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Editor, JOVE 

 

 

Enclosed please find a manuscript titled “A Reversible Silicon Oil-Induced Ocular Hypertension Model in 

Mice”, which we would like to be considered for publication in JOVE.  

 

Glaucoma is the most common cause of irreversible blindness. To longitudinally assess the molecular 

mechanisms of glaucomatous degeneration and the efficacy of neuroprotectants, a reliable, reproducible, and 

inducible experimental ocular hypertension/glaucoma model is critically important. Here we report a novel 

mouse glaucoma model induced by anterior chamber injection of SO. In the present manuscript, we 

demonstrated that  1) A single SO injection into anterior chamber allows a reliable, sufficient, and stable IOP 

elevation, a true replicate of secondary glaucoma in the eye clinic; 2) SO can be removed from the anterior 

chamber to quickly lower IOP, which makes it a reversible ocular hypertension model that can be used to 

mimic clinical scenario; there is no any other current models that is reversible; 3) Severe retinal ganglion cell 

and optic nerve degeneration is present in this model within several weeks. 

 

We believe this conceptually novel and practically significant glaucoma model is a breakthrough for the 

glaucoma research field that has been hampered by unreliable and clinically irrelevant animal models. The 

concept of this model can be adapted for larger animals that are more suitable for pre-clinical applications.  

The characterization of the deficits in neural function and morphology of this model and the demonstration 

of its capability to evaluate neuroprotective treatments will certainly inspire others to take advantage of it to 

pursue important questions regarding glaucoma and, more broadly, diseases that induce RGC and ON 

degeneration.  

 

Cover Letter



 

 

Because of their expertise in this field, we would recommend the following scientists as potential reviewers: 

Drs. Iok-Hou Pang (University of North Texas Health Science Center, iok-hou.pang@unthsc.edu), Bo Chen 

(Icahn School of Medicine at Mount Sinai, bo.chen@mssm.edu), and Wei Li (NEI, liwei2@nei.nih.gov). 

 

Sincerely, 

 

