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SUMMARY:  30 
Oxygen-induced retinopathy (OIR) can be used to model ischemic retinal diseases such as 31 
retinopathy of prematurity and proliferative diabetic retinopathy and to serve as a model for 32 
proof-of-concept studies in evaluating antiangiogenic drugs for neovascular diseases. OIR induces 33 
robust and reproducible neovascularization in the retina that can be quantified.  34 
 35 
ABSTRACT:  36 
One of the commonly used models for ischemic retinopathies is the oxygen-induced retinopathy 37 
(OIR) model. Here we describe detailed protocols for the OIR model induction and its readouts 38 
in both mice and rats. Retinal neovascularization is induced in OIR by exposing rodent pups either 39 
to hyperoxia (mice) or alternating levels of hyperoxia and hypoxia (rats). The primary readouts of 40 
these models are the size of neovascular (NV) and avascular (AVA) areas in the retina. This 41 
preclinical in vivo model can be used to evaluate the efficacy of potential anti-angiogenic drugs 42 
or to address the role of specific genes in the retinal angiogenesis by using genetically 43 
manipulated animals. The model has some strain and vendor specific variation in the OIR 44 
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induction which should be taken into consideration when designing the experiments. 45 
 46 
INTRODUCTION:  47 
Reliable and reproducible experimental models are needed to study the pathology behind 48 
angiogenic eye diseases and to develop novel therapeutics to these devastating diseases. 49 
Pathological angiogenesis is the hallmark for wet age-related macular degeneration (AMD) and 50 
for many ischemic retinal diseases among them retinopathy of prematurity (ROP), proliferative 51 
diabetic retinopathy (PDR) and retinal vein occlusion (RVO)1-4. Human and rodent retinas follow 52 
a similar pattern of development, as both human and rodent retina are among the last tissues 53 
that are vascularized. Before the retinal vasculature has completely developed, retina receives 54 
its nutrient supply from hyaloid vasculature, which, in turn, regresses when the retinal 55 
vasculature starts to develop1,2. In human, retinal vascular development is completed before 56 
birth, whereas in rodents the growth of retinal vasculature occurs after birth. Since the retinal 57 
vascular development occurs postnatally in rodents, it provides an ideal model system to study 58 
the angiogenesis procedure2,3. The newborn rodents have an avascular retina that develops 59 
gradually until complete vascular retina development is achieved by the end of third postnatal 60 
week4. The growing blood vessels of neonatal mouse are plastic, and they undergo regression 61 
during hyperoxia stimulus5. 62 
 63 
ROP is the leading cause for childhood blindness in Western countries, as it affects almost 70% 64 
of the premature infants with birthweight under 1,250 g6,7. ROP occurs in premature infants who 65 
are born before retinal vessels completes their normal growth. ROP progresses in two phases: in 66 
Phase I, preterm birth delays the retinal vascular growth where after in phase II, the unfinished 67 
vascularization of the developing retina causes hypoxia, which induces the expression of 68 
angiogenic growth factors that stimulate new and abnormal blood vessel growth8. The OIR model 69 
has been a widely used model to study the pathophysiology of ROP and other ischemic 70 
retinopathies as well as to test novel drug candidates2,3,9. It is widely considered as a reproducible 71 
model for carrying out proof-of-concept studies for potential antiangiogenic drugs for ocular as 72 
well as non-ocular diseases. The two rodent models i.e., mouse and rat OIR differ in their model 73 
induction and disease phenotype. The rat model mimics ROP phenotype more accurately, but 74 
the mouse model provides more robust, fast and reproducible model for retinal 75 
neovascularization (NV). In the mouse model, NV develops to the central retina. This pathological 76 
read-out is important in pharmacologic efficacy studies for many ischemic retinopathies, such as 77 
PDR, RV and exudative AMD as well as for non-ocular, angiogenic diseases such as cancer. 78 
Moreover, availability of genetically manipulated (transgenic and knockout) mice makes the 79 
mouse OIR model a more popular option. However, neither mouse nor rat OIR model creates 80 
retinal fibrosis, which is typical in human diseases. 81 
 82 
The understanding that high oxygen levels contribute to the development of ROP in 1950s10,11 83 
led to the development of animal models. The first studies about the effect of oxygen for retinal 84 
vasculature were done in 195012-14 and until the 1990s there were many refinements to the OIR 85 
model. The research by Smith et al. in 1994 set a standard for a current mouse OIR model that 86 
separates hyaloidopathy from retinopathy15. A wide adoption of the method to quantify vaso-87 
obliteration and pathological NV by Connor et al. (2009) further increased its popularity16. In this 88 



   

