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Abstract

Amphibian populations are declining globally, pushing many species to the brink of extinction. To promote
biodiversity and sustainable management, countries are actively researching amphibian reproductive ecology. Sperm
cryopreservation is a crucial assisted reproductive technology that aids in preserving the genetic diversity of
amphibians. However, because amphibian sperm cells are sensitive to osmotic stress, the optimal cryopreservation
method therefore differs from species to species. This literature review offers an overview of the significance of
developing cryopreservation techniques for amphibian conservation and highlights the need to create optimal
cryopreservation methods and the introduction of long—term monitoring (e.g., fertilization success and offspring
reproduction) to advance cryopreservation technology development. This review can be used as basic research data
for amphibian conservation methods.
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258 UHE A STEE J|E ol 224 U g
1.M 2 of FIFNME FARF T HES AT FEEE F
84 NeE AFstH, sue] MTel® A7 4% AT
FARL JEo] MASE AE AN WLl date A AES FEHEN " A ¥ FEEE &
sto] BT A2 o8] 159 QEo| Fasitt AR BE vl AAAR dFE o L ol
(Beebee, 1996). 1&u A417] mt1], 94, 7|5 w35l 0 =9 teFet JfelF BES 9 FEEE Ve A
Aoz WO ofE EEo] AR M L9 AL} HE I gete] FHe = ol 2ok v AT Wde =9
Y82 9 QI (Beebee et al., 2005). H A& Q1 A Zol.
29 MA 4 Zats BA ‘?1_/9. =273 (Conservation
Breeding Program, CBP)¥ HZx A2 7]& (Assisted 2. E;L 7E=|EI'
Reproductive Technology, ART)¥} Zol, ol& F& thAr
S5 &IPS B A ke S7HAZI diEd 2.1, L ¥MZ AR
RERST ARIE RS FAWRASIEEE 2 dne 2001 IUEFRS A1 UAT 52
st BHX A4 7]&o|tt (Strand et al,, 2020). ¢ W2 B 73} 27%0] AT (Table 1), SUo] A okl
Lo HEE RZESHE TZERZE (cryopreservation)< . 7Jj ?JE I jJ_;ME} o
ool 7|7F Eot 9 BAL HAS o S8F e of ﬁ = 253, A=, o}}%,_ BE IZHgHgo] 259 A
a4 oot (Clulow et al. 2019). E5] =ANZE S|&e 9 Aol mA= FF 5 TRt FobollA Pt
B o N . A WA=, ol AAste FAF Fo wxet AFE

xq ;G 1;]-01:

29 4949 pases
skl ‘3«‘:]' 1‘/]’ A3 Oq:r"oﬂ w2, 4 Fupeh 23]

A FR9 BE z70] O R0 epdrt
(Shishova et al., 2011; Pearl et al. 2017) NE
Solde e TEAEESY S 3‘%0}5’—, FAT HES
AT FAAQ 58 #oFE o] olsfstr] ffsi 571 &
F7F B Q3lt} (Strand et al., 2020).

Table 1. The list of anuran species in South Korea

r

1

= 5 o9 A7 AT ot Ex:AHQ] A=, 2
M2l (Dryophytes suweonensis)®t FAYR 2| 2] =&
‘s (Onychodactylus silanus)& WAst1 olo tish &
2 e JHE gHg Zoltk (Borzée et al, 2015;
Borzée et al., 2022). FA7] Aeicty @AM FE
& olslehe Ae 159 nEd Waold. Fu) A4t
+ FATY W4 54, Hold, AAA] ik, 2549
ol Higt A7t AP, olHet AFE S5 FAT
FHE HIsty HESH] Rt =g Jfgsta o
(Shannon, 1956; Borzée et al., 2020). qjE& o=, 27
T8 (Pelophylax chosenicus)®] W4 Agejsto] gt A+
L aEslopEEe] WA 4ga AAZ Fdol de
a3t 5&ES AFstAtt (Borzée et al., 2018, Oh et
al., 2021).
T A== ohekt 3 o

sk7] 1% A7t {;ﬁﬂozi‘:]'. FAFE &4 ed=47
ool wigs) AHA A7 Fa7t A

Scientific name Common name Legal protection status
Bombina orientalis Oriental fire=bellied toad -

