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Sperm cryopreservation is one of the most efficient ways to preserve rabbit strains because it is easy to collect

ejaculate repeatedly from a single male and inseminate artificially into multiple females. During the cooling,

freezing and thawing process of sperms, the plasma membrane, cytoplasm and genome structures could be

damaged by osmotic stress, cold shock, intracellular ice crystal formation, and excessive production of reactive

oxygen species.

rabbit  sperm quality  cryopreservation  animal model  assisted reproductive technology

1. Introduction

Rabbits have been indispensable for human life because they are not only valuable for agriculture but also for

biomedical research. Rabbits are widely used as a source of meat, hair and fur, and it is estimated that each year,

around 300 million rabbits (and hares) are used in the world . Because of their tame characters, rabbits are also

raised as a pet. In addition, rabbits are the most-used animals for antibody production for biomedical research.

Furthermore, rabbits are similar to humans in terms of cardiovascular physiology and lipid metabolism, and they

play an important role in studying human diseases such as atherosclerosis and hypercholesterolemia . Along

with the development of genetic engineering, many gene-modified rabbits have been created as experimental

models of human diseases. In addition to transgenic rabbits produced with the conventional pronuclear

microinjection technique, knockout rabbits have been established using CRISPR/Cas9 genome editing technology

. These genetically modified rabbits are valuable and thus it is vitally important to breed and maintain rabbit

strains for different purposes and preserve them as bio-resources .

2. Major Ways to Preserve Rabbit Strains

There are two major ways to preserve rabbit strains. The common way to maintain a rabbit colony is carried out

simply by repeat breeding. However, several difficulties with this method exist including space and cost. In

particular, rabbit shows severe inbreeding depression , thus a considerable number of rabbits are required

to keep a colony. For laboratory rabbits, they are usually housed in strictly controlled conditions in terms of

temperature, humidity, illumination and microbiological examinations. Furthermore, living animals have a risk of

annihilation or escape in the case of a disaster or accident.

The second method of maintaining the rabbit colony is the cryopreservation of gametes. Cryopreservation of

gametes requires less space and cost than animal breeding. It is generally believed that properly cryopreserved
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zygotes and gametes can be preserved semi-eternally in a liquid nitrogen tank to keep their fertile and

developmental ability. In the case of employing ovum or embryo preservation, ova or embryos are generally

obtained with oviduct–uterus dissection from sacrificed females, and a skillful surgical operation is required for the

embryo transfer. In contrast, ejected semen can be collected repeatedly without sacrificing males (Figure 1) and

artificially inseminated into females can be conducted without specific skills, and thus, sperm cryopreservation

would be the first choice for preservation of rabbit strains even though sperms preserved can bring paternal

hereditary information only, and immediate offspring is always heterozygosity. However, when concerned with one

specific transgene, homozygotes can be obtained in the second generation. Even in the case of livestock animals

concerning pedigree related with polygenetic factors, the inbreeding can be avoided by mating live females and

cryopreserved sperm with a generation gap.

Figure 1. Schematic illustration of the essential process of sperm cryopreservation. (A) Semen is collected with an

artificial vagina; (B) semen is diluted with a freezing extender; (C) sperm solution is cooled at slow rate (with a

programming incubator); (D) sperm solution packed in freezing straws are frozen in vapor of liquid nitrogen; (E)

vitrification is another option for sperm freezing; (F) sperms are cryopreserved in liquid nitrogen, and (G) sperms

are thawed by immersion in a warm bath.

As mentioned above, the successful preservation of rabbits depends on the efficiency and reliability of procedures

in sperm cryopreservation. It is known that the process of sperm cryopreservation, including cooling, freezing and

thawing, leads to cellular damage on membrane, cytoplasm and genome structures  caused by osmotic

stress, cold shock, intracellular ice crystal formation, and excessive production of reactive oxygen species (ROS)

 (Figure 2). During the cooling process, the sperm membrane is injured by cold shock which can be diminished
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by cooling rate  or materials stabilizing the membrane including egg yolk or skim milk . The addition of

cryoprotectants causes osmotic and toxic stress, which increases due to prolonged exposure during slow cooling

. In the following freezing process, major problem is ice crystal formation which grows larger by recrystallization

and injures cell . The freezing rate and cryoprotectants application should be considered to diminish the

problem. Recrystallization occurs during the thawing process because of entry through the recrystallization

temperature zone. Since sperms suffer from oxidative stress throughout the cryopreservation process ,

supplementation of antioxidants is considerable for the improvement of sperm quality.