Page 2 of 15  revised November 2019 
 

model, mice are placed at 75% oxygen (O2) for 5 days at P7, followed by 5 days in normoxic 89 
conditions. Hyperoxia from P7 to P12 causes retinal vasculature to regress in central retina. Upon 90 
return to room air, avascular retina becomes hypoxic (Figure 1A). Due to the hypoxic stimuli of 91 
the avascular central retina, some of the retinal blood vessels sprout towards the vitreous, 92 
forming preretinal NV, called preretinal tufts2,3. These tufts are immature, and hyperpermeable. 93 
The amount of NV peaks at P17, after which it regresses. The retina is fully revascularized and NV 94 
is fully regressed by P23 - P25 (Figure 2A)2,3.  95 
 96 
The rat OIR model (using varying levels of O2) was first described in the 1990s showing that 97 
varying O2 levels at 80% and 40% cause more pronounced NV than under 80% O2 constant 98 
exposure17. Later it was discovered that the intermittent hypoxia model, where O2 is cycled from 99 
hyperoxia (50%) to hypoxia (10-12 %), causes even more NV than the 80/40% O2 model18. In the 100 
50/10% model, rat pups are exposed to 50% for 24 hours, followed by 24 hours in 10% O2. These 101 
cycles are continued until P14, when the rat pups are returned to normoxic conditions (Figure 102 
1B). As in human ROP patients, in the rat model the avascular areas develop to the periphery of 103 
retina because of immature retinal vascular plexus (Figure 3).  104 
 105 
In both models, the main parameters that are usually quantified are the size of AVA and NV. 106 
These parameters are typically analyzed from retinal flat mounts where the endothelial cells are 107 
labeled4,16. Previously the amount of preretinal NV was evaluated from retinal cross sections by 108 
counting blood vessel or vascular cell nuclei extending to vitreous above the inner limiting 109 
membrane. The major limitation of this approach is that it is not possible to quantify the AVAs. 110 
 111 
PROTOCOL:  112 
The protocol described here has been approved by the National Animal Ethics Committee of 113 
Finland (protocol number ESAVI/9520/2020 and ESAVI/6421/04.10.07/2017). 114 
 115 
1. Experimental animals and mouse OIR model induction  116 
 117 
NOTE: Use time-mated animals, e.g., commonly used C57BL/6J mice, to get pups born on the 118 
same day. Use fostering dams, e.g., 129 strain (129S1/SvImJ or 129S3/SvIM) lactating dams, to 119 
nurse the pups during and after the induction of hyperoxia. Alternatively, make sure that there 120 
are extra lactating dams available in case the nursing dams need to be replaced due to 121 
exhaustion. Restrict the litter size to 6-7 pups for each dam when using C57BL/6J mice/dams (if 122 
the litters are larger than that the pups tend to have restricted weigh gain)16. 123 
 124 
1.1. Record the weight of the animals before and after hyperoxia induction, and at the time 125 
of sacrifice. 126 
 127 
1.2. Make sure that there is enough food on the bottom of the cage, so the dams have an easy 128 
access to food.  129 
 130 
1.3. Add soda lime with color indicator to the bottom of the chamber to absorb excess CO2 131 
when a filtration system is not used. 132 
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 133 
1.4.  Monitor the humidity and temperature inside the chamber and keep the humidity 134 
between 40 to 65%. Increase the humidity of the chamber, if needed, by placing dishes with 135 
water on bottom of the chamber (e.g., Petri dishes). 136 
 137 
1.5. Calibrate the O2 sensor with 100% O2 and normal room air. 138 
 139 
1.6. Place the P7 mice into a chamber and set up the O2 level to 75%. Keep the mice in the 140 
chamber for 5 days, until P12. Avoid opening the chamber during the hyperoxia induction. Check 141 
the gas pressure of the O2 cylinder and replace the cylinder when needed. Monitor the animals 142 
during the induction. 143 
 144 
1.7. Take the mouse cages out of the chamber and weigh all the pups. Group the pups based 145 
on the weight so that each experimental group has similar weigh distribution in pups. 146 
 147 
2. Experimental animals and rat OIR model induction (using semi-closed system) 148 
 149 
NOTE: Use time-mated animals to get the pups born on the same day. For rat OIR, use increased 150 
litter size, approximately 18 pups/dam, to obtain sufficient NV induction in the rat model. Pool 151 
pups from several litters to obtain enough pups to each litter. 152 
 153 
2.1. Record the weight of the animals before and after induction, and at the time of sacrifice. 154 
 155 
2.2.  Make sure that there is enough food on the bottom of the cage, so the dams have an 156 
easy access to food. 157 
 158 
2.3.  Add soda lime with color indicator to the bottom of the chamber to absorb excess CO2 159 
when filtration system is not used. 160 
 161 
