

















in the activity of the hypothalamic-pituitary gonado-
tr c axis following stimulation, chiefly by decreasing
davlight length and association with males.

anagement of the flock was standardized as far as
pr  ible, yet the seasonal variation was from the Ist
of March to the 25th of April for various groups. For
any particular year, however, the dates for normal and
aborter groups were in close agreement. Aborters
tended to exhibit oestrus slightly later, but no differenc-
es were significant in any of the seven years studied

(Table 1).

TABLE 1 Arerage time when first oestrus of each breeding
season was exhibited

Normals Aborters

Year | No.of | Average SE | No.of | Average SE

goats day (days) | goats day (days)
1962 14 |25 April 4,3 6 12 May 9,8
1963 21 28 March 3,0 6 3 April 7,2
1964 23 121 April 5,6 7 21 April 13,9
1965 30 23 March 3,9 12 27 March 4,5
1966 34 128 March 1,6 20 2 April 4,2
1967 30 3 April 5,7 19 | 25 March 6,2
1968 33 7 March 3,6 22 1 March 6,1

Differences for each season not significant (P <0,05)
Ski= Standard Error

Oestrus duration: The goats were observed twice daily
for <igns of oestrus and the results of four seasons were
po d for analysis, allowing 12 hours per positive
observation.

A mean duration of 22,3 hours was found for 157
ocs Hus periods exhibited by normal does; 117 periods
of aborter does lasted 2 mean of 21,4 hours. Of the
total of 274 oestrous periods recorded, only six were as
long as 48 hours. Our goats have therefore a con-
sistently short oestrous period of a day or less and no
differences between normal and aborters were apparent.

Duration of the vestrous cycle: The occurrence of shorter
oestrous cycles in aborter does has been previously
reported (Van Rensburg, 1964). Analysis of a total of
58 cycles showed that the average duration for normal
does was 20,6 days, whercas for aborters it was 16,2
days (P<<0,01). Further studies have confirmed this
difference. The total of 124 cycles now studied com-
prises 76 normal doe cycles and 48 exhibited by aborter
does and rhe distribution of their duration is presented
in Fig. 1.

Peak cycling frequency in normals was 20 days and in
abo rs 19 days. However, only ninc per cent of
normals’ cycles were 19 days or less, whereas 69 per
cent of aborter cycles were in this category. Short
cycles of 5 to 10 days were common and laparotomy of
two ewes exhibiting oestrus after such short cycles
revealed only very small regressed corpora lutea in the
ovar , together with pronounced follicular growth.

Unuke normal does, unusually prolonged cycles were
virtually absent in aborter animals. The four cycles of
37 and 38 days duration were probably double cycles
resulting from “silent” or missed oestrous periods.
These basic differences between the two groups suggest
that luteal regression is premature in the aborter group
and that follicular growth and ovarian oestrogen secre-
tion is normal or excessive.

Oe. iring pregnancy : Typical oestrus was encountered
in gimately 6 per cent of all gestat’ T as
tw] frequent in aborters as in norm 1is
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phenomenon was, however, not associated with abor-
tion as some potential aborters which exhibited oestrus
during pregnancy, carried their kids to term. The
occurrence of this oestrous behaviour was evenly distri-
buted between 12 to 60 days after conception.

Oestrus after abortion : More than 60 per cent of the does
observed exhibited oestrus within a month of ab  ing.
The majority of these were receptive to the ram within a
week, but the intervals were quite irregular and ranged
from the day of abortion up to 29 days later. Those
does showing oestrus shortly after abortion usually
repeated oestrous behaviour about twice, invariably at
abnormally short intervals. Only about 25 per cent of
those bred were later proved to have conceived, the
earliest conception after abortion being the 15th day.
Surprisingly, three out of four such conceptions ulti-
mately resulted in the production of a viable kid, while
the fourth conception again terminated in a late abor-
tion.

Conception rate and intervals of refurn to oestrus after un-
sucecessful breeding

Conception rates: Anoestrus during an entire breeding

season was not encountered in reasonably healthy does.

When it did occur, it was due to immaturity, extremc

senility or severe organic disease.

A total of 205 breedings with bucks known to be
fertile was analyzed. Breedings with aborter animals
totalled 98 and the remaining 107 does bred were
classed as normal. Does were served twice daily as long
as they remained receptive.

When bred at a single oestrus, 77 per cent of the
notmal does and 60 per cent of the aborters were
proved to have conceived. After those that returned
had been bred at two further periods, a total of 91 per
cent normal and 80 per cent aborter does had conceived.
In the normal flock, 9 per cent were barren, as compared
with 20 per cent in the aborter group.

Interval of return to oestrus after unsuecessful breeding: This
analysis was made to obtain some indication of the
importance of abnormally short cycles and the possible
occurrence of foetal resorption, usually manifeste by
prolonged cycles. Incidental failure to conceive should
be reflected by returns at normal cycle lengths.

Figure 2 shows that the majority of returns (58 per
cent) exhibited by normal does occurred at 19 to 22 or
38 to 44 days after fertile service. These returns at
normal cycle lengths are assumed to be largely due to
fertilization or nidation failure from miscellaneous
causes. The existence of considerable foetal loss within
the normal group is suggested by the 27 per cent
returning to oestrus between 25 and 32 days. Follow-
ing sterile service, only 5 per cent were found to have
such prolonged cycles.

Returns after short intervals of 18 days or less ac-
counted for 58 per cent of the failures on the z rter
group. A striking peak occurred at seven days after
service, suggesting early failure of adequate luteiniza-
tion. Short cycles were also observed in the group which
was subjected to sterile service and this phenomenon is
clear evidence of a basic defect in the aborter group.

Evidence of resorption of foetuses was also present
as in the normal group, but the data on the incidence of
resorption are not comparable, as the majority of
aborters returned without the endocrine opportunity of
conceiving. It must therefore be assumed that the inci-
dence of resorption in aborters capable of maint: g
one normal oestrous cycle length after fertilization 1s
very much higher than in the normal group.
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REPRODUCTIVE PHYSIOLOGY AND ENDOCRINOLOGY OF ANGORA GOATS

Relative morphology of body organs

The first group slaughtered for study in 1963 con-
sisted of 18 does, of which half were in anoestrus. The
others were luteal phase cycling animals being used for
a collateral ovarian study. The body weight, taken im-
mediately prior to slaughter, and the endocrine organ
weights after dissection, were recorded (Table 4).

