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The present study focused on development of a sperm cryopreservation protocol for the critically
endangered olive barb Puntius sarana (Hamilton, 1822) collected from two stocks within Bangladesh
and reared in the Fisheries Field Laboratory, Bangladesh Agricultural University (BAU). The sperm were
collected in Alsever’s solution prepared at 296 mOsmol kg~!. Sperm were activated with distilled water
(24 mOsmol kg~!) to characterize motility. Maximum motility (90%) was observed within 15s after
activation, and sperm remained motile for 35 s. Sperm activation was evaluated in different osmolalities
and motility was completely inhibited when osmolality of the extender was >287 mOsmol kg~'. To
evaluate cryoprotectant toxicity, sperm were equilibrated with 5%, 10% and 15% each of dimethyl sulfox-
ide (DMSO) and methanol. Sperm motility was noticeably reduced within 10 min, when sperm were
equilibrated with 15% DMSO, indicating acute toxicity to spermatozoa and therefore this concentration
was excluded in further trials. Sperm were cryopreserved using DMSO at concentrations of 5% and 10%
and methanol at 5%, 10% and 15%. The one-step freezing protocol (from 5 °C to —80 °C at 10 °C/min)
was carried out in a computer-controlled freezer (FREEZE CONTROL® CL-3300; Australia) and 0.25-ml
straws containing spermatozoa were stored in liquid nitrogen for 7-15 days at —196 °C. The highest
motility in thawed sperm 61 + 8% (mean * SD) was obtained with 10% DMSO. The fertilization and hatch-
ing rates were 70% and 37% for cryopreserved sperm, and 72% and 62% for fresh sperm. The protocol
reported here can be useful for hatchery-scale production of olive barb. The use of cryopreserved sperm
can facilitate hatchery operations, and can provide for long-term conservation of genetic resources to
contribute in the recovery of critically endangered fish such as the olive barb.

© 2010 Elsevier Inc. All rights reserved.
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Introduction olive barb in carp-polyculture ponds. Currently, overexploitation,

habitat degradation and various ecological changes have greatly

Olive barb, Puntius sarana (Hamilton, 1822), locally known as
Sarpunti, is a popular food fish and the largest barb native to the
Indian sub-continent. The olive barb is a widely distributed cypri-
nid in the inland waters of South-East Asia [24]. The fish attain a
maximum length of 42 cm and weight of 1.4 kg [37], reach matu-
rity within a year, normally breed from April to mid-September
[41], and fecundity ranges between 16,000 and 290,000 eggs per
female [11]. Until the mid-1990s, farmers continued to include
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reduced its natural populations [10], and as a result the fish has
been enlisted as vulnerable in India [36] and critically endangered
in Bangladesh [6].

Cryopreservation of sperm is a useful technique to preserve
genetic material of endangered fish species [47] and can be utilized
for fertilization [49] in well-designed breeding programs. During
protocol development for fish sperm cryopreservation, key param-
eters of sperm samples (e.g., ionic composition, osmolality) [3] as
well as development of appropriate activation media, immobiliza-
tion solutions, cryoprotective agents, equilibration time, cooling
rates, and thawing rates [44] should be given consideration
because of differences within and among species. The most widely
used cryoprotectant, dimethyl sulfoxide (DMSO), permeates the
cells quickly and is usually used at concentrations 5-12%. It has
been found to be effective for common carp (Cyprinus carpio)
[23], spotted sea trout (Cynoscion nebulosus) [51], Atlantic salmon
(Salmo salar) [17] and other fish species. Methanol is also a
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permeating cryoprotectant, known for low toxicity and has been
reported to be used successfully at concentrations of 5-20% for
the cryopreservation of cyprinid species [23], zebrafish (Danio re-
rio) [21], salmonids [28], catfishes [45] and tilapias [20]. Usually,
after equilibration in cyroprotectant, the diluted sperm is frozen
in pellets on dry ice [5], in straws with different cooling rates
(5-15 °C/min), or in the vapor of liquid nitrogen [9,26] and stored.
Later, the samples are thawed at 4 °C [38], 5 °C [52], 15-25 °C [27],
25°C [9] or 37 °C [42] and used for fertilization of eggs. Sperm
cryopreservation protocols are now available for over 200 species
of finfish and shellfish [44] around the world. In Bangladesh, re-
search on fish sperm cryopreservation was started in early 2004
and protocols are available for some of the commercially reared
species. Unfortunately previous studies on sperm cryopreservation
have not been carried out with imperiled fish species in
Bangladesh with the vision to conserve their germplasm and
genetic resources. Cryopreservation research in Bangladesh has
concentrated on selection of suitable combinations of extenders
and cryoprotectants, optimal dilution ratios of milt, and optimal
cryoprotectant concentrations. Moreover, breeding success has
not been adequately addressed in those studies [25].

