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Abstract 

The loss of biodiversity caused by anthropogenic actions is also a reality for the members of the 

Felidae family. Except for the domestic cat, all felid species have some degree of threat of extinction 

in their natural habitat. For this reason, felids have been included in conservation-related studies. This 

scenario has aroused increasing interest in the formation of somatic cell banks, which when efficiently 

implemented can be used in preservation strategies for the species. Nevertheless, one of the important 

steps in the formation of these banks is the understanding of the technical principles and variations 

involved in cryopreservation techniques, especially because cryopreservation increases the 

possibilities for Assisted Reproduction Technologies (ARTs) by making the use of biological 

materials independent of time and space. In wild felids, several species already have promising results 

in the formation of somatic cell banks, and studies aimed at better viability rates have been constantly 

proposed, as well as new species have been studied. In some species, aspects involved in successful  

cryopreservation are already well defined, and slow freezing associated with cryoprotectant solutions 

composed of intra- and extracellular substances is the most useful approach. The aim of this review 

was to present the main parameters involved in the elaboration of a somatic cell cryopreservation 

protocol and their effects, as well as to address the main results achieved for different wild felids. 
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INTRODUCTION 

Felids are the top predators in many 

ecosystems (1) and their disappearance affects 

community structure through meso-predator 

release, resulting in an increase in the abundance 

of small predators, a decline in prey populations, 

and species extinctions (2). The Felidae family 

is divided into two groups: big cats and small 

cats. This division is due to the ability of these 

animals to roar or not; the large felids have the 

ability to roar, being the entire genus Panthera; 

the small felids represent all other genera that do 

not have that ability (3). 

The Felidae family consists of 40 species, 

among which 28 have decreasing populations. 

Most of these declining species belong to the 

genera Leopardus and Panthera. Among eight 

species of the genus Leopardus, seven have  

declining populations. For the genus Panthera, 

all five existing species are in population 

decline, mainly due to illegal hunting, habitat 

loss and degradation (5). This fact has aroused 

interest in public policies aimed at the 

conservation of endangered species. As an 

example, the leopard (Panthera pardus) is 

legally protected in South Africa. However, the 

panther continues to be persecuted, along with 

meso-predators, such as caracal (Caracal 
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caracal). These conflicts can have negative 

impacts on biodiversity, and the continual and 

rapid decline of biodiversity at local and global 

scales requires informed and effective responses 

by policy makers, conservationists, and society 

to change the course of survival for species (5)..  

In this context, somatic cell banks provide a 

viable and expandable source of genetic material 

and living cells that offer multiple possibilities 

for molecular and basic research (6), such as 

somatic cells as a source of cloning by somatic 

cell nuclear transfer [SCNT; (7)] and cells 

induced to pluripotency (8). Cell 

cryopreservation is a crucial step for these banks 

to be functional, being a key point responsible 

for the quality and viability of the samples after 

thawing (9). 

In general, slow freezing at programmed or 

un-programmed cooling rates is the commonly 

used technique for somatic cell 

cryopreservation, in which the temperature is 

reduced in a gradual and controlled manner (10). 

In addition to the technique employed, the 

quality of the samples after thawing depends on 

the cryoprotectants (CPAs) used, which varies 

between intracellular, extracellular and their 

combinations (11, 12, 13). Slow freezing 

consists of the following steps: cells are 

resuspended and transferred to cryovials in the 

presence of cryoprotectant solution. The 

cryovials are transferred to the freezing 

container, which is subsequently taken by  

programmable freezing to −80 ºC for a period of 

12 h, and then deposited in liquid nitrogen (9). 

Cryo-banks of endangered animal species 

represent an extremely valuable backup of 

current biodiversity (6), and over the years 

somatic cells of small and big wild felids have 

been established and evaluated under different 

culture and preservation conditions. Our aim 

was to examine state-of-art cryopreservation for  

somatic cells, as well as the use of these cells in 

different conservation strategies. In addition, the 

preservation of wildlife genetic material, mainly 

derived from zoos, includes many endangered, 

extinct or completely extinct species (6). We 

also examine the biobanks around the world. 

SLOW FREEZING OF SOMATIC CELLS 

FOR WILD FELIDS 

Controlled rate or slow freezing methods 

have been developed over the last 40 years for 

the preservation of different types of samples. 

