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Introduction

Estrus can be synchronized in cattle either by short-
ening luteal phase with prostaglandin F.oo (PGF,)
or by extending luteal phase with progestogens™**,
An intravaginal administration of progesterone, CIDR
(Controlled Internal Drug Release) for example, causes
elevation of plasma progesterone concentrations which
are maintained above 2 ng/ml during periods of CIDR

**¥_ Maturation of

treatment in ovariectomised cows
a dominant follicle (DF), growth of other follicle, ex-
hibition of estrous signs and ovulation are suppressed
during a period of the progesterone treatment. After
removal of the device, plasma progesterone levels
declined rapidly, the DF matures, produces estrogens
to exhibit estrous signs and ovulates, provided that
the corpus luteum had already regressed'™".

Extension of a period of treatment with CIDR often
results in a low fertility at estrus induced after the
CIDR removal". It has been assumed that a sublu-
teal phase progesterone level achieved by CIDR treat-
ment after spontaneous luteolysis causes persistence
of DF and cessation of turnover of follicular waves'”"”.
Meantime, the ovum in DF undergoes an aging pro-
cess, thus decreasing fertilization capability'™*,

A currently recommended period of CIDR treat-
ment is 7 days, often combined with PGF.x injec-
tion before or at the time of CIDR removal™, How-
ever, if CIDR is inserted into the vagina for 7 days
starting at late-luteal phase when DF of preceding
follicular wave starts to undergo atresia and a new
follicular wave emerges, the treatment may interfere
with atresia of the preceding DF and growth and ma-
turation of a new DF. This has not well been de-
monstrated. It also remains to be clarified if there is
any difference in effect of CIDR on follicular growth
between heifers with two or three follicular waves.

Therefore, objectives of the present study are: 1)

to show the effect of CIDR on turnover of DF and
follicular growth after CIDR insertion on day 16 of
estrous cycle and 2) to compare the follicular
growth during CIDR treatment between heifers with
two or three follicular waves.

Materials and Methods

Animals and experimental design

Four Holstein-Friesian heifers (2 to 3 years old)
raised at the Department of Veterinary Obstetrics
and Gynecology, Rakuno Gakuen University, were
used for this study. The heifers had normal and re-
gular estrous cycles. They were fed hay, concentrate
ration and mineral supplement and housed in stan-
chions during the study and checked for signs of
estrus. When they exhibited estrus, ultrasonographic
examination was performed every day for detection
of ovulation.

The experiment was initiated on day O of the es-
trous cycle. No treatment was given during the first
estrous cycle in order to find out follicular wave pat-
terns of each heifer (stage 1). Then on day 16 of the
subsequent cycle, silastic devices containing pro-
gesterone (called Controlled Internal Drug Release
type B or CIDR B, AHI Plastic Moulding Company,
Hamilton, New Zealand) were inserted intravaginally
for 7 days to examine effects of the treatment on the
follicular waves (stage 2). The observation was con-
tinued during the estrous cycle following the treated
cycle to investigate whether the CIDR treatment
affected follicular growth during the following cycle
(stage 3).

Ultrasonography of the ovary

Transrectal ultrasound examinations of the ovaries
were conducted. The ovaries were monitored with a
real-time, B-mode ultrasound scanner equipped with
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a 5.0 linear type or 7.5 MHz convex type intrarectal
transducer (Hitachi Medical Corporation, EUB-310,
Japan). Patterns of growth and regression of in-
dividual follicles >5 mm were observed using tech-
niques previously described”. The transducer was
moved intrarectally along the dorsal surface of the
reproductive tract, then bilaterally to examine each
ovary, as described by Pierson er al”. Each ovary
was scanned several times in at least two planes to
assess the maximum diameter of the follicle and
corpus luteum. The day of ovulation (Day 0) was
determined by the disappearance of the largest fol-
licle that had been present on the day before. Cross
section of the follicle and corpus luteum were visual-
ized by real-time imaging, and the sonograms were
stored on black-and-white polaroid film (EZU-VP2)
used with a Mitsubishi Video Printer. Diameters of
nonspherical structures were obtained by averaging
length and width.

Blood collection and hormone assays

Blood was collected from the coccygeal or ju-
gular vein daily throughout the study period. Samples
were collected into heparinized tubes and immediate-
ly centrifuged at 3000 rpm for 15 min. The plasma
was transferred to another test tube and stored at -20
°C until analyzed for progesterone and estradiol-17f
concentrations.

