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Cryopreservation of Spermatozoa from Freeze-Tolerant
and -Intolerant Anurans

Sara G. Beesley, Jon P. Costazand Richard E. Lee, Jr.
Department of Zoology, Miami University, Oxford, Ohio 45056, U.S.A.

Spermatozoa of the freeze-tolerant wood frBgua sylvaticawere used to develop a general protocol for the
frozen storage of amphibian spermatozoa. Tolerance of spermatozoa to cryoprotective agents and freezing i
suspension<{80°C) was determined from rates of sperm lysis and dual-fluorochrome vital dye assays. We tested
the efficacy of four cryoprotectants (&8O, methanol, glycerol, and ethylene glycol), two supplements (fetal
bovine serum or glutathione), and combinations of these cryoprotectants and supplemgBtS. dvid fetal
bovine serum were the most effective cryoprotectant and supplement, respectively, in reducing sperm lysis. Vital
dye assays showed that viability was greatest for spermatozoa treated with b&0 Med fetal bovine serum.

Thus, this combination was used to cryopreserve spermatozoa from the freeze-intolerant &amamspiens
andBufo americanusRecovery of viable spermatozoa was significantly greateRfmylvaticalmean+= SE =

81.2* 9.6%) than forR. pipiens(59.0 = 2.8%) andB. americanug47.8 = 4.1%), perhaps owing to inherent
factors promoting its freeze tolerance. Nonetheless, our results support the feasibility of using gamete cryo-
preservation techniques in programs aimed at the captive propagation of amphil@ianss Academic Press
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Environmental pollutants and habitat destruc- Our initial investigation focused oRana syl-
tion threaten the existence of amphibiansjatica,a naturally freeze-tolerant frog that may
whose life history and physiology render thenexperience repeated freeze/thaw episodes wh
particularly vulnerable to such perturbationspverwintering in its shallow, terrestrial hiber-
Considering the growing concern for global denaculum. Some of the biophysical and physio
cline in amphibian populations (3, 17, 19, 26)jogical responses promoting freeze tolerance i
we proposed that gamete cryopreservation may. sylvaticahave been described (6). Glycogen:
ultimately provide a means for c_ountering fur'olysis in the liver, which is triggered when
ther endangerment of these animals (16). Aheezing begins, provides an ample supply o

though not a permanent solution, the banking qfjcose, the cryoprotectant of its cells and tis
frozen spermatozoa may afford temporary prag,es. we recently found that spermatozo®of

tection against extinction and provide a SOUrcgy aiicasurvivein vitro freezing at ecological-
of genetically diverse material fax situprop- ly-relevant temperatures (i.e=—4°C), even in

agation and reintroduction efforts (11). Am- h f . .
- . . 7). Th
phibians may be particularly well suited to sucf% e absence of cryoprotectant (7). This capacit

- “is adaptive becausk. sylvaticabreeds in late
an approach (20). Indeed, cryopreservation oOf. .
AT winter, when cryoprotectant production capac
spermatozoa is widely used to propagate species . .
is low and freezing may occur (5).

for commercial purposes (4, 13, 18) and suppIkFy
gene pools for managing endangered anim‘,jllSSul:?sequent work explored the toleranc&of
(8, 9). However, very little is known about thesylvatlcaspermatozoa, in the presence of cryo

freezing viability of amphibian spermatozoa (2Protectant, to very low temperatures (16). Sper
21-23). matozoa were harvested from the testes ¢

breeding frogs and frozen at80°C in suspen-

sions containing M5O, glycerol, or glucose.
Received May 7, 1998: accepted July 20, 1998. Tolerance. of freezing was gsse_ss_eq fro.m th
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evaluated the integrity of membranes of theeps in isotonic suspension buffer (SB, in mM
surviving cells. Freezing viability was markedly104.4 NaCl, 2.0 KCI, 6.1 NAHPQ,, 1.0
improved by 1.5 and 3.0 M M&O and glycerol KH,PO,; 230 mosmol/kg, pH 7.4). The result-
(but not 2.0 M glucose), although these soluing homogenate, standardized to 15 mg tis
tions were mildly cytotoxic (16). sue/mL SB, was centrifuged g7 3 min) to
One purpose of the current investigation wasediment the tissue fragments. The exceptior
to further refine the protocol for cryopreservinggjly low centrifugal force was produced by el-
R. sylvaticaspermatozoa. To limit cytotoxicity, evating the sample tube within the rotor bucket
we used a relatively low concentration (0.5 M)y s reducing the radius to the spindle. The
of the cryoprotectants M&O, glycerol, meth- o ,nernatant containing spermatozoa was d

anol, and ethylene glycol, which were chose nteq placed in microcentrifuge tubes, an
based upon their efficacy in cryopreserving p'h?ld on ice until used.

