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Abstract. The aim of the present study was to compare three methods of estrus synchronization in
ewes during the non-breeding season.  Forty-two ewes were randomly grouped for three treatments
with different intravaginal devices for 12 days: Group A) CIDR, Group B) Self-made P sponge, Group
C) MAP (medroxyprogesterone acetate) cream sponge.  Furthermore, all groups were divided into
two treatments with (R) or without ram presence to examine the “ram effect”.  Blood was collected
from all treated ewes, and progesterone (P4), estradiol 17-β (E2) and luteinizing hormone (LH)
concentrations were measured by enzyme-immnoassay.  All ewes showed estrus behavior between
Day 0 to 3 after device removal, and the mean onset times of their estrus were 23.0, 33.0 and 21.0 h for
Groups AR, BR and CR, respectively.  On Day 5 as examined by laparoscopy, the ovulation rates (and
number of ovulated ewes) were 1.45 (11/11), 1.25 (12/14) and 1.21 (14/14) for Groups A, B and C,
respectively.  In Group C, the time to LH surge was significantly (P<0.05) later (32.4 h) than those in
Groups A (27.0 h) and B (25.5 h).  Ram presence did not affect the number of ovulated ewes, ovulation
rate or time to LH surge.  The ram introduction group had significantly (P<0.05) lower E2

concentrations during the period from 0 h to 36 h than the groups without ram presence.  These results
suggest that the self-made P sponge or MAP cream sponge was effective as well as CIDR, and ram
introduction was not necessary, for induction of estrus and ovulation during the non-breeding season.
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strus synchronization is generally applied for
reproductive management of sheep flocks

worldwide [1], and several methods have been
performed with varying degrees of success [2].  The
attempted methods are control of daily length and/
o r  h o r m o n a l  t re a t m e n t s  s u ch  a s  n a t u r a l
p r o g e st e r o n e ,  s y n t h e t i c  p r o g e s t o g e n s ,
prostaglandin F2 α (PGF2 α) or gonadotrophin
releasing hormone (GnRH), and isolated ram

introduction [3].  Recently, a method using PGF2α

combined with GnRH was reported in ewes with a
successful lambing rate after natural mating or
artificial insemination [1, 4].  Treatment with GnRH
and PGF2α is a practical method for controlling
ovarian follicular and luteal functions and for
increasing the precision of estrus synchronization
in cyclic and acyclic postpartum cows and heifers
[5–8].  However, this method is very costly for ewes
and it is not a practical method in Japan.  The main
hormonal method for estrus synchronization in
ewes is intravaginal devices impregnated with

Accepted for publication: October 9, 2003
Correspondence: Y. Fukui (e-mail: fukui@obihiro.ac.jp)



IIDA et al.64

progesterone or synthetic progestogen such as
m e d ro x y p ro g e s te ro n e  a c e t a t e  ( M A P )  or
fluorogestone acetate (FGA).  The controlled
internal drug release (CIDR) device has been
developed in New Zealand and it has been proven
to be effective [5, 9, 10].  The intravaginal devices
impregnated with progesterone, MAP or FGA are
generally inserted in the vagina for a period of 10–
14 days and combined with an injection of equine
chor ionic gon adotrop hin ( eCG) or  fo l l i c le
stimulating hormone (FSH).  They have shown
success inducing estrus and ovulation during the
non-breeding season [11, 12].  There have been
many other studies which have used different
intravaginal devices, but these devices are difficult
to import and use for out-of-season breeding in
Japan.  To solve this problem, a new intravaginal
device impregnated with progesterone or synthetic
progestogens needs to be developed [9, 10, 13, 14].
Recently, a new method using MAP dissolved in a
cream (cream method) has been developed in Japan
[15].  In this study, we compared three methods of
estrus induction and synchronization in ewes
during the non-breeding season: 1) CIDR, 2) self-
made progesterone impregnated intravaginal
sponge (self-made P sponge), and 3) MAP cream
method.  Ram introduction effects on ovarian
response, the onset of estrus times and hormonal
(P4, E2, LH) profiles were also examined.

