behavior in castrated, sexuEi.lly experienced male rats (Sodersten 
.. . .· . 

1973) . In the same. study. ~ntact seX)ially experienced male rats ·· 
::: : . . . . . : . 

receiving.EB.injecti.o:hs su.f'f~red tes:ticUlar atrophy and loss ofbody 
. . \ 

' . 

weight, but ·no changes in sexual behavior were ob.served. Ba.um and 

Vreeburg (1973) _found that castrated male rats treated Witl::!. a combinat.ion .··· · 

of EB.andDHTmated mote frequently and ejaculated in ·significantly more 

tests than castrates treated with~B alone. They felt that perhaps 

a DHT mediated penile develo.pment . inc.:lilding the ·growth of cornified 

papillae may have provided senspry input 'during copulation which caused, 

the increased bel:lavioral response·.,' 

Luttge (1975) found that concurrent treatment of castrated mal~ 

rats with testosterone and the anti-estrogen cr.;..628sfgnificantly re• 
. I .. 

duced male copulatory behavior when compared· to t'ats receiving 0°nly 
. ' 

testosterone. The~ombination treatment did not, however, affect an 

androg.en stimulated increase in seminal vesicle 'W'.eight or an androgen 

. mediated~_ increase in penile l~ngth and weight. · Beyer ~ a.1 ... {1916) 

found that the ariti;..e·s~rogenic compound ICI,..46474 at high dose levels 

. was also effective in depressing l3¢xual activity of. testostero:(le treated 

castrate male rats. Concurrent t~eatmentswith dther anti-est~ogenic. 
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compounds, MER-25 or cis-clomiphene, were ineffective in blocking 

the behavioral response to testosterone treatment. They hypothesized 

that the dosage or treatment schedule for these ~nti-estrogenic com-

pounds may have been inadequate to counteract the E:!ffects of the 

estrogens produced from testosterone.· An alternate suggestion was 

that the compounds may have synergized with the exogenous testosterone 

to facilitate sexual behavior. Sodersten (1974) has shown that MER-25 

alone can induce mounting iri ovariectomized rats. Morali ~- !b._ (1977) 
. . . . . 

found that_ the aroni.atase blocker~, a.minoglutethimide, l,4,6..i.androstatrien-

e, 17-diorie (ATD)~ and 4~hydroxyandrostenedione suppressed ejaculations 

and sign:!-ficantly reduced the number of rats mounting ~d intromitting· 

in a group which had been castrated and treated with TP. No irihibitory 
· ... _ ...... . 

effect of the aromatization blockers was observed in rats in whiCh 

sexual behavior had been induced by a combined EB-:I)HT treatment~ 

Not·-,only has the concept. of aromatization beeI:t. of importance in 

adult. sexual behav:ior, but ~t has been shown to be of importance in the 

ontogeny of· s_exual behavior in_ young animals. When testosterone or 

estrogen are administered at low dosage''levelS to neonatal f~ale rats, 

adult reproductive cycles are permenent,J.y affected (Wilson, 1943; Dorner 
~ .. · 

and Docke, _ 1964j d~~ner et al. , 1971; ar.td Clemen~, 1974) • Females 
. . . . 

treated in this manner shoiV patterns of ano~lation, sterility, per-
. -

sistant vaginal estrus and m~dified sexual behavior. DHT was found to 
• c ~ .:. 

produce none.of these:sym.pt6ms (Luttge and Whales, 1970; Ryan, 1972; 

McDonald and Do,ugh,ty, 1974; and Whalen and Rezek, 1974). C_lemens (1974) 

expanded the latter experiment to include andro·sterone, whieh is also 
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non-aroniatizable, and obtained similar results with both female rats 

and hamsters. Ea.rt (1977) found that male rats castrated on day two 

after birth and treated with dihydrotestosterone propionate (DHTP) 

were incapable of ejaculating when administered TP as adults. They 

felt this ejaculatory failure could be attributed to some deficiency 
. . 

in the central nelll"al processes contrplling ejaculatory mechanisms. 

MeEwen et al~ (1977) found that when females two days of age were 

administered the aromatase blocker, 1 ,4 ,6.-androstatriene-3, 17-dione 

(ATD) in conjunction with TP, they were normal with respect to the time 

of vaginal opening, overian weights, the ability to demonstrate an LH 

surge and their.lordotic beh.ayi()r. · Females·r~ceiving testosterone or 

TP without the aromatase blocking agent were "masculinized" with respec.t 

to these para.meters. Neonatal females treated wit.h the anti-estrogen 
. ,. . 

CI-628 and TP had impaired o'IT"S::rian. rrin.c.t:io:ri and exhibited lordotic 

behavior intermediate to the the normal females and masculinized (TP 

treated) females. Aromatization .. is now accepted as being an essential 

step in the elicitation of sexlial behavior in the male rat. 

OTHER SPECIES 

T~ GUINEA PIG: 

The administration of DHT to the guinea pig pl:'oduces markedly 

different reshlts. Alsum and Goy (1974) :found that DHT was very 

.effective in restoring the complete male sexual behavior pattern to 

castrate animals. Castrates receiving EB or the control vehicle did. 

not exhibit any aspects of male sexual behavior. These l:'esults 

parallel those of Antliff and Yo'iing (1956) .who found that estradiol. · 
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was ineffective in inducing sexual behavior in castrate males, even at 

much higher do;age levels than those administered by Alsum and Goy. 

Antliff and Young (op. cit.) did, however, find estrone was partially 

effective for both the maintenance and restoration of sexual behavior 

in castrate males. 

Lesions placed in the anterior hypothalamus of the guinea pig 

have been shown to result in almost complete loss of sexual behavior, 

while at the same time gonadal function.was normal (Brookhart and Dey, 

1941; Phoenix, 1961). These researchers interpreted this as evidence 

that the anterior hypothalamus controiled male sexual behavior in the 

guinea pig. Harding and Feder (1976) found that DHT was the major 

metabolite recovered from the anterior hypothalamus andthe seminal 

vesicles after the administration of tritium labelled testosterone. 

This is in agreement with Sholl ~ ~ (1975) who found that the in 

vitro uptake of DHT was highest in the hypothalamus and anterior pitui-

tary. Incubation of neural tissues with 3H-testosterone resulted in 

the formation of DRT; however, attempts to confirm the presence of 

17S-estradiol were negative. 

THE MOUSE: 

Edwards and Burge (1971) found that EB administered to castrate 

male mice resulted in enhanced aggressive and masculine sexual behavior. 

They felt this indicated that these behaviors were not androgen specific. 

Luttge and Hall (1973) found that DHT was only slightly less potent 

than testosterone in restoring male sexual behavior to castrates of the 
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Swiss-Webster (SW) strain of mice. Castrate males of the CD-1 strain 

of mice, however, failed to respond to DHT; nevertheless, they did 

demonstrate full sexual behavior when treated with testosterone. 

An interesting and important observation made by Luttge et al. 

(1974) was that DHT failed to stimulate sexual behavior in the SW mice 

when dissolved in a propylene glycol vehicle,. but it was nearly as 

effective as TP when dissolved in and oil:benzyl benzoate (80:20) 

vehicle. The testosterone mediated beha-vior was not affected by the 

vehicle. 

THE-RABBIT: 

Beyer et al. - (1970a) found that several androgens, all of which 

could be aromatized, were capable of stimulating lordotic behavior 

in ovariectomized female rabbits. The non-aromatizable androgens, DHT 

and androsterone, failed to stimulate any significant amount of 

estrous behavior. They felt that aromatization was an important step 

in the production of estrous behavior by androgens. These results are 

in agreement with those of Beyer et al. (1970b). 

Beyer and Rivaud (1973) using perpuberally castrated New Zealand 

male rabbits found that DHTP at high dose levels elicited very low 

levels of male sexual behavior; TP administered at much smaller dose 

levels stimulated normal levels of male sexual behavior. 

Reddy et al. (1973) utilizing in vitro tissue preparations found 

that the anterior hypothalamus and limbic system of both male and 

female rabbits would aromatize 3H-androstenedione to estrone. There 

was no measurable radio activity in the anterior pituitary or other 
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other brain tissue. Hypothalamic tissue from the males was found to 

be approximately three times as active as that from females. 

Agm.o and Sodersten (1975) found that testosterone benzoate stim-

ulated male sexual behavior in castrates significantly more than EB, 

DHT benzoate or a combination of the two. They felt that since EB 

was unable to replace testosterone as a stimulator of sexual behavior, 

and since the rabbit is unable to reduce testosterone to DHT (Wilson 
~ 

and Gloyna, 1970), that perhaps testosterone itself was directly responsi-

ble for both the behavioral and peripheral effects. Agm.o (1977) found 

that fluoxymesterone (FM)~ a synthetic·non-aromatizable androgen was 

equally as effective as testosterone in stimulating male sexual behavior. 

It was also found to be more effective than testosterone in stimulating 

growth of the seminal vesi.cles, whereas in a . previous study (Agmo and 

Sodersten, op. cit.) DHT was very ineffective in this respect. 

