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PREFACE

The Japanese macaque (Macaca fuscata) is endemic species in Japan and has
a long history as a subject of biological research in Japan®?. Especially, species-
specific society of the troop have been investigated by many researchers who
established the basement of primate research in Japan22 25 82, Furthermore, the
Japanese macaque has been used as an experimental animal due to their
physiological similarity to human. In studies of cranial nerve, pharmacology, disease
model etc.5l 60 therefore the Japanese macaque has contributed widely to
development of research as an animal model for medical research. On the other hand,
study of reproduction, especially artificial reproductive technology is limited. One of
the reasons why artificial reproductive technique has not been developed is their
huge fertility. In fact, population has increased and habitat area has spread in wild
Japanese macaque, then agricultural damage by monkeys is serious in many local
regions'?. Also, overpopulation problem occurs in many Japanese zoos® since the
Japanese macaque is popular as a zoo animal and exhibited in troop consisting of
males and females to replicate the wild troop. In spite of seasonal breeding and small
litter size (delivery of one offspring every two years®. 59), the population has been
increased easily even in captive condition due to strong fecundity and uncontrolled
breeding in the troops? 59, Castration or vasectomy in males and implantation of
progesterone releasing capsules in females have been widely used to prevent
breeding, but they sometimes fail because of unintentional recanalization and
removal of implants?. Furthermore, there is another major problem of captive
Japanese macaque in zoos, namely, decreasing of genetic diversity?. In most species,
exchange of individuals between zoos is chosen to keep genetic diversity. However,
in the Japanese macaque, introduction of individuals between troops is difficult due
to their clannish nature in which introduced animals are often attacked and killed?.
History of the Japanese macaque rearing in Japanese zoos is very long, then
reproduction in closed colony has been repeated for over three decades in many zoos?.
Therefore, necessity of proper reproductive management of the Japanese macaque

has been increasing. Artificial insemination (AI) using preserved semen of selected



males under strict pedigree management and well-planned contraception will be a
solution? 32, However, there are only a few reports about AI in the Japanese
macaqued’ 80 thus problems to be solved remains both in males and females to
establish AI protocol. Furthermore, to conduct AI in zoos there are some
circumstances specific to zoo animals. First, more attention to animal welfare is
required. Animals in zoos are usually kept for exhibition but not for experiments,
their health condition are opened for many visitors and invasiveness should be
minimized to conduct Al in zoos. Second, facility, equipment, staffs and budget for
Al is usually limited even though reproductive management is one of important
activities for zoos. Though Al protocol is usually improved to increase the pregnancy
rate, the protocol for practical and routine use in zoos is also required to be less
invasive in a fewer steps without expensive and special equipment. At last, species-
specific structure of the Japanese macaque troop should be taken into account. There
1s a hierarchy in Japanese macaque troop, and capture and isolation of monkeys for
Al cause the shuffle of the hierarchy and struggle involving the hierarchy?.
Therefore, the terms of Al protocol should be shortened but long term isolation in
laboratory was assumed in the previous protocol®®. Furthermore, Al can contribute
to conservation of wildlife, which is one of the most important roles of zoos. In fact,
Al is performed in many endangered species in zoos for increase of individuals and
maintaining of genetic diversity? 39. Though Al protocol is different among species,
1t is similar among related species. For example, the difficulty of semen injection into
the uterus due to the complex structure of the cervical canal2l. 80 is a subject to be solved
commonly in genus Macaca. There are many endangered species related to the
Japanese macaque in zoos2?® 27, Improvement of Al technique in the Japanese
macaque can apply for such related species, in which the reproduction does not often
go smooth in captive condition. Therefore, this thesis also aims to contribute to ex
situ conservation in future.

In chapter 1, as male side subjects, semen collection and preservation were
investigated. In the Japanese macaque electro-ejaculation (EE) has been used for

semen collection but an electro-stimulator for EE is not available in most zoos



because of expensive price and unusual tool. Furthermore, high voltage of
stimulation (5-20 V) for EE in the Japanese macaque*? 89 causes invasiveness. In
this study use of lower voltage (3—6 V) was evaluated to reduce the invasiveness.
Semen collection with urethral catheterization (UC) has been conducted in
carnivores? 10. 99, UC is semen collection method using urethral catheter under as-
adrenergic agonist and does not need the electro stimulation. UC, which is less
invasive procedure for semen collection without special equipment, is acceptable for
zoos in terms of both cost and animal welfare. Exchange of cryopreserved semen for
Al is an alternative to exchange of individuals to maintain genetic diversity. However,
success of Al using cryopreserved semen has not been reported in Japanese macaque,
since cryopreserved semen in previous cryopreservation procedures? seemed not to
keep sufficient number of sperm for Al. To improve semen cryopreservation
procedure, first, appropriate temperature for temporary preservation of semen in the
Japanese macaque was investigated. Second, effect of cooling rate and the order of
addition of the cryoprotectant before freezing of semen to the post thawed sperm
characteristics was investigated.

In chapter 2, as female side subjects, ovarian monitoring using
ultrasonography to detect ovulation and ovulation induction using gonadotropin
releasing hormone (GnRH) were investigated. Ultrasonography can be an
alternative to laparoscopy which was used in the previous reports for detection of
ovulation8? 89, Ultrasonography is less invasive method due to omitting surgical
procedure and anesthesia in laparoscopy. Ovulation induction enables to perform Al
at appropriate timing since both sperm and oocyte meet with high fertility, and is
effective for Al of single time. Ovulation induction omits repeated operation for
detection of ovulation, and work for practical use to enable conducting Al on the zoo
staff’s side of schedule. The advantage of single Al is minimizing the isolation
duration of monkeys from their troops for AIl. Though frequent Al may increase
pregnancy rate, considering performing in zoos, even a few days of isolation for Al
can increase the risk of shuffle of hierarchy in the troop of monkeys. Single Al can

reduce the risk of struggle due to isolation. As the last attempt of chapter 2, single
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Al was performed with monitoring ovary using ultrasonography and ovulation
induction using GnRH.

This study attempts to establish AI procedure in the Japanese macaque
through the experiments in both male and female sides. A convenient and less
invasive protocol of Al will contribute to improvement of animal welfare and the

reproductive management of captive Japanese macaque in zoos.



CHAPTER 1

Semen collection by urethral catheterization and electro-ejaculation with different
voltage, and effect of holding temperature and cooling rate before cryopreservation on

semen quality in the Japanese macaque

Introduction

The Japanese macaque (Macaca fuscata) is popular as a zoo animal and typically
kept in troops that consist of both males and females. High fertility and uncontrolled
breeding have caused overpopulation and a decrease in genetic diversity in Japanese
macaque troops3 32,

Reproductive management by artificial insemination (AI) with frozen semen has
been widely used in domestic animals!? 45 63 and in some zoo animals!? 39, In captive
Japanese macaques, Al using preserved semen of selected males under strict pedigree
management can solve the genetic diversity problem. In addition, limiting individuals
used for reproduction with controlled infertility treatment can reduce the number of
newborns.

There are a few previous studies that reported Al in the Japanese macaque using
fresh semen and leading to live births®. 86, Intrauterine insemination using fresh sperm
achieved pregnancy. The quality of fresh semen collected by the current electro-
ejaculation (EE) method is sufficient for intrauterine insemination, but not for
intracervical insemination8®,

In a previous report4 84 the voltage applied in the Japanese macaque for EE (5—
20 V) was higher than in other species including the genus Macaca (2—-8 V) : the howler
monkey (Alouatta caraya)® 89, the stump-tailed macaque (Macaca arctoides)??, the
Goeldi’s monkey (Callimico goeldin?, the brown bear (Ursus arctos)??, and the Siberian
tiger (Panthera tigris altaica)'”. EE using a rectal probe can cause pain and heat
injury2? and higher voltages increase the pain'®. Therefore, semen collection at a low
voltage should be considered in terms of animal welfare in captive Japanese macaque.

Further, semen coagulates immediately after ejaculation due to secretions from
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accessory glands#2 84, In feline species, it is reported that semen can be collected by
urethral catheterization (UC) after sedation with an as-adrenergic agonist, which causes
an influx of semen into the urethra via contraction of the ductus deferens? 40,94, Since
semen collected by UC is assumed to contain lower or no accessory gland secretions,
semen can be collected without coagulation in a less invasive way.

