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Abstract
In the Japanese macaque, artificial insemination (AI) has been successful, but it required repeated AI
two to three times a day under anesthesia until ovulation was confirmed by laparoscopy. To reduce
this invasiveness, the ovulation timing and size of preovulatory follicle need to be elucidated. However,
ovulatory follicle size is not well understood as monitoring ovarian dynamics using ultrasonography
has never been performed in this species. Further, although ovulation induction facilitates establishing
the AI protocol, the effect of gonadotropin releasing hormone (GnRH) on ovulation induction has
not been studied. Monitoring of ovarian dynamics by ultrasonography of six spontaneous ovulations
clarified that the diameter of the ovulatory follicle before ovulation was 7.4 ± 1.5 (5.1–9.6 mm) and that
ovulation occurred from Day 12 to 14 of the menstrual cycle. The effect of GnRH on ovulation induction
was monitored in three monkeys, and one day after GnRH administration ovulations were induced
with follicles of diameter of 4.7–7.4 mm. Further, AI with ovulation induction by GnRH was performed
seven times using four females. Semen were inseminated in the uterus in four cases and into the cervix
in three between Day 8 to 14 of the menstrual cycle. Only one female inseminated in the uterus on Day
12 became pregnant, but fetal development stopped at around 50 days of gestation. The present study
investigated a less invasive single AI protocol with ovulation induction in the Japanese macaque, and
the insemination technique needs to be developed further to improve the pregnancy rate.
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Introduction

The Japanese macaque (Macaca fuscata)
is species endemic to Japan. It is a popular zoo
animal and is usually kept as a troop including
both males and females in order to imitate their
natural habitat. They are short day seasonal
breeders, with males and females reaching sexual
maturity at about four years of age and usually
produce offspring every other year23,26) and the
fecundity decreases around 20 years old23,26). Since
they breed successfully under captive conditions,
their high fertility and mixed sex troop often result
in overpopulation3,12). Castration and vasectomy
for males and implantation of slow release
progesterone capsules for females are widely
used to prevent breeding, but these approaches
sometimes fail because of unintentional
recanalization and removal of implants. Poor
genetic diversity is also a common problem due
to repeated reproduction in a closed colony of the
Japanese macaque. Further the clannish nature
of troops, in which introduced animals are often
attacked and killed, makes the problem even more
difficult3). For reproductive management, artificial
insemination (AI) is a common technique in
domestic animals18) and it has been applied to zoo
animals including primates2,16) to limited extent.
Well-planned contraception also contributes to
appropriate reproductive management of captive
Japanese macaque in zoos.
Successful AI has been reported in the
Japanese macaque 40) . Laparoscopic ovarian
observation and AI under anesthesia were
repeated several times until ovulation 40), but
this protocol is not suitable for practical and
routine use in zoos due to its invasiveness. In
one study, animals conceived following at least
two successive AIs on the day before and on the
day of ovulation 40). Further, a single AI on the
expected ovulation day35) resulted in a pregnancy
in the cynomolgus macaque (Macaca fascicularis).
Therefore, to establish a single AI protocol,
detection of timing of ovulation is important. The
menstrual cycle is 25.3 ± 2.8 days21) and ovulation