Bufo gargarizans Asiatic toad Prohibited from capture
Bufo raddel Mongolian toad -

Bufo stejnegeri Water toad Prohibited from capture

Dryophytes Haviventris Yellow—bellied treefrog -

Dryophytes japonica Japanese treefrog -

Dryophytes suweonensis Suwon _treefrog Endangered Wild Fauna and Flora Class I
Kaloula borealis Boreal digging frog Endangered Wild Fauna and Plants Class II
Glandlirana rugosa Japanese wrinkled frog -

Lithobates catesbeianus American bullfrog -

Pelophylax chosenicus Gold —spotted pond frog Endangered Wild Fauna and Flora Class II
Pelophylax nigromaculatus Black —spotted pond frog -
Rana amurensis Amur brown frog -
Rana coreana Korean brown frog Prohibited from capture
Rana_dybowskil Dybowski's brown frog Prohibited from capture
Rana huanrenensis Huanren brown frog Prohibited from capture
Rana uenor Korean large brown frog -
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o gl E T84, 484, WevAnsHEd
g ed=Ho] FAF AT vAE IFE
(Oh et al., 2002; Park et al., 2014). o]&|gF At
F WAl g FAAQ 98-S wetstal, o9
slstr] 919t we] g ol 7o 5+ s
(Do et al., 2022).

Al BIAR, 7SR EE A&7Hse AR HES
At A7t AP A 71 FHE= FAF AR F
8% Z JFE 7E 5 Utk 7ITREE Q5] AR

3 I

@ ol

3

]_

T+

o,

o, rr
O, o

oo x &L oS

A

] = T
MAIR), AR, BRI WS 4 olnk, TN PR
gig 7% st JFol o AFE Aok F& Adetn

71 HstE Qg Yo =RE TIES HIsH] 9§ B4
o]l €51 Qtt (Kim et al., 2021).
Y Sz, AR 2 sg gl i FAFY A%
B et A7 AP A QI F5os gk A4
2] £AT otEste tievls AR AATlA Fas
Aotk A2 &4 st FAR Foll vlAl=
P gk A7t Edo] Bast Y & Adsty
A2l Bd =8E sk &85 itk (Roh et
al., 2014; Kim et al., 2021). =W FAFS A 9 T
of gt = ols FATFFTFEE 159 AAAE HE
5t7] f1gt aTAQl Mg fgcte AE FR=E St o]
£ nEpele] mapd, BATAS 4T, 2
Heg 20980 22 Bd 89 =
EZFE o] o} (Lee et al., 2014).

2.2, Jli7te| Aol SERE I ASY

1999 ¥l 2022712 7|4 SAEE] ditt A
Web of Sciences®l|lAl HMgH A3t F 45719 EAA=
e 4= At Fig. la). 28 FJEE 7|Fie = HAE
7S o8l wRAAmOA HINS] ALEE HolE
Ayt FZEKRZE (cryopreservation) ¥ THAEH gol&
A2 7]% (reproductive technologies)o] tgt -&oi7} =}
Fe =t} (Fig. 1b). B Z2HZ (cryopreservation)# T

20]2E cryopreservation, cryoprotectant synthesis
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9,
ol

i
e
o

MmN e
~
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B35 A §H4), cryoprotectants, freeze tolerance (52
), intracellular ice formation (AZ U 4 ZAA
5°] oem, AA7|& (reproductive technologies)¥t

A5 fo]lR2 = artificial fertilization (344), assisted

Tt

A

=
oL

s
s

reproductive technologies (B& 4] 7|%&), hormone-

oL
=
In

)

releasing hormone (Y&EIER), hormonally induced
sperm (S22 { AR, in-vitro fertilization (A&
o}7]), oocytes (FE A|3EL), spermatozoa (FAH) o]
ot AATE] Fare] FEAEE B Ao o A=
=7Ve AR A3 7P 22 AAE0] vl (USA, 74%)
=2 o] ddqztoltt, ool §F (AUSTRALIA)7} 44Ho =2
TR gom, Aol (RUSSIAE= 207, 7Hutt
(CANADA)E 159, 9= (UK)2 11322 1 HE e
o} (Fig. 1o).