2.4.  Monitor the humidity and temperature inside the chamber. Absorb extra humidity 162 
(generated from multiple number of rats) by adding silica gel on the bottom of chamber. 163 
 164 
2.5. Calibrate the O2 sensor with 100% N2 and normal room air. 165 
 166 
2.6. Place the rats into the chamber at P0 (few hours after the birth). Set the O2 level to 50% 167 
and connect O2 cylinder to the chamber for 24 h. After that, switch the settings to 10% O2 and 168 
connect nitrogen (N2) cylinder to the chamber for 24 h. Continue the 24 h cycling between 50% 169 
and 10% O2 levels for 14 days.  170 
 171 
2.7. Monitor the gas consumption and the wellbeing of the animals during the study. Open 172 
the chamber during the change between 50/10% O2 and add more food and water if needed. 173 
Change the cages of the animals to clean ones during the induction. 174 
 175 
2.8. Take the rat cages out of the chamber and weigh all the pups. Group the pups based on 176 
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the weight so that each experimental group has similar weigh distribution in the pups. 177 
 178 
3. Drug administration (optional) 179 
 180 
NOTE: Commonly used drug administration route in OIR is by intravitreal treatment (ivt), at P12-181 
P14 for mice and at P14 for rats. Determine the treatment day based on the experimental setup. 182 
When multiple litters of pups are used in experiments, divide the treatment groups to have 183 
animals from all the litters. Preferably, inject the drug to only one eye, and keep the contralateral 184 
eye as a control. 185 
 186 
3.1. Weigh the animals and make identifications marks to the tail and/or ear. 187 
 188 
3.2. Anesthetize the animal either with injectable anesthesia (for example mixture of 189 
ketamine and medetomidine, 30 mg/kg and 0.4 mg/kg for mice) or with inhalation anesthesia 190 
(isoflurane at 2-3.5% isoflurane and 200-350 mL/min air flow). Check the depth of the anesthesia 191 
by pinching the toes. Keep the animal on a heating pad during the treatment. 192 
 193 
3.3. For local anesthesia, apply a drop of analgesic onto the eyelid. Open the eyelid carefully 194 
with forceps before performing the ivt, as mice and rats open their eyes around P14. Apply a 195 
drop of analgesic (e.g., oxybuprocaine hydrochloride) onto the cornea. 196 
 197 
3.4. Apply a drop of iodine before conducting the ivt injection.  198 
 199 
3.5. For the ivt injection use a glass syringe with a 33-34 G needle attached. Press the eyelids 200 
down and grap the eyeball with forceps. Make the injection posterior to the limbus, 201 
approximately in 45° angle needle pointing towards optic nerve.   202 
 203 
3.6. Avoid injecting more than 1.0 µL of PBS (+ drugs) into the intravitreal space. Keep the 204 
needle in place for 30 s after injecting the drug to avoid reflux of the injected solution.  205 
 206 
3.7. Examine the eye (e.g., with an ophthalmoscope) for any complications, such as 207 
hemorrhages or retinal damage, after removing the needle. Apply antibiotic ointment on top of 208 
cornea after the injection. 209 
 210 
NOTE: The ivt injection volume for mice should be 0.5 – 1.0 µL (PBS, not saline).  211 
 212 
3.8 Reverse the anesthesia (for example with an α2-antagonist for medetomidine (2.5 mg/kg) 213 
and return the pup to the cage. House the litter normally until the end of the study.  214 
 215 
4. In vivo imaging and electroretinography (optional)  216 
 217 
4.1. If desired, conduct in vivo imaging on live animals during the follow-up period to record 218 
changes that develop in retina during the angiogenic responses. For example, perform 219 
fluorescein angiography (FA) or scanning laser confocal microscopy19 to visualize the vasculature 220 
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(Figure 4). Use spectral domain optical coherence tomography (SD-OCT) to visualize retinal layers 221 
in vivo (Figure 4). 222 
 223 
4.2. If desired, investigate functional changes in different retinal cell populations after OIR 224 
induction by using electroretinography (ERG) (Figure 5). 225 
 226 
5. Tissue collection and preparation of retinal flat mounts 227 
 228 
NOTE: Collect the tissues according to the desired research hypothesis. For mice, collect the 229 
samples for example at P12 (to study vaso-obliteration after the hyperoxic phase) or at the 230 
hypoxic period (P13-P17). Collect the mouse OIR samples at P17, which is the most common time 231 
point for sampling, to detect the peak in NV amount. In rat OIR, collect the samples at P18-P21 232 
to observe the highest amount of NV (Figure 3). 233 
 234 
5.1. Weigh the animals before sampling.  235 
 236 
5.2. To label the retinal vasculature, deeply anesthetized animals can be transcardially 237 
perfused with FITC-dextran. (Alternatively, stain the retinal flat mounts with Isolectin later). 238 