On the other hand, Al using cryopreserved semen has not been reported in the
Japanese macaque, though there are some studies in which this succeeded such as the
rhesus macaque (Macaca mulatta)®® and the cynomolgus macaque (Macaca
fascicularis)®®. Torii et al. 89 achieved high motility of frozen-thawed semen in the
Japanese macaque, but limited number of sperm selected by swim up method and
density gradient centrifugation were cryopreserved in their protocol, in which number of
sperm might be not sufficient for Al. Therefore, improvement in semen cryopreservation
1s essential to ensure an adequate number of progressive motile sperm for Al.

In the Japanese macaque, coagulated ejaculates are incubated at 37°C for 30 min
for liquefaction®?. After incubation, it takes 30—60 min for semen evaluation and adjust
semen concentration of diluted semen. The optimal temperature for temporal
preservation in liquid form (24-72 hr) differs among species (bull??: 15°C, humanso:
23°C , stallion!?: 4-10°C, boar®?: 15-17°C, rams38. 61: 5°C). To maximize post thawed
semen quality, the effect of the temporal holding temperature in cryopreservation
process needs to be investigated in the Japanese macaque. Further, it is beneficial to
change the semen cryopreservation protocol, since a faster cooling rate to around 0°C
after addition of a cryoprotectant improved post thawed sperm motility in the rhesus
macaque4D,

In the present study, efficacy of semen collection by different voltage of EE and UC
application were evaluated to improve semen collection methods. Further, to improve
post thawed sperm condition, the effect of the semen holding temperature and changes

in the cooling process before cryopreservation were examined.

Materials and methods

Animals



Thirteen male Japanese macaques (Macaca fuscata) aged 8-20 years old kept at
the Primate Research Institute, Kyoto University, were used in the present study. All
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 snacks (e.g. sweet potatoes,
bananas, apples and peanuts) with water supplied ad Iibitum. All experiments were
approved by the Animal Welfare and Animal Care Committee, Primate Research

Institute, Kyoto University (Nos. 2012-142, 2013-089, 2014-043, 2015-037, 2016-013).

Anesthesia

The monkeys were anesthetized with a combination of ketamine hydrochloride (5.0
mg/kg, Ketamine Injection 5% Fujita, Fujita Pharmaceutical Co., Ltd., Tokyo, Japan)
and medetomidine hydrochloride (50.0 pg/kg, Medetomine Injection Meiji, Fujita
Pharmaceutical Co., Ltd., Tokyo, Japan), or a combination of ketamine hydrochloride
(5.0 mg/kg), medetomidine hydrochloride (25.0 pg/kg) and midazolam (25.0 pg/kg,
Midazolam Injection 10mg Sandoz, Sandoz K. K., Tokyo, Japan). After the examination,
atipamezole (Mepatia injection Meiji, Fujita Pharmaceutical Co., Ltd., Tokyo, Japan)
was administered intramuscularly at dose of 125.0 ug/kg for the two drug, and 62.5 ug/kg
for the three drug anesthetizations to antagonize the effects of medetomidine

hydrochloride.

Electro-ejaculation (EE)

For EE, a handmade rectal probe with two longitudinal electrodes (Fig. I-1)
connected to an electro stimulator (Fujihira Industry Co., Ltd., Tokyo, Japan) was used.
After anesthesia, the 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 jelly (K-Y jelly, Johnson
& Johnson Inc., New Brunswick, NJ, USA) and inserted 8—10 c¢cm into the rectum. A
series of electrical stimuli were applied 10 times in a 3-sec-on/ 3-sec-off pattern as

described previously!?. After semen collection, an equivalent volume of Tes Tris Egg-yolk



medium (TTE)37 69 was added (first dilution) and the semen was kept at 37°C for 30 min
for liquefaction (Fig. I-3). After removing the coagulum, diluted semen was centrifuged
at 500 x g for 10 min to concentrate the semen sample. The resulting sperm pellet was
resuspended with TTE after removal of the supernatant for adjusting sperm

concentration to 20—100 X 106 sperm/ml and subjected to the following process.

Urethral catheterization (UC)

For UC, a 10-MHz probe (HLV-375M; Honda Electronics Ltd., Toyohashi, Japan)
attached to ultrasound device (HS-1500V; Honda Electronics Ltd.) was introduced into
the rectum of each anesthetized monkey laid in a lateral position to visualize the prostate.
A 6 Fr polyvinyl chloride catheter (46006, Atom Medical Corp., Tokyo, Japan) was
inserted from the external urethral opening until the tip reached the prostate (17-25 cm:
Fig. I-2A). After closing the cap of the catheter, it was retracted slowly from urethra (Fig.
I-2B). Liquid form semen was expelled into 1.5 ml tube and equal volume of pre-warmed
TTE was added (first dilution). It was kept at 37°C until next process. If UC was
performed after EE, it was separately treated from UC alone and defined as EE-UC in

present study.

Semen evaluation

Sperm concentration was examined by using hemocytometer (DHC-NO1,
NanoEnTek, Seoul, Korea) after dilution with distilled water containing 0.3% calf serum.
Total sperm number was calculated with the concentration and semen volume. After
semen sample was diluted to 5-10 X 106/ml, the sperm motility was evaluated by light
microscopy using 37°C prewarmed counting chamber (SC-20-01-04B, Leja, Nieuw-
Vennep, Netherlands) by two of the authors at the same time according to a previous
study with slight modification6?. Briefly, sperm were graded into five classes by their
motility and scored from 4 to 0 (4: highly active progression, 3: active progression, 2:
sluggish progression, 1: barely moving, 0: immotile) and their percentages were
calculated. Sperm scored 3 to 4 were evaluated as progressive motile sperm, and the sum

of the percentage of sperm scored as 3 and 4 was defined as progressive motile sperm
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rate.

Besides subjective evaluation by a practitioner, motility of frozen-thawed semen
was also examined with a Computer Assisted Sperm Analysis (CASA) system (SMAS,
DITECT Corporation, Tokyo, Japan). Briefly semen were diluted into 10 X 106 /ml with
Dulbecco’s phosphate buffered saline (PBS) and 3 pl of semen sample was applied to the
counting chamber. Over 200 sperm in more than three fields of view per one sample was
examined for the following parameters by the CASA system: straight line velocity (VSL,
pm/sec), curvilinear velocity (VCL, pm/sec), average path velocity (VAP, pm/sec),
amplitude of lateral head displacement (ALH, pm), beat-cross frequency (BCF, Hz) and
linearity (LIN, %). CASA recorded 150 frames per second.

Viability and acrosomal integrity were examined for frozen-thawed semen with the
modified method of Kanno et al. 3V. Stock solution of Hoechst 33342 (H33342: Molecular
Probe, Eugene, OR, USA), propidium iodide (PI: P4170, Sigma, St. Louis, MO, USA) and
fluorescein peanut agglutinin FITC conjugate (FITC-PNA: FL-1071, Vector Laboratories,
Tokyo, Japan) was added to PBS to give final concentrations of 0.8, 10 and 25ug/ml,
respectively. An equal volume of fluorescence containing PBS and semen were mixed and
incubated for 10 min at 37°C in the dark. Stained semen were examined using a
fluorescence microscope (ECLIPSE Ci, NIKON, Tokyo, Japan) with an attached triple-
band filter (DAPI/FITC/TRITC, NIKON). Over 200 sperm per sample was examined and
sperm which was stained with neither PI nor FITC-PNA was evaluated as viable sperm

with an intact acrosome.