scine spermatozoa (4, 18). We also tested feta
bovine serum (FBS) and.gluta.lthlp.ne, SuF)plef)etermination of Sperm Lysis and Viability
ments that promote freezing viability of sper-
matozoa (2, 15, 24). Finally, we applied our Sperm counts were made in duplicate using
most effective cryopreservation treatment tbevy hemocytometer (improved Neubauer
spermatozoa of freeze-intolerant anurans as 8nl0 mm depth) according to standard proce
initial step in assessing the feasibility of imple-dures (14). Following gentle reflux pipetting, 20
menting this approach with diverse amphibiaqulL of sperm suspension was observed unde

taxa. Nomarski differential contrast illumination
(400x) on an Olympus BH-2 microscope.

MATERIALS AND METHODS Sperm lysis caused by freezing/thawing wat
Specimens determined from the difference in cell counts of

. corresponding nonfrozen and frozen/thawe
Male R. sylvaticawere collected from a samples

breeding pond in southern Ohio in February Memb intearity of intact "
1997 and 1998. Frogs were vocalizing at the embrane Integnty of intact spermatozos

time of their capture; hence, their spermatozo‘?:{aS assess_ed for nonfrp_zen_ and frozen/thaw
were likely at the peak of fertility. Frogs wereSamples using our modification of a dual-fluo-
chilled and transported to laboratory facilitied©chrome vital dye procedure (Molecular
where they were refrigerated (4°C) and kept offrobes, Inc., Eugene, OR, U.S.A.), which dis
damp moss, unfed, within darkened plastiénguishes intact from damaged plasma merm
boxes. Male leopard frogR@ana pipiengwere branes (10). A 10GsL sample of sperm suspen-
obtained commercially in May 1997 and Marcision was dyed by adding &L of SYBR 14

1998, fasted, and kept chilled in boxes contairolution (20uM) and incubated at-20°C for

ing a pool of dechlorinated water at one endl5-20 min, after which 2ul of propidium

Male American toadsBufo americanuswere iodide solution (1.2 mM) was added and the
collected from a breeding pond in southwesterauspension was again incubated for 15—20 mil
Ohio during May 1997 and April 1998 and keptWhen viewed using fluorescence microscop
chilled on damp moss. All specimens were usedith a 490-nm excitation wavelength, SYBR 14

in experiments within 4 weeks. stained viable cells green, whereas propidiur
_ iodide stained damaged spermatozoa red. Pr
Collection of Spermatozoa pared samples were kept in the dark to prever

Animals were euthanized by double pithingoremature excitation. Sperm viability (i.e., the
and dissected to expose the coelomic organgroportion of “viable” spermatozoa in the sam-
Testes were removed, weighed to the nearese) was determined for300 cells in randomly
0.1 mg, and macerated with Teflon-coated forselected fields.
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Efficacy of Cryoprotectants and Supplements determined as the ratio of the viable count in the
in Reducing Sperm Lysis frozen/thawed sample to that in the corresponc

Spermatozoa harvested froR. sylvatica "9 nonfrozen suspension.