Plasma progesterone concentrations were determin-
ed by an enzyme immunoassay on microtiter plates
coated with second antibody. Microtiter plates were
coated with affinity-purified goat IgG antirabbit IgG.
The assay used antiserum raised in rabbits against
progesterone-3(E)-CMO-BSA.  Progesterone-3(F)-CMO
-HRP was used as tracer. The microtiter plates,
antigen and antigen-enzyme conjugate were obtain-
ed from Kambegawa Research Institute, Tokyo. Bora-
te-buffered solution (0.05 M, pH 7.8) with 0.2% bo-
vine serum albumin (w/v) was used as assay buffer.
Briefly, 500 pl of plasma were transferred into a 13X
100 mm tube, and extracted with 2.5 ml of diethyl
ether (recovery rate=68.2+56.7%). Tubes were mixed
for 5 min and diethyl ether was decanted into a new
tube and evaporated at 50°C in water bath. The resi-
due was redissolved in 500 pl of assay buffer and du-
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plicates of 50 pl were analyzed using an enzyme im-
munoassay for progesterone. Intra-assay and inter-as-
say coefficients of variation and minimum detection
values of the assay were 9.2%, 17.3% and 0.08 ng/ml,
respectively.

Plasma estradiol-17p concentrations were determin-
ed by radioimmunoassay, with the following mod-
ifications: 1) 1000 pl aliquots of plasma were ex-
tracted before assay with 3 ml diethyl ether (recovery
rate=78.31+5.4%); 2) water solvable layer was fro-
zened at -50°C; 3) diethyl ether was decanted to the
tube for assay; 4) dried up diethyl ether at 50°C in
water bath; 5) added 0.5 ml of acetonitrile and 1 ml
of n-hexane and mixed for 5 min; 6) centrifuged at
1700 g for 5 min; 7) aspirated n-hexane (the upper
layer); 7) put 2 ml of n-hexane on the acetonitrile
layer and aspirated n-hexane (repeated 2 times); 8)
dried up acetonitrile at 50°C with dry N; gas; 9) the
volume of extracted plasma used in the assay was
100 (I/tube); 10) estradiol standards (0.3125~320 pg)
and assay diluents (1% BSA-0.01 M PBS) used were
prepared in our laboratory; and 11) 100 pl estradiol
antiserum and 100 pl ['*] estradiol were used per as-
say tube. Reagents included: 1) Ist Ab sheep A/Ex-
173 serum #244 (gifted by Dr. Niswender); 2) '"“I-E,
IM-135 (purchased from Amasham); and 3) 2nd Ab
A/sGG Donkey.

Terminology

In all stages, the length of cycle was defined as
the interval of time (days) between two successive
periods of ovulation. Persistence of a follicle on the
ovary was defined as the interval of time elapsed
between its appearance and its disappearance as a
follicle =5 mm. The beginning of a plateau was de-
fined as the first day a follicle did not increase more
than 1 mm in diameter in the subsequent 48-h
period. The relative diameter of an ovulatory follicle
at the time when progesterone first became less than
1 ng/ml was calculated as the ratio of its diameter at
that time to its diameter on the day of estrus. The
functional dominance phase of a follicle was cal-
culated as the interval of time between the first day
a follicle became 2 mm greater than the other fol-
licles in the same wave, and either the day of ap-
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pearance of a new follicular wave (for the DF of the
first wave), or the day preceding ovulation (for ovula-
tory follicles).

Statistical analysis

One-way analysis of variance was used for com-
parisons between more than two means, and when a
significant difference was found, a Duncan's mul-
tiple range test was used to determine which means
were significantly different. Student's t-tests were used
for comparisons between two means. Repeated meas-
ures analysis of variance using the General Linear
Model procedure of Statistical Analysis System'® was
used to compare plasma concentrations of estradiol
-17B and progesterone, and to compare effects of treat-
ments on basal levels of estradiol and within groups.