Semen cryopreservation and thawing

Semen with over 20% of progressive motile sperm evaluated after resuspension
subsequent to the first dilution and centrifugation for semen collected by EE or after the
first dilution for semen collected by UC were subjected to cryopreservation regardless of
collection method. Semen samples were randomly allocated to one of the two groups after
sperm evaluation and centrifugation at 25°C (after 30—60 min of holding time, Fig. I-3).
In Group 1, the semen samples were cooled slowly. For slow cooling, a 1.5 ml tube

contained semen sample was immersed into 15—-20 ml of 25°C water put in 50 ml conical
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tube, then transferred to a refrigerator. The temperature of water in 50 ml tube
surrounding 1.5 ml tube were monitored every 10—15 minutes by thermometer and whole
tubes were placed in refrigerator until they were cooled to 4—-6°C within 60 to 90 min
(slow cooling). The cooling time varied according to the difference in volume of water in
50 ml tube and sample contained in 1.5 ml tube which causes the difference in height of
tube immersion. Further, cooling performance of refrigerator were changed day by day,
may be due to amount of other stuff placed together with samples. After cooling, TTE
containing 10% of glycerol equivalent to semen volume was divided into four portions
and added at five min intervals (second dilution). Five min after the final portion was
added, semen samples were packed into 0.25 ml straws. In Group 2, after temporal
holding at 25°C for no more than 45 minutes, TTE containing 10% of glycerol equivalent
to semen volume was added in the same way as Group 1 (second dilution). After the
second dilution, semen samples were aspirated to 0.25 ml straws, then put into plastic
bags and immersed in 25°C water in a styrofoam box. The water temperature was
decreased to 5°C at 20 min after starting the cooling procedure (fast cooling). Every 5
min, water temperature was reduced by 5°C and this process repeated total four times
until temperature decreased to 5°C. During the temperature reducing process, crushed
ice was added to the water in the box to reduce the temperature within first min, so
semen samples were maintained in reduced temperature for 4 min until next process. In
both groups, after cooling and the second dilution, packed semen samples were placed in
liquid nitrogen (LN2) vapor 4 cm above the surface for 10 min. Then, the straws were
immersed in liquid nitrogen for further storage. For thawing, the straws were immersed

in 37°C water for 40 sec.

Study design
1. Efficacy of semen collection by different methods

Each monkey was subjected to one of five different combination and order patterns
of semen collection methods (Table I-1). The semen collection procedure was divided into
3 collection method groups: UC, EE, and UC after EE (EE-UC) (Table I-1). Any coagulum

and liquid collected by EE, and liquid collected by UC, was defined as semen. If any
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spermatozoa were confirmed in the collected semen, it was defined as semen containing
sperm. Semen collection rate and semen containing sperm collection rate were calculated
as number of successes in collection divided by number of the trials. The semen collection
rate, semen containing sperm collection rate, total sperm number and progressive motile
sperm rate were evaluated. EE and EE-UC groups were further divided into two groups
according to the voltage of electro stimulation: low and high voltage groups (Table I-1).
For the low voltage group, electro stimulus started from 3 or 4 V and the voltage was
increased by 1 V between series up to 5 or 6 V (3—4—5 V series and 4-5-6 V series). For
the high voltage group, electro stimulus started from 5 V and the voltage was increased
by 5V up to 15V (5-10-15 V series). Electro stimulation was sometimes stopped between
the voltage increases when it was estimated that there would be one hour from the start
of anesthesia until the next series. The semen collection rate, semen containing sperm
collection rate, total sperm number and progressive motile sperm rate were compared
between semen collection methods (UC, EE, and EE-UC), and also compared between
two voltage groups (low voltage and high voltage). In addition, the semen collection rate
at each voltage was investigated along with the increase in the voltage in each voltage

group.

2. Effect of temperature during holding time on sperm characteristics

Semen collected by high voltage EE and after the first dilution was aliquoted to
four tubes at equal volume (0.1-0.5 ml) at room temperature. Samples were allocated
four different temperatures (4°C: refrigeration temperature, 15°C: referencing
appropriate temperature of boart?, 25°C: room temperature, 37°C: referring to the body
temperature of the Japanese macaque5?). Tubes were placed in a refrigerator and
incubator to keep them at 4°C or 37°C, respectively. The other tubes were placed in a
heat and cool dry bath incubator at 15 and 25°C. Progressive motile sperm rate at 0, 30
and 60 min from the start of the holding time were evaluated. Semen samples were

warmed to 37°C just before evaluation.

3. Effect of cooling procedure on sperm characteristics
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Five and 11 samples were allocated to Group 1 (slow cooling before the second
dilution) and Group 2 (fast cooling after the second dilution), respectively (Fig. I-3).
Progressive motile sperm rate was evaluated before freezing, immediately before LN2
and post thawing. Before freezing represents before cooling in Group 1 and before the
second dilution in Group 2 following holding time. Immediately before LN2 represents
just before freezing with LN2. Semen samples were warmed to 37°C just before

evaluation.

Statistical analysis

The semen collection rate among three collection method groups (UC, EE and EE-
UC), between two voltage groups (low voltage and high voltage) and among each
stimulation voltage in low and high voltage groups were compared by Fisher’s exact test
with the Bonferroni correction. Total sperm number and progressive motile sperm rate
between EE and EE-UC were analyzed with the Wilcoxon’s rank sum test. Semen
collection rate at each stimulation voltage within each voltage group were compared by
Fisher’s exact test with the Bonferroni correction. Progressive motile sperm rate after
30 and 60 min of holding time among four temperatures were analyzed with the Steel-
Dwass test. Effects of cooling procedure on progressive motile sperm rate between
immediately before LN2 and post thawing were analyzed by the Wilcoxon’s rank sum
test. Effect of sperm motility analyzed by the CASA system and the rate of viable sperm
with intact acrosomes examined by fluorescent staining were compared with the
Student’s t-test. All analysis was performed by JMP prol6 (SAS Institute, NC, USA)
except for manual calculation of the Bonferroni correction. Total sperm number and
progressive motile sperm rate are shown as the median (range). Values analyzed with

the CASA or fluorescent staining are shown as the mean + standard deviation (SD).

Results
1. Efficacy of semen collection by different methods
The collection rates of semen and semen containing sperm in the three collection

methods are shown in Table I-2. Semen and the semen containing sperm collection rate
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in the UC group were significantly lower than those in the EE and EE-UC groups, and
these were not significantly different between the EE and EE-UC groups. In the UC
group, a small amount of slightly clouded liquid was collected, but it did not contain any
sperm (only epithelial cells). On the other hand, a milky or slightly whitish liquid
containing sperm was collected in the EE and EE-UC groups (Fig. I-2B). There were
three cases where semen was collected by EE-UC without any ejaculation by EE. Total
sperm number and the progressive motile sperm rate were not different between the EE
and EE-UC groups (Table I-2). Comparing the total sperm number between EE and the
sum of EE and EE-UC in totals of Pattern 3 and Pattern 4 (n=44, Table I-1), the sum of
EE and EE-UC was 36.3 x 106 (0.06—672.5 x 106), which was higher than 4.7 X 106 (0—
450 x 106) in EE only (P < 0.05).

The semen collection rate and semen characteristics in the low and high voltage
groups are shown in Table I-2. Sperm were collected by EE-UC without ejaculation by
EE in one and two trials in the low and high voltage groups, respectively. The semen
collection rate was significantly higher in EE in the higher voltage group (P < 0.05).
Semen containing sperm collection rate in both EE and EE-UC were significantly higher
in the high voltage group (P < 0.05). Although statistical analysis were not performed
due to big difference in number of the samples between the voltage groups, median
values were similar in the total sperm number and progressive motile sperm rate, except
total sperm number in EE. In high voltage group, range of value relatively wide in
comparison with low voltage group.

The semen collection rates at each voltage in the low and high voltage groups are
shown in Fig. I-4. Semen were collected when stimulated by 4 and 5 V, and there was no
significant difference in the semen collection rate between them (Fig. I-4A). Semen was
not collected by 6 V. In five out of seven monkeys subjected to 6 V stimulation, semen
was also not collected by other voltages. In the high voltage group, semen were collected
at all voltages. Semen collection rates were higher at 10 V (78.1%, 25/32) and 15 V (80.8%,
21/26) than at 5 V (26.4%, 9/34) and did not differ between 10 V and 15 V (Fig. I-4B).
Two out of 21 monkeys in which semen could be collected by 15 V, ejaculation occurred

only at 15 V.
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2. Effect of temperature during holding time on sperm characteristics

Changes in the progressive motile sperm rate at each holding time temperature
after 30 and 60 min are shown in Fig. I-5. There was no significant difference between
holding temperature after 30 min. After 60 min of holding, the progressive motile sperm

rates at 25°C and 37°C tended to be higher than 4°C (P < 0.10).

3. Effect of cooling procedure on sperm characteristics

As shown in Fig. I-6, the progressive motile sperm rate in Group 2 (fast cooling
after the second dilution) was significantly higher than in Group 1 (slow cooling before
the second dilution) at immediately before LNgz, but there was no difference between
groups at after thawing. Regarding the post-thaw motility evaluated by the CASA
system, VSL and ALH of spermatozoa in Group 2 were higher than those of Group 1,
whereas there was no difference in VCL, VAP, BCF or LIN between the groups (Table I-
3). The percentage of viable sperm with intact acrosomes after thawing was 9.6 + 5.1%

in Group 1, which is not significantly different from 11.9 *= 6.9% in Group 2.