 239 
5.3.  Sacrifice the animals using either overdose of anesthesia drugs (for example mixture of 240 
ketamine and medetomidine, 300 mg/kg and 4 mg/kg for mice) or CO2 inhalation.  241 
 242 
5.4. Collect the eyes of the animals by grabbing behind the eyeball with curved forceps, cut 243 
the tissue around the eyes and lift the eye out from the orbit.  244 
 245 
5.5. Incubate the eyeballs in freshly made, filtered 4% paraformaldehyde (in phosphate-246 
buffered saline, PBS) for 1-4 h. Remove the fixative and wash the eyeballs 3 x 10 min with PBS. 247 
Dissect the retinas immediately or store them in PBS at +4 °C. 248 
 249 
CAUTION: Paraformaldehyde is toxic by inhalation, in contact with skin and if swallowed. Please 250 
read safety data sheet before working with it. 251 
 252 
NOTE: Do not apply pressure to the eyeball during the sampling or any phase of the tissue 253 
processing in order to avoid retinal detachment, if cross-sections from whole eyeballs are done.  254 
 255 
5.6. Prepare retinal flat mounts to quantify the amount of NV and the size of AVAs. 256 
Alternatively, process the eyeballs/retinas for histology, or RNA or protein analysis. Dissect the 257 
retina under a stereo microscope using micro scissors and forceps. 258 
 259 
5.6.1. Place the eyeball in PBS to keep it moist and puncture the eyeball at limbus with needle 260 
(23G) and cut around limbus with curved micro scissors to remove iris and the cornea.  261 
 262 
5.6.2. Carefully place the tip of the scissors between sclera and retina and cut sclera towards 263 
the optic nerve. Do the same to the other side of the eyeball, and carefully cut/tear the sclera 264 
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until the retinal cup is exposed. Pull the lens out from the retinal cup and add PBS to the cup. 265 
 266 
5.6.3. Remove all the hyaloid vessels, vitreous and debris without damaging the retina. Wash 267 
the retina by adding PBS to the retinal cup. Perform four incision (at 12, 3, 6 and 9 o’clock) to the 268 
retina with straight micro scissors to make a flower-like structure. Optionally, make the cuts with 269 
surgical blade prior mounting the samples. Lift the retina using a soft paintbrush to a well-plate 270 
for staining. 271 
 272 
5.7. Label the retinal vasculature using Isolectin B4 which stains the surface of endothelial cells 273 
(if the animals were not perfused with FITC-dextran). Incubate the retinas in blocking buffer (10% 274 
NGS + 0.5% Triton in TBS) for 1 h and wash with 1% NGS + 0.1% Triton in TBS for 10 min. Incubate 275 
the retinas with fluorescent dye conjugated Isolectin B4 (5-10µg/ml) in 1% NGS + 0.1% Triton in 276 
TBS overnight at +4 ° C while protected from the light.   277 
 278 
NOTE: If desired, label other cells such as inflammatory cells and pericytes using specific 279 
antibodies. 280 
 281 
5.8. Wash the retinas 3x for 10 min with 1% NGS + 0.1% Triton in TBS and lift retinas on a 282 
microscopic slide, inner retina facing upwards. Carefully spread out the retina using soft 283 
paintbrush and remove any remaining hyaloid vessels or debris. Add mounting medium to a cover 284 
slip and place it on top of the retina. Store retinas at 4 °C and protect from light. 285 
 286 
6. Analysis of the flat mounts 287 
 288 
6.1. Imagine the retinal flat mounts using fluorescence microscope with 10x objective. Focus 289 
to the superficial vascular plexus and to the preretinal neovascularization. Make a tile scan image 290 
to capture the whole retina and merge the tile scans 291 
  292 
6.2. Quantify the images by measuring the AVAs, area of neovascularization and total retinal 293 
area using an image processing program (see Table of Materials).  294 
 295 
6.2.1. Draw the AVAs and total retinal area using a free hand drawing tool and select the 296 
neovascular areas using a selection tool. The software measures the regions of interest in pixels, 297 
and the AVA and NV areas (expressed in pixels) can be used to calculate their percentage in 298 
relation to the total retinal area. Also, some software tools are available for quantifying NV.  299 
 300 
NOTE: Recently, an open-source, fully automated pipelines for the quantification of key values of 301 
OIR images using deep learning neural networks have been introduced and provide a reliable tool 302 
for reproducible quantification of retinal AVA and NV (e.g., https://github.com/uw-biomedical-303 
ml/oir/tree/bf75f9346064f1425b8b9408ab792b1531a86c64)20,21. 304 
 305 
6.3. If using antibodies for immunohistochemical detection of individual cell populations, 306 
quantify the number of stained cells (such as microglia, Figure 2B) from the retinal flat mounts 307 
by hand or by automated image analysis systems if desired. 308 

