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ABSTRACT  
 

The present study reports the successful cryopreservation of carp embryos (Cyprinus carpio) by 
vitrification. To get suitable vitrifying solutions for cryopreservation, the sensitivity to various methanol 
(MeOH) and glycerol (gly) concentrations at 4°C was tested.  The hatching rates of carp embryos were assessed 
after exposure to the previous cryoprotectants as well. Vitrifying solutions (VS1/- VS3) were prepared according 
to modified Haga solution (1982), modified Bock solution (1992) and modified Bock and Pluta, solution (1992). 
Other vitrifying solutions (VS4/- VS11) were prepared using various concentrations of MeOH alone (10, 20%), 
Gly alone (12, 16 and, 20%), and dimethyl sulfoxide (Me2SO) alone (5, 10, 15%). respectively. 

Results indicated that no hatching embryos were recorded when 2-h stage embryos were incubated 
with different MeOH levels. No hatching embryos were also recorded when 6-h stage embryos were incubated 
with 30% and 35% MeOH. In contrast, low and very low hatching rates were recorded when they were 
incubated with 10% or 20% MeOH respectively. Moreover, no hatching was observed when 22-h stage embryos 
were incubated with 35% MeOH while it was high, low and very low when they were incubated with 10%, 20% 
and 30% MeOH respectively. The hatching % of the embryos incubated in Hank’s Balanced Salt Solution 
(HBSS) showed a high significant (P<0.05) difference compared with those incubated in hatchery water (Hw). 
The hatching % of embryos incubated in HBSS with 8% gly was also highly significant (P<0.05) than those 
embryos incubated in Hw only, Hw with 12% gly, 16% gly and 20% gly and those incubated in HBSS with 
20% gly.  

For the cryopreservation results of 49-h stage carp embryos, four embryos (4.04%) were recovered 
from frozen 297 after  thawing of 49-h stage embryos using VS3 with direct immersion of embryos in LN2. On 
the other hand, no carp embryos were recovered from the other cryopreservation experiments.  The results of 
this investigation establish that cryopreservation of carp embryos is possible by vitrification but further 
investigations are needed to improve the survival rate.  
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Introduction 

 
Common carp, Cyprinus carpio, is an important aquaculture species all over the world. Its production 

annually increases due to its high production in Eastern and South-eastern Asia, while its production in Europe 
is declining (FAO, 2003). 

Almost all vitrificant solutions presently employed include a combination of several permeable 
cryoprotectants and one or more non-permeable cryoprotectants. This allows the penetration of cryoprotectants 
into the different embryo compartments and directly reduces the cryoprotectant concentrations needed to vitrify 
the solution (Bautista and Kanagawa, 1998 and  Kuleshova et al., 2001).  

The effect of each cryoprotectant depends not only on the chemical properties but also on embryonic 
development stage .Generally, late stages are more resistant to cryoprotectant toxicity, and mechanical shock 
than earlier embryonic stages in fish (El-Battawy and Linhart (2008) in tench (Tinca tinca), Cabrita et al., 
(2006) in gilthead seabream (Sparus aurata)  , Chen and Tian, (2005) in Japanese flounder (Oncorhynchus 
mykiss) , Cabrita et al., (2003) in turbot (Scophthalmus maximus), Urbanyi et al., (1997) and Dinnyes’et al., 
(1998) in carp (Cyprinus carpio), Liu et al., (1998) in zebrafish (Danio rerio) and Suzuki et al., (1995) in 
medaka (Oryzias latipes), rainbow trout (Oncorhynchus mykiss),  pejerrey and carp.  
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Successful subzero temperature preservation of embryos in Rainbow trout and zebrafish were recorded 
by Haga, (1982) and Bock and Pluta, (1992) respectively.  Moreover, successful cryopreservation of carp and 
zebrafish embryos were reported by Zhang et al., (1989) and Bock (1992).  

In this study, the toxicity of MeOH and Gly to carp embryos and their survival was tested. Various 
vitrifying solutions including modified Haga solution (1982), modified Bock solution (1992) and modified Bock 
and Pluta, solution (1992) were used to cryopreserve carp embryos.  
 
