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Reproductive Hormone Patterns in Famale Pygmy Goats

Grace Richardson Engwe Kakusya

Rlood samples collected from four famale pygmy goats

()Q

were assaysd by radioimmunoassay (RTA) techniques to deter-
mine reproductive hormone profiles during various reproduc-
tive states (onset of puberty, anestrus, transtion from
anestrus to breeding zctivity, behavioural sstrus during

arturition).

Ci‘

Ovarian cyclicity resumed {or startzad, in case ol the
prepubertal does) in nﬂdw“oveﬂbﬁ“ and continued up to late

May. The two przpubertal does reached puberty at an age of

~

2.8 and 251 days, respectively. Progssterons orofiles sug-

gest that all four animals resumed (or started) their

breeding activityv by sxhibiting an ovulation that was nct

[u]



Tuteinizing hormone peaks were lass frequent but higher in

one levels occurred by day-3 ©O day-2 {(with re
the subsequent cycle) and was

increasas 1n estrogen

3

and LH secretion, all of wnich peaked at or around day 0

(first day of sstrus ) of the succesedin

}.,.J

During behavioural estrus, the onset of the preovul-

atory LH surge occurred on an average of 6.5 + 0.7h after

tre onset of 2strus and was followed by a Fom surge an aver-
age of 1.1 + O.Lh later. LE secretion appeared to be eplso-

dic in nature as indicated by minor fluctuations, prior to
the bsginning of the preovulatory surge. The duration cof
the LH presovulatory surge was sstimated to be 15.2 + O.%h,
while the FSH preovulatory surge was found to te an average
these difference wers not signiflicant (P-0.05). During

anestrus and the inter-estrous perlocs of the breeding sea-

son, the LH peaks were not accompanizd by concurrent

occur on an average of 30h after the cnset of estrus, and
the most optimum time for insemination or mating would

~ 5 - Y ~ LY 1 . e i~ -
appear to oe about 3Ch after the onset of 2sirus.



Tn this study, the mean gestation length of the pygmy
goat was estimated to be 14€.5 + 1.4 days. During preg-

nan

O

v, it was evident from the progestercne concentration
profiles that there were two phases of incr=ased progester-
one secretion. The first phase was associated with the
period from the 2nd to the Lth week of pregnancy; the second
increase began in the 9th week of pregnancy. Thasz 1lncreases
were probably attributable to the activity cf the corpus
luteum as it became fully functional early in gestation,
while the later increase in progesterone possibly could be

related to a "rejuvenation'™ of the corpus luteum by luteo-

)

tropic placental lactogen since it Is reported to appear in
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pregnancy up to parturition. The stage of pragnancy

affected progesterone and estrogen production significantly
(P<0.01, and P<0.05, respectively) Although the type of
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pregnancy (single vs multiple) significantly (P«

O

PR ad
10 I

831
'_,J
1_,.‘
T
joN
f
O
e
b
<
®

gestarone concentration



7y r T Al 5 r\bf\‘l‘\f T“\\T‘Q
L4 DLCJ Of AN L AN LD
OV NGUTLEDONENTS
AL NUVTLLDGIILN LD
T4 £ Tables
LAsT Of ADLES e o coscoesavnocsocss s s

INTRODUCTION
LML LUDLLWUN a6 e e cooacoasososnosssssoanea

;ntTOuUCblOH ¢ 6 T 6 © ¢ 8 & © 6 0 © B & O © & O
Seasonal Effects on Breeding
the GoaAl ceveeecacooocs

®
L)
©
°

te o
<
=
cr
\:

i
@}
ct e

Temporal Hormonal Relationship During
Transition from AHUSETHS to RBreeding

Hormonal Changes “uang thz Zstrous C
Hormonal Change\ During Pregnancy and
Parturifion .ccc.ceocoscovsscasoossoos

GENERAL MATSRIALS AND MATHODS ..voes.

ASSAYS coessssssesosossssosssonsosssn
ProgastarONeg ceseseovsaosssssssoccsnnscs
Estrogan cevecescsoonosssssnsooscononos
Tuteinizing HOormone ....icecococcscsos
Follicle-Stimulating Hormone ........
Statistical AnalvsisS ccoceoccsassocoss
EAPERIMENT 1 - Effect of Season on Ci

and FSH Levels in Fenma

A > A o 1B Y

Materials and Maethods c.vececcoococos
M = - -
Results and

- .
CONCIUSION © i oo evoosocnssoosesasoss

TV TR D TH . l Ty oy ey o

TY{PERTMENT 2 + Hormone Level CTnangss
- e . \ o
e e g e v ik Sl G R
Iyransilitilon Lrom ~na2sir
Dyraa ] ne ot S =
mreeclng aClLlVIcY oe..

v . - IONS o an )

2 S g 3 ey e

Materldals and Matinods s e cecsecs e s

e
!J‘
f—ta

i

o
ct
)__J
o O O~ R (S,

1
N

°

=
h O

DD
\NO)

ro
O

\US]

AU

3
[$¥)

(S
APt

(O)

ad



TABRLE
Rasults and Discussion
Fal R I -
Onset of Bresding sctlv
Hormone Level Changzs .
ConclusSion coeocooosascs
RYPERTIENT 3 - Gonadotr
Concentr
-
S strous
2 3 - - Yoo~ AT
Materials and Metnods .
Results and Discussion
Cycle Lengtll ccoeevesss
Hormonal Profils During
Cvcles s.iucewsconscaonns
ConcluSion cesvesscosos

YT TR T
ZJ{P;‘J._.L;'_;LHT

Prefile
During o

L

Materials and Methods .
Nesulhs and Discussion
Tonclusion (.eieccescens

YR TR TN

Ovarian

O

[}

A Ll il L

Pracnancy
fe] -

BE o 4 s ~ LE o
Yatarials and Msthods ..

1. -~ A ~
Resulbs and Discussion .

~ PR
25040100 5 s e v e e 0
Hormonsa e re s
N .

Conclusion . eeeesonsscss

*‘Ij

O

PP
oA
o e o
PR

IO
PP
ons
PPN
LI
mn
a0
ras
o s e
&> 5 2
s o o

& ¢ ©
o v =
PR
P
s & @

TrrmTR R O
T TS
IR

FE I Al
s s o e s oo
Ay P
.'....~~'/‘J—‘. .
s e e oo
s o e s @
and QOva
Y ov
s Durin
SOO“OG
e o e s s e
¢ @ W & 6 o %
s e e e o e
— -~
acutivs
® @ & © & 2 9
& 2 @ ©® » ¥ ¢

A+
nacoTro
s e e o s e
s e oo e s
s s s s s a0
e @ ¢ & & © B
y Ty £
A;\,;'»OI
T o v P
Partur
s 05 00 oa
s e w oo s
e s e s o
e e b o s e
e b e e mo s

pde pde

[

-]

e b

(@]

0]

o

o

Ui

°

o o
e ©
e o
iy
4t
Ccu
5 =
s«

@ s
s e
D

o
‘e
bk

L
e e
o o

EIY

e v
Ea i

-
s s
s o

¢ 3
P
® o

a6 8 @ &
s e s v s
v ¢ o 6 @
¢ B & B 2
cnz
LT
-
e
Live
4 e s 6 9
v @ o ¢ b
¢ & ¥ @ 9
% v 2 & @
¢« & ¢ 8 0
S a3 G 0

s 3z 8w
« 80 o 0
s @ a2 9 @
v s o 6 @
ng

)

¢ o o s 9
o e % ¢ @
e 9 8 B e
s e » 0
e s ot o8
e & o 8 2

Des ey
rage

(@)N

Lt
-3 O~

-
et

e

+ 4

I
D W W

un

=

N
™)

(]

ON \n W
W \n Ra

(@)

-~



~

lnle

R R

T RT
1 <

rT
{

~
CC!

CF

~—
@ i
Hy O 0 W = - e W ~r 1
o 0O 0 () O ——~ % o .y N
jam — & Q o —i 4 — —t
. pE [ T )
s ° s o by ° (@] fu s > e s
s o s o ° IR LA IS ° « e °
° o o ™ g ° A E 3L [OORS ° M °
@ e 0 [EAN - W..* vl S 3 @ o> s ! - ° ©
o s Ry WU ° G o 4 O IR IIE)) ° ®
s s ¢ el o {1 <t 0 O e QO e " o .
o o @ 12 2 o] D Gy = e ) o - e — O
° ° ° W 8 O - 50 [ SRS I [ QYA Q) e
s a ? O W ° o < o e o % o > 0
° s s (SRR « A G)) ) U e el @ e e @ -
< . . DT e Foln 2N . DO e DR
2 ¢ s oo e 1) O L (S ENOR U G e =
B ° » el b @ o S 10 gL e [l S 2 (SRS}
v a N L] 3 f G O ot ° e} e [
° s o W oooh) e =0 fa hi) o ol QT 0 [} e
N . » R A S [N i a o 12 D UN e O (a
* B ° e O o e T oI QU S+
B o s S B o ! T e (D b e [ RN SR BNl
B o s O e o A joo BINY 0 e THL e i
. . 3 o @ O S oed Py LY e oOE ° 51
e o ° SRR} Gg 1 1D 2 [ - [ I R
o ° ® e I O @@ e as W OO W e MO TN
o ° ° ) @ @ o s Sl oo (S QIR @] T O
o » o = [ORD] a Sl o0t O ty 0 a5
o ° e ol e TS B s o © W 4D = o
B ® ° @ 2 b o [1] [®] [T I @ S b @ oo
“ o o ! o Lo =g O o O 4 <Ry VL ST
® e e (IR RRH RIS e (O S I )T Gy o Y o
o o . s RS ) 2 9 Rea ot Fr
s s 2 e @ £t o (o sl FR R O 2
g ° o LT L + K0 b v O O T O~ b 2 T e
° ° o Dok SR @ O S+ SIS SR v &eh o0 R
praid ° ° SRYagen e o et @ (oS SRR W~ 3 e Mmoo @ e
O ¢ s 3 H o T ke (el — O %y D)t S
i ¢ o [Pl I eI o QO3 b [ RGRE! oo = O $ inom
14p] ® v @ ¢ -3 O = oy m 10D~ (2 03 -1 0
v ° ° Uy g = 1 0, A
jou} s o i i {
(& ¢ 2 ! o i
w2 g 1 bt o i
o o 9] b — i i > ot
[ ° [qd
(o) 2 P < e} bt <
BwL b = =t — bt
o {r [ [an] o o) [ 3
=% [age et v e i o e
M,l., {1 [=1 &1 3] =3 2 fx]
= &9 04 o o o] (oW
) (oo Ly 2y Ay L, ko
95! - <, <1 -% <1, <7




ACKNOWLEDGKENTS

T wish to express my gratitude to Prof. W.lM. Palmer

for his zuidance and encouragement throughout the course
] (o) jves)
of this study and to Dr. L.lM. Sanford for valuable

information and criticism.

Sincere appreciation is extended to lr. Voodhouse
for animal care; Mr. Beaton for technical assistance and
Mrs. Judy Kuffner for typing the manuscript.

T wish to thank my wife Jennefer, and James, Kakusya

b

JIT. Lgaba

0a

3

support, patience, love and understanding.
Financial support was gratefully received from the

Canadian International Development Agancy.