Similar to other freshwater teleosts, the motility of cyprinid
sperm is triggered by exposure to hypo-osmotic media and is inhib-
ited by the high osmolality present in the seminal plasma (230-
282 mOsmol kg~!) [34]. The ATP concentration decreases rapidly
during the first 30 s after initiation of sperm motility in an activation
medium [3]. Moreover, ATP and cAMP concentrations [12], concen-
trations of ions, especially Ca?* [16], sperm pH [29] and extracellular
factors such as temperature [2] and extracellular pH of the medium
[15] may affect the capacity of sperm motility and its duration.

The precipitous decline of olive barb abundance in the wild is of
great concern among conservation specialists and has made the
development of cryopreservation protocols imperative in this spe-
cies. The present study was aimed at development of cryopreserva-
tion techniques for olive barb spermatozoa to use in artificial
propagation. The objectives were to: (1) characterize sperm motil-
ity and duration; (2) evaluate sperm motility at different osmotic
pressures; (3) evaluate the toxicity of cryoprotectants; (4) evaluate
the post-thaw motility at different concentrations of two cryopro-
tectants (DMSO and methanol), and (5) evaluate the fertilization
and hatching rates of eggs fertilized using cryopreserved and fresh
sperm. To our knowledge, this is the first report on cryopreserva-
tion of olive barb sperm.

Materials and methods
Collection and rearing of broods

Mature P. sarana (females showing swollen bellies and milt flow-
ing freely from males with gentle abdominal pressure) were col-
lected from two natural sources: the Chalan beel under the Natore
district, and the Mogra river of the Netrokona district in January of
2008. Fish were transported to brood-rearing earthen ponds
(800 m?) of the Fisheries Field Laboratory complex, Bangladesh Agri-
cultural University (BAU) in Mymensingh and reared for 1.5 years.
Water quality parameters including temperature (30.16 + 2.0 °C),
pH (7.58 £ 0.52), dissolved oxygen (5.70+0.55 mg1~') and total
alkalinity (87.48 £ 26.19 mg 1 ') of the ponds during reproduction
were recorded. The brood fish were fed twice daily a commercial diet
(35% protein; Paragon Feeds Limited, Bangladesh) at 4-5% of body
weight in the rearing ponds.

Sperm collection

Mature male fishes were collected from the brood-rearing
ponds during the breeding season (May-July 2009). After measur-

ing the total length (cm) and body weight (g), the fish were held for
as long as 12 h for conditioning in the tanks of the hatchery of the
Faculty of Fisheries, BAU. They were injected with carp pituitary
supernatant (collected and processed by local fish hatchery own-
ers) at 2 mg kg~! of body weight and released in the conditioning
tank. Six hours after injection, the males were captured from the
tank and were laid on foam to wipe the urogenital pore. Gentle
pressure was applied at the base of the pelvic fin, and sperm were
collected in glass vials containing Alsever’s solution (0.7% NaCl,
0.8% sodium citrate dissolved in 100 ml water; pH 7.2) prepared
at 296 mOsmol kg~'. The samples were placed on ice (4 °C) and
brought to the Laboratory of Fish Biodiversity and Conservation,
BAU.

Sperm concentration was determined in triplicate counts by use
of haemacytometer and expressed as the number of cells x10° m1~!.
Milt was diluted 4000-fold in distilled water, and a droplet of the
diluted milt was placed within a haemacytometer (area of the small-
est square = 1/400 mm?, depth 0.1 mm) with cover slip (Essential
Scientific Bangladesh; made by Marienfeld, Germany). The number
of spermatozoa in five large squares (area mm?) of the counting
chamber was counted at 400x magnification.

