


OVARIAN FUNCTION IN CYCLING AND PREGNANT EQUINES

measured, whereas Knudsen & Velle found high oestrogen values during oestrus and
metoestrus. These results may be interpreted only to a limited extent, as the stage
of the cycle was generally approximated. Our data suggest that changes occur
rapidly and in a regular sequence, making accurate dating of material obligatory to
obtain an improved understanding of physiological function. The nature of the
material precludes a statistically valid experimental design, but we believe most of our
interpretations are justified and may be a useful basis for further possible studies.

MATERIAL AND METHODS
Animals

Material for this study was obtained incidentally from normal horses slaughtered
at the Institute’s abattoir for other purposes. Suitable ovaries were collected from
a total of 46 mares of the light farm type, and five mules (donkey male < horse
female). Sexual activity was studied in 40 of the mares for periods of several
months or longer prior to slaughter. This group was kept on natural pasture but
during winter supplementary feeding in the form of lucerne hay and concentrate
mixtures was provided. All these mares were teased daily by vigorous stallions to
detect oestrus, and were examined rectally every 1 to 3 days. During oestrus rectal
palpation was performed daily or more frequently so as to establish precisely the time
of ovulation. When the mares were served, a pregnancy diagnosis was made between
the 17th and 20th day after ovulation as described by Van Niekerk (1965a).

Collection of material

Prior to slaughter the animals were weighed and stressful situations or starvation
avoided. The genital tract was rapidly removed and the ovaries dissected free and
weighed. The number and size of the follicles were recorded and the follicular fluid
aspirated from all follicles greater than 3 mm in diameter. Corpora lutea were
dissected, weighed, and incised longitudinally. When present, the cavities within
the corpora lutea usually contained a sero-fibrinous mass which could not be removed
to obtain accurate luteal tissue weights, as the material was required for a collateral
mor] ological study. Follicular fluid and half of the corpus luteum were frozen on
solid CO, within 40 minutes of stunning, then stored at —15°C until assay. Indivi-
duals were aged according to usual dentition criteria.

Reagents and apparatus

Glassware was washed with methanol and hydrochloric acid as described by
France, Rivera, McNiven & Dorfman (1965).

“Riedel-De-Hiden” or “Merck” A.R. quality reagents were used. Volatile
chemicals were fractionally distilled and residues of the purified fractions examined by
gas chromatography before use. If necessary, the solvents were purified further as
described by Bush (1961). Progesterone and oestradiol-178 were obtained from
Steraloids Ltd., and 20«-hydroxypregn-4-en-3-one was kindly donated by the
M.R.C. steroid reference collection. Whatman No. 20 chromatography paper sheets
were laned into three 1-5 cm wide strips for the blank, sample and authentic reference
steroid. Paper chromatography was performed in a thermostatically controlled
room equipped with an air turbulence fan at 32°C. * Camag ” thin layer chromato-
graphy apparatus was used at room temperature.

Gas chromatography was performed on a Beckman G.C. 4 fitted with a 6 ft glass
column packed with 3 per cent S.E. 30 on Gaschrom Q. Operating conditions were
as follows: on-column inlet 300°C; column 210°C; detector 270°C; nitrogen carrier
flow 50 ml/min.
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Progesterone and 20«c—hydroxypregn-4—en—3-one assay

A portion of frozen luteal tissue weighing approximately 200 mg was taken fron
point midway between the ovulation point and the embedded pole of the ovary a
weighed to the nearest 0-1 mg. The sample was homogenized in alkali and extract
as described by Rowlands & Short (1959). Further purification was according to
the method of Short (1958) but using 90 per cent aqueous methanol as the stationarv
phase and running the chromatograms for 3 hours. The eluates were measured
standard curvettes; our spectrophotometer could detect 0-1 ug of A% 3 ketosteroid 1n
3 ml ethanol.

Oestradiol-178 assay

The degree of hyperaemia of the follicle wall was usually proportional to t
oestrogen content of the follicular fluid, thus according to expected concentrati
a maximum of 5 to 20 ml fluid was used for assay. The high concentrations
such a small sample made a simple method possible.