timing ranges from Day 11 to 16 of the menstrual
cycle 22) which can be estimated by monitoring
plasma estradiol or urinal estrogen metabolites
in the Japanese macaque9). However, repeated
sample collection and measurement to monitor
these hormones are difficult in zoos, where they
are kept in troops. Therefore, AI in combination
with hormonal treatment for ovulation induction
could lead to a single AI protocol for the Japanese
macaque.
For ovulation induction, information about the
ovarian dynamics, including the size of ovulatory
follicles and the time it takes the follicle to reach
a possible ovulation size is needed. Nigi (1977)21)
reported morphological changes in follicles during
the course of ovulation by laparoscope in the
Japanese macaque, but the sizes of ovulatory
follicles were not examined. Ultrasonography
is commonly used to investigate ovarian
dynamics during the estrous cycle in domestic
animals28,29), but it has never been performed in
the Japanese macaque. In non-human primates,
ultrasonographic observation of ovaries has been
reported in some species to monitor their response
to exogenous gonadotropin5,37,43), but not in the
Japanese macaque. Ovarian dynamics during
the menstrual cycle have been investigated in
the rhesus macaque (Macaca mulatta) 5,19) and
the cynomolgus macaque41). The mean diameter
of ovulatory follicles before ovulation was about
6–7 mm and the follicular phase was about 14
days during a spontaneous cycle in rhesus and
cynomolgus macaques. Since their menstrual cycle
time and mean litter size (one) are almost the
same with the Japanese macaque, the ovulatory
follicle size might be similar to the Japanese
macaque, but there may be differences because of
their different body sizes (the Japanese macaque
is larger than rhesus and cynomolgus macaques).
Ovulation induction using human chorionic
gonadotropin (hCG) was previously reported in the
Japanese macaque during the non-mating season
under complete exogenous hormonal control of
follicle development 39). However, repeated use
of hCG is known to produce antibodies, even in
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humans 1,6,36,38), which can neutralize the hCG
and prevent the ovulatory effect. Furthermore,
acquiring anti-hCG antibodies may affect maternal
physiology, since macaque CG cross reacts
with anti-hCG antibodies20). On the other hand,
gonadotropin releasing hormone (GnRH) has no
antigenicity4) and is used for ovulation induction
in various domestic animals 8) without the
detrimental effect of hCG. Further, the structure
of GnRH is common among mammals 17,34) .
Therefore, the ovulatory effect of GnRH and the
sensitive follicle size should be investigated in the
Japanese macaque.
In the present study, to establish an AI
protocol in the Japanese macaque, ovarian
dynamics during the menstrual cycle were
investigated by ultrasonography together with
changes in ovarian steroid hormones. Further, the
ovulatory effect of GnRH was evaluated, and a
single AI was performed simultaneously.

Materials and Methods

Animals
Six female (5–11 years old) and four male
(11–17 years old) Japanese macaques (Macaca
fuscata) kept at the Primate Research Institute,
Kyoto University (Inuyama, Aichi 484-8506,
Japan), were used in the present study. Monkeys
were kept in individual cages and fed on pellets for
monkeys (Primate Diets AS, Oriental Yeast Co.,
Ltd, Tokyo) and a small amount of supplemental
food (sweet potatoes, bananas, apples and
peanuts). Water was supplied ad libitum. Estrus
behavior of monkeys was observed for 15 min
twice a day (at 9:00 and 15:00). The start of a
menstrual period was defined as a day when any
menstrual blood spotted on the floor or inside the
cage was observed and this day was determined to
be Day 1 of menstrual cycle. All experiments were
approved by the Animal Welfare and Animal Care
Committee, Primate Research Institute, Kyoto
University (No. 2013-089, 2015-037, 2016-013,
2017-047).
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Fig. 1.
(A) An ultrasonographic image and (B) an illustration of an
ovary with a dominant follicle at one day before ovulation.
The diameter of follicle was 9.6 mm. (C) An ultrasonographic
image and (D) an illustration of an ovary with a corpus
luteum (CL) at six days after ovulation. The diameter of CL
was 9.5 mm. Dotted line indicates structure (follicle or CL) in
the ovary. bar = 10 mm