Table

P.J

n

fn
13,

Pag
Profile characteristics of LH secretion in
Goat ﬁ5353 and 5351 bled at 20-nin. inter-
va for 24Lh during the breeding and
NoN-breeding SeASONS e ce.ceoceacoacanssscsnoosss L

Mean interval from the onset of =sstrus
AaCﬁltude, secration rats and duratio
of preovulatory LH and FOIl surge.....cccvoesas 62

AN moe - = e
ANOVA Effect of type of pregnancy and
~ - e s - ~ i
stage of pregnancy on progsstzsrone sscrellon.. /L
fORTATY A e £ .y - Ry Y T ~ 3
AIIQVA,.  Tffact of type 0L pregnancy ana
~ i ~ ~ = 3 o~ Ny [ - 7 A
stage of pregnancy on =stradiol ccncsniration. /o



A at

(@)

O

10

LIST CF

TP QLY

"SH DrollLuO

rofiles

T IS
g

Composite hormone (mean + S.E.

for the L animals during transition from
anestrus to breeding activity.

nates first presumed ovulat

first estrus and presumed ovulation)....
Hormone profiles for Goat #

consecutivas cycles........

rofiles

ERRNS S

Hormone profiles Ior
consecutive cy

The profiles of the
tory surges in Goat

The profiles of the
tory surges in Goat
The profiles of the
tory surges in Goat
The profiles of the
tory surges in Goat

The profiles of the LH and F3E preovula-
G - 3y . < - 24 3 M

tory surges in Goat #6258 during sstrus.
Progastarone profilass during two pregr
for each Of LWO ZO&LS .sscoccccossos

an
?5353 Dled at 20-min.
e breeding and non-~breeding ssasons....

t 20-nin.
and non-tre

(WY‘
cu tlve CYCleS.eeeconess

FIGURES

from Goat
intervals during

obtained

Goat
intervals during

cbtained from

) profile

ion and E

Aoy A 2
Goat #5353 during 2

= @ & e ¥ ° 6 v o

[P RI A [y B 2
Goat #6257 during 3

Ooat #6258 during 3

ClEeS.eeeeeencoaoconsannnsse

LE and FSH presovula-~

#5353 during sstrus.

1T

6257 4

FC

eding seasons....
S

(0 desig-
+ 0

LE and FSH preovula~
-
#5351 during estrus.

H and FSH preovula-
A3Lrus. .

i

anciss

o 2 2 » 2 2 B »

iii

Page

. 30

»
a2
Ios

o

4

o
~3

o
\J1
[09%

\J1
O

O
O

[9)
;_)

_V
(oD



v

—
wn

v

Page
Estrogen profiles during two pragnancies
For each Of LWO ZOZLS weecsconcoocsconnonenss (L
Composite estrogsn and progsstarone rrofiles
during two pregnanciss for sach of two goats, 72
Composite progesterone and estrogsn profllss
during the last 6 days of Pregnancy ...cseo.. <73



INTRODUCTICN

The goat is a major constituent of the total world

1

livestock population, making up to 15 percent of tha world
sopulation of domesticated animals (FAO, 1977). It is es-
timated that, together with sheep, they contribute nearly

50 percent of the world production from indigenous animals.
More than a third of'the world human population relies on

the goat rather than on cattle for milk and meat (Jef
1975). In additicn to providing milk and meat, goats also
; that otherwise

provide fiber and skins and utilize forag

w
Lm
o
¢

3

would be wasted and/or are perhaps noxious.

5

The world goat p ely located in

]
]
-
fort
s
ct
(=N
O
)
[
193]
l _—
;’L

equatorial and tropical regions with more than two-thirds
of the total lying within 30° of the equator. Biologically,
their small size, large surface area relative to body welght
and limited subcutaneous fat covering adapt them poorly to
cold climates, and make them relatively more adaptable to

regions of high ambient temperatures (Shelton, 1977}. Thel

=
(w3

small size in relation to the cow also makes them attractive
to smallholder agricultural systems. Bconemically, this 1is
the situation in many developing nations. 1Ihus the value
of the goat and its contritution ©o human welfare 1s greater

than is indicated by statistical figures because their pro-

[N

ducts fill a greater nsed. In addition, new intersst in



dairy goats is rapidly gaining ground in the more developed
and affluent sociebies because of the special health and
nutritive value attached to goat milk and goat milk products.
Tt is estimated that in the USA alone, 350 million kg of goat
milk is produced annually (Haenlein, 1977). In other socie-
ties where religious beliefs (Jews, Muslims, and Hindus) do
not allow for the consumption of pork, fat meat or beef, goat
meat becomes a ready and equally nutritious substitute.

Although the goat was for a lon

Q
ct

ime the least recognized

g

of farm animals, there is now a growlng tendency to acknowledge

its desirable, good characteristics. It p

b

(@)
o0
w
D
163]
W
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n

N

ability and has such relatively low nutritive regquirements that
it adiusts easily to a wide range of environmental conditions.
Goats differ in diet selection and gastrointestinal

physiology from other domestic ruminants (cattle and sheep);
being more similar to deer in some respects. Therefore under
environmental conditions unsatisfactory for other animals, the
goat's requirements caﬁ easily be satisfied (Huston, 1978).
Experimental evidence is now available showing that goats have

greater digestive capacity (Cordova and VWallace, 1975) and

that they are better able to produce milk more efficiently
than cattle in relation to resource-availability and animal
adaptability. It is this adaptability to harsh environments

Fal

and their greater agility in search of food, together with



3

their propensity for eating almost anything and everything
that makes them thrive in mountainous and arid regions
which the larger and more sedentary domestic animals cannot
tolerate.

In addition, in the more recent past, the goat has
emerged as a major animal model in the study of ruminant
physiclogy and its use in investigations relating to cardio-
vascular physiclogy in biomedical research is increasing
(Hoversland, 1965; Shelton, 1977).

Reproduction is a major contributing factor to efficiency

(]

of goat production -- for whatever purpose. The understanding
of various reproductive physiologic states vis-a-vis circul-
ating hormone levels for many goat breeds; and under many en-
vironmental conditions to which they may be subjected during
rearing is incomplete or totally lacking. Such information

is not only useful in planning future breeding experiments

and programmes per se but 1s also welcome as an addition to
the general pool of knowledze relative to the many facets of

endocrinology and their interaction in eliciting speci

3]

(=2

ic
animal behaviour. Investigations were therefore carried out
to find out the reproductive hormone patterns in anestrus,

cyecling, and ©

1S
IS

i

egnant female pygmy goats. Although these
studies were conducted in the temperate latitudes of south-

ern Canada, 1t was hoped that the observations would also



be applicable to the more tropical regions previously

referred to, where goats are & more numercus and important

domestic species.



LITERATURE REVIEY

Introduction

Although it is generally recognized that the goat is
a seasonal breeder in the temperate regions, very little is
known abouts its endocrinology of reproduction throughout
the vear. Much of the information commonly used to explain
its reproductive behaviour is "borrowed" from research that

1

has been done on its closest relatil -« the sheep. This,

<
s

nowever, has the disadvantage that ths information may not

be necessarily so truly applicable as is usually assumed.

=«

¥

or example, the two species differ in the way they synthe-

s

Fal 1

size progesterone to maintain pregnancy. wWnersas snheep

[$5]

o

placenta is able to replace the corpus luteum as a major
progestarone synthesizing tissue, the goat relies on the
corpus luteum as the sole source of progesterone as long as
the pregnancy is maintained. The removal of the corpus
luteur without adequate hormone replacement therapy will
result in abortion at any stage of pregnancy; whereas in

the sheep & similar treatment will not result in abortion

if it is done after day 50 of gestation. Therefore, caution
must be exercised when trying to explain certain reproductive

phenomena in the goat by extrapolation from sheep data.



Like the sheep, goats are seasonally polysstrous in
the temperate rsgions. Thelr sexual activity is suggested

to be controlled by thres

[
D
3
<
)_J
v

onmental factors: photoperiod,

temperature and relative humidity. Of the threse factors, the

changing pattern of daylength 1s the principal environmental
cue which is thought to control the timing of the onset of

reproductive activity and ovarian cyclicity in sheep and
coats (Bissonnette, 1941; Hafez, 1952; Shelton 1660

et al., 1966; Thimoni

-
[¢5]
3

and Mauleon, 1969; Palmer et al

O

1972; Dyrmundson, 1%73; Crtavant, 1977; Schanbacher and

Tunstra. 1677: Lincoln et al., 1977; Tincoln, 1978: 3anford
3 3y bJ i ¥ 3
et al., 1978; IMuduuli, 1978; Turek and Campbell, 1979).

Temporal Hormonal Relationships During Transition from

Anestrus to Breeding Activity

Whereas a fair amount of information has been zccumulated

in relation to the interplay of various hormones in the ewe,

such information is still unavailabls with resgard to the doe.
Tt has been sugzested that a change from long o short days
results in increases in levals of circulating gonadotrepins.
This observation is suggested to b2 the rssult ol the reduced
sensitivicy of the nypothalamus-pltultary systaa toward the
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(Tuthasastrakosol, 1975), circulating levels of this hormone
remained consistently low for most of the anestrus period.
As shown by the profile of circulating progesterone, the
first ovulation was not accompanied by estrus.

In the ewe, all the components of the hypothalamo-
hypophyseal-ovarian axis are capable of functioning during
the entire period of anestrus (Roche et al., 1970; Karsh et
al., 1978). Experiments by Goding et al. (1969 ); Beck and
Reeves (1973); and Reeves et al. (1974b) demonstrated that

the administration of estradiol-1l78 or GnRH stimulatad the

release of LH during anestrus. It was also reported
(Yuthasastrakosol et al., 1975; Karsch and Foster, 1975;

Scaramuzzi and Baird, 1977; Karsch et al., 1978) that both
positive and negative feedback effects of the gonadal ster-
oids are readily demonstratable on the hypothalamo-hypophy-
seal axis during anastrus.

Recent investigations by Legan et al. (1977); Hauger
et al., (1977); Karsch et al. (1977); Rawlings et al. (1977);
and Karsch et al. (1978), have led to certain speculations
on the possible mechanisms involved in the onset of the
anestrus condition and the consequent resumption of ovarian

cyclicity in the breeding season in the ewe. It 1s possible

g

that similar mechanisms are operative at the onset of seas-

onal anestrus and resumption of breeding activity in the goat.

&y



Tn one such all-year-round experiment using ovariecto-
mised ewes implanted with silastic capsules that maintained
physiologic levels (3-7pg/ml) of circulating estradiol,
Karsch et al. (1978) observed a striking biannual change in
circulating LH. The pattern of biannual changes in serum
1LH concentration was coincident with the transition between
breeding and anestrus periods in intact ewes;.elevated LH
levels being associated with the breeding season while un-
detectable LH levels occurred during the anestrus period.
Tt was hypothesized by Karsch et al. (197%) that in the ewe
there occurs a profound seasonal change in the sensitivity

of the system which governs tonic LH secretion in response

&)
oA

to the "feedback'™ action of estradicl. Estradiol was found

to be a potent negative-feedback hormone during anestru

wn

but was ineffective in this regard during the bresding sea-

d
son. The mechanism as proposed by Karsch et al. (1978) and
Legan and Karsch (1979) is as follows: During the follicular

phase of the estrous cycle during the breeding season the re-

gression of the corpus lutsum (CL} is followed by

o]

withdrawal; this effects a major opening in the nesgative-
feedback loop which controls LH secretion. This is followed
by a progressive increase in circulating LH which in turn

causes an increase in estradiol production by the folliclas.

The estradiol secretion is sustained until 1t reaches a

ogesterons



1

threshold for triggering the pre-ovulatory LH surge. As
observed in a normal cycle, concurrent sustained increase

in both LH and estradiol can occur because physiologic
levels of estradiol alone cannot inhibit LH secretion dur-
ing the breeding season. During the transition period into
anestrus, the system governing tonic LH release gains res-
ponse to the negative-feedback action of estradiol. As the
CL of the last cycle regresses, both LH and estradiol begin
to rise in the same manner as described sarlier. Howevar,
the response to the negative-feedback action of estradiol is
now higher and so terminates the progressive increass in
tonic LH release; an increase that is necessary for sustained
estradiol production. As a result estradiol levels begin to

fall before reaching the threshold required for

cr

ne initia-
tion of the pre-ovulatory LH surge. Hence, without the pre-
ovulatory surge, ovulation does not occur and ovarian
acyclicity sets in. At the onset of the next breeding season,
the system which governs LH secretion again becomes unrespon-
sive to the negative-feedback effect of estradiol. Concurrent
increases occur in circulating estradiol and the LH and estr-

ous cycles and ovarian cyclicity are reinitiated.

3

Presumably, environmental photoper

}.).
joN

0 ts

(=2

licity lends
control of reproductive activity by somehow changing the

responsivenass of the hypothalamc-~hypophyssal axis to the
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negative-feedback effect of estradiol. In essence, the
sustainad preovulatory increase in LH release 1s the
suggested plvotal step and its interruption or completion
dictates the seasonal reproductive state. In this way,
estradiol becomes the major organizer of the seasonal re-
productive cycle. The sequence of events leading to ovul=-
ation and to another cycle is pernitted when the negative
response on the hypothalamus is low; it is, however, inter-

rupted and actively inhibited when the negative response to

estradiol is high.

