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SUMMARY: 20 
This manuscript describes a protocol for the minimum volume vitrification of immature cat 21 
oocytes with laboratory-made media on commercial supports. It covers every step from oocyte 22 
isolation from ex vivo gonads to vitrification and warming. 23 
 24 
ABSTRACT: 25 
In wild animals’ conservation programs, gamete banking is crucial to safeguard genetic 26 
resources of valuable individuals and rare species and to promote biodiversity preservation. In 27 
felids, most species are threatened with extinction, and domestic breeds are used as a model to 28 
increase the efficiency of protocols for germplasm banking. Among oocyte cryopreservation 29 
techniques, vitrification is more and more popular in human and veterinary assisted 30 
reproduction. Cryotop vitrification, which was at first developed for human oocytes and 31 
embryos, has demonstrated to be well-suited for cat oocytes. This method offers several 32 
advantages, such as the feasibility in field conditions and the speed of the procedure, which can 33 
be helpful when several samples need to be processed. However, the efficiency is strongly 34 
dependent on the operator’s skills, and intra- and inter-laboratory standardization are needed, 35 
as well as personnel training. This protocol describes minimum volume vitrification of immature 36 
feline oocytes on a commercial support in a step by step field-friendly protocol, from oocyte 37 
collection to warming. Following the protocol, preservation of oocyte integrity and viability at 38 
warming (as high as 90%) can be expected, although there is still room for improvement in 39 
post-warming maturation and embryonic development outcomes. 40 
 41 
INTRODUCTION: 42 
Cryopreservation has become a key step of assisted reproduction techniques (ARTs). In 43 
humans, it allows preservation of fertility or postponement of parenthood for medical or 44 
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personal reasons. In animals, it is necessary to overcome distance and time in planned matings, 45 
especially in farm animals and pets, or to preserve genetic material of valuable subjects in 46 
conservation programs, particularly in wild endangered species. Gamete cryopreservation is the 47 
best choice when the individuals to be bred have not been chosen yet or in order to avoid 48 
ethical issues associated with embryo freezing, especially in human medicine1. Spermatozoa are 49 
relatively easy to preserve and give satisfactory outcomes after thawing, but oocytes, due to 50 
their structural features, might be more complex to store. Indeed, the low surface/volume 51 
ratio, as well as the presence of the zona pellucida surrounding the ooplasma, limits the 52 
movement of cryoprotectants and water across the cell2. Moreover, in domestic animals 53 
including felids, they are characterized by a lipid-rich cytoplasm, which is thought to make them 54 
more sensitive to cryopreservation3. 55 
 56 
Most felids are threatened, and the domestic cat is used as a model to develop protocols for 57 
germplasm preservation thanks to the availability of gonads from routine ovariectomy. In wild 58 
animals, gonads can be obtained after elective surgeries or (more frequently) post-mortem, and 59 
immature (germinal vesicle) gametes can be retrieved. Hormonal stimulation aimed to obtain 60 
mature (metaphase II) oocytes is not as common as in human ARTs because of the ethical 61 
issues and the species- and individual-specific response to treatments4. 62 
 63 
Therefore, the development of cryopreservation strategies has focused on immature gametes, 64 
which can usually be retrieved after the unexpected or sudden death of rare individuals. From a 65 
biological point of view, there are some differences in the cryopreservation of immature or 66 
mature gametes, each having its advantages. Firstly, DNA is more protected in immature 67 
oocytes, whose germinal vesicle contains chromosomes surrounded by a nuclear membrane, 68 
while the meiotic spindle of metaphase II oocytes could be more vulnerable to cryoinjuries5. 69 
Secondly, cold-induced cytoskeleton damages might affect spindle rotation, polar body 70 
extrusion, pronuclear migration and cytokinesis, which could have different impacts according 71 
to oocyte developmental phase, influencing meiosis progression or post-fertilization events. 72 
Finally, and perhaps most importantly, whereas mature oocytes are ready to be fertilized, 73 
immature gametes rely on the support of the surrounding cumulus cells to go through nuclear 74 
and cytoplasmic maturation6, and this is the reason why whole cumulus-oocyte complexes 75 
(COCs) are cryopreserved. However, the loss of cumulus cells and/or the loss of functional 76 
connection between the gamete and the surrounding somatic cells are probably the most 77 
detrimental effect of cryopreservation of immature COCs. 78 
 79 
Among cryopreservation techniques, vitrification is one that can be applied more easily in field 80 
conditions. Compared to slow (or controlled rate) freezing, vitrification is faster and does not 81 
require specific equipment, such as a programmable freezer. In order to satisfy the three 82 
fundamental principles of vitrification (i.e., high viscosity, connected to high cryoprotectant 83 
concentration, small volumes and ultra-rapid temperature decrease), several media and 84 
supports especially have been developed and used in cats for both immature and mature 85 
oocytes. Beginning with simple straws7, devices were then developed to reach the “Minimum 86 
volume” goal. Cryoloop8, open pulled straws (OPS)9, plastic gutters (modified straw)10 and 87 
cryotubes11 have been used, until a more efficient device (i.e., Cryotop) was employed11, 88 



