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SUMMARY:  30 
Chronic ocular hypertension is induced by applying a circumlimbal suture in rats and mice, 31 
leading to functional and structural deterioration of the retinal ganglion cells consistent with 32 
glaucoma. 33 
 34 
ABSTRACT:  35 
The circumlimbal suture is a technique for inducing experimental glaucoma in rodents by 36 
chronically elevating intraocular pressure (IOP), a well-known risk factor for glaucoma. This 37 
protocol demonstrates a step-by-step guide on this technique in Long Evans rats and C57BL/6 38 
mice. Under general anesthesia, a “purse-string” suture is applied on the conjunctiva, around 39 
the equator and behind the limbus of the eye. The fellow eye serves as an untreated control. 40 
Over the duration of our study, which was a period of 8 weeks for rats and 12 weeks for mice, 41 
IOP remained elevated, as measured regularly by rebound tonometry in conscious animals 42 
without topical anesthesia. In both species, the sutured eyes showed electroretinogram 43 
features consistent with preferential inner retinal dysfunction. Optical coherence tomography 44 
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showed selective thinning of the retinal nerve fiber layer. Histology of the rat retina in cross-45 
section found reduced cell density in the ganglion cell layer, but no change in other cellular 46 
layers. Staining of flat-mounted mouse retinae with a ganglion cell specific marker (RBPMS) 47 
confirmed ganglion cell loss. The circumlimbal suture is a simple, minimally invasive and cost-48 
effective way to induce ocular hypertension that leads to ganglion cell injury in both rats and 49 
mice. 50 
 51 
INTRODUCTION:  52 
Animal models provide an important platform for laboratory investigation of cellular processes 53 
underlying glaucoma pathogenesis, as well as to evaluate potential therapeutic interventions. 54 
Several inducible models have been developed to produce sustained intraocular pressure (IOP) 55 
elevation, the most important risk factor for glaucoma. Methods that have been applied to 56 
elevate IOP include: hypertonic saline injection in episcleral veins1, laser photocoagulation of 57 
the trabecular meshwork2 or of the limbal veins3, and intracameral injection of substances such 58 
as ghost red blood cells4, microbeads5,6 and viscoelastic agents7. Each approach has its 59 
advantages and limitations.  60 
 61 
A good model for glaucoma should mimic the disease process, with minimal complication such 62 
as trauma, inflammation and media opacities. These complications are frequently associated 63 
with the procedures used to induce IOP elevation, and can confound interpretation of 64 
outcomes. For example, paracentesis of the anterior chamber, even when foreign substances 65 
are not introduced, has been shown to cause trauma and inflammation that is not 66 
representative of typical glaucomatous change8,9. In addition to the importance of avoiding 67 
inflammation, maintaining optical clarity facilitates in vivo imaging and electrophysiology to 68 
monitor disease progression. Although it is unclear to what extent these complications may 69 
affect disease investigations, it may be better to avoid penetrating the eye during model 70 
induction. The circumlimbal suture approach avoids penetration of the globe and facilitates in 71 
vivo longitudinal assessment of retinal structure and function. More importantly, this model 72 
differs from previous ones in its capacity to return IOP to baseline values by removal of the 73 
suture when required. IOP normalization may be useful for studying the cellular and molecular 74 
correlates of reversible and irreversible ganglion cell injury10-14.  75 
 76 
This article focuses on the technique for model induction. Characterization of retinal injury 77 
caused induced by this model in rats and mice can be found in greater detail elsewhere15-19. 78 
 79 
PROTOCOL:  80 
 81 
All experimental procedures were conducted according to the Australian Code of Practice for 82 
the Care and Use of Animals for Scientific Purposes, set by the National Health and Medical 83 
Research Council in Australia. Ethics approval was obtained from the Howard Florey Institute 84 
Animal Ethics Committee (approval number 13-044-UM and 13-068-UM for rats and mice, 85 
respectively). 86 
 87 
1. Intraocular Pressure Measurement in Conscious Rats 88 



   