Hormonal Changes During the Estrous Cvcle
o)

Little is known about the interplay of the hormones
originating from the hypothalamus, pituitary, ovary and the
adrenals in the goat during the estrous cycle. Using protein-
binding assay techniques, Thorburn and Schneider (1972) found
that progesterone concentrations in the peripheral plasma of
goats were very low (0.2 ng/ml) on the day of estrus (Day 0O)
and were significantly different from those found in anestrus
or ovariectomized animals. The concentration increased to
reach maximum levels on about Day 10 of the cycle and de-~
creased rapidly during the last 3 days of the cycle. This

ion 1s similar to that which

e

ec

"

e

M
w

pattern of

g

rogesteron

N

has been observed in ewes (Thorburn et al., 1965; Thorburn

/
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of the breeding season or at the end of the breeding season)
may be held accountabls for some of the observed inconsist-
encies in patterns reportad.

Tt has previously been mentloned that the observed

estradiol-178 increases result from both reducsd progaster-
one and increased LH secretions during ths early and late
Juteal phases, respectively, and 1t 1is importantly involved

in the initiation of the sequence of events that lead to

ovulation.

Hormonal Changes During Pregnancy and Parturition
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1973). In the goat, pregnancy maintenance 1s dependent upon
the secration of progesterons from almost solely the CL

(Linzell and Heap, 1968; Thorburn et al., 1977; Buttle, 1978)
There may be a minor placental contribution to total progas-

terone production in late pregnancy but this is inadequate

o

o protact the pregnancy in the absence of luteal function
(Curriz and Thorburn, 1977). Barlier work by Rawlings and
Ward (1973) had shown that abortion alter ovariectomy could
be preventsd by the administration of progssterons, thus =m-

phasizing the ovary as the main source of this hormone in the

goat during pregnancy.
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[43]

Progestarone concentrations in the peripheral pla

of pregnant goats have been documented by several workers

(Blom and Lyngset, 1971; Irving et al., 1972; Thorburn and
Schneider, 1972; Thorburn et al., 1972; Currie and Thorburn
1977; Flint et al., 197%; and Thorburn et al., 1977). ALl
results obtainad show that progsstearone has a characteristic
gradual rise during early pregnancy to the levels commonly
observed in the luteal phase of a normal estrus cycle. This
lavel is sustained until about day 40 of gsstation when a
slight decline is observed; a secondary increase, peaking

during the third to fourth month of gestation being then

(o

he

reported. T ecrease after the 4LO0th day of gestation has
paen associatad with reduced luteal cell size and reduced

luteal secretory activity. Ths CL is later "rejuvenated"

i

to full functional activity by placental lactogen which 1is

{Jx

. 1

synthesized by placental tissue beginning by about day 60

A similar phenomenon was observed in women where plasna

progestarone concentractions were significantly higher in

i

twin than in singleton pregnan the mean levels of

o
}J
(D
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to September, 1978) the female goats were penned together,

but separated by a distance of some 20 to 25 meters from

to feed the animals and do general cleaning, lights were
turned on and off at 080Ch and 170Ch, respectivel

wer

&)

therefore exposed to natural photoperiod changes ex-

O
O]
€

ct

when 2L-h blecod collections were bteing performed.

&
The goats were fed a daily ration of legume hay and
grain; water and salt being available ad libitum. Blood

vacutainer tubes. After eac

1 collection, the blocd was

immediately placed in an ice-bath and later transfarred to

;3
9]
@]
O
<
D

Tt was then centrifuged and serum was aspirated fro
tha clot and
Assays

he determination of various hormons concentrations

was performed by radioimmunoassay (RI4). Details of in-

K ] ~ T - . o T~ P U DU S, S
dividual hormone R procedurss have already bzen reportad
for progesterone and estrogan by Tuthasastrakosol 20 al.,



grone

Progest

@

Abr

tr
/
J

ibed b

o

usly desc

~
-

method pnrevic

I

a
i

T"‘

use o

1

sastrakoso

v

N

r
w

hemisuccinate

6

terone

d oy

N
fal
o

rib

desc

TVVv
Eh)
" _y<—

o
4D

C
)]
L

o)

el
n

e

()
3

e}

5]

only

is the

- %

—
B

A

orf

Lerons

Z2e85

Oc

e

j s
Py

determination of

routine

&
i

%

tarone concentra-

e8

n

-

o

et

Gy
&)

O

0

14}

O]

I

$a
»
13
9]
Q)

gt

—{

i)
@
=

[4p]
@

£y

10

an

~
e

-

9
£



This methodology omits column chromatography and thus

measures total estrogens. The anti-estradiol - 178 BSA

7 . . N v .

(#£029-1L4) used in this assay was obtained from Dr. B.
Caldwell (Yale University). The antiserum was prepared
by immunizing sheep with estradiol - 178, 17 - hemisuc-

(@)

cinate - BSA. The specificity of this antiserum had been

extensively characterized by Wu and Lundy (1871). TIts
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utine estrogen measursement on a pcol sample obtainzd
from does in various reproductive states was utilized to
determine inter-assay and intra-assay cosfficisnts of
variations. In 1L separate duplicate dsterminations, the
average =sstrogan concentration in the pool sampls was
7.4 + 0.9 pg/nl with inter-assav and intra-assay coeffi-
cients of variations of 16.0% and 11.1% rsspectively.
e standards used in the assays of both progesterone
and estrogen were obtainad from Mann Research Laboratories

Orangeburg, New York and were used witho
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has been shown to exhibit parallel curves for ovine F3H

made in this study without further parallelism tests. Puri-
fied bovine FSH was labellad with ~ 7~ Todine (Cambridge
Muclear Corporation) by a modification o

Greenwood 2t al., (1963). The intra-assay and inter-assay

£y 3 B Y S 3 e v N 5 - 3 3
coefficients of variation wers determined using procedurss
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.5% and 11.9%, respectively (n = 11).
The minimum detectable level of FSH at 95% of initial bind-
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ing (B/Bo) was 0.7 ng/ml. Values of FSH are expressad as

fen)

ng/ml of NIH~FSH-S512 (ovine).

Statistical Analvysis

Differences between onset of preovulatery LE and FSH
surges and their duration were tested for significance by

the t test ovrocedure as described by Steel and Torris (1960).
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the Olivetti 602 desk-top computer. The S
Keuls (SNK) test was used to datect any

Y iy - .
erences bebtween means. The intra

85}

na inter-assay coeal

cients of variation were calculatad as described by
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of Season and 3tage of Estrous Cycle
on Circulating LH and F3H Levels
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in Female Goats
Work by Roche et al., (1970) indicated that circulating
LH levels weres low in anestrual ewss, although pituitary

concentrations were never deplet
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ovariectomized ewes Howland et al. (197%a, 1978b) demon-
strated LH release following estradiol administration.
v 3 :

The TH releases were always accompanied by FSH peaks in

anestrual ewes but concurrent FSH peaks wera not consis-

Barlier, Yuthasastrakosol (1975) working with intact

ewes, had shown that during the ir
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breeding season, the nature of LH sscrstion (peak ma

ropin secrztions are suspected to occur in the femals goat
but havs not been investigated.

, the objective of this study was to datermine
intact

the naturs and pattern of gonadotropin

females goats during the breadin
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Two mature multiparous female goats were bled by
venipuncture at 20-min intsrvals for 24h on the 22nd of

June, September and Decamber, 1

1677. Sampling started at 0900h on the 22nd of June and
September and at 1800h on the 22nd of December, 1976 and
the 23rd of March, 1977. Serum levels of LH and FSH were

determined by radioimmunoassay using methodology praviously

described.

3

{

. o~ \ 2 o~ 7 ~
During the course of the experiment goats #5351 and

A
\US]

53 Dbegan cycling on the 18th and 23rd Hovember, 1576 and
stopped on the 13th and 25th May, 1977, respectively. The

\

serum LH and [FSi

sentad in Flgures 1 and 2. In Table 1 descriptive paramsters
regarding the nature of LE secrstion are presanted. The LH
profiles in both animals indicate that throughout ansstrus
and breeding periods, LH release is spisodic in fashion.
However, the number of LH peaks increassd from 3 and 4 per

24h during early anestrus (June) to £ in each case, in late
anestrus (September) for goats #5353 and 5351 repectivaly.
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During the intarestrus periods of the breeding

season the LH secretory pattern varied with the reproduc-

tive state of the animal. The LH peaks were fewer (1 peak.
for goat #5353 on Day 9 of the cycle and 3 peaks for each
on Day 13 and 14 of the cycle for goat #5351) during the

lutzal phase of th
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are in agreement with the results obtained by Tuthasastra-
kosol (1975) while working with ewes. However, they differ
from those of Yuthasastrakosol (1975) and Cicmanec and

Niswender (197 observed in these
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studiss during the luteal phass were not of higher magni-
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“tude than the mor:

numerous peaks that occurrsd in the
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early and the late follicular phase.
As previously demonstratad by earlier studiss, the

late follicular phase was characterized by many LE peaks
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cycle) with a mean peak level of 3.8 + 0.3 ng/mlm
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fashion of LF secretion observed in these findings reflects

the inhibitory effsct of progesterone on the tonicity of LH
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g. The innibitory effect of pro
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secretion is maximal during the luteal phase (around Day 17).

with the falling levels of progestesrone to stimulate in-
creased episodic LE secretion in thes ewe.
Sl Fal ha

the mean half-1life of LH was estimated at 23.2 + 1.0 minutes

mates are within the range of those obtained by Gesschwind

48}

nd Dewey (1968) and Yuthasastrakosol (197%5)

P

I0r ewes.

Whereas LH secretion 1s episodic in nature during tne
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breeding and non-~breeding periods, a similar mode of secre-
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as the major governor of tonic
estrous periods. During ansstr

periods of the breeding season,
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Hormone Level Changes During the Transition

from Aneatrus to Breeding Activity

The main factors limiting continued productivity in

oy
o

seasonal breeders during the periods of anestrus are ¢t
failure to exhibit estrus and the continued absence of
ovulation illustrated by relatively regressed ovaries that
lack functvional corpora lutea.

The ovarian quiescence and regression typical of

strus cannot be attributed to & deficlency in gonadot-

(@)

ropin secretion since the pituitary concentrations of LH

and FSH are similar in ewes and ewe-lambs during anestrus

O
3
[N
las

he breeding season (Roche et al., 1970; Foster et al.,
1975). Rather, it is dus to change in the responsiveness
of the hypothalamo-pituitary unit toward ovarian hormone(s)

fsedback mechanisms according to Legan and Karsch (1979).

ng
adiol, progesterone and LH by

The evaluation of est

T
Tuthasastrakosol et al. (1875)

-

nd oi F3H, LH, prolactin
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977) has shown how

errelate in intact awes during ansstrus

t

these hormones in

¢

and during the transition from anestrus to the establish-

ment of regular 2strous cyclas. Thare 1s no such inform-



36

ation on the goat. Therefore, this study was conducted .
with the aim of trying to establish the interrelationships

of various hormones during the transition from an
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t
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resumption of breeding activity.

Four female pygmy goats (2 mature and 2 prevubsrtal)
=) = hs I /

were bled daily by wvenip throughout anestrus begin-
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ning Juns 25th, 1976 up to four da

Results and Discussion
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Onsst of Breeding

AlLl the animals showed behaviocural and sndocrine

P « R -~ - 5 Fal P ~ 4 3 y e o
changes that werse characteristic of the establishment of

0

normal sstrus cycles between the 18th and 30th of November

The interval from first prasumed ovulation {(as indicatad

ey

oy progestaercne profiles) to first bshavicural =strus of

the breeding season was 18, 20. 19, and 20 days for goat
#'s 6258, 6257, 5353 and 5351, respectivaly (mean = 1,25
+ 0.47; n = L}. The two prepubzartal females, goat 65758
and 6257 shnowed first overt 2strus on 22nd and 30th Yovem-
ber, at ths age of 248 and 251 days, respsctively. This
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with the results of Simaraks

93]

observation is in agreement
(1978) who reported the ags at first ovulation was 221.2

tt

)

o5
ja%]

+ 0.6 days for ewe lambs. It is probable ¢ ra-

ny
6]
e,

4

pubertal goats 1n this study may have reached pubsrty
earlier but were unable to start cycling due to environ-

mental conditions not being optimum for them to have done

so. This is supported by the observation that they rea-

-

ched puberty at the same time that their elder dams were
resuming their seasonal ovarian cyclicityv.