   

improving survival and meiosis resumption. Cryotop (Supplemental Figure 1) is a commercially 89 
available support which has become the elective open system for vitrification. Developed for 90 
the vitrification of human oocytes and embryos, it consists of a small film strip attached to a 91 
hard plastic holder, protected by a plastic tube cap during storage12. Thanks to its usability and 92 
to the extreme reduction in vitrification volume (as little as 0.1 µL), which also leads to 93 
extremely rapid cooling and warming rates, this vitrification support has been increasingly 94 
applied in several species, including the domestic cat, in which it has been used with a variety of 95 
media13–17. 96 
 97 
The purpose of this manuscript is to describe a collection-vitrification-warming protocol, with 98 
minor modifications from the one originally developed for human oocytes, which employs 99 
laboratory-made media and commercial supports for minimum volume vitrification and can be 100 
easily applied in field conditions for the cryopreservation of immature feline COCs. 101 
 102 
PROTOCOL: 103 
 104 
The procedures hereby depicted did not undergo ethical approval since cat ovaries were 105 
collected at veterinary clinics as byproducts from owner-requested routine ovariectomy or 106 
ovariohysterectomy. 107 
 108 
1. Oocyte collection 109 
 110 
1.1. Before starting the experiments, prepare solutions for ovary and oocyte collection. Prepare 111 
ovary collection solution with phosphate buffered saline (PBS) with a mixture of antibiotics and 112 
antimycotics (100 IU/mL of penicillin G sodium, 0.1 mg/mL of streptomycin sulphate, 0.25 113 
μg/mL of amphotericin B). Prepare oocyte collection solution (i.e., PBS/PVA) with PBS with 100 114 
IU/mL of penicillin G sodium, 0.1 mg/mL of streptomycin sulphate and 0.1% (w/v) polyvinyl 115 
alcohol (PVA). 116 

 117 
1.2. Store solutions for ovary and oocyte collection at 4 °C until use. 118 

 119 
1.3. On the day of queens’ spaying, a few hours before processing the samples, take part of 120 
ovary and oocyte collection solutions and let them warm up at room temperature (RT; 25 ± 2 121 
°C). 122 

 123 
1.4. When samples arrive to the lab, isolate the ovaries from the surrounding connective tissue 124 
and from the oviduct and wash them in fresh ovary collection medium in a Petri dish. 125 

 126 
1.5. Fill one 35 mm Petri dish for each queen with about 3 mL of RT PBS/PVA, and one more 127 
dish to collect the oocytes. 128 
 129 
1.6. Place a pair of ovaries in a Petri dish and mince the cortex with a surgical scalpel. Ensure all 130 
the follicles have been broken with the help of a stereomicroscope (magnification 8x). 131 
 132 



   

1.7. Collect COCs with a pipette and move them in fresh PBS/PVA in the allocated Petri dish. 133 
Select good qualities COCs, with a homogenous, dark cytoplasm and surrounded by several 134 
compact layers of cumulus cells (grade I18). 135 
 136 
2. Vitrification 137 
 138 
2.1. Prepare equilibration and vitrification media. 139 
 140 
2.1.1. Prepare equilibration solution (ES) with 7.5% (v/v) ethylene glycol (EG) and 7.5% (v/v) 141 
dimethylsulphoxide (DMSO) in Medium 199, with 20% fetal bovine serum (FBS). 142 
 143 
2.1.2. Prepare vitrification solution (VS) with 15% (v/v) EG, 15% (v/v) DMSO and 0.5 M sucrose 144 
in Medium 199, with 20% FBS (modified from 19). 145 
 146 
2.1.3. Let ES and VS warm up at RT before use. 147 
 148 
NOTE: Cryoprotectants (e.g., EG, DMSO) are known to be cytotoxic. A strategy to counter their 149 
toxicity is to reduce the temperature at which the cells are exposed to them20, and oocytes are 150 
usually exposed to cryoprotectants at RT. Thus, the whole procedure, from oocyte collection to 151 
vitrification, is carried out at RT in this protocol to avoid temperature fluctuations. 152 
 153 
2.2. Prepare the vitrification dish (i.e., a special dish consisting of six conical wells divided in two 154 
rows, known as “Repro plate”). Prepare one row (three wells) for each vitrification support. 155 
 156 
2.2.1. Add 20 µL of ES on the bottom of the first well 157 
 158 
2.2.2. Add 300 µL of VS on the bottom of the second (i.e., 1VS) and third (i.e., 2VS) wells. 159 
 160 
2.3. Equilibrate COCs in ES. 161 
 162 
2.3.1. With a small-bore pipette (e.g., a Pasteur pipette pulled on a Bunsen beak to make it 163 
thinner – diameter should be at least 200 µm), transfer one (or more) COC(s) on the bottom of 164 
the first well. 165 
 166 
NOTE: Choose the size of the pipette according to the number of layers of cumulus cells 167 
surrounding the oocytes, so to COCs dimensions, aiming to reduce as much as possible the 168 
volume of media which is transferred with COCs in each step. With the present protocol, 169 
trained operators can vitrify successfully up to eight feline COCs per each vitrification support. 170 
 171 
2.3.2. Slowly add 20 µL of ES on the border of the drop. Wait for 3 minutes. 172 
 173 
2.3.3. Slowly add other 20 µL of ES on the border of the drop. Wait for 3 minutes. 174 
 175 
2.3.4. Slowly add 240 µL of ES on the border of the drop. Wait for 9 minutes. 176 



   