These samples are cooled in a controlled way 

(for mammalian cells −1 °C/min) using lower 

concentrations of CPAs, and thus producing ice 

crystals (14). However, intracellular ice 

formation is reduced with the use of slow 

cooling rates and dehydration of cells, and even 

if ice crystals are nucleated in the samples, cell 

viability and function are preserved in many 

cells (15). The considerations to achieve a 

successful slow freezing cryopreservation are: 

choice of CPA solution, sample preparation for 

freezing, controlled rate cooling protocol, 

storage, thawing and CPA removal (14). Cell 

based systems must be prepared to undergo 

freezing, and an appropriate CPA solution must 

be chosen avoiding the mechanisms that could 

impair the cell-based products function and 

integrity, i.e., osmotic stress and toxicity. 

Moreover, samples should be preserved at an 

appropriate low temperature and the thawing 

conditions optimised (14). 
Cells of wild felids have been 

cryopreserved through slow freezing for 

applications in different ARTs (Table 1). 

Initially in small felids, Gómez et al (16, 17) 

cryopreserved African wild cat (Felis silva 

lybica) cells for performing SCNT of 

synchronized somatic cells into enucleated 

oocytes of domestic cats. Thongphakdee et al (4) 

established the culture and cryopreservation of 

fibroblasts from the marbled cat (Pardofelis 

marmorata). Gómez et al. (18) and Tovar et al. 

(19) carried out cryopreservation of cells from 

desert cat (Felis margarita) and Chilean cat 

(Leopardus guigna), respectively, both obtaining 

high rates (94% and 90.7%) of viability after 

thawing. Moro et al (20) cryopreserved and 

cultured cheetah cells producing blastocysts 

using domestic cat oocytes by SCNT. Moulavi 

et al (7) cryopreserved and cultured Asiatic 

cheetah cells. Veraguas et al (21) used 

cryopreserved domestic cat and kodkod cells by 

slow freezing in cell cycle synchronization 

studies and defined fetal bovine serum starvation 

as the method of choice for fibroblasts of both 

species, having been obtained from embryos by 

SCNT. More recently, a comparison of slow 

freezing and the efficiency of different 

cryopreservation solutions (2.5% and 10% 

dimethylsulfoxide (DMSO)) obtained viabilty >  

80% for Northern tiger cat (L tigrinus) and 

pampas cat (L. colocolo) (11). Also, in Fishing 

cat (Prionailurus viverrinus), Sukaparangsi et al. 

(22) used slow freezing, DMSO and a 

commercially used medium (Recovery™ Cell 
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Table 1. Use of slow freezing for cell cryopreservation of small and big felids. 

Species Threat degree Main result Ref 

Small felids 

African wild cat (Felis 
silvestres lybica) 

Endangered Obtained SCNT embryos/Birth of cloned 
kittens from domestic cats 

(16), (17) 

Marbled car (Pardofelis 

marmorata) 

Near threatened Obtained SCNT embryos up to the blastocyst (4) 

Sand cat (Felis margarita) Near threatened Birth of cloned kittens born from domestic cats  (18) 

Kodkod (Leopardus guigna) Vulnerable Method of cell culture  (19) 

Cheetah (Acinonyx jubatus) Vulnerable Blastocysts produced using domestic cat 
oocytes 

 (20) 

Asian Cheetah (Acinonyx 
jubatus venaticus) 

Critically 
endangered 

First report of iSCNT in Cheetah using non-
viable frozen cells 

(7) 

Domestic cat (Felis 
silvestris catus), Kodkod 
(Leopardus guigna) 

Domestic, 
vulnerable 

Synchronization of cell cycle (21) 

Northern tiger cat 
(Leopardus tigrinus), 
pampas cat (Leopardus 
colocolo) 

Vulnerable, near 
threatened 

Establishment of cryoprotectant solution  (11) 

Fishing cat (Prionailurus 
viverrinus) 

Vulnerable Cryopreservation of somatic cells from living 
and post-mortem samples 

(22) 

Pallas’s cat (Otocolobus 
manul; Felis manul) 

Least concern Synchronization of cell cycle (41) 

Big felids 

Siberian tiger (Panthera 
tigres altaica) 

Endangered Synchronization of cell cycle (23) 

Bengal tiger (Panthera 
tigris tigris) 

Endangered Establishment and cryopreservation of a cell 
line 

 (24) 

Siberian tiger (Panthera 
tigris altaica) 

Endangered Establishment, characterization, and 
cryopreservation of a cell line 

 (25) 