 89 
1.1. Set the laboratory rebound tonometer to the rat setting. Swaddle the awake rat in a 90 
piece of soft cloth to calm the animal. Expose the head and neck. Gently hold the torso in one 91 
hand, with the animal’s back resting against the investigator’s chest.  92 
 93 
Note: Topical anesthesia is not required. 94 
 95 
1.2. Use the other hand to bring the rebound tonometer near the rat’s eye, so that the tip of 96 
the IOP probe is approximately 2 – 3 mm away from and perpendicular to the corneal apex. Use 97 
the right hand to measure IOP in the animal’s right eye, and left hand for the left eye.  98 
 99 
1.3. Wait a few seconds for the rat to calm and press the measurement button once. 100 
Observe the tip of the IOP probe gently hit the corneal apex once; and hear the rebound 101 
tonometer beep once.  102 
 103 
Note: A single beep of the tonometer confirms successful measurement, which can be read 104 
from the LCD screen. A double beep indicates a measurement error. Measurement errors can 105 
arise from factors such as inappropriate working distance between the probe and the cornea, 106 
an excessive tilt in the orientation of the tonometer, or the probe striking the eyelid or a non-107 
central part of the cornea. Refer to the rebound tonometer manual from the manufacturer for 108 
further detail regarding measurement errors.  109 
 110 
1.4. Repeat step 1.3 ten times at an interval of 1 – 2 second, from these measurements 111 
derive an average IOP value for that time point. Reset the tonometer after the 5th reading. 112 
 113 
1.5. For serial monitoring, measure IOP at the same time of the day and under consistent 114 
lighting conditions to minimize variation due to the diurnal IOP cycle20,21.  115 
 116 
2. Intraocular Pressure Measurement in Conscious Mice 117 
 118 
2.1. Set the rebound tonometer to the mouse setting according to manufacturer’s 119 
instruction. 120 
 121 
2.2. To restrain the mouse by hand, place the mouse on a grill cage top and gently pull the 122 
tail backwards.  123 
 124 
Note: This will prompt the animal to grip onto the metal grill with its front legs and attempt to 125 
pull itself forward, which will slightly stretch its body. 126 
 127 
2.2.1. Use the other hand to grasp the loose skin immediately behind the ears. Secure the 128 
lower body of the animal by holding the tail between the ring finger and middle finger (or 129 
between the little finger and your palm).  130 
 131 



   

Note: Try not to grasp the skin too tight, to avoid suffocation and applying pressure on the 132 
eyes. 133 
 134 
2.3. With the now free hand (initially holding the tail), bring the rebound tonometer near the 135 
mouse’s eye, so that the tip of the IOP probe is approximately 2 – 3 mm from and 136 
perpendicular to the corneal apex. To measure the other eye, rotate the mouse so that the 137 
other eye is now in front of the tonometer. 138 
 139 
2.4. Wait for the mouse to calm and press the measurement button once. Observe the tip of 140 
the IOP probe gently hit the corneal apex; with a single beep confirming successful 141 
measurement.  142 
 143 
Note: A double beep indicates a measurement error. It may help to have a second 144 
experimenter read and document the IOP readings whilst the first experimenter takes the 145 
measurements. 146 
 147 
2.5. Repeat step 2.4 ten times with an interval of 1 – 2 second to derive an average IOP. 148 
Reset the tonometer after the 5th reading. 149 
 150 
2.6. As per serial measurement in rats, measure mouse IOP at the same time of the day and 151 
under consistent lighting conditions. 152 
 153 
3. Induction of Intraocular Pressure Elevation in Anesthetized Rats and Mice 154 
 155 
3.1. Clean the surgical bench with 0.5% chlorhexidine in 70% ethanol. Cover the bench with 156 
sterile drapes. Autoclave all surgical equipment beforehand. Ensure all experimenters wear 157 
appropriate personal protective equipment (surgical masks, gowns and sterilized gloves).  158 
 159 
3.2. To induce general anesthesia, place the animal in an induction chamber. Deliver 3 – 160 
3.5% isoflurane with O2 at a flow rate of 3 L/min.  161 
 162 
3.2.1. Maintain anesthesia with 1.5% isoflurane at 2 L/min delivered via a rodent face mask 163 
throughout the surgery. Ensure sufficient depth of anesthesia by the absence of a paw pinch 164 
reflex.  165 
 166 
3.2.2. Avoid respiratory depression by adjusting the flow rate when necessary to maintain the 167 
respiratory rate at approximately 60 breaths/min. 168 
 169 
3.3. Randomly select one eye to induce ocular hypertension, with the contralateral eye to 170 
serve as an untreated control. Instill one drop of 0.5% proxymetacaine ophthalmic solution for 171 
topical anesthesia. To clean the ocular surface, rinse the eye with 3 mL of sterile normal saline. 172 
 173 
3.4. Cover the animal with a sterile, fenestrated surgical drape, exposing the eye to be 174 
sutured.  175 