(b)
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Fig. 1. The results of a text mining analysis of 45 research papers
related to frog cryopreservation. The analysis included the
following: (a) Number of Annual Publications: This
indicates the number of research papers published each
year on the topic of frog cryopreservation. (b) Wordcloud:
This is a visual representation of the most frequently used
words in the analyzed papers. The larger the word, the more
frequently it appeared in the papers. (c) Authors'
Countries: This shows the countries of the authors who
published the papers related to frog cryopreservation. (d)
Thematic Analysis: This is an analysis of the main themes
and topics covered in the analyzed papers. The thematic
analysis helps to identify the key research areas and trends
in the field of frog cryopreservation.

=d JEE o] & FAHEA (Thematic analysis)E A
At At E51FA (niche themes)s= T2R2=Qlyl 73
H dFoln, SF/AA
themes)+= ice nucleation (82 &), fragmentation (FH#
o)), oocytes (R AE) Fo] ZH FLz FA
(motor themes)= SFAHF HE 7|&1 SZ2H S A9l B3
H ot 712 FA (basic themes)= FAREY B
H 71 x4 S R Aot (Fig. 1d).

ZFA (emerging or declining
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Table 2. Researched species in amphibian cryopreservation

Scientific name

Common name

Reference

Anaxyrus boreas boreas

Western toad

Clulow et al., 2019

Atelopus spumarius

Pebas stubfoot toad

Naranjo et al., 2022

Buftotes viridis

European green toad

Derakhshan et al., 2017

Epidalea calamita

Natterjack toad

Arregui et al., 2020

Limnodynastes peronii

Striped marsh frog

Lawson et al., 2013

Lithobates sylvaticus

Wood frog

Al-attar et al., 2022

Litoria aurea

Green and golden bell frog

Gertrudes et al., 2017;
Upton et al., 2021

Litoria fallax

Eastern dwarf tree frog

Upton et al., 2018

Pelophylax lessonae

Pool frog

Uteshev et al., 2013

Rana temporaria

European common frog

Uteshev et al., 2018;
Kaurova et al., 2021b

Rhinella marina

Marine toad

Proano et al., 2017

Rhaebo guttatus

Smooth-sided toad

Hinkson et al., 2019

Xenopus laevis

African clawed frog

Pearl et al., 2017

Table 3. Frog sperm collection methods

Method Invasiveness Applicability Steps involved References
Massaging Non-invasive Common Place frog in a container with water, massage cloaca
the Cloaca gently until sperm are expelled. Rhodes et al., 2022
Electro—ejacu Invasive Rare Stimulate the frog's reproductive tract with a small
lation electrical current to induce ejaculation. This method | Willson et al., 1998
is typically used when other methods have failed, or
when a large number of sperm are needed quickly.
Hormonal Non-invasive Rare Inject the frog with hormones to stimulate the
Stimulation production of sperm. Place the frog in a container Della-Togna et al.,
with water, collect sperm as they are released. 2018
Gentle Non-invasive Common Place frog in a container with water, apply gentle
Pressure pressure to the abdomen using a sterile instrument Kouba et al., 2009
until sperm are released.
Sperm Invasive Rare Surgically extract sperm from the testes of a frog
Extraction under anesthesia. Make a small incision in the body Upton et al., 2021
of frog to access the testes, which are then gently
squeezed to extract the sperm.
Urine Non-invasive Rare Place frog in a container with water, massage
Collection abdomen gently until urine is released. Collect urine | Uteshev et al., 2013
and examine for sperm.

Table 4. The Semen extender solution for frog cryopreservation

Semen extender solution Representative composition Characteristics References
80 mM NaCl This is a commonly used semen extender in
13.5 mM NaHCO; . dies. 1 call .
B , 11 mM Glucose cryopreservation studies. It typically contains _
Modified Tyrode's 24 mM salts, such as NaCl and , as well as buffering Millar and
solution 18 mM agents such as Tris and HEPES, and usually Watson., 2001
105 mM also includes bovine serum albumin (BSA) as
20 mM Tris-HCl (pH 7.2) a protemn source.
150 mM NaCl DMSO is not an extender per se, but rather a
3 mM KCl cryoprotectant that is added to extenders to
DMSO (dimethyl 1 mM prevent damage to sperm cells during freezing | Mansour et al.,
sulfoxide) I mM and thawing. DMSO is commonly used in 2009

20 mM Tris—HCl (pH 8.0)
10% (v/v) DMSO

amphibian cryopreservation studies, often in
combination with other cryoprotectants.