Materials and Methods 
 
Location of experiments and chemicals 
 

All experiments were performed at the experimental hatchery of the University of South Bohemia, 
Research Institute of Fish Culture and Hydrobiology, Department of Fish Genetics and Breeding at Vodnany, 
Czech Republic. All chemicals used were of high purity and were purchased from Sigma-Aldrich Co. 
(Deisenhofen, Germany). Alcalase enzyme, Bacillus licheniformis (cat. no. 12674120) was purchased from 
Calbiochem, CA, USA. 
 
Carp culture and embryos collection under hatchery condition  
 

In May, five-to7-year-old male (25) and female (30) broodstock were selected and stocked separately , 
in ponds of 0.18 ha..All Fishes were fed daily with wheat to get them in good healthy condition. Fish were 
separated by sex and those fish exhibiting gonadal maturity were introduced to spawning induction. Spawnable 
broodstock were selected and held in two indoor flow-through tanks (4000 l), supplied with irrigation water 
(temperature 18–21 °C  and O2 6–7 mg/ l )  at a flow rate of 0.2 L/s. Males were injected with carp pituitary 
(CP) at a dose 1 mg/kg.b.w of fish while females were injected with CP at a dose of of 0·5 mg/kg b.w of fish 
and after 12 h they received a second 2.5mg/kg b.w of fish. Prior to each injection and gamete collection, the 
males and females were anaesthetized in a solution of 2- phenoxyethanol (1:1000). Twenty four hours after CP 
treatment, males were stripped in the early morning and sperm was collected individually into cell culture 
vessels and kept under aerobic conditions in thin layer at 0-2 oC.  Females were also stripped individually into 
dry plastic dishes and eggs were kept at hatchery air temperature (16-18 oC ) covered with damp cloths to 
prevent egg from drying. Only eggs from the best 15 females were selected visually according to quantity, 
colour, structure and clearness of eggs was used for experiments. 

Eggs and Sperm of all females and males were pooled in the same proportions by volume as that 
obtained by stripping. The mixture of 100 g of eggs and 3 mL sperm was directly activated with 20 ml 
activation solution of milk 1:30 in water at 21 oC followed by the rapid mixing of the eggs, sperm and activation 
solution to achieve homogenous fertilization of the eggs. Three minutes later, alcalase enzyme was added for the 
elimination of egg stickiness. Optimum rates between eggs and diluted enzymes (2 ml of Alcalase enzyme 
diluted in 998 ml of hatchery water) was 1:1 (g eggs: ml of diluted enzymes) with stirring for 2 min. After that, 
the eggs were rapidly rinsed with hatchery water, transferred to Weis jars and incubated at 21 oC. Before doing 
the experiments, three batches of approximately 0.2 g (around 300 eggs) of pooled unfertilized eggs were 
weighed to the nearest 0.0001 g and fixed in 4% formaldehyde for later counting and determination of mean egg 
weight. Based on this, the number of eggs in a sample was expressed as the weight of the sample (g) multiplied 
by 1600.  
 
Experimental Design 
 

A total of 21.447 morphologically normal carp embryos at different developmental stages were used 
for the experiments of chilling sensitivity with/without cryoprotectants, effect of basic solution and 
cryopreservation trials in various vetrifying solutions using vitrification. 
 
Preparation of basic and washing solutions (BS, WS) 
 

Hatchery water (HW) and HBSS produced by Sigma, lot 66H2356 were served as bases for the 
vitrifying solutions (VS). As washing solution, hatchery water and HBSS was used. 
 
Experiments on the toxicity of MeOH at 4°C.  
 

A total of 5,250 morphologically normal carp embryos at various developmental stages (2-h, 6-h, 24-h 
and 49-h) were used in these experiments.  Groups of 350 embryos in 10 mL of 10% or 20% or 30% or 35% Me 
OH in 15-mL test-tubes were placed in water-bath at 4°C.  MeOH solutions were prepared by diluting each 
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concentration in hatchery water. Following exposure for 20 min at the appropriate temperature according to El 
Battawy and Linhart (2008), the embryos were washed twice with hatchery water and were transferred to the 
small special incubator cages of 200 cm2, each supplied with recirculated water at 21°C and 9 mg /oxygen. The 
eggs were exactly counted in each cage, and later, during incubation of eggs the dead embryos and hatched fry 
were counted, usually up to 4 days after gametes activation. The experiment was repeated three times using 350 
embryos in each replicate. Control embryos were manipulated in hatchery water in a similar manner then 
transported to the incubator cages. 
 