 177 
2.3.5. While waiting, prepare a box with liquid nitrogen (LN2), label a vitrification support with 178 
the experiment/cat identification code and leave it open. Put both of them near the 179 
stereomicroscope, so that they can be easily reachable while working. 180 
 181 
CAUTION! Wear personal protective equipment when handling LN2. 182 
 183 
2.3.6. Alternatively, if several COCs have to be vitrified, begin the first equilibration step (see 184 
step 2.3.1 - 2.3.2) for another group of COCs (which will be loaded onto a new vitrification 185 
support). 186 
 187 
2.4. Vitrify COCs in VS in less than 90 seconds. 188 
 189 
2.4.1. Using the same small-bore pipette, fill it with 1VS, take the COCs from the bottom of the 190 
first well (ES) and move them to the surface of the second well (1VS). 191 
 192 
2.4.2. Wash the pipette with 1VS. 193 
 194 
2.4.3. Take the COCs and move them in another area (on the bottom) of the well; mix the 195 
medium surrounding them with the pipette. 196 
 197 
2.4.4. Fill the pipette with 1VS in another area of the well, take the COCs, move them and mix 198 
the medium surrounding them with the pipette. 199 
 200 
2.4.5. Repeat step 2.4.4. 201 
 202 
2.4.6. Wash the pipette with 2VS. 203 
 204 
2.4.7. Take the COCs and move them on the bottom of the third well (2VS); mix the medium 205 
surrounding them with the pipette. 206 
 207 
2.4.8. Fill the pipette with 2VS in another area of the well, take the COCs, move them and mix 208 
the medium surrounding them with the pipette. 209 
 210 
2.4.9. Repeat step 2.4.8. 211 
 212 
2.4.10. Fill the pipette with 2VS in another area of the well, take the COCs and load them on the 213 
strip of the vitrification support, as close as possible to the tip. Aspirate excess medium to 214 
reduce the volume of VS as much as possible. 215 
 216 
2.4.11. Immediately plunge the vitrification support in LN2, moving it. Close it with the help of 217 
some clamps, making sure it always remains immersed in LN2. 218 
 219 
NOTE: Keeping the right timing is crucial due to cryoprotectant cell-toxicity. Because of their 220 



   

high concentration in vitrification media, cell exposure needs to be controlled, also by flawless 221 
execution of the technique21. If samples are abundant, consider dividing them to process them 222 
more quickly and minimize the amount of time from oocyte collection to vitrification. 223 
 224 
2.5. Store the loaded vitrification supports in a goblet and keep them in a storage LN2 tank until 225 
warming. 226 
 227 
NOTE: All the previous steps of the protocol can also be applied in field conditions if LN2 is 228 
available. A dry shipper will be necessary to transport the samples to the lab safely and then 229 
proceed there with the following phases. 230 
 231 
3. Warming 232 
 233 
3.1. Prepare warming media. 234 
 235 
3.1.1. Prepare thawing solution (TS) with 1 M sucrose in Medium 199, with 20% FBS. 236 
 237 
3.1.2. Prepare dilution solution (DS) with 0.5 M sucrose in Medium 199, with 20% FBS. 238 
 239 
3.1.3. Prepare washing solution (WS) with Medium 199 with 20% FBS. 240 
 241 
3.1.4. Before use, warm up TS to 38 °C and DS and WS at RT. 242 
 243 
3.2. If necessary, prepare the culture medium for the subsequent use of warmed COCs (e.g., in 244 
vitro maturation, IVM). 245 
 246 
3.3. Place the heating stage close to the stereomicroscope and turn it on (38 °C). Put the lid of a 247 
Petri dish to warm up. 248 
 249 
3.4. When everything is ready, transfer the vitrification supports which must be warmed from 250 
the storage tank to a box with LN2, and put the box near the stereomicroscope. 251 
 252 
3.5. Prepare the “Repro plate”. Prepare a row for each vitrification support that must be 253 
warmed. 254 
 255 
3.5.1. Add 300 µL of DS on the bottom of the first well 256 
 257 
3.5.2. Add 300 µL of WS on the bottom of the second (i.e., 1WS) and third (i.e., 2WS) wells. 258 
 259 
3.6. Make a drop of TS (100 µL) on the lid of the Petri dish. 260 
 261 
3.7. With clamps, open one vitrification support in the LN2. 262 
 263 
3.8. Put the TS drop under the stereomicroscope and with one fast movement take the 264 



   

vitrification support from the LN2 and immerse its strip in the drop, moving it until all COCs 265 
detach. Remove the support from the drop as soon as it is empty, but leave the COCs in TS for 1 266 
minute in total (from immersion until the following step). 267 
 268 
3.9. Take a pipette similar to that used for vitrification and fill it with DS. Take the COCs from 269 
the drop (TS) and move them to the bottom of the first well (DS). Wait for 3 minutes. 270 
 271 
3.10. Wash the pipette with 1WS. Take the COCs and move them on the bottom of the second 272 
well (1WS). Wait for 5 minutes. 273 
 274 
3.11. Wash the pipette with 2WS. Take the COCs and move them on the surface of the third 275 
well (2WS). Wait for them to touch the bottom of the well. 276 
 277 
3.12. Repeat step 3.11 using another area of the well. 278 
 279 
3.13. Wash the pipette with culture medium and move the oocytes to the culture dish for the 280 
following use (e.g., IVM). 281 
 282 
REPRESENTATIVE RESULTS: 283 
Following cat oocyte vitrification and warming according to the present protocol (Figure 1 and 284 
Supplemental Figure S1), the vast majority of gametes survive. After vitrification, among other 285 
techniques, viability can be evaluated at the optical microscope as morphological integrity22 or 286 
with the use of vital stains. One of the latter is fluorescein diacetate/propidium iodide (FDA/PI), 287 
which allows the identification of viable (bright green fluorescence) and dead cells (red 288 
fluorescence). Figure 2 shows a representative picture of vitrified-warmed cat COCs stained 289 
with FDA/PI right after warming. Data from the experiments showing the percentage of survival 290 
after vitrification are reported in Table 1, which depicts post-warming data of oocytes intended 291 
for in vitro maturation17 or in vitro embryo production16. On the whole, in the two experiments 292 
used as examples here16,17, 395 out of 435 oocytes survived, scoring an overall 90.8% post-293 
warming viability. 294 
 295 
However, some morphological changes can be noticed after warming (Figure 3). In gametes 296 
vitrified-warmed following this protocol, the most frequent morphological abnormalities are 297 
changes in ooplasm shape and granulation, partial (or, rarely, total) loss of cumulus cells and 298 
(rarely) zona pellucida fractures. On the other hand, as reported in our previous works on 299 
minimum volume vitrification with the same support, these vitrified COCs can mature17 and 300 
develop into embryos in vitro16, even if at lower rates than fresh COCs. In addition, they do not 301 
usually present zona pellucida hardening (which is another well-known consequence of 302 
cryopreservation), since in vitro fertilization (IVF) is successful16. 303 
 304 
FIGURE AND TABLE LEGENDS: 305 
Figure 1. Schematic depiction of oocyte vitrification-warming protocol. Please refer to the 306 
manuscript text for complete indications. COCs= cumulus-oocyte complexes; ES=equilibration 307 
solution; VS=vitrification solution; TS=thawing solution; DS=dilution solution; WS=washing 308 