‘TABLE 4 Mean weights and SE of endocrine organs from
anvestrous and cycling normal and aborter does - 1963

Paramcter Normal Aborter t-test
Number per group . . 8 10 —
Body weight (kg) . . .| 31,5-1,9 28,8-2,4 N.S.
Adenohypophysis (mg) . 323-1 330-31 N.S.
Nceurohypophysis (mg) 72,9-9,0 83,3-8,8 N.S.
Thyroid (g) . . |2, 59 0,3 3,20-0,4 N.S.
Adrenals (g) 1 53 0,1 2,10-0,1 P<0,01

N.S. — P=0,05

Aborter does were a mean of 2,7 kg lighter, yet both
the anterior and posterior pituitaries and the thyroids
tended to be heavier than in non-aborters. The adrenal
weight was increased by a significant 37 per cent. A
fairly regular bilateral hyperplasia of the cortex ap-
peared to be responsible for the increase, as the glands
were smooth and focal fascicular hyperplasia and
nodule formation were absent on macroscopic and
microscopic examination.

A further group of 20 relatively aged does were
slaughtered five ycars later during 1968 while in anoes-
trus. In addition to the endocrine organs, various body
organs were dissected, examined and weighed. As
evident from the results in Table 5, significant dif-
ferences were confined to the endocrine organs. The
heavier anterior and posterior pituitaries were again
present and proved to be most significant.

Adrenal medullary hyperplasia was found in several
of these aged normal and aborter does. These particular
individuals had a fairly high incidence of barren seasons
in their latter years. As demonstrated earlier, the inci-
dence of barren seasons was similar in aborters and
normals, and we have no evidence which may suggest
an association between adrenal medullary hyperplasia
and abortion. The adrenal medulla was separated from
the cortices by dissection of the formalin fixed glands
and the weight of the aborter adrenal cortex was con-
sistently heavier than that of normals. The increase was
34 per cent, which was similar to the 37 per cent found
in the first study done five years earlier.

TABLE 5 Mean weights and SE of body organs from anoes-
trous does - 1968

Parameter Normal Aborter t-test
Number per group . . 10 10 —
Body weight (kg) . . .| 31,3-54 30,3-0,9 N.S.
Liver(g) . . . . .| 463-26 453-21 N.S.
Kidneys (g) .. L] 95,0-7,1 91,9-3,8 N.S.
Spleen (g) . . . . .| 48,6-5,6 56,8-3,7 N.S.
Uterus (g) . 20,1-2,8 22,4-2.4 N.S.
Ovaries (g) . 2,23-0,4 2,33-0,1 N.S.
Adenohypophysis (mg) . 23-2! 439-28 P<0,01
Neurohypophysis (mg) .| 46,3-2,3 63,2-2,9 P<0,001
Thyroid (¢) . . . .| 2,33-0.2 | 255-0.2 | P<0.05
Adrenals (g)* . 1,95-0,2 2,63-0,4 N.S.
Adrenal cortex (g) 1,39-0,01 1,86-0,14 | P<0,005

*Marked medullary hyperplasia, probably incidental, in one
normal and two aborters

N.S. = P>0,05

The third set of data concerning maternal body

organs was obtained from 21 pregnant does. e
majority were about 90 days pregnant and were killed
by exsanguination under anaesthesia after surg to

obtain ovarian vein and foetal blood samples.

The results in Table 6 show that at this critical stage
of pregnancy, the only significant changes demonstrable
are once more in the adrenal weights. However, both
the total gland weights and weights of cortex only »m
aborters were significantly lower than those of normal
does. Histologically, these glands showed marked re-
gression with prominent pyknosis of cortical cell
nuclei, particularly at the junction of the glomerular 1d
fascicular zones. The very early instances of placentome
degeneration described below also showed marked
pyknosis and cellular atrophy in the fascicular zone; the
obvious impression was that adrenal regression pre-
cedes placentome degeneration. In the majority of
aborters the glomerular zone was relatively more
prominent and the formation of concentric aggregations
of these cells surrounded by delicate stands of con-
nective tissue was frequent. The anterior pituitary still
averaged a heavier weight in the aborters, but to a very
much lesser extent than the difference found in anoes-
trous does.

The uterus of one aborter contained a foetus which
had died recently. Its adrenals were the lightest of all
those in the 21 animals used in the experiment, but other
endocrines werc of average size. A second animal
carrying a dead foetus 90 days after conception was
encountered in a serial study consisting of 22 does dis-
sected at various stages (between 16 to 140 days
gestation) of pregnancy. Her adrenals were also the
smallest in the experiment. In additicn, the anterior
and posterior pituitaries were both considerably
heavier than those of all other animals. The serial study
of gestation did not reveal any clear variations of
adrenal weights throughout pregnancy and the thyroids,
anterior and posterior pituitary weights similarly re-
mained constant.

We therefore have the position where the anoestrous
and cycling aborter does exhibit adrenal hyperplasia, but
in pregnant aborters adrenal atrophy is apparent at
least 10 days before abortion and is most marked in
animals carrying foetuses already dead. The pituitaries
are consistently larger than normal.

The reproductive tract of normal and aborter does at three
months gestation
These data were obtained from the same does as
those noted in Table 6 where it is shown that the
adrenals of pregnant aborters were reduced in size.
Only animals that were between 92 and 100 days
pregnant were included, except for two in the normal

TABLE 6 Mean weights and SE of body organs from preg-

nant normal and aborter does - 1968

Parameter Normal Aborter t-test
Number per group . . 10 11 —
Gestation stage (days) 99,0-4,9 87,1-5,9 N.S
Body weight (kg) . 43,4-2,0 41,3-1,1 N.S
Liver(g) . . . . .| 0658-28 582-24 N.S
Kidneys (g) 122-8,6 111-4,6 N.S
Spleen (g) . 88,8-10 74,8-9 N.S
Adenohypophysls (mg) 364-34 384-23 N.S
Thyroid (g) . .| 3,12-0,4 2,96-0,2 N.S.
Adtenals (g) . .. 3,12-0,2 2,51-0,1 P<0,05
Adrenal cortex (g) 2,36-0,1 1.99-0.1 P<0.025