HAMSTERS: 

Christensen et al. (1973) tound that DHT was not effective in 

maintaining sexual behavior in castrate male hamsters, but they found 

it was quite effective in maintaining penile papillae. Androsterone, 

another non-aromatizable androgen, was effective in maintaining penile 

papillae, but in addition, it maintained mounting behavior. It did 

not, however, prevent intromissions from declining to the level of 

castrated controls. Whalen and DeBold (1974), on the other hand, 

found that DHT at a higher dose level would maintain copulatory behavior, 

but the level was significantly less than that precipitated by testos-

terone or androstenedione. As the dosage level was decreased, the DHT 

was not significantly different from the vehicle control. This is in 
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contrast to Payne and Bertnett (1976) who found that DHT was as effective 

as testosterone in maintaining all aspects of sexual behavior in 

castrated males. Both bf these andorgens were also significantly more 

effective than androstenedione with regards to stimulating sexual 

behavior. They theorized that aromatization was not a prerequisite 

for eliciting male sexual behavior in this species. Further support 

for this idea is derived from the fact that unlike males of other 

species, castrate :male hamsters treated with estrogen, -or estrogen 

plus progesterone, exhibited female lordotic behavior, not masculine 

sexual behavior (Tiefer, 1970; Tiefer and Johnson, 1971; Carter and 

Landquer , 197 5 ; and Payne , 1977 ) • 

RHESUS MONKEYS: 

Phoenix ( 1973) and Phoen:ix ( 1974a., b) found that DHTP restored 

adult sexual behavior to male rhesus monkeys which had been castrated 

three years previously. The performance level was comparable to that 

of intact controls. 

MISCELLANEOUS SPECIES: 

Fletcher and Short (1974) reported that subcutaneous implants of 

estrogen would precipitate masculine sexual behavior in castrated 

male red deer. 

In the cat, Ficher and Baker (1978) looked at the in vitro 

metabolism of 3H-progesterone in selected brain areas as well as in the 

anterior pituitary and the testes. All of these tissues converted 

progesterone to androgens and most tissues demonstrated a capacity to 
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conyert the androgens to estrogen (the nucleus accumbens did not show 

this conyersion). There were, howeYer, no detectable 5~-reduced andro-

gens in any of the preparations. Although it was not examined in this 

experiment, Wilson and Gloyna (1970) found that the cat prostate gland 

does produce a significant amount of 5a-DHT. Other cat tissues were 

not examined. 

AVES: 

Currently, knowledge concerning the role that aromatization plays 

in male sexual behavior of birds is limited, although numerous reports 

exist detailing the effects of gonadectomy and steroid hormone therapy 

(Davis and Damm, 1942; Beach and Inman, 1965; Kannank.erel and Damm, 

1968; McCollom et a:J..., 1971; Adkins and Adler, 1972; Adkins and Nock, 

1976; and Cunningham et al., 1977). Davis and Domm (1942) observed 

male mating behavior in capons that had been administered estrogen. 

When estradiol benzoate was administered to functionally castrated 

male quail, they displayed both male and female copulatory patterns 

(Adkins and Adler, 1972). Courtship? however, was not stimulated by 

estrogen. Using a very high dosage of the anti-estrogen CI-628, Adkins 

and Nock (1976) were able to suppress copulation in five of seven male 

quail that had been made sexually active with TP. They interpreted 

the results to mean that estrogens may be the active metabolite of 

testosterone with respect of quail copulation. 

Recently, Adkins (1977) reported that the non-aromatizable androgens, 

5a-dihydrotestosterone' . 513-dj_hydrotestosterone' and androsterone did 

not activate any male sexual behaviors while testosterone and andro-
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stenedione activated strutting and copulation. She suggested that 

aromatization to estrogen was necessary for androgen to activate cop-

ulation in Coturnix. The 513-dihydrotestosterone :was included because 

a report by Nakamura and Tanable (1974) indicated this hormone may be 

of importance in chickens. 

Nakamura and Tanabe (1974) reported that the in vitro incubation 

of (4-14c) testosterone with chicken brain·homogenates yielded 513.,.. 

dihydrotestosterone, but not 5Ct-dihydrotestosterone. ·This was a notable 

difference from mammalian species in whiCh there are no reports of 

testosterone conversion to 56-DHT by brain tissue; however, Ghraf et 

al. (1973) did find this reduction occurred in rat liver 

Massa et al. (1977) incubated various parts of the starling brain 

with H3-testosterone and examined the metabolites. They found large 

amounts of 5f:3-DHT was produced by the pituitary and hypothalamus; 

however, very small smounts of 5a.-DHT were also detected. The· hypotha-

lamus also produced a large a.mount of androstenedione, which is in 

agreement with the results of Nakamura and Tanabe cited above. 

Gloyna and Wilson (1969) reported that in vitro'incubations of 

chicken comb, wattle, and coccygeal gland with 3H-testosterone produced 

significant a.mounts of 5a.-DHT. This was also found to be true for the 

duck uropygial gland. Dube and Tremblay (1974) were able to isolate 

a binding protein from chickens that had a.broad specificity for andro-

gens and a high affinity for DHT; it did not recognize progesterone, 

estradial, or corticosteroids. This protein was present in all tissues 

tested except blood. However, in contrast to Gloyna and Wilson 
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(op. cit.) the conversion of testosterone to DHT by chicken tissues 

could not be demonstrated in this study. 

Since aromatization of testosterone to estrogen has been shown to 

be a prerequisite for the elicitation of mating behavior .in quail, it 

is conceivable that the relative rate at which this conversion occurs, 

could be a factor responsible for.the regulation of se;x:ual behavior in 

the selected mating lines of quail. This possibility was tested in a 

series of two experiments. 

MATERIALS AND METHODS 

EXPERIMENT ONE: 

The birds util:i,zed·iri 1:his experiment were Japanese quail from 

replicate one mating lines that hadbeen bidirectionally selected for 

high and low cumulative numbers of completed matings (CNCM) for 16 

generations (Sefton and Siegel, 1975). Forty sexually mature male~. 

quail from the high and low mating lines were randomly divided into four 

groups of ten each. However, intermittent mortality throughout the 

experiment reduced the number of experimental animals to less than 

ten in some groups. The birds were placed into individual cages, 

15 cm X 18 cm X 23 cm, and were subjected to a phbtoperiodically 

restric.tive lighting regimen of five hours light and nineteen hours 

darkness for three weeks prior to initiating the hormone injections. 

The restricted light effected a functional castration (Sachs, 1969). 

Feed and water were available ad libitum. 

Each group of quail received injections of either testosterone 

propionate, estradiol benzoate, 5a-dihydrotestosterone, or 0.1 cc of 
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propylene glycol vehicle. All hormones were administered intramuscularly 

at a dose level of 5 mg/day. These dosages were predicated upon pre-

vious research in these same lines (Cunningham., 1976; Cunningham et 

al., 1977). Injections were into the breast muscle with the sites of 

injections changed each day on a right-left, anterior-posterior basis. 

Mating trials were initiated on.the thirteenth day of injection 

and were conducted during the light phase of the cycle. Five mating 

trials, each of eight minutes duration, were conducted utilizing three 

live female quail as mating partners.· Cages usedfor·mating trials 

measured 23 cm X 23 cm X 40 cm. .Because of a· problem with female ag-

gression, especially toward the castrates receiving the vehicle and 

the estradiol benzoate, the males were retested for mating behavior for 

an additional five mating trials utilizing a freshly sacrificed female 

quail positioned in a crouched receptive posture (female model). 

Hematocrit value and proctodeal gland areas were taken to assess 

secondary effects of the hormones ( Cunningham et al. , 1977) . Testes 

weights were collected to evaluate the effects of the hormones on the 

gonads. 

Heterogenous variances within the mating data were eliminated by 

transformation to square roots. The ststistical model was Y · 'k = .·.,.+ J.J ... 

Li+ Tj + (LT)ij + eijk where i = 1, 2 lines and j = 1, 2, 3, 4 hormone 

treatments. When the interaction was significant, hormones were com-

pare~ within each line. Hematocrits were analyzed using a paired-t test 

(Snedecor and Cochran, 1967). 
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RESULTS AND DISCUSSION 

Testosterone propionate (TP) and estradiol benzoate (EB) both 

stimulated male sexual behavior in the 'high mating line (HML) quail 

while dihydrotestosterone (DHT) was not significantly different from 

the propylene glycol vehicle; the low mating line (LML) quail were not 

stimulated to any extent by any of the four treatments (Table 9 ) . 

The lack of a response in the LML to exogenous testosterone is character-

istic of that line (Cunningham et al., 1977). The results obtained 

from the HML quail are in agreement with those of Adkins and Adler 

(1972) and Adkins (1977), even though the testing situation in the 

current experiment was somewhat different from these earlier studies. 

The. measure of sexual performance in our study was the cumulative num-

ber of completed matings (CNCM) for the five trials while Adkins 

utilized two-five minute trials with a single female. 

It was noted that birds treated with estradiol benzoate generally 

did not exhibit any aggression toward the females, and thus·when at-

tempting to mate they were not able to complete that mating if the 

female was uncooperative of exhibited aggression toward the male. Un-

like the chicken in which Siegel (1972) found no correlation between 

mating activity and aggressiveness, Sefton (1972) and Cunningham (1976), 

both work.ing with these same lines of quail, showed that mating 

frequency was positively correlated with aggressive behavior. Davis 

and Domm (1941; 1942) and Guhl (1950) had shown earlier that exogenous 

estrogen precipitated copulatory behavior in caponized roosters, but 

it did not affect aggressive behavior, except to possibly suppress it. 
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To circtimvent the problem of female aggression, and to test if 

this behavior had any effect on: the results obtained in the initial 

mating trials, the males were retested with a female model. As indicated, 

the mod.el consisted of a freshly· sacrificed female quail restrained in 

a crouched receptive posture.,. Barfield (1969) had successfully used a 

model for testing sexual behavior of caponized cockerels with androgen 

implants in the brain. Earlier studies by Balander (1977) with intact 

roosters showed that a model was a powerful stimulus for mating behavior. 