   

solution; LN2=liquid nitrogen. 309 
 310 
Figure 2. Viability of vitrified cat oocytes after warming. Vitrified cumulus-oocyte complexes 311 
stained with fluorescein diacetate/propidium iodide (FDA/PI) show green fluorescence when 312 
viable (A) or red or weak fluorescence when dead (B). Excitation/emission wavelengths: 495 313 
nm/517 nm for FDA; 538 nm/617 nm for PI. Scale bar: 50 µm. 314 
 315 
Figure 3. Light micrographs of fresh and vitrified cat oocytes. (A) Fresh cumulus-oocyte 316 
complexes after collection, before vitrification. (B) Vitrified cumulus-oocyte complexes after 317 
warming, showing some vitrification-induced injuries (changes in shape and loss of cumulus 318 
cells, black arrow). Scale bar: 50 µm. 319 
 320 
Table 1. Representative results of viability in cat vitrified-warmed oocytes. Data from 321 
†Colombo et al. 201916 and ‡ Colombo et al. 202017. 322 
 323 
Supplemental Figure 1. Representative picture of the supports used for oocyte vitrification. 324 
The commercial support measures 13 cm and is easy to handle and store. Oocytes have to be 325 
loaded on the thin plastic strip at the top of the device, as close as possible to the black mark 326 
near the tip. Copyright: Kitazato Corporation. 327 
 328 
DISCUSSION: 329 
Oocyte cryopreservation is a crucial germplasm conservation technique, especially in taxa 330 
where many species are endangered, such as Felidae family. In this manuscript, a simple and 331 
field-friendly protocol for the vitrification of immature cat oocytes was presented. Laboratory-332 
made media, minimum volume vitrification supports and trained personnel are the key factors 333 
for the success of this method, which allows obtaining viable oocytes consistently and 334 
repeatedly, as shown by the representative results hereby reported. 335 
 336 
Beginning with media preparation, the protocol should be followed accurately to ensure the 337 
best results, but the operator’s skills are the major issue. Media should be prepared the same 338 
day of the vitrification procedure, or, if that is not possible, they should be prepared the day 339 
before and stored at 4 °C. In any case, before sample processing, enough time should be left to 340 
allow the solutions to warm up to RT. Oocyte collection and COCs selection are quick and 341 
simple procedures that are routinely performed by every ARTs laboratory. However, 342 
cryopreservation is the most delicate procedure. While the warming procedure is not so critical, 343 
if the protocol and the timings are followed, vitrification might be more complex. After 344 
equilibration, in which care must be taken just in respecting timings, the most challenging 345 
phase is likely to be the vitrification step (see 2.4. of the present protocol). Indeed, oocyte 346 
transfers and pipette washings need to be well-timed and, all together, performed in less than 347 
90 seconds. For beginners, it is advisable to time the procedure with a stopwatch while training, 348 
while also for trained individuals it might be useful to have a timer beeping after 60 seconds as 349 
an alert that time is running up. In addition, this would allow a higher standardization, since 350 
operators vitrifying groups of 6-8 COCs should be close to the transfer of the oocytes from the 351 
second to the third well of the Repro plate (see step 2.4.7 of the present protocol) when the 352 



   