N.S. = P>0,05
















































PROGUCTIVE Pty

ssion on histojogical examination, A corpus luteum
HAT MACroscs mL appeatance was obtained a few
s after abortion of a fresh foctus at 106 days gesta-
tosi. Flistological regressive changes were pr(_,scnt but
iy to an extent um),hr to the normal 149 day pre-
Dearpus luwum, A third corpus luteum was also
v removed from a Bocesgoat within a few hours
haid aborted on the HU b day of gestation as a
seapuerice of a severe coccidiosis U)Jsodc Its corpus
was alse pale and firmer than uouﬂ and micros-
iy exhibited regressive changes similar to the
ious two animals.
These and other observations show that in the goat
sree of futeal regressive change invariably pre-
lsion of the f(mtu.s, 1r1d therefore, such
zn about the time of aborfion do not neces-
licate luteal failure as the primary cause of the
Lmsuc\c.ssru] gestation. There is no doubt that at
abortion luteal regression is usually more advanced
than at normal kidding but this work has now demon-
strated that foetal death may occur as much as a month
before abortion. Under such circumstances advanced
regression 1s to be expected.

Necessity of corpus ntenm for the maintenance of gestation

It has been shown by several workers that the
presence ot a functional corpus luteum is necessary for
maintenance of gestation in goats (Van Heerden, 1963).

study was undertaken to confirm this fact in An(rorq
gnats, to obtain Juteal material for study, and to examine
the time between surgery and abortion.

This latter value may also indicate that pregnancy is
more d chr,dcm on the corpus luteum at some stages
than others. In the animals listed below, the time of
abortion after surgery was observed to be as follows:

Time between
C.L. removal

Days gestation
at removal

No, of C.L. and abortion
(bours)

1 30 45

2 60 90

3 95 60

4 95 60

5 105 60

6 115 52

7 120 36

8 125 47

9 135 39
10 135 40
11 145 60

This study shows that abortion occurs at a surprising-
iy consistent time after removal of the corpus luteum
at any stage of gestation. The last three foetuses in the
serics could have been expected to be born alive, yet
all were dead and considerably autolyzed. Function of
the placenta must be exceedingly dependent on proges-
terone as there is no doubt that within a few hours of
the blood levels dropping to the basal levels maintained
by the adrenal, foetal death occurs,

A doe was found to be carrying twins at 75 days
gestation with a corpus luteum in cach ovary. The
corpus luteum that appeared the latgest was removed
and found to weigh 589 mg; its removal did not dis-
turb the course of gestation and normal twins were
born at term. Another doe, 85 days pregnant, had a
single average-sized corpus luteum which was incised
and a portion which appeared to constitute at least two-
thirds of the gland weighine 480 mg was removed.
A b mge  t | s sutured over the pro-
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fusely haemorrhaging cavity, and this doe also carried
her kid to term. Considering the rapid lethal cffects ot
removal of the whole gland, these two instances SUgest
thdl thg level Of pfomstc rone §s not critical and m"sl

pr()rmsteronc

Progesterone content of corpora luten

Similar results were obtained from three independent
studies undertaken in 1963, 1965 and 1968. These were
pooled for presuntat*on in Fig. 11. The corpora lutcea
were all obtained at laparotomy; some by making a
circular incision of the capsule at the junction between
ovarian stroma and the projecting portion of the
corpora, and expressing it manually, but the majority
were  obtained by lmmediate  disscction  from  the
excised ovary after cannulation of the ovarian vein and
collection of its ctHuent for about 10 minutes. lZach
corpus was scctioned longitudinally to cxamine its
structure, rapidly weighed, frozen on solid CO,, and
stored at —20°C for assay.

When progesterone results were expressed as the
concentration or the total amount calculated to be
present in each corpus luteum, very similar tendencics
were revealed. Figure 11 shows that the amounts in the
corpus luteum remain relatively constant until the 80th
day of gestation, whereafter there is an appreciable in-
crease up to the 110th day which is followed by a slow
decline.

Paradoxically, maximal luteal levels coincide pre-
cisely with the time of highest foetal death rate and
abortion. Furthermore, at this time the majority of
potential aborters have a higher luteal progesterone
content than the mode for notmal animals. Included in
the data of Fig. 11 are corpora lutea from two docs
carrying dead foetuses. One at 96 days was extremely
fresh and its corpus luteum contained 36,2 ug proges-
terone, whereas the other had been dead for at least
three weeks (Plate 2b) and her corpus luteum still con-
tained 17,2pg progesterone. Also included were two
animals, 92 and 93 days pregnant, which had extremely
advanced degenerative changes in the placentomes
similar to one whose foctus had already died. Their
corpora contained as much as 40,8 and 38,1ug pro-
gesterone, respectively. At about the usual time of
foetal death there is therefore no evidence of any lutcal
insufficiency from this study.

Progesterone output by the ovaries

The ovarian vein draining the ovary containing the
corpus luteumn was cannulated in a total of 30 does, 11
of which were aborters. The amount of progesterone
secreted per minute was calculated. These animals
were not subjected to presurgical fasting or disturbed in
any other way prior to anaesthesia and laparotomy. In
four does the ovary not containing the corpus luteum,
but having follicles whose maximum size ranged from
three to six millimetres, was cannulated. In each instance
the concentration of progesterone in the plasma was
similar to that found in peripheral blood. On the other
hand the progesterone concentration in plasma draining
the ovary containing the corpus luteum was usually in-
creased to the order of 50 to 200 times above that of
peripheral plasma.

Ovarian sectetion rate is shown to decrease gradually
to about the 40th day of gestation by the estimated
curve of regression in Fig. 12. This decrease parallels
that exhibited by the size of the corpus luteum (Fig. 10)
and is in agreement with the histological findinos of

Harrison (1948). He demo: ed a d



average diameter of luteal cells from 35 microns at 12
days after ovulation, down to 30 at 20 days and 25 at
the 35th and 45th day of pregnancy. This low point in
the rate of progesterone secretion is also reflected in our
peripberal blood values and may be important, since a
minor abortion peak occurs at this time. Animals
aborting at this stage frequently exhibit ocstrous be-
haviour simultaneously with abortion, which indicates
luteal insufficiency. Those aborting embryos at this
eatly stage differ from animals aborting later, in so far
as having exceptionaily good mohair growth rates
(Chapter 4).