Discussion

The age of monkeys used in this study were ranged 8-20 years old which assumed
not affect semen collection, since testis of these age are sufficiently matured and not
degraded by aging4?. The present study is the first trial using UC for semen collection
in primates. In fact, semen with spermatozoa could not be collected from Japanese
macaques using the UC protocol in felids3 40. 99, Tt is thought that the following three
factors are involved in the regulation of semen collection by UC: adrenergic innervation®s
88, 99 dose of medetomidine!® and the type of drug used for pharmacological
stimulation35 78,89, The release of sperm from the epididymis and/or ductus deferens to
the urethra by administration of a az-adrenergic agonist was reporteds 4. Although
adrenergic innervation in the epididymis and/or ductus deferens was reported previously
in cats?6. 65 and macaques36 47, the details regarding the reactivity against az-adrenergic

agonists remains unclear. Prochowska et al.65 reported that az-adrenergic receptor
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expression in the reproductive tract was higher in male cats than rats. It was also
reported that the dose of adrenaline that causes contraction of the ductus deferens in
Japanese macaques was lower than in rabbits and higher than in guinea pigs4?. These
variations in adrenergic reactivity among species can explain the differences in semen
emission in the Japanese macaque. In this study, a dose of medetomidine (25 or 50 pg/kg)
was used for immobilization. It was reported that a higher dose of medetomidine (130
pg/kg) increased semen quality compared with a lower dose (50 pg/kg) in UC in cats!d,
Examining the effect of higher doses of medetomidine is needed in further studies on the
Japanese macaque. On the other hand, a highly selective as-agonist (dexmedetomidine)
increased the total sperm number in UC in cats™. Detomidine and Xylazine, which are
other az-agonists, were used for pharmacological semen collection from stallions in
combination with imipramine and oxytocin!0 8%, The sympathetic effect of imipramine2s
67 and promotion of sperm fluid from the epididymis with oxytocin5® may assist semen
collection. Therefore, UC protocols using other pharmacological stimulations should be
investigated since the effect of these drugs is unclear for the Japanese macaque.

Liquid form semen was collected using a combination of EE and UC (EE-UC),
although sperm could not be collected by UC alone. Most of the semen collected by EE
immediately coagulates due to the effects of seminal vesicle and prostate secretions42 89,
but the Japanese macaque ejaculates can be separated into fluid and coagulated
portions8). Since it is thought that a considerable number of sperm in the fluid portion
remain in the urethra after ejaculation by EE, total number of collected sperm can be
increased by adding UC protocol following EE.

By low voltage electro stimulation (3—6 V), semen was collected in about half of the
trials, but sperm were collected from only 20% of them. Since no semen were collected
by 6 V stimulation, increasing voltage to 6 V after stimulating with 5 V is not enough to
obtain additional semen. Therefore, there might be no difference between stimulation by
5 V and 6 V regarding the strength for inducing ejaculation in Japanese macaques.
Further, sperm were collected in only about half of the EE-UC trials. Although the
stimulation patterns and wide targeting stimulation sites with longitudinal electrodes

in this study were the same with other monkey studies using low voltage20.89, a higher
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voltage was needed. The reason for this difference is uncertain, but one possible reason
1s body size differences. In primates, a higher voltage tends to be used for EE of larger
species like humans?? and great apes™ 90, and the Japanese macaques are larger or
slightly larger (body weight: 10 kg or more) than other monkeys (1-10 kg) in which EE
was performed using lower voltages (2—-8 V)4 9. 20,89 In the present study, I tried up to
15 V in the high voltage group, but the semen collection rate was not different between
10 V and 15 V. These results suggest that stimulation of up to 10 V, which is lower than
previous reports (10—15 V42, 5-20 V849), is effective enough for semen collection in the
Japanese macaque. However, 15 V stimulation was required to collect semen in a few
cases. Therefore, to maximize the semen collection rate, 15 V of stimulation is suitable,
but use of up to 10 V of stimulation may be effective in some specific case, in which
reduction of invasiveness is required, for example semen collection from aged monkeys
or when shortening anesthesia time is required. Previously, electro stimulation of 2-8 V
achieved a high sperm collection rate in other primates% 9 20. 89 A lower voltage is
desirable for animal welfare since pain and heat injury are adverse effects of EE29,
Further investigation of voltages between 6 —10 V may lower the required voltage for EE
in the Japanese macaque.

A wide range of temperatures (5-23°C) for temporal preservation (24—72 hr) among
different species has been reported!? 38, 50, 61, 63, 80) After 60 min of holding time, the
progressive motile sperm rate tended to be higher at 25°C and 37°C than 4°C. A low
holding temperature at 4°C could cause damage due to cold shock!® 63. Although there
was no significant difference between 25°C and 37°C at 60 min, value at 25°C was higher
than at 37°C. This may be affected by increase of sperm metabolic rate at 37°C80). For
Japanese macaque semen, 25°C appears to be a suitable temperature, as indicated in
the present study, to minimize the effect of metabolism and cold shock.

In the present study, the progressive motile sperm rate and percentage of viable
sperm with intact acrosomes after thawing was not different between cooling methods.
Although LIN is not different between two cooling methods, VSL and ALH were higher
when semen were cooled quickly (20 min) after the second dilution, which is

advantageous to reaching destination. Furthermore, fast cooling after the second
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dilution improved the progressive motile sperm rate at immediately before LN2. Addition
of a cryoprotectant before cooling will provide suitable time for equilibration and
dehydration, although the second dilution was usually performed after cooling above 0°C
in previous studies 84, Martorana et al.4) improved post thawed sperm motility by
shortening the duration of cooling to 20 min from 2 hr in a previous report™. Therefore,
both the order of the second dilution and a cooling rate above 0°C contributed to the
improvement. In previous study, highly motile sperm were selected by using density
gradient centrifugation for cryopreservation®. On the other hands, cryopreservation
media (TTE) were used for the first dilution and washing to make the cryopreservation
more convenient in the present study. In this convenient method, I found that fast cooling
improved the progressive motile rate during cryopreservation. However, the progressive
motile sperm rate and results of CASA and fluorescence staining suggested quality of
post thawed sperm was quite low and contribution to fertilization in AI could not be
expecteds0 48, 68, 83) Tt was reported that sperm motility decrease after coagulation and
liquefaction4?, these may cause low quality of post thawed sperm in this study. Since
liquefaction can be omitted in liquid form semen collected by EE-UC, more investigation
about cryopreservation using EE-UC semen may affect post thawed sperm quality.

In this study, it was shown that UC after administration of medetomidine (25 or 50
ng/kg) was not effective to collect semen containing sperm in the Japanese macaque, but
EE-UC can increase the number of sperm by collecting semen remaining in the urethra
after EE. Further, the present study indicates that a lower voltage (10 V) compared to
previous studies using up to 20 V4284 is sufficient for EE in the Japanese macaque but
15 V can maximize semen collection rate. It was also shown that holding at 25°C and
short-term cooling after the second dilution in the freezing process can contribute to
cryopreservation of Japanese macaque sperm. Although, the fresh semen quality
collected in this study was sufficient for Al with intra uterine insertion80), in a future
study, it will be necessary to improve sperm motility together with acrosomal and plasma
membrane integrity after cryopreservation in order to achieve effective AI. Since
progressive motile sperm rate after holding in two temperatures (15 and 37°C) were not

significantly different from 25°C which used in present study for cryopreservation, their
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effect on cryopreservation better to be investigated in further study.

Summary

In the Japanese macaque, semen has been collected by electro-ejaculation (EE),
using the higher voltage stimuli compared to other species including genus Macaca.
Semen coagulate immediately after ejaculation, which makes difficult to produce high-
quality semen for artificial insemination. Recently, semen collection using urethral
catheterization (UC) has been reported in carnivore and this technique may allow semen
collection without coagulation in a less invasive manner. Further, the temporal
preservation temperature and cooling rate of semen during cryopreservation affect post
thawed sperm quality. In this study, to improve semen quality and quantity, as well as
the animal welfare, semen collection was performed by EE with high (5-15 V) or low (3—
6 V) voltage, UC and a combination of the two (EE-UC). It has been suggested that a
high voltage is necessary for semen collection, but 10 V stimulation was effective enough
and 15 V maximize sperm collection rate. Also, liquid semen was collected by EE-UC and
this could increase the total number of sperm. Further, to improve the post thawed sperm
motility, semen was kept at four temperatures (4, 15, 25 and 37°C) for 60 min, and
processed with two cooling procedures (slow cooling before second dilution and fast
cooling after second dilution). Though holding semen at 25°C and fast cooling after the
second dilution increased progressive motile sperm rate, the ranges of increase were
small and post-thawed motility was not sufficient for AI. The present results will
contribute to the improvement of semen collection and animal welfare of captive

Japanese macaques.
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Tables and Figures

Table I-1. Semen collection patterns and study groups.