alarm goes off. Hopefully, with the aid of this article, a higher standardization between 353 
individuals and between laboratories could be achieved. 354 
 355 
The major limitations of the protocol remain the intrinsic features of cryopreservation 356 
procedures themselves. As previously noted, vitrification exposes oocytes to non-physiological 357 
and potentially damaging conditions, even if it is performed flawlessly. The incubation with 358 
cryoprotectants and the decrease of temperature are the most critical events20 and they need 359 
to be kept under strict control. Among the most common cryoinjuries, some are easily 360 
observable at the optical microscope (e.g., cumulus cell loss, alteration of cellular shape and 361 
size), while others are not visible and often affect subcellular structures (e.g., zona pellucida 362 
hardening, oxidative stress, cytoskeleton damages, meiotic spindle and DNA alterations)23,24. 363 
Although mostly viable, COCs vitrified following this protocol often present some evident 364 
morphological anomalies after warming. However, there is no correlation between morphology 365 
and viability, which might also be hampered because of subcellular damages3,25, but 366 
morphological alterations are likely a consequence of cryoinjuries and partially a reason for the 367 
in vitro developmental outcomes of vitrified oocytes, which are quite poor if compared with 368 
that of fresh oocytes. The careful preparation of vitrification media and the precise observation 369 
of protocol timing contribute to obtain good post-warming viability and morphological 370 
integrity, but improvements in further in vitro maturation of oocytes and embryo development 371 
are still needed, since viability often decreases during the following culture16. 372 
 373 
Cold-induced injuries unfortunately occur with every cryopreservation method24. The minimum 374 
volume vitrification support used in this protocol has been developed to reduce the vitrification 375 
volume as much as possible, resulting in better cooling and warming rates compared to other 376 
cryopreservation devices (-23,000 °C/minute and 42,000 °C/minute respectively, according to 377 
the manufacturer specifications). As a consequence, in human medicine, where clinical studies 378 
assessing both in vitro (i.e., fertilization and embryo development) and in vivo parameters (i.e., 379 
pregnancy rates and live births) are available, minimum volume vitrification is the most 380 
common choice for oocyte cryopreservation due to its incomparable results in terms of post-381 
warming survival and, finally, live births12 from vitrified mature human oocytes. In addition, 382 
compared to other vitrification devices, the one used in this protocol is easier to use and safer 383 
to store12, since it is comfortable to handle and is protected by a cap during storage. For 384 
instance, the Cryoloop is also an efficient support in order to reach the minimal volume goal, 385 
but its structure (a loop supporting a film of solution on which the oocytes are loaded) is fragile 386 
and prone to accidental warming12. Straws (0.25 mL volume) or open pulled straws (OPS) can 387 
also be used, but they do not allow a significant reduction in the vitrification volume and are 388 
also challenging to fill and empty, as some oocytes might be lost26. Many other supports have 389 
been developed2, but each of them has its drawbacks. Instead, compared to slow freezing, 390 
which previously was the most used cryopreservation technique, the main advantages of 391 
minimum volume vitrification on commercial supports are its feasibility and speed. As 392 
previously mentioned, vitrification does not require a programmable freezer to be performed, 393 
and while slow freezing of oocytes takes about one hour and half to be concluded25, vitrification 394 
can be accomplished in about 17 minutes following the present protocol. 395 
 396 



   

In conclusion, staff skills and inter-operator standardization might be the most challenging 397 
requirements when starting a vitrified oocyte bank, but they will be achieved with personnel 398 
training. This minimum volume vitrification protocol for cat immature oocytes gives consistent 399 
and repeatable results when performed by experienced operators. However, there are still 400 
chances for improvement in oocyte developmental rates, even if post-warming viability and 401 
integrity are satisfactory. With further optimization, the present protocol could also be applied 402 
in field conditions for wild felids, for which published data concerning oocyte cryopreservation 403 
is still scarce27. Widening the application of this method not only would increase the possibility 404 
to improve cryopreservation protocols, but would also allow establishing vitrified oocyte 405 
biobanks for fertility and biodiversity preservation in felids. 406 
 407 
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Experiment Group Warmed oocytes (n) Viable oocytes (n) Viability (%) Viability (mean % ± SD)

1 13 12 92.31

2 47 44 93.62

3 52 45 86.54

4 26 24 92.31

5 41 40 97.56

6 21 19 90.48

7 50 44 88.00

1 17 17 100.00

2 17 17 100.00

3 9 8 88.89

4 21 21 100.00

5 30 23 76.67

6 26 23 88.46

7 17 13 76.47

8 10 10 100.00

9 15 14 93.33

10 23 21 91.30

1
†

2
‡

91.54 ± 3.66

91.51 ± 9.16
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Name of Material/Equipment Company

Amphotericin B Sigma-Aldrich

Automatic pipettes & tips /

Surgical scalpels /

Bunsen beak /

Clamps /

Cryotop Kitazato (distributor: MBT - Medical Biological Technologies)

Dimethyl sulfoxide (DMSO) Sigma-Aldrich

Ethylene glycol (EG) Sigma-Aldrich

Fetal bovine serum (FBS) Sigma-Aldrich

Glass Pasteur pipettes /

Gobelets /

Heating stage /

Liquid nitrogen /

Medium 199 Sigma-Aldrich

Phosphate-buffered saline (PBS) Sigma-Aldrich

Penicillin G sodium Sigma-Aldrich

Polyvinyl alcohol (PVA) Sigma-Aldrich

Repro plate Kitazato (distributor: MBT - Medical Biological Technologies)

Stereomicroscope /

Storage tank /

Streptomycin sulphate Sigma-Aldrich

Styrofoam/nitrogen resistant box /

Sucrose Sigma-Aldrich

Timers /
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Catalog Number Comments/Description

A2942 /

/ Needed to pipette 20, 100, 240 and 300 µL

/ Size 10 is usually ok

/ /

/ Some small (Mosquito clamp) for ovary isolation, some bigger (Klemmer clamp) to work in liquid nitrogen

01.CR Distributors and catalog number may change in different countries

D2650 /

E9129 /

F9665 /

/ Advised lenght 230 mm (100+130)

/ According to the canisters of the storage tank

/ All heating stages are ok, as long as they can keep 38ºC

/ /

M4530 /

D8662 /

P3032 /

P8136 /

01.K-2 Distributors and catalog number may change in different countries

/ As long as the operator can select the oocytes, other stereomicroscopes are ok

/ Any regularly filled tank is ok

S9137 /

/
All boxes which can contain liquid nitrogen are ok, as long as the operator is comfortable. Kitazato box is 

called "Cooling Rack"

S1888 /

/ All timers which can be set on times until 9 minutes are ok



Manuscript JoVE61523 – Revision 1 
 

The manuscript has been revised according to the Editor’s and Reviewers’ suggestions. 

We thank for the constructive criticisms which contribute to improve the quality of the work. 