Hormone Level Changes

behavioural estrus of the breeding season.
LH and FSH levels fluctuated randomly throughout

n their

e

anestrus. However, a two-to-three fold incresase
mean values was observed five days before the preovulatory

surge prior to the first ovulation. After the first ovul-

.
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first ovulation; there were again slevatiocns (
1.8 and 27.3 to 61.7 ng/ml for LH and FSH, respectively)
t W

in both gonadotropins o days befl
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surge.
Meanwhile mean progesterone concentrations were low
3 o

during anestrus but increased by about four-fold (from an

the day of first ovulation. During the interval between
the first presumed owvulation and the first behavioural
estrus, progesterone concentration and pattern of secre-
tion were characteristic of that observed during the nor-
mal cycle of & goat (Thorburn and Schneider, 1872).

The rise in mean progesterons concentration two days

preceding first ovulation has been observed in cows before

the first post-parturient ovulation (Donaldson et al

(0]
@
r
o8]
—t
2

19705 Robertson, 1972; Arije =t al., 1974; ikuuh
1978), during the transition from anestrus to breeding
activity in ewes (Yuthasastrakosol, 19755 Walton et al.
1977; VWneeler et al., 1977) and in ewe lambs upon reaching
puberty (Foster et al., 1975; Simaraks, 1978). In the ewe
and most probably in the goat progesterone is derived al-
most exclusively from the corpus luteum. Its secretion,

there
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compartment. The increase in the release of LH five aay

1))

Y

vefore first ovulation is thought to induce luteinizatior

P

of one or more follicles which then secrete the increased

level of progesterone that is seen a few days pr
o Iy

D

ceding
first presumed ovulation (Wheeler et al., 1977; Walton et
al., 1977). This may come about either as a result of in-
sufficient release of LH or from the inherent incapability
of the follicle(s) to ovulate in response to the stimulus.
This hypothesis has been cited and may be supported by the

observation that ovarian follicles can grow and regress

1

anestrus and were observed elevated a day before the LE/FSH
preovulatory surge of the [irst presumed ovulation. After
that, they remained low and declined gradually to their
lowest lavels on Day-7 before the first estrus. Beginning

on Day-6 before the first behavioural estrus mean estradiol-

ot

178 levels rose progressively peaking two days before the

-2

LH/FSH surge. This finding is in agreement with earlier

S

o
o)
studies and supports the hypothesis that rising levels of

sstradiol act synergistically with declining levels of

b}
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sterone to precipitate increased tonic LH secretion

s

TOg
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and the svents that lead to ovulétion (Legan and Karsch
& M

1975) .
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Conclusion

Puberty as measured by the manifestation of first

o8
)
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pyschic estrus was reached &t the age of 251 an

by two prepubertal goats, respectively. From the proges-

[

terone profiles, it appeared evident that all the four
animals resumed {or started) their breeding activity by
exhibiting ovuléations that were not accompanied by overt
estrus. Profiles of LH, FSH, progesterone, and estradiol
obtained in this study indicate that the normonal inter-

elationships that result in resumption of ovarian cycli-

)

city (or the attainment of puberty) in goats are similar

to those which are operative in ewes and ewe lambs.
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EXPERIMENT 3

Gonadotropin and Ovarian Hormone Concentrations

During Consecutive Estrous Cyvcles

During the breeding season, at well-spaced regular
intervals, the female goat is receptive to the buck at the
time of estrus. It may be assumed that, as in other species
that have been studied in detail, that this behaviour re-
sults from endocrine changes that attainrhythmicity as a
consequence of clear-cut checks and balances within the
hypothalamo~hypophyseal-gonadal feedback system. The feed-
back mechanism'wm positive and negative, short loop and
long loop ~~ in this system dictate the day to day varia-
tions in circulating hormone concentrations during the
estrous cycle. The balance and temporal relationships
between the various hormones of pituitary and ovarian
origin do ultimately determine such phenomena as: cycls
length; intensity of estrus manifestations; follicular
growth, development and/or atresia; ovulation and ovula-
tion rate; and corpus luteum formation, function and
longevity.

Undoubtedly, the hormonal system acts on/or with the

central nervous system in the control of these phenomena.
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chneider, 1972) so far has svaluatad the concentration of
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circulating progesterone by a protein-competiti
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assay. Luteinizing hormone, follicl ~-stimulating hormone

nd estradiol have not neen esvaluated to date.
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Hence the following experiment was undertaksn Lo sval-

wate circulating gonadotropin and ovarian-hormone concen-

trations during the estrous cyclea.
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During the breeding season (lhth
January, 1678) four cycling goats were bled once daily from
the jugular vein by venipuncture. Istrus was detected by
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for Angora goats by Pretorius (1973); 21 days for the
Saanen breed by Thorburn and Schneider (1972) and 23.9 *+ 1.2
and 19.0 + 0.6 days for Pygmy (pure bred) and Pygmy (7/8
cross with Toggenburg) breeds, respectively, by Jarosz et al.
(1971).

The discrepancies in cycle length may be attributed to
breed differences (Saanen vs. Pygmy) or the characteristics
of the estrous cycle studied and/or the methodology employed

in the study. In this study, behavioural and endocrine

ere used as indicators of the day of estrus. Jarosz

O
oy
W
3

09
®
1)
=

et al., (1971) used laparoscopic techniques
ovaries in situ, complemented with vaginal indications of
estrus. Hecently, Fortune and Hansel (1979) have reported
that ovulation occurs some 22 to 30 hours after the pre-
ovulatory surge of LH in the bovine. If the same situation
exists in the goat, then Jarosz and co-workers (1971) may

have over-estimated cycle length by at least one day. Changes
in cytology of the vaginal epithelium are precipitated by
changss in the endocrine milieu. The biochemical chan
are triggered by hormonal changes, to result in the vaginal
cytology that is indicative of estrus, occur consideratly after
the hormonal changes. Therefors, estimation of cycle length

from vaginal cytology may inherently over-sstimate cycle

+

valuat

{

e

length in contrast to that 2d from endocrine changes.
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In one goat (#6258), some shorter cycle lengths of 5
days were observed during the experimental period and during

the rest of the breeding season. Similar cases of short

4
(%

{d
[67]

!

ous cycles were reported by Pretorius (1973); their sig-
nificance remains obscure but should be considersd to be

much shorter than usual.

Hormone Profiles During Consecutive Estrous Cvcles
2

The profiles of LH, ¥SH, progesterone and estradiol
concentration during the cycles in goat #5353, 5351, 6257
and 6258 are shown in Figs. &4, 5, 6, and 7, respectively.

In all the animals and in each cycle, the circulating levels

of progesterone were observed to be very low on Day O {(mean
+ 3.8, of 0.7 + 0.07 ng/ml) and began to increase rapidly by

Day 3. Maximum mean values of 9.3 + 0.3 ng/ml (rangs 7.2 to
12.2 ng/ml) were attained by Day 9. Individual circulating
progesterone values remained high, fluctuating around the
maximum mean value from Day 9 to Day 15. Beginning by Day

16 or 17 of the cycle a precipitous decline was observed;

lowest values being again attained on Day O of the follow-

(maximum mean + S5.Z. value was 1l.4L * 1,2; range -- 6.5 to
21.5 ng/ml) and fell to baseline values of 0.3 + 0.1 ng/ml

by Day 3 of the cycle. Meanwhile estradiol showed slight
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increases on Day-2, reached peak values of 49.2 + 1.8 .pg/ml
on Day O. Slight increases were also observed on Days L
and 5 of the cycle. Thereafter, levels fluctuated randomly
around a mean level of 14.8 + 0.9 pg/ml for most of the
cvele.

The FSH profile was characterized by random fluctuations
within narrow limits. Mean values showed slight increases on
Day-l before the characteristic pre-ovulatory surge seen on
Day 0. Peak mean values on Day O were 17L.6 + 9.7 ng/ml with

a range of 112 to 225 ng/ml.

aq

=

iese hormone profiles are comparable with those reported

=4y

or sneep and cattle by various workers (Pant et al., 1977;

e

-

{ars al., 1978; Simaraks, 1978). It is clear from these

@]
®
T

[y

4

and othe

"~$

findings that in both the ewe and the goat, base-
line circulating LH levels are interrupted by a massive pre-
ovulatory LH surge once each cycle. The low levals and the
massive pre-ovulatory LH/FSH surge appear to be in an inverse
relationship with circulating progestercone levels. These
findings are therefore in agreement with the thesis that
during the breeding season progsasterone exerts a dominant
inhibitory effect on tonic LH release. Therefore, the fall
in circulating ovrogesterone concentrations at the end of

the luteal phase (Day 17 and 18, in this case) allows an in-

crease in tonic LH secretion. The results of BExperiment 1
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also support this observation as more LH peaks were observed
on Day 18 of the cycle than on Day 13 or 14 (a time which
coincided with maximum corpus luteum function as indicated
by the progesterone profilel).

The increased LH secretion in turn increased estrogen
secretion by the ripening follicle(s). In this study, this
was observed to occur around Day-2 or Day-l. The increased
secretion of estradiol is apparently sustained by ILH secre-
tion and reaches a threshold which is abls to trigger the

LH/FSH surge. A new cycle begins when after ovulation the

As the corpus luteum matures, its formation and release

of progssterone exerts an inhibitory effect on the hypothal-

amus and/or pituitary and hence on LH and estradiol secretion
(and possibly FSH)., The regression of the corpus luteun
reates an opening in this mechanism by removal of the pro-

gesterone block and the entire sequence of esvents leading

to ovulation are repeated. The regression of the corpus

(]

luteum is reportesd to be caused by prostaglandin e s syn=-

v

thesized by the non-pre

ct

nt uterus at around Day 16 or 17

[85]

(I}

in several species including the goat (Wilson ot al., 1872;

)

C3

Baird, 1978; Behrman, 197%; Carlson et al., 1979). Howsver,

\

prostaglandins were not measured in this study, Thus, no
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furthar evidence to either support or contradict previous

work is possible

@

Conclusion

3

he average length of the cycle in the female pygmy

goat was estimated to be 19.0 * 1.2 days (range 5 to 24

days). During the cycle, circulating LH concentrations

were in inverse proportion to progesterone levels and

peaked on the day of estrus (Day 0). Luteal regression,
d

icated from falling progesterons levals, occurred

by Day-3 to Day-2 (with reference to the subsequent cycle)

<

]

and was followed or accompanizd by increases in estradiol

vy

Day O of the succeeding cycle.
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e of Gonadotropin Secretion During

Estrus

During the breeding season, estrus 1s a major
"marker” event in the process of ovarian cyclicity. ‘hen
it cccurs, it is usually accompanied by ovulation and sig-
nifies the end of one cycle while beginning the next.

o

festation 1s of special interest to

fte

Overt estrus man

both the researcher and to the goat breeder. Its detection

iy

yields information relative to the management of breeding

herds. The success or failure of decisions as to when to

mely detection., If

o

]._J

allow insemination depends on its t
insemination is to be carried out it should be done such
that thers is high probability of fertilization. In this
way breeding efficiency problems characterized by high
return rates and/or high repeat-breseders can be minimized;
in so doing the improvement and/or maintenance of individ-
ual and/or herd productivity can be attained.

In essence, the estimation of the most probable time
when ovulation will occur after the onset of estrus holds
the "kev™ to a successful insemination or breeding program.