https://github.com/uw-biomedical-ml/oir/tree/bf75f9346064f1425b8b9408ab792b1531a86c64
https://github.com/uw-biomedical-ml/oir/tree/bf75f9346064f1425b8b9408ab792b1531a86c64
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 309 
7. Statistics 310 
 311 
7.1. Analyze normally distributed data by Student’s t test or One-Way ANOVA followed by 312 
Dunnett’s or Tukey’s multiple comparisons test, as appropriate. Use nonparametric tests like 313 
Mann-Whitney U test or Kruskal Wallis test for non-normally distributed data. Consider 314 
differences statistically significant at the P < 0.05 level. 315 
 316 
REPRESENTATIVE RESULTS:  317 
The main outcome of the model is the vascular phenotype: the size of AVAs and the amount of 318 
NV. In the mouse OIR model, the vaso-obliteration occurs in the central retina (Figure 2A), while 319 
in the rat model it develops in the periphery, i.e., similar to human ROP22 (Figure 3A). This is 320 
because the superficial vascular plexus has already developed when mice are exposed to 321 
hyperoxia, whereas in the rat model the retina is avascular at the time of OIR induction (P0). 322 
Preretinal neovascularization develops near the avascular areas, i.e., central retina in mouse, and 323 
periphery in rats (Figure 2A and Figure 3A).  324 
 325 
Histological analysis using either cross-sections or flat mounts can be done to evaluate 326 
morphological changes in OIR retinas or the presence of cell types of interest, for example 327 
inflammatory cells (Figure 2B). In addition to retina, whole eye or vitreous samples can be 328 
collected for further gene and protein expression analyses in different time points during the OIR 329 
model. Gene or protein expression levels can be analyzed with standard methods, such as RT-330 
qPCR or western Blotting. 331 
 332 
Optionally, non-invasive in vivo imaging can be conducted during the OIR follow-up period. 333 
Retinal and hyaloid vasculature can be visualized with FA (Figure 4A). SD-OCT can be used to 334 
evaluate structural changes in the retina (Figure 4B). Functional changes in retina can be 335 
measured by ERG (Figure 5). 336 
 337 
Inhibitors of vascular endothelial growth factor (VEGF) are commonly used in the treatment of 338 
human angiogenic eye diseases. Thus, anti-VEGF is often used as a reference compound in OIR. 339 
Aflibercept, that works as a soluble VEGF-trap, inhibits both NV and physiological 340 
revascularization in OIR in both high and low doses (injected at P14). OIR eyes injected at P14 341 
with high dose of aflibercept had even bigger retinal AVAs than untreated eyes (Figure 6). This 342 
suggests that aflibercept blocks also physiological retinal revascularization driven by hypoxia. 343 
Both mouse and rat models can be used to evaluate the effect of different anti-angiogenic agents 344 
on retinal NV and physiological revascularization of the retina (Figure 3B and Figure 6). 345 
 346 
FIGURE LEGENDS:  347 
Figure 1: Graphical overview of a standard OIR study design for mice and rats. (A) Mouse OIR 348 
model was induced by exposing the mice to 75% O2 from P7 to P12 and returned to normal room 349 
air. The peak of preretinal NV was seen at P17, which was usually the sampling point for the 350 
experiment. (B) Rat OIR model was induced by exposing the rats to alternating O2 levels (50/10 351 
% O2) from P0 to P14 and returned to normoxic conditions. Rats were usually sacrificed at P20, 352 
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when the amount of NV peaked. 353 
 354 
Figure 2: Vascular phenotype in the mouse OIR model. Mouse OIR model was generated as 355 
described in Figure 1. (A) The superficial vascular plexus developed in normal mice while the OIR 356 
mice were exposed for 75% O2 from P7 to P12. During this time, vascular obliteration developed 357 
in the central retina (marked in blue at P12 and P17 in the lower panel). Mice were returned to 358 
normal room air, and the avascular retina became hypoxic, leading to functional vessel regrowth 359 
in retina and pathological NV (marked in red at P17 in the lower panel). The amount of NV peaked 360 
at P17 and regressed afterwards. Retina was fully revascularized and the NV regressed around 361 
P24-P25. Preretinal neovascular tufts developed between the vascular and avascular areas in 362 
central retina. (B) An example of immunohistochemical staining of retinal flat mount showing 363 
retinal Iba-1 stained microglia (green) and GS-IB4 stained blood vessels (red) at P12 and P17. (C) 364 
Cross-section of mouse OIR retina at P17, where preretinal tufts (arrows) were sprouting towards 365 
the vitreous. Also, thinning of the inner nuclear layer (INL) and outer plexiform layer (OPL) wre 366 
seen. Scale bars are 1 mm in A, 50 µm in B, and 100 µm in C. ILM = inner limiting membrane, GCL 367 
= ganglion cell layer, IPL = inner plexiform layer, INL = inner nuclear layer, OPL = outer plexiform 368 
layer, ONL = outer nuclear layer, RPE = retinal pigment epithelium. 369 
 370 
Figure 3: Vascular phenotype and its development in the rat OIR model. (A) Avascular areas 371 
(marked in blue) and NV (marked in red) developed in the periphery of the retina, similar to 372 
human ROP. (B) AVAs were seen in OIR retinas, but not in normoxic controls. (C) Quantification 373 
of the area of NV showed a trend towards a peak in the amount of the NV at P20, but the 374 
difference was not statistically significant compared to P18 and P21 in OIR. (Student’s t-test, ** 375 
p ≤ 0.01, *** p ≤ 0.001, both eyes of the animals plotted in the graph). 376 
 377 
Figure 4: In vivo imaging using fluorescein angiography (FA) and spectral domain optical 378 
coherence tomography (SD-OCT) in the rat OIR model. (A) Vascular tortuosity (arrowheads) was 379 
seen in the images taken from the central retina (top row) at P18 and P20 in OIR rats compared 380 
to normoxic P19 rats. NV (arrows) and AVAs (asterisk) developed to the periphery of the retina 381 