Sucrose solutions

300 mM sucrose
150 mM NaCl
3 mM KCl

1 mM

1 mM

These solutions are sometimes used as
extenders for amphibian sperm. They typically
contain a combination of sucrose and salts,
and may also include BSA or other protein
sources.

Mansour et al.,
2010
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Table 5. Cryoprotectants for frog cryopreservation
Types Examples Molecular Weight Penetration
P P (g/mol) Ability References
Dimethyl sulfoxide (DMSO) 78.13 High Upton et al., 2021
Penetrating cryoprotectants Glycerol 92.09 High Mansggllroet al.
Ethylene glycol 62.07 High Beesley et al., 1998
Non-penetrating Polyethylene glycol (PEG) >1000 Low Amokrzaz)r;eo et al.,
)
cryoprotectants Hydroxyethyl starch (HES) »6000 Low Najafi et al., 2021
Type 1 AFP ~2,800 -
. . %) N _
Antifreeze proteins Type II AFP 6,500 Tri et al, 2019
Type 11l AFP ~34,000 -

(1) Non-invasive cryoprotectants listed in the table above are more commonly used in other species than in amphibians.
(2) Anti—freeze proteins listed in the table above are mainly used for other species than amphibians in cryopreservation technology.

2.3. 72| Yol SEEE YEE

cera Ave Fo 348 FARES] 9 Al A
A el s T A Ee] ik oleld e
2 Foith 14E $ARTA 5=, WA &= U

Lo Hiet Az & UdEE 7 4 7] HE2el 4

o

—
B FARE YRR U T4 24 F AVE HYY

t} (Clulow et al., 2019).

2.4, A|2 &H| (Semen sample preparation)

FARE ol A7 A ARE £UST WEE Al
H|gtt), o= FARDA|, 4skA] E oz o] =3t
H (buffer)tt AN ZFA| (semen extender)= AA}F
S| A5h= Aol LAt (Table 4). Y TFA= d5
s TFolA Az Alme]l FAA  (sperm  cell
integrity) ¥ =84 (motility) FA5t= o =g Hct
(Moradi et al., 2020).
ol A Al=E HHSH] 6 4 =
7O 18-S 24fste] A% dEAE A= IAFHS
73

W2 Al i N

ph}
0%

S AFgSgtt (Upton et al., 2018). BFA, X
AHSEE U2 HAEH 0N, Ao B FE
A2 Tlele HEH AHozEE ARE A&
(Urine Collection)o] A@AoA dutd oz AFRE
(Uteshev et al., 2015; Rhodes et al., 2022). 184 o=

f fo O oE x

o
of W 5% of

=

Table 6. Representative composition of cryoprotectants

ol AufsiAu 54 A ®iFo] ot A 994
HE B A9 249 22 2o A5AQ0 9
o
AR

o= e ASe Aol Zasty Jiele] hda &
215 ®Astr] Qe £dE ARV Sssjop gt
(Table 3).

hte]e] Az BAE 2S5 fle FAF AT E
= (Luteinizing hormone-releasing hormone, LHRH) 2
ATHGEAGRY A= S 22 (Human chorionic gonadotropin,
hCOT} 22 2225 £ AFgd F9E & Ut
(Goncharov et al., 1989; Kouba et al., 2009). LHRH+=
HolsAE AHESte] A ¥4 T2E (Luteinizing
hormone, LH)-& &5y, ol a2 183 256t
AAE Aatetal WEdsheE W, hCGE LHAE 2861
1%E A=t AE AT i JiAe RAE 1
2o 220 F& AAst B e HotxAd 4

gt

2.5. SZHE S| (Cryoprotectants)

FARSA= dE A d2 2 FA (crystal
formation) 2.2 QIgt &AFS X4 S}
M 22 PRI 7| I AEQ AEHAE FAA W A
I Yy 45 A4S BA9 ?