(n = 9) were suspended in SB containing 0.5 I\Q:
cryoprotectant (MgSO, methanol, glycerol, or
ethylene glycol), a supplement (FBS or gluta-
thione), or combinations of these cryopro- The cryopreservation treatment judged mos
tectants and supplements. The final concentrauccessful with spermatozoa &. sylvatica,
tion of FBS (312 mosmol/kg, 3.0-4.5 %Me,SO/FBS, was used to cryopreserve testict
protein; Sigma) in suspensions was 50% (v/vjar spermatozoa frorR. pipiens(n = 5) andB.
The final concentration of glutathione was 16@mericanugn = 6). Sperm lysis, sperm viabil-
mM. SB was used as a diluent in all samplesity, viable sperm count, and recovery rate wer
Sperm suspensions were apportioned infdetermined for frozen/thawed suspensions c
50-uL aliquots held in 0.5-mL polypropylene SPermatozoa from these species and compar
microcentrifuge tubes and centrifuged (g36 t0 values forR. sylvatica
min) to gently pellet the cells. The cell-free
supernatant was decanted and 25 of cryo-
protectant and/or supplement solution was The effects of cryoprotectants and supple
mixed with the spermatozoa, on ice, using rements on the tolerance of spermatozoa to free:
flux pipetting. After being incubated on ice foring/thawing were analyzed using two-factor
~15 min, sperm suspensions were frozen to analyses of variance (ANOVA; Tukey multiple
equilibrium temperature of-80°C far 1 h by comparisons). Elsewhere, mean values wel
placing them directly in an ultracold freezercompared using one-factor ANOVA. Values are
Cooling rate of the samples, as determined ishown as the means SE.
preliminary tests using a thermocouple ther-
mometer, was~130°C/min. Frozen samples RESULTS
were rapidly thawed in warm water to the sluslEfficacy of Cryoprotectants and Supplements
point and then held on ice until used (undiluted) in Reducing Sperm Lysis
~45 min later. Nonfrozen sperm suspensions

. : . The number of intact spermatozoa remaining
were incubated on ice until they were assayed. ) .
in frozen/thawed suspensions was strongly in

fluenced by both cryoprotectarf{g, = 12.1,
Viability of Cryopreserved Spermatozoa P < 0.0001% and sugplgmerff;g% iB;O.G,P <
The purpose of this experiment was to furthef.0001; Fig. 1). Generally, M8O provided
investigate the cryoprotective efficacy ofbetter protection against sperm lysis than th
Me,SO and methanol, which were particularlyother agents, whereas methanol, glycerol, an
effective in the initial experiment. Spermatozoathylene glycol produced similar results. Wher
harvested fronR. sylvatica(n = 5) were pre- used in conjunction with each cryoprotectant
pared in SB containing 0.5 M M80 or meth- FBS vyielded higher cell survival than either
anol, or in SB containing cryoprotectant andylutathione or no supplement (Fig. 1).
either FBS or glutathione, and frozen and Efficacy of the two supplements, FBS anc
thawed as described above. Nonfrozen sperghutathione, in reducing sperm lysis was exam
suspensions (SB) held on ice served as controleed by comparing relative sperm counts ir
For each sample, we determined sperm coufrbzen/thawed suspensions containing supple
and viability. The count of viable sperm inment alone (Table 1). Samples containing FB!
samples was calculated as the product of spefost significantly fewer spermatozoa during
count and the corresponding viability rate. Refreezing/thawing than samples containing glu
covery of viable spermatozoa after freezing watathione. Based on the results for SB, glutathi

ryopreservation of Spermatozoa from
Freeze-Intolerant Anurans

Statistical Analyses
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FIG.1. Relative counts oR. sylvaticaspermatozoa frozen/thawed in the presence of permeating cryopro-
tectant (MgSO, methanol, glycerol, or ethylene glycol), with or without supplements (FBS or glutathione),
expressed as a percentage of the count in the corresponding nonfrozen suspensiaro(@48 10° cellsjul
SB). Mean values representing data fram+ 6—9 frogs/group are depicted by the height of each column; SE
values are shown by the vertical bars.

one provided no protection against sperm lysis Sperm lysis in samples frofR. sylvaticadid
(Table 1); however, this supplement was used imot vary as a function of cryoprotectaf, (5 =
the subsequent experiment because of its poteh3,P = 0.14) or supplement; ,s = 2.4,P =
tial value in protecting cells against membran®.11; Fig. 2A). However, both factors strongly
damage. affected sperm viability (cryoprotectants; g

i = 17.2,P = 0.0004, supplementt,, ,s= 31.2,
Efficacy of Cryoprotectants and Supplements p — .0001). Fluoroscopy revealed that FBS

in Promoting Sperm Viability was particularly effective in reducing mem-

Nonfrozen suspensions of spermatozoa in SBane injury to frozen/thawed spermatozoa (Fig
contained 0.77- 0.14 X 10% intact cellsiL, of 2B). For example, viability of cells frozen in
which 64.7+ 2.8% were deemed viable usingsuspensions containing M&0O or methanol
vital dye fluoroscopy. Thus, these control samwith FBS was 42 and 35%, respectively, only
ples contained 0.5 0.08 x 10 viable cells/ moderately lower than that of nonfrozen sam
L. ples. Cryoprotectant and supplement als