The cumulative number of completed matings for the quail retested 

with the model are presented in Table 10. Quite obviously, when ag-

gressive behavior was eliminated was a prerequisite for mating, birds 

treated with estradiol benzoate increased their mating activity signif-

icantly. The HML males receiving EB mated at a frequency not significantly 

differnet than those receiving TP. Nevertheless, even under .these 

obviously favorable conditions DHT remained non-stimulatory in both 

lines. The DHT data indicate that aromatization of testoserone to an 

estrogen is a prerequisite for mating behavior in the quail and support 

the findings of Adkins (1977). Of more importance, however, is the 

fact that EB was capable of stimulating mating activity in both the 

HM and LM line quail, while TP was capable of precipitating such be-

havior in the HM line only. This would suggest that selection for 

mating frequency has affected the capacity for aromatization in the 

LM quail. 

Hematocrits 

Only the HML birds receiving testosterone :rropionate showed a 
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significant increase in hematoc;ri t values whil.e the LML remained 

essentially unchanged (Table 11 ) • The birds receiving DHT were also 

unchanged. There was a. significant decrease in.the HML birds receiving 

the propylene glycol vehicle. 

The hematocrit values of birds from both lines showed a highly 

significant decrease when treated with estI'.adiolbe:hzoate. These post:-

hormonevalues were in general agreement with thedata of·Nirmalan and 

Robinson (1972) who used suxually. immature quail for t.heir studies. 

The results are also in accord with Mirand and Gordon ( 1966) . The 

latter suggested that· est:vo~en suppressed an erythropoietir:L precur~or. 

Hematocrits of castrated.mal.es are norm~lly in the ~ange of 30-35%.· 

The functionally castrated males u~ed in this ·study were higher suggesting 

that ·the males were no.t trueiy functionally castrated. · It has been 

found, however, tllat the blood packed cell volwne of the bird is 

extremely sensitive ~oandrogens. In capons, in which androgen laden 

cannulae had been stereotaxically im,planted into the brain, hematocrit 

values generally increased from five. to twenty percent while at the 

same time peripherally sensitive tissues such as the comb showed no 

increase in size (Baiander, 19TT}. Thus, the normal hematocrit values 

observed.in the functionallycastrated quail were probably due to 

minimal a.mounts of endogenous androgen, but at .levels too low to have. 

any affect on sexual behavior. Additional support :ttray be gained from the 

data of Phillips and Barfield (1977) who found that androgen ievels 

sufficiently high to stimulate comb. growtn in caponized chickens. were 

still subthreshold with respect to stimulating mating behavior. 
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Foam Glands 

The proctodeal foam gland areas showed a significant line by 

treatment interaction and thus were analyzed within each line. The 

gland, which is androgen dependent, was stimulated by both androgen 

treatments, but was not stimulated by the estrogen or propylene glycol 

vehicle (Table 12 ) . The lack of any foam gland growth in the birds 

receiving the vehicle provides additional evidence that the functional 

castration was .successful. Sefton and Seigel (1975) working with 

earlier generations of these same lines of quail found that the birds 

selected for low CNCM had significantly smaller foam glands than those 

birds selected for high CNCM. Thus; the results obtained in this 

experiment were not unexpected. 

Testes 

The testes weight data of this experiment showed that DHT had a 

stimulatory effect of testicular growth in both lines (Table 13). 

This was probable the result of a direct stimulation of the .gonad by the 

hormone. ;The birds receiving estrogen or the propylene glycol vehicle 

did not show any evidence of testicular growth or stimulation. Line 

gonadal responses to exogenous TP were similar to line mating behavior 
i. 

responses. The hormone had a stimulatory effect on the testes of the 

HM line males , but not on the gonads of the LM line males (Table. 13 ) . 

Apparently testes of the LM line were relatively insensitive to exogenous 

TP just as the netiral centers controlling mating behavior were relatively 

insensitive. Thus, if mating behavior, gonadal stimulation, and blood 

packed cell volumes are considered measurable parameters regulated by 
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metabolites of testosterone (propionate), it is attractive to speculate 

that selection for low levels of mating activity has affected the ability 

of these quail to metabolize testosterone. Results of this experiment 

suggest that both the capability to aromatize testosterone to estrogen 

and to reduce testosterone to DHT were affected in the LM 1.ine quail .. 



Table 9. Mean CNCM by functionally castrated males receiving exogenous hormones utilizing 
live females, by lines.l 

Treatment 

Testosterone Propionate 

Estradiol Benzoate 

Dihydrotestosterone 

Propylene Glycol Vehicle 

HML 

. ll.4c 

4.7b 

1 ANOVA on square root transformations. 

LML 

1.1 a 

Any two means within a colwiin with the same superscript are not significantly different, 
p ~ 0.05. 



Table 10. Mean CNCM by functionally castrated males receiving exogenous hormone 
utilizing female models, by lines. 

Treatment HML LML 

Testosterone Propionate 8.4b O.la 

Estradiol Benzoate b 10.4 . 6.5b 

Dihydrotestosterone oa oa 

Propylene Glycol Vehicle oa oa 

1 ANOVA on square root transformations. 

Any two means within a column with the same superscript are not significantly 
different, P ~ 0.05. 



Table 11. Hematocrits of functionally castrated males receiving exogenous hormones, by lines. 

HML LML 
Treatment Pre-Inject Post-Inject Change Pre;_Inject Post-Inject Change 

Testosterone 
Propionate 50.0 53.9 + 3.9* 48.7 51.3 + 2.6 

Estradiol 
Benzoate 49.7 28.2 -19.7** 48.3 26.0 -22.3** °' .f.' 

Dihydrotes-
tosterone 50.3 49.6 - 0.7 49.4 49.4 o.o 

Propylene Glycol 
Vehicle 49.4 46.b - 3.4* 48.6 48.8 + 0.2 

*P < 0.05. -
**P < 0.01. 



Table 12 • Means .±. standard errors of foam gland areas (mm·2 ) of functionally castrated male 
quail rece:Lving exogenous hormones, by lines • 

. Treatment 

Testosterone Propionate 

Estradiol Benzoate 

Dihydrotesterone 

Propylene Glycol·Vehicle 

a 0 

b 228.8 + 18.l 

" ·~· LML 

192.0 .!. 10.9b 

oa 

Any two means within a column with the same superscript are not ·significantly different (P :J_ 0.05). 

°' I.JI 



Table 13. Means .:!:.. standard errors of testes weight (mg) of functionally castrated male 
quail :receiving exogenous hormones, by lines. 

Treatment HML LML 

Testosterone Propionate 465.3 + 167.2b 23.1 + l.6a - -
29.8 a 28.0 .:!:.. 3,6a Estradiol Benzoate + 3.8 -

b 
+ ·61.1h Dihydortestosterone 391.l + 84.9 251.0 -

Propylene Glycol Vehicle 60.0 + 33.0a 16.5 + 2.8a - -

Any two means within a column with the same superscripts are not significantly different. °' °' 
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MATERIALS AND METHODS 

EXPERIMENT· TWO: 

This experiment was initiated to verify the results obtained by 

Experiment One. However, it was expanded to include high and low 

mating line birds from both Replicate Line Number Ohe and Replicate 

Line Number Two, whereas Experiment One used only birds from the former 

line. 

The birds utilized in this experiment were from the s18 generation 

of quail that had been bidirectionally selected for high and low 

cumulative number of completed mating (CNCM). The hormones utilized 

in the ex:periment were administered at a dosage of 2 mg/day for 

testosterone propionate (TP) and dihydrotestosterone (DHT) while 

estradiol benzoate was given at 1 mg/day. All other aspects of the 

experiment were as described for Experiment One. 

Statistics: 

In this experiment, the primary interest was to compare the effects 

of testosterone propionate {TP), estradiol benzoate (EB), dihydrotes-

tosterone (DHT), and the carrier vehicle within each selected line 

The statistical model was Y .. =µ + T. + e .. 
1J 1 1J 

where T = 1,2,3,4, i.e., TP, EB, DHT, and vehicle. Traits measured were 

testes weight, foam gland areas, line CNCM, and model CNCM. Hetero-

genous variances in the mating data (CNCM) for both the live and 

model female were eliminated by square root transformation. 

Hematocrit values, which were recorded both prior to hormone ad-

ministration and at the termination of the experiment, were analyzed 

using a paired - t test. 



68 

RESULTS AND DISCUSSION 

Mating data for the individual 13elected lines are presented in 

Tables 14 and 15 . The behavioral responses· of the TP and EB birds 

. from LML1 were. not signif'icari.tly different from. the vehiCle control 

birds when tested with live females. With the model female, mating 

behavior was not observed in the LML1 birds receiving any of the four . 

treatments. This in is contrast to experiment one where EB did stim-

ulate ma.ting behavior with the model at a significantly higher level. · 

than either of the two andrqgens.or·the vehicle. 

