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By cassie martin

FRozen zooS anD tHe QueSt FoR conSeRvation

Eggs on Ice

Scientists at the Leibniz Institute for Zoo 
and Wildlife Research (IZW) in Berlin, 
Germany, have published study results that 

suggest potential improvement for the cryo-
preservation of eggs of endangered felid species. 
The development may offer hope in the fight 
against extinction of the world’s wild cats.

Cryopreservation involves storing specimens 
in liquid nitrogen at a frosty minus 196 degrees 
Celsius—a method researchers have used for de-
cades to freeze genetic material, including human 
reproductive cells. The IZW team adapted the tech-
nique to preserve the ovarian cortex (a reservoir 
of oocytes, or egg cells) of endangered cat species, 
including the African lion (Panthera leo), northern 
Chinese leopard (Panthera pardus japonensis), 
Amur leopard (Panthera pardus orientalis), oncil-
la (Leopardus tigrinus), Geoffroy’s cat (Leopardus 
geoffroyi), rusty-spotted cat (Prionailurus rubigi-
nosus), serval (Leptailurus serval), and Sumatran 
tiger (Panthera tigris sumatrae). 

The team’s research, published this year in 
BMC Veterinary Research (Wiedemann et al. 
2013), is part of the Felid-Gametes-Rescue-Project, 
established in 2007 by the IZW. All felid species 

(except domestic cats) are listed on the Internation-
al Union for Conservation of Nature’s (IUCN) Red 
List of Threatened Species. Perfecting the preserva-
tion of felid oocytes is therefore an advancement 
that could spur the growth of genomic resource 
banks and secure the future of these species.

The Road to Renewal 
The scientists at IZW’s Department of Reproduc-
tion Biology got the inspiration for their research 
from the slow-freezing technique used for preserv-
ing the ovarian cortex of human female cancer 
patients who elect to cryopreserve their ovaries pri-
or to radiation or chemotherapy. After a patient’s 
treatment and recovery, her tissue can be thawed 
and grafted back into her reproductive tract or 
mixed with sperm in-vitro to create an embryo for 
transplantation in the uterus. More than 25 women 
worldwide have given birth to healthy infants as a 
result of this method, according to Caterina Kern 
(née Wiedemann), lead author of the paper. 
 
In the IZW study, ovarian cortexes harvested 
from euthanized or recently deceased animals 
were evenly dissected into two-millimeter pieces, 
cultured for 14 days, prepared with cryoprotec-
tant agents (ethylene glycol and saccharose), 
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Geneticist oliver 
Ryder of the San 
Diego Frozen zoo 
pulls tissue samples 
from liquid nitrogen. 
the samples 
include Dna from 
gorillas, bonobos, 
and Przewalski and 
quagga horses. 
Histological cross-
sections of frozen and 
thawed ovarian cortex 
cells (below) show 
the rounded oocytes 
from (a) african lion, 
(B) northern chinese 
leopard, (c) rusty-
spotted cat, and (D) 
Geoffroy’s cat.
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and slowly frozen in liquid nitrogen at a rate of 
minus 0.3 degrees Celsius per minute until they 
reached minus 196 degrees. After rapid thawing in 
a warm-water bath for 10 seconds to 1.5 minutes 
(depending on what they were stored in), the cells 
were cultured for another 14 days and assessed for 
viability. Researchers found that the thawed eggs 

were undamaged and looked the same as freshly 
harvested eggs. “This is the first time a large 
number of early oocytes [of felid species] has been 
shown to survive the slow freezing and culture 
process,” says Kern. 

Some specialists in the field, however, are skep-
tical about the results. Cryopreserving ovarian 
cortex tissue is challenging due to the large size of 
the egg cells and their complex physiological struc-
ture. Although the ovarian cortex holds thousands 
of oocytes, the eggs are surrounded by somatic 
cells, connective tissue, and blood vessels, mak-
ing them difficult to extract. “For females, you’re 
maybe going to get 10 to 15 eggs at most from one 
animal, whereas you can have billions of sperm 
with one ejaculate [from males],” says Reproduc-
tive Physiologist Pierre Comizzoli of the National 
Zoo’s Smithsonian Conservation Biology Institute 
(SCBI). In addition, says Comizzoli (an expert in 
freezing the eggs and embryos of endangered cat 
species), the eggs that researchers extract have high 
concentrations of water and delicate cellular struc-
tures that make them fragile and difficult to freeze. 