Yang Hu 
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SUMMARY:  32 
Here, we present a protocol to induce ocular hypertension and glaucomatous neurodegeneration 33 
in mouse eyes by intracameral injection of silicone oil and the procedure for silicone oil removal 34 
from the anterior chamber to return elevated intraocular pressure to normal. 35 
 36 
ABSTRACT:  37 
Elevated intraocular pressure (IOP) is a well-documented risk factor for glaucoma. Here we 38 
describe a novel, effective method for consistently inducing stable IOP elevation in mice that 39 
mimics the post-operative complication of using silicone oil (SO) as a tamponade agent in human 40 
vitreoretinal surgery. In this protocol, SO is injected into the anterior chamber of the mouse eye 41 
to block the pupil and prevent inflow of aqueous humor. The posterior chamber accumulates 42 
aqueous humor and this in turn increases the IOP of the posterior segment. A single SO injection 43 
produces reliable, sufficient, and stable IOP elevation, which induces significant glaucomatous 44 
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neurodegeneration. This model is a true replicate of secondary glaucoma in the eye clinic. To 45 
further mimic the clinical setting, SO can be removed from the anterior chamber to reopen the 46 
drainage pathway and allow inflow of aqueous humor, which is drained through the trabecular 47 
meshwork (TM) at the angle of the anterior chamber. Because IOP quickly returns to normal, the 48 
model can be used to test the effect of lowering IOP on glaucomatous retinal ganglion cells. This 49 
method is straightforward, does not require special equipment or repeat procedures, closely 50 
simulates clinical situations, and may be applicable to diverse animal species. However, minor 51 
modifications may be required.  52 
 53 
INTRODUCTION:  54 
The progressive loss of retinal ganglion cells (RGCs) and their axons is the hallmark of glaucoma, 55 
a common neurodegenerative disease in the retina1. It will affect more than 100 million 56 
individuals 40−80 years old by 20402. IOP remains the only modifiable risk factor in the 57 
development and progression of glaucoma. In order to explore the pathogenesis, progression, 58 
and potential treatments of glaucoma, a reliable, reproducible, and inducible experimental 59 
ocular hypertension/glaucoma model that replicates key features of human patients is 60 
imperative.  61 
 62 
IOP depends on aqueous humor inflow to the anterior chamber from the ciliary body in the 63 
posterior chamber and outflow through the trabecular meshwork (TM) at the angle of the 64 
anterior chamber. Upon reaching a steady state, IOP is maintained. When the inflow exceeds or 65 
is less than the outflow, IOP rises or falls respectively. By decreasing the aqueous outflow either 66 
by occluding the angle of the anterior chamber or by damaging the TM, several glaucoma models 67 
have been established3-10. These models are normally associated with irreversible ocular tissue 68 
damage, and the high IOP in the anterior chamber also causes unwanted complications such as 69 
corneal edema and intraocular inflammation, which make retinal imaging and visual function 70 
assays difficult to perform and interpret.  71 
 72 
To develop a model that overcomes these shortcomings, we focused on the well-sudocumented 73 
secondary glaucoma caused by silicone oil (SO) that occurs as a postoperative complication of 74 
human vitreoretinal surgery11,12. SO is used as a tamponade in retinal surgeries because of its 75 
high surface tension. However, SO can physically occlude the pupil because it is lighter than the 76 
aqueous and vitreous fluids, which prevents aqueous flow into the anterior chamber. The 77 
obstruction causes IOP elevation in the posterior chamber due to the aqueous humor 78 
accumulation. This motivated us to develop and characterize a novel ocular hypertension mouse 79 
model based on intracameral SO injection and pupillary block13, with key features of the 80 
secondary glaucoma: effective pupillary block, significant IOP elevation that can return to normal 81 
after SO removal, and glaucomatous neurodegeneration. 82 
 83 
Here we present a detailed protocol for SO-induced ocular hypertension in the mouse eye, 84 
including SO injection and removal and IOP measurement.  85 
 86 
PROTOCOL:  87 
 88 
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All procedures have been approved by the Institutional Animal Care and Use Committee (IACUC) 89 
of Stanford University. 90 
 91 
1. Ocular hypertension induction by intracameral injection of SO 92 
 93 
1.1. Prepare a glass micropipette for intracameral SO injection by pulling a glass capillary with a 94 
pipette puller to generate a micropipette. Cut an opening at the tip of the micropipette and 95 