Results

Effects of CIDR on cycle length and plasma
progesterone and estradiol-17B concentrations
The three of four heifers in stage 1 had the nor-

mal estrous cycle, including progesterone concentra-
tion, time of luteolysis, cycle length, and ovulation
(Fig. 1A and 1C, 2A and 2C, 3A and 3C and Table
1). The one of four heifers in stage 1 had corpus lu-
teum with large cavity after ovulation and the
corpus luteum was ruptured during ultrasonographic
examination on 3 day of estrous cycle. The heifer
had small corpus luteum after rupture and plasma
progesterone concentrations were maintained low
levels (0.2~1.7 ng/ml) (Fig. 4A). The presence of
CIDR in the vagina containing progesterone pre-
vented for the animals to return to estrus at the nor-
mal time and significantly increased cycle length
(stage 2), as compared to the preceding cycle (26.3+
0.5 vs 20.8+1.5 days, P<0.05). At the time of
CIDR insertion (day 16), plasma progesterone con-
centrations were 3.6+2.7 ng/ml. Between day 17,
first day after CIDR treatment, and day 23, when
the CIDR was removed, progesterone concentrations
ranged between 2.1 and 4.4 ng/ml (3.6+1.2). Plas-
ma estradiol concentrations showed typical patterns
reflecting follicular growth and preovulatory matura-
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Fig 1. Patterns of follicular development and concentrations of hormones in heifer with two follicular waves per cycle be-
fore and after CIDR treatment. The upper graph in each panel describes variations in estradiol-178 (hollowed circle) and
progesterone (black circle) concentrations. The character in the upper left corner of each graph indicates each stages. A is
estrous cycle before CIDR treatment, B is cycle at CIDR treatment and C is cycle after CIDR treatment. The lower graph
in each panel shows patterns of growth and regression of individual follicles (each hollowed and black circle represents
an individual follicle). Asterisks indicate the day on which the ovulatory follicle disappeared and black rectangles the in-
terval of time during which the CIDR was present. Follicular diameter represents only the size of the antrum.
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Fig 2. Patterns of follicular development and concentrations of hormones in heifer with two follicular waves per cycle
before CIDR treatment had three follicular waves per subsequent cycle after CIDR treatment. The upper graph in each
panel describes variations in estradiol-17f3 (hollowed circle) and progesterone (black circle) concentrations. The charact-
er in the upper left corner of each graph indicates cach stages. A is estrous cycle before CIDR treatment, B is cycle at
CIDR treatment and C is cycle after CIDR treatment. The lower graph in each panel shows patterns of growth and re-
gression of individual follicles (each hollowed and black circle represents an individual follicle). Asterisks indicate the
day on which the ovulatory follicle disappcared and black rectangles the interval of time during which the CIDR was
present. Follicular diameter represents only the size of the antrum.
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Fig 3. Patterns of follicular development and concentrations of hormones in heifer with two follicular waves per cycle be-
fore and after CIDR treatment. The upper graph in each panel describes variations in estradiol-173 (hollowed circle) and
progesterone (black circle) concentrations. The character in the upper left comer of cach graph indicates cach stages. A is
estrous cycle before CIDR treatment, B is cycle at CIDR treatment and C is cycle after CIDR treatment. The lower graph
in each panel shows patterns of growth and regression of individual follicles (each hollowed and black circle represents
an individual follicle). Asterisks indicate the day on which the ovulatory follicle disappeared and black rectangles the in-
terval of time during which the CIDR was present. Follicular diameter represents only the size of the antrum.
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Fig 4. Patterns of follicular development and concentrations of hormones in heifer with three follicular waves per cycle
before CIDR treatment. The upper graph in each panel describes variations in estradiol-17p (hollowed circle) and pro-
gesterone (black circle) concentrations. The character in the upper left corner of each graph indicates each stages. A is
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of growth and regression of individual follicles (each hollowed and black circle represents an individual follicle). As-
terisks indicate the day on which the ovulatory follicle disappeared and black rectangles the interval of time during
which the CIDR was present. Follicular diameter represents only the size of the antrum.