1990).
FARSA= A5A FZRSA| (Permeating cryoprotectants),

Ol
N,
m(e]
:%
e
-
2
o
i

Cryoprotectants

Representative composition

References

DMSO (dimethyl sulfoxide)

1.4 M DMSO, 80 mM NaCl, 5 mM KC|, 1.8 mM , 0.8 mM ,
25 mM, 0.5 mM , 20 mM Tris—HCl (pH 7.2), 0.1% BSA

Upton et al., 2021

Glycerol

1.4 M glycerol, 178 mM NaCl, 10 mM KCl, 1.2 mM , 1.2
mM , 22 mM glucose, 50 mM Tris, 20 mM citric acid, 0.5%
BSA

Mansour et al., 2010

Ethylene glycol

1.4 M ethylene glycol, 80 mM NaCl, 5 mM KCl, 1.8 mM ,0.8
mM , 25 mM , 0.5 mM , 20 mM Tris=HCI (pH 7.2), 0.1%
BSA

Beesley et al., 1998
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Table 7. Sperm motility parameters

Motility parameter Definition Normal values” References

Progressive morility Sperm are swimming forwaFd in a straight line, or in 30%
large circles
Non-progressive morility Sperm are moving, but noF 11n a straight line or in large 0-40% Janick and
qrees MacLeod, 1970
Immotile Sperm are not moving at all 20%
Total mortility The percentage of sperm thaF are EIth‘el‘ progressively or $40%
non—progressively motile

(1) It cannot be considered an absolute reference range because it varies between species and shows differences for each species.

= o
A2l A (Antifreeze proteins) 2 TEE AL ThFSH
FARSATL e BA; BEo]| ARgEe] it (Table
5). 7V R3] AL EE FARSAE HuEAEA |,
SYAIE, oEHAZF, detEo] ot (Table 6).

g AdZAto|E (Dimethyl sulfoxide, DMSO)+&= Al Z
gs gy or |Esty AxE YR ds 4% UAst
= 2% "2 AM+e AAe sZEEIARE de AMSH
ot (Kaurova et al., 2021a). gEtH o2 Fr= Fof ot
5-15% (Fu/Ru)& AMgHrh. 27t =255 Az
T & o A AT HEHS HA2AZ
ot m2bA, DMSO Fx9] 2H3l= sZ2HE a¥
25N =A44e | a3stetr] 96 Fastieh

ZAE (GlyceroD2 7N A} BHE AHEEHE ¢
HrAQl FARSAY dRtHoR sk 5-10% (F9/%
)2 AREETH (Tessier et al., 2022). ZHA=ZE B4
FTABRSARA, AE 9-& ol AlZE o] gk Hd

=

o 30

AS FARAZE B2 AIZE Yol o7t o riE
Hoste d anpAolxnt, koA =45 7H 4 3
of 35 & SAYY ALHS FaAE 4 k. DMSO
o mp7tA| = 7t Fuith Adg FEE Aot Zlo]
a5ttt

DA Z2]Z (Ethylene glycoD= 7|78 AA SARE
= f8h 10-20% (F0]/F ) == AHgHE FEEOA
ot (Beesley et al., 1998). AlZu-& Fof HEste] 42 2
A JHom IRt Al & A g4 2

El
gL 9 AT FolH AnHele
WismolAe] A F4ol WAT 4 k. 7 Fujck
4 2 2HsH 2ol Fasitt.

by &

26. ¥HT WA SAUZON W2t U HE &S
Y7t 4 o5 = ATy AAF FEEEA FAZE Al
B =50 AFAY] FdFE A BRE, ¢ T2
Ak gttt e SEAREANA AH oheFet W2k
s Hkol thall =<fsota, P2 HE Ate] nmjz|=
e ArEE oS3 Zr

A (Slow cooling)> 7R2] Fat FHEEA dut
2 AMgEE "oty (Lawson et al., 2013). 4¥HE

of W& ol H

|o
lo 2
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H SAESA| et & & ik
492 (Rapid cooling) =& F88} (vitrification)=
Ae] A2 FARE dis) AdE ® o2 wyolrt
(Fahy et al., 1984: Arav, 2014). o] W2 Az =3

|
|

==

A7 AF Ak (196 Ol FaAL, MBS BS e
erg w2 Yhsh A8 NS Agsh AL Ue
ohoWHE 7R ALE S SUT 4k 9 24 9
e A o)l gtk 9y ATE FelA HE ¥
SEAT AEAE FAGE o anHo AgEt 1
Fe 4 qlonl, HHY Yt &