 

Lines indicated in the Authors’ replies are referred to the HIGHLIGHTED version of the manuscript. 

 

Editorial comments: 

Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling 

or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted 

revision may be present in the published version. 

Authors: The manuscript has been proofread. 

 

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line 

spacings: single. Please include a single line space between each step, substep and note in the protocol 

section. Please use Calibri 12 points 

Authors: Formatting has been checked. 

 

3. JoVE policy states that the video narrative is objective and not biased towards a particular product 

featured in the video. The goal of this policy is to focus on the science rather than to present a technique as 

an advertisement for a specific item. To this end, we ask that you please use generic term for “Cryotop” 

both in the title and throughout the text. The term can be introduced once in the introduction. 

Authors: The term “Cryotop” has been deleted or replaced with “Minimum volume (vitrification)” / 

”Commercial support” / ”Vitrification device” or similar expressions in the title and throughout the text 

(Lines 2, 21-22, 36-37, 101, 107, 169, 170, 187, 209, 216, 244, 247, 269, 294, 297, 306, 326, 327, 411, 455-

456, 461, 464, 473, 475, 485) and changes to the text have been applied accordingly. “Cryotop” was left 

once as explanation in the introduction and once in the abstract to facilitate paper retrieval through 

bibliographic databases (e.g. PubMed, CABI, WoS…). 

 

4. Please remove the commercial term from the title and from the list of keywords. 

Authors: The term has been removed. 

 

5. Please expand all abbreviations during the first time use. 

Authors: One abbreviation explanation (PVA) was added (Line 122). 

 

6. JoVE cannot publish manuscripts containing commercial language. Please remove all commercial 

language from your manuscript and use generic terms instead. All commercial products should be 

sufficiently referenced in the Table of Materials and Reagents. For example: Cryotop, Cryotop Repro plate, 

etc. 

Authors: Changes have been applied in the manuscript text as described in the third Editorial comment. In 

the Table of Materials and Reagents, lines of Cryotop and Repro Plate have been slightly modified to 

further clarify materials availability. 

 

7. Please ensure that the long Abstract is within 150-300 word limit and clearly states the goal of the 

protocol. 

Authors: Done. 

 

8. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone 
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how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 

imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” 

“should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative 

tense may be added as a “Note.” 

Authors: Necessary changes have been applied (Lines 117, 120, 156, 159, 170, 215, 280, 282, 284, 297, 

327). 

 

9. The Protocol should contain only action items that direct the reader to do something. 

Authors: Checked. 

 

10. Please ensure you answer the “how” question, i.e., how is the step performed? 

Authors:  Done. 

 

11. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step. 

Authors: Necessary changes have been applied (Lines 156-162, 280-286). 

 

12. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please 

highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential 

steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of 

the Protocol. 

Authors: Following some modifications of the protocol (Editorial comment 11), the highlighting of some of 

the text has been deleted (media preparation, Lines 156-162, 280-289). 

 

13. Please ensure the results are described in the context of the presented technique. e.g., how do these 

results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should 

refer to all of the figures. Data from both successful and sub-optimal experiments can be included. 

Authors: Done. 

 

14. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit 

permission can be expressed in the form of a letter from the editor or a link to the editorial policy that 

allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. 

The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from 

[citation].” 

Authors: Figures 1, 2 and 3 in the present manuscript have never been published elsewhere, thus copyright 

permission is not necessary. For Supplemental Figure 1 (S1), which is copyrighted by Kitazato Corporation, a 

permission has been obtained by the owner. The permission has been uploaded in the Editorial Manager. 

 

15. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 

3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

Authors: Done. 

 

  



Reviewers' comments: 

Reviewer #1:  

Manuscript Summary: 

The paper gives a very detailed description on oocyte vitrification in cats. It is well written and clearly 

structured 

 

Major Concerns: 

none 

 

Minor Concerns: 

none 

 

Authors: We thank the Reviewer for her/his contribution. 

 

 

Reviewer #2:  

The manuscript is extremely interesting for the conservation area of animal germplasm. In addition, the 

Felidea family needs studies in this area, especially to be a model for endangered wild species. However, 

before publication, some questions need to be revised for a better quality of the manuscript. 

1. Abstract: What do the authors want to tell us about vitrification being the most popular method of 

cryopreservation? It is known that vitrification is a promising methodology, but there are still many works 

with slow freezing. Therefore, specify the term "the most popular" better. 

Authors: We thank the Reviewer for her/his contribution. To give the idea of an increasing use of 

vitrification, even if still flanked by slow freezing, “the most popular” has been changed with “more and 

more popular” (Line 30). 

 

2. Protocol: Why does manipulation occur at 25°C and not at 37°C? 

Authors: Higher temperatures increase the cytotoxicity of cryoprotectants and reducing the temperature of 

exposure to high concentrations of cryoprotectants is a strategy to decrease/control the toxicity of the 

vitrification solutions (Mullen & Critser, 2007), therefore vitrification procedures are usually carried out at 

room temperature, and so is oocyte selection, to avoid temperature fluctuations. A note has been added at 

Lines 164-167, as well as the appropriate reference (which was already in the reference list). The note at 

Lines 250-264 has been modified accordingly. 

 

3. Protocol: It would be interesting figures of the devices and a figurative scheme of the whole process. 

Authors: A picture of the vitrification support has been added (Supplemental Figure 1 – S1) and referenced 

in the text at Lines 96 and 346. A scheme of the vitrification-warming process has been added (Figure 1) 

and referenced in the text at Line 345. The legends of the new figures (1 and S1) were added at Lines 367-

387 and 402-405. Numbering of the other figures has been changed accordingly. 

