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Abstract 

This research compares two cryopreservation methods—vitrification and slow freezing—to 

evaluate their efficiency in safeguarding the oocytes of the toad species Bufo eichwaldi. The 

primary objective was to investigate how each technique influences oocyte viability, structural 

preservation, fertilization capability, and early embryonic development, as well as to assess the 

potential toxicity of the cryoprotectants used. Oocytes were divided into three groups: fresh, 

vitrified, and slow-frozen. Each group was examined for survival rates after thawing, maintenance 

of cellular structure, success in fertilization, and ability to reach initial embryonic stages. The 

results indicated that vitrification outperformed slow freezing in all measured aspects. Oocytes 

subjected to vitrification not only survived at higher rates but also retained their cellular 

architecture more effectively and demonstrated greater developmental potential, with a higher 

proportion advancing to the blastula stage. Detailed microscopic examinations, including both 

light and transmission electron microscopy (TEM), showed that vitrification better preserved the 

integrity of the plasma membrane and cytoplasmic components. In contrast, slow freezing led to 

notable cellular damage, such as membrane rupture and mitochondrial defects. The toxicity of 

cryoprotectants was assessed by monitoring lactate dehydrogenase (LDH) release and 

mitochondrial health. Vitrified oocytes exhibited less LDH leakage and more robust mitochondrial 

activity, suggesting lower levels of toxicity. In conclusion, vitrification emerged as a more reliable 

approach for maintaining the viability, structural integrity, and developmental competence of 

amphibian oocytes. These results highlight vitrification as a valuable alternative to slow freezing 

for amphibian reproductive studies and conservation initiatives. 

  



Introduction 

The global biodiversity crisis highlights the pressing need for effective conservation strategies to 

protect species at risk of extinction. Amphibians, which play a vital role as indicators of ecosystem 

health, are among the most endangered groups due to threats such as habitat destruction, climate 

change, pollution, and infectious diseases. One such species is Bufo eichwaldi (Talesh toad), a rare 

amphibian endemic to the Hyrcanian forest in Iran and Azerbaijan. This species has experienced 

a significant population decline, with habitat degradation posing a major threat, leaving it highly 

vulnerable to extinction. Preserving its genetic and reproductive material is critical for mitigating 

these risks and maintaining ecological stability. Reproductive biotechnology offers innovative 

solutions in conservation biology by safeguarding genetic diversity and improving reproductive 

success. Techniques like gamete and embryo cryopreservation have been successfully applied 

across various species to support ex situ breeding programs and establish genetic resource banks. 

Among these methods, vitrification—a rapid freezing technique—has shown great potential for 

preserving oocytes by preventing ice crystal formation, which is a common issue in traditional 

slow-freezing methods. This advantage enhances cell survival and functionality after thawing. 

 

Materials and Methods 

Analytical-grade chemicals were sourced from reputable suppliers for all procedures. 

Cryoprotectants—DMSO, ethylene glycol, and glycerol—were used at varying concentrations for 

both vitrification and slow-freezing. Amphibian Ringer’s solution and its variants were prepared 

using NaCl, KCl, CaCl₂, and MgSO₄. Morphological fixatives included glutaraldehyde, 

paraformaldehyde, and osmium tetroxide. Toxicity was assessed using an LDH assay kit and MTT 



reagent, while molecular analyses utilized a DNA extraction kit, Taq polymerase, and PCR 

primers. Cryomicroscopy involved propidium iodide and synthetic antifreeze agents. All solutions 

were sterilized and stored appropriately. The study aimed to optimize vitrification protocols for 

Bufo eichwaldi oocytes, comparing outcomes with slow-freezing in terms of survival, morphology, 

development, and toxicity. Experiments were performed in triplicate for reliability. All animal 

procedures followed ethical guidelines and were approved by the IACUC, with efforts to minimize 

animal use and suffering. Female toads were hormonally primed with hCG, and oocytes were 

collected non-invasively 12–24 hours post-injection. For slow-freezing, oocytes were equilibrated 

in 10% DMSO, cooled at 1°C/min to -80°C, then stored in liquid nitrogen. Vitrification involved 

stepwise exposure to increasing cryoprotectant concentrations before rapid immersion in liquid 

nitrogen. Thawing was performed in a 37°C water bath, with gradual cryoprotectant removal to 

prevent osmotic shock. 

 

Results 

Post-thaw survival rates of Bufo eichwaldi oocytes were significantly higher with vitrification 

(82.5% ± 3.2%) compared to slow freezing (61.8% ± 4.5%), though fresh oocytes had the best 

survival (96.2% ± 1.8%). Morphological assessments showed vitrification better preserved oocyte 

structure, with 78.6% integrity under light microscopy (Figure 1) and 72.4% ultrastructural 

integrity by TEM, while slow freezing caused more damage (54.2% and 48.7%, respectively). 

Fresh oocytes maintained near-perfect morphology. Developmental competence mirrored these 

trends: vitrified oocytes had moderate fertilization (76.3%) and blastula formation (72.4%) rates, 

whereas slow-frozen oocytes showed significant declines (51.8% and 45.2%). Embryonic 

development and larval survival were also higher in vitrified samples compared to slow freezing.  



 

Figure 1. Fertilized egg after vitrification and started the cleavage stages. Animal and vegetable polar are 

clear.  

 

Cryoprotectant toxicity, measured by LDH leakage, was lowest in fresh oocytes (3.6%), increased 

mildly in vitrified (12.4%), and was highest in slow-frozen oocytes (24.8%). Mitochondrial 

activity decreased with higher cryoprotectant concentrations, remaining highest in fresh and 

vitrified oocytes but significantly reduced in slow-frozen ones. Overall, vitrification outperformed 

slow freezing in preserving viability, morphology, developmental potential, and reducing toxicity 

in Bufo eichwaldi oocytes. The vitrified oocytes and then fertilized them, show successful hatching 

and larva growth (Figure 2).  



 

Figure 2: Bufo eichwaldi larva in one month after fertilization. 

 

Final conclusion 

This study compared vitrification and slow-freezing methods for preserving Bufo eichwaldi 

oocytes. Vitrification proved superior in maintaining oocyte survival, morphology, and 

developmental competence. Vitrified oocytes exhibited higher survival rates and less structural 

damage compared to slow-frozen ones. Microscopy confirmed that vitrified oocytes retained better 

morphological integrity. They also showed significantly greater developmental potential. 

Cryoprotectant toxicity was lower in vitrified samples, preserving mitochondrial activity. Overall, 



vitrification emerged as a more effective cryopreservation method, with promising applications in 

conservation biology. 


