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The Importance of 
Reproductive Science to 

the Zoological 
Conservation Mission

There are currently 41 extant species in the Felidae family  

3 near threatened 
14 vulnerable  
8 endangered1 

Therefore zoo’s play an important role in advancing conservation reproductive methods to help 
ensure survival and optimize genetics.  
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The Push to Advance Preservation 
Technology

• The current gold standard for reproductive 
preservation depends on liquid nitrogen 
preservation - slow freezing and vitrification 

• This method is expensive and requires 
proper storage/infrastructure 

• Optimizing alternate methods that avoid 
dependency on low temperature 
preservation is our study goal

Storage = room temperature or 4 degree C

Storage = -196 degree C
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Founding Concept
Anhydrobiosis: life suspended in a dry 
state

• The process depends on sugar production for tissue 
preservation -> trehalose and sucrose2 

• Purpose?  
• Water replacement theory: preventing drying induced denaturation of proteins  
• Glass formation: inhibit chemical reactions 

• Upon rehydration metabolic function returns
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• The Smithsonian NZP has been working to optimize their 
dehydration and vitrification protocols 

• Genetic analysis in the 2020 study showed genes pertaining to 
mitochondrial respiration are up regulated following 
vitrification and warming 

• There is evidence that in the short term, increased mitochondrial 
activity promotes survival from endoplasmic reticulum stress4 

• Prolonged up-regulation of mitochondrial respiration is cause for 
concern due to the increased production of ROS5  

Are antioxidant or other ROS treatments needed for 
ovarian tissue during the preservation process?5

Guiding study: 
Initial response of ovarian tissue transcriptome to 

vitrification or microwave- assisted dehydration in the 
domestic cat model3
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The Cortex and the Cat
• Two options for reproductive preservation: gametes or whole 

tissue 

• Preserving whole ovarian cortex tissue gives us access to an 
untapped supply of pre-antral follicles -> these can later be 
cultured and used for conservation breeding programs (genome 
rescue banking)6  

• We are using the domestic cat as our model species for human and 
for rare and endangered felids due to comparable traits in 
anatomy and physiology.7 

• Ovaries are provided by spays at a local animal clinic. 
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Elevation in mitochondrial activity is an initial adaptive 
stress response to mild stress caused by vitrification. 
Ovarian tissue responds differently to vitrification and 
dehydration protocols. 

Hypothesis
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Methods
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Fresh control

Fresh + Culture for 24 hours

 Culture with 4μM 
MitoTracker culture media 

for 1 hr incubation

Sample processing: Fixation, tissue 
processing, embedding,  

slicing, rehydration, and mounting

Vitrification/warming

Dehydration for 10 minutes + 30 minute rehydration

Dehydration for 10 minutes + 30 minute rehydration + Culture for 24 hours

Dehydration for 5 minutes + 30 minute rehydration

Dehydration for 5 minutes + 30 minute rehydration + Culture for 24 hours

Ovaries collected from 
6 prepubescent 

domestic cats (2-6 
months)

Transverse 
transection of 

ovary

Tissue Dissection 
and cut 2mm 

punch biopsies

3-4 days for completion



Methods: Dehydration & Vitrification Protocol
Ovarian cortex dissection

Ovarian cortex 2mm punch biopsies

String cortex pieces on 30G Needle and exposed to  
Equilibrium and Vitrification (contains Sucrose) solutions  

in preparation for freezing

Place needles in liquid nitrogen tubes and submerge for 24+ hours

Warm cortex pieces through transferring the needle  
into Warming solutions 1,2, 3, and 4 
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String Cortex Pieces on 30G needle and 
exposed to Digitonin and Trehalose in 

preparation for microwave

5 and 10 minute exposure to microwave for 
dehydration

Rehydrate for 30 minutes in Dissection Media



Methods
• MitoTracker probe culturing allowed for monitoring of 

mitochondrial activity levels  

• Probes passively diffuse across plasma membranes and 
accumulate in active mitochondria -> we added DMSO for 
penetration assistance  

• We mounted with Vectashield Hardset with DAPI to allow 
visualization of total follicles present 

• Under TXRed channel (579/599 nm) we were able to view number 
active follicles and total follicles under DAPI channel (350/470 nm)
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Mitochondria

Accumulate and fluoresce in active mitochondria

Active follicle

MitoTracker probe



Dead Control

Merged image

DAPI

TXRED
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Results

DAPI Image
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TXRED Image

+
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Typical intensity of fresh tissue

Typical intensity of treated tissue (D10)

= follicle



Results

Merged images 

Higher fluorescence = Increased mitochondrial respiration
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Results
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F - Fresh  

FC - Fresh cultured 

D5 - Dry 5 minutes 

D5C - Dry 5 minutes + 24 hrs culture 

D10 - Dry 10 minutes  

D10C - Dry 10 minutes + 24 hrs culture 

F

FC

D5

D5C

D10

D10C

High mitochondrial activity

Low mitochondrial activity



What does this mean? 
Where to go from here?

• Our preliminary data shows an adaptive stress response (increase in mitochondrial activity) 
immediately after cellular stress 

• Mitochondrial activity decreases after culturing 

• We need to analyze our remaining cats and all vitrified treatment groups  

• We will then compare dehydration and vitrification results and run statistical analysis on them 
to determine significance 
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Questions?
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