Study group

Semen UC(n=9) EE (n=49) EE-UC(n=44)
collection

pattern Low (n = 15) Low (n = 14)

High (n = 34) High (n = 30)

Pattern 1 _

(n=1) UCh=1
Pat-tfrn 2 UCm=1 —> EE@m=1)

(=1
e’ UC@=7 =P EEG=7 == UC=1
Pattern 4 —> EE (=37 ==UC (=37

(n=237)
Pattern 5 _

e d) —> EE(m=4)

Semen collection was performed by five different combination and order patterns of
semen collection methods.

Study groups were divided into three groups; urethral catheterization (UC), electro-
ejaculation (EE) and UC performed after EE (EE-UC) groups.

Further, UC and EE-UC groups were divided into two groups according to the
voltage of electro stimulation (Low and High).

Low: Monkeys in low voltage group were stimulated with 3—4—5 V series or 4-5-6 V
series.

High: Monkeys in high voltage group were stimulated with 5-10-15 V series.
Semen collected at each phase was allocated to three study groups (UC or EE,or EE-
UC).

19



Table I-2. Semen collection rate and sperm condition in different collection groups.

Semen containing sperm

Semen collection rate Total sperm number Progressive motile

(114

Group %) collec‘ai)/tz)n rate (% 10) sperm rate (%)

ucC 33.3 (3/9) 0.0 (0/9)* not collected not collected

EE Total 79.5 (39/49)" 65.3 (32/49) 19.6 (0.01 — 450.0) (n=29) 39.5 (0.0 — 80.0) (n=32)
Low 53.3 (8/15) 20.0 (3/15) 101.0 (85.0 — 130.0) (n=3) 50.0 (50.0 — 60.0) (n=3)
High 91.1* (31/34) 85.2% (29/34) 12.0 (0.01 — 450.0) (n=26) 30.0 (0.0 — 80.0) (n=29)

EE-UC Total 84.1 (37/44)" 77.3 (34/44) 9.8 (0.05— 672.5) (n=33) 40.0 (0.0 — 80.0) (n=34)
Low 71.4 (10/14) 50.0 (7/14) 10.5 (0.06 — 170.0) (n=7) 50.0 (0.0 — 80.0) (n=7)
High 90.0 (27/30) 90.0* (27/30) 8.7 (0.2-672.5) (n=26) 40.0 (0.0 — 80.0) (n=27)

UC: Urethral catheterization, EE: Electro ejaculation, EE-UC: UC performed after EE

Low: Monkeys in low voltage group were stimulated with 3—4-5 V series or 4-5—6 V series.

High: Monkeys in high voltage group were stimulated with 5-10-15 V series.

abValues with different letters differ significantly among UC, Total of EE and Total of EE-UC (analyzed by the Fisher's exact test, P < 0.05).
* Values with superscripts differ significantly between low and high voltage groups in each procedure group (analyzed by the Fisher's exact
test, P < 0.05).

Values of total sperm number and progressive motile sperm rate are shown as the median (range).
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Table I-3. Characteristics of post thawed spermatozoa cryopreserved by different cooling procedures evaluated by the CASA system.

Cooling VSL VCL VAP ALH BCF LI
procedure group (um/sec) (pm/sec) (pm/sec) (um) (Hz) (%)
Group 1 (n=5) 70+ 34(1.8-11.1) 79.4 t 234(525-115.3) 181+ 7.7(11.4—-30.4) 14+ 04 (1.1-21) 521 12(36-7.2) 101+ 50(3.3-17.1)

Group 2 (n=11) 17.7 = 8.3%(7.1 - 33.0) 101.7 % 18.0(73.2-132.0) 27.1% 9.4(12.6-45.3)

22+ 0.3%*(1.8-2.8)

621 1.4(4.0-89)

157+ 6.0(7.4—24.3)

CASA: Computer Assisted Sperm Analysis

VSL: straight line velocity, VCL: curvilinear velocity, VAP: average path velocity,
ALH: amplitude of lateral head displacement, BCF: beat-cross frequency, LI: linearity
Group 1: Semen was cooled slowly (60—-90 min) before the second dilution.

Group 2: Semen was cooled quickly (20 min) after the second dilution.

Values are shown as the mean + SD (range).

* Values differ significantly between cooling procedures (analyzed by the Student's #test, P < 0.05).



40 cm

Fig. I-1. Rectal probe with two longitudinal copper electrodes on both sides. Grip is insulated
with plastic tape.

Total length: 40 cm, Diameter: 1 cm, Electrode length: 26 cm, Electrode width: 0.4 cm
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Fig. I-2. Semen collection by urethral catheterization.

A: Sagittal ultrasound image of urethral catheterization. The tip of the catheter (arrow) was
inserted until it approached the prostate (arrowheads). Left side is caudal. Bar = 1cm

B: Liquid form semen collected in the catheter removed from the urethra
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Fig. I-3. Schedule of semen processing from collection to cryopreservation. Semen were

cryopreserved in two procedures (Groups 1 and 2). Liquefaction was omitted for semen

samples collected in liquid form.

First dilution: Addition of extender equivalent to semen sample volume

Second dilution: Addition of extender containing 10% of glycerol at five min intervals (four

times addition: short arrows)

Group 1: Semen sample was cooled slowly (60-90 min) after the second dilution

Group 2: Semen sample was cooled quickly (20 min) before the second dilution

LN2: Liquid nitrogen
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Fig. I-5. Changes in the progressive motile sperm rate in four different holding temperature

conditions

“": Values with different letters tended to be different between temperature at same

holding time (P < 0.10, the Steel-Dwass test)
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Fig. I-6. Progressive motile sperm rate between different cooling procedures during
cryopreservation.

Group 1: Semen was cooled slowly (60—90 min) before the second dilution.

Group 2: Semen was cooled quickly (20 min) after the second dilution.

Before freezing: Before cooling (Group 1) or the second dilution (Group 2) after temporal
holding

Immediately before LN, Just before freezing with liquid nitrogen

» P Values with different letters differ significantly between cooling groups within each

process (P < 0.05, the Wilcoxon’s rank sum exact test)
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CHAPTER 2

Ovulatory follicle size investigated by ultrasonography and single artificial

insemination with ovulation induction in the Japanese macaque

Introduction

The Japanese macaque (Macaca fuscata) is a popular zoo animal and is usually
kept as a troop including both males and females in order to imitate their natural habitat.
However, their high fertility and mixed sex troop often result in overpopulation? 32, Poor
genetic diversity is also a common problem due to repeated reproduction in a closed
colony of the Japanese macaque. For reproductive management, artificial insemination
(AI) is a common technique in domestic animals*? and it has been applied to zoo animals
including primates? 39 to limited extent. Therefore, reproduction management applying
Al should be evaluated in the Japanese macaque.

Successful AT has been reported in the Japanese macaque®®. Laparoscopic ovarian
observation and Al under anesthesia were repeated several times until ovulation8®, 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 Als on the day before
and on the day of ovulation8®. Further, a single Al on the expected ovulation day7
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 days?® and ovulation timing ranges from Day 11 to 16 of
the menstrual cycle5® which can be estimated by monitoring plasma estradiol or urinal
estrogen metabolites in the Japanese macaque!®. However, repeated sample collection
and measurement to monitor these hormones are difficult in zoos, where they are kept
in troops. Therefore, Al in combination with hormonal treatment for ovulation induction
could lead to a single Al 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)5% reported morphological changes in follicles during the
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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 animalsé4 66 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 gonadotropin? 77 93, but not in the Japanese macaque. Ovarian dynamics
during the menstrual cycle have been investigated in the rhesus macaque (Macaca
mulatta)’- 46 and the cynomolgus macaque®’. 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 development8s. However, repeated use of hCG is
known to produce antibodies, even in humans! 8 76,79, 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 antibodies4?. On the
other hand, gonadotropin releasing hormone (GnRH) has no antigenicity® and is used
for ovulation induction in various domestic animals!? without the detrimental effect of
hCG. Further, the structure of GnRH is common among mammals44 73, 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 Al 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 Al was performed simultaneously.
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Materials and methods

Animals

Six female (511 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 Iibitum. 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).