Harrison (1948) unfortunately indulged in cxcessive
speculation with his small histological series and divided
his lutcal material, which only represented the first 60
days of the five month gestation period, into four
“phascs of luteal development”, The first stage he
defined as “hypertrophy estending from ovulation
until about the 35th day”, notwithstanding the fact
that his measurements demonstrate the converse, which
= 1n full agreement with the histological findings of

fs study. Also in accordance with our results is the
tinding by Harrison that luteal cells had again increased
in size at the 45th and 55th day, but he claimed early
regression of the goat corpus lutcum on the basis of a
single animal examined at the 60th day. This would be
precisely similar to the sequence of events in sheep, as
this species is not dependent on the ovaries for gestation
maintenance after the 50th day, since placental proges-
terone production reaches adequate levels at this time.

As we have observed in this study, the luteal cells in
the Angora goat continue to enlarge and only reach
their maximal size after the 100th day. It is only after
mid-pregnancy that the structure of the corpus luteum
becomes well organized as a typical endocrine gland
and at this time all the usual cytoplasmic characteristics,
which may be seen with the light microscope and arc
indicative of a highly active endoplasmic reticulum, are
most pronounced.

Heap & Linzell (1966) interpreted their own results
rather unsatisfactorily according to the findings of
Harrison, The data of the four goats which they pre-
sented in detail all exhibit a considerable decline in
carotid artery plasma progesterone levels at about the
35th to 45th day of gestation, and thereafter the levels
increase until a few days prior to term. The implication
of this earlier work that luteal activity dectreases with
advancing gestation in the goat is therefore incorrect.

Physically robust goats such as used by Heap &
Linzell show an exceptionally high incidence of mul-
tiple ovulation and therefore unusually high progest-
erone values are encountered in cycling and early
pregnant does. We and other workers have evidence
that in goats, sheep and cattle, when an excessive
number of corpora lutea are present in the ovaries of
pregnant individuals, they will regress to a limited ex-
tent at an early stage, suggesting the existence of some
form of “negative feedback” system. Animals with a
single corpus luteum are cleatly more suitable to study
the variations in the level of luteal function. In this
respect we are fortunate, as the incidence of multiple
~vulation in our Angora flock is only in the region of

) per cent.

Figure 12 shows quite clearly that ovarian secretion of
progesterone increases steadily up to approximately
the 100th day and then exhibits a gradual decline to
term. While the minor first abortion peak occurs at the
low point of pr-~-sterone sectetion, the major abortion
peak coincides with maximal secretion rates. Two
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potential aborters had particulatly high sccretion rates
of 14 and 9,1 ug per minute (equivalent to 19 and 13 mg
per day) yet exhibited many signs of imminent abortion
such as placentome degeneration, foetal anaemia, and
large ovarian follicles. Such daily production rates aze
higher than those neccessary to maintain gestation in
does experimentally deprived of their corpora Jutea
(Meites, Webster, Young, Thorp & Hatch, 1951) and
it is difficult to visualize them as having suffered from 4
deficiency at any stage. One of the aborters with the
lowest output was the onc at 99 days carrying 2 mum-
mificd dead foctus (Plate 2b) and even it had a probable
adequate production rate of 4,03 pg per minute (5,7 my
per day).

Progesterone levels in peripheral plasma

Peripheral plasma progesteronc in the goat is known
to originate only from the corpus luteum and adrenal
gland. To investigate the levels produced by the latter
gland, six does werc examined during the mid-anoes-
trous period. Immediately after collection of these
samples, 40 i.u. of adrenocorticotrophin was injected
intravenously and a sccond sample was collected an
hour later. The results of the three normal and three
aborters (pug progesteronc/100 ml plasma) were as
follows:

Breeding history Resting level After ACTH

K; K; KTD 0,21 0,29
KT; K; B 0,23 0,44
K; K 0,13 0,19
K;K; A; B 0,22 017
A A A A 0,22 0,19
A A; A 0,16 0,62

All these animals, and those used in the next gestation
study, were quite accustomed to being bled. This
procedure was routinely performed with a minimum of
pain and apptehension where the doe happened to be
standing in the pen. Nevertheless there were consider-
able amounts of plasma progestcrone present in such
anoestrous goats and out mean value of 0720 g per
100 ml is even less than the 0,34 ug found y . ap &
Linzell (1966) in eight anoestrous and oestrous dSaanen
goats. Adrenocorticotrophin increased plasma pro-
gesterone slightly to moderately in the normal indivi-
duals, but in two aborters the amounts found after
adrenocorticotrophin were actually less and in the third
it was greatly increased. Similar strange behaviour by
the adrenal in respect of the output of incidental
metabolites is noted in the section on pregnanediol ex-
cretion. It is nevertheless obvious that the ¢ enal can
influence the plasma levels significantly. This effect is
clearly seen when the blood cortisol levels of aborters is
compared with their plasma progesterone levels in the
experiment below.

A total of 14 goats were bled from the jugular vein at
precisely 15 day intervals throughout gestatic  or for a
150 day petiod. Of the 14 does, six produced kids at
term, one of which was stillborn. Seven aborted and
gestation was not observed to terminate in one, but
judging from oestrogen excretion data she is presumed
to have been pregnant, and to have resorbed the foetus.
Mean progesterone values from the six does that pro-
duced a term kid and the seven that aborted are com-
pared in Fig. 13.