Ultrasonography of the ovaries and
definition of ovulation
The ovaries were examined using an
ultrasonography device (Prosound SSD3500SX, Hitachi Aloka Medical, Ltd., Tokyo,
Japan) attached to a convex transducer (UST987-7.5, Hitachi Aloka Medical, Ltd.) via the
abdominal wall without anesthesia. The monkey
was restrained by a squeeze cage in the sitting
position. The movies of the ovary were recorded
on a PC attached to the ultrasonography device
using image analyzing software (CyberLink
PowerDirecter 10, CyberLink Corp., Tokyo
Japan). The number and size (mm) of follicles and
corpora lutea (CLs), and their relative positions in
the ovaries were recorded (Fig. 1). The dominant
follicle was defined as a follicle that reached the
maximum diameter during the follicular phase.
Ovulation was defined as the disappearance of
the dominant follicle or a distinct reduction in
the diameter of the dominant follicle. The day
of ovulation was defined as the next day of the
last observation of the dominant follicle before
ovulation confirmation.
Sample collection
Peripheral blood was collected from the
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cephalic vein using a syringe containing 15 µl/ml
heparin. Collected blood was centrifuged at 1,100
× g for 20 min at 4˚C and the plasma was stored
at -30˚C until assays. Feces were collected by
placing a tray under the individual cage around
16:00 and feces on the tray were sampled at 9:00
the next day and stored at -30˚C.
Steroid hormone assay
Steroid hormone in plasma was extracted with
diethyl ether and reconstituted with a buffer42).
The feces were prepared as described previously13)
with slight modification. Briefly, feces were dried
in a drying oven at 100˚C for 24 hr and pulverized.
Then, 0.1 g of the fecal powder was vortexed
for 30 min in 5 ml of 80% methanol at room
temperature and centrifuged at 4˚C and 1190 × g
for 10 min to collect the supernatant used as the
assay sample. Plasma and fecal concentrations
of estradiol-17β (E2) and progesterone (P4) were
determined using competitive double antibody
enzyme immunoassays as previously described42)
with slight modification. Goat anti-rabbit serum
(111-005-003, Jackson Immuno Research,
Pennsylvania, USA), anti E2 antibody (QF-121,
Teikoku Hormone Mfg. Co., Ltd., Kanagawa,
Japan), anti P4 antibody (KZ-HS-P13, Cosmo Bio,
Tokyo, Japan) and steroid hormone labeled by
horseradish peroxidase were used. The intra and
inter assay coefficients of variation were 4.0% and
5.1% for E2 and 5.8 and 8.6% for P4, respectively.
The plasma hormone concentration was recorded
as the quantity per 1 ml of plasma and fecal
hormone was recorded as the quantity per 1 g of
dried feces.
Anesthesia
Monkeys were anesthetized with a
combination of ketamine hydrochloride
(5 mg/kg Ketamine Injection 5% Fujita,
Fujita Pharmaceutical Co., Ltd., Tokyo,
Japan), medetomidine hydrochloride (25
µg/kg, Medetomine Injection Meiji, Fujita
Pharmaceutical Co., Ltd.), and midazolam (125
µg/kg, Midazolam Injection 10 mg Sandoz, Sandoz

K. K., Tokyo, Japan). All the drugs for anesthesia
were administered intramuscularly. After the
examination, 0.0625 mg/kg atipamezole (Mepatia
injection Meiji, Fujita Pharmaceutical Co., Ltd.)
was administered intramuscularly to antagonize
the effects of medetomidine hydrochloride.
Semen collection and evaluation
Semen collection was carried out via electroejaculation. A handmade rectal probe with two
longitudinal electrodes connected to an electron
stimulator (Fujihira Industry Co., Ltd., Tokyo,
Japan) was used. After anesthesia, each monkey
was laid in a lateral position and the penis
extending beyond the prepuce was washed with
physiological saline. Then, the tip of penis was held
inside a 50-ml polypropylene conical centrifuge
tube (352070; Becton Dickinson, Franklin Lakes,
NJ, USA). The rectal probe was lubricated
with K-Y jelly (Johnson & Johnson Inc., New
Brunswick, NJ, USA) and inserted around 8–10 cm
into the rectum. A series of electrical stimuli were
applied 10 times in a 3-sec-on/3-sec-off pattern at 5
to 15 V, as described previously10). Electro stimulus
started from 5 V and the voltage was increased by
5 V up to 15 V (5–10–15 V). After the collection, an
equivalent volume of Tes-Tris Egg-yolk medium
(TTE) to semen was added 15, 31). In one case of
semen collection (for AI in ID 2068 on January
15th, 2016), the remaining semen in the urethra
after ejaculation was collected by inserting a
catheter after electro ejaculation. A 10-MHz probe
(HLV-375M; Honda Electronics Ltd., Toyohashi,
Japan) attached to an ultrasonography device (HS1500V; Honda Electronics Ltd.) was introduced
into the rectum of each monkey as it lay in a
lateral position to visualize the prostate. A 6 Fr
polyvinyl chloride plastic catheter with a cap on its
proximal end (46006, Atom Medical Corp., Tokyo,
Japan) was inserted from the external urethral
opening until the tip reached the prostate. After
closing the catheter cap, it was retracted slowly.
Liquid form semen in the catheter was expelled by
flushing with 0.2 ml of TTE medium.
Semen collected by electroejaculation was
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Table 1. Information on female monkeys and study items used
Female