The HML1 males receiving TP responded to the live.females as in 

the first experiment i.e·with a high level of mating. However, in tb.e 

current experiment, the level of mating activity in the EB birds was 

intermediate to the TP and vehicle birds, but was not significantly 

different from either. None of the hormonal treatments stimulated any 

mating behavior with the model feill.a.le in this line·. 

The LML2 birds did not exhibit significant levels of mating be--
:). 

havior when teste¢i: with either the live or the: model females (Table 15 ) • · 

The HML2 birds receiving TP exhibited a significantly higher level of 

sexual behavior with both the live and model females when compared to. 
' ' ' 

the other treatments within each testing situation. The'birds receiving 
. . '·i· . ,. ··. 

DHT and EB were not· significantly dif.ferent from the vehicle. 

Testes 

The testes we:i..ght data (Table 16 ) . indicate th13-t ,DHT, .had a stimu-

latory effect on test~s weight.of all the lines. The testes from HML2 

males, however, did appear to be more sensitive and/or responsive to 
I.;> 
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DHT (Table 16 ) • In contrast to the results obtained in Experiment One, 

TP was not stimulatory to the testes of the HML1 males, nor did it 

stimulate the testes of any of the other birds. The seemingly large 

testes weights observed in the vehicle birds from both of the high 

mating lines was due to an accidental injection ofDHT near the end of 

the experiment. As in the first experiment, the birds receiving EB 

did not show ~ny increase in testes weights. 

Foam Glands 

The foam gland areas (Table 17) indicate that both TP and DHT 

stimulated grovtth of this tissue; however, in both of the low lines 

DHT stimulated significantly more growth that did the TP. The HML 

vehicle birds which accidentally received an injection of DHT in the 

latter,stages of the experiment did not show any evidence of foam gland 

growth. It may be that this tissue is less sensitive than the testes 

to DHT or that the foam gland may require hormonal stimulation for a 

longer period of time. Nevertheless, the size difference observed be-

tween the high and low lines are in general agreement with the results 

of Sefton and Siegel (1975). 

Hematocrits 

The hematocrit data (Tables 18 and 19) are · in general· agreement 

with the results obtained in Experiment One. The EB had a strong 

depressing .. effect on the packed cell volume; the changes observed with 

the other treatments for both LML1 and LML2 and the HML2 were not 

significant. The HML1 birds exhibited a small but significant increase 

in pack.ed cell volumes when injected with TP, and a small but significant 
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increase in packed cell volumes when injected with TP, and a small but 

significant decrease when administered DHT. A number of factors can 

influence packed cell volumes including exercise, excitement, diurnal 

fluctrations and environmental temperatures (Ganong, 1975). Since the 

changes were small, most likely they were chance occurrences. 

Several discrepancies do exist between the results obtained with-

in the HML1 males in the first experiment and in this experiment. Several 

factors may ha:ve contributed thes.e discrepancies. First, different 

do.sages of hormones were utilized in the two experiments; five mg/day 

were administered in the initial experiment and only 1-2 mg/day in the 

latter experiment. It is possible that the lower dosage in the second 

experiment may have affected relative responses of both the physiologi-

cal and behavioral para.meters. For example, it should be noted that 

the lower dosage of TP failed to stimulate the.testes of the HML1 in 

the second experiment. · Second, the birds utilized in Experiment Two 

were from the s18 generation. What effect two generations of selection 

may haye had on responses to the hormones is difficult to evaluate and 

open to speculation. Third,. although an effort was made to replicate 

all aspects of Experiment One in Experiment Two, it is possiDle that a 

subtle difference(s) may have affected the outcome of the total experi-

ment. 

The birds from the second line were not utilized in Experiment One, 

and thus temporal comparisons cannot be made in this line. However, if 

comparisons are made to birds.from Replicate Line Number Ohe of the same 

generation, they responded in a similar fashion. 
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The data of this experiment, unfortunately, neither support nor 

contradict the results of the first experiment. In view of the limited 

number of methodological differences that existed, the experiment should 

perhaps be repeated utilizing the higher hormone dosages. 



Tablel4. Mean CNCM by functionally castrated male quail receiving exogenous hormones 
utilizing live and model females. Replicate line one. 

LML HML· 
Treatment N Live Model N Live 

Testosterone 
14.2b Propionate 10 2.9a oa 10 

Estradiol 
2.6a O.la 7,4ab Benzoate 9 5 

Dihydrotes-
O.la oa 1. 5a tosterone 10 10 

Propylene Glycol 
oa oa oa Vehicle 10 8 

ANOVA on square root transformations. 

Model 

l.2a 

-...J 

2.2a 
N 

O.la 

oa 



Table 15~ Mean CNCM by functionally castrated male quail receiving exogenous hormones 
utilizing live and model females. Replicate line two. 

LML2 HML2 
Treatment N Live Model N Live 

Testosterone 
Propionate 8 2.2a O.la 10 15.0b 

Estradiol 
Benzoate 5 oa 0 a 6 l.la 

Dihydrotes-
· o.6a oa l.Oa tosterone 8 10 

Propylene Glycol a oa 1.0a Vehicle 5 0 5 

ANOVA on square root transformations. 

Model 

8.8b 

-..J 

l.5a 
w 

l.Oa 

oa 



Table 16 . Means + standard errors of testes weight (mg) of functionally castrated quail 
receiving exogenous hormones, by lines. 

Treatment LML1 LML2 HMLl HML2 

Testosterone 
Propionate 20.1 + l.7a ?2.7 + 2.6a 32.4 + 2.8a 22.1 + - - - -

Estradiol 
Benzoate 29.0 + 2.3a 23.0 .:!:. 3.6a 28.6 + 3.la 23.9 + - - -

l.8a 

l.9a 

Dihydrotes-
130.7 .:!:. 47.6b . 372.1 .:!:_102. 7b + 102.lb 934.7 .:!:. 246.7b tosterone 388.3 

Propylene Glycol 
4~8a a 96.5a Vehicle 26.7 + 41.4 .:!:. 16. 7 199. 7 .:!:. l00. 7a 179.2 + - -

Any two means within a coltunn with the same superscript are not significantly different (P ~ 0.05). 

-..J 
~ 



Table 17. Means + standard errors of the foam gland area (mm2 ) of functionally castrated 
quail receiving exogenous hormones, by lines. 

Treatment LMLl LML2 HML1 HML2 

Testosterone 
10.3b 27 ,9b 9.8b Propionate 151.2 + 123.1 + 217.2 :.!:. 199.0 2:. - -

Estradiol 
Benzoate o.a o. a o. a o. a 

Dihydrotes-
9.2c 14.9c 19.lb tosterone 213.6 + 206.0 + 265,4 + 231.3 + - - - -

Propylene Glycol a a a a Vehicle o. o. 0. o. 

10.9b 

.b 
11.9 

Any two means within a column with the same superscript are not significantly different (P ~ 0.05) 

""' V1 



Table 18. Mean hematocrits of functionally castrated low mating line males receiving exogenous 
hormones, by replicate. 

LML 1 LML2 
Treatment Pre-Hormone Post-Hormone Change Pre-Hormon,e Post-Hormone Change 

Testosterone 
Propionate 49.7 50.1 ·' o.4 5.3. 0 49.3 -3.7 

Estradiol 
Benzoate 49.1 20. 7· -28.4** . 51.9 20.8 -31.1¥* 

Dihydrotes:... 
tosterone '48.5 48.6. 0.1 51.6 53.3 1.7 

Propylene Glycol 
Vehicle 48.9 48.4 -0.5 52.9 49.5 -2.5 

**P < 0.01. 

........ 
0\ 



Table 19. Mean hematocrits of functionally castrated high mating line males receiving exogenous 
hormones, by replicate. 

HMLl HML2 
Treatment Pre-Hormone Post-Hormone Change Pre-Hormone Post-Hormone Change 

Testosterone 
Propionate 49.6 52.4 2.8* 51.1 50,9 -0.2 

Estradiol 
Benzoate 52.6 30.6 -22.0** 52.4 24.2 -28.2** 

Dihydrotes-
tosterone '52.6 49.4 -3.2* 48.9 49.6 0.7 

Propylene Glycol 
Vehicle 51.4 49.4 -2.0 47.1 48.o 0.9 

* p ~ 0.05 

** p < 0.01 

-..J 
-..J 



Experiment IV: The effe~ts of exogenous hormones on the testes .of 

mating line quail. 

7$ 



lITERATURE REVIEW 

The effects of.exogenoU:s steroids on the gonads lJ,ave been inves~ 

tigated in numerous species of animals. In both h:ypophysect;omized and 

intact mammals, testosterone. has been shown to have abiphasic.effect. 

on testes weight and spernia.togenes;i..s (Albert, 1961; Boccabella,.1963; 

Steinberger and Duckett, 1967; Desjardins et al.,_1973; and Berndtson 

et .!b.~ 1974) •.. That is, it induces atrophy and inhibits spermatogene.-

sis at "low doses" and maintains testicular we!ght and the germinal . 

epithelium at high doses. This has also been shown for fish (Lofts et· 

al., 1966) and sotne reptiles (Lofts and Chiu, 1968)-... .. Estrogeil.ic com-· 

pounds induce atrophy of the testes· in all mammalian species tested 

(Albert, 1961). 