   

 176 
3.5. Perform a purse-string suture on the bulbar conjunctiva around the globe. In rats, 177 
weave the 7/0 nylon suture parallel and 2 mm posterior to the limbus (Figure 1). In mice, place 178 
the 10/0 nylon suture at 1 mm posterior to the limbus.  179 
 180 
3.5.1. Take care not to penetrate the sclera. A sudden pupillary dilation during the surgical 181 
procedure indicates the sclera has likely been penetrated.  182 
 183 
3.5.2. Anchor the suture on the conjunctiva using 5–6 anchor points in rats, and 4–5 anchor 184 
points in mice.  185 
 186 
3.5.3. Avoid direct compression on the major episcleral veins by threading the suture 187 
underneath the conjunctiva at the crossing of these veins. 188 
 189 
Note: While we recommend avoiding compression of the major episcleral vein in rats, this is not 190 
routinely done in mice due to low visibility of these veins in mouse eyes. Even though the major 191 
veins are not directly compressed, it is likely that the smaller vessels in the episcleral vein 192 
plexus are under pressure, which may be a contributing factor to the sustained IOP elevation 193 
(please see Discussion for mechanism of IOP elevation).  194 
 195 
3.6. Fasten the purse-string suture by tying a slipknot then followed by a second simple knot 196 
(Figure 1). To avoid an excessively high post-surgical IOP spike, have an assistant measure the 197 
IOP immediately before fastening the second knot.  198 
 199 
3.6.1. If the IOP is found to be too high, adjust the slip knot by partially releasing the tension 200 
on one end of the suture (arrow in Figure 1A).  201 
 202 
3.6.2. After the desired IOP is achieved (ideally 30 – 60 mmHg in rats or 30 – 40 mmHg in 203 
mice), tie off the second knot while maintaining a continuous pulling force on that end of the 204 
suture (arrow in Figure 1A).  205 
 206 
3.6.3. After the second knot has been tightened, trim the ends of the suture to minimize any 207 
foreign body sensation. Monitor the animal during recover from general anesthesia. 208 
 209 
Note: It is important to use the slipknot when tying the first knot to ensure adequate inward 210 
compression on the eye. After several weeks it is usually noted that the ends become 211 
embedded in the conjunctiva. 212 
 213 
4. Monitoring IOP 214 
 215 
4.1. Take the first IOP measurement at 2 minutes post-operatively under isoflurane 216 
anesthesia. Subsequently, monitor IOP when the rodent has regained consciousness as per the 217 
aforementioned steps 1 and 2.  218 
 219 



   