Follicular fluid aliquots were thawed and extracted once with 10 volumes diet
ether. The follicular fluid was discarded and acidic contiminants removed
washing twice with th volume IN NaOH saturated with NaCl (Mellin, Erb
Estergreen, 1965). After washing twice with 10 per cent volumes of water, the ether
was dried on a Biichi vacuum evaporator and the residue transferred to small tut
for spotting with methanol. The laned paper sheets were placed in a descendi

chromatography tank using the system toluene: petroleum ether: methanol: wai
5:5:8:2.

After one hour equilibration the chromatograms were run for 2-5 hours, a'*
dried, and the reference strips dipped through a freshly mixed aqueous solution -
2 per cent ferric chloride and 2 per cent potassium ferricyanide. The oestradi
area on the sample strip was eluted with 4 ml methanol in a simplified Zander-Simm
type apparatus along with a blank of the same size and Rf value. The remainder «
the sample strip was also dipped through the detecting reagent to estimate visually
the amount of oestrone, and to ensure that the oestradiol spot had been fully removed.

Eluates were dried under nitrogen at 50°C, and the residue transferred to Kober
fuhes with 1-0 and 1-0 ml benzene to reduce paper carbohydrate impurities. T
»ber reaction for oestradiol was carried out as described by Brown (1955) a1
the samples were read at 480, 515 and 550 mpu.

RESULTS
Analytical methods
Progesterone and 20« ~hydroxypregn-4-en—3—one

A series of 15 duplicate analyses was processed from different portions of
~oarpus luteum on different days; the mean values ranged from 1-4 to 83-2 ug/em
1¢ standard deviation of the results from their means was 1:67 ug/gm (S.E. 0
pg/gm). This relatively low error of the method indicates that variation of the
progesterone concentration in these large corpora lutea is low; furthermore in our
hands the method of Short used yielded purer extracts from equine corpora lutea

than when applied to bovine corpora lutea.

When 10-0 ug progesterone was added to the alkaline tissue homogenate in
five esperiments, a mean of 74-4 per cent (S.E. 1-53) was recovered; consequen

the results for both hormones were corrected for losses by multiplying with a factor
of 1-33,
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The characteristics of the isolated steroids were investigated in several thin
layer chromatographic systems and by gas chromatography before and after acetyla-
tion. When the equine progesterone fraction was treated with 208-hydroxysteroid
dehydrogenase as described by Heap (1964), the reaction product and its acetate
exhibited the same chromatographic characteristics as authentic 208-hydroxypregn—

en-3-one and 20B-acetoxypregn—4-en-3-one respectively. These procedures
revealed the absence of significant impurities and provided further evidence that
the isolated steroids were identical to the authentic reference standards.

Oestradiol-178

When 5 to 10 ug oestradiol-178 was added to follicular fluid, a mean recovery of
80-7 per cent (S.D. 3-08; S.E. 1-26; six experiments) was obtained; the results
were therefore corrected by multiplying by a factor of 1:25. Only two samples
were assayed in duplicate; results of the one were identical and the other differed by
3-4 per cent.

Four samples were also assayed by the more elegant procedure of Short (1960)
When corrected for the 15 per cent higher losses we experienced with this procedure’
the results were almost iden ical to those obtained in the more rapid assay described’
Gas chromatography of the isolated phenolic steroid and its acetate revealed single
major peaks with retention times identical to authentic oestradiol-178 and its diacetate
respectively. The very minor impurities present were also obtained from the benzene-
soluble fraction of blank paper eluate residue.

The Kigi-Meischer reaction was carried out as described by Adlercreutz &
Luukkainen (1965) on approximately 15 ug of equine oestradiol; the characteristic
pink colour produced by oestradiol-17«c was absent. Fractions were run in the
silica gel thin layer system benzene:ethanol 22:3 along with authentic 8 and o« oestra-
diol; the acetates were run in benzene:ethanol 19:1. In these systems oestradiol-17c«
and its diacetate had a slightly greater Rf value than oestradiol-178. The Rf values
of the equine fraction and the colours obtained with the phosphomolybdic acid and
anisaldehyde-sulphuric acid reactions (Adlercreutz & Luukkainen, 1965) were
identical to the results obtained with oestradiol-17p.

Ovarian morphology

Ovarian weight in 16 cyclic mares showed no clear variations during the oestrous
cycle (Table 1). In pregnant animals there was a tendency for the ovarian weight to
increase to a maximum on the 27th day after ovulation, and then to decline progres-
sively with advancing gestation (Table 2).

