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(Study for establishment of assisted reproductive technologies
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Rodents are generally used for various studies, because of clear genetic background
and their characteristic including reproductive function. However, development of new
experimental animals possessing different characteristic from conventional
experimental animals, such as mouse and rat, will expand not only research field but
also novel biological knowledgement. Sixty-four of Microtus species inhabit in the
world and each species possess unique characteristic. The major and common
characteristic of vole is a herbivous small rodent with multiple stomachs and
chromosome number is different among species. Thus, it has been expected as models
of digestion-metabolic control system for middle or large herbivory and/or for study of
speciation-species profile. Since some of them possess monogamy system that is less
than 3% in mammals, they are utilized for experimental or research models of social
behavior in human mating system or brain mechanism. Recently, establishment of iPS
cells in prairie voles (Microtus ochrogaster) were succeeded and then production of
transgenic prairie voles was attempted. In fact, such novel studies on vole is developing.
When it considers wide utilization of this genus including Japanese filed vole (Microtus
montebelli), stable supply of animals for experiments is essential. However, there are
few reports about their reproductive pattern and assisted reproductive technologies
(ARTs) related with preservation of germ cells and regeneration of individual at present.
To advance above-mentioned new research field, it is greatly desirable to establish ARTs
such as cryopreservation of germ cells, artificial insemination (Al), in vitro fertilization
(IVF) and embryo transfer (ET). In addition, ten of sixty four species in this genus have
been classified into the endangered category and conservation for such species is also
important to maintain the biological diversity. The present study aimed establishment of
a series of ARTs to enable researchers to supply animals stably and conserve germ cells
in Japanese field vole.

In Chapter 1, we described utility and ARTs on vole and also outlined background of
related studies.

In Chapter 2, we examined whether mouse sperm cryopreservation system was
applicable to spermatozoa of Microtus montebelli. The rate of mortility, viability and
sperm integrity after frozen-thawed (FT) were lower than fresh. Then, all of mouse
oocytes injected resumed meiosis and formed pronucleus when they were injected with
a single vole fresh or FT spermatozoa. These results showed that FT spermatozoa of
Microtus montebelli sufficiently maintained the fertilizing capacity. Furthermore, effect
of two freezing containers (tube or straw) on properties of FT spermatozoa was
examined. After frozen-thawed, mortility with straw was higher than tube and there was
no difference on viability. Finally, we used non-invasive Al with fresh or FT
spermatozoa to attempt production of offspring and perform the final evaluation of
sperm cryopreservation technology on Microtus montebelli. Although litter size derived
from Al with FT spermatozoa was low, we demonstrated that pups could be produced
from FT spermatozoa. Furthermore, when delayed sperm transfer (at 7-9 hours after
copulation) or hypotaurine treatment were performed, the litter size derived from Al
with FT was improved and such value was similar to those of fresh spermatozoa and
natural mating.

In Chapter 3, we performed to establish novel superovulation procedure on Japanese
field vole for reliable supply of oocytes throughout all ages. In general, combination of
pregnant mare’s serum gonadotropin (PMSG) and human chrorionic gonadotropin
(hCG) is used for superovulation in mice. Firstly, female Japanese field voles were
divided into two groups of voles before vaginal opening (19-29 days old) and after
vaginal opening (30-138 days old). Then, voles were administrated with various



concentration of PMSG and hCG and number of ovulated oocytes from voles were
compared. In results, regardless of hormonal concentration, number of ovulated oocytes
from voles after vaginal opening was less than those of voles before vaginal opening.
Therefore, we examined a new superovulation procedure to induce more effective
ovulation on voles after vaginal opening. Mating stimulus (because Japanese field vole
is a copulation ovulation animal) or gonadotrophin releasing hormone (GnRH) that is a
up-regulated hormone of luteinizing hormone (LH) were used, since it was estimated
that GnRH facilitated endogenous LH release and then induced superovulation. When
females were treated with mating or 20% PVP-GnRH, twice number of oocytes could
be obtained comparing with PMSG-hCG. Furthermore, in case of applying 20% PVP-
GnRH to voles before vaginal opening, number of oocytes similar to PMSG-hCG was
obtained.