further sharpen the tip with a microgrinder-beveling machine to make a 35˚−40˚ bevel.  96 
 97 
1.2. Polish the edges of the bevel and remove all debris by washing with water. Autoclave the 98 
micropipette before use.  99 
 100 
1.3. Prepare the paracentesis needle for the corneal entry. To do so, attach a 32 G needle to a 5 101 
mL syringe on a Luer lock, and further secure it with tape. Bend the needle bevel tip face up at 102 
30°. 103 
 104 
1.4. Prepare the SO injector by attaching and securing a blunt end 18 G needle on a 10 mL syringe 105 
first. Then attach a plastic tube with the 18 G needle on one end and fill up with SO as needed 106 
through the other end.  107 
 108 
1.5. Attach the sterilized micropipette to the plastic tube and push the syringe plunger to fill the 109 
entire micropipette with SO. 110 
 111 
2. Intracameral SO injection for one eye 112 
 113 
2.2 Place a 9−10-week-old male C57B6/J mouse into an induction chamber with 3% isoflurane 114 
mixed with oxygen at 2 L/min for 3 min.  115 
 116 
2.3 Intraperitoneally inject 2,2,2-tribromoethanol at 0.3 mg/g body weight.  117 
 118 
NOTE: Unlike ketamine/xylazine, 2,2,2-tribromoethanol does not cause obvious pupil dilation.  119 
 120 
2.4 Check for the lack of response to a toe pinch and the lack of movement of the whiskers 121 
or the tail to determine the anesthetic strength. 122 
 123 
2.5 Place the mouse in a lateral position on a surgery platform. To reduce its sensitivity during 124 
the procedure, apply one drop of 0.5% proparacaine hydrochloride to the cornea before the 125 
injection. 126 
 127 
2.6 Make an entry incision with the 32 G paracentesis needle at the superotemporal quadrant, 128 
about 0.5 mm from the limbus.  129 
 130 
2.7 Tunnel through the layers of the cornea for about 0.3 mm before piercing into the anterior 131 
chamber. Be careful not to touch the lens or iris. 132 
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 133 
2.8 Withdraw the needle slowly to release some aqueous humor (about 1−2 µL) from the 134 
anterior chamber through the tunnel (paracentesis).  135 
 136 
2.9 Wait ~8 min to further decrease the IOP. This can be determined by measuring the 137 
contralateral, control eye. 138 
 139 
2.10 Insert the glass micropipette preloaded with SO through the corneal tunnel into the 140 
anterior chamber, with the bevel facing down to the iris surface.  141 
 142 
2.11 Push the syringe plunger slowly to inject SO into the anterior chamber until the SO droplet 143 
covers most of the iris surface, ~2.3−2.4 mm in diameter. 144 
 145 
2.12 Leave the micropipette in the anterior chamber for 10 s more before withdrawing it 146 
slowly.  147 
 148 
2.13 Gently push the upper eyelid to close the cornea incision to minimize SO leakage. 149 
 150 
2.14 Apply antibiotic ointment (bacitracin-neomycin-polymyxin) to the eye surface.  151 
 152 
2.15 Throughout the procedure, frequently moisten the cornea with artificial tears. 153 
 154 
2.16 Keep the mouse on the heating pad until fully recovered from anesthesia. 155 
 156 
3. SO removal 157 
 158 
3.1 Prepare the irrigation system. 159 
 160 
3.1.1. Prepare the irrigating solution according to the manufacturer’s instructions and place it in 161 
the irrigation bottle. Elevate the irrigating solution bottle to 110−120 cm (81−88 mmHg) above 162 
the surgery platform.  163 
 164 
3.1.2. Attach an IV administration set to the irrigating solution bottle.  Remove air bubbles from 165 
the IV tubing. Connect a 33 G needle bent to 20˚ face up to the IV tubing. 166 
 167 
3.2. To prepare the drainage system, remove the plunger from a 1 mL syringe. Attach a 33 G 168 
needle to the syringe and bend the needle to 20˚. 169 
 170 
3.2 Remove SO from the anterior chamber. 171 
 172 
3.2.1. Intraperitoneally inject 2,2,2-tribromoethanol (0.3 mg/g body weight). Check for the lack 173 
of response to the toe pinch to determine the anesthetic strength and the lack of movement of 174 
the whiskers or the tail. 175 
 176 
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3.2.2. Place the mouse on a surgery platform and secure it in the lateral position with tape. Apply 177 
one drop of 0.5% proparacaine hydrochloride to the cornea to reduce its sensitivity.  178 
 179 
3.2.3. Make two incisions in the temporal quadrant of the cornea between ~2 and 5 o’clock at 180 
the edge of the SO droplet using the premade 32 G paracentesis needle.  181 
 182 
3.2.4. Insert a 33 G irrigation needle connected to irrigating solution through one corneal incision, 183 
maximum speed.  184 
 185 
3.2.5. Insert another 33 G drainage needle attached to the syringe without a plunger through the 186 
other corneal incision to allow the SO droplet to exit the anterior chamber while irrigating with 187 