 

4. What other techniques of oocyte quality after cryopreservation could be employed? 

Authors: Among other techniques to evaluate oocyte quality, the first assessment is usually viability. In 

addition to morphological evaluation and the fluorescent viability staining (e.g. FDA/PI) we chose in the 

manuscript, other stainings (fluorescent or not) might be employed (e.g. calcein or methylthiazolyldiphenyl-

tetrazolium bromide – MTT), or viability might be indirectly evaluated assessing mitochondrial activity or 

activation of apoptotic pathways. Moreover, in vitro maturation, fertilization and culture might be another 

way to assess oocyte quality, yet other variables play a role in this. Morphology and FDA/PI are the only 

techniques mentioned in the manuscript because data or figures presented were based on these. We feel 

that the addition of information about other techniques might be redundant, since it is not included in the 



aim of the manuscript, which focuses on the vitrification protocol itself. To better specify that morphology 

and FDA/PI are not the only techniques available, the sentence at Line 346 has been modified with the 

addition of “among other techniques”. 

 

5. Data were compared with which experimental group? Control (not cryopreserved)? Control with other 

cryopreservation techniques? I believe that comparisons of this nature would be extremely valid in the 

present study. 

Authors: Cryotop oocyte vitrification gives >90% post-warming viability rates in other species, and the data 

presented in the manuscript were collected in our lab as internal control of our vitrification efficiency. Our 

aim was not to compare with other techniques but to present specifically Cryotop vitrification. 

 

 

Reviewer #3:  

Major Concerns: 

Protocol 

- indicate which temperature should be used for vitrification as temperature markedly influences on CPA 

permeability/toxicity. Would it be needed to work on warm-stage (37 C) or can be done with room temp as 

indicated in the MS. This has been indicated only for warming process. 

Authors: We thank the Reviewer for her/his contribution. The information has been added in a note at 

Lines 164-167. 

 

- 2.4. Vitrify COCs in VS in 60-90 seconds: too large time variation for vitrification. This is very important 

step, and such high concentration of CPA in vitrification solution can be very toxic. Exact time (or with 

narrowing time window) is necessary for successful vitrification. 

Authors: The timing we wrote in the manuscript was inspired by the Cryotop-Kitazato original protocol, 

where they advise a time of max 30 seconds for each of the two vitrification wells. Oocyte loading on the 

Cryotop strip is not included in these 60 seconds, thus our protocol says 60-90 seconds for the whole 

vitrification phase (until immersion in liquid nitrogen), but we agree with the Reviewer this time variation 

might be too large. In our lab practice, the time slightly changes according to the number of oocytes 

vitrified at the same time, but as mentioned in the discussion (Lines 424-434), we usually are at around 1 

minute when the oocytes are moved to the third well of the Repro Plate, yet completing the vitrification 

step in less than 90 seconds. Therefore, Line 218 has been modified with “in less than 90 seconds”. 

 

Result 

- The data (result/outcome/efficiency) of vitrified/warmed immature oocytes showing in this manuscript is 

very limited. Although authors show high post-warming viability (90.8%), these viability was assessed 

immediately after warming. It would be better to demonstrate the ability of vitrified/warmed oocytes to be 

matured/fertilized. In addition, it is better to compare success rates of vitrification of feline immature 

oocytes using different vitrification techniques (compare with other publications) in terms of maturation, 

fertilization and blastocyst formation rates. This should be addressed in results/discussion 

Authors: We agree with the Reviewer, but we chose to show only post-warming viability for several 

reasons. For instance, this is the data usually showed in other species, such as humans, for which the 

vitrification support is marketed. In addition, maturation and embryo development rates of “our” vitrified 

oocytes are showed elsewhere. Now these data are more clearly referenced in the manuscript (Lines 352-

353). Maturation, fertilization and embryo development rates also depend on the media employed for 

these steps, and this is another reason why we would prefer not to add these data to the present 

manuscript, which focuses on the vitrification procedure itself. For the same reason, the comparison with 

other vitrification techniques in other publications is tricky, even if some is made in the discussion just 

concerning the use of different vitrification devices (Lines 463-471). 



 

- What are experiments 1 and 2 in table 1? Please indicate in manuscript 

Authors: Experiments 1 and 2 are referenced in the table legend, but now this issue was addressed also in 

the manuscript text at Lines 352-353. 

 

- Fig 1 : A vs B Is oocyte A is the same oocyte as oocyte B but with different wavelength? Please indicate 

excitation/emission for FDA/PI 

Authors: This figure (now Figure 2), represents two different oocytes. “Oocytes” (plural) is reported in the 

figure legend, and excitation/emission for FDA/PI have been also added in the legend at Lines 391-392. 

 

Minor Concerns: 

Line 58 consider "routine ovariectomy" 

Authors: The suggested change has been applied (Line 62). 

 

Line 104-105 consider "routine ovariectomy or ovariohysterectomy" 

Authors: The suggested change has been applied (Line 112). 

 

Line 109 consider "prepare solutions for ovary and oocyte collection" 

Authors: The suggested change has been applied (Line 117). 

 

Line 139 15% (v/v) DMSO 

Authors: The suggested change has been applied and v/v has been added at Lines 156 and 159. 

 

 

Reviewer #4:  

This is a really interesting manuscript that describes the vitrification of feline oocytes by using the cryotop 

method, which is largely recommended for publication after only minor revision. At general, it is well 

written. Introduction clearly justifies the use of the protocol, which is clearly detailed, step by step. This will 

certainly help the reader to conduct it, but some images or even a video will certainly be welcome to 

ilustrate it. Discussion is well written and highlights the advantages of using such protocol. 