Breeding
season

2068

2013-2014

8

parous

2015-2016

10

parous

2016-2017

11

parous

2013-2014

9

nulliparous

2099

Age at research

Parity

2140

2013-2014

8

nulliparous

2249

2013-2014

5

nulliparous

2016-2017

8

nulliparous

2017-2018

9

nulliparous

2366

2017-2018

7

nulliparous

2408

2017-2018

7

parous

Menstrual
cycle
○

Study purpose
Spontaneous
Ovulation
ovulation
induction

Artificial
insemination

○

○

○

○

○*

○

○*

○

○

○
○
○

○: Animal used to investigate study items
*: Trials were performed twice during different menstrual cycles
a
If an animal was used for a different purpose in the same breeding season, each test was performed at different times.

Table 2. Day of ultrasonographic observation and diameter of follicles in ovaries during spontaneous and induced ovulation
Study purpose

Female

Breeding
season

Day from menses
7

8

9

10

11

12

13

2068
2013-2014
Menstrual
2068
2013-2014
6.1
3.9
9.6
cycle
2140
2013-2014
2140
2013-2014
8.5
ND
Spontaneous
2249
2013-2014
5.1
ovulation
2099
2013-2014
7.6
2068
2013-2014
3.9
4.8
6.1
7.4*
6.1
Ovulation
2140
2013-2014
4.7
4.7*
4.0
induction
2140
2013-2014
3.0
3.9
5.2*
6.0* , #
ND
2068
2015-2016
2068
2015-2016
7.7* , #
5.0
2068
2016-2017
7.3* , #
ND
Artificial
2249
2016-2017
7.6* , #
ND
insemination
2249
2017-2018
2366
2017-2018
10.0* , #
2408
2017-2018
10.0* , # 6.2
a
The menstrual days with numbers or letters are days of ultrasonographic observation, while the
follicle or corpus luteum.
b
Shaded day indicates day of corpus luteum detection.
c
The day from menses with box indicates the estimated day of ovulation.
d
ND: No apparent structure was detected in the ovaries
*: Day of gonadotropin releasing hormone administration
#
: Day of artificial insemination
†: No previous menses were observed as it was the first ovulation of the breeding season.
‡
: The follicle size on the day preceding ovulation.

liquefied at 37˚C for 30 min and centrifuged at
500 × g for 10 min. After removing most of the
supernatant and coagulum, the sperm pellet was
resuspended with a small amount of TTE medium
and transferred to a 1.5 ml test tube. This process
was omitted for liquid form semen collected by
catheterization. The semen fractions from all males
collected on the day were pooled and centrifuged
at 500 × g. The mixed semen was evaluated for