Progesterone values in normal animals were again
found to increase from the 45th day and reach maximal
values between 90 and 120 days after which the levels
declined to term. The increase during this dod is
virtually a symmetrical parabola. This in  zndent









1/100 mi)

Plosma progesterone (

1.0 - Y _,
NN // AY
N {\{3,// /'/ \\\ ,/\
0‘8 - ; /"\\ ‘\ /' \‘\ . 3
T s T FS oAl s
\\ // // e, kN A4 \/‘ // "\“ F :‘:)
e / (g \ v #
0.6r \\/' 7 AN -’—’/’X\ \\ A 7
h \ \ \“}"l‘ /'»‘
%J/ e \\ \“_:—““ *\ b \ / \\ /
oar o <] a7 NN
Ny P - A ‘ VA i
@' \ﬁ;‘”FS AT / \/’/ . |
, s Ry |
02 Yo Ty - : ~
L i 1 i ! i | | 1 | |
{
LO -
0.8+ =
0,6+ 3}
0.4 =
0.2 N
L | | { | ! | i | ;
i
|4 A - Abcrted ! -
’ AT - Twins i-“ i
FS - Age of foetus according i | \‘a
L2 - to weight "
1,0 -
G
0.8 Ty
R / y \
or TN S
054 — @ \/
0.2

{ | i } i 1
75 90 |05 120 i35 50
1vs aestation



study with different animals therefore agrees exactly with
the variations found in the corpora lutea and rate of
progesterone release into the ovarian vein. All does
exhibited considerable decreases prior to kidding.
Within hours after kidding the levels were even lower
and after two weecks had returned to basal “adrenal
progesterone” levels in those animals examined. Of the
does that kidded at term, No. 3 gave birth the following
year to premature twins which died at 143 days, No. 1
and 2 aborted the next year and No. 6 had aborted in a
previous year. Therefore, the only truly “normal” does
were No. 4 and 5. These two animals reached the
highest plasma progesterone levels, and both exhibited
the typical pattern of progesterone variation, except
for one odd value recorded for No. 5 on the 105th day
(Fig. 14).

Progesterone levels in aborter does averaged higher
than normal at all five points examined from 15 to 75
days gestation. At the crucial 90 day stage, however,
their mean value was considerably below normal and
the majority aborted during the following two weeks.
A consideration of the individuals responsible for this
decrease (Fig. 15) suggests that many of the foctuses
may have been dead at this time and therefore this low
value could be secondary to foetal death.

Luteal insufficiency nevertheless seems possible at
some stage or another in seven of the nine animals
whose gestations ended unsuccessfully. Doe No. 2
gave birth to a small stillborn kid after unusually low
values in the last month of gestation. Numbers 9 and
10 had rather low levels a month or more before
abortion, but it is doubtful if this could be associated
with abortion as their levels were subsequently elevated.
Moderately low levels were found consistently in No. 7;
these values were similar to No. 2 which retained her
foetus to term and several goats which remained at a
much higher level similarly aborted. Goats No. 8 and
11 both had all values well within the normal range, yet
both aborted, as each had done in previous seasons.
Luteal failure could only play an important role if the
goat’s progesterone requirements are extraordinarily
high around 90 days gestation.

Some evidence has been advanced that progesterone
production is well above the critical level during ges-
tation. This does not imply that administration of
supplementary progesterone will not prevent abortion.
Obviously if deleterious influences are being exerted
on the placenta, progesterone may be expected to
exert a protective action. Some evidence is available
that this may be the reason why some aborters kid
normally after having aborted the same season. Goats
No. 11, 12 and 13 probably ovulated after having
aborted and each of their subsequent corpora lutea
seemed to produce higher plasma levels of progesterone
than the original corpora lutea. We have also observed
that the incidence of abortion is lower when service is
withheld until the doe has completed some cycles and is
then bred at the peak of the breeding season when
luteotrophic stimulation may be expected to be maximal,
as it clearly is in males at this time of the year.

The various aspects of luteal function studied never-
theless did not reveal a consistent relationship to
gestational failure. It is possible that the same factors
causing placental dysfunction can at times influence
luteal function in a similar manner.

Pregnanediol excretion

According to Klyne & Wright (1957), goats which
are in the latter stage of pregnancy excrete approxi-
mately 5 mg of pregnanediol in the urine daily. Brown,
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van Rensburg & Gray (1963) recorded slightly higher
values when using the classical assay procedure of
Kloppet, Michie & Brown (1955). In our laboratory
this method was subjected to a micro-modification with
critical control of chromatographic fractions. Used as
such, it yielded mean daily excretion values in the region
of 3 mg when applied to pregnant goats’ urine.

Twenty does of unknown breeding history were
assayed by this method when each animal was 30 to 33
days pregnant. In accordance with what may be ex-
pected from the results of Brown e a/. (1963), this single
value appeared to be excellently correlated with the
success or failure of gestation. The lowest seven only
excreted between 0,25 to 1,5 mg “pregnanediol” daily
and the gestation was unsuccessful in all seven. The
lowest two excretors failed to kid, the following two
aborted and the offspring of the next three died shortly
after birth. Ten does had values of between 2 and 5 mg
and all gave birth to kids which survived. The re-
maining three had unusually high values of between 7
and 9 mg; each gave birth to a single kid which died
within three days.

Further work using the slightly modified method of
Klopper et al. (1955) showed that excretion values of
pregnant aborters were consistently lower than normal
at all stages of gestation except immediately priot to
abortion, when the wvalues increased appreciably.
However, it was noticed that the pattern of “preg-
nanediol” excretion in both normal and aborters was
exactly the inverse of blood cortisol values. In the
human, stimulation of the adrenal gland is followed by
increased pregnanediol excretion, but when two barren
Angora goats were ovariectomized and treated with
high doses of adrenocotticotrophin for a few days,
excretion rates decreased ten-fold. Ovariectomized
sheep similarly treated did not exhibit this decrease but
continued to excrete “pregnanediol” at a relatively un-
changed rate. In normal pregnant goats, removal of
the corpus luteum only decreased “pregnanediol” ex-
cretion by approximately 10 per cent. Similarly, when a
doe was injected with 50 mg progesterone daily, the
rate of “pregnanediol” excretion was elevated by 2 to 3
mg per day. Cycling sheep and goats exhibited no
luteal increase in excretion and tended to have highest
values at oestrus.

From the above observations it was clear that the
absolute level of pregnanediol excretion was quite
independent of the reproductive status and was rather a
reflection of adrenal function. The high values found by
Brown ef a/. (1963) in normal goats during early preg-
fancy were due to stress when the untrained animals
were exposed to the unfamiliar environment of a
metabolism cage. This effect disappears after three
periods of confinement in the metabolism cages. After
this time most of our goats were restful and voluntarily
jumped in and out of the cages.

