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Summary. Lactating Friesian dairy cows (2nd\p=n-\4thparity) which calved in spring
(N = 7) or autumn (N = 15) were used. Their ovaries were examined by ultrasound
scanning and blood samples were obtained daily for progesterone and oestradiol
concentrations from the 5th day after calving until the first post-partum ovulation
occurred. Five autumn-calving cows selected at random were bled every 15 min over a

6-h period on 1 day each week for 4 weeks after calving to assess the patterns of LH
secretion. Follicular development during the post-partum anoestrous period was char-
acterized by the growth and regression of small ( \m=le\4 mm) and medium-sized (5\p=n-\9 mm)
follicles, until a dominant follicle (> 10 mm) was detected. The first detected dominant
follicle ovulated in 14 cows, became cystic in 4 cows (all in autumn), and failed to

ovulate in 1 cow. It was not possible to detect a dominant follicle in 3 cows due to

scanning difficulties. The post-partum interval to detection of the first dominant follicle

(mean \m=+-\s.d.) was shorter (P < 0\m=.\05)in autumn (6\m=.\8\m=+-\1\m=.\8days) than in spring
(20 \m=+-\10\m=.\1days). However, there was no significant difference between the respective
intervals to first ovulation (autumn 27\m=.\4\m=+-\25\m=.\9and spring 27\m=.\3\m=+-\18\m=.\9days). Autumn-
calved cows which had cysts had longer (P < 0\m=.\001)intervals to first ovulation

(58\m=.\2\m=+-\ 23\m=.\5days) than did normal cows (12\m=.\0\m=+-\2\m=.\5days). All cows with cysts had
twin ovulations at their first post-partum ovulation. A pulsatile pattern of LH secretion
was detected in the first week post-partum and LH pulse frequency was 2\p=n-\3 per 6-h

period in Weeks 1 and 2 post partum and increased to 5\p=n-\7 pulses per 6-h period in the

presence of a dominant or cystic follicle. Concentrations of progesterone in plasma
during post-partum anoestrus were usually low (< 0\m=.\2ng/ml); oestradiol concen-
trations were also low (<5pg/ml), but higher values (5\p=n-\110pg/ml) were observed in
cows that had a dominant or a cystic follicle.
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Introduction

Early resumption of ovarian activity in post-partum cows is required to achieve calving to first
service and conception intervals of 55 and 85 days respectively, which are necessary targets if a
365-day calving interval is to be attained. After regression of the corpus luteum ofpregnancy, there
is a variable anovulatory period before first ovulation takes place. The length of this anovulatory
period can be affected by the level of nutrition, body condition, suckling, lactation, dystocia, breed,
age, month of calving, uterine pathology and chronic debilitating disease (Zemjanis, 1961; Roberts,
1971; Kaltenbach, 1980; Lamming et ai, 1981; Tucker, 1982; Chauhan et ai, 1984). The initiation
of follicular growth is not clearly understood in this early post-partum period. Previous reports
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indicated that there was some follicular development before first ovulation. Dufour & Roy (1985)
studied the antral follicular populations in dairy cows at 15, 25 and 35 days after calving and

reported growth of small antral follicles between Days 15 and 35. Similarly, Spicer et ai (1986)
reported that large follicles ( > 8 mm) were present by Day 7 post partum and that the number of
follicles 4-7-9 mm in diameter increased between Days 7 and 42 after parturition in acyclic, suckled
beef cows.

One of the main reasons why the pattern of development of ovarian follicles in the early post-
partum period is not understood is the inability to follow daily changes in growth and regression of
individual ovarian follicles accurately. However, the development of ultrasound techniques makes
it possible to measure individual follicles and to follow their sequential pattern of development and
regression (Pierson & Ginther, 1988; Savio et ai, 1988; Sirois & Fortune, 1988). The aim of the

present work was to determine the patterns of follicular growth in the early post-partum period of
dairy cows in spring and autumn, and to relate these patterns to hormone concentrations in blood.