14

15

16
8.7

ND
ND
8.7
5.6
3.5

8.0* , #
5.5

8.3

8.2
8.2

Diameter of follicle
immediately before
ovulation†
7.9‡
5.8‡

ND

number indicates the diameter (mm) of the

total volume, concentration, total sperm number
and motility. Sperm concentrations were examined
using a hemocytometer with distilled water
containing 0.3% calf serum. The total sperm
number was calculated from the concentration
and semen volume. The sperm motility was
evaluated under light microscopy according to a
previous study31) with slight modification and the
progressive motile sperm rate was calculated. The

10

Ovarian dynamics and AI in monkeys

Table 3. Condition of females on artificial insemination (AI) day, semen preparation for AI and the results
Semen preparation for AI
Condition of female and AI procedure
Semen
Progressive
Progressive
Day of
Diameter of
Female Date of AI Number of
Insemination
concentration motile sperm motile sperm
menstrual
dominant
donor males
site
6
6
(×10 /ml)
count (×10 )
(%)
cycle at AI follicle (mm)
2068

2015/11/19
2
151
14.8
2016/1/15
1*
210
61.0
2017/2/6
2
900
27.0
2249
2017/3/16
2
332
14.9
2018/3/7
3
3000
225.0
2366
2018/3/7
3
3000
225.0
2408
2018/3/7
3
3000
225.0
a
Dominant follicle: The follice of maximum size on the AI day.

32
55
30
30
15
15
15

8
9
12
12
14
13
11

6.0
7.7
7.3
7.6
8.0
10.0
10.0

uterus
uterus
uterus
uterus
cervix
cervix
cervix

Result
not pregnant
not pregnant
pregnant
not pregnant
not pregnant
not pregnant
not pregnant

*: Semen was collected by electro-ejaculation and catheterization.

Fig. 2.
Hormonal and ovarian dynamics of female monkeys with menstrual cycle monitoring. Broken line indicates
ovulation day. Shaded box indicates menses.
P4: Progesterone, E2: Estradiol-17β, FL: Follicle, CL: Corpus luteum

semen were kept at 25˚C in a water bath for up to
1 hr until insemination.
AI
The immobilized females were laid in an
abdominal position and the peri-vaginal area was
sterilized. Visualizing the external uterine orifice
using a vaginal speculum, the tip of a custom-

ordered 120 mm long stainless animal feeding
needle, with a round tip of 0.9 mm in diameter was
inserted into the uterine cavity with manipulation
of the cervix by finger rectal palpation. Then, a
syringe filled with diluted semen was connected
to the needle and 100–150 µl of semen was
inseminated. If insertion into the uterus was
impossible due to a complex cervical structure,
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Fig. 3.
Hormonal and ovarian dynamics of female monkeys subjected to ovulation induction by gonadotropin
releasing hormone (GnRH). Broken line indicates ovulation day.
P4: Progesterone, E2: Estradiol-17β, FL: Follicle, CL: Corpus luteum

semen was inseminated into the cervical canal.
Study design
1. Ovarian and hormonal dynamics during
the menstrual cycle and follicle size at
spontaneous ovulation
Two female monkeys were used to monitor
ovarian and hormonal dynamics during the
menstrual cycle (Table 1). For 38 days from
early November to the middle of December,
ultrasonographic observation of ovaries and blood
collection were done three times a week at oneor two-day intervals. During this period, feces
were collected every day. Feces were also collected
five days a week from the middle of October to
early November prior to the ultrasonographic
examination period. Further, changes in ovaries of
three female monkeys were monitored from Day
9 to 16 of the menstrual cycle by ultrasonography