Studies of the effects of sex hormones on th~ functional activity 

of the avian testis are both interesting and conttadict:ory. there.are 

reports of testicular stimulation and of inhibition in intact and 

hypophysectomized birds. Chu (1940)• reported that daily injections 

of testosterone maintained spermatogenesis iri hypophysectomized 

·pigeons• Chu and You (1946) again utilizing pigeons, reported that 

testosterone injections in,itiated 30 days post-h,ypophysectomy were 

capable of re..:.establishing sperma-togenesis even though the testes had. 

completely regressed. In quail, however, Bayle et al. (1.970) reported 

that.daily injections of testosterone prop~onate (TP) fiiiled to prevent 

an hypophysect'omy induced decrease Jn testicular weight, but it did 

retard, S-OI11ewhat, degeneration of the germinal epithelium relative to 

controls. Brown and Follett '(1977)· r~ported that quail receiving 

79 

.; ...... · 
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silastic capsule implants of TP prior to hypophysectomy had signifi-

cantly heavier testes than those of control hypophysectomized quail. 

Birds receiving TP implants seven days after hypophysectomy showed no 

evidence of testicular stimulation. However, testicular histology of 

the three groups was quite similar in that only Sertoli cells and 

spermatogonia were present. 

In non-hypophysectomized birds, Lahr and Riddle (1944) found that 

injections and implanted pellets of androsterone caused an increase 

in the size of the testes of.adult male ring doves, while daily ad-

ministration of 2.0 or 4.0 mg of testosterone had no significant effect 

on testes weights. Testosterone at levels of 0 .. 8 mg daily produced 

atrophy of Leydig cells and a decrease in testes weight. Burger (1944; 

1945), utilizing starlings, found that when the testes were already in 

an advanced spermatogenic state, exogenous TP had no observable effect. 

If hormone treatment was initiated before the testes had become active, 

it caused a further decrease in size and prevented testicular growth 

when the birds were placed in a·stimulatory lighting reginie. However, 

the testes were eventually able to overcome the depressing effects 

of the hormone and by day 36 of hormone treatment, spermatids were 

present in several birds. Burger indicated that testosterone appeared 

to affect maturation of the germ cells rather than their proliferation. 

Pfeiffer (1947) found essentially the same results with. house sparrows 

(Passer domesticus). He also examined the effects of intermittent 
. . 

androgen treatment. Testosterone was administered daily for two 



81 

weeks, withheld for one week, and then reinitiated for an additional 

two weeks. The average testes diameter was 5.0 mm prior to the hor-

mane treatment and this increased to 8.5 mm by the end of the two 

week treatment period. Following the week of no treatment, the testes 

had decreased in size to 3.9 mm, but by the end of the second two-

week period of treatment, testis diameter again averaged 5.3 nnn. 

Histological evaluation of the testes after the one week withdrawal 

period revealed considerable degenerative changes. Lofts et al. 

(1973) injected house sparrows maintained under nonstimulatory light 

with testosterone propionate and found the hormone had no stimulatory 

effect on the weight of the testes; however, spermatogonial mitoses 

were common in the germinal epithelium indicating some stimulation. 

Hasse (1975) found that TP had no stimulatory effect on the testicular 

weights of house sparrows which had been maintained in short daylength 

(8 hr. light:l6 hr. dark) nor.was there any difference in the germinal 

epithelium between TP and control birds. These results are somewhat 

in disagreement with Lofts et al. (1973), but are in general agreement 

with those of Burger (1944; 1945) and Pfeiffer (1947). The results 

also support the thesis that androgens will stimulate'sperm.atogenesis 

in birds only after the testes have attained a certain size and the 

germ cells have attained a certain degree of maturation. 

Turek et al. (1976) found that testosterone exerts a biphasic 

effect on the avian testes. These researchers implanted. testosterone 

filled silastic capsules into light stimulated male house sparrows 
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. and found that "low dose1' capsules (5 or 10 nnn in length) induced com-

plete gonadal atrophy, whereas "high dose" capsules (40 - 120 mm. in 

length) maintained paired testes weights and spermatogenic activity 

at values that were similar to controls. In sparrows maintained on 
. .- . 

short days (8 light:l6 dcirk) the implantation of capsules releasing 

approximately 500 g of testosterone per day stimulated an increased 

testes size, and by 60 days the testes were observed to be the same 

size as those found in sexually mature birds.· This finding is in 

sharp contrast to those of Burger (1944; 1945), Pfeiffer (1947), Lofts 

et .al. (1973) and Hasse _(1975). Turek et al. (op. cit.) .felt that the 

low doses of exogenous testosterone possibly inhibit.ed spermatogenesis 

by reducing the circulating LH level, which was depressedtwo.,,.fold be-

low that of control birds, while the endogenous androgen titers were 

not significantly different than those of the cdn.trols. Birds with 

"high dose" capsules also had depressed plasma LH values, but there 

was an approximate tenfold increase in plasma androgen levels, which 

they felt exerted a direct effect on the seminiferous epithelium. 

In another avian species, the weaver finch, QueZ.ea queZ.ea, Lofts 

(1962) reported.that daily injections of TP to birds during the re-

fractory period (regressed testes) produced a rapid recovery of 

spermatogenic activity with an accompaning increase in gonadal size. 

However, if the hormone was admini.stered after the refractory period 

when the bird had entered the stage of spermatogenic recrudescence 

(i.e., recovery stage), TP retarded the growth of the testes relative 
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to uninjected controls and prevented spermatogenesis beyond the pri-

mary spermatocyte stage. Finally, injections of TP to birds in full 

breeding condition maintained the testes at maximum size and prevented 

the post-nupial gonadal regression normally observed. Lofts felt that 

these results were probably due to a direct effect of testosterone on 

the testes, but that during the early recovery stage, when the pituitary 

was reviving its secretory activity, there was an antago:nism between 

testosterone and gonad9tropin resulting in gonadal atrophy. 

In Japanese quail, Brown (1976) found that silastic capsules of 

TP 5 mm in length produced slight decreases in plasma LH and FSH, but 

testes weights were not affected. TP capsules of 10 mm or 50 mm in 

length suppressed plasma LH and FSH far below those of controls 

(l'.:::_.001) and also caused a regression of the testes and germinal epi..,.. 

thelium. Capsule lengths of 250 mm and 500 mm resulted in a reduction 

in testicular weights, but all stages of spermatogenesis were present. 

Injections of FSH or LH to birds with 250 mm TP capsules significantly 

increased their testicular weights. Brown felt that his results sug-

gested that TP can partially support the testes in quail, but other 

hormones may be required for maintenance of spermatogenesis. Davies 

et al. (1976) found that silastic capsules of testosterone or TP would 

cause a graduated reduction in testicular weight, depending on the 

size of the capsule. Histolbgical evaluations were not performed. 

Brown and Follett (1977), utilizing sexually mature quail, found that 

low dose silastic capsule implants of TP inhibited LH and FSH secre-
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tion and caused testicular atrophy. Large dose capsules also blocked 

secretion of these gonatropins, but maintained the testes in a 

spermatogenically active condition. Testes size was decreased by 

approximately one half, but seminiferous tubule diameters were equal 

to those of the controls. Desjardins and Turek (1977) working with· 

Japanese quail found that silastic capsule implants of testosterone 

ranging between 40 a.nd 320 mm in length caused a graded reduction in 

paired testes weights, spermatogenic activity and circulating LH titers, 

but plasma testosterone levels remained within the range of control 
. ;·-

birds. Birds receiving 600 or 1200 nnn capsules of testosterone had 

testes weights and LH levels comparable to the birds receiving 320 mm. 

capsules, however, circulating androgens were increased fiye and ten 

fold, respectively. 

When silastic Gapsules of TP 500 mm in length were implanted in 

another group of quail, testosterone propionate was releasec:l about 

eight times faster than the unesterified steroid (Berndston ~ al. , 

1974). This treatment produced an 18.-fold increase in circulating 

testosterone levels and maintained.testicular weight within 70% of 

control values, while plasma LH titers were reduced tenfold. The 

gennin.alepithelium, in g~neral, was similar to that of the control 

birds, except for a 25--30% reduction in the number of spermatids. 

The 500 mm capsule. of TP ·.was calculat.ed to release approximately 12 

mg of androgen daily, producing the 18-fold plasma level increase. 

Endogenous androgen production was not detectable in in vitro incu-
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bations of testes in which spermatogenesis had been maintained; this 

absence of endogenous androgenswas attributed to Leydig cell atrophy 

caused by the absence of LH~ They, therefore, felt that the 18-fold 

increase in plasma te.stosteron. e .. was equal to or ·exceeded the normal . . . 

intratesticular co!lce11t,ratio!l of steroid, and that 9nce this concen-

tration of testosterone was reached and maint~ined by an exogenous 

hormone, it allowed germ· cell. differentation to proceed :through all 

phases of spermatogenesis •. 

The effects of estrogenic hormones on the avian testis .have also 

been investigated. Exogenous estrogens have been. found to cause 

testicular atrophy and suppressspermatogenic aC:tivity in most species 

tested; these includethe sparrow (Pfeiffer, 1947), the pigeon 

(_Pfeiffer and Gardner, 1938) , the ring dove (Bates et al. , 1937; Lahr 

and Riddle, 1944), and the chicken(Zondek, 1937; Emmens, 1939; and 

Pantie and Kosanov:tc, 1973) • In contrast,, Burger (_1944). found that 

estradiol produced a marked hypertrophy of the intettubular tissue of 

the starling testis. The sem1niferous tubules, however, were greatly 

reduced in these gonads. 