Iberian Lynx (Lynx 
pardinus) 

Endangered Cryobanking from skin biopsies, 
cryopreservation and culture of explants and 
cells 

(26) 

Snow leopard 

(Panthera uncia) 

Vulnerable Inducing pluripotency in somatic cells (27) 

Jaguar 

(Panthera onca) 

Near threatened Establishment, isolation, and cryopreservation 
of primary fibroblast culture 

(28) 

Jaguar (Panthera onca) Near threatened Establishment of cryoprotectant solution  (11) 

Jaguar (Panthera onca) Near threatened Establishment of cryoprotectant solution (9) 

Jaguar (Panthera onca) Near threatened Establishment of cryoprotectant solution  (35) 

Puma (Puma concolor) Least concern Isolation, characterization, and 
cryopreservation 

(29) 

Jaguarundi (Puma 
yagouaroundi; Harpailurus 
yagouaroundi). 

Least concern Synchronization of cell cycle (41) 

 Culture Freezing Medium (ThermoFisher) as the 

basis for establishing a cryobank. 

For big cats, Song et al (23) cultured and 

cryopreserved cells from Siberian tiger 

(Panthera tigres altaica). Guan et al (24) and 

Liu et al (25) cryopreserved a line of fibroblasts 

derived from the Bengal tiger (Panthera tigris 

tigris) and the Siberian tiger by slow freezing, 

respectively. León-Quinto et al (26) established 

somatic tissue banks for the Iberian lynx (Lynx 

pardinus), the most endangered felid in the 

world. In 2012, Verma et al (27), performed the 

cryopreservation of snow leopard (Panthera 

uncia) fibroblasts for pluripotency induction 

studies. Subsequently, Mestre-Citrinovitz et al  

(28) described a protocol for obtaining and 

cryopreserving fibroblasts from ear samples of 

jaguar (Panthera onca). More recently, studies 

carried out with the same species compared the 

efficiency of different cryoprotectant solutions 

during the cryopreservation of fibroblasts from 

these animals (9, 11). Another large felid is the 

puma, where data on somatic cell 

cryopreservation and establishment of fibroblast 

lines are already available (29).  
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In all the studies cited, both in small and 

big cats, slow freezing was the cryopreservation 

technique used, demonstrating its wide 

applicability to cells. Over the years, it has been 

established as the technique of choice for cell 

cryopreservation. Consequently, when there are 

variations between protocols, often this relates 

to the composition of the cryoprotectant 

solution. 

VARIABLES OF SLOW FREEZING IN 

SOMATIC CELLS 

Regardless of cell type, the success of any 

cryopreservation protocol is dictated by careful 

selection of a few common variables: type of 

CPA including permeant and non-permeant 

agents or a combination of both, as well as 

appropriate cooling and thawing rates (30). Two 

main issues are the cooling rate and ice crystal 

formation. Slow cooling rates (<1 °C/min) allow 

cells ample time to dehydrate in the presence of 

extracellular ice, thus preventing excessive 

intracellular ice formation. 
Cells are exposed to high concentrations of 

solutes as well as any CPAs that have been 

added for a long period of time. 

Disproportionate dehydration can be irreversible 

and is one of the causes of damage induced by 

cryopreservation, because as ice crystals 

continue to grow in the extracellular medium, 

the solutes in the solution become concentrated 

in the wastewater channels between ice crystals, 

leading to osmotic shock and increased toxicity 

(31). The optimal cooling rate for cell survival is 

outlined by the hypothesis that the highest cell 

viability will be achieved by an intermediate 

cooling rate, which will provide a balance 

between these two scenarios, and it is important 

to mention that different cell types will have 

different optimal cooling rates (32). 

Cooling devices 

The choice of equipment to deliver the 

chosen cooling rate rests between passive 

cooling devices (PCDs) and controlled rate 

freezers (CRFs). PCDs, using an external cold 

source (often a -80°C freezer) and an insulated 

container to hold the samples, are the simplest 

and cheapest solution. Thus, varying the 

insulating material and the temperature of the 

cold source will allow the control of cooling rate 

and temperature range over which cooling may 

be approximately linear (33). Among the 

commercially available PCDs is Mr. Frosty® 

(Nalgene, Rochester, NY) that’s been designed 

to offer a cooling rate of ~ 1 °C/min between -10 

°C and −40 °C with isopropanol as the 

conductive medium (33). 