Fig. 4.
Ultrasonographic image of the fetus of ID2068 at 71 days
after artificial insemination (bar = 10 mm)
Fetal age was estimated to be 50 days based on the biparietal
diameter (white arrow: 12 mm).
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with a zero to two days interval to confirm the
ovulatory follicle diameter.
2. Ovulation induction by GnRH
Two female monkeys were used in three
ovulation induction trials using GnRH (Table 1).
As shown in Table 2, ultrasonographic ovarian
observation and blood collection were performed
daily or at intervals of one or two days from Day
7 to Day 16 of the menstrual cycle. Feces were
collected daily during this study period for each
monkey. A single dose (2 ml) of a GnRH analogue
(100 µg as fertirelin acetate, Conceral injection,
Nagase Medicals Co., Ltd., Hyogo, Japan) was
administered intramuscularly from Day 10 to 13
of the menstrual cycle (Table 2).
3. AI with ovulation induction
A total of seven AI trials were performed
for four female monkeys (Table 1 and 3).
Ultrasonographic observation of ovaries was
performed to confirm the presence of a dominant
follicle of more than 5 mm in diameter prior to
AI. A mixture of fresh semen collected from one
to three monkeys on each AI day was used for
insemination. Females were subjected to AI on
Day 8–14 of the menstrual cycle and a single dose
(2 ml) of GnRH was administered simultaneously
for ovulation induction (Table 3). The dominant
follicle was observed on the day following AI using
ultrasonography without anesthesia to confirm
the ovulation day. Pregnancy was diagnosed by
ultrasonography in monkeys in which menses was
not observed after AI.

Results

1. Ovarian and hormonal dynamics during
the menstrual cycle and follicle size at
spontaneous ovulation
Ovarian and hormonal dynamics in two
females monitored for changes during menstrual
cycle are shown in Fig. 2. One female showed two
ovulations and another showed one. The inter

ovulation interval of one female was 29 days with
a 17-day luteal phase and a 12-day follicular
phase. The plasma E2 concentration showed high
value one to three days before ovulation day (406–
894 pg/ml). Although fecal E2 showed a peak at
ovulation in female No. 2140, this was uncertain
in female No.2068. The plasma P4 concentration
increased to over 1 ng/ml at one to three days
after the ovulation day and decreased sharply
just before the first day of menses. Fecal P 4
concentration showed similar changes to plasma
P 4 concentration. Before the first ovulation in
each animal, there was no increase in fecal
P 4 concentration. The dominant follicle of one
monkey (ID 2068) was in preovulatory stage at
the first observation and ovulated by examination
two days later. Dominant follicle was detectable
four days after the start of menstruation and
development of the diameter (3.4–9.6 mm) were
observed for 10 days. CLs were detectable by
ultrasonography two to four days after ovulation.
Decrease of the diameter of CL (9.5–6.1 mm)
was observed two to four days before menses
(ID 2068). Table 2 shows changes in ovarian
structure, including those of three females
monitored at spontaneous ovulation as well as
those monitored during the menstrual cycle.
Spontaneous ovulation occurred from Day 12 to
14 of the menstrual cycle in four monkeys and
the follicle diameter immediately before ovulation
was 7.4 ± 1.5 mm (5.1–9.6 mm: in six ovulations).
2. Ovulation induction by GnRH
Changes in ovarian structure related to GnRH
administration are shown in Table 2. In all three
trials, a dominant follicle was ovulated the day
after GnRH administration. The follicle diameter
on the GnRH administration day was 5.8 ± 1.2 mm
(4.7–7.4 mm: in three cases). CLs were detectable
within one to three days after ovulation in two
cases.
Hormonal and ovarian dynamics of ovulation
induced monkeys are shown in Fig. 3. Plasma E2
concentration increased in two out of three cases
on the day of GnRH administration. In the other
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case, plasma E2 concentration increased slightly
after GnRH administration. Meanwhile, fecal E2
concentration increased by GnRH administration
in all three cases. Plasma P 4 concentration
increased within three days after ovulation in two
cases, but it did not increase at two days after
ovulation, which was last day of monitoring. Fecal
P4 concentration dynamics were similar to those of
plasma in two cases (2068, 2140-2), but not in one
case (2140-1).
3. AI with ovulation induction
Semen characteristics of monkeys inseminated
via AI are shown in Table 3. Over 14 × 10 6
progressive motile sperm were inseminated in
each AI. The mean progressive motile sperm
number was 49.0 ± 26.8 × 106 (14.8–225.0 × 106
sperms). Only one case that inseminated to the
uterus became pregnant. At 71 days after AI, a
fetus has confirmed by ultrasonography (Fig. 4).
However, there was no fetal heart beat and the
fetal age was estimated to be 50 days old according
to the biparietal diameter24).