Materials and Methods

Animals
The present study was conducted during the

non-breeding season from May to June 2002.  Thirty
Suffolk (Sf), 10 South-Down (SD) and 2 Dorset-
crossed (D) ewes were used in this study (Total, n=
42).  The ewes were fed 1 kg of hay per head (once
daily) and a concentration pellet containing 15%
crude protein (about 200 g per head per day), and
were allowed free access to water, salt and mineral
blocks.  The ewes were not mated or inseminated
during the study.

Treatment
Ew es  w ere  ran do mly  g ro up e d f or  th re e

treatments with different intravaginal devices
inserted for 12 days: Group A) CIDR (type G
containing 0.3 g progesterone: InterAg, Hamilton,
New Zealand) (Sf=10, SD=4), Group B) Self-made P

sponge (containing 0.5 g progesterone) [9, 12, 14]
(Sf=10, SD=4), Group C) intravaginal MAP cream
sponge (containing 0.06 g medroxyprogesterone
acetate with inunction)  (Sf=10, SD=2, D=2).
Furthermore, all groups were divided for two
additional treatments, with (R) or without ram
introduction.  The intravaginal cream was blended
0.06 g medroxyprogesterone acetate with inunction
(Oronain-H-Nankou: Otsuka Seiyaku Co., Japan),
that is sold commercially, which was used to coat
the sponges.  All ewes received an intramuscular
injection of 500 i.u. eCG (Serotropin: Teikoku-zoki
Co., Japan) 24 h before removal of the intravaginal
devices (the day of device removal: Day 0).

On Day 0, three mature rams fitted with a
marking-harness and crayons were introduced to
Groups AR, BR and CR for detection of estrus
onset.  Estrus detection was performed at 6 h
intervals until Day 3.

On Day 5 after removal of intravaginal devices,
ovulation was examined by laparoscope in all
ewes.  The ewes with newly formed corpus luteum
were considered to have ovulated.

Collecting blood samples and Hormonal measurement
Blood (5 to 10 ml) from the jugular vein was

collected from all ewes from Day –12 to Day 4 once
a day for measurement of progesterone (P 4)
concentrations, from Day 0 to Day 4 twice a day for
measurement of estrogen (E2) concentrations, and
from 9 h to 37 h at 2 hour intervals for measurment
of LH concentrations (Day 0 and 0 h: the day and
time of intravaginal  devices removal).   The
collected blood was centrifuged (3000 × g, 15 min)
at 4 C, immediately, and plasma was separated and
stored at –30 C, until measurement.

Plasma P4 and E2 concentrations were measured
by double-antibody enzyme immuno-assay (EIA)
using 96-well ELISA plates according to the
methods of Miyamoto et al. [16], and Acosta et al.
[17, 18].  The study of Fukui et al. [19] showed that
the antibody of P4 does not cross-react with plasma
MAP.  The standard curves of P4 and E2 EIA ranged
fro m 2 t o  20  n g /m l an d 2  to  20 00 p g/ m l,
respectively.  The average intra- and inter-assay
coefficients of variation (CVs) of P4 were 5.8% and
8.2%, respectively, and of E2 were 6.1% and 8.9%,
respectively.

Plasma LH concentration was determined by EIA
according to the biotin-streptavidin amplification
techn ique [18 ,  20] .   In tra-  and  inte r-a ssa y
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coefficients of correlation were within 13 %.

Statistical analysis
Data on the number of estrous and ovulated

ewes, and ewes with recognized LH (> 10 ng/ml)
surge were analyzed by Student’s t-test.  Mean
onset times of estrus, ovulation rate and each
hormonal concentration were analyzed by χ-square
test.  The results were considered significant for
P<0.05.

Results

Three out of 7 CIDR-treated ewes in the group
without ram introduction lost their CIDRs during
the insertion period.  Therefore, data from these 3
ewes were excluded from the experimental data
(Table 1).