Chromatographic investigation of the isolated frac-
tion revealed the presence of numerous impurities of
steroidal nature. The eluates of the “pregnanediol”
zone from paper chromatograms were subjected to gas
chromatography at an eatly stage of the work and the
relatively inefficient systems then available strongly
suggested the presence of milligram amounts of
pregnanediol in 24-hour samples of goat urine. Recently,
using very much more refined and sensitive instrumen-
tation, the major peak thought to represent pure preg-
nanediol has been resolved into many fractions. By
means of derivative formation and paper, thin layer, and
gas chromatography there seems little doubt that
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Resildts
Normal ocstradiml-1"a cxcretion
Urine samples were enllected from 14 animals at o
time which aviraged three sweeks bofore breeding.
Ocensional does Bad eabibited one oestrus perind and
were sampled during the mid-luteal phase, but in the
majority the tirst oestrus was imminent, and such doces
are koown to have considerable follicular crowth
(Shelton, 1960), Dulv excretion of ocstradiol remained
under 20 poin these animals and in the six does which
producaed aterm kid, ar vaoad from 310 19 e per 24
Afrer fernile broadines, soniteant changes
wore noted on the 10

hours, no
Oth, 25ch and 40th days.

Distinct evidence of placental ocstrogen production
was onlyv present on the 35th day of vestation, when
fevele i most individuals woere inthe region of 40 e,
This stage is similar to the time in sheep when placental
steroidogencesis  attains adequate levels to maintain
gestation, without the assistance of the ovaries,

I'xcretion rates increased relatively stowly to the
vicinity of 300 pg 1xr 24 hours at the 1( Jl)th day and
thercatter very rapidly 1o approximatcly 1000 po
shortlv before term in normal animals (g, 20 A\
deerease prior to parturition was only aoticed i the
last one to three davs of gestation (\o 4, 5 and 2).
Within 24 to 48 hours of parturition, ¢xcretron rares
recorded in the six animals which reached term had
dropped 1o between 11 and 145 g ocestradiol.

The maximal rate ot excretion recorded ranged from
4000 to 1200 4 in the sis term does. Sinee the two
highest excretors of oestradiol were the only consistent
normal brecders, the variation and also the lower
values encountered in the other four (Fig. 21, 22) are
quite likely to be telated to the abortion problem. Even
animals which bad not aborted but were destined to do
so, sutfered from an apparently reduced rate of placental
steroidogenesis. The one normal twin gestation (No. 5)
produced no more ocstradiol than usual, nevertheless
the rare of excretion was generally proportional to the
foctal crowth rate.

Oestradiol exceretion in unsuccessful gestalions

Prior to breeding and up to the 40th day of gestation
the excretion of oestradiol in the majority of aborter
docs remained low at similar levels to those found in
normal animals. Slight increases in the majority of poor
breeders at the 55th day indicated the onsct of placental
steroidogenesis as in normal individuals. Dramatic
differences were, however, evident at the critical 70th
and 65th day stages; in five poor breeders the excrction
rate of ocstradiol was abnormally high, whereas in four
individuals there was very little evidence of placental
ocstrogen production at all. These extreme ditferences
were neither related to the time of abortion, nor to the
condition of the expelled foctus.

The two animals which kidded normally but became
aborters during the following year (No. 1 and 3; Fig. 21)
had relatively normal patterns of excretion, but placental
steroidogenesis was somewhat less active from the 115th
day to term. One aborter doc which kidded normally
(No. 6) had considerably deptessed levels, pamcularly
up to the 100th day. The gestation resulting in a still-
birth also had initial depressed levels, but on the 100th
day the excretion rate was higher than usual (No. 2;
Fig. 22).

Excessively high initial levels of excretion on the
70th and 85th days (No. 2, 14, 9, 12 and 8) arc associated
with invariable failure of gestation and also with
animals which had only recently become aborters,
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Turthermore, phw*n cortisin levels were inclined 1o he
low up o the [tch dav in this aroup W hile aestrope
CROTCUON WS CXCUSSIVe.
Diamctrically oppmi Cresuits were T
established aborter individuds (Noo T 70 19 ind
23y which excreied virtually no oostradiol
Three of these docs tad vere high Hucuating plasma
cortisol levels und rhe oder AVOTAT
cortisol levels found during cosration, The single hith
alatat

Fie,

teadd tite loswest

vatue in this aroup oxhibied by N 168 an the
dav was assocuiied with wn esuranrdimari!y beod plazma
cortisol lovel of approsimatcdv 10 00 poer 1000 syt

simultancously increased ocstrudiol could woll o of
adrenal and ovartan origin and we theretore have no
proof of anv placental oestrogen svatiwsis in this group.
The steroidogenic ahility of the p!m et ds cloarly
to be impaired i these anunads as carly as the S5th and
70th days, yet the foctus is only expelled 40 o 55 days
later, after having underpone considerable further nor-
mal growth and development.

The mincral conrent of the livers of aborted foctuses,
which resulted from gestations where no ocstropen
synthicsis by the placenta could be demonstrated, differed
from rthat usually found 1n aborted foctuses (Chapter 5).
Sodium concentration \\';1% cuceedingly low and cal-
cium exceprionaliy high. The content of jron was not
depressed as in the II\d)()I‘lt\ of aborted toetuses, and
copper levels were also only slightly Tower than usual.

Defective steroidogenesis of the placenta was the
earlicst pathology detected 1n the conceptus. 1eis, bow-
cver, preceded by abnormally high maternal plasma
cortisol levels during the first half of gestation and also
by unusually high plasma progesterone. Some correla-
tion cxists between the anomalous levels of oestrogen
excretion and plasma cortisol, but no such association
exists with plasma progesterone.

Since levels of progesterone declined well afrer the
detection of abnormal cestrogen exerction, this study
supports the view that the decreased progesteronc
levels demonstrated prior to abortion arc sccondary
manifestations.

soen

Oestrone excretion

At the time of maximum oestradiol excretion during
cestation, ocstrone levels were generally five times
lower. The fact that ocstrone is considerably less active
biologically than ocstradiol, renders 1t quantitatively
cven more inconsequential,

The level of excretion was relatively constant and
usually somewhat lower than ocstradiol up to the 55th
day. Thereafter, placental production  gradually in-
creased excretion values to the region of 100 pg at the
85th day. A feature found in all {ive animals which
delivered a viable term foctus was a considerable de-
crease in excretion of oestrone between the 85th and
100th day. Since the rate of oestradiol excretion increascs
appreciably at this tme and considering the fact that
oestradiol is synthesised 17z oestrone, it scems that the
necessary hydrosylases favouring oestradiol production
arc responsible for the decrcased oestrone output in
tavour of oestradiol. Subscquent slight increases were
again recorded, but excretion declined some days prior
to parturition or abortion.