Sperm quality

Before cryopreservation, the motility of sperm samples was
evaluated by use of a light microscope (Novex K-range, Holland)
at 400x magnification. Sperm motility was estimated by adding
19 pl of distilled water (24 mOsmol kg~!) as activating medium
to 1 pl of fresh milt on a glass slide. The motility was observed
within 3-4 s after activation and was expressed as the percentage
of sperm that had active forward movement. Sperm vibrating in
place without forward movement were not considered to be mo-
tile. Only sperm samples showing motility above 80%, were used
for cryopreservation experiments.

Experiment 1: motility characteristics

Sperm motility and duration were characterized by using sperm
samples (>90% motility) from five fish (replicated in triplicate)
after activation with distilled water. Motility was estimated at 5-
s intervals until all motility in the sample ceased (no motility, some
vibrating in place).

Experiment 2: sperm motility in various osmolalities of sodium
chloride (NaCl)

Sperm samples were exposed to 10 graded dilutions of NaCl
ranging in osmotic pressure from 48 to 319 mOsmol kg~! to eval-
uate the relationship between osmotic pressure and sperm motil-
ity. The motility was estimated as described above.

Experiment 3: determination of cryoprotectant toxicity

Cryoprotectant concentrations were prepared according to the
percentage (5%, 10%, and 15%) in the final suspension with five rep-
licates. Either DMSO or methanol was added with Alsever’s solu-
tion and further mixed with fresh spermatozoa to yield the final
concentration of the cryoprotectant in the suspension. The toxicity
of these cryoprotectants was evaluated by observing sperm motil-
ity at exposure times of 10, 20 and 30 min.

Experiment 4: evaluation of post-thaw motility of DMSO and
methanol

Following the toxicity experiments, cryoprotectant concentra-
tions were chosen and post-thaw motility was evaluated for 5%
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and 10% DMSO, and for 5%, 10% and 15% methanol. The cryoprotec-
tants were mixed in Alsever’s solution and added to the samples to
yield the desired final concentrations (1:1:8 = sperm:cryopro-
tectant:extender). The sperm samples were equilibrated for
8-10 min for 10% DMSO and 25-30 min for 5% DMSO and 5%,
10% and 15% methanol before freezing. Percent motility was ob-
served for all samples before addition of cryoprotectant and again
just prior to the initiation of freezing. Pre-labeled 0.25-ml French
plastic straws (Minitiib System, Minitiib, Tiefenbach, Germany)
were filled with 0.23 ml of diluted spermatozoa and sealed manu-
ally using a heated crucible tongs. After sealing, the straws were
transferred to a controlled-rate freezer (FREEZE CONTROL®
CL-3300; Australia) programmable by computer-based software
(CryoGenesis™ V5). A one-step freezing protocol (5 °C to —80 °C
at a rate of 10 °C/min) was used. After freezing, the straws were
immediately plunged into liquid nitrogen (—196 °C) for storage of
7-15 days. Straws were removed from the liquid nitrogen and
thawed at 40 °C for 7 s in water bath [39] and post-thaw motility
of the sperm was assessed within 3-4 s after activation with dis-
tilled water as described above.

Experiment 5: assessment of fertilization and hatching

Three fertilization trials were conducted to evaluate the fertility
and hatching rates of fresh and cryopreserved spermatozoa. Fe-
male olive barb were injected twice with locally available carp
pituitary supernatant (6 mg kg~! of body weight; 1/3 of volume
as first dose, and 2/3 as second dose after a 6 h interval) and were
stripped 12 h after the second injection. Eggs collected from three
females were immediately fertilized at room temperature (25 °C)
using fresh and pooled cryopreserved spermatozoa (Alsever’s solu-
tion with 10% DMSO chosen based on the results of “Experiment
4”).

After thawing, sperm motility was estimated and 15 straws
(2.3 x 10° cells) of cryopreserved sperm were used for fertilization
of 2 ml of eggs (1 ml ~ 5646 eggs). The cryopreserved spermatozoa
were activated with tap water (31 mOsmol kg~!). The spermatozoa
and the eggs were mixed with a hen feather and placed in hatching
jars (radius 0.3 m, height 0.7 m, capacity 90 L) with 12-14 L/min of
water exchange used for incubation of eggs. The fertilization rates
were calculated as the percentage of fertilized eggs obtained from
the total number of eggs at 22-24 h after fertilization. The hatching
rates were calculated as the percentage of larvae obtained from to-
tal number of eggs for cryopreserved or fresh sperm.