Irrespective of treatments, all ewes in the ram
introduction group showed estrus.  The mean onset
times of estrus were 23.0, 33.0 and 21.0 h for Groups
AR, BR and CR, respectively (Table 1).  The
treatment with the self-made P sponge induced
estrus later than the CIDR and MAP cream
tre at me n ts ,  b ut  t he re  we re n o s ig n i f i can t
differences.  In the results of ovarian observation,
all ewes in Group A (11/11) and Group C (14/14)
ovulated, but 2 ewes had not ovulation in Group B
(12/14) (Table 1).  Ram presence resulted in a
higher ovulation rate (1.32: 19/21) than without
rams (1.28: 18/18), but there was no significant
difference (P<0.05) (Table 1).

The mean plasma P4 concentrations for each
treatment are shown in Fig.1.  There were no
signif icant d if ferences among the types of
intravaginal devices and ram introduction.  The
MAP cream method did not affect P 4 levels during

Table 1. Estrus incidence, LH surge and ovulation rate of ewes treated with three different
intravaginal devices and ram introduction (+) or not (–)

Ram Treatment No. ewes Onset time Time to Ovulation rate*2

presence (Group) treated of estrus*1 LH surge*1 (No.ewes ovulated)
(No.ewes) (No.ewes)

CIDR (A) 7 23.0 ± 1.84 27.0 ± 3.43abc 1.57 ± 0.30
(7) (6) (7)

Self-made P (B) 7 33.0 ± 5.74 24.6 ± 1.60c 1.00 ± 0.00
+ (7) (5) (5)

MAP cream (C) 7 21.0 ± 3.38 33.4 ± 1.60b 1.23 ± 0.18
(7) (5) (7)

sub-total 21 25.1 ± 2.18 28.3 ± 1.66 1.32 ± 0.13
(21) (16) (19)

CIDR (A) 4*3 – 27.0 ± 1.41abc 1.25 ± 0.25
(4) (4)

Self-made P (B) 7 – 26.1 ± 1.94ac 1.25 ± 0.13
– (7) (7)

MAP cream (C) 7 – 31.4 ± 2.14ab 1.21 ± 0.11
(5) (7)

sub-total 18 – 28.0 ± 1.12 1.28 ± 0.11
(16) (18)

CIDR (A) 11 – 27.0 ± 1.09d 1.45 ± 0.21
(10) (11)

Total Self-made P (B) 14 – 25.5 ± 1.28d 1.25 ± 0.13
(12) (12)

MAP cream (C) 14 – 32.4 ± 1.30e 1.21 ± 0.11
(10) (14)

*1 Time from intravaginal device removal.
*2 No.of corpus luteum / No. of ovulated ewes.
*3 Three ewes lost CIDRs during the insertion period and were excluded from data.
a-c, d, e P<0.05
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th e inser tion period.   The mean plasma E 2

concentrations are shown Fig. 2.   The three
intravaginal devices did not show any significant
dif f eren ce s  (P <0.05 )  amon g  the  plasma E2

concentrations.  However, the ram introduction
grou p h ad s ign if i cant ly (P< 0.05)  lower  E2

concentrations during the period from 0 h to 36 h
than the group without ram presence.  The mean
time of LH surge is shown in Table 1.  The MAP
cream method showed a significantly (P<0.05) later
time of LH surge than the other two groups.  There
was no significant difference in the times of LH
surge between the groups with or without ram
introduction.

Discussion

In this study, all ewes in the ram introduction

group showed estrous behavior 1–2 days after
removal of the intravaginal devices.  Also, there
was no significant difference in the ovulation rate
and the number of ovulated ewes between the
groups with and without ram introduction.  These
result are in agreement with previous reports [9, 14,
21] on synchronized estrus and ovulation using
p r o g e s t e r o n e  o r  s y n th e t i c  p r o g e s t o g e n
impregnated devices in ewes.  In Group BR,
however, 2 out of 7 ewes showed estrous behavior
more than 40 h after sponge removal, and this
caused the prolonged mean time (33.0 h) of the
estrous onset compared to the other 2 treatments
(21–23 h).  Furthermore, the same two ewes in
Group B had no definitive LH surge and did not
ovulate.  It was considered that progesterone was
not fully absorbed from the sponge and thus, the
progesterone interfusion into the vagina was
insufficient for induction of ovulation.  In ewes

Fig. 1. The changes in plasma progesterone (P4)
concentrations after removal of intravaginal devices.
a-b P<0.05.