irrigating solution.  188 
 189 
3.2.6. Withdraw the drainage needle, then the irrigation needle.  190 
 191 
3.2.7. Inject an air bubble into the anterior chamber to maintain its normal depth and press to 192 
close the corneal incision. 193 
   194 
3.2.8. Apply antibiotic ointment to both eyes.  195 
 196 
3.2.9. Keep the mouse on the heating recovery pad until fully recovered from the anesthesia. 197 
 198 
4. IOP measurement once a week 199 
 200 
4.1. Place the mouse into an induction chamber perfused with 3% isoflurane mixed with oxygen 201 
at 2L/min for 3 min.  202 
 203 
4.2. Intraperitoneally inject xylazine and ketamine (0.01 mg xylazine/g, 0.08 mg ketamine/g). 204 
 205 
4.3. Keep the cornea moist by applying artificial tears throughout the procedure.  206 
 207 
4.4. Wait about 15 min to allow the pupil to fully dilate. 208 
 209 
4.5. Measure the IOP of both eyes using a tonometer according to product instructions. Bring the 210 
tonometer near the mouse eye. Keep the distance from the tip of the probe to the mouse cornea 211 
at about 3−4 mm. Press the measuring button 6x to generate one reading. Three machine-212 
generated readings are obtained from each eye to acquire the mean IOP.   213 
 214 
4.6. Sacrifice the animals at 8 weeks after SO injection and perform immunohistochemistry of 215 
whole-mount retina, RGC counting, optic nerve (ON) semi-thin sections, and quantification of 216 
surviving axons, which have been described before13.  217 
 218 
REPRESENTATIVE RESULTS:  219 
Soon after the injection we can easily identify mice that do not produce stable ocular 220 
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hypertension because of the SO droplets being too small (≤1.5 mm)13. These animals are excluded 221 
from subsequent experiments. Following the injection procedures, more than 80% of SO injected 222 
mice end up with droplets larger than 1.6 mm. We measured the IOP of these mouse eyes once 223 
a week for 8 weeks after a single SO injection. The IOP of the eye receiving SO remained high, 224 
generally double the IOP of the contralateral control eye, indicating effective pupil blocking 225 
(Figure 1). Edema in the mouse cornea can be checked under a light dissection microscope after 226 
an intracameral injection that normally takes 2−3 days for recovery. The pupil dilation takes time, 227 
and one must wait for pupil dilation before taking the IOP measurement. Thus, we try to not 228 
measure the IOP too soon after an injection. For the same reason, we do not recommend 229 
measuring the IOP too often. With another group of mice, we flushed out the SO from the 230 
anterior chamber 2 weeks after SO injection, and we waited for another week to allow the cornea 231 
to recover before measuring IOP, which stably returned the IOP to normal (Figure 1).  232 
 233 
To determine the effects of ocular hypertension induced by SO injection on RGCs, we quantified 234 
the surviving RGC somata in the peripheral regions of the retinal wholemounts by RBPMS 235 
staining14,15 and the surviving axons in the ON semithin cross sections by PPD staining16 at 8 236 
weeks after SO injection. Glaucomatous RGC death and axon degeneration were dramatic in SO-237 
induced ocular hypertension under-detected eyes (SOHU) (Figure 2). Further details on this is 238 
provided in the discussion section.  239 
 240 
FIGURE AND TABLE LEGENDS:  241 
Figure 1: IOP measurements in SO eyes and contralateral control eyes, with or without SO 242 
removal.  SO = SO injected eyes; CL = contralateral control eyes. Data are presented as means ± 243 
S.E.M, n = 12. 244 
 245 
Figure 2: Glaucomatous RGC soma and axon degeneration in SOHU. (A) Upper panel depicts the 246 
peripheral region showing RGCs (RBPMS+, red) at 8 weeks after SO injection of whole-mounted 247 
retinas. Scale bar = 20 µm. Lower panel depicts semi-thin images of cross sections of the ON 248 
stained with PPD at 8 weeks after SO injection. Scale bar = 10 µm. (B) Quantification data of 249 
surviving RGCs in the peripheral retina (n = 12) and axons in the ON (n = 10) at 8 weeks after SO 250 
injection compared to contralateral control (CL) eyes. Data are presented as means ± S.E.M. ****: 251 
P < 0.0001; Student’s paired t test. RGC = retinal ganglion cell; ON = optic nerve. 252 
 253 
DISCUSSION:  254 
Here we demonstrate a simple but effective procedure for inducing sustained IOP elevation in 255 
the mouse eye by intracameral injection of SO. This procedure can be learned quickly by anyone 256 
with experience in microdissection under a microscope. The primary potential risk of failure is 257 
the leakage of SO from the corneal incision. However, one of the advantages of using SO is that 258 
because the oil droplet is visible and measurable, we can easily identify mice that received 259 