Table 1. Estrous cycle length, characteristics of the ovulatory follicle according to the number of follicular waves in

heifers treated with intravaginal progesterone releasing device (CIDR)

Stage 1 Stage 2
2 waves 3 waves 2 waves* 3 waves*
No. of heifer 2 2 2 2
No. Follicular waves/cycle 20100 3.0+0.0 3.0+0.0 3.0x00
Cycle length (days) 20.0+0.0° 21.0+1.4° 26.0+0.0" 26.5+0.7°
Follicular wave with ovulatory follicle ] _ .
No. of follicles >5 mm/wave 6.5+2.1° 6.0+1.4" 5.5+0.7° 8.0+1.4
Dominant ovulatory follicle ] .
Appearance (day) 9.0+1.4" 12.5+0.7 16.0+0.0° 16.0+1.4°
Maximum size (mm) 16.4+1.2° 14.7+x1.1° 17.1+1.5° 15.7+0.7°
Interval from emergence to ovulation (days) 1.0+1.4° 8.0+ 14" 9.5+0.7" 10.5+0.7
Dominance phase (days) 7.0+1.4" 4.0+1.4" 55+0.7 7.5+0.7
Present as the largest follicle (days) 254+0.7 2.0+0.0 3.0+0.0° 3.0+0.0°

*Follicular waves per cycle before CIDR treatment

ab,c

Data with different superscripts within the same row differ significantly (P<0.05; mean+ SD)

tion (Fig. 1B, 2B, 3B and 4B). Treatment of CIDR  progesterone profile in subsequent estrous cycle (Fig.
did not affect cycle length, ovulation and plasma 1C, 2C and 30).
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Effects of CIDR on ovarian follicular dynamics

Ovarian follicular dynamics were characterized by
waves of follicular development occurring at differ-
ent times during the estrous cycle. Each wave ge-
nerally consisted of the development of one larger
follicle and a variable number of follicles (Fig. 1, 2,
3 and 4). In the stage 1, two of four heifers had two
follicular waves per estrous cycle (Fig. 1A, 2A and
Table 1), whereas two of four heifers had three fol-
licular waves per cycle (Fig. 3A, 4A and Table 1).
However, during the cycle of CIDR treatment, all
heifers had three follicular waves per cycle (Fig. 1B,
2B, 3B and 4B). In heifer with three follicular
waves during estrous cycle before CIDR treatment,
treatment with CIDR on day 16 did not affect tur-
nover of DF of preceding follicular wave. However,
the CIDR treatment caused an extension of domi-
nant phase of the ovulatory DF selected in the third
follicular wave in heifer with three follicular waves
per cycle before CIDR treatment. The ovulatory fol-
licle of the two heifers with three follicular waves
had a significantly longer persistence and dominant
phase after CIDR treatment (Table 1). Whereas two
heifers with two follicular waves per cycle before
CIDR treatment, after CIDR treatment the DF un-
derwent atresia without delay and followed emer-
gence of the new follicular wave (Fig. 1B and 2B),
in which no extension of dominant phase of the DF
or ovulatory follicle was shown. The CIDR treat-
ment did not affect the follicular growth during the
subsequent cycle (Fig. 1C, 2C and 3C). Estrous cy-
cle length, follicular waves and plasma concentra-
tions of progesterone and estradiol-17B in the fol-
lowing cycle were not altered.

Discussion

The insertion of CIDR into the vagina, extends lu-
teal phase and increases cycle length**"". In the pre-
sent study, four heifers were treated with CIDR at
day 16 of the estrous cycle when DF of preceding
follicular wave starts to undergo atresia and new fol-
licular wave emerges. The CIDR treatment caused
an extension of the length of estrous cycle. The es-
trous cycle length in the CIDR-treated cycles was
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longer than in control cycles (26.1+0.8 vs 20.5+1.4
days).

It has aiready been reported that cattle maintains
high plasma progesterone concentrations about 4
days after the CIDR insertion followed by low or
subluteal phase progesterone levels™*"'. High plasma
progesterone concentrations reduce LH pulse frequ-
encies and as a consequence, growth of DF ceases
and DF undergoes atresia [8, 9]. This is followed by
an emergence of a new follicular wave. Subluteal
phase levels of progesterone, not enough to reduce
the LH pulse frequencies to cause atresia of DF, but
enough to surpress maturation of DF, LH surge and
ovulation are often seen 4 to 5 days after the CIDR
treatment and thereafter'.

In this study heifers were given CIDR at late lu-
teal phase on 16 day of estrous cycle and low pro-
gesterone levels were maintained between 20~23 days
of the cycle in general. The treatment resulted in an
extension of the interval from emergence to ovulation
of DF and dominance phase in heifers with three fol-
licular wave pattern before CIDR treatment. On the
other hand in heifers with two follicular waves per
cycle, after CIDR treatment the DF underwent atresia
and followed emergence of the new follicular wave.
It was also shown that the CIDR treatment did not
affect follicular growth and ovulation in the follow-
ing estrous cycle.