If estrogenic hormones were injected into the laying hen or 

applied to the egg prior to day five of incubation the testes of male 

progeny will be affected. The changes usually appear in the left 

testes which is transformed into an ovotestis or into a normal 

appearing ovary. This has been shown to occur in the ring dove 

(Riddle and Dunham, 1942) and in the chicken (Pincus and Hopkins, 
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1958; Kondo, 1959; and Pincus and Ericson, 1962). 

No reports have been found to exist concerning the effects of 

5a.-dihydrotestosterone on the testes in either mammalian or avian 

species. 

In a previous stucy presented in this dissertation, concerning 

the effects of aromatizable and non-aromatizable androgens on sexual 

behavior, it was found that DHT stimulated significant growth of the 

testes in functionally castrated males. TP was also found to stimulate 

growth of the testes in one group of the experimental birds. This 

experiment was designed to study the effects of these sex steroids on 

the te:;;tes of Japanese quail that had been bidirectionally selected 

for high and low levels of mating,behavior. 

MATERIALS AND METHODS 

The birds utilized in this experiment were Japanese quail that 

had been bidirectionally selected for high and low cumulative numbers 

of completed matings (CNCM) for 17 generations (Sefton and Siegel, 

1975). Forty sexually mature male quail from each of the two mating 

lines were randomly divided into four groups of ten each. Intermittent 

mortality throughout the experiment, however. reduced the experimental 

groups to less than ten in some cases. The birds were placed into 

individual cages 15 X 18 X 23 cm, and were subjected to a photo-

periodically stimulative lighting regimen of sixteen hours light and 

eight hours darkness for three weeks prior to initiating the hormone 
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injections. Feed and water were available ad libitum. 

Each group of quail received injections of either testosterone 
. . 

propionate (TP), estradiol benzoate (EB), Sa-dihydrotestosterone 

(DHT), or 0.1 cc propylene glycol vehicle. All hormones were ad-

ministered intramuscularly at a dose level of 5 mg/ day for 21 days. 

Injections were into the breast with the site of injection changed 

each day on a right-left, anterior-posterior basis. 

Proctodeal foam gland areas were measured prior to hormone in,-

jection as well as at the termination of the experiment to assess 

hormonal effects on this androgen sensitive tissue. Testes were 

collected at. the termination of the experiment, weighed, and subjected . 

to standard histological procedures :for evaluation of spermatogenic 

activity and seminiferous tubule diameters, The tubule diameters 

were measured with an occular micrometer. Five tubules from each 

bird were measured· and only those tubules which were ci;rcular in 

shape were measured. 

Proctodeal foam gland areas were analyzed by a paired-t test 

while testes weights and seminif erous tubule diameters were analyzed 

by analyses of variance. 
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RESULTS AND DISCUSSION 

Proctodeal Foam Glands: The proctodeal foam gland areas of birds 

receiving estradiol benzoate decreased significantly, while the foam 

gland area of the birds receiving the other treatments remained un-

changed (Table 20). The response was similar in both lines. Since this 

tissue is androgens sensitive, and assuming the birds were producing 

endogenous androgens maximally at the beginning of the experiment, it 

is not unexpected that the exogenous hormones did not stimulate append-

ent growth. 

Testes: The testes of the birds receiving the propylene glyc.ol 

vehicle were q_uite large and, as controls, were assumed to be of 

maximal size (Table 21 ) . Full spermatogenic activity was pres.ent in 

all testes from both lines of birds receiving the vehicle. 

The birds from both lines receiving estradiol benzoate were found 

to hav.e totally regressed testes with no spermatogenic. activity. This 

is in agreement with the mammalian data reviewed by Albert (1961) anli 

with available avian data (Bates et al., 1937; Zondek, 1937; Pfeiffer 

and Gardner, 1938 '; Emm.ens, 1939; Lahr and Riddle, 1944; Pfeiffer, 194 7; 
Pantie and Kosanovic, 1973). 

The birds receiving DHT also had large testes which were not 

significantly different in weight from those collected. from.the control 

birds. All birds receiving DHT exhibited full spermatogenic activity. 

The birds from the high mating line receiving testosterone propionate 

had testes which were approximately one third the weight of those from 

the propylene glycol vehicle birds; the weight difference was significant. 
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Three of these birds exhibited full spermatogenic activity as evidenced 

by the presence of primary and secondary spermatocytes, spermatids, 

clusters of spermatozoa and numerous spermatozoa free in the tubular 

lumena. The remaining birds from this.group were found to have mature 

spermatozoa free in the lumena, but primary and secondary spermatocytes 

were greatly reduced in number and clusters of spermatozoa were rare or 

absent, suggesting an impaired spermatogenesis. 

The testes of the LML birds receiving TP were approximately one 

sixth the weight of the testes from the proplylene glycolvehicle birds. 

As was true for the majority of the HML birds, all of the LML males 

receiving TP had limited numbers of mature spermatazoa free in the 

tubule lumena; when compared to the controls, these males also showed a 

relative deficiency in the nu.I11bers of primary and secondary spermatocytes 

as well as in the distribution of clustered spermatazoa. 

Even though the testes weights of the TP birds were one third-and 

one sixth those of the vehicle birds :for the HML and LML birds, respec-

tively, the line by treatment interaction of the ANOVA was not signifi-

cant. The absolute differences in weights between the TP and vehicle 
,. 

bird testes were approximfttely equal for both lines. 

The dosage of TP utilized in this experiment appears to have been 

intermediate to the "low" and "high" dosage levels employed in the 

experiments of Brown (1976) and Brown and Follett (1977), for it did 

not cause complete atrophy of the gonads, but neither did it maintain· 

spermatogenic activity at the level of the controls. 

Semirtiferous tubu.les: Seminiferous tubule diameters were affected 
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.· . . .· 
by all four treatments; each was significantly diffe:rent from the other 

(Table 22). Tubular diameters of 'the birds receiving TP or EB were 

significantly less than those from the controls,. which could be antici-

pated based on the weight data. 

It appears that the dosage of· TP util.ized in this experiment may 

have been subthreshold to that requir.ed to maintain full spermatogenic 

activity, but yet it wa.s apparently sufficiently high to prevent a com-

plete testicular regression• .•. These results are in general agreement 

~th those previously obtained in quail by Brown (l:,976), Davies· et ~ 

(1976), Brown and Follett (1977), and Desjardins and Turek (1977). 

Birds receiving DRT, however, showed significantly larger tubules 

than those of the control animals. Thus, it seems apparent that DHT 

.has a direct stimillatory effect on the seminiferous tubules. Al though 

titers of LH and FSH were not measured in this experiment, it has been 

previously proposed thfl,t DRT may be the activemetaboJ,.ite responsible 

for feedback control of gonadotropin secretion in the rat and mouse 

(Kneewald et al., 1971; Beyer et al., 1972; and Swerdloff et aL, 1973) .. ---~ . - ----- -.-
The fact the DRT did not cause anr regression of the gonads and did not 

detectably disrupt sperma.to~tenic activity would suggest that, in the 

quail, its affect on the secretion of' these gonadotropins is minimal 

or non-existant. As previously mentioned,, nd reports examining the 

effect of exogenous DHT on the gonads have been found in the literature, · 

but based on the apparent discrepencies reg~rding·DHT as a regulator 

of gonadotropins, it appears that further research with this hormone 

is warranted. 



Table 20. Mea~s + standard errors of foam gland area prior to hormone administration and 
at autopsy (mm ) • 

Treatment 

Testosterone 
Propionate 

Estradiol 
Benzoate 

Dihydrotes-
to sterone 

Propylene Glycol 
Vehicle 

HML 
Pre Hormone 

367.0 .:!:. 20.4 
a 

LML 
Autopsy Pre Hormone Autopsy 

.381.1 ±_13.8a 331.7 + 10.4a 

266.3 .±. 3l.4a 

416. 3 .:!:_ 27. 4a 

410. 4 £.15. 7a 350.2 .:!:_ 23.4a 

Any two means in a row, within a line, with the same letter are not significantly different (P ~ .05) ~ 



Table 21. Means + standard errors of testes weight of normal intact male quail receiving 
exogenous hormones, by lines. 

HML LML 
Testes Weight Testes Weight 

Treatment N (mg) N {mg) 

903.28 + 156.77b 9 424.71 + 83.68b 
Testosterone 

Propionate 10 - - . 

Estradiol 
. 74. 33 + 12.92a 5 60.88 + 7.88a - -Benzoate 6 

3083.01 + 175.06c 6 2729.08 .:!:_ 142.03c 
Dihydrotes-

tosterone 8 

3271.47 + 202.78c 9 2562.81 + 238.lOc 
Propylene Glycol 

Vehicle 7 

Any two means within a column with the same superscript are not significantly different 
(P ~ 0. 05) .. 

\0 
N 



Table 22. Means .:t_ standard errors of seminiferous tubule diameter of normal intact male quail 
receiving exogenous hormones, by lines. 

HML LML 
Seminiferous Seminiferous 

Tubule Tubule 
Treatment N Diameter ( }J) N Diameter (}.I) 

Testosterone 
+ 10.95b 120.42 + l0.48b Propionate 10 162.35 9 

Estradiol 
Benzoate 6 57 .76 .:t. 2:79a 5 54.86 .:t. l.95a 

Dihydrotes~ 

6.69d 238.58 .:t. 10.06d tosterone 8 260.94 + 6 -
Propylene Glycol 

l.87c . 2.30c Vehicle 7 215 .64 + 9 208.48 + -

Any two means within a column with the same superscript are not significantly different 
(P ~ 0. 05). 

