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Ahstract

This study was conducted to develop an effective theraphy on ovarian quiescence in cattle.

In owarian quiescent cattle, luteinizing hotrmone releasing hormone analogue (LH-EH-4) induced
ovulation indirectly about 36 hr after injection by releasing luteinizing hormone (LH).

Human chenonic genadotrephin (hCG) induced ovulation directly about 36 hr after injection
without LH release. Pregnant mare serum gonadotrophin (PM3G) stimulated development,
maturation and active estradiol-17p (E2) secretion of follicle(s), so that the actively secreted

EZ triggered ovulatory LH surge about 25 hr after injection. Consequently, PMEG induced
ovulation about 72 hr after injection. Afterinduced ovulation, hypoplastic and short-lived

(Type I} corpus luteumn (CL) developed (1e induced CL) on LH-EH-A treatment Type I

and well -developed but slightly short-lived (Type IT) CL developed on hCG treatment, and

Type L, Type I and well-devel oped and normal life span {Type IT) CL did on PMEG treatment.
The ovarian cyclic activity started atlower rates on each treatment with LH-EH-A,

hCG and PMEG. For initiating the ovarian cyclic activity it was recognized thatinduced CL was
functional enough to increase plasma progesterone level and that a follicle matured with active

E, secretion in accordance with regression of the CL. Therefore, to promete the ovanan cyclic activity
PMSG was supplementally dosed at alow level in & days after LH-EH-A treatment.

The PMEG treatment was expected to stimulate maturation and active E, secretion

of afollicle developing along with regression of the induced CL. This treatment induced the

ovarian cyclic activity at a high rate.

Discipline: Animal industry
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Introduction

Anestrus due to ovarian quiescence (inactive ovary)
frequently takes place in grazing and group feeding
heifers just as postpartum cows"®”. The disorder
has been considered as a result of insufficient secre-
tion of gonadotrophins from the pituitary"*®.
Gonadotrophins and luteinizing hormone releasing
hormone (LH-RH; synonym for gonadotrophin
releasing hormone) theraphy has been recom-
mended! 4691819 However, efficacy of these

treatments has not been always satisfactory>*®.

The simultaneous injection with pregnant mare
serum gonadotrophin (PMSG) and human chorion-
ic gonadotrophin (hCG)'” and an injection with LH-
RH analogue (LH-RH-A) alone were not so effec-
tive. The former treatment induced the ovarian cyclic
activity in 54% and the latter did in 31%, though
both the treatments induced owvulation in most
cases'®. More effective theraphy is able to be de-
veloped by elucidating following points: characteri-
zation of hormones’ action and reactions to the
hormones, and necessary and sufficient incidents for



initiating the ovarian cyclic activity.

In this study, changes of ovarian structure were
examined by palpation per rectum, and peripheral
plasma luteinizing hormone (LH), estradiol-178 (Ez)
and progesterone (P) level were determined by radio-
immunoassay after injection with LH-RH-A, hCG,
and PMSG in ovarian quiescent cattle. A theraphy
which was expected to be effective was tested regard-
ing its efficacy.

The cattle used in this study were mostly Holstein
heifers and most of the cattle had small- or middle-
size follicle(s) by palpation. Details of experimental
animals and methods employed are referred to origi-
nal papers'®'®,

LH-RH analogue
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Following injection with 100-400 pg LH-RH-A,
plasma LH increased quickly to a peak (nealy 70
ng/m{) about 2 hr after the treatment in all the cases
(Fig. 1).

Ovulation was induced about 36 hr after the treat-
ment in most cases (80%), as in 2 of 3, 2 of 3 and
all 4 cases which received a single injection of 100 ug,
double injections of 100 pg at 1 hr interval and a
single injection of 200-400 pg, respectively. Plasma
E; level did not increase from the treatment to the
induced ovulation. Figs. 2 and 3 show changes in
ovaries and plasma P and E; levels before and after
the LH-RH-A treatment,

A corpus luteum (CL) developed after the induced
ovulation (induced CL) in almost all cases (88%),
but it was less than 18 mm in maximum diameter
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Fig. 1. Mean serum LH level following LH-RH-A injection in ovarian

quiescent heifers in experimental groups I,

I, 1l and IV
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See the legends of Fig. 2.
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Changes in ovaries and plasma progesterone and estradiol-178 levels in ovarian

quiescent heifers following LH-RH-A" treatment

Experimental
groups and
heifer no.