Under field conditions, CIDR can be inserted in to
the vagina at any stage of the ovarian cycle. There
could be always some cows treated with CIDR at
late-luteal phase. Subluteal phase level or low level
of plasma progesterone achieved by CIDR after luteo-
lysis may extend an interval from emergence to ovula-
tion of DF even when CIDR was removed after 7
days of treatment. Extended period of CIDR treat-
ment over 7 days which may further delay ovulation
should be avoided to improve the conception rate of
the induced estrus.

In conclusion, CIDR treatment may cause an ex-
tension of an interval from emergence to ovulation
of ovulatory DF in heifer with three follicular waves.
Since only four animals were used for this experi-
ment, it is hard to make any conclusion. Heifers
with two follicular waves generally have longer in-
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terval between emergence and ovulation of DF dur-
ing estrous cycle than those with threc follicular
waves. Theoretically, animals with 3 follicular waves
might have DF in more advanced stage of its growth
than those with the 2 follicular waves at the time of
CIDR insertion™'. This could partly explain the dif-
ferent response of the growth of DF to CIDR be-
tween two and three follicular wave heifers. In this
study, it was not known whether or not an extension
of the dominant phase of ovulatory follicles by 3.5
days in heifers treated with CIDR on 16 days of es-
trous cycle adversely affected fertility. This remains
to be clarified by investigating conception rate of the
induced estrus after CIDR removal*"®. Cows, in gen-
eral, arc considered to have three follicular waves,
white heifers tends to have the two waves. It is, there-
fore, of worth describing possible difference in fol-
licular growth during CIDR treatment between two
and three follicular wave animals. Results of the
present experiment also indicates that the CIDR treat-
ment does not delay atresia process of DF in prec-
eding cycle if the treatment commenced a late-luteal
phase in heifers with two follicular waves per cycle
before CIDR treatment.

Conclusion

The luteal phase is able to be artificially lengthen-
ed with an intravaginal progesterone-releasing dev-
ice (CIDR). To show the effect of CIDR on tur-
nover of DF and follicular growth after CIDR in-
sertion and to compare the follicular growth during
CIDR treatment between heifers with two or three
follicular waves during the preceding cycle, four
heifers were given CIDR for 7 days at late luteal
phase on 16 day of estrous cycle.

The presence of CIDR in the vagina containing
progesterone prevented for the animals to return to
estrus at the normal time and significantly incrcased
cycle length, as compared to the preceding cycle (26.3
+0.5 vs 20.8£ 1.5 days, P<0.05). At the time of
CIDR insertion (day 16), plasma progesterone con-
centrations were 3.6+2.7 ng/ml. Between day 17 and
23, progesterone concentrations ranged between 2.1
and 4.4 ng/ml (3.6+1.2 ng/ml). Plasma estradiol-17[3

concentrations showed typical patterns reflecting fol-
licular growth and preovulatory maturation.

The two of four heifers had two follicular waves
per estrous cycle, whereas other two heifers had
three follicular waves. However, during the cycle of
CIDR treatment, all
waves per cycle. The CIDR treatment caused an ex-

heifers had three follicular

tension of dominant phase of the ovulatory DF
sclected in the third follicular wave in heifer with 3
follicular waves before CIDR treatment. The ovula-
tory follicle of the two heifers with three follicular
waves had a significantly longer persistence and
dominant phase after CIDR treatment. In other two
heifers with two follicular waves per cycle before
CIDR treatment, after CIDR treatment the DF under-
went atresia without delay and followed emergence
of the new follicular wave, in which no extension of
dominant phase of the DF or ovulatory follicle was
shown. The CIDR treatment did not affect the fol-
licular growth during the subsequent cycle. Estrous
cycle length, follicular waves, and plasma concentra-
tions of progesterone and estradiol-17f in the fol-
lowing cycle were not altered.

In conclusion, when CIDR treatment commenced
a late luteal phase, CIDR may cause an extension of
an interval from emergence to ovulation of ovula-
tory DF in heifer with three follicular waves. And
also, the CIDR treatment does not delay atresia pro-
cess of DF in preceding cycle and is developed the
new follicular waves in heifers with two follicular
waves per cycle before CIDR treatment.
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