TABLE 1
Counts ofR. sylvaticaSpermatozoax 10%uL) in Nonfrozen and Frozen/Thawed Suspension Buffer (SB) or SB
Containing Fetal Bovine Serum (FBS) or Glutathione

Treatment Nonfrozen Frozen/thawed Recofery
SB 1.27+ 0.20 0.02+ 0.006 1.3+0.3
SB + FBS 1.40+ 0.212 0.74* 0.1P 541+ 4.2
SB + glutathione 0.93¢ 0.18 0.05+ 0.02 6.4+ 2.7
Fs.23 1.2 30.3 105.8
P 0.33 <0.0001 <0.0001

Note.Within each column, meant(SE) values identified by different roman, superscripted letters differed significant
Means are based an= 6-9 frogs/group.

2Cell count in frozen/thawed suspension expressed as a percentage of the count in the corresponding nor
suspension.
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FE; e matozoa after freezing/thawing was strongly in:
' 9 fluenced by both cryoprotectant and supplemet
(cryoprotectantsfF, ,5 = 24.3, P < 0.0001;
supplementsk, ,5 = 45.6,P < 0.0001), being
twofold higher in suspensions containing
Me,SO/FBS than in methanol/FBS sample:
(Fig. 2D). Thus, the MgSO/FBS cocktail was
selected for use in the subsequent experimen
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Cryopreservation of Spermatozoa from
Freeze-Intolerant Anurans

Viability (%)

We detected no differences among the thre
species in the sperm counts of either nonfroze
or frozen/thawed suspensions (Table 2). Spert

g L ; .
3= viability was moderately higher in samples
§§ from R. pipiensthan in samples fronR. syl-
g: vatica and B. americanusalthough counts of
viable sperm were statistically indistinguishable
0.0~ among species. Nevertheless, recovery of viab
1007 D spermatozoa in frozen/thawed suspensions wi
® %7 1.4-1.7 times greater fdR. sylvaticathan for
> 601 a the freeze-intolerant species (Table 2).
[
> 40
3 % ac . DISCUSSION
@ 204 : c
ol In the present study, we used the level o

sperm lysis in frozen/thawed suspensions as
coarse indicator of the cryoprotective efficacy
FIG. 2. Cryopreservation oR. sylvaticaspermatozoa in of MGZSO, methanol, glycerol, and ethylene

frozen/thawed suspensions containing,B® or methanol, ; ; : i
with or without a supplements (FBS, glutathione), showingglyCOL Sperm IySIS was ESpeCIa"y low in sus

(A) counts of intact spermatozoa; (B) sperm viability (perpenSionS containing M&O (15%) and moder-
centage of cells exhibiting functional membranes in vitaBte (44—54%) in samples treated with equimola
dye assay); (C) viable sperm count (sperm couniability ~concentrations of the other agents. These resu
rate); anq D) recovery (viable sperm count in froze_n/thawe@oncur with previous findings that cryoprotec-
suspensions expressed asa percentage of the'V|abIe SPE8h of anuran spermatozoa is conferred b}
count in the corresponding nonfrozen suspension, @:50
0.08 X 10* cellsjuL SB). Mean values representing dataMeZSO (2), methanol (21), glycerol (22, 23),
from n = 5 frogs/group are depicted by the height of eactand ethylene glycol (2). However, our results
column; SE values are shown by the vertical bars. differed from those of Barton and Guttman
(1972), who obtained higher survival of toad
(Bufg) spermatozoa frozen in ethylene glycol
strongly influenced the viable sperm count itompared to those frozen in MO or glycerol.
frozen/thawed suspensions (cryoprotectants, Marked differences were observed in the
Fi.5 = 9.3,P = 0.006; supplements;, ,, = ability of the two supplements, used in conjunc-
14.4, P < 0.0001; Fig. 2C). Samples treatedion with permeating cryoprotectant, to inhibit
with Me,SO and FBS contained more viablesperm lysis. FBS generally enhanced the eff
cells than samples containing methanol alone @acy of each cryoprotectant, whereas resul
methanol combined with glutathione, althouglobtained for suspensions containing glutathion
similar results were obtained with methanolere similar to those for samples without sup:

Me,SO Methanol
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TABLE 2
Counts of Intact Spermatozoa, Sperm Viability (Percentage of Intact Sperm Exhibiting Functional Cell Membran
Vital Dye Assay), and Viable Sperm Count in Nonfrozen and Frozen/Thawed Suspensions Containing Spermatozo:
Three Species of Anurans