Furthermore, each species has a unique physiol-
ogy that prevents cryopreservation from being a 
one-size-fits-all process. Cells require a combina-
tion of the right cryoprotectants, time to adjust 
to the cryoprotectants, and freezing method—
whether slow freezing, vitrification (fast freezing), 
or directional freezing (precise freezing using a 
temperature gradient). Each cell type and species 
react differently to extreme cold. Kern explains 
that the freezing protocol used must be adapted to 
each cell type and animal species, but for the cat 
species in the study, slow freezing worked best. 
“Although the follicle conditions for small and big 
cats, young or old cats, and ill cats are different, 
the freezing protocol used is a suitable method to 
produce viable follicles after thawing,” Kern says.

Despite the challenges, the effort may one day be 
worth the reward. Oocytes are essential for estab-
lishing genomic resource banks and preserving 
biodiversity, though for now the method is still 
experimental. “If it is possible to activate these 
early follicles to grow to fertilizable stages, embryos 
from endangered cat species could be produced 
and transferred to infertile animals … long after 
the death of the donor,” Kern says. “Frozen ovar-
ian cortex can be used to preserve the biggest 

Born in 2011, this african black-footed kitten is one of the first of its species produced 
from artificial insemination. the species is listed as vulnerable on the iucn Red list. at the 
cincinnati zoo (below), a serval cat reaches into a tube, showing how these cats might probe 
for hidden prey. though servals are listed as a species of least concern on the iucn red list, 
some populations are considered critically endangered due to habitat degradation.
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oocyte reserve of each animal for future assisted-
reproduction techniques in cat species.” 

The “ART” of Genetic Science
The concept of preserving genetic material isn’t 
new—both animal and human sperm were first 
frozen in the 1950s. Shortly after, zoos became 
interested in using such Assisted Reproductive Tech-
nologies (ARTs) to genetically manage small captive 
populations subjected to years of inbreeding. 

Cryopreservation is just one tool in an arsenal 
of ARTs—which include artificial insemination, 
in-vitro fertilization, intracytoplasmic sperm 
injection, and intrauterine insemination—used by 
zoos and research institutions. In 1976, the San 
Diego Zoo Institute for Conservation was one of 
the first to establish such a program. Dubbed the 
Frozen Zoo, it currently stores samples from more 
than 10,000 individual animals representing more 
than 1,000 species and subspecies, ranging from 
axolotls (Ambystoma mexicanum) and Fiji banded 
iguanas (Brachylophus fasciatus) to giant river 
otters (Pteronura brasiliensis) and scarlet ibises 
(Eudocimus ruber). The Frozen Zoo inspired the 
creation of similar programs worldwide, including 
the Frozen Ark project in Europe and the Am-
phibian Ark project, which is a cooperative effort 
between multiple organizations globally. Today, 
there are nearly a dozen frozen zoos in existence.

Though some reproductive technologies are still 
experimental, they play an important role in the 
management of endangered wildlife. For example, 
achieving genetic diversity in zoos traditionally 
involves shuffling animals between facilities to mate 
with animals from another gene pool. This process 
is costly and stressful for both animals and caretak-
ers. Once an animal arrives at its new home, it is 
quarantined to ensure that it doesn’t carry disease 
before it’s eventually introduced to a new environ-
ment and paired with a new mate, which may or 
may not be compatible. But ARTs such as gamete 
cryopreservation have the potential to eliminate 
most of these issues.