Induced

; Induced CLY
ovulation

1-525
11-523
1-522
I1-522*
TI-522%*
[11-525%*
1-525+
11-524
11-523*
1v-527

T I
TR T S

+

Development
of foll.” with
regression of

inﬂccd CL

EEE S I T S

2nd ovulation

and onset of

ovarian cyclic
activity

Ex®rise with
fallicle
growth?

P rise with
development of
induced CL

+ + 4+ | |
+ + + 1
+ 4+ 4+ 1 10

+ +

a): LH-RH analogue (Fertirelin acetate). b): Induced CL is the CL developed after induced ovulation. c¢): Follicle.
d): Progesterone. e): Estradiol-178. f): Growth of follicle coinciding with regression of induced CL.
*On 2nd and **3rd treatment in 21 days after Ist treatment and in 41 days after 2nd treatment, respectively.

= ¢ Negative. +: Positive,

and began to degenerate about 6 days after the
ovulation. Namely, the CL was subnormal in size
or hypoplastic and short-lived (Type I). Plasma P
level increased slightly showing a small peak (about
2.5 ng/mi) along with development of the CL in
majority {57%).

Before and during regression of the induced CL,
development of a follicle was confirmed in each case.
But the increase of plasma Eaz level in accordance
with the follicular development was demonstrated
only in about a half of the cases (50%).

In almost all the cases (75%) in which the Ez
increase occurred, the follicles ovulated (second
ovulation) and the ovarian cyclic activity was
resumed. However, in the other cases the follicle
atrophied and the ovaries became quiescent again.
Table | indicates changes in ovaries and plasma P
and E; levels and onset ovarian cyclic activity fol-
lowing the LH-RH-A treatment,

In the cases that initiated the ovarian cyclic ac-
tivity on the treatment, the following events oc-
curred: ovulation was induced, the induced CL
developed, plasma P level increased in accordance
with development of the CL, a follicle developed and
matured with obvious E; rise along with regression
of the CL, and the follicle ovulated

Following points were identified: LH-RH-A in-
duced ovulation about 36 hr after the treatment
through the release of LH from the pituitary. The

induced CL was always Type 1. To initiate the ovar-
ian cyclic activity on the treatment, the induced CL
was to be functional enough to elevate plasma P
level, and along with the regression of the CL a
follicle developed and matured with active E;
secretion,

hCG

Following injection with 750-6,000 IU hCG, ovu-
lation was induced about 36 hr after the treatment
in almost all the cases (92%), as in 2 of 3 and all
8 cases which received a single injection of 750 U
and 1,500-6,000 IU, respectively. Neither E; in-
creased nor ovulatory LH surge occurred after the
treatment. Fig. 4 shows changes in ovaries and
plasma P and E; levels before and after the hCG
treatment.

CL were formed after the ovulation in all the cases
and classified into two types. One was Type I and
held a majority (60%). The other was Type II; i.e.
well-developed but slightly short-lived CL which start-
ed regression about 11 days after ovulation and held
a minority (40%). Plasma P level increased in ac-
cordance with development of the CL in all the cases,
reaching a peak with about 3.2 ng/m/ in that of Type
I and 8.5 ng/m/ in that of Type IL.

Althouth a follicle developed before and during
regression of the induced CL in cach case, plasma
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Fig. 4. Ovarian changes and plasma progesterone and estradiol-173 levels in a heifer with

quiescent ovaries following hCG treatment
FFor abbreviations and symbols, sce the legends of Fig. 2.

Ez level increased only in one-third (30%) of the
cases reaching a peak (about 13 pg/md) in accordance
with development and matwuration of the follicle. In
all the cases in which the increase of E; took place,
the follicle ovulated and the ovarian cyclic activity
started. However, in cases with no increase of E;,
the follicle atrophied and the ovaries became
quiescent.