Note: Monitor the IOP twice during the first day (2 minutes and 1 hour), daily in the first week 220 
and once or twice per week thereafter. 221 
 222 
5. Assaying Retinal Structure and Function 223 
 224 
5.1. At the desired experimental end point (in this case after 8 weeks in rats and 12 weeks in 225 
mice), under general anesthesia using intraperitoneal injection with ketamine/xylazine, 226 
measure retinal function with the dark-adapted electroretinogram (ERG) as described in greater 227 
detail elsewhere.15-17  228 
 229 
Note: We have found robust ganglion cell dysfunction, retinal nerve fibre layer thinning and 230 
ganglion cell loss for durations between 8-12 weeks. Others have successfully employed longer 231 
periods of IOP elevation14,15.  232 
 233 
5.2. Immediately after ERG measurement, measure the thickness of retinal nerve fiber layer 234 
(RNFL) and total retinal thickness using spectral domain optic coherence tomography (SD-OCT) 235 
16,18.  236 
 237 
5.3. At the end of the longitudinal study, euthanize the animals under deep anesthesia.  238 
 239 
5.3.1. Dissect the retina for histology18, for example immunostaining of whole-mount retina 240 
using a retinal ganglion cell (RGC) specific antibody such as RNA-binding protein with multiple 241 
splicing antibody (RBPMS) or brain-specific homeobox/POU domain protein 3A (Brn3a).16,19,22  242 
 243 
REPRESENTATIVE RESULTS:  244 
The following results in rats18 and mice16 have been previously reported and are summarized 245 
here. The circumlimbal suture produced a similar pattern of IOP elevation in rats and mice 246 
(Figure 2). A brief IOP spike, up to 58.1 ± 2.7 mmHg in rats and 38.7 ± 2.2 mmHg in mice, was 247 
found immediately after the suture procedure. In rats, IOP magnitude gradually reduced over 248 
time to be 44 ± 6 mmHg and 32 ± 2 mm Hg, at 3 and 24 hours, respectively15. After this initial 249 
IOP spike IOP remained relatively stable for several weeks. Over the experimental period, IOP in 250 
the ocular hypertensive (OHT) eyes remained elevated by ~ 9 mmHg for 8 weeks in rats, and by 251 
~ 5 mmHg for 12 weeks in mice.  252 
 253 
To assess RGC function, scotopic ERG at very dim stimulus energies elicits the positive Scotopic 254 
Threshold Response (pSTR), which was found to be reduced in the OHT eyes, relative to control 255 
eyes in both rats and mice (Figure 3). There was also a small reduction of the ERG a- and b-256 
wave, which is likely to reflect a mild dysfunction of the photoreceptors and bipolar cells, 257 
respectively. The largest deficit however was found in the pSTR, confirming preferential inner 258 
retinal dysfunction subsequent to the mild chronic IOP elevation.  259 
 260 
Consistent with inner retinal dysfunction, a selective loss of cell density in the RGC layer was 261 
also evident in the cross-sections of OHT retina (Figures 4A – 4C). In contrast, cell numbers in 262 
the outer and inner nuclear layers remain unaltered18, suggesting that off-target ischemic 263 



   

effects are minimal. Such findings in rats are corroborated by cell counts on whole-mount 264 
mouse retinae stained using an RGC specific antibody and confocal microscopy (Figures 4E – 265 
4G). Similarly, OCT scans around the optic nerve head shows that chronic IOP elevation results 266 
in reduced RNFL thickness, whilst total retinal thickness remained unaltered in both species 267 
(Figures 4D and 4H).  268 
 269 
FIGURE AND TABLE LEGENDS:  270 
 271 
Figure 1. Circumlimbal suture application around the equator of the eye. A: Firstly, use a 272 
slipknot to tighten the purse-string suture by pulling only one string (arrow), which will ensure 273 
adequate inward compression. An assistant can measure the IOP immediately before fastening 274 
the second knot. B: Subsequently tie a second simple knot to lock the first knot. C: Photograph 275 
of circumlimbal suture on a mouse eye. (Data in A and B are reused with permission from 276 
previous work, see references 18 and 16, respectively) 277 
 278 
Figure 2. The circumlimbal suture raised intraocular pressure in this case for 8 weeks in rats 279 
(A, n = 8) and 12 weeks in mice (B, n = 23). IOP remained unchanged in contralateral control 280 
eyes. (individual OHT eyes represent by red symbols and control eyes by grey symbols). Average 281 
and standard deviations are overlaid in black. Data are replotted with permission from previous 282 
work 16,18).  283 
 284 
Figure 3. Chronic IOP elevation induced functional deficits particularly in the inner retina in 285 
both rats (A & B) and mice (C & D). A: Average ERG waveforms (n = 8 rats) in response to a 286 
bright and dim stimulus (2.07 and -5.31 log cd.s.m-2 for top and bottom trace respectively) after 287 
8 weeks of IOP elevation. B: The relative amplitude of the pSTR, indicative of RGC function, was 288 
more affected than the photoreceptoral a-wave and the bipolar cell driven b-wave. C and D are 289 
as per A and B but derived from the average of 23 mice after 12 weeks of IOP elevation. Again, 290 
RGC dysfunction was more severe than photoreceptoral and bipolar cell dysfunction.  291 
ERG: electroretinogram; OHT: ocular hypertension; IOP: intraocular pressure; pSTR: positive 292 
Scotopic Threshold Response; RGC: retinal ganglion cells; * P< 0.05. Error bars: standard error 293 
of mean. Data are reused with permission from previous work.16,18 294 
 295 
DISCUSSION:  296 
The circumlimbal suture is a new model of chronic ocular hypertension. In addition to the 297 
studies from which the representative results are sourced16,18, this animal model has been 298 
utilized in a number of recent studies15,23-26. Comparison across these previous reports shows 299 
that the method produces repeatable outcomes, including the magnitude of IOP elevation, as 300 
well as the brief IOP spike during model induction (see later discussion). Although the duration 301 
of IOP elevation needed to induce robust RGC changes is between 8 and 12 weeks, the model 302 
can be maintained for longer, with studies reporting outcomes for 15-16 weeks of IOP 303 
elevation14,15. In addition to repeatability, this method is relatively simple, cost effective, and 304 
can be used in both rats and mice. When compared with other approaches that involve 305 
penetrating the eye at model induction, this model is amenable to investigations that require 306 
clear optical media, such as electrophysiology or in vivo retinal imaging. One reason for this is 307 