Different studies have used Mr. Frosty® for 

slow freezing of cells. Gómez et al (16, 17) 

resuspended African wild cat cells in the CPA 

solution and cooled at 1.0 ºC/min to -80 ºC 

before storage in liquid nitrogen. Tovar et al. 

(19) cryopreserved kodkod (Leopardus guigna) 

cells using this device. In that work, the authors 

refer to this system as a mechanical freezer, 

where the freezing rate was around 1° C/min and 

then the sample is placed inside an 80°C 

freezer. In 2014, León-Quinto et al (34) used the 

same system for fetal and adult Iberian lynx 

fibroblasts. Cryovials containing 1.0 mL cryo-

solution were cooled in a Mr. Frosty® container 

at a cooling rate of 1°C/min. Subsequently, 

when the sample reached -70°C, it was plunged 

into liquid nitrogen.  

Subsequently, Veraguas et al (21) 

employed Mr. Frosty® in cryopreserving kodkod 

and domestic cat cells. The pelleted fibroblasts 

were resuspended in frozen medium and placed 

in cryogenic vials. Vials were frozen at 1°C/min 

using a freezing container placed inside a -80 °C 

freezer for 3 days and were then  transferred to 

liquid nitrogen. More recently, two works used 

Mr. Frosty® for controlled temperature reduction 

in puma fibroblasts. Cell suspension in cryovials 

were maintained at 4°C for 10 min, and 

transferred to a -80 °C freezer in this PCD 

system for 12 h using a cooling rate of 1 °C/min 

before the cryovials were stored in liquid 

nitrogen (9, 35). The same methodology has 

been employed for puma fibroblasts (29). 

In addition to the Mr. Frosty® system, there 

are other systems. Arantes et al (11) worked 

with cells from three different wild felids: 

northern tiger cat, pampas cat and puma. In their 

work, they used straws. Six straws were frozen 

for each concentration of cryoprotectant tested. 

The 0.25 mL straws were submitted to freezing 

at -80°C for 24 h before placing in liquid 

nitrogen and remained there until further 

evaluation. In addition to being a device for 

slow freezing, straws are devices for filling 

samples (11). 

From these data, it is possible to observe 

the importance of cooling devices as a parameter 

of success when using slow freezing. Mr. 

Frosty® appears to be the most used due to its 

low cost and efficiency in gradually reducing 

temperature. 
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Table 2. Cryoprotectant solutions used for the slow freezing of somatic cells derived from wild 
felids. 

Species Cryo-solution Main result Ref 

Small felids 

African wild cat (Felis 

silvestres lybica) 

10% DMSO + 10% DMSO 85-95% of cell viability / 1.0-

3.5% of embryo survival 

(16), 

(17) 

Marbled car (Pardofelis 

marmorata) 

10% DMSO + FBS Reprogrammed fibroblast cells 

in domestic cat and rabbit, 

obtained SCNT embryos to the 

blastocyst 

(4), 

(43) 

Sand cat (F. margarita) 10% DMSO + 10% FBS 94% of cell viability (18) 

Kodkod (Leopardus 

guigna) 

8% DMSO + 22% FBS 79.6% of cell viability (19) 

Cheetah (Acinonyx 

jubatus) 

10% DMSO + 10% FBS 47.7% of rate blastocyst (20) 

Asian cheetah 

(Acinonyx jubatus 

venaticus) 

10% DMSO + 50% FBS First iSCNT report in Cheetah 

using nonviable frozen cells 

(7) 

Domestic cat (F. 

silvestris catus), Kodkod 

(L guigna) 

8% DMSO + 22% FBS 74.7-95.9%/ 83.5-97.3% of cell 

viability 

(21) 

Northern tiger cat (L. 

tigrinus), pampas cat (L. 

colocolo) 

2.5% DMSO + 10% FBS, 

10% DMSO + 10% FBS, 

CryoSOfree™ 

82.2%-98% 

of cell survival 

(11) 

Fishing cat (Prionailurus 

viverrinus) 

10% DMSO, Recovery™ Preserved somatic cells from 

living and post-mortem 

samples 

(22) 

Pallas’s cat (Otocolobus 

manul; Felis manul) 

10% DMSO + 10% FBS, 

CellBanker2®, CryoDefend 

Cell Lines® 

Above 80% of cell viability (41) 

Big felids 

Siberian tiger (Panthera 

tigres altaica) 