Fig. 2. The changes in plasma estradiol 17-β (E2)
concentrations after removal of intravaginal devices.
a-b P<0.05.
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treated with progesterone or  the synthet ic
progestogen impregnated intravaginal sponge, the
successful control of the estrous cycle depends on
the absorption of an effective dose, and the density
of sponge [22, 23].  This suggests the possibility that
the self-made intravaginal sponges impregnated
with progesterone in this study had unequal
absorption rates, and that this might have caused
the insufficiency of estrous synchronization in 2
ewes.  However, the other 5 ewes in Group BR
ovulated, and if the absorption rate had been
consistent, these 2 ewes might also have ovulated.
All ewes in Group C ovulated, and this indicats that
the absorption rate for MAP cream sponges was
sufficient for induction of ovulation.  There was no
significant difference in the number of ewes with
recognized LH surge for the three intravaginal
devices.  However, the time to LH surge was
significantly prolonged in Group C (25–37 h)
compared to those in Groups A (11–35 h) and B (19–
35 h).  This result was consistent with a previous
study of Fukui et al. [9] in which performing estrus
synchronization was performed by natural or
synthetic progestogen impregnated intravaginal
devices during the breeding season.  However, the
onset time of estrous behavior was earlier in this
study than in previous studies [9, 13].  The MAP
used in this study is an anticancer drug for human
mammary or uterus cancer and the functional
mechanism and absorption rate are likely different
from the other progestogens used for estrus
induction and synchronization in the previous
studies.

In this study, ram introduction did not affect the
number of ovulated ewes and the ovulation rate.
This may have been caused by the intravaginal
d e v ic e s  u s e d  in  t h e  p r e s e n t  s t u d y  w i t h
administration of eCG for induction of ovulation.
Plasma progesterone concentrations were not
significantly different in the groups with or without
ram introduction and the type of intravaginal
d e v ic e s  u se d .  R a m  e f f e c t  i s  p r o vi de d  b y
“pheromone” which is secreted by the sudoriferous
glands in the skin of the ram [24], and is considered

to suppress negative feedback of estrogen during
the non-breeding season.  Thereafter, a rapid
increase in the frequency of LH pulses occurs in
ewes [25, 26], and subsequently ovulation is
induced.  In spite of these facts, the plasma E2

concentration during the period from 0 to 36 h after
treatment in the present study were significantly
higher in the group without ram introduction than
those in the ram introduction group.  In this study,
the ewes in the ram introduction group were
completely isolated from rams in a different animal
hut until Day 0, whereas the ewes without ram
introduction were housed in different pens in the
same field until Day 0.   Pheromone effect is
induced by olfaction or hearing [27], and there is
the possibility that the presence of rams housed in
the same animal hut affected the ewe group
without ram introduction.  The basal level of E2 is
generally 7–8 pg/ml and it increases to 10–15 pg/
ml at the peak level in ewes during the breeding
season [28].  In this study, however, the basal and
peak levels of E2 were low in accordance with a
previous study [29] reporting that E2 production
was inhibited during the non-breeding season.
These results suggest that the lower level of E2 is
still able to introduce estrus and ovulation.

MAP did not affect in the plasma progesterone
levels, and the MAP cream method gare constantly
low P4 levels for Day –12 to Day 0.  In Fig. 2, the
plasma progesterone concentrations increased in
both Groups A and B on Day –7, and for all groups
after Day –1.  Ovulation was confirmed in each
t re a tm e n t  b y  la p a r o s c op y  o n  D a y  5  a n d
determination of progesterone levels.