 Experiments on the toxicity of Gly at 4°C.  
 

Hatchery water or HBSS were used as basic solutions to study the effect of type of basic solution on 
hatching rates of carp embryos (49-h stage embryos as it showed high tolerating ability to cryoprotectants, 
unpublished data). Groups of 350 embryos in 10 mL of 4%, 8%, 12%, 14% and 18% Gly in 15-mL test-tubes 
were placed in water-bath at 4°C for 20 min. The embryos were then washed twice with hatchery water and 
were transferred to the small special incubator cages. The dead embryos and hatched fry were counted; The 
experiment was repeated three times using 350 embryos in each replicate. Control embryos were manipulated in 
hatchery water in a similar manner then transported to the incubator cages. 
 
Cryopreservation of embryos in different vitrifying solutions 
 

Different protocols were used to expose the carp embryos (49-h stage embryos) to vitrifying solutions 
using HBSS as basic solution because it achieved better hatching % than HW. The 1st , 2nd and 3rd vitrifying 
solutions (VS1/- VS3) were prepared according to modified Haga solution (1982), modified Bock solution (1992) 
and modified Bock and Pluta, solution (1992) Other vitrifying solutions (VS4/- VS11) were prepared using 
various concentrations of MeOH alone (10, 20%), Gly alone (12, 16 and, 20%), and dimethyl sulfoxide 
(Me2SO) alone (5, 10, 15%) respectively according El Battawy and Linhart, (2009). 

The embryos were treated in previous vitrifying solutions (VS1-VS11). Carp embryos (100) were drawn 
into 0.5 mL straws and 1.5 mL cryotubes (IMV; France) , then they were closed using polyvinyl powder and 
they were chilled at approximately 4°C for 20 min in the refrigerator. The embryos were then plunged directly 
into liquid nitrogen (LN2) (-196°C) in a 15 L liquid nitrogen streobox for 20 min. In some experiments, 33 
embryos at 49-h stage were treated with previous vitrifying solutions as previously mentioned with the 
exception that 10% bovine serum albumen was added to VS1/- VS11 then being directly plunged into a big 
propylene beakers filled with LN2  and kept for 20 min. All the experiments were repeated three times using 100 
embryos for straws and cryotubes and 33 embryos for embryos for the direct plunging experiment in each 
replicate. 
 
Thawing and incubation of embryos 
 

Straws and cryotubes containing frozen embryos were quickly removed from LN2 and immersed in a 
water bath at 40°C for rapid thawing (about 7 s) for straws and 2-3 min for cryotubes. After thawing, the two 
ends of the straw were cut, and embryos were placed directly on hatchery water in the incubator cages to check 
hatching. For these embryos plunged directly in beakers with LN2, they were thawed by direct immersion on 
incubator cages to assess hatching. 
  
Statistical analysis 
   

Means of the data acquired were evaluated from 3 replicates. Statistical significance was assessed using 
multiple analysis of variance (ANOVA, Statgraphics version 5), followed by multiple comparison LSD range 
test. Probability values < 0.05 were considered significant. The statistical analysis was computed using SPSS 
software. 
 