10% DMSO + 40% FBS 90%~95% of cell viability (23), 

(25)   

Bengal tiger (Panthera 

tigris tigris) 

10% DMSO + 90% FBS Above 90% of cell viability (24) 

Iberian Lynx (Lynx 

pardinus) 

5-15% DMSO + 0.1-0.2 M 

sucrose + 35% FBS 

90% of cell viability (26) 

Snow leopard 

(Panthera uncia) 

10% DMSO + 90% FBS Inducing pluripotency in 

somatic cells 

(27) 

Jaguar (Panthera onca) 10% DMSO + 10% FBS Establishment of efficient 

culture and cryopreservation 

(28) 

Jaguar (Panthera onca) 10% DMSO + 10% FBS, 

CellBanker2®, CryoDefend 

Cell Lines® 

61.9-84.4% of cell viability (11) 

Jaguar (Panthera onca) 10% DMSO or 10% EG w/ 

or w/o sucrose 

45.8-58.6% of cell viability (9) 

Jaguar (Panthera onca) 1.5 M DMSO + 10% FBS + 

0.2 M sucrose 

Above 95.7% of cell viability (35) 

Puma (Puma concolor) 10% DMSO + 10% FBS + 

0.2 M sucrose 

Above 92% of cell viability (29) 

Jaguarundi (Puma 

yagouaroundi; H. 

yagouaroundi) 

10% DMSO + 10% FBS, 

CellBanker2®, CryoDefend 

Cell Lines® 

Above 80% of cell viability (41) 
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Cryoprotective solutions 

Cryopreservation processes inflict damage 

to cells in several ways, and to moderate the 

damage, CPAs are employed (31). In general, 

the protective solution acts from a combination 

of factors, including hydrogen bonding, 

protection of cell membrane, solute dilution and 

increased solution viscosity, among others (31). 

Permeating agents, also knowns as intracellular 

CPAs, include glycerol, DMSO, ethylene glycol 

(EG), and propanediol (PG). The ability of these 

compounds to protect cells from mechanical and 

osmotic effects depends on several properties 

(30). One mechanism is the strong interaction of 

permeating CPAs with water through hydrogen 

bonding, resulting in freezing point depression 

(36). 

Some CPAs like DMSO are thought to 

increase cell permeability by altering membrane 

dynamics. At low concentrations (5%) DMSO 

decreases membrane thickness and in turn 

increases membrane permeability. At commonly 

used concentrations (10%), water pore formation 

in biological membranes is induced, making 

intracellular water more readily replaced by 

CPAs (30). In order to reduce cell injury, 

intracellular CPAs plays a significant role in the 

cryo-banks. For these reasons, it is necessary to 

evaluate and compare the effects of intracellular 

cryoprotectants on cell viability (Table 2). 

Silva et al. (35) reported 73.2% viability for 

jaguar (Panthera onca) fibroblasts with 10% 

DMSO. When evaluating 2.5% and 10% DMSO 

for fibroblasts of Northern tiger cat (Leopardus 

tigrinus), pampas cat (Leopardus colocolo) and 

jaguar, Arantes et al. (11) reported no 

differences in cell viability of three species after 

thawing, obtaining 82.2–98% viable cells. Both 

works corroborate previous studies in fibroblasts 

from different wild felids, which showed good 

cell viability (>80%) after thawing with 10% 

DMSO as cryoprotectant (9, 26, 27). The use of 

10% EG was evaluated in cryopreservation of 

jaguar somatic cells in the presence or absence 

of sucrose; a lower cell viability (45.8%) was 

noted when used alone and higher viability 

(52.4%)  in combination with sucrose (9). 

Non-permeating agents (NPAs) do not enter 

into the intracellular spaces and exert their 

protective influence outside of the cells. They 

are typically larger and covalently linked as 

either polymers, dimers, or trimers. Some 

commonly-used agents in this class are sucrose 

and fetal bovine serum (FBS) (30). Several 

studies point to the efficiency of sucrose in 

association with intracellular cryoprotectants for 

cell cryopreservation in wild felids. For 

example, León-Quinto et al. (26) observed that 

the combination of 10% DMSO with 0.1 M or 

0.2 M sucrose was more efficient as compared 

to the absence of sucrose. Subsequently, León-

Quinto et al (34) observed that sucrose has a 

positive effect on cell viability, as it acted by 

promoting a decrease in osmotic pressure 

through cell dehydration, resulting in increased 

cell viability (36, 37).  