Insemination must be done at the proper time to allow for



Crighton et al. (1973), upon examination of ovaries

from ewes slaughtered at estrus, found frashly ovulated
follicles in some sheep that had been slaughtered 36h after

the onset of estrus. More recently, Fortune and Hansel
(1979]) reported that in the bovine, ovulation occurs some
22 ~ 30h after the LH surge. In the ewe it has been found

that the interval between the onset of estrus to the pegin-
ning of the preovulatory gonadotropin surge and the duration
of the surge are significantly influenced by breed (Land
et al., 1973, Simaraks et al., 1979). Hence the evaluation
of the interval between the onset of estrus and the begin-
ning of the preovulatory gonadotropin surge would be useful
in estimating the most probable time of ovulation and time
to breed. It was therefore deemed necessarv to conduct the
following experiment in order to characterize the nature and
pattern of preovulatory gonadotropin secretion during estrus

in the goat,
Materials and Methods

Four cycling goats were maintained in a single pen
indocrs under natural lighting conditions. Estrus detection

began in November, 1976 and continued throughout the breed-

ing season. Detection was made by putting a vasectomized
buck intc the doe-pen and observing for 15 to 20 minutes.



fifteen days of the cycle and thesn three times per day from

Blood was taken from the jugular wvein by venipuncture
at 20 minute intervals for 24h begsinning immediatelv ~hen

3 N - ~ 3 3 ~ vorey ~ ~TY
the animal was detected to be in heat. Serum was analysad

Oral Biology, University of Manitoba, to estimats the total
releasa of FSH and LH by computing the ar=a under the cur-

-
H

ves of tne gonadotropin blood profiles, was used. In this

case, however, the sample number was fad into the computsr
B3 oA The rao ‘t a the t T oyl ag S ra horafara
as time. The results of the total reslszase ars therefore
/ i e TH . A2
expressed as ng/ml x time for LE, and ng/ml x time x 10
for FSH, since FSH concentrations were larger in absolute
amount.
Results and Discussion
4 total of 1€ estrous periods wers samplad; five of whi

T‘" o N S B A oo " Y E A N e T SR R e o o YT o
AN anocvner L2 ohie \,CJ_..Q.LL £ Lol JOTquu-Ol IN=-3SUr £2 Va8
2 . T K lo Y/ -~ ot v —~ 3~ : N —
missed while in 12% the and part of the gzonadotropin-surgs
P, | A N ~ - oy r
was missed. In the remaining LOY, complate preovulatory
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d in Figures &, 9, 10, 11, and 12 and were

b

present
obtained from goat #'s 5351, 5353, 6257, 6257 and 6258,

‘respectively. Their profile characterist

=

Cs are pre-
sented in Table 2.

The mean interval from onset of estrus to the beginn-

[
]

g of the gonadotropin surge, magnitude, duration and sec-
retion rate of the LH and FSH preovulatory surges are given

in Table 2 for the five complete profiles that were obtain-

ed. The interval from the onset of estrus to when LH and

o

FSH concentrations rose and remained abova the bassline

ja-
D

vels is expressed in hours, the magnitude in ng/ml, the

duration in hours and the secretion r

©
ot
[
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93]
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The nature and pattern of the LH and FSH profiles is
similar to that reported by Simaraks (1978) in swes. The
concentration of LH began to rise an avsrage of 6.5 + 0,7h
after the onset of estrus. LH secretion appeared to be
episodic in nature as indicated by minor fluctuaticns prior
to the beginning of the preovulatory surge. Levals of LH

remained e

after LH secretion fell to baseline values. An assessment
and FSH profiles revealed that the LH surgs preceded
the FSH surge by 1.1 + O.Lh. Also, the duration of the LK

surge exceeded that of the FSH surgs by 1.7 + 0.7h. These
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GOAT #6257

£ 320 ,
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Firure 10, The profiles of the LH and I'SH Hz.sgmoﬁb,mcog\ surges in CGoat #6257's third
astrus. (Onset of estrus = 0 h).
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has been reported (Fortune and Hansel, 19

[t

occurs some 22 to 30 hours after the preovulatory surge of
LE in the bovine. BEarlier, Jarosz et al (1971) rad cobserved
ovulation to occur about 4.25 *+ 0.25, 3.1 + 0.18 and 2.11 *
0.16 days after the appearance of behavioural symptoms of

estrus in the Pygmy and crossbred (Pygmy (7/8))
& o

breeds of goats, respectively. It is, therefore, possible
to postulate that the interval from the onsst of estrus to
ovulation in this breed of goat may be between 36 and L&
hours.

Fag
L

Some ©

preovulatory gonadotropin surge havs been examined in the
s < o I fow

tropin surge, namely:

(i) the recrultment of a few follicles and enabling them to
complete the final stages of development in preparation
for ovulation during the subsequent cycle(s).

(ii) the initiation of enzymatic and biochemical processea

w

that precipitate ovulation. This is thought to be

accomplished in synergism with prostaglandins: espesc-

ek

e

ally of the E-series, and

(1ii) the stimulation of lutesinization and hence CL formation.
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As follicles grow, there is a critical period during

ct
=y

which most of them become atretic and the preovulatory

@]

gonadotropin surge (especially FSH) at estrus is instru-
mental in rescuing some follicles that continue to grow
and complete the final stage of development in the subse-
quent cycle(s), (Hirshfield, 1979). It has alsc been
demonstrated by Peters (1979) that during cell differentia-
tion of the theca layer in the growing follicle, smooth
muscle cells develop that later become the target of pro-
staglandins. Conceilvably those may play & role in "squeeszn-
ing™ the ovum and the antral contents during ovulation.

It has long been felt that LH is the gonadotropin that
is responsible for causing ovulation. However, enzymatic
studies conducted by Strickland and Beers (1979) have shown

that specific proteoclytic enzymes are responsible for th

D

disruption of the cell wall and release of the ovum. In
vitro studies showed that in response to gonadotropins
(especially FSH) and prostaglandins, granulosa cells through
a ﬂecganism mediated by cAMP, synthesize and secrete & sub-
stance known as "plasminogen activator'. It was further
demonstrated that the production of plasminogen activator
by granulosa cells was closely correlated with ovulation.
From these studies, then, it would appear that, the mechan-

i

ism of ovulation therefore begins with the production and
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secretion of the plasminogen activator and is controlled by

gonadotropins. Once produced the plasminogsn activator acts
on follicular fluid plasminogen converting it to plasmin.

The plasmin then acts on the substrates within the follicle
wall,.weakening the follicle wall and disrupting it as ovu-
lation proceeds.

In their studies with rat follicles, Strickland and
Beers (1979) were able to demonstrate that FSH is much more

ffective than LH in causing the granulosa cells to sythe-

size the plasminogen activator and since this enzyme initiates
the svents that lead to ovulation, it was regarded by them as
the ovulatory normone. However, at the time of ovulation, LH

and FSH reach peak levels at the same time and granulosa cells
in preovulatory follicles have receptors Tor both hormones,
Hence, LH may be involved in preparing cells for luteiniza-

tion or initiating the second meiotic division of the oocyte.

Conclusions

The concentration of LH began to rise an average of

6.5 + 0.7 h after the onset of estrus. LH secretion appeared

o8]
[

to be episodic in nature as indicate

&

by minor fluctuations,
prior to the beginning of the preovulatory surge. Levels of
LH remained elevated (with some indications of secretion in

episodic fashion) for a duration of 15.2 + 0.5h. Thersafter,
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i

LH secrstion fell to baseline values. F3H leve

.

ted within narrow limits and began rising on an average of

0]

1.1 + O.4h after the initial LH elevation. F3H levels re-
mained above baseline values for 1.7 * 0.7h less than did
those of LH. These differences were, however, not signifi-
cant (P> 0.05). Judging from the interval from the onset
of estrus to the beginning of the preovulatory LH/FSH surge
and its duration, ovulation could be estimated to occur an
average of 36h after the onset of estrus, and the most
optimum time for insemination or mating would be about 30h

after the onset of estrus.
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Experiment 5

Qvarian Hormone Profiles During Pregnancy

and Parturition

Reproduction is a major contributing factor to effi-
ciency of goat production. The endocrinological events
that precipitate successful fertilization, implantation,
pregnancy and delivery of healthy young lend contribution
to maximizing its efficiency. In the recent past, the
endocrinology of pregnancy, pregnancy maintenance and
parturition in the goat, has received considerable atten-

tion from various research workers. Major breakthroughs

—

ave been made in the evaluation of progesterone and estro-
gen levels throughout pregnancy (Blom and Lyngset, 1971;
Irving et al., 1972; Thorburn et al., 1972; 1977; Thorburn
and Schneider, 1972; Currie and Thorburn, 1977 a, bj
Rawlings and Ward, 1977) and of the need for intact hypo-
thalamo-hypophyseal-adrenal-ovarian systems in the fetus
and the mother for pregnancy maintenance and the initiation
of normal term delivery (Buttle, 1978; Linzell and Heap,
196¢: Rawlings and Ward, 1977; 1978).

In their studies, Kelly et al. (1976), Currie et al.
(1977) and Buttle (1978) demonstrated the existence in cir-

o~

culation during pregnancy of placental lactogen, and of
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its role as a component of the luteotrophic complex maine-

oy
[¢]

taining t© corpus luteum of pregnancy. The interactions

between the fetus, fetal corticosteroids, placenta, estro-
gens, prostaglandins and oxytocin in the initiation and
precipitation of spontanecus term parturition have also
been examined and documented (McNeilly and Hart, 1973;
Currie and Thorburn, 1973; 1976; 1977; Umo and Fitzpatrick,
1978; Umo et al., 1976; Challis et al., 1977; Mitchell et

al., 1978; Flint et al., 1978; Currie, 1977).

o
M

It 1s now generally recognized that pregn

0O

ance in the goat 1s dependent on functional luteal tissue

ncy mainten-

and that like in the sheep, parturition at term is initiated

by fetal glucocorticoids by activating the placental 21~
steroid 1l7a~hydroxylase system. The end result of this
system is the removal of the progesterons block while in-
creasing concentrations of the hormones that precipitate
uterine contractility (prostaglandins and estrogens). The
purpose of this study, therefore, was the evaluation of

prog=sterone and estradiol concentrations throughout preg-

nancy up to and including 3 to L days after parturition.

Materials and Methods



pregnancies. Throughout pregnancy, the animals were kept
inside a well-ventillated barn and fed legume hay supple-

mented with grain; water and salt were available ad libitum.

Blood was collected from the jugular vein by venipuncture
once every week for the first 20 weeks of pregnancy. There-
after, the blood collection regime was changed to once every
day until 3 to 4 days after parturition. Sera were handled
and assayed for progestercne and estradiol-l78 by RIA as

previously described.
Regults and Discussion

Gestation Length. Parturition was normal and spontan-

sous in all the four pregnancies, after a gestation lengtn
(mean + S.5.) of 148.5 * 1.4 days (range = 145 to 152 days).
Of the four pregnancies, one resulted in triplet delivery,
one in twin delivery and two each in a singleton.

The mean gestation length in this experiment is in
agreement with that reported by earlier workers (Gupta, 1964;
Wilson, 1960; Devendra and Burns, 1970; Blom and Lyngset, 1971;
Shelton, 1978; Rawlings and Ward, 1977; Peaker, 1978). Using
data obtained from a .mainly British Saanen goat herd accumu-

Peaker (1972) reported a mean gesstation

h]

not permit fair comparisons bestween the two breeds.
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and the stage of pregnancy on progesterone secretion are in
agreement with data available from earlier work on the goat
and other species (Thorburn and Schneider, 1972; Batra et

The initial decline in progsstarone concentrations is

-

al., 1978; Adelakoun et al., 1978

3

I

attributable to some Yaging”™ of the corpus luteum. After

the 9th

O
Z

eek of gestation a secondary increase in progestesr-
one concentration was observad which is attributabls to the
”rejuvenation” of the corpus luteum. It is now generally

recognizad that by about Day 60 of pregnancy, a placental

lactogen with luteotrophic function is synthesized and
secreted (Kelly et al., 1976; Curries et al., 1977). The

act that the timing of the "rejuvenation" coincides with
placental development and is more in goats carrying twins
(hence more placental tissue) lends support to this thesis
(Thorburn and Schneider, 1972).