Aborter animals generally excreted more oestronc
during early gestation; such values frequently exceeded
the oestradiol value and this oestrone is most likely to
be of ovarian origin. Excessive levels of  robable
placental origin were only detected in No. 8 (ig. 23)
which later aborted twins.
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sone (Liggins, 1969). Injection of gonadotrophins into
pregnant sheep induces abortion but foetal death has
been demonstrated to occur prior to luteal regression
(Moor, Rowson, Hay & Caldwell, 1969). Increasing
preparturient foctal corticosteroid levels were intet-
rupted and eliminated by means of adrenalectomizing
two foetuses on the 138th and 144th days of gestation;
at this time progesterone production is still undoubtedly
good yet the “message” for labour initiation 10 days
later had been conveyed and removing further stimuli
resulted in a delay of only five days. In these cases active
progesterone production and its action must have
ceased in the presence of very little corticosteroid.

The above considerations are consistent with the
concept that foetal adrenal secretions, probably corti-
costeroids, normally initiate labour by means of in-
ducing one or more substances within the foetal-
placental unit which leads to birth. This mechanism
leads to preparturient alterations in the reproductive
tract which are similar to those ascribed to relaxin and
oestrogens; alterations in the ratio of biologically active
oestrogens and progesterone may be largely responsible.
In corpus luteum dependent species luteal regression is
also initiated, possibly by the removal of inhibition on
uterine luteolysin production. Alternatively pituitary
LH secretion may be suppressed (assuming that LH is
the lutcotrophin) and FSH increased, since the ovaries
of parturient animals usually exhibit some follicular
growth. An essential role for the pituitary and ovaries
in parturition has been excluded in sheep and man, as
ablation of either organ has no effect on parturition,
although in the goat the integrity of both are necessary
for the maintenance of gestation. There is experimental
evidence that the trophic action of progesterone on the
placenta may be blocked directly by corticosteroids,
although such an action may result in foetal death and
occur only under pathological circumstances. The
progesterone “myometrical block” is finally eliminated
by luteal regression in corpus luteum dependent species,
or by possible combinations of interference with its
actions and reduced production and release in placental-
progesterone species.

The primary initiator of termination of gestation
according to the above hypothesis, would be the foetal
hypothalamus. The time at which it commences to re-
lease adequate ACTH-releasing factor which will result
in termination of the gestation may be ascribed to an
inbuilt “clock” mechanism which would be influenced
by factors such as cell growth dynamics. This possibili-
ty is not supported by the observations on foetal adrenal
hyperplasia in aborted Angora goat and human foetuses.
Liggins (1968) has shown that infusing small sheep
foetuses, at a similar stage of gestation to the usual
aborted Angora foetuses, results in adrenal hyper-
trophy and parturition. The nutritional environment of
the sheep foetus commences to deteriorate from the
120th day (Mitchell, 1962) and the concept of Spiegel-
berg (1891} who suggested that parturition is initiated
through the action of substances secreted by the foetus
in response to insufficiency of nutrition, is favoured.
From experimental evidence it seems possible that the
hypothalamic threshold to “nutritional stress” slowly
declines as the foetus matures and when it is adequately
sensitive to ensure viability of the foetus, it may initiate
parturition in response to relatively mild suboptimal
environmental stimuli.

Many factors are known to influence the period of
gestation slightly. The effects of the majority of variables
such as maternal and foetal size, sex, parity and number
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of foetuses can all be explained in terms of the concepts
above. Some scemingly contradictory influences of
under-nutrition may also theoretically be reconciled in
terms of the outlined scheme. A sudden change to a
low plane of nutrition during the last month of preg-
nancy in sheep hastens parturition by several days
(Alexander, 1956), probably bv increasing corticosteroid
secretion in response to adaptive nutritional stress. A
continuous low plane of feeding has no effect on ges-
tation length in adapted ewes (Davies, Southey &
Goodall, 1966). The time of retenticn of nutritionally-
stressed Angora foetuses prior to  :zir expulsion is
exactly proportional to their development and hence
their ability to secrete adrenal steroids.

Results
(A) The pituitary-gonad axis and hyperadrenocorticism
Influence  of adrenocorticotrophin  on  the ovarian
response to gonadotrophin.

For this experiment, four Angora goats in anoestrus
and six sheep were pretreated with progesterone for
10 days before receiving a single injection of exogenous
gonadotrophin. Five 48-hourly intramuscular injections
of progesterone (0,55 mg/kg) were followed by a sub-
cutaneous injection of pregnant mares’ serum (25 i.u./
kg) 24 hours after the last progesteronc injection.
Commencing with the first progesterone injection and
continuing until slaughter, half of the animals were
treated with 0,75 1.u. ACTH per kilogram (“Action
Prolongatum”; Frederiksberg Chem. Labs.) by deep
intramuscular injection administered 48-hourly.

Rams were used twice daily to detect oestrus. ACTH
did not alter the time when oestrus was first exhibited
or the duration of the induced oestrus. The response of
the ovaries was examined (Table 19) at slaughter nine
days after the first signs of oestrus were exhibited.

No differences in the rate of superovulation were
evident, but the weights of corpora lutea were con-
siderably less in all ACTH treated animals. Luteal
central cavities tended to be larger in the ACTH
treated group and increased follicular growth was also

‘TaBLE 19 Influence of ACTH on the ovarian response to

gonadotrophin
Mean No. of
No. of {Mean C.L. |diameter |intact fol-
Breed | Treatment*|cotpora| weight of C.L. | licles >
lutea (mg) cavities 4 mm
(mm)
Angora | Control 1 26 368 1,8 3
2 5 451 0,4 2
Angora | ACTH 1 17 280 31 5
2 2 405 2,0 10
Merino | Control 1 6 799 0,3 4
2 5 621 0 0
3 8 616 0,4 1
ferino | ACTH 1 6 525 4,2 5
2| 17 425 3.2 2
3 5 489 0,4 4
*See text

evident. Pituitary and thyroid weights wete similar, but
adrenal weight was increased by 40 per cent following
the ACTH treatment. Thus adrenocorticotrophin
treatment for 20 days resulted in alterations identical to
those found in luteal phase aborter animals.



