In conclusion, the present results indicate that the
self-made P4 sponge or MAP impregnated cream
sponge were efficient methods in ewes to induce
estrus and ovulation during the non-breeding
season; however, ram effect was not confirmed.  A
further study is needed to investigate the effects in
ewes on pregnancy and lambing rates by natural
mat ing or AI of  treatments  with self -made
intravaginal devices of either sponge or cream
form.

  References

  1. Boscos CM, Samartzi FC, Dellis S, Rogge A,
Stefanakis A, Krambovitis E. Use of progestogen-
gonadotrophin treatments in estrus synchronization

of sheep. Theriogenology 2002; 58: 1261–1272.
  2. Twagramungu H, Guilbault LA, Dufour JJ.

Synchronization of ovarian waves with a



IIDA et al.68

gonadotrophin-releasing hormone agonist to
increase the precision of estrus in cattle. J Amin Sci
1995; 73: 3141–3151.

  3. Schinkel PG. The effect of the response of ram on
the ovarian activity the ewes. Aust J Agric Res 1954;
5: 465–469. 

  4. Yildiz S, Saatci M, Uznn M, Guven B. Effect of ram
introduction after the second Prostagrandin F2α

injection on day 11 in the LH surge characteristics in
Fat-Tailed ewes. Reprod Dom Anim 2003; 38: 54–57.

  5. Welch RAS, Andrews WD, Barnes DR, Bremner K,
Harvey TG. CIDR dispensers for oestrus and
ovulation control in sheep. Proc 10th Int Congr Anim
Reprod & AI 1984; II: no. 354.

  6. Taponen J, Kulcsr M, Ktila T, Katai L, Hszenicza
G, Rdriguez-Martinez H. Short estrus cycle and
estrus signs after premature ovulations induced
with cloprostenol and gonadtrophin-releasing
hormone in cyclic daily cows. Theriogenology 2002;
58: 1291–1302.

  7. Schmitt EJ, Diaz T, Drost M, Thatcher WW. Use of
a gonadotropin-releasing hormone agoinist or
human chorionic gonadotropin for timed
insemination in cattle. J Anim Sci 1996; 74: 1084–
1091.

  8. Stevenson JS, Kobayashi Y, Thompson KE.
Reproductive performance of daily cows in various
programmed breeding systems including OvSynch
and combinations of gonadotropin-releasing
hormone and prostaglandin F2 alpha. J Dairy Sci
1999; 82: 506–515.

  9. Fukui Y, Ishikawa D, Ishida D, Okada M, Itagaki
R, Ogiso T. Comparison of fertility of estrus
synchronized ewes with four different intravaginal
devices during the breeding season. J Reprod Dev
1999; 45: 337–343.

10. Fukui Y, Fujii M, Tashiro Y. Insemination dose of
frozen-thawed semen in seasonally anestrus ewes
treated with two different progesterone-
impregnated intravaginal devices. J Reprod Dev
1993; 39: 269–273.

11. Dutt RH. Induction of estrus and ovulation in
anestrual ewes by use of progesterone and pregnant
mare serum. J Anim Sci 1953; 12: 515–525.

12. Husein MQ, Bailey MT, Ababneh MM, Romano
JE, Grabo BG, Wheaton JE. Effect of eCG on the
pregnancy rate if ewes transcervically inseminated
with frozen-thawed semen outside the breeding
season. Theriogenology 1998; 49: 997–1005.

13. Fukui Y, Tetsuka M, Akaike M, Machiyama K,
Ono H. Effect of types of vaginal sponge
impregnated with progestogen on estrus induction
and lambing rate in seasonallyanestrus ewes. Jpn J
Anim Reprod 1987; 33: 181–187.