 

Manuscript Summary: 

Both summary and abstract are adequate and clearly reports the main contents of the manuscript. 

 

Minor Concerns: 

I only have few statements. For the protocol description, authors should provide ilustrations or 

organograms showing the steps, and also a figure of the cryotop device used for vitrification in this 

protocol. Moreover, at the representative results section, authors report that vast majority of oocytes will 

survive to the protocol. At my point of view, they should provide some numeric results in percentage to 

ilustrate the protocol efficiency at vitrifying feline oocytes, mainly because such average values are 

presented at the Table 1. Moreover, authors should provide a better image to ilustrate the damaged 

oocyte, since the labeling at figure 1B is really clear and difficult to be visualized after IP impregnation. 

 

Authors: We thank the Reviewer for her/his contribution. 

A figure to illustrate the protocol has been added (Figure 1), and a video will be produced by JoVE upon 

manuscript acceptance. A picture of the cryotop device has also been added (Supplemental Figure 1 – S1). 

New figure legends have been written (Lines 367-387 and 402-405), and the numbering of the old figures 

has been changed accordingly. 



In the results section of the text, a general sentence is used to begin the first paragraph, but then numerical 

data are reported at the end of the same paragraph (Lines 353-355). All numeric results of oocyte viability 

are provided both as percentage and as mean % ± SD in Table 1, together with the absolute numbers, from 

which readers will be able to calculate all the percentages they wish. 

We agree with the Reviewer that Figure 1B (now 2B) was not bright enough for publication, so it has been 

changed with a brighter one. 

 

 

 

Reviewer #5: 

Manuscript Summary: 

The methods article by M. Colombo and G.S. Luvoni describes the protocol of immature domestic cat 

oocyte collection, vitrification, and thawing. This scientific group is among the recognized leaders in the 

field of feline oocytes cryopreservation. Therefore, demonstration and dissemination of their practices, 

especially in methods that require special skills such as vitrification, is a relevant task. As it is noted in the 

manuscript, the Felidae family consists of mainly endangered species and the domestic cat is an important 

intermediate step for cryopreservation of more rare species. Moreover, cat oocytes are used as a model for 

the investigation of lipid-related cryopreservation effects. 

The article is written in a detail and concise manner. All the important steps and materials are presented. I 

find the current version of the manuscript acceptable, however, few minor improvements can be 

recommended: 

Authors: We thank the Reviewer for her/his contribution. 

 

Line 116: it is obvious that at 4°C organs can not be stored eternally, thus some recommendations for 

storage time should be given. 

Authors: The sentence was not clear, we meant the storage of the solution for ovaries. So, it has been 

rephrased as follows: “Store solutions for ovary and oocyte collection at 4ºC until use.” (Line 124). 

 

Line 128: a recommended microscope magnification might be useful 

Authors: Advised magnification of the stereomicroscope is 8X and it was added at Line 136. 

 

I suppose that manipulations with Repro plate will be in the video part, however, it will not be superfluous 

to add a static scheme of Repro plate with oocyte movement and transfer between wells. This will help the 

readers unfamiliar with Kitazato Cryotop Kit. 

Authors: A figure depicting the protocol (Figure 1) and its legend (Lines 367-387) have been added. A video 

will be produced by JoVE upon manuscript acceptance. 

 

Lines 145: Step 2.2.1 seems to contain a misprint: BS should be instead of ES. 

Authors: There are three commercial media marketed by Kitazato for oocyte vitrification, and one of them 

is a solution called BS. However, in our protocol we just prepare 2 solutions (ES and VS), and we use ES also 

in the step where they use BS in the commercial kit. To avoid confusion in the readers, we would like to 

avoid mentioning BS. 

 

Lines 269-277: Authors noted vital staining and bright-field microscopy observation for evaluation of 

survival rate after cryopreservation. Since many oocytes do not survive further culture, it is important to 

specify the time passed between thawing and vital staining. 

Authors: We agree, the oocytes were stained right after warming. We have added the information at Lines 

350, 351, 352. 



 

If some additional indicators of the effectiveness of the described protocol were available, it would be 

useful to those readers who want to use this protocol and want to check themselves. For example, I suggest 

adding some numbers describing the in-vitro maturation capability of thawed oocytes. 

Authors: We agree with the Reviewer, but we chose to show only post-warming viability in the present 

manuscript because maturation (and embryo development) rates also depend on maturation medium, 

while this manuscript focuses on vitrification itself, and because these data are already published. We hope 

we have clarified this and made the data easier to find in the previous papers with the changes we have 

made at Lines 352-353. 
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Martina Colombo graduated in Veterinary Biotechnology Sciences (MSc) at the University of Milan. 

Currently, she is a PhD student in Veterinary and Animal Science at the same University, and her 

research concerns reproductive biotechnologies in animal models. Specific scientific skills include in 

vitro cell culture in two and three-dimensional systems, in vitro embryo production and gamete 

cryopreservation. 
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Gaia Cecilia Luvoni is a Full Professor in Veterinary Obstetrics and Gynaecology and Head of the 

Department of Health, Animal Science and Food Safety at the University of Milan. 

ECAR diplomat (European College of Animal Reproduction), her scientific work concerns 

Theriogenology and Biotechnology of Reproduction in Carnivores: assisted reproduction, 
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Title of Article: 

Author(s):  

Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access  Open Access

Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee.

 The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video.
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.
5. Grant of Rights in Video – Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE. 
6. Grant of Rights in Video – Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.
7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.
9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.
11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.
14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

On behalf of all the authors

1st April 2020