'° w 



Experiment V: Stu_dies on the width of the skull as an aid in in-

creasing the accuracy of stereotaxic procedures. 

94 



LITERATURE REVIEW 

To increase stereotaxic accuracy and to minimize variation in the 

implantation of micro-implements into specific brain nuclei, inves-

tigators have utilized several different cranial landmarks as pre-

dictive axes. Landmarks such as the bregma, the lambda, and the 

intra-aural line (earbar) have all been employed as zero reference 

points for measurements in the anterior-posterior plane. 

Body weight has also been correlated with internal coordinates. 

Gregen and McLean (1962) found a significant positive correlation be-

tween body weight and nuclear coordinates in the squirrel monkey. 

Furthermore, Bernardis and Skelton (1965) found a significant corre-

lation between body weight (50-300 g subjects) and distance from the 

earbars to three different nuclei within the brain of the growing 

postnatal rat. Sherwood and Timiras (1970) found that the position 

of neural structures at a particular age (10, 21, or 39 days) were 

quite constant in young growing rat~. Whitshaw et al. (1977), 

utilizing rats ranging in weight from 161 g to 782 g, found a high 

correlation (. 96) betwe~n body weight and the earbar-bregma distance; 

nevertheless, when the earbars were utilized as the zero coordinate. 

for measurements in the anterior-posterior (AP) plane, electrode tracts 

were located successively posterior of the nuclei as the body weight 

increased. However, if the bregma was used as a zero coordinate for 

the AP distance, fairly precise stereotaxic localization could be ob-

95 
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tained. Smith and Bodemer (1963), utilizing the golden hamster, found 

that the use of the bregma as a zero reference in the AP plane was 

more desirable than the earbars, for it markedly reduced the variation. 

Zweers (1971), in an e.xtensive study of stereotaxic procedures 

for the mallard duck,. found that body weight was P,ot useful in pre-

dicting cranial measurements. He also found that· external skull 

measurements were not useful for p~edicting internal distances, nor 

was the distance between the tips of the earbars correla.ted to any 

other cranial measurement$. Zweers suggested that a series of radio-

graphs taken in a lateral plane be utilized for stereotaxic locailza-

tion in this species. 

In larger animals, such as the Rhesus monkey, researchers have 

found it necessary to employ radiographic techniques to accurately 

locate interce.rebral st:ructures (Clifton et al., 1975; Kraemer et al., 

1978). 

Investigators have also attempted to correlate the distance be-

tween two or more extracranial landmarks with intracerebral coordi-

nates. External distances could then be measured and the desired 

internal distance could be established by a regression line. The 

regression of an extern.al-external distance on an external..,.internal 

distance was found to be significant by Slotnick and Leonard (1975) 

in the mouse. They found that the bregma-lambda distance was highly 

correlated with frontal coordinates for several selected nuclei, and 

developed a mathmatical formula for a more accurate stereotaxic 



97 

localization in this species. Slotnick and Leonard· CE.EL cit.) also 

attempted to correlate body weight and bregma-lambda distance with the 

intercerebral distances in mice, but the correlates were not signifi-

cant. 

Jones et al. (1977) reported that the spatial interrelationships 

between the bregma, the lambda, the auditory meati, and brain struc-

tures. differed significantly among several strains of laboratory mice. 

They also found within strain variability in the structure of the 

skull itself, including the bregma and lambda reference points and the 

auditory meati. Wahlsten ~ al. (1975) examined seven different 

strains of mice for variability in the size and structure of the 

brain and skull. Significant group differences were present in the 

spatial positioning of the lambda and bregma reference points relative 

to interaural zero; further, the variance of the lambda-interaural 

distance(0.468) was considerably larger than that of the bregma-

rinteraural distance (0 .267). Differences in brain weights between 

strains were also highly significant. In addition, there was a sub-

stantial variation.in the spatial location of most brain nuclei and 

nerve tracts relative to interaural zero. All structures anterior 

to and including the posterior commisure wer.e found to possess a 

highly significant genetic variation in their anterior-posterior 

dimensions. 

Wahlsten et al. (1975) also examined which skull reference point, 

the bregma or the lambda, could best be utilized for locating three 
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different nuclei in the cerebral cortex. In Swiss mice, the bregma 

was much more highly correlated with the three nuclei than was the 

lambda, while the oppos.ite was true for two other strains. In 

three strains of mice, both skull points were highly correlated with 

the three selected fiber tract positions, while in one strain, neither 

point was universally superior as a stereotaxic reference point. 

Roderick et al. (1973) examined the variation in brain weight of 

25 inbred strains of adult mice. The differences were highly signifi-

cant between strains with the greatest mean weights exceeding the 

lowest by 28%. They·also found considerable variation in brain di-

mensions (length and width) between strains. This is in general 

agreement with Wimer et al. (1969) who examined the relative and ab-

solute volumes of the neocortex and hippocampus of nine inbred strains 

of mice. Differences between strains for both neural areas were 

significant. 

In gallinaceous species, four recent atlases of the chicken 

brain are available (van Tienhoven and Juhasz" 1962; Jungherr, 1969; 

Feldman et al., 1973; and Snapir ~al., 1974) with the former being 

the most detailed. Nevertheless, none of these atlases describe the 

relationship of body weight or external skull measurements to sub-

cortical nuclear coordinates. 

Earlier, Balander (1977) described the relationship between 

earbar-bregma distance and the earbar-PPM (praeopticus paraventri-

cularis magnocellularis nucleus) distance for a group of selected 
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mating line birds (Siegel, 1965; 1972). The correlation between the 

earbar-bregma distance and the earbar-PPM distance was significant 

for both intact cocks and capons from the low mating line (LML), 

but Y1as not significant for either the capons or intact cocks from 

the high mating line (HML). Nevertheless, when all of the data were 

combined the correlation was significant.· When a linear regression 

of the-earbar-bregma distance on earpar-PPM distance was calculated, 

the regression was significantly different from ze:i:,-o. Since a linear 

trend· was evident ill that earlier study, it is conceivable that if 

another dimension, skull width_, were included and a multiple regres-
··. . . . .· : '·, . .-. . 

. . 

sion.was·calculated, an ac~U:rate prediction equation for the mating 
. . . . . . . . . . 

line blrds might be ·developed. A reliable ·equation would be of great 
·;_ 
:~ 

value for future. studies with the s"eled:ed mating line birds. 
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MATERIALS AND METHODS 

Twelve adult roosters were utilized in this experiment. The 

birds were anesthetized with sodium pentabarbitalvia the bracial 

vein to the plane of surgical anesthesia. A vernier caliper was then 

utilized to measure the width of the skull at the level of the ex..-

ternal auditory meati and at the supraorbital pre>cesses. After ob..-

taining these measurements, the head was fastened into a Stereotaxic 

instrument (Baltimore Instrument Co., Model 1500U) which. had been 

modified to accomodate the head of a chicken. The earbars were 

utilized as the zero reference point formeasurements in the anterior..-

posterior plane, the surface of the brain was used as a zero refer..,.. 

ence for measurements in the vertical plane, and t.he midline crevice 

of thebrain was used as a zero reference for lateral measurement. 

After .the skin had been incised in a rostral-caudal direction, and 

the underlying periostium had been scraped free from the skull sur ..... 

face, the head was carefully leveled through the horizontal plane at 

the apices of·the frontal and parietal bones. 

With the head level, critical measurements of· the ea:t'bar..-bregma 

distance were determined {Figure 1). Next the skull was fenestrated 

in the area of the praeopticus.paraventricularis magnocellularis 

nucleus (PPM) .and a lesion was placed in the brain. The lesion ... earbar 

distance was also recorded~ 

Following lesioning, · bir.ds were killed with a lethal dose of 
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sodium pentabarbital andthe brain was perfused with 90-1001l1l of 

saline via the carotid arteri.es. This was followed by perfusion with 

60-70 ml of formalin also via the carotid arteries. The jugular 

veins had been previously severed to facilitate drainage. The entire 

skull was then removed and the orain was allowed to fix for an 

additional three to four days in 10% formalin. 

After the additional fixation, the brains were rinsed in water, 

frozen in a cryostat, and sectioned at 83.3 microns. Microscopic 

examination of the sections revealed the exact location of a lesion 

relative to the PPM nucleus. Correlations were calculated for all 

external and internal measurements and regressions calculated where 

appropriate. 

RESULTS AND DISCUSSION 

The correlation between. earbar-bregma distance and earbar-PPM 

distance was not significant ('I'able 23) . There was also no signifi-

cant correlation between earbar-bregma distance and the width of the 

skull, either at the level of the supraorbital processes or at the 

level of the auditory meati. A significant negative correlation was 

found t.o exist between the earbar-bregma distance and the bregma-PPM 

d.istance. This finding was not unexpected since the bregma lies be-

tween the earbars and the PPM. Thus, as the location of the bregma 

varies, one would expect an increase in one .measurement and a corre-

sponding decrease in the other. Nevertheless, the usefulness of this 



102 

significant negative correlation for predicting the location of inter-

cerebral nuclei is of doubtful value, since it was shown by Balander 

(1977) that the variability of the bregma-PPM distance was more than 

that of the earbar-PPM distance. 