The ovarian cyclic activity was resumed when a
chain of the following events occurred after the treat-
ment: induced ovulation, development of CL with
an increase of plasma P level, maturation of a folli-
cle with an increase of E; along with regression of
the CL, and second ovulation.

Following points were clarified: Ovulation was
induced about 36 hr after the treatment without
ovulatory LH surge by direct action of hCG. Two
types of CL, i.e. Type | and Type II, were devel-
oped after the induced ovulation. To initiate the
ovarian cyclic activity, the induced CL was functional
enough to elevate P level in plasma and a follicle

developed and matured with an obvious E; increase
in plasma according to regression of the CL.

PMSG

Injection with 500-4,000 IU PMSG induced ovu-
lation in 2-4 (mostly 3-4) days after the treatment
in almost all the cases (90%), as in 4 of 6 and all
14 cases which received a single injection of 500 and
1,000-4,000 1U, respectively. Plasma E; level in-
creased to a high level about 2 days after the treat-
ment. Plasma LH level revealed the ovulatory LH
surge. The surge started about 35 hr and reached
a high level (nearly 32 ng/m/) about 39 hr after the
treatment. Fig. 5 shows changes in ovaries and
plasma P and E; levels after the PMSG treatment,
and Fig. 6 shows changes of plasma LH level fol-
lowing the treatment.

Three types of CL were found in the induced CL;
the majority was Type I (61%), Type II was in a
small number (11%), and the well-developed CL
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with a normal life span (Type I1I) held a minority
(30%). Plasma P level increased in company with
development of the induced CL.

Following regression of the induced CL, the second
ovulation came out and the ovarian cyclic activity
started in minority (33%), in which the E; level
increased prior to the second ovulation. In the other
cases the ovaries became quiescent again.

Several or more than 10 follicles developed and
reached maximum size about 8-10 days after the
treatment, in some cases which received 1,000 U
and in most cases which received 2,000-4,000 IU,
being accompanied by an increase of Ej level.

Following points were clarified: PMSG stimulat-
ed growth and maturation of follicle(s) to secrete E;
actively. The actively secreted E» triggered the ovula-
tory LH surge about 35 hr after the treatment

under a low plasma P level. Ovulation occurred
consequently about 72 hr after the treatment. Three
types of CL, i.e. Type I, Type 11 and Type III, were
developed after the induced ovulation. In the cases
in which the ovarian cyclic activity started, the
plasma E; level increased before the second ovula-
tion. Many follicles developed after the treatment
with 1,000 or more IU,

Effective hormone theraphy

Ovarian response to treatment with LH-RH-A
was more uniform than that with hCG and PMSG.
To initiate the ovarian cyclic activity on the treat-
ments, a follicle developed and matured with active
E; secretion according to regression of the induced
CL. PMSG stimulated development and maturation
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Table 2. Ocecurrence of esirus and ovulation, onset of ovarian cyclic activity, and fertility
following supplemental treatment with PMSG and PGF;.-A

Supplcmen;;al Estrus® Ovulation Onset of .
Group treatment No. of . ovarian  Conception
PMSG PGFa.-AY heifers  No, of Time”  No. of Time cyclic  ratel (%)
{1U) (1g) heifers (%) (day) heifers (%) (day)  activity” (%)
I 500 - 13 5(38.5) 3.2+0.88" 13 (100)" 4.2x0.7™) 13 (100 10/12 (83.3)
1l 500 500 20 9 (45.0) 2.0%0" 18 (90.0)" 3.3+0.8" 18 (90.00" 10717 (58.8)
1 - S00 12 4(33.3)  2.0x0 5 (41.7)"  3.4+0.59 541D 474 (100
a): In six days after treatment with 200 pg of LH-RH analogue (Fertirelin acetate),

b):
¢):
d):
e):
f):
8

Prostaglandin I, analogue (ONO-1052).
Standing estrus,

No. of heifers.

Mean * SD.

Days after supplemental treatment (0 is the day of supplemental treatment).