(middle row) as seen in P18 and P20 OIR retinas. Regressing hyaloid vessels (bottom row) were 382 
captured by FA. (B) Blood vessel growth towards the vitreous was observed as a thickening on 383 
the nerve fiber layer (NFL) and ganglion cell layer (GCL) in the OIR retinas (arrow). 384 
     385 
Figure 5: Functionality of retinal neurons can be measured using flash electroretinography 386 
(fERG). (A) a-waves were derived from retinal cone and rod photoreceptors and their amplitudes 387 
were significantly decreased in the rat OIR model. The effect increased with a higher light 388 
intensity, suggesting that the defects were affecting cone photoreceptor functions primarily. (B) 389 
B-wave amplitudes from OIR animals were decreased compared to normoxic controls. B-waves 390 
were derived from ON-bipolar cells and Müller cells. 391 
 392 
Figure 6: Intravitreally injected PBS reduces NV and AVAs in the mouse OIR model. (A) 393 
Representative images of retinal flat mounts from untreated, and aflibercept-treated (20 µg at 394 
P14) and PBS injected OIR eyes at P17. High dose of aflibercept (20 µg) increased the size of AVAs 395 
by 47% (outlined in white) and inhibited NV by 98% (arrows) compared to untreated controls. 396 
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PBS injected decreased AVAs by 31% and NV by 42% compared to untreated controls. Also, 397 
puncture of the sclera resembling ivt produced similar effects as ivt injection of PBS, but the 398 
differences were not statistically significant. Arrowhead points at hyaloid vessels that were not 399 
removed during the dissection. (One-Way ANOVA, * p ≤ 0.05; ** p ≤ 0.01, *** p ≤ 0.001, **** p 400 
≤ 0.0001). 401 
 402 
DISCUSSION: 403 
The severity of disease phenotype is dependent on both the strain and even vendor in both 404 
mouse and rat OIR models23. This suggests that there is a wide genotypic variability in the 405 
pathology development. In general, pigmented rodents develop more severe phenotype than 406 
the albino ones. For example, the retinal vasculature of albino BALB/c revascularizes rapidly after 407 
hyperoxia and does not develop NV at all24. Similarly, in rats, pigmented Brown Norway rats show 408 
more severe pathology than albino Sprague Dawley (SD) rats25. SD rats are commonly used strain, 409 
and vendor-related differences in OIR phenotype have been reported within the strain. For 410 
example, SD rats f produce significantly more NV than rats23. C3H/HeJ mice, in turn, that have a 411 
mutation in the retinal degeneration 1 (Rd1) gene. They have thin retinas and do not develop 412 
NV26. Due to these reasons and the availability of transgenic mice lines, the inbred C57BL/6J is 413 
the most commonly used mouse strain for OIR studies. However, there is quite a high mortality 414 
among the C57BL/6J dams due to the hyperoxic exposure, so the wellbeing of the mice needs to 415 
be considered when designing the study and monitored during the experiments. Moreover, 416 
increased photoreceptor damage is seen in C57BL/6 mice compared to BALB/c mice 27. 417 
 418 
In order to ensure the wellbeing of the mice and survival of the dams and pups, the litter size 419 
should be kept small (6-7 pups/dam). This is especially important when using C57BL/6 mice, 420 
which are more susceptible to hyperoxic stress27,28. In addition, easily accessible support food 421 
(placed on the bottom of the cage) should be provided to the mice. Some researchers use 422 
surrogate dams to replace the dams in the chamber with healthy ones after the oxygen-423 
induction. However, most researchers use surrogates only if the dam is exhausted22,29. Surrogate 424 
dams are recommended to be used if bigger litter sizes are used. It has been published that 425 
129S3/SvIM mice produce more NV than C57BL/6 and sustain better the changes caused by 426 
varying oxygen levels28. It should be noted that the dams used in OIR are unfertile after the OIR 427 
induction and should not be used for further breeding purposes22. Postnatal weight gain of the 428 
pups affects the severity of OIR pathology. Pups with poor postnatal weight gain (<5 g at P17) 429 
show delayed expression of VEGF and thus prolonged phase of retinopathy when compared to 430 
pups with normal (5 - 7.5 g at P17) or extensive weight gain (>7.5 g at P17) 29. Furthermore, mice 431 
pups weighing over 5 g at P7 do not show vaso-obliterated areas after OIR induction30. Thus, it is 432 
important to weigh the pups during the experiment. The contralateral untreated eye can be used 433 
as an internal control to ensure that the nutritional status of the mice does not affect the results. 434 
The situation is similar in rats; the smaller the pups are, the more severe OIR phenotype they 435 
develop31. Thus, large litter size (approx. 18 pups) are recommended to be used for the rat OIR 436 
model. 437 
 438 
The OIR model induction can be done using either fully closed system, where there is a closed-439 
loop circuit with a pump that circulates the air through a filter system (soda lime and activated 440 
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carbon) back to the chamber. Another option is a semi-closed system, where ventilation ensures 441 
that the excess metabolites are removed from the chamber. To ensure that excess CO2 is 442 
removed, soda lime (mixture of calcium hydroxide with sodium hydroxide or potassium 443 
hydroxide) can be placed on the bottom of the chamber. The removal of CO2 is mandatory as the 444 
high CO2 levels worsen the disease phenotype in rats32. One should also remember to recalibrate 445 
the oxygen sensor of the chamber regularly as they tend to drift over time and may provide 446 
wrong oxygen concentration from one intended. 447 
 448 
It has been reported that vehicle injection (PBS) alone or even just the puncture to the intravitreal 449 
space has an effect for the revascularization rate and the amount of NV (Figure 6)33-36. It has been 450 
speculated whether the effect seen with PBS/vehicle injection could be due to changes in 451 