Ultrasonography of the ovaries and definition of ovulation

The ovaries were examined using an ultrasonography device (Prosound SSD-
35008X, Hitachi Aloka Medical, Ltd., Tokyo, Japan) attached to a convex transducer
(UST-987-7.5, 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. II-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. Diameter of follicles are shown as

the mean + standard deviation (SD) (range).

Sample collection

30



Peripheral blood was collected from the cephalic vein using a syringe containing 15
ul/ml heparin. Collected blood was centrifuged at 1,100 X 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 buffer9?. The feces were prepared as described previously3? with slight modification.
Briefly, the 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 X g for 10 min to collect the supernatant
used as the assay sample. Plasma and fecal concentrations of estradiol-178 (Ez2) and
progesterone (Ps) were determined using competitive double antibody enzyme
immunoassays as previously described?? with slight modification. Goat anti-rabbit
serum (111-005-003, Jackson Immuno Research, Pennsylvania, USA), anti Ez2 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 Es
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 pg/kg, Medetomine Injection Meiji, Fujita
Pharmaceutical Co., Ltd., Tokyo, Japan), and midazolam (125 pg/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
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(Mepatia injection Meiji, Fujita Pharmaceutical Co., Ltd., Tokyo, Japan) was

administered intramuscularly to antagonize the effects of medetomidine hydrochloride.

Semen collection and evaluation

Semen collection was carried out via electro-ejaculation in same method as in
Chapter 1. 5-10-15 V of voltage series was used. After the collection, an equivalent
volume of Tes-Tris Egg-yolk medium (TTE) to semen was addeds3” 69. 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
in same method as in Chapter 1 of urethral catheterization (UC). Liquid form semen in
the catheter was expelled by flushing with 0.2 ml of TTE medium.

The semen fractions from all males collected on the same day were pooled and
centrifuged at 500 X g. 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. Total semen volume, sperm concentration, total sperm number and progressive
motile sperm rate were examined in the same method as in Chapter 1. The semen were

kept at 25°C in a water bath for up to 1 hr until insemination.

Artificial 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 ul of semen was inseminated. If insertion into the uterus was
1impossible due to a complex cervical structure, semen was inseminated into the cervical

canal.

Study design

1. Ovarian and hormonal dynamics during the menstrual cycle and follicle size at
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spontaneous ovulation

Two female monkeys were used to monitor ovarian and hormonal dynamics during
the menstrual cycle (Table II-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 one- or 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 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 II-1). As shown in Table II-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 GhRH analogue (100 pg as fertirelin acetate, Conceral
injection, Nagase Medicals Co., Ltd., Hyogo, Japan) was administered intramuscularly

from Day 10 to 13 of the menstrual cycle (Table II-2).

3. Artificial insemination (AI) with ovulation induction

A total of seven Al trials were performed for four female monkeys (Table II-1 and
II-3). Ultrasonographic observation of ovaries was performed to confirm the presence of
a dominant follicle of more than 5 mm in diameter prior to Al. A mixture of fresh semen
collected from one to three monkeys on each Al day was used for insemination. Females
were subjected to Al on Day 8-14 of the menstrual cycle and a single dose (2 ml) of GnRH
was administered simultaneously for ovulation induction (Table II-3). The dominant
follicle was observed on the day following Al using ultrasonography without anesthesia
to confirm the ovulation day. Pregnancy was diagnosed by ultrasonography in monkeys

in which menses was not observed after Al.
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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. II-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 Ez 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 No0.2068. 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 P4 concentration showed
similar changes to plasma P4 concentration. Before the first ovulation in each animal,
there was no increase in fecal P4 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 II-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
II-2. In all three trials, a dominant follicle was ovulated on 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
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ovulation in two cases.

Hormonal and ovarian dynamics of ovulation induced monkeys are shown in Fig.
II-3. Plasma E: concentration increased in two out of three cases on the day of GnRH
administration. In the other case, plasma Es concentration increased slightly after
GnRH administration. Meanwhile, fecal Es concentration increased by GnRH
administration in all three cases. Plasma P4 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. Artificial insemination (AI) with ovulation induction

Semen characteristics of monkeys inseminated via Al are shown in Table II-3. Over
14 X 106 progressive motile sperm were inseminated in each Al. The mean progressive
motile sperm number was 49.0 + 26.8 x 106 (14.8-225.0 X 106 sperms). Only one case that
inseminated to the uterus became pregnant. At 71 days after Al, a fetus was confirmed
by ultrasonography (Fig. I1-4). However, there was no fetal heart beat and the fetal age

was estimated to be 50 days old according to the biparietal diameter5?.

Discussion

This is the first study to monitor ovarian dynamics by ultrasonography in the
Japanese macaque. The age of female monkeys in this study were ranged 5—11 years old,
in which monkeys were sufficiently matured and not degraded by aging56.59. During the
breeding season, spontaneous ovulations were observed total of six times in four females,
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
mm? , 5.3 £ 0.4 mm*®) and the cynomolgus macaque (6.8 + 0.1 mm)?", 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 mm46. It seems that these differences
occur due to the body size differences between the Japanese macaque (around 8 kg) and

the other two species (around 5 kg). On the other hand, the minimum size of the

35



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 macaque??,

Similar to a previous study that monitored the dynamics of steroid hormone in the
Japanese macaque?®, the E2 concentration reached a peak before ovulation and the Ps4
concentration increased after ovulation. As in the previous report!'®, plasma and fecal
hormones showed similar dynamics during the menstrual cycle. Fecal E2 concentration
reached a peak on the day after the plasma E:2 peak. Ovulation occurred on the next day
or three days after the plasma E:z 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 peak??. 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 mammals44 73, and fertirelin acetate sufficiently induces secretion of
luteinizing hormone (LH) and follicle stimulating hormone (FSH) in cows'?. 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)59 reported that ovulation occurs within 48 h after
LH peak in the Japanese macaque, and within 3 hr 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 mm?, 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
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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
and it was similar in fecal hormone dynamics in the two subjects. Meanwhile, the plasma
Es concentration was at the baseline level in the other subject and this was the opposite
of fecal dynamics. One possible reason is that plasma E2 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 hr5®, so the maximum estimated
interval from the Ez peak to ovulation is about 78 h. Therefore, in this case, plasma E:
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 Al on 2018/3/7 (Table II-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 repeated?®, 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 x 106
progressive motile sperm. In a previous report on Al in the Japanese macaque, semen
was inseminated two to three times per ovulation and 5.0-10.0 X 106 sperm was
inseminated each times®. The pregnancy rate in the present study was 14.3% (1/7), while
it was 50% (3/6) in the previous reports®. Although the pregnancy rate was low, a single
Al 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)ss. 86, In macaque, the cervical canal is

serpentine??, so trans-cervical access to the uterus is difficult, especially in nulliparous
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females. Therefore, I must try another method to inseminate into the uterus, such as
transabdominal insemination? or retaining semen in the vagina using a special device3%.

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 oocytes™). For
in vitro embryo production in the rhesus macaque, FSH priming before hCG
administration enhances meiotic and developmental competence. 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 at Al 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 non-human
primates, it was suggested that small preovulatory follicle size at GnRH administration
decreased pregnancy rate in cattlet?. Therefore, the effect of follicle size on fertility also
should be taken into the account in further study.

Though repeated Al might increase the pregnancy rate, single Al was adopted in
the present study. Considering practical use in zoos, minimizing the isolation duration
of monkeys from their troop for Al is required, since even a few days of isolation can
cause the change of hierarchy in the troop and struggle over the hierarchy whichever the
isolated individual is male or female?. Therefore single Al should have been evaluated
to minimize the risk of getting injuries caused by isolation.

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
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the period of spontaneous ovulation in the presence of an ovulatory size follicle along

with intrauterine insemination.

Summary

In the Japanese macaque, artificial insemination (AI) has been successful, but it
required repeated Al procedures 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 of the menstrual cycle
became pregnant, but fetal development stopped at around 50 days of gestation. The
present study investigated a less invasive single Al 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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Tables and Figures

Table II-1. Information on female monkeys and study items used.