Exchanging gametes instead of individual animals 
is cheaper, more humane, and more effective at 
overcoming reproductive roadblocks. In 2011, for 
example, the Audubon Center for Conservation and 
Research of Endangered Wildlife (CREW) produced 
two African black-footed kittens (Felis nigripes) by 

artificial insemination with frozen sperm imported 
from an Omaha, Nebraska zoo. However, maintain-
ing genetic diversity in captive populations requires 
more than exchanging DNA between zoos—genes 
from wild animals need to be introduced to prevent 
inbreeding. Thanks to artificial insemination and 
cryopreservation, scientists 
have the tools to collect 
and freeze semen speci-
mens from wild animals to 
strengthen gene pools in zoo 
populations without captur-
ing more animals. 

Scientists are collecting 
and preserving semen from 
species in the wild, such as 
the African elephant, but 
concerns over disease trans-
mission prevent researchers 
from using the sperm in 
zoo breeding programs. 
Strict import and export 
restrictions of the Conserva-
tion of International Trade 
on Endangered Species 
(CITES) also make it dif-
ficult to exchange genetic 
material between zoos and 
the wild, says Kern. While 
promoting genetic diversity is important, maintain-
ing healthy populations takes precedence. Research 
to overcome these obstacles is ongoing. “We can’t 
[introduce wild sperm] yet,” says Comizzoli, “but it’s 
a possibility.”

Creating a Frozen Record
Despite some use in research and breeding pro-
grams, most genetic material from wildlife species 
is cryopreserved for archival purposes. Frozen zoos 
and genomic resource banks are essentially insur-
ance policies in case researchers need to bring back a 
species from the brink of extinction or re-establish a 
reintroduced species that failed to thrive in the wild. 

One of the most prominent examples is the res-
cue of the black-footed ferret (Mustela nigripes). 
Thought to be extinct until they were rediscovered 
in Wyoming in 1981, the species was revived thanks 
to a recovery plan developed by the U.S. Fish and 
Wildlife Service that included assisted reproduction 
and cryopreserving sperm for future use. 

credit: Jessie cohen/Smithsonian conservation Biology institute

wildlife veterinarian 
Jo Gayle Howard 
prepares black-footed 
ferret semen for 
artificial insemination 
at the Smithsonian 
conservation Biology 
institute. once thought 
extinct, black-footed 
ferrets were re-
established in the 
wild thanks to such 
assisted reproductive 
technologies. 
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Established in 1986—and in collaboration with 
the National Zoo, SCBI, and other agencies—the 
ferret program has successfully produced more 
than 7,000 ferrets from 18 original source ani-
mals. Initial attempts to reintroduce the species 
in the wild failed, but researchers banked genetic 
material and were able to start again. Approxi-
mately 300 black-footed ferrets currently reside 
in breeding facilities and 1,000 are now living in 
the wild. Cryopreservation of sperm and other 
ARTs, including artificial insemination, are 
routinely used in the management of the species, 
including checking male fertility, overcoming 
infertility, and ensuring genetically valuable indi-
viduals reproduce to maintain genetic diversity.

Researchers continue to develop cryopreservation 
techniques and apply them to new species. The San 
Diego Zoo’s Frozen Zoo program recently added 
over 30 cell cultures from seven amphibian species 
to their list of cryopreserved specimens, tripling the 
number of amphibian cell lines. About 90 percent 
of samples in the Frozen Zoo are from mamma-
lian taxa and the majority of samples in genomic 

resource banks are mammalian cells, but research-
ers are increasing their efforts to collect and store 
samples from birds, reptiles, and amphibians. 

For endangered cats, preservation will take more 
than freezing eggs and sperm. While success-
ful freezing of oocytes is a step forward, embryo 
transplantation in cats is a process that’s still 
being deciphered. In 2012, an African black-
footed kitten was born to a domestic cat that 
was implanted with cryopreserved embryos at 
CREW. While the kitten was the first of its kind 
born from inter-species embryo transfer, embryo 
transplantation in cats remains complicated and 
rarely results in a live birth. Part of the problem is 
that there is a lot of variability between individu-
als in a given cat species. Just as each person is 
different, each cat’s reproductive ability is dif-
ferent. “Ideally what we’d like to do is customize 
the treatment to the individual [cat],” Comizzoli 
says—but that’s still years away. 

This article has been reviewed by a subject-matter expert.
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