Materials and Methods

Friesian dairy cows in their 2nd-4th parity were used; 7 had calved between 20 March and 9 April (spring), and 15
between 8 October and 16 November (autumn). The ovaries of all cows were scanned daily from the 5th day after
calving until first ovulation as previously described in detail and validated (Savio et al, 1988), using a linear array
ultrasound scanner equipped with a 5 MHz rectal probe (Dynamic Imaging Ltd, Livingstone EH54 9BX, UK).
Follicles > 4 mm were detectable and a dominant follicle was defined as the largest follicle in the ovary of > 10 mm in
diameter in the absence of other large follicles, while a cystic follicle was defined as a dominant follicle that exceeded
25 mm in diameter for more than 10 days. Concomitantly, with each ultrasound examination, the cows were bled by
jugular puncture and the resultant plasma samples were stored at

—

20°C until they were assayed for progesterone and
oestradiol. To study the patterns of LH secretion, 5 autumn-calving cows, selected at random, were bled every 15 min
over a 6-h period once per week from the 1st week post partum until first ovulation occurred. Blood was collected
through an indwelling jugular catheter. Serum was obtained by centrifugation following storage at room temperature
for 1 h and at 5°C for 12 h and was stored at

—

20°C until assayed. The criterion for determining an LH pulse was

similar to that ofWalters et al (1984) who defined a pulse as occurring when the value of the highest sample (peak)
exceeded a preceding sample (basal) by at least 4 times the coefficient of variation of the assay. There had to be one

more value on the decreasing slope to satisfy the requirements for a pulse.
Progesterone concentrations were determined in plasma samples by the radioimmunoassay method described by

Dieleman & Schoenmakers (1979). The intra- and interassay coefficients of variation were 11% and 4%, respectively.
The sensitivity of the assay was 0-1 ng/ml. Oestradiol values were analysed by the method described in detail by
O'Callaghan (1985), which is a modification of the radioimmunoassay method previously reported by England et al
(1974). The intra- and interassay coefficients of variation were 14-2% and 1-2%, respectively. The sensitivity of the
assay varied between 2 and 3 pg/ml. LH was assayed by the method of Niswender et al. (1969), as subsequently
modified by Ronayne et al (1989). The intra- and interassay coefficients of variation were 2-7% and 0-8%,
respectively. The sensitivity of the assay was 0-5 ng/ml.

The autumn-calving cows were housed, milked twice daily and given grass silage ad libitum and 7 kg of a balanced
concentrate ration. The spring-calving cows were milked twice daily and were turned out to pasture at the end of
April. Detection for oestrus was carried out twice daily by visual observations. The progesterone and oestradiol
concentrations were used to describe the endocrine status of the cows and hence they were not statistically analysed.
The follicular data were statistically analysed as previously described by Savio et al (1988).

Results

Follicular development during the early post-partum period
The ultrasound examination during the early post-partum period (Days 5-15) was usually diffi¬

cult due to the anatomy of the involuting uterus. In 3 cows which ovulated before Day 10 post

partum, it was especially difficult and the first post-partum dominant follicle was not accurately
identified. In the remaining cows, ovarian follicular development during the early post-partum
period was characterized by the growth and regression of follicles smaller than 8 mm in diameter
until the detection of the first post-partum dominant follicle. The number of small follicles usually
varied between 2 and 5 per day, although they were not accurately identified during successive days.
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The first dominant follicle ovulated in 14 out of 19 cows (Fig. 1), became cystic in 4 out of 19 cows,
while one cow (No. 133) had two periods of growth and regression of a dominant follicle before the
development of the ovulatory dominant follicle (Fig. 2). The accurate identification and monitoring
of small and medium-sized individual follicles was difficult in the early post-partum period before

development of the first dominant follicle.

Ovulation

6 8 10

Days after calving

Fig. 1. The development and ovulation of the first dominant follicle in conjunction with pro¬
gesterone and oestradiol concentrations in blood of Cow 112 during the early post-partum
period.

Ovulation

Days after calving

Fig. 2. The growth pattern of 2 dominant follicles before ovulation of the 3rd dominant follicle
in conjunction with progesterone and oestradiol concentrations in blood ofCow 133 during the
early post-partum period.
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Occurrence of cystic follicles

In 4 of 15 autumn-calving cows the first dominant follicle, detected between Days 5 and 8 after

calving, became cystic. These follicles, when they occurred as single cysts, were large and spherical
and grew to 40-45 mm in diameter (Figs 3 & 4). When more than one cyst was present in the same

ovary, the normal spherical shape was modified at the points of contact. The walls of the cysts were
less clearly demarcated than the walls of normal follicles, and variable amounts of intrafollicular

echogenic material were frequently detected. In cow No. 124 (Fig. 3) the echogenic intrafollicular
material observed appeared to have luteal-like characteristics, and its appearance coincided with

the elevated progesterone concentrations detected on Days 33 to 38 post partum. With the excep¬
tion of this rise in cow No. 124, plasma concentrations of progesterone in cows with cystic follicles
were consistently between OT and 0-3 ng/ml from calving to the development of the first corpus
luteum (CL).