No. of heifers conceived /no. of heifers inseminated on succeeding ovulation to supplemental treatment.

h=k): Significant difference was found between h and i with P <0.01 and between j and k with P < 0.05 (vertical line).

of follicles to promote active E; secretion (Fig. 5).
Based on these findings, a low dosage of PMSG was
chosen to reinforce the treatment with LH-RH-A,
The supplemental treatment was expected 1o stimu-
late maturation and active E; secretion of the follicle
and to promote consequential ovulation and the ovar-
ian cyclic activity. The supplemental treatment was
done around the time when the induced CL started
to regress and a follicle developed.

The supplemental treatments with 500 IU PMSG
alone (Group 1), simultaneous 500 IU PMSG and
500 ug Prostaglandin F, analogue (ONO-1052;
PGF2.~A: Group II), and 500 pg PGF;.—A alone
(Group 11I) were put into practice in the heifers, in
which ovulation was induced within 2 days and in-
duced CL developed after the treatment with 200 pg
LH-RH-A. PGF;,-A was applied to promote
regression of the induced CLAY,

The results obtained were as follows: Plasma P
level decreased to about |1 ng/m/ in 2 days after the
supplemental treatment in Group I. The decrease
occurred on the next day after the supplemental treat-
ment in Groups II and III. Plasma E; level increased
to a peak (about 9 pg/m/) in 1-1.5 days after the
supplemental treatment in PMSG-treated groups
(Groups I and II). However, such an obvious in-
crease was not observed in Group III. Fig. 7 shows
changes in the mean plasma P and estrogen levels
after the supplemental treatment with PMSG in the
Group [ heifers.

Ovulation took place in almost all the cases of

PMSG-treated groups (100 and 90% in Groups I and
I1, respectively), and these ovulation rates were sig-
nificantly higher (P<0.01) than that (42%) of non-
PMSG-treated group (Group III). The ovarian cy-
clic activity was resumed in all the cases, in which
the ovulation occurred after the supplemental treat-
ments. However, the ovaries became quiescent again
in the cases in which the ovulation did not come out.
Table 2 indicates occurrence of estrus and ovulation,
onset of ovarian cyclic activity, and fertility follow-
ing the supplemental treatments.

Estrus appeared in 33-45% of the heifers follow-
ing the supplemental treatments with no significant
difference among the groups. Conception rates in
relation to the consequential ovulation following the
supplemental treatments were 59-100% without any
significant difference among the groups.

Following points were identified: The supplemen-
tal treatment with PMSG stimulated the development
and the maturation of follicle to secrete E; active-
ly. And the treatment consequently promoted the
second ovulation and the initiation of the ovarian
cyclic activity. It was thus indicated that the supple-
mental treatment with PMSG after an LH-RH-A
treatment was effective theraphy on ovarian quies-
cence in cattle.

Conclusion

The ovarian cyclic activity was resumed in a higher
rate (90-100%) by supplemental injection of PMSG
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after LH-RH-A treatment than by treatment with
100-400 pg LH-RH-A alone (43-47%), 750-6,000
IU hCG alone (30%), 500-4,000 IU PMSG alone
(33%), and simultaneous treatment with 1,000 U
PMSG and 1,000 MU (= ca. 3,000 [U) hCG (54%),
even when the rates were calculated only for the cases
in which ovulation was induced and resultant CL de-
veloped after the treatments. Therefore, the sup-
plemental injection with PMSG after LH-RH-A
treatment was recognized to bring about satisfacto-
ry results in theraphy on ovarian quiescence in cattle.

Nutritional deficiencies bringing in loss of body
weight**® | sucking®* and increase of corticoids in
blood™ reduce frequency of the pulsatile LH release
to lower blood LH level and cause consequential sup-
pression of ovarian function. So it is suspected that
such agents as nutritional and metabolic disorders,
chronic debilitating diseases, and environmental
stresses should affect endocrine condition. When
animals are affected severcly by the agents, the
endocrine condition must be suppressed far from nor-
mal. In such cases hormone theraphies must be
unavailable. Therefore, hormone theraphies should
be applicd after restoration of the nutritional,
healthy, environmental and concomitant endocrine
condition by eliminating the agents. It has to be
taken into consideration that hormone theraphies
triggered the ovarian cyclic activity only in the
animals which restore the endocrine condition to
nearly or almost normal one.
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