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. ABSTRACT Egg fertility of coturnix :quail” (Coturmx coturnix). was: measured for.
- 35 to 45 days following. single oral . doses. of; six candidate, chemosterilants_.to adult . :

; breedmg males, adult males whose testes has been regressed by photoperrod manipu-

“Jation, twelve-day old male chicks, ‘and six-week-old males with undeveloped testes.
_Azacosterol, 3-chloro-1,2-propanediol, ‘and mestranol were essentially inactive at 100
or-316 mg/kg in all treatment groups. Breeding adults were sterile for 10 to 25 days . .
after doses of 31.6 mg/kg busulfan, 31.6 mg/kg trrethylenemelamme or 316 mg/kg

) 1sopropyl methane sulfonate—all alkylatmg agents. Adults with regressed ‘testes showed

- reduced fertility” or- sterility after treatment. with. busulfan' and' triethylenemelamine.
These tests, indicate, that the evaluation. of male chemosterilants intended for use on
wrld avian populatlons durmg the perlod of tesncular regressmn should ‘consist of ’
initial tests on breedmg adult quarl followed by testsi on adult quall w1th regressed o
testes if sterility is noted. o E
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propanedlols quarl reproducnon sterlllzauon sulfonates

Bray et al [1]*> demonstrated the feasibility of using’ the " sterile male
approach to reduce reproductlve success of wild’ red-wmged blackbirds
(Agelaius phoeniceus). Although their studles were conducted by surgically
'vasectomizing territorial males, the substitution of ‘chemical agents pro-
ducing sterility should not invalidate their results. It is, however, imprac-
tical to use redwings as the only test animals in the laboratory evaluatlonl
of chemosterilants because of difficulty of breeding thern in captivity [2,3]."
Inducing testicular growth by mampulatmg photopenods is also of limited

! Chemist, biologist, and biological technician, respectively, U.S. F1sh and Wildlife Semce,vr

Wlldhfe Research Center, Federal Center, Denver, Colo. 80225.
2The italic numbers in brackets refer to the list‘of references appended to thlS paper
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_use because male redngs are refractory or partially’ refractory to tes-
ticular stimulation from July to December [4], and their test1cu1ar growth-
in the laboratory is. usually less than 50 percent of normal development ’
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[4-6]. Thus, for routine laboratory studies, it is necessary to ‘use ‘an avian
species whose breeding. can be manipulated easily throughout the year.

. This paper descrlbes initial studies with coturnix quail conducted to deter-

mine how this species: could: be used in ‘the -roufine: laboratory phases of
developing avian male’ chemosterllants Since chemosterilants for redwmgs
most hkely ‘would be adrmmstered to flocks of nonbreedlng males dunng

fall or winter [7], the response of male coturnix with undeveloped or: T

gressed testes was of particular interest.

Methods and Materials -

O'.urc—oturnix were bred randomly from original stock (Random Line

.926)-obtained from the University of California at"Davis. Six quail ‘breeding

racks each containing four tiers of six cages were used for all productron
and fertility studies. Standard procedures [8] were followed in the husban-
dry, of the coturnix colony, except that each cage was equipped with a
light source providing an average illumination:of 107 Ix, and -chicks were
raised in modified three-tier, six-section poultry brooders for 'six weeks
with; either continuous, hghtmg or a photoperlod of 6 hours of hght 18
hours.of darkness (6L: 18D)..

S1x compounds were selected for study because of known or suspected :

activity on testicular maintenance or ‘growth: azacosterol [17—6 {(3 dlmethyl

- aminopropyl) methylamino} androst-5-en-38-ol di-hydrochloride (AZA)],

busulfan (1,4-butanediol dlmethanesulfonate (BUS)), 3-chloro-1 ,2-pro-
panediol [a- chlorohydrin (CPD)] 1sopropyl methane sulfonate - (IMS),

mestranol . [3-methoxy 19-nor-17-o-pregna-1,3,5(10) trien-20-yn-17-ol

(MES)], and triethylene melamine [2,4,6-tris (1-az1rd1ny1)~s—tr1azme (TEM)].
The acute oral toxicity of these compounds was determined on “male and
female coturnix by the methods described by Schafer et al [9].