Statistical analysis

All percent motility values were subjected to arcsine transfor-
mation prior to statistical analysis. Treatment effects were ana-
lyzed using one factor, two-factor or repeated measures ANOVA.
Means were separated by Duncan’s Multiple Range Test and a va-
lue of P<0.05 was considered as being statistically significant.
Data were expressed as mean +SD and analyzed by Statistical
Package for the Social Science (SPSS v 11.5). We did not attempt
to standardize the sperm concentrations, so no statistical compar-
isons were made for fresh and cryopreserved samples. The fresh
samples were used to evaluate the quality (fertilization and hatch
potential) of the eggs.

Results
Sperm quality

The weight of male fish (N =9) ranged between 110 and 140 g
(mean+SD 124.4+99¢g) and total length ranged between 15

and 22 cm (19.2£2.6 cm). The collected sperm volume varied
across individuals from 0.15 to 1.2 ml (0.76 £ 0.29 ml). The sperm
concentration ranged from 5.2 x 10° to 7.9 x 10°ml™! (6.7 +
0.8 x 10°ml™"). Fresh sperm motility was estimated to be from
85% to 95% (89% + 3%).

Motility characteristics

Sperm attained maximum motility (90%) within 15 s (Fig. 1),
when activated with distilled water. Subsequently, the motility
percentage decreased significantly (P = 0.001) after showing maxi-
mal motility until all motility ceased within 35 s after activation.

Activation of sperm motility in different osmolalities

Activation of fresh sperm motility decreased with the increasing
osmolalities of NaCl (Fig. 2). Sperm motility was completely inhib-
ited at or above 287 mOsmol kg~'. The highest motility was ob-
served at osmolalities of 128 mOsmol kg~! and below and was
considered to be complete activation. The threshold point of motil-
ity activation was considered to be 255 mOsmol kg~ ' (Fig. 2). There
was a significant difference between the osmotic pressures at
threshold and complete activation (P =0.001).

Toxicity evaluation

The motility of fresh sperm before equilibration with cryopro-
tectants was 90-95%. In the presence of 5% DMSO sperm retained
the capacity for motility activation for 90 min although motility
significantly decreased (P=0.013) and completely ceased within
25 min at 10% DMSO. After 5 min of exposure to 15% DMSO motil-
ity was reduced to 20% (P=0.001) and ceased completely within
15 min (Fig. 3, top). This motility pattern was similar when sperm
were equilibrated with 5%, 10% and 15% of methanol. During
90 min of observation, motility decreased significantly (P = 0.021)
although more than 60% of spermatozoa were motile when acti-
vated at 90 min (Fig. 3, bottom). For fresh sperm held without
addition of cryoprotectants, the motility after activation was un-
changed (90-95%) after being held on ice for 90 min.

Evaluation of post-thaw motility of DMSO and methanol

Motility of fresh sperm was more than 90% in all cases. After
addition of cryoprotectants, motility of the equilibrated spermato-
zoa was more than 80% although 10% DMSO showed 70% motility
(Table 1). Post-thaw motility was significantly affected by cryopro-
tectant (P = 0.049) and its concentration (P = 0.000) although post-
thaw motility was not affected by their interaction (P = 0.716). The
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Fig. 1. Motility of olive barb sperm activated with distilled water (24 mOsmol

kg~!). Each point represents the mean value (xSD) of sperm samples from four
males.
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Fig. 2. The motility of olive barb sperm exposed to NaCl solutions prepared at

graded osmotic pressures. Each point represents the mean value (+SD) of sperm
samples from five males.
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Fig. 3. The toxicity of two different cryoprotectants, DMSO (top) and methanol
(bottom) at final concentrations of 5% (squares), 10% (circles), and 15% (triangles)
when equilibrated with sperm from olive barb in modified Alsever’s solution at an
osmolality of 296 mOsmol kg~!. Each point represents the mean+SD of three
males.

sperm samples that contained 10% DMSO had significantly higher
post-thaw motility (61 + 8%) than did any other concentration of
DMSO (5%) or methanol (5%, 10% and 15%) (Table 1).