intraocular pressure during injection, or due to injury to ocular structures that increases levels of 452 
angiogenic growth factors among them pigment epithelium-derived growth factor34,37. 453 
Furthermore, just a pilot subretinal injection alone ( puncture to the subretinal space) has been 454 
shown to have effects on the vascular and functional phenotype in OIR when compared to the 455 
untreated rats38. These results highlight the importance of proper negative controls in the OIR 456 
studies or even systemic administration of tested compounds, as well as big enough n-numbers 457 
in each study group. The fact that vehicle injection indeed enhances revascularization rate in 458 
retina is a major limiting factor as the revascularization rate and the formation of pathological 459 
preretinal tufts are inter-related in the OIR model: if the revascularization rate is accelerated, it 460 
leads to the compensatory downregulation of neovascular tufts and vice versa. Thus, both 461 
primary outcome measures of OIR model are affected by vehicle injection. 462 
 463 
VEGF inhibitors have revolutionized the treatment AMD and DR. OIR model was used to 464 
demonstrate their efficacy preclinically. Concerning VEGF inhibitors in OIR, a study comparing 465 
different anti-VEGFs and anti-PlGFs (placental growth factor) (injected at P12) showed that anti-466 
VEGF alone led to small avascular areas, whereas anti-PIGF treated eyes had bigger avascular 467 
areas33. Aflibercept had the biggest AVAs when compared to other drug treatments33. Aflibercept 468 
is known to bind both VEGF and PlGF39, it could be that inhibiting PlGF in OIR leads to blocking of 469 
physiological angiogenesis.  470 
 471 
Noninvasive in vivo imaging provides a tool for monitoring retinal vasculature40 and retinal layers 472 
and structure during follow-up period. Using FA, parameters like vascular density and vascular 473 
tortuosity (plus disease, Figure 4A) can be measured40,41. SD-OCT can be used for evaluating 474 
structural changes and measuring retinal thickness during OIR follow-up period42,43. ERG is used 475 
to measure the functional changes in the retina. Different cell types produce signals after light 476 
stimulus, and these signals or “waves” can be measured with ERG. Photoreceptors are producing 477 
the negative a-wave, and ON bipolar cells and Müller cells are mainly responsible for the b-478 
wave44. Loss of retinal function is typical in OIR mice and rats45,46 (Figure 5). Long lasting changes 479 
persist in retina and both functional changes and changes in protein level have been reported in 480 
OIR retinas even after revascularization and NV regression34,47. 481 
 482 
To visualize the retinal vasculature, the live mice can be either perfused with FITC-labeled dextran 483 
or the retinal flat mounts can be stained with fluorescent dye labeled Isolectin B4. One needs to 484 
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understand the difference between the fluorescent dyes; the perfusion with FITC-dextrans labels 485 
only the lumen of the vessels, whereas Isolectin B4 stains the surface of endothelial cells. Thus, 486 
functional blood vessels with proper lumen will only be visualized with FITC-dextran perfusion, 487 
while the total area of NV appears bigger in Isolectin B4 stained retinas than in FITC-dextran 488 
perfused animals, because Isolectin B4 essentially picks up even endothelial cells which have not 489 
formed functional lumens yet48. One future option to visualize whole retina/eye ball in 3-D 490 
format is deep tissue imaging by two-photon fluorescence microscopy (49).  491 
 492 
The rodent OIR model, as well as the animal models in general, only partially represent the 493 
characteristics of human diseases. The major difference related to OIR is that retinal 494 
neovascularization is not associated with fibrosis in rodent OIR, whereas retinal 495 
neovascularization leads commonly to fibrovascular proliferation in human neovascular retinal 496 
diseases. Furthermore, the conditions that cause OIR vs. human disease can be almost opposite. 497 
The preterm neonates with ROP require supplemental oxygen with respiratory support, 498 
experience frequently intermittent hypoxemic and hyperoxemic episodes caused by recurrent 499 
apnea, but they are not exposed to high level of oxygen. To minimize the permanent damage, 500 
high fractions of inspired O2 are avoided. In that respect, neither the mouse model with constant 501 
exposure to 75% O2 for 5 days nor the 50/10 rat model resemble pathogenesis of human ROP. 502 
Furthermore, there are also differences between the rat and the mouse OIR models. The 503 
neovascularization regresses in the mouse model with re-establishment of normal vessels by P24, 504 
whereas the condition gets worse in the rat OIR model (similar to human ROP). Although, the rat 505 
OIR model shows clinically relevant features of ROP such as the delayed retinal vascular 506 
development and subsequent pathological neovascularization, its use is limited by almost 507 
complete absence of transgenic rat strains, higher maintenance expenses and less NV than in the 508 
mouse OIR model.   509 
 510 
Taken together, despite the differences between human ischemic proliferative retinopathies and 511 
rodent OIR models, the ease by which the NV can be induced, coupled with easy visualization 512 
and quantification of the retina, make the OIR models popular to study the molecular 513 
mechanisms and potential therapeutics for ischemic proliferative retinopathies. Interestingly, 514 
the hyperoxia exposure in mouse OIR model also induces bronchopulmonary dysplasia, another 515 
disease caused by supplemental oxygen therapy in human premature infants, showing that OIR 516 
model could be used to explore novel targets for both ROP and bronchopulmonary dysplasia 517 
simultaneously50. 518 
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For in vivo imaging