50-1

-*—Cyst
-o— Follicle 1
——: Follicle 2

Oestrus

T"
20 30

Days after calving

Fig. 3. The initial development of a dominant follicle which became cystic and the subsequent
development of 2 dominant follicles which ovulated simultaneously in conjunction with pro¬
gesterone and oestradiol concentrations in blood of Cow 124 during the early post-partum
period.

Two cows, No. 124 (Fig. 3) and No. 183 had single cysts; Cow 243 had 2 consecutive cystic
periods (Fig. 4), and Cow 114 had at least 3 simultaneous cysts detected in the right ovary (Fig. 5).
Sexual behaviour among the cows with cystic ovaries was also different; Cows 124 and 183 did not

express oestrous behaviour during the cystic period. Cow 243 was always interacting with cows that
were in oestrus, and her own oestrous symptoms were intense at the time of development of the
second cyst. Cow 114 showed regular intense oestrous symptoms manifested through increased

attempts to seek out other oestrous cows, mounting activity and standing oestrous behaviour that

became more obvious during the development of each new cyst. At first ovulation, all cows with
ovarian cysts had twin ovulations. In 3 cows (Nos 114, 124 and 183) both preovulatory follicles
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Fig. 4. The development of 2 consecutive cystic follicles and the subsequent development of
2 dominant follicles which ovulated simultaneously in conjunction with progesterone and
oestradiol concentrations in blood of Cow 243 during the early post-partum period.

were located in the ovary opposite that previously bearing the cyst; the remaining cow (No. 243)
had 1 ovulation in each ovary.

Post-partum intervals to development of the first dominant follicle and first ovulation

The mean ( + s.d.) post-partum interval to detection of the first dominant follicle (Fig. 6) for all
cows in which it was possible to detect it (19 cows) was 11-6 ± 8-9 days (range 5-39) and to first

ovulation (including the cows that developed cysts) was 27-4 + 23-0 days (range 9-85 days). The
post-partum interval to detection of the first dominant follicle was significantly shorter (P < 005)
in autumn-calving cows (6-8 + 1-8 days,  = 12) than in spring-calving cows (20 + 101 days,
 = 7). In the autumn-calving cows, there was no difference in the post-partum interval to the

detection of the first dominant follicle in cows in which the first dominant follicle ovulated (normal
cows) and in those in which it became cystic (Table 1). In relation to the post-partum interval to
first ovulation, there was no difference between cows that calved in spring or autumn (27-3 + 18-9
and 27-4 + 25-9 days, respectively); but when the autumn-calved cows were separated, based on the

type of follicle they had developed (normal or cystic), cows which had developed cysts had signifi¬
cantly ( < 0001) longer post-partum intervals to first ovulation (58-2 + 23-5 days) than did
normal cows (120 + 2-5 days) (Table 1). When only cows with normal dominant follicles were

considered, the cows that calved in autumn tended to have shorter and less variable intervals

(P < 010) from calving to first ovulation than did cows that calved in spring (120 + 2-5,  = 8, vä
27-3 + 18-9 days,  = 7, respectively). In the majority (94%) of normal cows, the first ovulation
occurred without signs of oestrus being detected.
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Fig. 5. The development of 3 dominant follicles which became cystic and the subsequent
development of 2 dominant follicles which ovulated simultaneously in conjunction with pro¬

gesterone and oestradiol concentrations in blood of Cow 114 during the early post-partum
period.

Table 1. The interval from calving to the detection
of the first dominant follicle and first ovulation in
cows which calved in autumn, according to

whether the first dominant follicle ovulated or

became cystic

Post-partum interval to:

Status
No. of
cows

First
dominant
follicle

First

ovulation

Normal

Cystic

6-8 ± 20a 12-0 ± 2-5"

7-0+1-4" 58-2 + 23-5°

Values are mean + s.d.
Means in columns with different superscripts are signifi¬
cantly different (P < 0001).