The total number of follicles larger than 3 mm in diameter also exhibited no
distinct variations during the cycle. However, during early gestation numerous
follicles were present. The number appeared to increase linearly from a total of
six at 14 days, to 22 on the 25th day, followed by a rapid decrease during the 26 to
30 day period. Following ovulation, the corpus luteum remains functional for
about 14 days; during this period 13 cycling mares had a mean of 9-8 (S.E. 1-1)
follicles in the ovaries. Seven mares 16 to 28 days pregnant had significantly more
ovarian follicles (mean 15-3; S.E. 1-5; P<0-01).

Immediately following ovulation in cycling mares, the total volume of follicular
fluid aspirated from the ovaries was variable, as only some mares developed additional
large follicles which failed to ovulate at oestrus. The volume of fluid during the
luteal phase was slightly but not significantly less than during the follicular phase of
the cycle. There was some evidence of increased follicular growth in two of three

304






OVARIAN FUNCTION IN CYCLING AND PREGNANT EQUINES

i
¢
|

i oon o
o o o

188 |

wnnnn N NN nn

VN =
N=0o O

[VARRY}

\%

v

AAYAAY,

[V AYAVAYRY,

VY

v

(w3/3)suo-¢| (31 ‘[v101)
-ug-p-udard QuoI
AXOIPAY-20Q7| -9159801g

Arepuodses |

Arewinig 5

epued
0-£> -Iqre 1D STz L-01 9T 8 69 UITE TLOT 0l Sy
rpuRd ;
0-£> aqe 1D — _ — 0 oL D S cre “xorddy ovTI 9 m oy
enued
¢F -1y “T0 . — _ 0 gr | e 00¢ "xo1ddy vTL » ¢
Tews
0091 F o[duinA - - - 0 (1] O 0¢1 xoxddy L¥O1 9 (44
L00T 1T
b6t T e . . . 0 Qb | e 06 "x01ddVy obL 9 v
L91 TTH
8¢S 1-64 0-S¥> S-€ b1 14 8¢ 65L S or
8¢ 0-64
786 6:0T% 8-€ 0-01 S-€ 9 8 Lv8 ST | 6€
¥8S €64
LES L9x — S 18 S-€ €1 204 SOt 81 I 8¢
00§ Z-01 1-€ . €6 49 S 0¢ 989 9 ' LE
— 68 9:96  S-1¥ Ll 6 201 056 8 9¢
384 S-L s-or ¢ 0-LS €€ 9 LEL 086 91 <€
$T9 -8 S-1v 0-§T 1T 4 SO1 0€6 14! 1
1LS S-L 0-01 0-Sv 14 L1 911 (4] 01 €€
0S S STl 0-5§ ST S (14! S6L S X €
oL 6-9 0-PI1 S-v9 ¢4 €1 SSI ST8 9 i 1€
0LS 9-L S-LIT | 0-89 €€ pa4 [ 6111 11 0f
98% €L v-16 0-TL ST Z1 i S101 01 ' 6T
€8¢ €L 6-08 0-59 or 11 PS1 87T1 81 8T
9Z¢ 1-9 191 0-6v 4 81 Il 788 11 LT
See €S S-91 €8¢ 1€ ST 911 $96 S 9T
£5p €S — — — — L6 0S8 L ST
z6v S-L 0-$6T 0-Ev [44 01 911 L16 €1 T
185 8-L 0-pP1 S-6¢ 67 L 80T L otor 9 €T
@s) |quoeo/3)|  quw oy g <ron (@p (s1006) ot
14SIOA | [OTPRNSS0 | PINY [210L Jo ownjop (ws) TYTOM a3y
_ 148rem uonesen sie(q
—| uBlBAQ
eany viodio) sapdIIoq QIBN

saput jupu8aid fo pipp aaronposdal pun JYS1om a3p oy J—'7 ITAV],

306



S. J. VAN RENSBURG AND C. H. VAN NIEKERK

mares during the latter part of the luteal phase (12 to 14 days post ovulation), and
in two pro-oestrous mares (16 and 17 days post ovulation). The total volume of
follicular fluid from 4 to 10 days averaged 32-2 ml (S.E. 7-0), but was increased in the
12 to 19 day cycling mares (mean 54-4, S.E. 6-1, P<0-05). The only oestrous
mare examined had a relatively low volume of follicular fluid on the 2nd day of
oestrus, possibly due to the fact that she was a young and small animal.