Study purpose

Female B;‘:;S;Eg l_eASgéii;h Parity Menstrual Spont.an.eous Qvu]at..ion _ Arti.f’iciall
cycle ovulation induction Insemination
2068 2013-2014 8 parous @] O
2015-2016 10 parous o
2016-2017 11 parous O
2099 2013-2014 9 nulliparous O
2140 2013-2014 8 nulliparous O O O*
2249 2013-2014 5 nulliparous (@)
2016-2017 8 nulliparous O
2017-2018 9 nulliparous O
2366 2017-2018 7 nulliparous O
2408 2017-2018 7 parous O

o: Animal has used to investigate study items

*: Trials were performed twice during different menstrual cycles

If an animal was used for different purpose in the same breeding season, each test was

performed at different times.
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Table II-2. Day of ultrasonographic observation and diameter of follicles in ovaries during spontaneous and induced ovulation

. Day from menses Diameter of follicle
Breeding . .
Study purpose Female immediately before
season 7 8 9 10 11 12 13 14 15 186 ovulationt
Menstrual 2068 2013-2014 7.0%
evele 2068  2018-2014 6.1 3.9 96 [ ] 8.7
2140  2013-2014 5.8
2140  2013-2014 85 | ND | 8.2
f\fﬁgﬁ;‘ﬁ"“g 2249  2013-2014 51 | ND 8.2
' 2099  2013-2014 76 | ND | 83
Ovulati 2068  2013-2014 39 48 61 74* | 6.1 | 87
S 2140  2013-2014 47 a7+ [ 40 | 56
' 2140  2013-2014 3.0 3.9 5.2* | 35
2068  2015-2016 6.0~*| ND
2068  2015-2016 7.7%*| 5.0 |
o 2068  2016-2017 7.3%*| ND
Artificial 2249  2016-2017 7.6%*| ND
Insemination
2249  2017-2018 8.0%#| ND
2366  2017-2018 10071 55
2408  2017-2018 10.0%% 6.2 |

The menstrual days with numbers or letters are days of ultrasonographic observation, while the number indicates the diameter (mm)
of follicle or corpus luteum.

Shaded day indicates day of corpus luteum detection.

The day from menses with boxes indicate the estimated day of ovulation.

ND: No apparent structure was detected in ovaries.

*: Day of gonadotropin releasing hormone administration.

#: Day of artificial insemination.

+: No previous menses was observed as it was the first ovulation of the breeding season.

¥: The follicle size on the day preceding ovulation.



(4%

Table II-3. Condition of females on artificial insemination (AI) day, semen preparation for Al and the results

Semen preparation for Al

Condition of female and Al procedure

Semen Progressive Progressive Day of Diameter of .
Female Date of Al Numbers of i } . . Insemination Result
concentrations motile sperm motile menstrual  dominant .
donor males ) site
(x106/ml) count (x106) sperm (%) cycle at Al follicle (mm)

2068 2015/11/19 2 151 14.8 32 6.0 uterus not pregnant

2016/1/15 1* 210 61.0 55 7.7 uterus not pregnant

2017/2/6 2 900 27.0 30 12 7.3 uterus pregnant
2249 2017/3/16 2 332 14.9 30 12 7.6 uterus not pregnant

2018/3/7 3 3000 225.0 15 14 8.0 cervix not pregnant
2366 2018/3/7 3 3000 225.0 15 13 10.0 cervix not pregnant
2408 2018/3/7 3 3000 225.0 15 11 10.0 cervix not pregnant

Dominant follicle: The follicle of maximum size on Al day.

*: Semen was collected by electro-ejaculation and catheterization.
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Fig. II-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
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Fig. II-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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SUMMARY AND CONCLUSION

The Japanese macaque is endemic species in Japan, and its physiology and society
have been the subject of scientific research over 70 years. The Japanese macaque is
popular in zoos, and usually exhibited as troop consisting of both sexes to replicate the
behavior in the wild. However, overpopulation and decreasing genetic diversity often
become problems due to uncontrolled reproduction in closed troop and the clannish
nature. For reproductive management of the Japanese macaque in zoos, artificial
insemination (AI) with preserved semen is required as a solution of the two major
problems involving reproduction, although success of Al using cryopreserved semen in
the Japanese macaque has not been reported. In this thesis, to establish the Al protocol
for practical use in the Japanese macaque, improvement of procedures involving males
and females was aimed.

In chapter 1, to improve semen collection method and semen cryopreservation,
efficacy of semen collection applying urethral catheterization (UC), appropriate
temperature for temporary holding, and faster cooling rate of semen before freezing were
investigated in the Japanese macaque. In semen collection of the Japanese macaque,
electro-ejaculation (EE) has been used with high voltage of stimulation, which could
cause invasiveness. However, lower invasive method is preferred in terms of animal
welfare. Though, in carnivores, semen can be collected with UC under sedation using az-
adrenergic agonist, the efficacy of UC had been unclear in primates. UC enables to
reduce the invasiveness and the cost involving semen collection. Therefore, semen
collection by UC and a combination of EE and UC (EE-UC) for the Japanese macaque
were evaluated. Semen collection rate by EE with high voltage (5-10-15 V) and low
voltage (3—4—5 or 4—-5—6 V) stimuli was compared to investigate the efficacy of practical
use of low voltage stimuli for semen collection. As a result, UC with sedative dose of
medetomidine (25-50 pug/kg) did not work for semen collection, but EE-UC increased the
total sperm number retrieving semen remaining in urethra. Semen collection rate reach
maximum with series of 5—-10-15 V of stimuli, but 5-10 V of stimulation series did not
decrease semen collection rate. Up to 10 V of stimulation can reduce the invasiveness for

semen collection. Furthermore, appropriate temperature for temporary holding time in
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the Japanese macaque was evaluated since different appropriate temperatures among
species were reported. Progressive motile sperm rates after 60 min of holding time at
four different temperatures (4°C, 15°C, 27°C and 37°C) were evaluated. Also, cooling rate
can affect post thawed sperm motility, then semen characteristics processed with two
cooling procedure (slow cooling before second dilution and fast cooling after second
dilution) were compared. It was suggested that holding semen at 25°C and fast cooling
after second dilution had advantage to improve sperm motility but post thawed sperm
motility was not sufficient for Al

In chapter 2, subjects of the female side were investigated. In previous Al protocol
in the Japanese macaque, laparoscopy and insemination were repeated until ovulation,
but repeated anesthesia and surgical procedure is invasive for monkeys. Also, the size of
ovulatory follicle is important for decision of Al timing, but it had not been clarified in
the Japanese macaque. Furthermore, efficacy of ovulation induction with gonadotropin
releasing hormone (GnRH), which can facilitate the AI procedure, has not been studied
in the Japanese macaque. Thus, monitoring the follicle size with ultrasonography was
evaluated around spontaneous ovulation and induced ovulation. Six spontaneous
ovulations were observed, and it was clarified that the diameter of ovulatory follicle
immediately before ovulation was 7.4 + 1.5 (5.1-9.6) mm and ovulation occurred during
Day 12 to 14 of menstrual cycle. GnRH induced ovulation in three monkeys, and the
diameter of the follicle at GnRH injection was 5.8 + 1.2 mm (4.7—-7.4 mm). Single Al with
ovulation induction with GnRH, which was expected to reduce the invasiveness and
duration of isolation, was conducted seven times for four monkeys. Semen were
inseminated in uterus in four cases and in cervix in other three cases between Day 8 to
14 of menstrual cycle. Only in one case a female monkey inseminated in uterus on Day
12 got pregnant. However, the fetus death was confirmed at pregnancy examination with
ultrasonography 71 days after Al, and estimated fetal age was about 50 days old.