Episodic LH secretion during the post-partum period

The weekly patterns of LH secretion, in some individual animals, during the period from

calving to first post-partum ovulation, are shown in Fig. 7. In all cows, variable amplitude and/or
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frequency patterns of pulsatile LH secretion were identified in every sampling period. For each 6-h
sampling period, there were generally 2-3 LH pulses when concentrations of oestradiol were low

( < 5 pg/ml); this increased to about 6 pulses when oestradiol concentrations increased ( > 10 pg/ml),
coinciding with the development of either a dominant follicle or an ovarian cyst. An exception was

Cow 183 (Fig. 7), which did not show increased frequency of LH pulse secretion, in parallel with
the high concentrations of oestradiol detected on Day 10 after calving. During periods of low
frequency LH pulses (2-3 pulses/6 h) the amplitude varied between 3 and 5 ng/ml, but, in contrast,
when LH pulsatile frequency increased (>3 pulses/6h) basal levels also increased, and the

amplitude decreased to 2-3 ng/ml.

Fig. 6. Dominant follicles of (a) 11 mm and (b) 18 mm diameter detected in post-partum dairy
cows.

Concentrations of progesterone and oestradiol

Progesterone concentrations were low during the post-partum anoestrous period, with the

exception of Cow 124, in which progesterone was elevated before first ovulation occurred (Fig. 3).
Oestradiol concentrations in normal cows were below the sensitivity of the assay throughout the
anoestrous period until the development of a dominant follicle. Cows that developed cysts showed

prolonged periods of high concentrations of oestradiol in conjunction with the development of the

cysts (Figs 3,4 & 5). In these cows the high concentrations of oestradiol, presumably from the cysts,
returned to basal level 10-15 days before first ovulation, despite the fact that morphologically the

cysts were still detectable by ultrasound examination. The highest concentrations of oestradiol
recorded in the present study ( > 110 pg/ml) were detected in Cow 114, coinciding with the period of
detection of 3 large cysts (Fig. 5).

Discussion

In the present study, the identification of the first post-partum dominant follicle in cows that did

not develop cysts usually occurred 3-5 days before first ovulation. This marked the end of a period
of follicular growth characterized by the development of mainly small but a few medium sized

follicles. The absence of large follicles, which was a consistent finding in this study, in cows with

anoestrous periods long enough to allow accurate sequential daily ultrasound examinations (e.g.
>20 days), is in agreement with the data of Dufour & Roy (1985) who reported that the follicular
population during early post partum in dairy cows consisted predominantly of follicles <4mm in

diameter. Peter & Bosu (1988) also measured the size of the largest follicle by ultrasound examin¬

ations during successive days of the post-partum period in Holstein cows and, in spite of the diffi¬

culties of doing routine examinations early after calving, the size of the largest follicle present never
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Fig. 7. LH concentrations in dairy cows during 6-h periods at various times post partum (cow
183, left; cow 114, right).

exceeded 9mm. The early return to active follicular development in all cows, and the fact that some
cows ovulated before Day 10 after calving, demonstrated the ability of the ovary to resume activity
early after calving. It suggests that ovarian responsiveness may not be the major reason for the
variable duration of the post-partum anoestrous periods commonly observed in cattle (Peters,
1984).

The seasonal effect on follicular development observed in this study is in agreement with
the data of Bulman & Lamming (1978) who found an earlier resumption of cyclicity, based on

progesterone analysis, in autumn-calving cows compared to spring calvers. These results and those

of Hansen et al. (1983), Critser et al. (1983, 1987), McNatty et al. (1984) and Stanisiewski et al.