14. Fukui Y, Yamamoto Y, Goda S, Ono H. Single or
double insemination at fixed-time basis on lambing
rate of ewes treated with progestogen-impregnated

intravaginal sponges during the non-breeding
season. Jpn J Anim Reprod 1991; 37: 231–235

15. Kohno H. Estrus induction of ewes: Development of
intravaginal cream method. Livestock Technology
1996; July: 10–13.

16. Miyamoto A, Okuda K, Schweigert FJ, Schams D.
Effects of basic fibroblast growth factor,
transforming growth factor-β and nerve growth
factor on the secretory function of the bovine corpus
luteum in vitro. Journal of Endocrinology 1992; 135:
103–114.

17. Acosta TJ, Miyamoto A, Ozawa T,
Wijayagunawardane MPB, Sato K. Local release of
steroid hormones, prostaglandin E2, and
endotherine-1 from bovine mature follicles in vitro:
effects of luteinizing hormone, endothelin-1, and
cytokines. Biol Reprod 1998; 59: 437–443.

18. Acosta TJ, Ozawa T, Kobayashi K, Ohtani M,
Kraetzl WD, Sato K, Schams D, Miyamoto A.
Preovulatory change in the local release of
vasoactive peptides prostaglandin F2α, and steroid
hormone from bovine mature follicles in vivo. Biol
Reprod 2000; 63: 1253–1261.

19. Fukui Y, Tashiro Y, Kimura H, Miyamoto A.
Effects of progestogen treatment and season on
superovulatory response of ewes and development
capacity of early embryos recovered. J Repro Dev
1994; 40: 251–257.

20. Watanabe H, Miyamoto A, Okada M, Ishida N,
Kimura H, Fukui Y. A simple superovulation
method of a single injection of follicle stimulating
hormone combined with equine chorionic
gonadotropin  for superovulation of Suffolk ewes
during the breeding season: I. Effects of different
treatments on the endocrine profiles. J Reprod Dev
1998; 44: 169–176.

21. Rhodes L, Nathanielsz PW. Comparison of
controlled internal drug release device containing
progesterone with intravaginal medroxyprogester-
one sponges for estrus synchronization in ewes.
Theriogenology 1998; 30: 831–836.

22. Robinson TJ, Quinlivan TD, Baxter C. The
relationship between dose of progestogen and
method of preparation of intravaginal songes on
their effectiveness for the control of ovulation in the
ewe. J Reprod Fertil 1968; 17: 471–483.

23. Morgan J, Lack R, Robinson TJ. The rate of
absorption of SG-9880 from impregnated sponges
inserted intravaginally in cyclic crossed ewes. In:
The Control of the Ovarian Cyclic in the Sheep.
Sydney University press. 1967; 195–207.

24. Martin GB, Scaramuzzi RJ. The induction of
oestrus and ovulation in seasonally anovular ewes
by exposure to rams. J Steroid Biochem 1983; 19: 869–
875.

25. Martin GB, Oldham CM, Lindsay DR. Increased
plasma LH levels in seasonally anovular Merino



69THREE INTRAVAGINAL DEVICES ON ESTRUS INDUCTION

ewes following the introduction of rams. Anim
Reprod Sci 1980; 3: 125–132.

26. Martin GB, Cognie Y, Gayerie F, Oldham CM,
Poindron P, Scaramuzzi RJ, Tiery JC. The
hormonal responses to teasing. Proc Aust Soc Anim
Reprod. 1980; 13: 77–79.

27. Perkins A, Fitzgerald JA. The behavioral
component of ram effect, the influence of ram sexual
behavior on the induction of estrus in anovulatory
ewes. J Anim Sci 1994; 72: 51–55. 

28. Thomas GB, Martin GB, Ford JR, Moore PM,

Campbell BK, Lindsay DR. Secretion of LH, FSH
and oestradiol-17 beta during the follicular phase of
the oestrus cycle in the ewe. Aust J Biol Sci 1998; 41:
303–308.

29. Bartlewski PM, Vanderpol J, Beard AP, Cook SJ,
Rawlings NC. Ovarian antral follicular dynamics
and their associations with peripheral
concentrations of gonadotropins and ovarian
steroids in anoestrus Finnish Landrace ewes. Anim
Reprod Sci 2000; 58: 273–291.