Discussion

This is the first study to monitor ovarian
dynamics by ultrasonography in the Japanese
macaque. The age of monkeys in this study were
ranged 5–11 years old, in which monkeys were
sufficiently matured and not degraded by aging23,26).
During the breeding season, spontaneous
ovulations were observed six times, and the
diameter of the dominant follicle just before
ovulation was 7.4 ± 1.5 mm. This size was larger
than the preovulatory dominant follicle in the
rhesus macaque (5.9 ± 1.8 mm5), 5.3 ± 0.4 mm19))
and the cynomolgus macaque (6.8 ± 0.1 mm) 41),
also measured by ultrasonography. The maximum
diameter of the dominant follicle was 9.6 mm in
this study, while that of the rhesus macaque was
7 mm19). It seems that these differences occur due
to the body size differences between the Japanese
macaque (around 8 kg) and the other two species
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(around 5 kg). On the other hand, the minimum
size of the preovulatory follicle was 5.1 mm. This
size was determined by observation with two
days interval, which means ovulation could take
place after follicular development during this
interval. Therefore, follicle size of 5.1 mm could be
a spontaneous preovulatory follicle size, further
study is necessary to conclude the minimum size
of preovulatory follicle. Spontaneous ovulation
occurred between on Day 12 to 14 of the menstrual
cycle, which was in the range of a previous study
in the Japanese macaque21).
Similar to a previous study that monitored
the dynamics of steroid hormone in the Japanese
macaque 22) , the E 2 concentration reached a
peak before ovulation and the P 4 concentration
increased after ovulation. As in the previous
report 9) , plasma and fecal hormones showed
similar dynamics during the menstrual cycle.
Fecal E2 concentration reached a peak on the day
after the plasma E2 peak. Ovulation occurred on
the next day or three days after the plasma E2
peak, while it occurred the same day or the day
following the fecal E2 peak. This was the same as
a previous report showing that ovulation occurred
within two days after the plasma E2 peak22). In
the present study, we could show the stability of
monitoring steroid hormone dynamics, even the
measuring methods and the period is different.
Further, ovarian dynamics first time monitored
by ultrasonography in Japanese macaque showed
that the hormonal dynamics truly reflect the
ovarian dynamics in this species.
In this study, fertirelin acetate was used
as GnRH analogue. The structure of GnRH is
common in mammals17,34), and fertirelin acetate
sufficiently induces secretion of luteinizing
hormone (LH) and follicle stimulating hormone
(FSH) in cows7). Therefore, fertirelin acetate is
competent in inducing ovulation in the Japanese
macaque. In all cases of GnRH administration,
ovulation was confirmed on the following day in
the present study. Nigi and Torii (1991)25) reported
that ovulation occurs within 48 h after the LH
peak in the Japanese macaque, and within 3 hr
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at the earliest. GnRH could induce the ovulation
of follicles of more than 4.7 mm in diameter. In
the rhesus macaque, dominant follicle selection is
completed by Day 3 of the follicular phase when
the diameter is around 3 mm5), which means the
LH receptor is already expressed. In the present
study, the smallest dominant follicle detectable
by ultrasonography was 3.9 mm on Day 7 of
the menstrual cycle. Therefore, the dominant
follicle was probably selected by that period and
the follicle size indicates the presence of the LH
receptor. Further, this suggests that a greater
than 5 mm diameter follicle is sufficient to react
to the LH surge induced by GnRH administration,
followed by ovulation in practical settings. In the
three subjects monitored for both ovarian and
hormonal dynamics during ovulation induction,
the plasma E2 concentrations were high around
the day of ovulation induction in two subjects,
and it was similar in fecal hormone dynamics.
Meanwhile, the plasma E2 concentration was at
the baseline level in the other subject and this
was the opposite of fecal dynamics. One possible
reason is that plasma E 2 concentration had
already increased before the start of monitoring
and spontaneous ovulation occurred, although a
reduction in follicle size was only detected after
GnRH injection as with ovulation. The E2 peak to
LH peak interval was reported to be 20 to 30 hr25),
so the maximum estimated interval from the E2
peak to ovulation is about 78 h. Therefore, in this
case, plasma E2 concentration already increased
before monitoring and we could only detect it by a
fecal hormone assay due to a delay in the plasma
dynamics; spontaneous ovulation had already
taken place at the time of ovulation induction.
In three cases of AI on 2018/3/7 (Table 3),
semen mixture contained sperm collected from
a male which is derived from same troop with
recipient females. Since it was reported that
reproduction in closed colony had been smoothly
repeated3), AI between males and females from
same troop did not affect the fecundity, In the
present study, semen was inseminated once
with ovulation induction with over 14.0 × 10 6