Growth of follicles at about the time of the first expected oestrus in pregnant
mares is also clearly evident from a rise in the total volume of the follicular fluid
from the 14th to the 23rd days post ovulation. This peak of about 70 ml on the 23rd
day of pregnancy was followed by a linear decline to 25ml on the 30th day. A second
rise was evident prior to the 40th day, at which time accessory ovulations could be
expected.

By means of rectal palpation, individual follicles were sometimes found to
exhibit considerable growth during the first three to four days after ovulation, there-
after they rapidly regressed as the corpus luteum developed. In the slaughter series
one animal at four days post ovulation had a 40 ml follicle, but in the mid-luteal
period the average volume of the largest follicle was less than 10ml. Pro-oestrual
follicular growth, which appears to commence in the late luteal period, resulted in
follicles containing about 35 ml fluid.

Oestradiol-178

Anoestrous mares

A group of five anoestrous animals with variable ovarian follicular growth has
been arranged according to the size of the largest follicle in Table I.

A young mare aged [-8 years exhibiting considerable prepubertal follicular
growth had a total of only 0-81 ug oestradiol in the follicular fluid. Two mature
anoestrous mares with about the same degree of follicular growth had amounts of
oestradiol similar to that found in the prepubertal filly. In the following mare with
a 16-5 ml follicle, the follicular fluid was found to contain 25 ug oestradiol, while
the mare showing the most marked follicular growth with a 37 ml follicle had a total
value of 70 ug. This latter value was similar to that found in cycling mares at about
the time of oestrus, and examination of her genital tract suggested that the first
oestrous period of the season was imminent.

Cycling mares

Within a day of ovulation, total oestradiol values (Fig. 1) in four mares ranged
from less than 0- 1 ;g to 86 ng. This variation is due to variable accessory large follicles
at oestrus which fail to ovulate. From data obtained by rectal palpation, it seems that
follicular growth is not always effectively suppressed during the first few days of the
cycle.  The follicular fluid of the animal assayed on day four revealed a high oestrogen
content in the ovaries of such individuals.

In all four luteal phase animals examined six to ten days after ovulation only
traces, and in one case no oestradiol, were detected. However, as early as 12 to 14
days post ovulation high levels were again found in two cycling and one pregnant mare.
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irther marked elevations of total oestradiol values were observed in the pro-oestrual
~ariod; a 16-day pregnant mare and two 16 and 17-day cycling animals had the

ghest total oestradiol values found in the series. Only one young cycling mare was
examined during oestrus and on the second day her value was relatively low.
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FiG. 1.—Total ovarian follicular fluid oestradiol-178 in cycling (broken line) and pregnant (solid
line) mares

Pregnant mares

As mentioned above, two pregnant mares exhibited oestradiol rises indistinguish-
able from cycling mares prior to their first expected oestrus. There was no reason
to suspect that they were not normally pregnant as their corpora lutea were functional
a:  embryos normal. This considerable rise is short-lived in pregnant mares, as is
suggested by the depressed levels in Fig. 1 during the 17th to 22nd days of gestation.

The second suggested rise during pregnancy reached a peak at 25 days; this was
unexpected as it occurred at a time when the follicular fluid volumes suggested linear
regression. A third period of depressed oestradiol concentrations was terminated
in a slow rise prior to the probable occurrence of accessory ovulations at about the

ith day of gestation.

By the 55th day of gestation, only 0-4 ug was detected in the ovaries of one mare,
and none in the six mares in more advanced stages of gestation.

Follicle size and oestradiol concentration

From the data in Table 1, it may be seen that the concentration of oestradiol
in eight samples from cycling mares, whose largest follicle contained less than 20 ml
fluid, did not exceed 26 pg/100 ml. However, when the volume of the largest follicle
exceeded 20 ml, the concentration was 98 to 351 pg/100 ml in eight such animals.
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had higher luteal progesterone concentrations; those of the two animals on the 27th
day were the highest in this study and their values were confirmed by duplicate
analyses. From this time to the 40th day decreased values were again encountered.
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'G. 2.—Progesterone concentration in corpora lutea of cycling (broken line) and pregnant (solid
line) mares