droplets too small to induce stable ocular hypertension soon after injection and exclude them 260 
from subsequent experiments. We have routinely achieved an 80% success rate and excluded 261 
about 20% of mice due to a small SO droplet (≤1.5 mm)13. However, an experienced surgeon who 262 
can make a relatively long tunnel (0.3 mm) within the layers of the cornea before penetrating the 263 
cornea into the anterior chamber with the beveled tip can almost prevent any SO leakage by 264 
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making the inner opening of the corneal tunnel much smaller than the outer opening. Therefore, 265 
almost all of the mice were injected with a SO droplet larger than 1.8 mm. In addition to the 266 
length of the tunnel, some other critical points are worth emphasizing. First, it is important to 267 
keep the IOP low in the injected eye to avoid pushing the SO out of the anterior chamber. One 268 
common mistake is to inject too much SO, which makes leakage easier. We limit the volume of 269 
SO in the anterior chamber so that it almost, but not entirely, covers the iris surface. The diameter 270 
of this SO droplet is ~2.3−2.4 mm. Second, the corneal tunnel incision is made as close as possible 271 
to the limbus to allow the incision to get close to the iris but not hurt it, so that the iris can easily 272 
take the incision. Third, the injection speed should be as slow as possible to avoid excessive 273 
overflow of SO into the anterior chamber. Fourth, the upper eyelid massage after the injection 274 
helps the corneal incision to close and sometimes assists the anterior synechiae of the peripheral 275 
iris to close the corneal incision, and therefore to avoid oil leakage. 276 
 277 
There is an increase in the IOP only in the posterior part of the eye, but not in the anterior 278 
chamber, making it a unique feature of this model. Pupil blocking prevents aqueous humor inflow 279 
into the anterior chamber and therefore increases IOP only in the posterior part. The physical 280 
barrier formed by the SO together with the iris and large eye lens may disconnect the anterior 281 
chamber from the posterior segment, which may limit IOP elevation only in the posterior 282 
segment, where the aqueous material accumulates. When the mouse pupil is larger than the SO 283 
droplet after dilation, the anterior and posterior chambers are reconnected, allowing a quick 284 
increase of IOP in the anterior chamber by aqueous flooding into it. Therefore, a tonometer can 285 
only detect the increased IOP after removing the pupillary block, so the true IOP in the posterior 286 
segment is undoubtedly underestimated. Therefore, we named this model the SO-induced ocular 287 
hypertension under-detected model (SOHU), which more accurately and usefully reflects this key 288 
feature of the model. It would be best to be able to measure the IOP in the posterior segment 289 
directly, but so far it is not possible. This unique pathogenesis of the SOHU model has two 290 
advantageous characteristics: First, the experimental eyes have clear ocular elements that allow 291 
in vivo assessment of visual function and morphology and second, the severe glaucomatous 292 
neurodegeneration allows any benefit of testing neuroprotectants to be detected. 293 
 294 
SO injection can cause corneal edema temporarily and we recommend not performing IOP 295 
measurements too early or too often. We did not detect any inflammation in the anterior 296 
chamber or cornea in SOHU eyes, although we encountered two instances of cornea 297 
neovascularization in the more than 100 mice receiving SO injections.  298 
 299 
Because SO causes ocular hypertension in both human patients and mice, it is reasonable to 300 
postulate that this conceptually novel and practically significant glaucoma model can be adapted 301 
for larger animals that are more suitable for preclinical applications. The characterization of the 302 
deficits in neural function and morphology of this model will certainly encourage other 303 
investigators to take advantage of it to pursue important questions regarding glaucoma and, even 304 
more broadly, diseases that induce RGC and ON degeneration.  305 
 306 
In summary, this is a straightforward animal glaucoma model that does not require special 307 
equipment or repeat injuries and may be applicable to other animal species. Intriguingly, the IOP 308 
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elevation of SOHU model can be reversed by removing the oil from the anterior chamber, thus it 309 
is useful for screening the neuroprotective treatment combined with IOP lowering therapies.  310 
 311 
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Name of Reagent/ Equipment Company Catalog Number