ment of propylene glycol only were adrmmstered to test groups of four to

ten males For each compound, at least one group. 1n each of the followmg

four states of testrcular development was treated

Breedlng Adull Males

Thirteen groups of 51x or severl breedmg males were dosed and nnmed-'

iately caged individually with fertile females

' Twelve—thy—OId Chicks

Regressed Adult Males
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Testes weights in breedi 1g adult male coturnix can be regressed from

3500 to about 10 mg in 28
photoperiod. The regressed
immature blrds that have 1

to 41 days by exposing the birds to a 61.:18D
‘testes are morphologlcally similar 'to those of
ot bred [10 11]. Seven groups of fourto seven

breeding males’ were' proved fertile under a 16L:8D ‘photoperiod, held

under 6L: 18D for 45 days
males

Testes in coturnix chicks-

dosed; and immediately paired with fertile fe-

raised under a continuous 16L 8D photopenod '

begm to develop almost nnrnedlately after hatchmg Through Day 12,

however only restlng sperrr
dre. morphologlcally s1m11c
condltlon Motile sperm ar

atogoma are present [12], and, thus, the testes
r to those of adult males in nonbreedmg,
e first produced at an age of 36 to 40 days.

) ,_evaluate chemostenlant actmty, males were gavaged w1th the com—,
pounds in propylene glycol at levels rangmg from 5 to 75 percent of the’_
male LDs,. One to three levels of each compound and a control treat-

CthkS subjected to a 16L 8D photoperlod were séxed at twelve days of

,age [13], and seven groups of ten males were dosed. At five weeks of age,

five o seven randomly selec ted surviving males in each group were parred
w1th fertlle females

Six-Week-Old Chicks - |

_ Testes m coturnlx ralsed, under a contlnuous 6L 18D, photopenod re-
main undeveloped for at. least ten weeks [14 13]. When these birds are
exposed to a 16L: 8D photo errod the testes respond quickly and wrthm“
24 to 28 days the blrds are in breedlng condltxon [16,17]. Seven groups -
of seven males ' ralsed under a,6L:18D photoperlod were dosed at six
weeks. of age and 1mmed1ately palred w1th fertile females.

All test pairs were mamtamed under a 16L 8D photoperlod Eggs were
collected from each cage three times each week and incubated for four

daysin a Jamesway 1ncubator After 1ncubat10n all eggs were opened and

recorded as; fertlle or 1nfert1le 1f no embryomc development was evident.
The effects of treatment weqe measured by the egg fertility rate (percentage
of eggs laid that were fertlle) during seven or nine consecutive five-day
perlods At the end of the. test, the males were -killed - with carbon
d10x1de (COz), and both testes were removed and werghed as a unit.

Fert1hty rates for treatme_lts and time penods were:tested by a two-way
analy51s of variance w1th repeated measures, [/8], -:and testes weights and .
tlme to flrst fertlle egg. for treatments by one-way analysrs of variance.
Duncan s multlple—range test- (P < 0 05) was used to separate means for
tabular presentatlon .
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Results . R

¢

Acuz‘e Oral LDso A _
4 The data on acute oral LDso s of the srx chemlcals and the propylene

_glycol carr1er to adult coturnix (Table 1) mdrcate that TEM was the most
.toxic chemlcal to males (LDso "= 100 mg/kg), and IMS and, MES the least

toxic (LDso > 1000 mg/kg). The order and level of tox1c1ty to females was
similar to that observed in males. Mortahty occurred throughout the
seven—day observatron period but usually within three days after treatment.