After the 40th day of gestation many mares ovulate without any disturbance of
nrognancy, and the original corpus luteum is generally believed to regress ( oroso,
ncock & Rowlands, 1948; Berliner, 1963). In the four mares examinea between
41 to 90 days gestation, an ovulation at about this time was obvious. The primary
corpus luteum was still large and easily distinguished from the secondary corpus
luteum. Contary to general belief, assays revealed that the primary corpus Iuteum of
pregnancy remained active in all four mares, the progesterone concentration being at
least equal to maximal luteal phase values (Fig. 3). Furthermore, a marked rise in
the concentration of progesterone in the primary corpus luteum may be associated
with the accessory ovulation as suggested by the high values of the mares examined at
and 55 days gestation.

The young accessory corpus luteum initially had progesterone va 3s similar to
late luteal phase mares, but the concentration seemed to increase markedly between
60 to 90 days gestation. Concurrently, the primary corpus luteum seems to become
less active. By 130 days, numerous luteinized follicles were present and the primary
and secondary corpora lutea could not be distinguished. Though the concentration
of progesterone in this luteal tissue was only about half that encountered in late luteal
phase mares, the amount secreted was probably large due to the abundance of this
tissue. Only small corpora albicantia were present after about the 300th day, and
progesterone was detected in only one of three mares approaching term.
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accessory corpora lutea in the mares studied by him was not esta shed.
series, mares with more than one corpus luteum had very little, if any, cor
follicular development or oestradiol in the follicular fluid.

Gonadotrophic function

Ungquestionably pituitary gonadotrophins must be actively secreted ¢
early gestation, as mares pregnant 16 to 28 days have significantly more o
follicles than cycling luteal phase animals. Bain (1967) has also drawn attent
consistent follicular growth before the appearance of serum  nadotro in.

~

Our data strongly suggest that waves of follicular growth and oestradiol syni
commence at about 2, 12, 22 and 32 days post ovulation. This indicates a cy
pituitary release of gonadotrophin every 10 days, irrespective of whether a funct
corpus luteum is present or not. . The resulting follicles virtually reach maturity :
as size and oestradiol synthesis are concerned before regressing.

The majority of pregnant mares ovulate only after the appearance of s
gonadotrophin at about the 40th day. It is generally assumed that such ovula
are solely due to the action of gonadotrophin secreted by the endometrial
Objections to such a supposition are the fact that ovarian activity actually dimir
with increasing levels of serum gonadotrophin (Rowlands, 1949; Bain, 1967),
the usual failure to simulate the equime ovary with even massive doses of 1
Undoubtedly PMSG has intrinsic FSH and LH properties, but the ovarian resj
to gonadotrophins produced during pregnancy differs in even closely related st
(Van Rensburg, 1964). Whereas human chorionic gonadotrophin has a pow
follicle stimulating action in the intact ewe, it appears to be devoid of any such a
on the human ovary.

Many ova are frequently found in the Fallopian tubes of pregnant mares,
their presence may now be explained by the extraodrinary tubal persistence of un
tilized ova in this species (Van Nieke & Gerneke, 1966). In our e :rie
actual ovulation in pregnant mares was only encountered between approxima
the 40th to 50th day, soon after the expected appearance of serum gonadotrophin.
At later stages, particularly when serum gonadotrophin activity was declinino
numerous corpora Itea, formed by luteinization of follicles, were present in
ovaries. The evidence therefore suggests that ovulation during pregnancy may
dependent on the synergistic effect of pituitary gonadotrophins and low levels

VSG; after about 50 days gestation, increased gonadal and placental ster
inhibition of pituitary gonadotrophins would exclude further ovulations.

Large follicles containing 20 ml or more fluid consistently contained a hi
~oncentration of oestradiol in cycling mares, but not in pregnant mares. This
flference in steroidogenesis is probably due to suppression of pituitary LH
steroids produced in the ovary and placenta; and exemplifies the fact that differe
gonadotrophic mechanisms are necessary for follicular growth and oestrogen synthesis.

There is some evidence that oestradiol produced in one follicle may affect the
concentration in others. When a low concentration was found in a large follicle,
the concentration found in the smaller follicles tended to be higher; and when two
large follicles were present, only one contained large amounts of oestradiol. These
« ervations raise the possibility of a local intra-ovarian feedback system, v ich is
related to a selective follicular growth mechanism.
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