   

that by avoiding paracentesis, the circumlimbal suture method aims to preserve the immune 308 
privilege of the eye and therefore minimize trauma-related inflammation and cataract. A 309 
previous study employing this technique, found that Iba-1 expression, a marker for 310 
inflammation, was not upregulated in the retina15, however the presence of other 311 
inflammatory markers or anterior chamber inflammation have not yet been quantified in this 312 
model. Another advantage is that the IOP elevation can be reversed by suture removal, which is 313 
a simple procedure that can be done under light sedation and topical anesthesia14,15. This 314 
renders the circumlimbal suture a unique model for investigating the potential reversibility of 315 
ganglion cell injury in glaucoma24.  316 
  317 
Although the mechanism by which the suture procedure raises IOP is not completely 318 
understood, obstruction of aqueous outflow is the likely cause after ruling out several other 319 
factors. From previous studies, we have shown that the circumlimbal suture does not 320 
significantly alter anterior chamber depth or iridocorneal angle in both rats15 and mice16 and is 321 
therefore not a model of angle closure glaucoma. Additionally, as pupillary dilation and pupil 322 
size were not altered, the clarity of the optical media was preserved, and no frank inflammatory 323 
changes was observed with anterior chamber OCT or with retinal cross sections, we do not 324 
believe that intraocular pressure elevation arises through an inflammatory mechanism. Finally, 325 
our finding that IOP could be rapidly normalized after removal of the circumlimbal suture 326 
suggests that remodeling of the trabecular meshwork as a result of inflammation would be an 327 
unlikely cause of the IOP elevation16,24. Thus, it is likely that IOP elevation arises from aqueous 328 
outflow obstruction, either via compression of Schlemm’s canal or the episcleral veins. Further 329 
investigation is underway to determine the precise cause of aqueous outflow obstruction 330 
induced by this model. 331 
 332 
The circumlimbal suture has several limitations. One obvious concern is the initial IOP spike that 333 
occurs during the application of the suture, which gradually reduces over several hours. Indeed, 334 
an excessive IOP spike has the potential to induce ischemic-reperfusion injury, which is not 335 
typical of chronic open angle glaucoma. In this regard it is prudent to post surgically confirm 336 
normal retinal perfusion using ophthalmoscopy or OCT angiography.  337 
 338 
The potential contribution of the IOP spike was recently addressed by comparing untreated 339 
control eyes with a sham control group where the suture was applied as per methods described 340 
above, and then removed after 2 days. In other words, these sham control eyes were subjected 341 
to the same acute IOP spike but not the chronic IOP elevation beyond 48 hours. We found that 342 
the long term outcomes, measured by ERG, OCT and RGC counts, remain unaltered in the sham 343 
controls when compared with untreated controls16, showing that the initial IOP spike did not 344 
have an important role in the RGC deficit seen in this model. This is also supported by the fact 345 
that in the ocular hypertension (OHT) eyes, there was no correlation between the magnitude of 346 
the IOP spike and the RGC dysfunction in the long term, whereas there was a significant 347 
correlation with chronic IOP elevation15. Additionally, one study where the suture was removed 348 
after 8 weeks shows that ganglion cell fully recovered, as measured by pSTR24, which supports 349 
the idea that the brief IOP spike resulting from the model induction makes little contribution to 350 
the retinal dysfunction found after chronic IOP elevation. Had the transient IOP spike been a 351 