Contrary to the results obtained when correlating earbar-bregma 

distance wi.th. the width of the skull, there was a significant positive 

correlation between the earbar:...PPM distance and the width of the skull 

at the level of both the orbital processes and the. auditory meati 

(Table zj). Because these correlations were sign:tficant, a stepwise 

regression was calculated. The earbar-PPM distance was the dependent 

variable (x) with the supraorbital processes being the first inde-

pendent variable (Y1), the earbar-bregma distance being the second 

independent variable (Y2}, and the width of the skull at the auditory 

meati the third independent variable' (Y3). 

The R2 value for the regression of the earbar-PPM distance on 

the supraorbital process was 0.65. Inclusion of both. the supraorbital 

processes and the earbar-bregma distance, increased the R2 value, 

but minimally, to o.68. When all three independent variables were 

included in the regression, the R2 value did not change. The use 

of a multiple regression equation for prediction of internal cerebral 

nuclei distances, therefore, appears to be of limited value in these 
2 

populations of chickens. An increase of only 2.8% in the R value 

was observed when miltiple skull measurements were used, as opposed 

to only one measurement. 
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Roderick et al. (1973} reported there was considerable variability 

in .brain size between different strains of ·DJice. Also, Balander (1977) 

had found previously that the distance between the septmnesencephalicus 

tract and the anter:Lor·commissure varied considerably within closely 

related groups of chickens. Wi111er et a.1. (1969) studied the correla-

tion between the r.elative brain volumes occupied by the neocortex and 
, .... ' . I , ·. .·' ·. : 

hippocampus in nine inbred st~ains of mice, a~d concluded that a 

large brain was not simply an expanded version o-f a sma.ller brain; 

they found· that not all structures are magnified by an equal factor 

in a larger brain~ Obviously, there is a considerable variability in 

both brain and skull st-ructure within a breed of anill)al and the 

variation in skull characteristics probably varies independently o·f 

anatotilical.spatial relationships within the brain. 

Therefore, despite the significant correlati,ons that were found 

in this study, to consistently localize lesions with accuracy, ex-

ternal cranial measurements may not be sufficiently precise for.the 

chicken. To_increase the accuracy of lesionpla¢ement in gallinaceous 

species, it may be advisable to utilize other means of locating the 

desired cerebral targets. For this reason x--rays were utilized for 

stereotaxic lesioning in due~ and.chickens by Zweers (1971) and 

Snapir et al. (1974), respectively. '.:['he: use of radiographic techni-

ques may, therefore, also beadvisa"ble for future stereota:Xic studies 

in the mating line birds. 
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Beak 

Supraorbital Process . 

.... 1--1-------- . Frontal Bones. 

~.) (}_..,_ ______ +-----__,;. Appro;ximate. location 
of PPM-POM Nuclei .· 

Bregma 
Location of .Auditory 
Meatus 

Parietal Bones 

Neck 

Figure l. Dorsal view. (representation) of a chicken skull 
showing anatomical relationships of various skull landmarks 
and the PPM-POM nuclei. 
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Table 23. Correlation coefficients of the earbar-bregma distance, 
and the width of the skull at the level of the supra-
orbital processesi and the auditory m.eati with earbar-
PPM an!i bregma-PPM distances. 

Skull width at the Skull width 
Supraorbital at the Earbar-Bregma 

Processes Auditory Meati Distance 

Ear bar-PPM .81* .69* .28 

Bregma-PPM .15 .20 -.66* 

Earbar-Bregma .15 .03 

*P<0.05. 
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SUMMARY 

Four separate, but related experiments were conducted to examine 

the role of various systems.controlling sexual behavior in birds. 

These systems were studied in .lines of chickens and quail that had been 

genetically.selected for high and low levels of this trait. 

In the first of the related expeirments, electrolytic lesions were 
·' 

placed inthe ruber nuclei of the low mating line chickens to determine 

if they exerted a dominant inhibitory influence on the sexual behavior 

of that line. Previously published data suggested that the rµber 

nuclei may be inhibitory in this respect. Nevertheless, birds lesioned 

in this area exhibited significantly less mating behavior after 

lesioning than they did prior to being lesioned. It was tentatively 

concluded, therefore, that the ruber nuclei were not brain centers 

that bad an inhibitory influence on mating behavior. 

In the second experiment, parachlorophenylalanine (PCPA), a sub-

stance that inhibits the synthesis of serotonin, was ad~iriistered to 

low matirtg line chickens and to chickens from the Athens Canadian Ran--

dombred control population. When iil.ammaliart species are treated with 

PCPA, this generally precipitates hypersexual responses. The results 

obtained in this experiment with chickens, however, were just the op-

posite; that is mating behavior was significantly decreased by the 

PCPA treatment. Based on the results of this experiment, it was con~ 

eluded that relatively elevated levels of brain serotonin were not a 
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. . 

primary correlated response confroiHng mating behavior in the low 

tilating line. 

In the third and fourth experiments investigat;ing the .~ontrbl of . 

sexual behavior, the importance of aromatizat;i.on .of testosterone to 

estrogen was examined in t:he se;t.e17ted lines. of ,quail. Aromatization . . . '. ' ' ~ . . . - . 

was found to be a pi;erequisite tci mating behavior in the quail. 

However, the low ma.ting·l.ine quail appeared to have a reduced capacity 

to aromatize testosterone to.estrogen. !n a fourth expanded: experi;... 

ment, the data did ·not confirm the orlginal f.indings. A loW'e.r :level 
. . 

of hormones in the latt~r experiment may have been re~p~nsible for the 

different results. 

The effects of various. exogenous hormones on.the testes of Japanese 

quail were also tested. Estradiol benzoate and testosterone propionate 

caused a complete and.partial regression of the testes, respectively, 

while dihydrotestosterone;did not affect the weight of the testes. 

Dihydrotestosterone did, however, cause a significant increase in the 

diameter of the semirtiferous tubules. 

The fifth experiment was an effot't to increase the accuracy and 

precision· of the total stereotaxic procedure. For this purpose, the 

relationship between cranial dimensions and the relative positioning 

of selected brain nuclei was established. Multiple lateral and an-

terior-posteri6r skuli measurements. were made 7 and these were corre-

lated with earbar-PPM (praeopticus paraventricularis magnocellularis) 

and bregma-PPMdistances. Neither the earbar-bregma distance~ nor 
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the bregma-PPM distance were significantly correlated with the width 

of the skull. The earbar-PPM distance was, however, significantly 

correlated with the width of the skull. Nevertheless, this may not 

be sufficiently precise to consistently locate discrete lesions with 

accuracy in adult mating line chickens. 
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NEURAL AND ENDOCRINE CONTROL OF MATING BEHAVIOR IN 

SELECTED MATING LINES OF CHICKENS AND QUAIL 

by 

Richard Joseph Balander 

(ABSTRACT) 

Several physiological systems generally. known to be involved in 

the control of sexual behavior were studied in lines of chickens and 

quail genetically selected for high (HML) and low (LML).cumu.lative 

number of completed matings (CNCM) •. 

In the initial experiment, discrete bilateral lesions were stereo'-

taxically placed in the ruber nuclei of LML cocks. Contrary to published 

results, the LML cocks did not demonstrate an increase in mating behavior, 

but rather, the lesions caused a significant reduction in mating activity. 

Body weight and body temperature of the birds were not affected by the 

lesions, but blood packed cell volumes did increase significantly. 

In the second experiment, LML cocks, as well as control Athens 

Canadian Randombred (AC) cocks, were utilized to study the effects of 

brain serotonin depletion on mating behavior in birds. Parachloro-

phenylalanine (PCPA) was employed for this purpose. Both the LML and 

the AC birds receiving PCPA showed. significantly less mating activi~y· 

than the birds receiving saline. However, drug toxicitymay have 

influenced the results obtained. 

The aromatization of androgens to estrogens and the effect on 

mating behavior was studied in a third experiment utilizing high and low 

mating line quail. Both testosterone propionate (TP) and estradiol 



benzoate (EB) precipitated mating behavior in HML quail in two different 

testing situations, whereas dihydrotestosterone was ineffective in this 

respect. In the LML quail, only EB was effective in eliciting mating 

behavior, and then only in the mating situation where aggressive behav-

ior was not prerequisite (i.e. with a female model). 

This experiment was repeated using replicated selected high and 

low mating lines of. quail and a lower hormone dosage. The LML birds 

failed to respond to arty of the treatments when the hormones were de-

creased. Birds from both of the replicate HML's responded to testos-

terone propionate; when presented with live females, but only one of the 

replicate lines (HMLz) receiving TP responded to the female model. 

Also, one of the replicate .lines (HML1) receiving EB exhibited mating 

behavior with live females, but not when exposed to the female model. 

In the forth experiment, the effects of exogenous hormones on the 

testes of the mating line quail was studied. Estradiol benzoate was 

found to cause complete regression on the gonads, while the administra-

tion of testosterone propionate resulted in a partial regression of the 

gonads. Dihydrotestosterone did not have a significant effect on the 

weight of the testes, but it did cause a significant increase in the 

diameter of the seminiferous tubules relative to vehicle control~. 

In an attempt to increase the accuracy of sterectaxic surgery, 

the spatial relationships between several external cranial landmarks 

and brain nuclei were established. The data were employed to develope 

a multiple regression predictive equation. The utilization of three 

independent variables (external measurements) in the regression equation 

was_ found not.to be significantly better than the usage of a single 



independent variable measurement, earbar~bregma distance. 
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