Fertilization trials

When freshly collected eggs were fertilized with fresh sperm,
fertilization was 72% and hatching was 62%. After being cryopre-
served (Alsever’s solution with 10% DMSO chosen based on the re-
sults of “Experiment 4”") and kept in liquid nitrogen for 15 days, the
mean fertilization was 70% and hatching was 37% for thawed
sperm with similar batches of eggs. The mean post-thaw motility

of sperm was 63 + 4% when tested with fresh eggs. Although the
few fish hatched from cryopreserved sperm, they were active and
in as good physical shape as those produced from fresh sperm.

Discussion

Spermatozoa concentration is one of the main indicators of
sperm quality [43]. The concentration should be balanced against
the optimum cryoprotectant percentage as well as milt dilution ra-
tio in extender. In this study, the concentration of spermatozoa of
olive barb was 6.7 £ 0.8 x 10° ml~!. Cryopreservation and fry pro-
duction under farming conditions in silver carp (Hypophthalmich-
thys molitrix) has been possible at a sperm concentration of
1.2+0.5 x 10" ml~' [4].

After activation in a hypo-osmotic solution, fresh sperm of most
fishes show their active forward movement for less than a min [3].
The duration of sperm motility in olive barb was brief (35 s) com-
pared with that of some other freshwater fishes such as muskel-
lunge Esox masquinongy (6-7 min) [32] and paddlefish Polyodon
spathula (4-5 min) [33], but similar to the duration of sperm motil-
ity in walleye Sander vitreus (51 s) [40], Colorado pikeminnow Pty-
chocheilus lucius (57 s) [48] and razorback sucker (70 s) [46]. The
maximal sperm activity of the olive barb was also brief (15s).
When the short duration of motility and varying motility charac-
teristics at different phases after activation, dilution becomes a
key issue because volume of the diluent determines the dynamics
of sperm activation [7]. As the duration of motility can be impor-
tant for egg-sperm interaction through fertilization in artificial
breeding [53], care should be taken to ensure the complete, early
mixing of gametes during artificial breeding of olive barb.

The activation of sperm of freshwater fishes is typically associ-
ated with a decrease in osmotic pressure [48]. The motility of olive
barb sperm decreased as the osmolality of the extender solution
increased, and motility was completely inhibited at 287 mOsmol
kg~! and above. The seminal plasma osmolalities of most cyprinids
(freshwater fish) are within 230-346 mOsmol kg~! [2]. Therefore,
safe storage requires an extender solution with an osmolality sim-
ilar to that of seminal plasma that could be useful in cryopreserva-
tion. Alsever’s solution formulated at 296 mOsm kg~! presumably
raised the osmotic pressure of diluted sperm and appeared to be
effective for protection of sperm during storage.

Cryoprotectants are essential for protection against freezing
damage of sperm due to intracellular ice crystal formation [53].
There is no universal cryoprotectant or concentration for cryopres-
ervation of fish sperm [19] and suitable cryoprotectants vary
among fish species and studies [50]. This is due to the difference
in permeability of cryoprotectants and varying toxicity tolerance
level of sperm to the exposure of cryoprotectants [8]. The efficacy
of cryoprotectants, however, depends on a delicate balance be-
tween toxicity and the capacity to protect the cells [29]. In the tox-
icity experiment, sperm equilibrated with 5% DMSO and 5%
methanol remained motile for a longer duration than those at
higher concentrations of cryoprotectants. Because marked differ-
ences were observed in pre-freeze and post-thaw motility of 5%
cryoprotectants, it appears that this concentration was not toxic,
but failed to protect sperm during freezing and thawing. This is
an agreement with the result of red snapper (Lutjanus argentima-
culatus) in which sperm suspended 5% DMSO or methanol were
found to survive longer than in 10% DMSO or methanol after equil-
ibration, and produced poorer post-thaw motility after cryopreser-
vation [50]. Dimethyl sulfoxide permeates cells quickly and brings
a rapid balance between the intracellular and extracellular fluid
concentrations [14]. When cryopreserved with 10% DMSO, a
5-10 min equilibration period provided similar pre-freeze (>70%)
and post-thaw (>60%) motility. The result indicates that the cells
survive the freezing process, and retain the ability to for progres-
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Table 1

Percent sperm motility (mean + SD; minimum-maximum) from individual olive barb,
Puntius sarana (N = 4) before and after cryopreservation using different concentra-
tions of DMSO and methanol as cryoprotectants with a cooling rate of 10 °C/min from
5 to —80 °C (equilibration time of 5-10 min for 10% DMSO, and 25-30 min for 5%
DMSO, 5%, 10% and 15% methanol).