progressive motile sperm. In a previous report
on AI in the Japanese macaque, semen was
inseminated two to three times per ovulation
and 5.0–10.0 × 106 sperm was inseminated each
time 40) . The pregnancy rate in present study
was 14.3% (1/7), while it was 50% (3/6) in the
previous report40). Although the pregnancy rate
was low, a single AI with ovulation induction was
shown to be feasible to achieve pregnancy. The
reason for the low pregnancy rate may be due to
the site of insemination. The pregnancy rate of
intracervical insemination of fresh semen was
quite low in the Japanese macaque (0.0%: 0/3)
and the rhesus macaque (33.3%: 1/3) compared
to intrauterine insemination (100.0%: 3/3 and
57.1%: 8/14, respectively) 30,40). In macaque, the
cervical canal is serpentine11), so trans-cervical
access to the uterus is difficult, especially in
nulliparous females. Therefore, we must try other
method to inseminate into the uterus, such as
transabdominal insemination35) or retaining semen
in the vagina using a special device14).
Although semen was inseminated into the
uterus, females did not become pregnant in three
out of four cases. One of the possible reasons for
this is timing of ovulation induction, since two
cases were several days earlier considering the
range of spontaneous ovulation (Day 10 to 14 of
the cycle), even though the dominant follicles
were ovulatory size. In the rhesus macaque, a
follicle of 6 mm in diameter still showed enhanced
growth with FSH and this improved the meiotic
and developmental competence of oocytes32). For
in vitro embryo production in the rhesus macaque,
FSH priming before hCG administration enhances
meiotic and developmental com petence 33) .
Therefore, a gap of several days between the
spontaneous ovulation and ovulation induction
by GnRH administration in the present study
may have impaired oocyte potential by depriving
them of a few days of exposure to FSH. Since
studies about oocyte competence usually focus on
gonadotropin-induced situations, further study
investigating the spontaneous cycle is needed to
clarify this issue. Further, the diameter of follicles
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at AI ranged 6.0–10.0 mm in present study.
Although there is no previous study indicates
preovulatory follicle size and developmental
competence of oocytes inside the follicle in nonhuman primates, it was suggested that small
preovulatory follicle size at GnRH administration
decreased pregnancy rate in cattles27). Therefore,
the effect of follicle size on fertility also should be
taken into account in further study.
In the present study, the ovulatory size of the
dominant follicle during the spontaneous cycle
was estimated to be 7.4 ± 1.5 mm in the Japanese
macaque. Further, we found that a follicle size
over 5 mm was enough to induce ovulation by
GnRH administration. When we perform AI with
ovulation induction, it should be done within the
period of spontaneous ovulation in the presence of
an ovulatory size follicle along with intrauterine
insemination.
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