In this thesis, in the male side, EE-UC improved semen collection increasing the
total number of sperm and up to 10 V of stimulation was effective to reduce the
invasiveness. Further semen preservation at 25°C and faster cooling after second

dilution could increase preserved sperm motility. In the female side, the size of ovulatory
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follicle and efficacy of GnRH to induce ovulation were clarified. And single Al, which was
suitable for practical use, could make monkeys pregnant. These results will contribute
to reproductive management and animal welfare in captive Japanese macaque.
Moreover, it is thought that these attempts also important for wildlife conservation.
In fact, the population of the Japanese macaque is not endangered and then, occasion
of applying Al technique for conservation is limited currently. However, risk of
extinction often comes obscurely and recovery of the population is difficult after the
serious situation has been recognized. Accumulation of information about
reproduction and refinement of artificial reproductive techniques while the species
still have a certain population is important for wildlife conservation in future. And
more, some species of genus Macaca, relative species of the Japanese macaque, are
endangered to extinction. Improvement of artificial reproductive techniques in this

study also contributes to ex situ conservation of those endangered species in zoos.
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SUMMARY IN JAPANESE

=R WV (Macaca fuscata) IXAARKDOEEFETHY | BWETILS EBE - BRI,
B A CTOARBRB AL T OMMER S DTN TERBE SND 2 ENRE, Lanl, =&y
PO OBEI) TR | BB FICBW T O RGBT 5720, < 0OBYE T E
EAECRRINHE-E L 725, BIHHIRO 70, A RO TUTHEE YRR, A 22201 T
F7e Y 2T u WEHOAL T T FPSE S D0, B LR W E RS L
HEHZL DA 7T MRIOREIZRLVRET 52 LB%0, £lo, =R PILolithn
THEMA TN OFE DD & 2880 < AMER D DEIR A2 AT 5 L RSN CHICED Z
EWH D, FERE LT, SN D OB FEAD R E F SRR BN TRIAZ 1 IR
T2 LT, BEHZHEEOIRT LB E 705, RERBIRAZEH L7z AR (AD 2%
HB L O—EOEEEY CREEHICHH SN TR Y | =R F/UITBNTH R %E
BT 25 4 X L NAL OB E 72D A ADIRR & RS 7R AL E I L0 | IS &
BIBEH A FRFCFEMATRE TH D L EXBND, LinL, =R AL IZHONT
DOWEIT D72 < | BRSIRAEROR & U 72 PE TR IS D WD TS A3 e,

Al ZEDSEDITIE, ARABLOARMAE~OT Fa—FR30nEE 5, -8
ko dER LOFEMMEOR Lo, BEMEMEL BERTERRD BN D, F A
DWTIE, FROBI EREPTRE L L TR N5, =R P ORFRERIZIXERR
Tu—7NZ L HESANGE BEE) BREICHWLNLIN, REChLr~ 7 EES
OB L W L EWEENMEH STV, £, BIRSEIAEIRKEOERIC XY
SRS T CLCEERE L, B OB FEBMEA D S5 2 e mbhTnd, B
HEMWICIE, . 7 RLT ) U BIRIEBEEOREEIGEERIC L - TIRENICTb S
TREUR 2 JRE 7 — T VORI LV BT 2 51k (UCHE) G ShTnd, BRH
BB T D UCIEOREIIAHTH L2, BXANKIC L 52 U CRIRZ R
52 & DN OHRE 2 PR 72N 2 D RFIREERENT K 2 K74k X ONEB MR
HEDEEBERT 52 LRI TE S,

— . =R PV ORSRERE LI 3T KFIR DOURAE & A D728 30 53776 60 43
[EIRE IR 2 — IR E 3~ 2 R 3L B2 C b 2 23, RS IR 0 SERE R ARAT L S B 72 TRLEE 1 3B
HIC L > THRRY | =R PO ERAREIIRHTH D, FR/BOT I 7V
BT AR OWMHRE 218D 5 = & THR R O R 1 OIEMED EF L7z & 5 F 4
P SNTEY . =R PV ORIREAELIIC I T h | AR 2 a7 2 MifE A
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boHEEZXLND,

551 BT, ARBIREREEA DS L OMREMEDIRIR D 72, =78 2 BV DAFIRERER

BT 2 UC 1Lk XL ORI UC k% FEha 2 Jiik (BE-UC L) oF AMEIZ S\ T

Bt Uiz, O CIKEB R COR T-ER B O A A E a2 720 AKEERE (3—4-5,
4-5—6 V) &mEERE (5-10-15 V) O, FRERBCR A i L7z, £7o, SR IRAFOE
DOIFHIEIRSEE DT, FEE L7 F5i % 4°C, 15°C, 25°C B L N37°C T 60 tR{F L7
B O TEBEA iR L, YR RFEEICOV TR Lz, &5, 2RAROZ A
RVTEBHAY — REE 27 2 FEOMANTIE TR A SRS ERAT U 2 B0k B B
3 X OURS R O RS 1Mk 2 el L 7=,

ZORER, =AY MCBWTEHFED o, 7 LT U U2 B IREERES (X7 b
IV, 2550 pg/kg) TIXUCHEIZ Ko TIRIRITERIRTE W2 E B E e o Tz,
LU, EE-UC #IZ & o T EE 50D 2 TIIERIUR FTRE 72 JRAE I IR 7 2 BCHRASIR 2 7]
L., BB TREINSE LD Z ENH LN E R olz, BB CIHKELREX
DRETFERIRNABIZ LR Ule, MBIRERIRZ R RIS T 2720215 Vb 156 VET
DEE EAPLETH L, HE~ORBEEMZT-WVIGEIL10 VETO EARAEZT
DT ENIREI T, FHRORIFIZOWTIX, 60 4MERIT L% ORiEEENR %
23 25°C DRAFIRE T CEWEIICH Y | —FRFIRE L L T2 CHABETH D Z LN
RSz, Fio, ZIRATREHEIRNIITV 20 0 CTRELS ACAHHEE THmEIdTH 2 &
T, 60 37025 90 73T T AN L7281 “IRATIRAZAT 5 FFIEIZ e~ Bk Al O R -8 )
P E LT,

—J7 AL FEfo A A0 L LT FIREABEG OB AR L ORENRRT N5,
=R YPND AL TiE, PEINHERR O 72 HOHEINFI R I nl D R e A N R S v, kS
HEAN DI F IS > TEM ST e, L L, BEICHE S SR O FfFS X O RHRL
EIIREMER | BEADOBENOUENLETH D, S OLICEMETOERLS
BT 5L, Al O 2N LIREET 2 Z &3, BN OIBRLANESL LEIFD
JRR & 72 5728 BREEAR OFFED RO S5, BE IR EGR 2 ML E IC X 5 IR EREE]
BIEIFEB L OV BOV NV E2EOREIMICB N TAS ER SN TNDENR, =Fv
PR 2WE TR, F2 AL EH D= > b a—/SHEREHISFIH S LR, =
RPN BOTIMERRARE AR VT U ARV (GnRH) OfE BN,

%2 WECITEF R EG2MIEEE I XD =R VL OINERENEESIZE, GnRH I L AL
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PEIRIB KON S DR R A S L7 RS RIEAIC & 2 AL Of M2 5l L7z, H¥E
BB WTEEE T KX > T 6 [0 A RPEIN A BIER U7k, =R Lo B SRPEIN I A= 31
JAM o 12-14 B BICERIMEA 7.4 = 1.5(5.1-9.6) mm OIFICHZ 5 Z LRGN E
ot F-EMIIMA 5.8 £ 1.2(4.7-7.4) mm OFF, GnRHEHIC LV HE5FA £ T
CHEINZ BT 5 Z L WS o7, GnRE IC X B HEINFEIEL & HE O RSETEA % OF
M L7 NI R 2 BRI 0 814 A BIZE 7 EI%E Lok, ABEMo 12 HET
AT U7z 1 BEDMENR L7228, Bain 50 BATITIZI T D6 O EE LD MR S v,
KT S =R PV ORGREREUC 3T, EE-UC HEIZ K » TEREUE & 3 S
EONDZENHA L, £70, MRBRBUZIZEWEENKLETH L, K10 VO
FREC 15 V E RIS RIRERBER G LN D 2 E NI LN ol FRERS LB >
W, —RHRFIZIZ 25°C D IETH D Z &, “IRARBZICERS GBHT L2 & T
TEEMEA R TEX S Z ENREORENT, £ =R PO INEEE IR L OE
PNEEECICEE L C, EEINEGEZWIEEE & GnRE G- ENENHEHTH D Z LG
Elpolz, =AY ILO AT IZOWT, 6nRH Z 4 L 72 HEIREE L% o a1 AIC &
DIEIRDNER T & RIS L OB OB e TH 2 Z ARSI,
IO O RITEEE O =R P ERERRIZE T 5 NLEE 7 7 k3 /L o(R(Z 15
LB LOBIIICORR D DO TH Y | FERIZ =7 o PLE B REOBHHE Bl L O
MEAEDBGEIZHBKT 2 b D TH D, Fio, MR SN DGR OMHE I IG
AT 2L Y | ARBIMEE~OER b HIFE D,
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