Unlike progesterone concentrations, mean estradiol levels
were consistently low, fluctuating around 10.L + 4.2 pg/ml
during the first 9 weeks of pregnancy. rom the 10th week
of pregnancy, they showed a continued and graduval increase

reaching maximum mean valu

4]

s of 281.1 + 10.8 pg/ml on the
day of parturition. By 24h postpartum they had dropped
dramatically to mean levels of 71.8 + 17.3 pg/ml.

Wnils assessing the estradiol data, it became apparent



Estradiol was present in significantly (P« 0.,05) higher
levels in the third trimester as compared to the sescond
trimester and in the second trimester when compared to the

first trimester (Table L4 ). These findings are

D
i.) .
o

0g

ment with earlier data re

{D

ported by Thorburn and Schneider
(1972) but differ from data published by Adelakoun (1978)
and Thimonier et al. {1977) who reported that besides pro-

esterone, estradiol-l78 was considerably higher durin

i

o
LD

0q

pregnancy in cows and ewes bearing more than one fetus.
This discrepancy may be attributed to the fact that in the

he majior cir-

c.

goat estradiol~1l7¢ and not estradiol-l7s3 is

;
V)
culating hormone during pregnancy. Since total estrogens

were not measured in this study, it beco difficult to

fony
=

a

W

compa the two data.

The foregoing results are in agreement with dat

2

obtained from earlier work on the endocrinology of pregnancy

I8

-

and parturition in the goat; namely that the observed in-
rease and decline in progestaerons concentration in the lst

gnancy respectively is due to function

and gradual "aging" of the corpus luteum. The increase in

\

progesterone levels in the Qth week of pregnancy is attri-

butable to the luteotrophic function of the placzntal lac-

togen. At about the 10th week of vpregnancy estradiol
<D

S



- J
(028

production increases due possibly to its increased produc-
tion by the then established placenta. As indicated earlier
in the literature review, a rise in fetal glucocorticoids
results in the activation of the placental 17q4--hydroxylase
system (Flint et al., 1978). This results in increased
estradiol production which stimulates uterine production

of prostaglandin F,a . The prostaglandin F,a causes luteo-~
lysis (probably in synergism with decreasing concentrations
of placental lactogen). The ultimate effect of falling pro-
gesterons concentrations in maternal circulation causes fur-

ther synthesis of prostaglandins which together with sstra-

<

diol cause uterine contractions and the onset of labour

{

(Currie and Thorburn, 1973; 1977a, 1977b; Umo et al., 1976;

Rawlings and Ward, 1977; Challis et al., 1977; Thorburn et

al., 1977; Flint et al., 1978; Currie, 1977).
Conclusions

The mean gestation len
study was estimated to be 148.5 + 1.4 days (ran
152 days). During pregnancy, there were two phases of in-
creased progesterone secretion. The first occurrsd from the
lst to about the 3rd week of pregnancy; the second was ob-
served at about the Gth week of pregnancy. The secondary
increase in progesterone secreticn may be attributed to

placental lactogen which is generally known to be synthe-
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Results obtalned from experiments one, two and three

indicate that during the breeding season, the daily LH secre-

w

gesterons and is dependent on the reproductive state of the

{2
D

animal. There are more frequent LH peaks of lower magni

o 1

during the early and late luteal phases of the estrous cycle;
consequently mean LH values during these phases of the cycl
are 4 to 5-fold higher than mean values obsarved during the
midluteal phase of the cycle. This relationship is suggested

gesterone on tne tonic release of LH., Circumstantial svi-
2
dence (fror periments 2 and 3) indicatz that 2 to 3 days

befors the onsat of the LH surge on day O of the cyclse

<

09
ke
!
O
0a
[}
w
ot
(]
=3
@]
!
]
’_J
[¢3)
<3
\D

2ls begin & precipitous decline
while serum LH levels rise in mean values to 5-fold greater

than baselins values (1.8 + 1.0 vs 0.4 + 0.0l ng/ml). It

has also been monstratad that physiological lsvels of pro-
gestarone can 2xert a potent inhibition on tonic LH szacretion
in the ewe, and that this sffect was dose dependent thus

accounting for the inverse relationship bestween progesterone

and basal circulating LH levels throughout the cycle (ZJoodnman

;;;;



secretion was obtained frem the work of Karsch et al.,

~

1977¢) in which sur gLCdW removal of the corpus luteum on
Day & of the cycle caused a rapid prematurs dacraase in
circulating progestercone and resulted in an immediate L to

5-fold increase in circulating LE; lsvels of LH thet are

Moreover, the premature increase in tonic LH secretion

culating progesterone levels were maintained at mid-luteal

at the time of swrgery. These observations therefore land
compelling supportive evidence that progssterons could be

occurs concurrently with luteolysis l=ads to the sustained
increase in tonic LH secrstion and the subsequant events
&ssocliated with the preovulatory gonadotropin surce.

During the non-breeding season the nature of LH secre-

tion was observed to be similar to that occurring during

fon)
the mid-luteal phase of the estrous cycle in one respect;
1t was characterized by a fewer number of LE peaks similar
to that observad on day 9 in goat #5353 and on 4 vs 13 and
14 in goat #5351. Contrary to previous findings in tha ewe
(Ydthasastr&EO“ol, 1G75) theasse reaks were also lower in



5 1

magnitude than those observed in the midluteal phase of
the cycle. This would possibly have been significant 1if

imental animals had been used.

=
O
>
¢
[$9]
»
o]
[
"y

ined from studias concerning the nature

g
D
N
o
-
C
6]
O
o
ct
O8]

ioural estrus indicate that of the 18 periods of esstrus
observad complete preovulatory gonadotropin surges weres ob-
tained in only about one-third of them. a&ither end o

profile was missed in another 27% of the cycles. Complate

absance of any sizn of prsovulatory gonadotropln surges was

1 [aa}

ranging from 0800h to 2300h. Therefore
or animals which came into heat between 2300h and 0&CCh

would either have been missed or the onset would not have

(L to 6 visits comparad to two or thres visits during tha
- - Y A ' . o o = ~ - o~ Ead Yy
mid-luteal phase). Any short estrous cycles wers not anti-



(3) Bven when zstrual behaviour was timely detacted and
blood samples were collectad, assay of some of such samples
yieldad not preovulatory gonadotrovin surgss.

they were not in neat, T

rus duration and on the time interval betwsen the onset of
1

gstrus and the onset of the preovulatory zonadotropin surge.

4 Fa ~ Y~ 1 -~ Ny y A . [N
Both of theses phenomenon have not been studizad in the

he results in this study indicats that the interval fron
the onset of estrus to the onset of the prszovulatory LH

mea (aa AlEad e 3 R b oamimala A s
surge (as obtainsd from the 33% of the animals in which com-

- [N 3 -~ Y my, o Tz .
25 were recorded) was 6.5 + 0.7 n. The LH preov-

preovulatory gonadotropin surge.
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provides the first reported observations on the new
pygmy goat.

Iy

In conglusion, although the observations reported in

(@] &

this study are perhaps not as complets &s those reported

Turther studies perhaps utilizing a greatsr numpber Ol

dividuals are required to obtain additional data on the

obtained in the present study suggast that endocrinological

changas that occur at the beginning of thes breeding ssason
ars the same &s those that are seen in the sheep. Further
data is also needed in the area. Finally, it arpeaar
that the pygmy goat could serve as an useful animal model

to study certain areas of reproductive physiology that per-
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Tn the first investi
does were bled from the jugular vein by venipuncture
at 20-min. intervals for 24h on the 22nd of June
ember, and December, 1676 and on the 23rd of March, 1977

to assess the effect of season on reproductive and hor-

mone activity. Serum luteinizing hormone (LH) and foll-
icle-stimulating hormore (FSH) concentrations were
determined by radioimmunoassay (RIA). LH profiles in-
dicated that throughout ansstrus and the breseding

season, LH release was episodic in fashion. Euring
anestrus, LH peaks were less frequent (3 to 4 per 24h
in June vs 8 per 2Lh in December) but higher in
magnitude (6.2 + 0.3 ng/ml vs 3.8 + 0.3 ng/ml). During
the bresding season, the nature and fashion of LH release
was dependent on the reproductive state of the animal. The

apparent half-life of LH was estimated at 23.2 = 1.5 min.

FSH concentrations fluctuated randomly within narrow limits



and during anestrus and the inter-estrous psriods FSH

pattern of sscretion did not bear any recognizable

L

relationship with the pulsatile naturs of LH release.
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tal does during transition from anestrus to breeding act-
ivity resumption (or puberty attainment). All animals
showed behavioural and endocrine changes that

teristic of the establishment ol normal estrous cycles

1 34y ~ Y ~ i [aa S PR P . [
between the 18th and 30th of lovember. Th2 two prepuber-
. ) 4
tal does showed first overt estrus at the age ol 24& and
251 days, respectively. TFrom progestzrons concentration

vefore the first behavioural estrus. LE and FSH levels
fluctuated randomly throughout ansstrus; a two~to-three
fold increase in their mean valuss was apparent 5 days
before the preovulatory surge prior to the first presumed
ovulation. The pattern of their secretion durin

1 from first orasumed ovulation to first beshavioural

a3

terv
astrus was similar to that observzd during ansstrus
were elevated on the dav of first behavioural =strus.

Progesterons levels ware low during &nestrus; their firscg
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elevation (from 0.5 + 0.08 to 2.3 * 0.L ng/ml) occurred
2 days before the first prasumed ovulation (day-23).
During the interval Dbetween the first presumed ovulation

and the first overt

¢

strus, progestsrons concentration

and pattern of secretion were characteristic of that ob-
served during the normal cycle. mstradiol ccncentrations

were varied during anestrus and the interval from first

2ls of est-

4]

presumed ovulation to first overt estrus. L

")

ore the LH/FSH

-

radiol were observed to be slevated a day baf

preovulatory surges oI

(o)

first overt estrus, respectively.
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ovarian hormone concentraticns were determined in sera coll-
ected during the breeding season. The mean astrous cycle
length was estimatad to te 19.0 * 1.2 davs. In all animals
and in each cycle, serum progestercne concentrations were
low on Dav O (mean=0.7 + 0,07 ng/ml) and began to rise
rapidly on Day 3, reach 1ing maximum mean lavels of 9.3 + 0.3
ng/ml on Day 9. A precipitous fall in serum progesterocne

concentrations was noticeable beginning by Day 16 or 17.
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Tn contrast, LH mean concentrations wers nigh
(mean=11.4 + 1.2 ng/ml) and fell tc baseline values of
0.3 + 0.1 ng/ml by Day 3. Both estradiol and FSH showed

random variations during the inter-estous periods; peak



values of 9.2 + 1.8 pg/ml and 17L.6 + 9.7 ng/ml respect-
ively, occurred on D 0. These findings support the
thesis that during the inter-estrous periods of the breed-
ing season, progsstercone exerts a dominan nhibitory
ffect on tonic LH lease.