   

contributing factor to the ganglion cell injury, one would not expect such recovery after suture 352 
removal at week 8. Therefore, despite having the limitation of a transient IOP spike, the 353 
circumlimbal suture model of ocular hypertension is a useful addition to currently available 354 
small animal glaucoma models.  355 
 356 
Although the aforementioned evidence supports the usefulness of this model, every effort 357 
should be made to minimize the transient IOP spike. The following may assist with model 358 
induction. First, the most common problem encountered is that IOP can return to normal a few 359 
days after suture application. The probable cause is that the suture knot gradually loosens over 360 
time. To troubleshoot, ensure the first (slip) knot is securely fastened before tying the second 361 
knot. This can be achieved by continuously maintaining tension on one end of the slip knot 362 
(arrow in Figure 1A) until the second knot is tied. The second most common issue is hyphema 363 
which can occur in the first few hours after suturing. In our experience, this was commonly 364 
associated with an excessively high IOP spike (usually ≥ 80 mmHg in rats and mice) or 365 
perforation of the eye when weaving the suture. Other complications of the procedure include 366 
cataract (usually reversible) in the short term, and loss of the suture in the long term due to 367 
suture slippage or tearing of the conjunctiva. We have not noted the development of any ocular 368 
surface infections in any cohort of rats or mice. For novices to microscopic surgery, some 369 
practice is required to master circumlimbal suture application. We have reported an initial 370 
success rate of 50% in our first cohort of mice (40 out of 81 mice)16. In our experience, this 371 
improves to 70 – 80% with practice. In a subsequent cohort of 60 mice, we found a total 372 
success rate of 70%, with hyphema (13%) and suture loss (17%) accounting for the 30% failure 373 
rate. In a cohort of 20 rats, we find a higher success rate (90%) than in mice, with only 2 rats 374 
being excluded due to hyphema (10%), and no animals were excluded due to suture loss. 375 
Perforation during surgery are rare occurrences in both rat and mouse models (~1%).  376 
 377 
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Comment/Description

Maintain corneal hydration during surgery

Disinfection of surgical instrument

Proprietory Name: Isoflo(TM) Inhalation anaaesthetic. Pharmaceutical-

grade inhalation anesthetic mixed with oxygen gas for suture procedure

Proprietory Name: Genteal, ocular lubricant to keep the other eye moist

To hold needle during ocular surgery

Topical ocular analgesia

To cut excessive suture stump during ligation

Ensure sterile enviornment during surgery

8-0 nylon suture attached with round needle, cutting edge 3/8, dual-

needle, suture length 30cm

10-0 nylon suture attached with round needle, cutting edge 3/8, dual-

needle, suture length 30cm

Manipulate tissues during ocular surgery

for intraocular pressure monitoring
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http://www.jove.com/publish ) via:    Standard Access       Open Access 

Item 2 (check one box): 

 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 
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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-
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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
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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. 
 
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.  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. 
 
9.  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. 
 
10.  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 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 
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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. 
 
11.  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. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication 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. 
 
13.  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.   
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Editorial comments: 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the 
submitted revision may be present in the published version. 
 

We have proofread the manuscript and made amendments as required. 

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

The links to the editorial policy of previous publication has now been uploaded. 

 
3. Figure 3 and 4: The bottom half of the error bar is obscured by the filled in chart. 
 

Thank you, we have changed the bar charts in Figure 3 and 4 as suggested by the Editorial 

Reviewer.  

 

4. Please do not abbreviate journal titles. 
 

This has been amended. 

 
Reviewers' comments: 
 
We thank the reviewers for their useful comments. We have attempted to address all their queries 
and have amended this within the manuscript (track changes) and also detailed a response to each 
individual comment below. We hope that this has strengthened the paper. 
 
Reviewer #1:  
 
1) What is the mechanism of the IOP elevation in this model? External globe compression alone 
cannot account for persistent IOP elevation over weeks, as aqueous humor dynamics should 
eventually lead to re-equilibration of IOP. Most likely there is an effect of compressing the episcleral 
outflow system in the eye, leading to reduced trabecular outflow. It is interesting to note, however 
that the authors specifically discourage the investigator from placing suture over large episcleral 
veins, and instead suggest the suture be placed underneath the veins. Has the mechanism of IOP 
elevation been investigated? More information is needed here. 