(1988) strongly support the hypothesis of occurrence of seasonality in cattle, which although less

marked than in sheep, can modulate some reproductive patterns. In agreement with the hypothesis
of seasonality and with previous reports of higher incidence of cystic ovaries during winter months
(Roberts, 1955), all the cysts observed in the early post-partum period in the present study were

found in the ovaries of cows calved during autumn.
Although the aetiology is not clearly established, all the follicles that became cystic were

detected between Days 5 and 8 post partum, and though in some other cows dominant follicles
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detected at the same stage ovulated, they developed in a physiological stage characterized by low
pituitary responsiveness to GnRH (Webb et ai, 1977; Fernandes et ai, 1978; Mawhinney et ai,
1979) and low biological activity of the LH secreted (Weesner et ai, 1987). These findings support
the hypothesis of a possible insufficiency of LH at the time of ovulation as a cause of the formation
ofcysts (Erb et ai, 1973; Nadaraja & Hansel, 1976; Kesler & Garverick, 1982). Although the cows
that developed ovarian cysts resumed cyclicity spontaneously, the development of cysts signifi¬
cantly delayed the first post-partum ovulation and undoubtedly justifies the inclusion of cystic
ovaries as a cause of poor reproductive performance in cows (Roberts, 1971; Kesler & Garverick,
1982; Chauhan et ai, 1984; Ijaz et ai, 1987). On the other hand, the absence of a clear differential
behavioural pattern in cows that had ovarian cysts and the fact that plasma concentrations of

progesterone were generally low mean that the diagnosis of cysts really requires ovarian examin¬
ations. Morrow et ai (1966), Kesler et al. (1979) and Kesler & Garverick (1982) also considered
that the real incidence of ovarian cysts in cattle could be higher than the previously reported
rates (0-20%) which were based mainly on animals that either showed symptoms or were treated

following diagnosis.
In relation to the patterns of LH secretion, the detection of pulsatile LH release during the first

week post partum in the present study is in agreement with data of Schallenberger & Prokopp
(1985). However, the apparently lower magnitude of the individual peaks during the first 2 weeks

post partum probably reflects the reduced availability of releasable LH during the early post-
partum period in cattle (Nett, 1987). In addition, the absence of a distinct episodic secretion in

response to the coincident high concentrations of oestradiol in Cow 183, on Day 10 after calving,
agrees with data of Schallenberger & Prokopp (1985), who reported a variable period of refractori¬
ness to the stimulatory effects of oestradiol-17ß on LH secretion during the early post-partum
period in dairy cows. This observation also tends to support the data of Schams et ai (1978), who
reported several post-partum ovulations without detection of LH surges in early post-partum dairy
cows. Schams et ai (1978) used a 6-h interval for blood sampling, which consistently allowed them
to detect the preovulatory LH surges and, therefore, eliminates low frequency of blood sampling as

a possible cause of the absence of LH surges. The variation in the patterns of LH secretion in
coincidence with variable concentrations of oestradiol is in agreement with Karsch (1984), who
proposed that ovarian steroids play an important role in regulation of the hypothalamic pulse
generator and, consequently, the patterns of gonadotrophin secretion.

Although the number of observations in the present study is not large enough to permit defini¬
tive conclusions about the rate of double ovulations, the results showed trends that may help to

explain data from previous related studies in cattle. In fact, since the development of ovarian cysts
was associated with the majority of the double ovulations observed in the present study (only 1
other double ovulation was registered, and this was in a normal cyclic cow), these data would tend
to support the association of twinning with ovarian disturbances in cattle (Erb et ai, 1959). In
effect, the abnormally long periods of high concentrations of oestradiol, detected in the cows that

developed ovarian cysts, suggest a possible alteration of the normal patterns of gonadotrophin
secretion due to the positive feedback effect of oestradiol on LH secretion (Kesner et ai, 1981).
Although the effects of LH alone in the determination of ovulation rate are not known, a replace¬
ment regimen of LH pulses in hamsters hypophysectomized at the post-ovulatory FSH rise is able
to induce the development of preovulatory follicles (Goodwin & Terranova, 1985), and pulsatile
LH administration increases ovulation rate in intact hamsters and guinea-pigs (Garza et ai, 1984).
Elevated LH concentrations occur during the luteal phase in prolific sheep in comparison to breeds
with lower ovulation rates (Land et ai, 1973; Findlay et ai, 1976; Cahill étal, 1981; McNatty et ai,
1987).

We thank Mr Michael Hegarty for help during ultrasound examinations; the staff at Lyons
Estate for care and bleeding of the animals; Mrs Maria R. Mattiacci for help in analysing the data;
Mr Gerard Claffey for the hormone assays; and Miss Miriam Phelan for secretarial assistance.
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