Reproa’uctlve EffectS

Breedzng Adult Males—For all treatments of AZA, CPD, and MES

' fertlhty rates were not srgmflcantly dlfferent from those of the controls

durrng any of the nine test perlods (Table 2) The three remarnmg com—
pounds all alkylatrng agents 1nduced complete sterrhty at 'the hlghest
tréatment levels with’ little or no mortahty except “for B;US at lOO mg/kg
BUS at 10 mg/kg had no effect oI terlhty but at 31.6 mg/kg mduced
temporary sterlhty for two’ penods and s1gn1flcantly reduced fertthty
during four other perlods TEM at 10 mg/kg significant ,vduced fertlhty
during three periods, and IMS at 100 mg/kg 51gmf1cantly reduced it
durlng one period. :

Regressed Adult Males—Since ‘males with regressed testes were not
_switched to the 16L:8D photoperiod until they were dosed and palred
with females, thé fertrhty rate was zero percent for all treatments’ during
the first two five= -day perlods During the remamlng flve ‘periods, “IMS

hadno'significant effect on any parameter measured (Table 3). AZA and

MES delayed fertility (probably by delaying testicular maturation or de-
creasing libido), but, by:the end of 30 days, reproducttve function in
treated birds was similar to that in the controls ‘CPD:treated males had
51gn1flcantly smaller testes than the controls, but their ‘réproductive func-
tion was not‘impaired: BUS and TEM caused significantly lrghter testes

and ‘almost "complete Sterility throughout the-test'’ per1od “but- fertility -

returned to- one: BUS-treated male durmg the fmal perlod 31 to 35 days
after treatment. . : :

* Twelve- Day—OIa' Chicks—Like regressed adults; the males showed zero
percent fertility -for at least the first two perlods aftér they were paired
with five-week-old  females: During the femaining seveii’ perlods AZA,
BUS, and TEM had 1ié significant effect on reproductlve function’ (Table

~4). Initial fertility in MES—treated males was delayed slightly, but, ‘by the

“end of the 45-day test: period, testes were- s1gn1f1cant1y*heav1er than in'the
- controls. CPD-ireated birds-had significantly lighter testes ‘than’ the- ¢on-
. trols but no reduction in fertility. Testicular development in*IMS-treated

TABLE 1—The acute oral LDs, of six chemosterilants and propylene glycol (PG) to coturnix quail (7-day observation period).

Female

Male

Range of
Death Time
in h, combined
sexes

: 'Acute Oral LDso
and'95 percent confidence

No
Birds -

Limits, mg/kg .

Acute Oral LDs,
and 95 percent Confidence

No.
Birds

_ limits, mg/kg

32080 (NCJ ©

Chemiical.

14072
10168
14109 °

" 21048
4 to 48

562 (3160 1000)

,316 (178 10, 562)
"562 (316 t6 1000)

421 (242°t0 750)
31000 (NC)

N 0O 0O 00 00 \D 00

g &

" o
5 00e00
ZZZEZZE
OOV O -
2YB5888
A AN

1 00 00 00 00 \O 0o

PG
AZA
BUS
CPD
IMS
MES
TEM

133 (75.0 to 237)
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aNC = not calculable.
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i TABI:Ié;d—Reproducrive effects.when rhalefcoturriig'c‘ chick;s:were treated with a single oral

dose of a chemosterilant at 12 days of age and paired with ‘

fertile females at 5 weeks of age.

Mean No.

Percent

Mean ‘ of Days

Male

Mortality

S-Day

”

Percent Egg Fertility by Consecutive

to First
Fertile
Egg®

Weight
- of Both
Testes, g

During
Test

Periods**
6

3.

No
Pairs
Tested

Dose,‘
mg/kg. .

Chemical

100a
89a
94a
8%a
50b

100a

100a

97a
92a
100a
83a
50b
100a
100a

T3a
96a
100a
78a
50b
100a
94a

100a
73a
100a .
67a
57.ab
60ab
100a

84a
7la
93a
T2a
44a
11b
96a

37ab

36ab
0b .
6b

452
80a
65a

10a
Oa
4a
S7a
0a
Oa
11a

B0~ O B e

ﬁicentl§n~.drf}erent‘ P< 005) with\iu:each wvertical.column.

b Fertility in all treatments was 0 percerit during the firsr two periods.

a Numbers followed by -different letters.are:signi
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males- lagged behind that in the controls, and fertility was significantly
lower during the last three periods.