In a fourth experiment to study the nature and pattern
of gonadotropin secretion during behavioural estrus, blcod
was collected from four cycling does from the Jjugular vsin

by venip

ediately when the animals wers dete

Serum was assayed by RIA to determine LH

tions. LH cion in

secre

(’)

Wa S
by minor fluctuations before

surge. The concentration of

of 6.5 + 0.7h after the onset of

o

Ol

i

an FSH elevation an average 1.1 +

tion of the pr=ovulatory LH

1.7 + 0.7h longer than that of FSH.

ences were not significant (P>0.05).

interval from the onset of estrus to

preovulatory gonadotronin surge and

ad

U 3

was postulated to occur an averags

cioel

astrus and was

However,

S
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ncture at 20-min intervals for 24h beginning imm-

d to be in heat.

infal

and ¥5H concen

fashion as indi3

th
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foll by

O0.Lh later. The dura-

surge was 15.2 + 0.%h and was

these differ-

Considering the time

the Beginning of the

5 ovulation

Ah after onset

o
wne



In experiment five, two does wers followed th ough

two

o/

regnanciles each to study ovarian hormone concentration
profiles during pregnancy and parturition. Blood samples
were collected at weekly intervals for the first 20 weeks
of gastation; thersafter samples wers collectad daily until
3 to L days postpartum. Serum progesterone and =2stradiol
concentrations were evaluated by RIA. Parturition was
normal and spontaneous after a mean gestation length of
1L8., 5 + 1.4 days., The mean progesterone concentration rose
from 2.2 + 0.7 ng/ml in the first week to &.1 + 1.5 ng/ml
by the 3rd to Lth week; 1t then declined s
gth week of gestation. From the 9th week on ward thers was
a gradual increase in concentration, but levels declined

rapidly during the 6 davs preceding parturition, Samples
- ja? < i ] iod i

taken within 24h pre- and post-parturition gave mean con-
centrations of 4.2 + 0.9 and 1.5 + 0O, ng/ml, respectively
illustrating the rapidity with which rculating progesterone

declines around parturition. Bstradicl levels showed a con-

tinued rise from the 10th week of pregnancy to maximum mean

levels of 281.1 + 10.¢ pgz/ml on the day of parturition.

o

Within 2Lh, postparturiant lavels of 71.8 + 17.3 pg/ml wers
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ations werse significantly

(P<0.CLl) hig when the does were carrying triplets and
twins than 1 singleton pregnanciss, The stagz2 of pregnancy
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0.0l and P<0.05, respectively).
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APPENDIX T

Serum LH and FSH Levels in Goat #5353 anc 5351 Bled

at 20-min Intervals for 24h During the Breeding and

Non-Breeding Seasons



108

LH Levels for Goat #5393 (ng/ml)

June 22, 1976 (First sample taken at 0200n)

(

O 435 0.649 1,049 0.795 0.747
0.450 0.613 0,715 0.677 0,620
0.595 0,664 0.52L 0.618 6.4,91
0.735 0.531 O.L74 0.588 3,073
1.013 0.49L 0.612 0.555 1.891
0.720 0.431 O.Lii OgSQl 1.040
0.739 0.449 0.550 Q.582 0.810
0.621 0.478 0,528 0.520 0.555
0.601 0.376 0.558 0. 599 C.L71
5.939 0.L60 0.397 0.611 0461
3.523 0.571 7.278 0.832 C.34L7
1.876 7.038 L.303 0.618 0.422
0.696 L.780 3,484 0.663 0,508
0.873 3,143 1.510 0.361 0.358
0.764 1,516 1.058 0.700

September 22, 1976 (¥irst sample taksn a2t 0900h)

0.729 0.339 0.399 0.854 3.570
0.506 0.263 0.191 0.577 2.34L0
0.303 L.360 0.187 O.4.77 1.220
0.211 1.840 0.218 C.505 0.667
0.241 1.195 3.135 0.343 O.448
0.261 0.687 1.330 0.459 0.336
0.200 0.408 0,502 0.262 0.306
0.253 0.384 0.3L43 0.429 1.505
0.336 0,422 0.273 4,250 3.24L6
L.139 0.270 0.247 1.904 1.71L
2.225% 2.365 0.200 0.843 0.779
0.899 1.62¢8 0.215 0.697 0.356
0.696 0.839 1.994 0.499 0.522
0.403 0.597 2.306 0.416

0.34L2 0.397 1.118 O.L3L



LH Levels for Coat #5353

Continued)

December 22, 1976

1.309
0.760
0.530
0.418
0.L81
0.225
0.2L0
0.249
0.108
0.111
0.113
0.103
0.107
0.105
0.239

ut

£
i)
1
O

o

0.204
0.206
0.224
0.202

3, 1977 (¥irst sample takan at
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LH Levels for Goat #5351

(First sample taken at 0G00h)

June 22

0.360 0.210
0.362 0.286
0.280 0.200
0.232 0.242
0.334 0.232
0.200 0.250
0.208 0.269
0.197 0.327
C.167 0.L20
0.175 5.433
O.2L44 2.984
0.287 1.448
0.273 0.855
0.226 0.607
0,208 0,454
September 22, 1976
0.880 0.762
4,00 0.74L3
2.917 0.859
1.370 1.396
1.021 5.557
0.684 2.556
0.608 1.280
0.704 1.109
0.537 0.733
0.639 0.827
L.6L6 0.817
2.816 0.741
1.552 0.751
1.069 0.532
0.795 O.5L7
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December 22, 1976 (First sample taken a

0.513 0.379 0.30L 0.482
0.172 0.320 0.309 0.301
0.156 2.14L8 0.268 0.408
0.188 0.7L0 1.688 0.2G0
0.208 3.450 0.860 0.294
0.173 0.372 0.6L O.LLS
0.200 0.293 0.709 0.433
0.215 0.29L 0.327 0.288
0.198 0.371 0.250 C.337
0.200 0.3562 0.207 C.354L
0.210 C.625 0.272 C.L12
0.211 0.332 0.279 0.395
C.219 0.421 0,296 O.L0L
0.305 0.268 0.320 0.288
0.396 0.152 0.334 0.205
March 23, 1977 (First sample taken at 180Ch
0.261 0.254 0,343 0.336
0.204 0.36C 0.372 0.312
0.255 0.345 0.426 0.343
0.392 0,363 0.289 2.266
C.291 0.250 C.234 1.786
0.239 1.588 0.296 0.808
0.215 0.838 0.388 C.520
0.281 0.510 0., L69 C.L00
0.291 0.37C 0.353 0.478
0.242 0.348 0.381 C.LOL
0.272 0.298 0.362 O.421
0.276 0.373 O.547 O.L14
0.263 0.2L8 0.3L9 C.L2C
C.239 1.263 0.338 C.4C5
0.316 0.6L3 0.312 C.416
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o

SH Levels

June 22, 1976 (First

16.042 16.042
16.042 16.04L2
24 680 16.0L2
12.340 16,042
27.148 18.510
19 . 7440 24,810
13.574 13.574
18,741 16.042
3L.552 18.510
27.148 16,042
29.616 3L.552
34.552 2G6.616
18.510 29,616
19,744 25,810
16.042 29,616

September 22, 1976

29.616 21 .681
13,754 2L.680
12.345 37.020
12.3L0 28.1.L8
16.042 37.00

12.3L0 3,552
12.340 27,148
12,510 29,616
18,744 27.1,8
1907&*[“' 211"’680
19,744 19.74LL
169,740 16,740
27 148 19, 7LL
27.148 156,0L2
24,680 13.057

(

sample taken at 0900h)

F

irst sample taken at 0%00h)

13.574
9»872
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FSH Levels for Goat #5353 {(Continused)

}—
0O
-~
(@)

December 22, (First samples taken at 1800h)

37.020 13.574 37.020 18.510 29,616
34.552 13.574 21,680 18.510 26,616
3L.,552 9.87L 29.,6C0 18,510 20,616
34,552 19,744 19.744, 18,510 28.382
19,744 18,744 18,510 18.510 25,00
18.100 34.552 16.042 2L 680 37.C0
21,080 37.020 18.51C 27,148 27.148
12.07L 37.C20 153042 18.510 27.1.L8
12.000 34.550 16.042 27.1,8 27.1L8
16.042 27.140 19,741 30.850 21,680
13’5714‘ 370620 16{«;0[{'2 34e552 19971;,14.
13,57 3L.552 8.00 27.1.8 19,741,
L%.f?h 34.552 17.27 29.00 14.511
13,510 34,552 16.0L2 21,070
13,574 22,1680 3.500 27 .670
18.510

March 22, 1977 (First samples taken at 1200h)
39..488 37.020 34,552 28.382 38,254
37.020 37.020 2L, 680 32,084 Wi L21L
37.020 37.020 5G@§91 38@3§2 43.190
37.020 3h.551 37.01 27.765 340552
37.020 39.4838 55.530 19,744 25.91L
29.610 Ly 24 bly 421 27.765 38.294
37.020 Lo 244 37.01 3L.552 50. 5G4
37.020 32,488 34.051 25,914 29,616
L, 2L 37.020 38.204 38,254 LGl L2220
50.954 30,488 37.016 30,488 3¢, 488
30,481 £1.700 28,814 38.254 3G, L8%
29.@16 50. 591 32.084 38,250 57.020
29.616 Wl L21L 35,726 34.552
Ll 424 Liy L2 28.382 4L3.180

7.C20 Liy L21 35,786 43.180
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June 22, 1876 (First samples taken at 0S00h)

52.85 31.E70 13.25 31.5C0 L1.550
42,00 26.62 15.75 30.00 37.500C
LS .00 12.00 2L.85 30.C0 L1.250
L5.03 21.75 30,00 27.C0 37.500
49,00 21.750 30.C0 30.00 L1.2°5
56.2 .25 30,00 25.25C 3,,,uO
8,75 1€.00 3E.25 27.00 L0, £CO
71.25 11.25 2L.375 41.250 LC . 500
>C .30 9038 2[;:375 i\"-— 2/\/ ZL5°CO
56,27 8.30 21.750 L8.750 35.250
45,00 11.30 21.750 QIDSSO 45.C0
37.05 13.11 21,.375 18,75 45.00
41.25 9.37 24..375 55,250 37.£00
2h.375 11.25 31,500 L1.55

2L .375 14,25 31.500 L5.00

19.530 41,361 33.315 32,172 L1.368
33.315 36.765 36,768 25.278 L5.360
22.990 22,980 32.172 32.321 L5,960
22.990 3.316 32.172 20.622 5,560
31.980 41.3L0 33.321 32.321 L5.960
25.278 36.768 25.278 32.321 51.705
27.348 L41.340 25.278 L5.560 55.152
25.271 33.315 33.321 36.760 22.980
32.172 25.278 27.528 32.321 66.6L2
L1.363 32.170 33.321 32.321 L8, 864
58.5Q7 32.325 33.321 25.278 LELLL
41,360 20063) 33.321 33.391 33.321
41.363 2£.270 32.321 32.329 32.321
33.321 L5.960 36.768 51.705

22.970 22,980 34,170 L1.364



December 22, 1976 (First samples taken at 1200h)

32.321 22.990 32.321 51.705 36,800
22.980 36.967 33.321 58.559 36,760
32.320 36.769 36,760 51.675 36.762
33.321 36.00 L5.960 51.675 58.132
36,769 41,362 22,980 51.675 L1.363
36,700 32.321 32.321 58,132 L5,360
32.921 32.35 22.G80 55,152 33.321
36.775 41,365 LO .36 45,966 22.980
32.321 33.320 58.599 51.675 33.321
26.028 22.980 L1.360 51.675 33.321
25,278 22,980 22.988 L1.364 33,320
32.321 22.980 L3.290 £5.960 L1.36
32.321 22.980 L5.961 36.768 25,370
32.321 33.321 51.705 36.768

36.679 . 22.980 51.705 36.780

March 22, 1977 (First samplas taken at 1800h)

25.277 32.321 36,888 33.321 18,382
25.270 32.325 33,326 32.321 1¢.533
22.900 L1.366 25,278 L5.560 16,533
19.53 36.768 25.278 55,15 21,080
16,533 L1.364 v,mzvs 51,068 19,5373
20.682 L5.661 18.384 L5.960 19,533
1G. 500 36,768 20,682 L& . 864, 20.682
18.304 36,768 32.321 25,27 20.680
22.980 :6.768 ' 32.321 19,533 33.321
1C.341 20,6872 32.321 15.533 32.321
18,164 22 980 32.321 19,533 31.034
22.181 L41.364 41,361 19,533 25,274
16,084 33.321 31.321 16,533 25.278
25,278 36,068 22.980 16,533

33.320 L1.L61 32.321 20,682



}-J
]
O

APPENDIX TIT

Mean + S.E.M. of LH, FSH, PROGESTERONE and ESTROGEN

Values for the L Animals During the Transition from

Anestrus to Sreeding Activity (or Onset of Puberty)
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Progesterone (ng/ml)

Day~37  0.90 + 0.38 5.98
0.58 =+ 0.08 6.42
0.52 % 0.10 9.52
C.70 + 0.27 10,56
0.5, + 0.20 10.85
0.761 + 0.13 10,43
0.75 + 0.26 10.04

0.48 + 0.0

O

10.85
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1.0 + 0.55 1C.18
0.52 + 0,08 c.08
0.48 + 0,09 10.46
0.2 + 0.28 g.19
1.60 + 0.34 g.52
2,31 + 0.4 L. Ol
L.54 + 0.4 1.59
1.26 + 0.47 1.23
0.73 + 0.18 1.16
0.64 + 0,11 2.40
2.17 + 0.39 L.56
L.18  + 0.47 0.22
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Estrogen (pg/ml)