R. sylvatica R. pipiens B. americanus
(n="5) (n=5) (n=16) Fais P

Sperm count X10%/uL)

Nonfrozen 0.78- 0.14 1.20+ 0.24 1.46=+ 0.3 1.9 0.19

Frozen/thawed 0.96 0.217 117+ 0.22 1.62+ 0.33 1.6 0.23
Sperm viability (%)

Nonfrozen 64.7 = 2.8 90.8 +2.¢° 776 = 4.6 12.2 0.001

Frozen/thawed 42,7+ 1.6#P 54.6 = 3.07 337 4.3 9.8 0.003
Viable sperm count

(X10YuL)?

Nonfrozen 0.50+ 0.08 1.09+ 0.20% 1.19+ 0.30 2.5 0.12

Frozen/thawed 0.4& 0.08" 0.65+ 0.12 0.59+ 0.2¢% 0.7 0.52
Recovery (%) 812 * 9.6 59.0 = 2.8 478 = 4.1° 8.1 0.005

Note.Within each row, mean® SE) values identified by different roman, superscripted letters differed significantly

& Sperm countx viability.

b Viable sperm count in frozen/thawed suspension as a percentage of the viable sperm count in the correspi
nonfrozen suspension.

plement (Fig. 1). Further study revealed thapf FBS, which may protect cells against mem-
unlike glutathione, FBS effectively reducedorane damage by virtue of its viscous characte
sperm lysis in frozen/thawed suspensions, evean the specific action of its constituents. In par-
in the absence of permeating cryoprotectaricular, proteins and lipids may be important in
(Table 1). this regard (12, 27). When used in combination
Vital dye assays provided a more refinede,SO and FBS provided superior protectior
assessment of the viability &. sylvaticasper- against cryoinjury taR. sylvaticaspermatozoa
matozoa cryopreserved with ¥BO or metha- than other treatments, as 81% of the viable ce
nol alone or these agents combined with eithgropulation was recovered in frozen/thawec
FBS or glutathione. Mean viability of sperma-samples (Fig. 2D).
tozoa in nonfrozen suspensions (SB) was Antioxidants, such as butylated hydroxytolu-
~65%, slightly lower than that (72%) deter-ene (BHT), may effectively moderate cryoin-
mined previously foR. sylvaticausing an iden- jury to spermatozoa by influencing the therma
tical method (16). Viability of spermatozoa wasphase of membrane lipids (27). Accordingly,
reduced in all frozen/thawed suspensions, but tfutathione used in conjunction with cryopro-
a lesser extent in samples treated with,B® tectant improved fertility rates of cryopreservec
(Fig. 2B), perhaps owing to this agent’s benefish spermatozoa (15). However, our result
ficial effect on the plasma membrane (1). Resuggest that glutathione failed to protéttsyl-
covery of viable sperm in samples treated witlvatica spermatozoa from membrane damag
0.5 M Me,SO in the present study was40%, during cryopreservation (Fig. 2). This conclu-
substantially higher than that (13-18%) obsion should remain tentative until alternative
tained with 1.5 or 3.0 M M&SO (16), suggest- concentrations may be tested.
ing that use of the lower concentration allevi- Use of the cryopreservation cocktail yielding
ated some of this agent’s cytotoxicity. the best results withR. sylvaticaspermatozoa
Viability of spermatozoa in frozen/thawed(Me,SO + FBS) was successful with sperma-
samples was markedly enhanced by the additidazoa from two freeze-intolerant anurans (Tabl
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Our success in using a dual—fluorochrome4
vital dye procedure with spermatozoa from =
three species of anurans suggests that this tech-
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bility of cryopreserved amphibian spermatozoas
Determining the functional integrity of sperma-
tozoa using vital dye assays may be preferential
to other assessments, such as motility rate (1G,
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whether cryopreserved spermatozoa judged vi-
able using this method are indeed functional.”-
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In the present study, spermatozoa were frog
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whether cryopreserved frog spermatozoa can
tolerate longer-term storage, although our initial™
study showed no difference in viability for sper-
matozoa frozen 1-30 h or 58 weeks (16). Future
work should endeavor to improve technical ast1.
pects of this cryopreservation protocol, particu-
larly by determining optimal incubation time, ,,
cooling/warming rates, and methods for post-
thaw activation.
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