- Six-Week-Old Males with Undeveloped Testes<In these males, the fer-

" tility rate was zero pergent for the first four five-day:periods. AZA and

CPD had no effect on reproductive function (Table 5) during the following
five periods. Fertility was significantly depressed: during one period in
MES-treated males, two periods in BUS-treated males, and all five per-
iods in IMS- and TEM -treated males Testes werghts were reduced signif-

~ icantly by BUS, IMS, and TEM.:

Dlscussmn

The results allow some tentative conclusions. about laboratory proce-
dures for the evaluatlon of male avian chemosterilants. The four dif-
ferent reproductlve_stages gave four different test resuits. Chicks treated
at twelve days and paired at five weeks were refractory, showing delayed
and reduced fertility only with IMS. Six-week-old males with undeveloped -
testes were somewhat more sensitive and showed slrghtly delayed fertility
with BUS:and MES arrd reduced fertility thro_ughout the nine-period test
with IMS and TEM. We concluded, however, that both these groups were
too insensitive to chemosterilants for use in preliminary laboratory eval-
uations. Adults with regressed testes were somewhat more sensitive, since
all treatments tested. had significantly lower fertility rates than the controls
during at least one period but only TEM produced complete sterility be-
yond the fourth perlod Adult breeding. males; were:the most sensitive to .
the reproductive effects of’ the -three alkylatmg agents—BUS, IMS, and
TEM. Since our purpose was to find laboratory test procedures that could
indicate the effectiveness of compounds. on male birds during the fall or
winter months when testes are regressed, we preferred to conduct initial
tests directly on regressed males. However, economy: of time, money, and
manpower indicated that it was more practlcal to concentrate on the adult -
breeding males, since t'hey take an average.of ten weeks from hatch to
testable condltlon versus more than 16 weeks for regressed adults. We,
therefore, concluded th‘at initial evaluations should be made on breeding
adults followed by tests on regressed adults if sterility was noted.

Of the six chemicals| we tested for avian chemosterrlant activity, three
(TEM, BUS, and IMS) -all alkylatmg agents, produced complete male
sterility for varymg periods of time. Of the three, . TEM showed the
greatest activity on:both adult breeding males and adult regressed males.
TEM has been 1nvestrgated as an avian male chemosterllant in some
hmlted studies conducted in the United.States and Europe Davis. [19] in-
dicated that TEM ‘del yed sexual maturatron in male starlings (Sturnus
vulgaris) dosed with 02 . mg/day. for flve days during December (when
testes were regressed). Although Elder [20] and Becker [21] indicated that
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= Numbers followedv?by ‘different letters are;sigri'i

B Wetherbee and B. C

- peated oral’ doses of 1

TEM and_ smgle 1ntr‘

Studies with | cot1

: u ‘ ,lable during th_ lgreedrng season but) ne’th
-'dlfferentlated between the effects on the sexes.
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e in reducing reproduction when fed to plgeons for

» days Lorant and Furnsin [22] obtained a ‘patent

plgeon chemostenlant Two fleld studxes w1th red-'

: rackles (Quwcalus quzscula) [23 24] 1ndlcated a sig-

reproductron in marshes when TEM-treated foodr',

1rn1x qua11 conducted in Massachusetts by D K
Wentworth (unpubhshed data) 1ndlcated tha .re-

productrve performance in breedmg pairs could be reduced greatly bif ré-

FEM. Further ‘studies indicated that’ smgle subacutev

treatments of males reduced subsequent reproductlve performance but,

: v, lev S. of TEM in the.food-of. immatu
’"coturmx d1d not J O

S* et ‘al [25] found that smgle oral doses of 5 mg/ gf

ey,A R., Ir., Auk Vol 91 1974 pp 808 816
sonB lletm, Vol 74, No. 1 p. 99
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