Results  

Figure 1 presents the results on chilling sensitivity with/without MeOH at 4°C at different 
developmental stages. Developmental stage and methanol concentrations had significant effects (P< 0.001) on 
hatching rates.  At 2-h stage, all the MeOH concentrations were toxic and harmful to embryos resulting in no 
hatching while the hatching rates of 6-h stage embryos showed low significant difference (P<0.001) when they 
were exposed to 10% MeOH compared to the control while the hatching rates were very low, null and null when 
these embryos were exposed to  20%,  30 % and 35% methanol.  The hatching rates were relatively significantly 
high (P<0.05) when 24-h stage embryos were exposed to 10% MeOH compared with control while the hatching 
rates were low, very low and nearly null when these embryos were incubated with 20%, 30% and 35% MeOH 
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respectively. On exposing the late developmental stage (49-h) to 10% methanol, high hatching rate (without any 
significant difference to the control) was obtained while the hatching rates were 55.23± 1.19, 26.4± 4.56 and 
15.76± 4.03 when these embryos were exposed to 20%, 30% and 35% MeOH respectively.   The fourty ninth 
hour stage embryos were the less sensitive stage to MeOH during chilling, tolerating high concentrations of 
methanol (up to 30%) while 2-h stage embryos were the most senesitive to cryoprotectants showing no haching 
compared with control when they were exposed to all concentrations of MeOH (Fig 1). A protective and 
beneficial effect against chilling was detected when MeOH was used at lower concentrations (10%&20%) with 
49-h stage embryos. 
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Fig. 1: Effect of different methanol concentrations on the hatching rates of various embryos’ stages 
Groups with the same superscript do not differ significantly (P <0.05)    

 
Figure 2: Effect of various Gly concentrations and different BS on hatching rates of carp embryos. Gly 

yielded a protective effect and highest significant (P<0.05).rate of hatching of 49-h stage embryos at the level 
of 8% contained in both HBSS and HW (97.13±2.82 % and 90.26±1.94% respectively). However, exposure of 
embryos to 2 0 %  Gly c o n t a i n e d  i n  b o t h  H B S S  a n d  H W  resulted in a low significant 
(P<0.05).hatching rate (68.99±7.54% and 60.37±2.46%) respectively.  

 

 
 
Fig 2: shows the impact of various Gly concentrations and the type of BS on the hatching rates. 

Groups with the same superscript do not differ significantly (P <0.05) 
 1 represents various Gly concentrations contained in HW as BS, 2 represents different Gly 
concentrations contained in HBSS as BS 
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Incubation of embryos in HBSS with 8%, 12% and 16% Gly resulted in high significant hatching rates 
(97.13±2.82, 79.28±2.03 and 81.31±5.37%) respectively compared with those embryos incubated in HW with 
the same concentrations (90.26±1.94, 66.92±8, 54 and 71.43±2.42%) respectively at the level of 
(P<0.05).Moreover, incubation of carp embryos in HBSS with 0% , 4% and 20% Gly showed high non-
significant hatching rates (87.13±1.62, 83.77±6.17 and 68.99±7.54%) respectively in comparison with those 
embryos incubated in HW with the same concentrations (86.64±4.42, 85.02±3.65 and 60.37±2.46%) 
respectively at the level of (P<0.05).  

Cryopreservation results of carp embryos (49-h stage) using various vitrifying solutions showed that 
four embryos were recovered from vitrification experiments using VS1 with direct immersion of embryos in 
LN2. All the four survived carp embryos were of normal morphology and hatched successfully representing the 
1st report of carp embryos cryopreservation using vitrification. However, we could not obtain viable and 
survived embryos when they were subjected to vitrification with other VS and loaded in both straws and 
cryotubes. 

 
Discussion 

 
The present study reports the successful cryopreservation of carp embryos (Cyprinus carpio) by 