Figure 2. Schematic diagram of temperature changes during sperm cryopreservation process and associated

problems.

Enormous efforts have been exerted to minimize these detrimental effects, and increase the efficiency and

reliability of sperm cryopreservation in the rabbit. In this review, we will discuss recent findings and perspectives

including extenders, cryoprotectants, supplements and procedures.

3. Conclusions and Perspectives

Numerous studies on improving rabbit sperm cryopreservation have been conducted from various aspects

including freezing procedure, type, concentration and combination of cryoprotectants. In spite of this, a standard

procedure for rabbit sperm cryopreservation has not been well established due to various and irreproducible results

from each study.

One of the reasons for the irreproducibility in rabbit sperm cryopreservation may be derived from the differences in

sperm conditions. It is known that freezabilities of rabbit sperms differ among individuals  or breeds .

However, rabbit breeds used in some reproductive studies have not strictly and well defined rather than other

livestock animals such as cattle, horses or pigs, and some authors even did not provide enough information about
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the rabbit breed examined. There are several reports which indicate associations between the sperm freezability

and abundance of particular components in seminal plasma including proteins and fatty acids in some species 

. The individual and breed difference in sperm freezability can be explained by such seminal plasma

traits. It would be possible to improve the sperm freezability and resolve the individual or breed differences by

complemental supplementations according to the seminal plasma trait. In the rabbit, it was revealed that genotype,

i.e., breed, affects the abundance of some seminal plasma proteins , which are associated with sperm quality

. Furthermore, there is no information about the association between sperm freezability and seminal plasma

traits in rabbits, and further studies are needed. Again, lack of information about the rabbit breed can disturb the

improvement of rabbit sperm cryopreservation efficiency.

Another possible reason for the irreproducibility is disunified evaluation criteria of the quality of the sperms among

the reports. Some studies report both the quality of the frozen–thawed sperms and their fertility and prolificacy, and

others do only one of them. Examination of fertility and prolificacy involves artificial insemination procedures which

affect the results of the study. On the other hand, fertility and prolificacy cannot be estimated by the sperm quality

alone, even though obtaining more motile sperms is generally advantageous for efficient reproduction .

Additionally, the rate of rapid and progressive motile sperm would be important for successful artificial

insemination, since the inseminated sperm need to reach the ova via a long reproductive tract .

In any case, to achieve a consensus on the efficient method for rabbit sperm cryopreservation, extensive

investigations are required under unified evaluation criteria and conditions except for factors like extenders,

cryoprotectants and procedures to be examined. On the other hand, it seemed that the supplements like

antioxidants generally just add their effects without interfering with other components in the extender. Therefore,

most of the supplements exert expected effects on the quality of frozen–thawed rabbit sperm even in various

conditions including the extender. The dose and combination of the supplements can be a key subject for highly

efficient rabbit sperm cryopreservation in future studies.

As Dr. Robert G. Edwards was awarded The Nobel Prize in Physiology or Medicine for the development of in vitro

fertilization (IVF) in 2010, assisted reproductive technology (ART) including IVF is an indispensable medical

procedure in this modern age. The rabbit is also known as a prime reproductive model for human health, because

of (1) exact staging of early embryonic developmental and maternal pregnancy stages, (2) large-sized blastocysts

amenable to micromanipulation, (3) cell-lineage-specific analyses, (4) gastrulation stages representative of

mammalian development, and (5) placental morphology and function similar to the human . Therefore, the

development of reproductive technology in rabbits, which leads to the improvement of medical procedures in

humans, is very important and desirable.
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