Silva et al (35) suggested that the efficiency 

of maintaining cell viability of jaguar fibroblasts 

after cryopreservation is linked to combining  

10% DMSO with 0.25M sucrose. They reported 

that, corroborating Oliveira et al. (9), the use of 

FBS also increased cell protection capacity 

when an extracellular cryoprotectant is used. 

Several studies successfully used FBS in 

cell cryopreservation at different concentrations. 

Song et al (23) used 10% DMSO in conjunction 

with 40% FBS, obtaining 95% viability for 

Siberian tiger cells after warming. Subsequently, 

Liu et al (25) used 50% FBS in association with 

10% DMSO to cryopreserve Siberian tiger cells 

and reported a cell viability greater than 90% 

after freezing. Verma et al (27) used 10% 

DMSO + 90% FBS, and obtained an 80% 

survival in snow leopard cells. Moulavi et al (7) 

used 50% FBS + 10% DMSO for 

cryopreserving Asiatic Cheetah cells, and 

obtained 85% cell viability. Lower 

concentrations of FBS have also been reported 

to be successfully applied, as in the work by 

Silva et al. (35), who used 10% FBS, DMSO 

and sucrose and obtained a cell viability of 

73.2%. 

These works demonstrate the variability of 

CPA concentrations and combinations that can 

be successfully used in different felids, denoting 

the need to compare different concentrations to 

define an optimized protocol according to the 

species of interest. 

THE USE OF CRYOPRESERVED CELLS 

IN CRYO-BANKS 

The establishment and use of wildlife bio-

banks is crucial to the development of basic and 

applied scientific research and is indispensable 

for the long-term storage of somatic cells (10, 

38). Zoos and zoological research institutions 

are key players in the conservation of genetic 

variability and provide reliable access to 
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 Table 3. Wild felids somatic resource biobanks around the world. 

Species Threat Biobank Sample Country Ref 

Small felids 

Sand cat 

(Felis margarita) 

Near threatened Birmingham Zoo Tissue USA  (18) 

Marbled cat (P. 
marmorata), flat-headed 
cats (P. planiceps) 

Near threatened, 
Endangered 

Genome 
Resource Bank 

Somatic 
cell and 
tissue 

Thailand (4) 

Asian golden cat (C. 
temminckii), Marbled cat 
(P. marmorata), Siamese 
cat (F. catus) 

Near threatened, 
near threatened, 
domestic 

Khao Kheow 
Open Zoo 

Tissue Thailand 

 

 (39) 

Fishing cat (Prionailurus 
viverrinus) 

Vulnerable Biobank Liquid 
Nitrogen Tank 
Facility 

Cell Thailand (22) 

Pallas’s cat (Otocolobus 
manul; Felis manul) 

Least concern Zoological 
Garden 

Cells Poland  (41) 

Big felids 

Siberian tiger (Panthera 
tigres altaica) 

Endangered Xuzhou Zoo Tissue China (23) 

Iberian Lynx (Lynx 
pardinus) 

Endangered Iberian lynx 
Biological 
Resource Bank 

Tissue Spain  (26) 

Snow leopard 

(Panthera uncia) 

Vulnerable Mogo Wildlife 
Park 

Tissue Australia  (27) 

Leopard (Panthera 
pardus) 

Vulnerable Khao Kheow 
Open Zoo 

Tissue Thailand  (39) 

Jaguar (Panthera onca) Near threatened Biobank Buenos 
Aires Zoo 

Tissue Argentina  (28) 

Leopard (Panthera 

pardus), tiger (P. tigris), 
lion (P. leo) 

Vulnerable, 
endangered, 
vulnerable 

Nehru 
Zoological Park 

Tissue India (40)  

Northern tiger cat 
(Leopardus tigrinus), 
pampas cat (L. colocolo) 
and jaguar (P. onca) 

Vulnerable, near 
threatened, near 
threatened 

Brasília Zoo Cells Brazil (11) 

Jaguarundi (Puma 
yagouaroundi; H. 
yagouaroundi). 

Least concern Zoological 
Garden 

Cells Poland (41) 

 

valuable materials. Sampling is optimally 

implemented in routine zoo veterinary work (6). 

Studies for conservation and recovery of cells 

from endangered wild felids from several 

continents were carried out in cooperation with 

zoos and cryo-banks around the world (Table 3). 