vitrification. The first successful cryopreservation of fish embryos was reported in the carp by using a 
programmed slow freezing method in liquid nitrogen but results could not be repeated (Zhang et al, 1989) and 
recently Tervit et al., (2005) recorded successful cryopreservation of large quantities of oyster oocytes using 
various cryoprotectants including dimethyl sulfoxide and MeOH. Furthermore, Chen and Tian (2005) reported 
successful vitrification of Japanese flounder embryos by vitrification using mixture of propylene glycol and 
methanol but results couldn\t be repeated. Methanol was added to the other cryoprotectants solutions in 
vitrifying solutions used for successful vitrification of different fish embryos so we tested the influence of its 
various concentrations on the hatching % of different stages of carp embryos. In the current investigation, no 
hatching embryos were recorded when 2-h stage embryos were incubated with different MeOH levels. Also, no 
hatching embryos were reported when 6-h stage embryos were incubated with 30 and 35% MeOH while their 
hatching rates were low when they were incubated with 10% MeOH and very low when they were incubated 
with 20% MeOH . Moreover, no hatching was observed when 22-h stage embryos were incubated with 35% 
MeOH while it was high, low and very low when they were incubated with 10%20% and 30% MeOH 
respectively.  These results are in agreement with those findings of Cabrita et al, (2003) who obtained no 
survival of turbot embryos when the concentration of methanol was 5 M or higher.  They attributed their 
findings to the high permeability of methanol and present inside the embryos in high concentration leading to 
their toxicity and death.  Other reasons for the extent of stage-dependent chilling sensitivity might be related to 
the changes in cell and tissue types, number of cells, effectiveness of repair mechanisms and enzymatic 
reactions (Dinnyes et al., 1998).  

In the present investigation, tolerance of fish embryos to cryoprotectant has been found to depend on 
developmental stage. Embryos of 22-h stage were less sensitive to cryoprotectants, tolerating high 
concentrations of the cryoprotectant where embryos tolerated up to 30% MeOH while 2-h stage embryos were 
the most senesitive to cryoprotectants showing no haching compared with control when they were exposed to all 
concentrations of MeOH. These results are in agreement with observations of  El Battawy and Linhart (2008) in 
tench, Cabrita et al., (2006) in seabream, Chen and Tian, (2005) in Japanese flounder, Cabrita et al., (2003) in 
turbot, Urbanyi et al., (1997) and Dinnyes’et al., (1998) in carp, Liu et al., (1998) in zebrafish and Suzuki et al., 
(1995) in medaka, rainbow trout,  pejerrey and carp who reprorted that late embryos generally were more 
resistant to cryoprotectant toxicity and mechanical shock than embryos at earlier developmental stages.  

In this study, the hatching % of the embryos incubated in HBSS showed a high significant (P<0.05) 
difference compared with those incubated in HW. Also, the hatching % of embryos incubated in HBSS with 8% 
Gy was highly significant (P<0.05) than those embryos incubated in HW only, HW with 12% Gly, HW with 
18% Gly, HW with 20% Gly and those incubated in HBSS with 20% Gly. In mammalian embryology, Gly is 
considered to be the least toxic cryoprotectant. However, in some species and developmental stages Gly is more 
toxic (Depiesse et al., 1991). 

Our Results are similar to the findings of Zhang and Rawson (1995) who reported lower toxicity of Gly 
in heartbeat stage of zebrafish embryos. Moreover, the present findings are in agreement with those results 
reported by Cabrita et al. (2003).who found a significant impact of the concentration of Gly on the hatching rate 
of turbot embryos. 

Unfortunately, there was no embryo survived vitrification, freezing and thawing in all the done 
experiments regarding cryopreservation results of carp embryos (49-h stage) frozen in VS1-11 using HBBS and 
stored in LN2. This finding is in accord with Edashige et al., (2006) who reported that the Japanese flounder 
embryos were difficult to cryopreserve by vitrifcation using Chen and Tian’s method. They referred the failure 
of successsful embryo vitrification to two main factors: One is the sensitivity of the embryos to the toxicity of 
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vitrification solutions. The other factor is the low permeability of embryos to water and cryoprotectants.   For 
the cryopreservation results of 49-h stage carp embryos, four embryos (4.04%) were recovered from vitrification 
experiments using VS1 with direct immersion of embryos in LN2.  

The present work is the first report of carp embryos cryopreservation using vitrification.  Four embryos 
were recovered from 297 frozen thawed 49-h stage embryos using VS1 with direct immersion of embryos in 
LN2. All the four survived carp embryos were of normal morphology and hatched successfully. However. We 
could not obtain viable and survived embryos when they were subjected to vitrification with vitrifying solutions 
(VS2-VS11) then being loaded in straws and cryotubes. The results of this investigation establish that 
cryopreservation of carp embryos is possible by vitrification but further investigations are needed to improve the 
survival rate.  
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