shu time after abortion. After the 40th day, all
criteria used to assess luteal function indicated that it
mncreased to reach maximum levels, which equalled or
slightly cxceeded luteal phase levels, at approximarely
the 100th day. Paradoxically, these high levels coincide
with the major abortion peak. The exact levels of
progesterone nccessary to maintain gestation are un-
certain, as is the concept of a quantitative or “all or
none” biological action of the hormone. Peripheral
plasma progesterone levels were higher than usual in
most aborters up to at least the 70th day of gestation,
th  after some, but not all, tended to be rather low.
The decrease was not obvious in the ovarian vein
plasma values and corpus luteum studies, and the extent
to which wvariations in the adrenal contribution were
responsible must be considered. Reductions in the pro-
duction of a possible placental lactogen-like hormone
by a marasmic conceptus may also have contributed to
lowered peripheral plasma progesterone levels observed
prior to abortion. There is in cither event no evidence
that Tuteal function is impaired prior to the onset of
retarded foctal growth and in fact dead 7 nzero foetuses
may be found with apparently normally functioning
cotpora lutea. The very long time that dead foetuses
may be retained /7 ufero illustrates the adequacy of this
luteal function, since retention of the foetus in the ab-
sence of a functional corpus luteum in a specics where
this organ is necessary for gestation maintenance, is
contrary to the author’s experience.

The time which clapses between death and expulsion
of the foetus is generally proportional to its develop-
ment and presumably to the ability of the foetal adrenal
glands to secrete adequate glucocorticosteroids in order
to initiate parturition as discussed in Chapter 9. This is a
strictly dose-time related cffect and very little foetal
steroid stimulus may initiate the event, as is illustrated
by foctal adrenalectomy around about the 140th day of
gestation, which was apparently too late to interrupt
the initiation mechanism 10 days later. The implication
in the same experiment is that a foetus which may have
"~ 1dead for several days could nevertheless have been
responsible for initiating luteolysis and parturition. No
clear evidence exists to suggest that foctuses which die
before the 80th or 90th day arc capable of tcrminating
their own gestations and it is these that are retained
utero the longest. Adequate maternal corticosteroids
could initiate expulsion of such dead foetuses and this
mechanism would cxplain the “abortion storms” noted
by Van Heerden (1963) following adverse environmental
circumstances such as cold windy weather, shearing
and dipping. This worker was also of the opinion that
such stresses promoted the expulsion of alrecady dead
foctuses, rather than acting as primary causes of abor-
tions.

Plasma cortisol levels were gencrally lower than

rmal during gestation and the majority of indivi-
duals showed a steady decline up to mid-gestation. With
the increasing foctal growth rate after this time, all
normal animals were found to have high levels which
fell into the normal non-pregnant range or above it,
when assayed on the 90th and 105th days of gestation.
In all instances of abortion the values were exceedingly
low on one or both of these intervals. During eatly
ge<tation some aborters were relatively normal and
¢ 2rs had unusually high and erratic cottisol levels.
A study on pre-abortion changes revealed marked

ternal adrenal atrophy in the presence of the very
earliest signs of degenerative changes in the placen-
tome, namely fragmentation of the teticulum network.
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The association of abortion with the acute onset of
adrenal insufficiency is consistent with the idea that the
problem centres around metabolic competition since
aborters whose cortisol levels remain high have success-
ful gestations and deliver normal viable kids. The
abortifacient cffects of a protein-frece diet in laboratory
animals and the fact that high levels of sex steroids and
glucocorticosteroids are necessary to protect the foerus
against a nutritional crisis have been discussed in
Chapter 9. The Angora goat is presumed to be mu
scnsitive to protein restriction because of the unusual
demands of hair growth, yet many very thriving
animals which arc gaining weight still abort. Simple
metabolic competition also does not explain the sudden
onset of adrenal insufficiency which is temporary and is
probably the vital factor in causing abortion by ceasing
to assist the transfer of maternal protein to the de-
veloping foetus. The foetus cither dies or it is ade-
quatcly stressed to initiate the parturition process.  is
sequence of cvents seems to be a logical adaptive situa-
tion to protect the mother from further metabolic
stress, yet in view of the usually high foetal nutritional
priority it can only be explained as an overriding cffect
of a genetically altered system of metabolic prioritics
favouring production characteristics. The possibility
that immunological phenomena are implicated in thesc
quantitative metabolic intcractions would be a somc-
what novel concept.

The evidence that adrenal hypertrophy is essentiallv
an adaptive adjustment favouring reproduction ar
essential physiological functions scems logical. One ot
the most puzzling features of the abortion syndrome was
the fact that when aborters are transferred from one
locality to another, they usually breed successfully
duting their first gestation and thereafter recommence
aborting. It is logical to expect that the strange environ-
ment will stimulate further adrenal adaptive change,
thus facilitating normal reproduction. The adrenal
adjustment does appear to be accompanied by some loss
of stable control of the hypophyseal-adrenal axis, since
old established aborters have high and exceedingly
variable cortisol levels, which occasionally progress to
clinical hypercortisolism reminiscent of Cushing’s
disease. Early studies of these animals led to the hypo-
thesis that foetal death was caused by excessive maternal
corticosteroids (Van Rensburg, 1964). In the 14 animals
studied in detail during the course of this work, nnc
aborted and another kid was stillborn after extrao  1-
arily high maternal cortisol levels, which were witnin
the range that could be expected to be caused by the in-
jection of sufficient cortisol to induce foetal death.
Thus it seems likely that when the conceptus is exposed
to a matginal nutrition and possibly marginal sex
steroid environment, moderate amounts of cortisol are
necessary to ensute success of the gestation. Inadequate
corticosteroids will result in “‘starvation’ of the foetus,
while excessive amounts may block the trophic actions
of the sex steroids at the placental level and initiate the
parturition process.

Alteted oestrogen excretion was the earliest annmaly
which could be attributed to the conceptus destir
be aborted. Animals that had recently become ab
generally had low plasma cortisol levels and excessively
high oestrogen exctetion rates; whereas in established
aborters the position was reversed. Known ab
which delivered full-term kids also had a tendency to
low oestrogen excretion values and their blood cortisol
values wete maintained at high levels,