2.7. ¥MF H2} SZEEE = I} (Evaluation after
cryopreservation of amphibian sperm)

MTel A4 SERE 452 2= s AR Aot
774 2 AL TheT Aee A 5 e sEor A%

AX
t H[&T DNA &

Ak k58 g4 Ans 240 43T
ool ohaat 2

& B 718 o) ARt S

ol

il

]
TS Byl fs dRtdo= AMgEE HHolt
(Browne et al., 2019) (Table 7). Y&-sl5% HAo =
82 AFH Ex JA 24 (computer—assisted sperm
analysis, CASA) E+= 345t du|A1} e 5 =2HS AL
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Table 8. Techniques for assessing cell viability and DNA integrity in cryopreservation

Technique Description

Application in Cryopreservation References

A single—cell gel

Comet assa . .
¥ electrophoresis technique

Used to measure DNA damage in cryopreserved
cells, evaluating the efficacy of cryopreservation

Pollock et al.,
protocols. 2015

A fluorescent dye that

Acridine orange staining intercalates DNA and RNA

Used to assess the integrity of the chromatin

structure and nuclear morphology in Morrow et
cryopreserved cells. al., 2017

Terminal deoxynucleotidyl

transferase dUTP nick end A method to detect DNA

cryopreserved cells, which can indicate damage

Used to detect DNA strand breaks in
Sharma et al.,

labeling fragmentation from cryopreservation protocols. 2016

st Bt & A = Aot} (Kouba et al,, 2009). ufx|#to g FHAHZE 7]

TARES 45 24 B4, AFEY 2B 9 24 4 0] AEe] A7 A Agel mAl= 7‘}717—‘4‘?_ FZl
& Fo) AT e ke RUoR Ad) A4 AES e Ae] REslel, BARES] A4 ATL Bokshe
DNA #4& 2% 4 9tk DNA 42 #4 438 2ol ol¥th Swand et al, 2020). /H72fe] A&7
Ha, 270 e oF A% B AEH At & 7 TE Sl FEEEVIeS ddish] fsiAle ot A
@ % otk SHEE A4 AEld DNA &4 2 ol 4 7 Fol et EESHE e AUshe o] Fasit,
= o8 A ol Sl SALA 9% 5 3

2 514
Azl DNA @718
(Pollock et al., 2015). 3%
ZZ9e EARE oW &AF

B4 (comet assay)=
HAotbe R Wl
A2} Aol A F7FE DNA
= Uerd & Stk ot=Ed
oz AN (Acridine orange staining)< A&} A9
A F24e Frkste o AHE 4 Aok (Morrow et

. 2017). AAH 120] H3l= DNA &4+ Uehd 2
slov] 44 438N Aee] Azl JFE 714 & 9
o}, Terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL)2 A=} AMZoJA DNA 2Z43&
AR5t d AHgE+= Woltt (Sharma et al., 2016). 3f
TH M=ol TUNEL @74 AAF Ao Hlgo] g
BHT} =2 F¢ FHAEE §9 DNA &4 ved
Stk ESF EX mgH (probes)E AHest g3 dul
248" HA (acrosome) E= T H AlzE 42 A
2 A FElo] ol de AlZEt obe H Ees & 4 Aot
(Hopkins et al., 2008).

o 4 >

3. 13 Y 2=

Ne] Aap FARE Fofol|A ARt Aol o]FolH]
29k, o5 FESoF & A} sidsloF & ARQro]
ot AR, Zuich o2 A2 Axe] F7)9t SHRSA
of thet RIFLEe] Zfolg Qlsl], zF 7jte] Fuieh X2
SARE Yol A & 4 It} (Sargent et al., 2005).
ol BE Fol A& 7Hee et W S o |Al
et FRARE, §2 BolA A Alx
1;1] WA

ok

WA Ahe SARES] 4Fo] F2 A AR B 2
=4 FARE el uet AR, £4 5 Ave] WE
g 43 4TS D Ab BEAS T 5 9

gAsoF st TS 4ty A RES QS A2 F
2EZE O, dE =0 83} (vitrification)& T
gafjoF gttt (Silla et al., 2022).
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AE oldlot= © FHE Folof It (Sterrett et al.,

ko
T
o
L
o
re
2
i}
ol
f
I
e
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b % 9lrt, metA, AFe A nzol it 47189 &
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