In Chapter 4, in order to examine the conditions of in vitro culture for embryos derived
from IVF or intracytoplasmic sperm injection (ICSI), we tested various media with in
vivo embryo at first. As a result, it revealed that all in vivo pronuclear embryos cultured
arrested at 2 cell stage. When early stage of in vivo 2 cell embryos was examined, it
could develop to blastocyst stage. Finally, because it is assumed that vole offspring
derived from chimera or transgenic will be produced by embryo-manipulations, in vivo
blastocysts were non-surgically transferred to uterine and production of offspring was
succeeded.

In Chapter 5, recently, it has been known that Somnopentyl has problems of not only
safety but also unstable effects as an anesthetic. Alternatively, availability of mixture
anesthetic (medetomidine/midazolam/butorphanol; M/M/B: mg/kg) that is known to
obtaine more safe and effective surgical operation time was examined in Microtus
montebelli and such optimum concentration was determined. That results revealed that
mortality with Somnopentyl was higher and anesthesia score was lower in male and
female, compared with mixture anesthetic. When all concentration tested in male and
0.3/4/5 (M/M/B) and 0.23/3/3.75 of concentrations in female were administrated, more
effective surgical operation time and anesthesia score was obtained. Morerover, it was
suggested that optimal concentration was 0.23/3/3.75 in Microtus montebelli, since
disorder of respiratiry rhythm and several time of apneic states were observed in many
voles administrated with 0.3/4/5. Next, we examined the effect of mixture anesthetic on
number of offspring from non-surgical embryo transfer (NSET) and Al. As results, there
was no detrimental effect. Furthermore, with proper interval, it was shown that mixture
anesthetic could be used repeatedly (at least three times), suggesting that recipient for
NSET or Al is able to use several times and total number of offspring will be increased.

In Chapter 6, to examine optimum condition for IVF, hypotaurine treatment at pre-
culture or insemination with fresh spermatozoa was investigated. This result showed
that although fertilization rate was not affected by hypotaurine treatment in IVF with
fresh spermatozoa, fertilization rate with FT spermatozoa was increased. Next, when we
examined media for IVF embryos, development of embryos arrested at 2 cell stage in all
media tested. Although EDTA which is known to release the 2 cell block in mice was
also examined, there was no effect on vole embryos. From these results, we determined
to transfer embryos into oviducts of recipient to produce offspring from IVF embryos.
Although litter sizes derived from IVF using fresh and FT spermatozoa were low, we
demonstrated that the pups could be produced. Moreover, we compared Somnopentyl
with mixture anesthetic on production of offspring from surgical ET. That results
showed that mixture anesthetic tended to show higher pregnancy rate and lower



abortion rate, although there was no difference on litter size and weight of offspring
between Somnopentyl and mixture anesthetic.

In Chapter 7, we performed ICSI with fresh and FT spermatozoa in a manner to mouse
procedure and transferred embryos in a manner to IVF. When vole oocytes were
microtus-inseminated with fresh or FT spermatozoa, oocytes resumed meiosis and
formed pronucleus. Finally, we were successful in production of offspring derived from
ICSI embryos.

Taken together, 1) sperm cryopreservation procedure was successfully applicable to
mouse system and litter size similar to natural mating could be obtained by non-surgical
Al with FT sperm, 2) oocyte could be collected from all weeks-old voles by novel
superovulation procedure, 3) medium that was able to develop from early 2 cell stage to
blastocyst stage was revealed and using non-surgical ET with these embryos production
of offspring was succeeded, 4) optimum anesthetic and the concentration were
examined for surgical operation and then safe and effective anesthetic was determined,
5) offspring derived from IVF and ICSI embryos could be produced. Overall, the results
show that ARTs modified for voles could be efficiently contributed to animal supply and
conservation of not only Microtus montebelli but also other vole species.