0.5% proparacaine hydrochloride Akorn, Somerset

10mL syinge BD

18G needle BD

2,2,2-Tribromoethanol (Avertin) Fisher Scientific CAS# 75-80-9 

32G nano BD 320122

33G ophalmology needle TSK/ VWR TSK3313/ 10147-200

5mL syinge BD

AnaSed Injection (xylazine) Butler Schein

artificial tears Alcon Laboratories 300651431414

BSS PLUS Irrigating solution Alcon Laboratories 65080050

Dual-Stage Glass Micropipette Puller NARISHIGE PC-10
EZ-7000 Classic System EZ system

Isoflurane VetOne 502017

IV Administration sets EXELint/ Fisher 29081

KETAMINE HYDROCHLORIDE INJECTION VEDCO 50989-996-06 

microgrind bevelling machine NARISHIGE EG-401

Miniature EVA Tubing McMaster-Carr 1883T4

silicon oil (SILIKON) Alcon Laboratories 8065601185

Standard Glass Capillaries WPI/ Fisher 1B150-4

TonoLab tonometer Colonial Medical Supply,  Finland

veterinary antibiotic ointment Dechra Veterinary 1223RX
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Comments/Description

Luer-Lok Tip

with Regular Bevel, Needle Length:25.4 mm 

50g

BD Nano Ultra Fine Pen Needle-32G 4mm

Luer-Lok Tip

100 mg/ml, 50 ml

Systane Ultra Lubricant Eye Drops

 isoflurane, USP, 250ml/bottle

KETAVED 100mg/ml * 10ml

0.05" ID, 0.09" OD, 10 ft. Length

1,000 mPa.s

 4 in. (100mm) OD 1.5mm ID 0.84mm

BNP ophthalmic ointment, Vetropolycin
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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. 

 The Author is a United States government employee but the Materials were NOT 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. 

 

 

A Reversible Silicon Oil-Induced Ocular Hypertension Model in Mice

Jie Zhang, Fang Fang, Liang Li, Haoliang Huang, Hannah C. Webber, 
Yang Sun, Vinit B. Mahajan and Yang Hu

x

x

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

https://www.editorialmanager.com/jove/download.aspx?id=1102326&guid=5558e9a3-bcd9-4f60-9d05-9ab0f6666042&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1102326&guid=5558e9a3-bcd9-4f60-9d05-9ab0f6666042&scheme=1
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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.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 

 
CORRESPONDING AUTHOR 
Name:    
 
Department:   
 
Institution:  
 
Title:   
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 
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Detailed point-by-point responses to reviewers’ comments (responses are in green): 

We are grateful for the editor’s great effort on providing constructive comments and suggestions regarding our 

revision manuscript. We now explain the procedure, results and discussion in a better way by incorporating 

editor’s comments. These modifications substantially improve the revised manuscript.  

Below are explanation to what Editor asked but we did not changed.  

 

Editorial comments: 

1. Citation of Avertin on pupil dilation. 

Response: There is no publication regarding this effect, it is our observation that Avertin does not dilate pupil 

like Ketamine/Xylazine did. 

 

2. Where is this syringe placed in 3.2. 

Response: This syringe is prepared for step 3.2.5. After preparation, it will be put aside until being used at step 

3.2.5. 
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