Day-37  18.77 + 1.76 18.35 + 2.30
19.03 + 1.1¢8 21.55 + 3,98
18"10 + 1%090 l\)a72 +- la,?,J

246+ 1,47 19.2L  + 1.72
15.70 + 1.87 21.80 + 1.88
14,29 + 2,56 15.99 + 3.4h
R6.36 + 7.4l L.L3  + 3,04
17.68 + 5,89 11.59 +  1.6L
21.99 +  7.4L6 10.98 + 1.156
22.76  + 7.80 26.1¢ & 52

52
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26.89 + 2.1 18.58 + 5,10
2 1) - 2 )

3,14 o2k Z;BJ/DS + 2,31

I ]
B2 27.09 + 5,9/
R2.25 + 1,17 25.81  + 1.34
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FSH Levels for Goat #5351
80.00 32.50 .25
56.25 42,50 51.75
37.50 66.75 57.37
14.C0 65.00 53.0C0
15.00 59 .00 24,25
39.25 Ll 25 50.25
59.63 25,50 68.5
80.C0 35.01 50.25
43.750 41.750 L6.50
61.75 L.25 73.75
72. 50 21.00 50. 5CO
62.75 13.25 58.75
37.50 54 .26 L5.75
37.50 59.25 48.00
39.25 26.00 112.50
57.C0 25.50 225,00
39.25 87.50 225,00
21.00 132.50 86.75
55.50 105.00 54,250
75.00 18.75 L6.25
50.25 77.50 50.25
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FSH Levels for Goat #6258

210.00 47.75
29.250 68,00
2L.250 46,50
22.250 37.75
40.00 21.25
22.15 LC ., 50
L7.625 L8.75
73 .00 37.25
46.5 26.25
32.500 36,500
30,00 R7.75
L0 .00 18.75
Ll . 250 L .25
30.00 51.250
25.50 28.00
56.25 21.25
51.75 27 . 500
LE.75 52.5C0

182.50 56.250
74.75 81. 50
26.25 195.00
67.50 36. 50

5.00
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32.50
33.75
38.75
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Progesterone Levels for Goat #5357

0.564 2,146 712
0.513 3.307 7.9k
0.821 Lol 7.51
2.225 5.23 7.06
3.19 Selily g.72
5.65 . 6.15 1C.26
6,40 .58 10.08
7.26 7elh 10,40
6.40 7.88 11.33
7.17 8.34 11.80
g.70 10.02 9. &4
8.99 10.15 5.95
7.12 8.81 6.23
7.36 7.75 1.066
6.09 beSly 0.688
7.940 1.104 1.62
7.80 0.:8 2,82
6.18 0.:0 L7l
L.19 0.47 6.CO
0.66 2.726 7.96
1.08 3.23 Lo 20
0.€95 5.14

C.2L9 6.13
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Progesterone Levels for Goat #5353
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Progesterone Levels for Coat YLy
(O I

1.43 2.81 3.
0,87 Lol5 6.
0.86 5.33 7.79
Le34 6.75 9.

%37 8@25 63\

<57 9.04 8.

5.20 8.26 g,
745 8.94 8.
7.20 8.58 7.
7.73 9.86 8.
9.10 9.13 5.
2.22 8.65 6.0
8.0k 8,52 5.9
7.9% 6.36 3.
g.41 6. Ly 1.
72 .60 0.
.78 1.49 0.88
42 S 1.32 1.03
6.3 1.13 1,
55 1.05 2.
. 50 0.76 3.
17 2.33



Progesterone Levels for Goat #6258

0.31 1.17 5.9
1.30 1,40 6.0
+.09 2.77 C.z7
6.90 L.20 0.894
7.1k L .0l 0.422
8.2, 5,41 1.18
7 .84 5.7k La33
8.1 5.87 6.78
9.19 6.35 9.C0
9.16 7.28 10.13
g.42 6.35 12.3
9.83 11.64 1G. 50
10.43 12.05 9.69
8.90 8.C0 10.65
10,07 9.C0 11.12
7.80 9.70 12.4]
5.30 8,73 13.12
1.77 9.2. 10.C6
1.21 9.79 §.87
1.63 5.80 8.64
2.72 1.45 8.28
4.06 0.91
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Estras en Levels for Goat #6257
8.227 18.256 13.303
37.433 19.343 16.07¢8
29.580 23.751 14,565
RL,722 13.607 13,766
16.716 30.988 13.565
19.586 37.169 7.598
20,677 36.856 7,027
21.769 18.843 26.101
20.169 16.032 10.303
15.176 13,812 13.301
14.106 10.374 7.336
13.352 20,279 20,751
5.663 25.655 17.931
11.498 15.926 22,153
23,300 8.633 16.718
24,00 9,854 13.885
23,990 12.006 LS. 553
13.651 2L ,893 25,851
5.941 16.972 30.650
9.163 47,586 30.962
32,240 38.349 30.215
59.527 40470
22,501 26.886
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Estroece .. Levels for Goat #6258
39.489 29,489 33.238
17.433 17.439 17.888
30.599 31.034 L9 .28
17.416 38.869 51.668
224,87 41,756 27 .541
18.585 27.052 34,726
25.821 28.735 23.620
23.057 17.320 L0.778
18.566 18.313 23.679
23.069 34,517 30.048
25.052 21.916 17.04L0
16.566 25.121 19.217
11.599 39.179 2L,.273
17.677 27.362 20.670
26.977 14.963 34,768
2,336 15.052 34 .263
L5.016 35.778 38.764
55.602 40 . 80L 39.439
32.923 51,684 19.419
22.540 56.281 23.679
32.129 31.998 27.351
34.00 26.773
30.139 33.238
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Estrogen- Levels for Goat £5357
31.066 32.9L2 39.276
36.621 L1.261 31479
37.806 18.572 26.371
31.0L7 13.048 36.63L
29.684 2L .034 30.118
30.083 37.722 27.398
32.812 35.004 29.277
13.218 38.00 38.825
32.505 35.515 13.80L
2L, 360 28,888 12.64¢8
37.381 15.766 8.923
43.313 17.777 38.267
2L..839 35.461 21.,61¢6
23,332 31.501 29.331
21.968 23.729 L2.,289
25.989 28.8L1 38.770
27.74L7 62.189 19.228
26.759 6L . L73 22.337
23,435 23.379 22.783
35.5L5 34.318 28,937
L8.1463 Ll..773 41,963
2L, 5L0O L2.735
18.024 3%.236
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APPENDIX IV
LH and FSH Concentrations in Sera Collected at 20-minute

Intervals (Hourly for Goat #6258) for 2Lh During Estrus
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0.869
2.281
1.294
1.110
0.639
3449
1.566
1344
0.219
2,293
L.459
10.831
0.402
1.721
1.204L

20,00

25.00
30.00

15.001

33.
Ly
36.
49.
L5,
35.
35,
35.
32.
30.
L5,
30.
65.00
.00

k/
&0

117.

50
S0
Q0
Q0
Co
00
Co
00
00
00
00
Q0

50

12.882
13.901
18.830
14,523
18.951
15.676
11.17L4
11.953
12,447
11,009
16.585
18.182
17,401
14.280

120,00
120.00
150.00
165.00
157.00
156.00
115.00
120.00
124.00
120,00
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336.00
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LH and FSH Levels for Goat #6258, (2nd Estrous Period)

LH  (ng/ml) FSH  (ng/m1)
5,226 110.00
0.865 52,50
1.103 52,50
1.257 62.50
3.571 56,00
1.516 80.00
2.351 84.00
3.299 80.00
5.159 95,00
9.558 115,00

11.421 120.00

13.834 117.50

15.286 210,00

12,006 210.00

14,161 360,00

14.260 356,00

17.281 360,00

19.195 364,00

15,667 200,00
6.324 105.00
2.5L8 65,00
1.820 5,00
1.245 52,50
1.130 60.00
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FSH

P,

61.
61.
Ll .
L9.
L2
61.
73
55
L9
55
61.
61.
55
55.
Ly,

280
280
428
024
896
280
636
152

024
152

280
280

<152

152

428

LH and FSH Levels for Goat #5367

13.810
14L.297
15,044
20,290
17.029
16.264

55.152
L 428
71.280
76.0L0
72.00
88.850
93.452
73.536
1C04.176
137.880
170.052
202.22L
275.453
204, 2214
231.332

R77.292
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2L5.120
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Progesterons Levels Duri

ng Pregnancy & Parturition.

Goat #5351
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8.168 12.914 10.117
13.523 11.003 10.765 7406
9.894 10..38 12.055 5.245
10.462 10.280 12.717 2.220
€.316 11.246 16.209 2,510
8.097 11.526 L4 .376 2.07
9.578 14,25y 12.013 2,409
Goat #5357
Triolet‘Pregnancv
M%
2.351 9.666 10,239 G.393
1.10L 8.165 12.064 9.310
11.53L 7.900 9.CL1 8.715
11.018 9.317 9.762 5.105
10.713 10.363 8.691 3.495
10.717 8.55]1 8.7L6 1.948
9.340 lOa599 10.663 1.035
7.702 11.118 12.293 0.4L0
g.562 12.189 11.158 0.L87



Levels During Pregnancy and
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Parturition

Goat #5353
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Estrosen . . Levels During Presnancy and Parturition (Conttq)

Goat #5353
Twin Pregnancy

5.928 56.359 283.919 295,143
3.831 57.750 293,110 263.853
5.308 6L.575 312.67L 300.086
2.250 141.316 272,800 39.019
8.817 19%.14L 319.343 13.629
4,116 233.370 295,710 5.366
37.656 258.6L0 276 .0L0 10,850
Goat #5351
Triplet Pregnancy
17.546 61.399 337.285 258,056
15.903 96.826 34L5.629 243 .961
7.262 175.791 331.296 25L .04L1,
11.229 23L.330 325,0L4, 267.8L6
22,380 260,271 293,539 102,593
L.521 24L9.539 321.521 L7.803
10.013 286.891 227,160 10.459
L1.504 250.717 241 .5C6
53.275 234,258 24L6.778
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5.51 + 2.8 7.26
8.14 + 1.5 6.72
7.65* 1.3 7.87
6.97 + 1.5 9.04
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7.07 % 1.5 7.99
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MEAN (+ S.E.) Progesterone angd Estrogen Levels
during 6 days breceding parturition and

2 days post parturition

PROGISTERONE  (ng/ml) ESTROGEN (pg/m1)
8.13 + 1,73 238.55 + 28.13
7.49  +1.12 259.53 # 15,37
8@46' Fol. 2L6.67 + 12,76
7.18 * 1.33 259.036 * 12,58
5.78 * 0,62 264.99 + 5, 53
L.73  * 0,91 269.32 * 8.L0
1.58 * 0.33 281.1  * 10.8
1.206 * 0,44 71.82 * 17.33
0.88 * 0..0 LC.O = 5,53
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LH Levels in Goat #5351 in tpe Lth Zstrous Period
0.816 C.71L 0,320 2,140
0.668 0,568 C.24L5 2.00
0.348 0.224 C.2L7 O. 400
1.680 0.228 5.681 C.506
4 .80C0 0.186 3.81C O.LL6
1.568 2.160 3.010 C.316
0.965 2,106 C.71L 0,226
0.861 1.930 0.513 C.6CH
C.714 1,207 C.214 0.7C1
0.816 0.803 3.16 G.900
G.20L4 0.713 3.6C1 0.805
0.224 0.614 2.760 L.110
0.356 2.816 2.150 3.16
6.600 3.240 C.800 3.065
3.960 2.560 0.306 2,18
3.560 2,142 C.387 1.00
3.174 1.0C4 5.140 C.3C6
2.1L8 1.£860 L.B7
0.815 C.G60 3.50
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Lt Levels in Goat #6257 54 n 5
in uoat #6257 in the Lth &
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0.816 0.714 0.320

0.568 0.568 0.245
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- 513
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0.816 0.803 3.154
C.204 0.713 .001
0.224 0.51L 2,760
0.356 2.816 2.15C
L.HEQ 3.240 (.800
3.960 2.560 0.306
3.560 2.142 C.287
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