Cryoprotectant Concentration Equilibration Post-thaw
(%) motility motility

DMSO 5 85 + 9% (60-90%) 7 +7% (0-20%)
10 70 + 14% (40-90%) 61+ 8% (50-80%)

Methanol 5 89 + 3% (80-90%) 5+ 6% (0-20%)
10 84 + 7% (70-90%) 53+ 10% (30-70%)
15 88 + 6% (70-90%) 26 £ 11% (10-50%)

sive movement after thawing. Therefore, 10% DMSO (with
5-10 min of equilibration) could be the best option for sperm
cryopreservation of olive barb at a cooling rate of 10 °C/min. This
corresponds with previous observations on yellowfin sea bream,
Acanthopagrus latus [18] and yellow perch (Perca flavescens) [14].
In the present study, when equilibrated with 15% DMSO, sperm
lost the capacity for motility within 15 min. The result suggests
that this concentration (15%) was toxic to sperm and unsuitable
for cryopreservation of olive barb. High concentrations of DMSO
are toxic to fish spermatozoa compared with other cryoprotectants
such as methanol, ethanol, and glycerol.

Although different concentrations of DMSO had different effects
on sperm viability, methanol was found to be surprisingly non-
toxic at all concentrations tested. This result is consistent with that
in channel catfish (Ictalurus punctatus) where storage of sperm in
5% methanol was surprisingly non-toxic as the samples survived
for as long as 5 days prior to freezing [13]. In the present study,
spermatozoa cryopreserved in 10% methanol had the highest
motility. It provided greater protection to spermatozoa during
cryopreservation than did 5% and 15% concentrations. Similarly,
10% methanol gave a high percentage of motility for Mystus nemu-
rus sperm [35]. In addition, 10% methanol was the most effective
cryoprotectant for common carp [23,21] zebrafish and other fish
species including salmonids [30] and catfishes [45].

Post-thaw sperm motility is one of the most important indica-
tors of the success of a cryopreservation protocol if the morphology
of the preserved sperm remains unchanged [1]. However, a more
appropriate criterion for assessing protocols, when possible, is
the ability of the cryopreserved spermatozoa to fertilize eggs
[22]. To evaluate the egg quality in this study fresh sperm were
mixed with eggs producing 72% fertilization and 62% hatching in
which fresh and cryopreserved sperm numbers were not standard-
ized. The fertilization was 70% and hatching was 37% for cryopre-
served sperm. Although unknown, a probable cause of this
discrepancy in hatching is that eggs were fertilized with thawed
sperm and initial development occurred, but further development
stopped when complex embryonic differentiation processes began
[31]. If so, increasing the number of cryopreserved spermatozoa
could increase fertilization of eggs, but deteriorated genetic value
due to freezing and thawing or toxicity of diluents, could disrupt
or prevent embryonic development [26,4]. This could be the cause
of lower hatching of the eggs fertilized with cryopreserved sperma-
tozoa of olive barb compared to that of with fresh spermatozoa. In
any event, these results demonstrate that eggs fertilized with cryo-
preserved sperm can produce viable offspring and it is available for
use with threatened species like olive barb where few other op-
tions are available to produce progeny in the future. Despite the
preceding discussion, it does remain possible that the lower hatch-
ing rates of cryopreserved sperm might be compensated for by
using higher sperm-to-egg ratios. Thus, it would be necessary to
determine the egg-to-sperm ratio (for fresh and cryopreserved
sperm) for making direct comparisons of fertilization and hatching

rate. In this study the fresh sperm were used only to evaluate the
quality of the eggs (which can be variable). The fertilization and
hatching rate can be affected by sperm quality, sperm collection
procedures, egg quality, extender composition, and cryopreserva-
tion procedures including thawing rates [1]. Therefore, further re-
search should address the effects of these factors on successful
fertilization, hatch and development.

Conclusion

This study developed a simplified cryopreservation protocol for
use with the critically endangered olive barb. In summary, sperma-
tozoa of olive barb could be cryopreserved using Alsever’s solution
as extender with 10% DMSO (5-10 min equilibration) with a cool-
ing rate of 10 °C/min from 5 to —80 °C.
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