For labeling retinal vasculature on flat mounts

For anaesthesia

For disease model induction

Also other strains possible

For preparation of flat mounts 

For intravitreal injection

For disease model induction (rat)

For intravitreal injection

For in vivo ERG

For intravitreal injection

For in vivo imaging

For disease model induction, semi-closed system, optional for closed system



For disease model induction, semi-closed system, optional for closed system

Also other strains possible

For anaesthesia reversal

For humidity control during model induction

For hydration of the eye

For hydration of the eye

For preparation of flat mounts 

For drying silica gel

For intravitreal injection or tissue collection
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July 15, 2020  
 

Vineeta Bajaj, Ph.D. 

Review Editor 

JoVE 

 

Dear Review Editor Bajaj, 

We hereby submit our re-revised manuscript entitled “Oxygen-induced retinopathy model for 

ischemic retinal diseases in rodents” to be re-considered for publication in the JoVE. 

We now feel that we have adequately addressed all editorial queries and the manuscript has 

improved in the process. Please find our response to the editorial comments attached to this 

letter below. All authors have read and approved the revised version of the manuscript, its 

content, and its re-submission to the JoVE. 

I as a corresponding author, on behalf of all the authors, hereby re-affirm that our manuscript 

presents original description of research methodology and that it has not been published and is 

not being considered for publication elsewhere. The authors have provided the full disclosure of 

their conflict-of-interest. We hope that you find our revised manuscript acceptable for publication 

in the JoVE.  

  

 

 

Hannele Uusitalo-Järvinen, M.D., Ph.D. 

Chief physician 

Tampere Eye Centre 

Tampere University Hospital, Tampere, Finland 

Phone:  +358-44-285 4630 (Cell) 

Email:  hannele.uusitalo-jarvinen@pshp.fi 

 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Cover Letter
JoVE 2020 EditorialRevision.pdf

mailto:hannele.uusitalo-jarvinen@pshp.fi
https://www.editorialmanager.com/jove/download.aspx?id=1228864&guid=5f96f8a4-83d9-4972-92e3-28c73be10144&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1228864&guid=5f96f8a4-83d9-4972-92e3-28c73be10144&scheme=1
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Editorial comments: 
 
1. The editor has formatted the manuscript to match the journal's style. Please retain and use the 
attached version for revision. 
. 

Reply: We have retained the journal style in our revisions. 

 
2. Please address all the specific comments marked in the manuscript. 

Reply: Each query has been addressed. All changes are identified as tracked changes and we have 
provided a detailed reply to each query in the actual manuscript document. 

 
3. Once done please ensure that the highlighted section is no more than 2.75 pages including 
headings and spacings. 

Reply: The highlighted section is well below the page limit. 

4. Please use the dropbox link https://www.dropbox.com/request/eF96pvuf88f1fDrBaQ7N?oref=e 
to upload all the video files. Please label the files with step numbers. 

Reply: Dr. Vähätupa has uploaded the videos through dropbox link provided above. 

 
5. Production has reviewed the video files but we will need to see all the files to approve. 
Presently the only concern is with the screen footage which is not terrible, but ideally, this sort of 
thing is better suited with a screen capture or locked down-camera with minimal movement and 
as straight-on as possible. 

Reply: We have provided the missing videos, please see above. We will re-shoot the videos 
according to instructions provided above if their quality is not acceptable. Please review the videos 
Dr. Vähätupa has uploaded. 

 
6. Please select the filming location as Tampere only.  

Reply: The filming location has been changes as suggested above. 

 

https://www.dropbox.com/request/eF96pvuf88f1fDrBaQ7N?oref=e


ARTICLE AND VIDEO LICENSE AGREEMENT 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

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:

X Standard Access  Open Access

Item 2: Please select one of the following items:

X 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.

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement.pdf
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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.