Thus, in studies with small felids in North 

America, Gómez et al (18) used samples from 

Felis margarita in the Birmingham Zoo to 

obtain cells for SCNT cloning and three kittens 

from frozen/thawed cells were born from cloned 

embryos. Thongphakdee et al (4) used somatic 

cells from epithelial and muscular tissues of 

male and female marbled cats and flat-headed 

cats (Prionailurus planiceps) and demonstrated 

that donor cell line affects the developmental 

success up to the morula stage of the embryos. 

They reported that the genomes of both species 

have been preserved since 2003 in the Genome 

Resource Bank, which was jointly developed by 

the Zoological Park Organization of Thailand, 

on the Asian continent. Another source of 

somatic resources in the same country is the 

Khao Kheow Open Zoo, from where Wittayarat 

et al (39) recovered skin samples from Asian 

golden cat (Catopuma temminckii), Marbled cat 

(Pardofelis marmorata), Siamese cat (Felis 

catus), and established fibroblasts which were 

used for cell cycle synchronization in G0/G1, an 

essential step for SCNT cloning. 

For big cats, Song et al. (23) performed cell 

culture and cell cycle synchronization of 

Siberian tiger fibroblasts where ear tissue from a 

9-month-old male animal was used to generate 
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cell lines. In Europe, León-Quinto et al (26) 

carried out culture and cryopreservation of 

Iberian lynx cells obtained from a somatic bank 

established by the same group in 2009, where 

somatic tissues from different parts of the body 

(muscle, oral mucosa, bone marrow, spinal cord, 

and intestines) were recovered. In Oceania, 

Verma et al. (27) used snow leopard tissue 

samples allocated at Mogo Wildlife Park, 

Australia, to obtain fibroblasts, which were used 

in pluripotency induction studies. 

Another work carried out by Mestre-

Citrinovitz et al. (28) described the collection, 

isolation, and culture of jaguar somatic tissues 

by the Biobank of the Buenos Aires Zoo, 

Argentina. The Biobank has a collection of 570 

samples of 45 autochthonous and endangered 

species, including the jaguar. The fibroblasts 

generated were part of 6,700 samples, including 

tissues such as muscle, ovary, testis, blood, 

fibroblast, sperm, hair and fluids, and cells from 

450 individuals from 87 different species. In 

India, Yeliseti et al (40) performed interspecies 

nuclear transfer using fibroblasts derived from 

ear skin that was collected post-mortem from 

three large felids (leopard, tiger, and lion). These 

were successfully synchronized and used for the 

development of blastocysts using rabbit oocytes 

as recipient cytoplasm. In South America, the 

collection, establishment and cryopreservation 

have been successfully carried out based on 

samples of big felids obtained from zoos in the 

northeast region (9, 29, 35) and the central west 

of Brazil (11). 

More recently, in Poland, skin biopsies 

were obtained from jaguarundi and Pallas’s cat 

that were sourced from the Zoological Garden in 

Kraków to study effects of serum starvation and 

contact inhibition on cell cycle synchronization 

and survival of fibroblasts. The research finds 

application in preparing donor karyoplasts for 

SCNT in felids (41). Also, Sukparangsi et al (22) 

provide a conservation plan using cell 

technology for fishing cats and recommend 

tissue collection and culture procedures for zoo 

to facilitate the preservation of cells from post-

mortem animals and living animals. All cells in 

this study are currently stored in the Biobank 

Liquid Nitrogen Tank Facility of the Zoological 

Park Organization (ZPO) of Thailand. 

These intensively managed programs allow 

zoos to maintain genetically diverse populations 

over time, but with very few exceptions, these 

populations are not currently sustainable through 

natural breeding alone (42). There is a great 

variety of somatic resource biobanks spread 

around the world from which samples can be 

used for cloning, reproduction and conservation. 

FINAL CONSIDERATIONS 

In view of the results of the work carried 

out with wild felids over the years, one can see 

the importance of forming somatic banks for 

these species, with the aim of conserving them 

using ARTs. It is evident that knowledge and 

technical tools for cell cryopreservation are 

necessary for the efficient use of these somatic 

banks, such as filling devices and optimised  

cryoprotectants. In some species these aspects 

are already well defined, and slow freezing 

associated with cryoprotectant solutions 

composed of intra and extracellular 

cryoprotectants is the most used methodology. 

Therefore, the next step is the improvement of 

techniques such as cloning and inducing cells to 

pluripotency. 
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