 
We thank the reviewer for this comment. To incorporate this suggestion, the following 

paragraph has been added to the Discussion (Page 9): 

 

Although the mechanism by which the suture procedure raises IOP is not completely 

understood, obstruction of aqueous outflow is the likely cause after ruling out several other 

factors. From previous studies, we have shown that the circumlimbal suture does not 

significantly alter anterior chamber depth or iridocorneal angle in both rats (Liu et al 2015) 

and mice (Zhao et al 2017) and is therefore not a model of angle closure glaucoma. 

Additionally, as pupillary dilation and pupil size were not altered, the clarity of the optical 

media was preserved, and no frank inflammatory changes was observed with anterior 

chamber OCT or with retinal cross sections, we do not believe that intraocular pressure 

elevation arises through an inflammatory mechanism. Finally, our finding that IOP could be 

rapidly normalized after removal of the circumlimbal suture suggests that remodelling of the 

trabecular meshwork as a result of inflammation would be an unlikely cause of the IOP 

elevation (Liu et al 2017, Zhao et al 2017). Thus it is likely that IOP elevation arises from 

aqueous outflow obstruction, either via compression of Schlemm’s canal or the episcleral 

Rebuttal Letter Click here to download Rebuttal Letter response to
reviewers.docx
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veins. Further investigation are underway to determine the precise cause of aqueous outflow 

obstruction induced by this model. 

 
2) The authors need to include more information on success rates and the need to censor animals - 
beyond the note at the end of the discussion at success rate is only 50% when starting out and only 
70-80% under best circumstances. At what rates do animals need to be excluded for different 
reasons such as scleral perforation, inadequate IOP elevation, and excessive IOP elevation? Given 
the presence of a foreign body for several weeks, do any animals acquire infections? 
 

For have added more information regarding the success rate of the procedure, as follows : 

 

Although the aforementioned evidence supports the usefulness of this model, every effort 

should be made to minimize the transient IOP spike. The following may assist with model 

induction. First, the most common problem encountered is that IOP can return to normal a 

few days after suture application. The probable cause is that the suture knot gradually 

loosens over time. To troubleshoot, ensure the first (slip) knot is securely fastened before 

tying the second knot. This can be achieved by continuously maintaining tension on one end 

of the slip knot (arrow in Figure 1A) until the second knot is tied. The second most common 

issue is hyphema which can occur in the first few hours after suturing. In our experience, this 

was commonly associated with an excessively high IOP spike (usually ≥ 80 mmHg in rats and 

mice) or perforation of the eye when weaving the suture. Other complications of the 

procedure include cataract (usually reversible) in the short term, and loss of the suture in the 

long term due to suture slippage or tearing of the conjunctiva. We have not noted the 

development of any ocular surface infections in any cohort of rats or mice. For novices to 

microscopic surgery, some practice is required to master circumlimbal suture application. 

We have reported an initial success rate of 50% in our first cohort of mice (40 out of 81 

mice).16 In our experience, this improves to 70 – 80% with practice. In a subsequent cohort of 

60 mice, we found a total success rate of 70%, with hyphema (13%) and suture loss (17%) 

accounting for the 30% failure rate. In a cohort of 20 rats, we find a higher success rate 

(90%) than in mice, with only 2 rats being excluded due to hyphema (10%), and no animals 

were excluded due to suture loss. Perforation during surgery are rare occurrences in both rat 

and mouse models (~1%).   

 

 
3) The authors should provide data on range of IOP to permit sample size calculations, which will 
also need to take into account success rate of inducing the model. Examples of sample sizes should 
be included. Figure 2 should include standard deviation of IOP on error bars rather than standard 
error of the mean, since the purpose of these graphs is descriptive of the technique and not in 
representing an experimental sample. A better way to depict the data for a reader interested in 
using this model would be a scatter plot with individual animal data points included. 
 

We thank the reviewer for this suggestion. We have changed Figure 2 to a scatter plot of 

individual data points along with the group average ± SD.  

 
 
4) The authors need more precise details regarding their materials. The sutures specifically need 
catalog numbers in the table at the end of the manuscript. The authors specify in the text that the 
suture should be nylon, but this also needs to be included in the table. There also is a question 
regarding the suture needle specified in the table - this needle is noted to be "used with 3-0 suture" 
and is 15mm long. Please check this - specific characteristics of the needle type (shape, size, cutting 
surface, length) with catalog number should be provided for both the 7-0 nylon and 10-0 nylon 
sutures (and they are likely not the same for both sizes of suture). 
 



Thank you for your suggestion. Detail in the material list have been updated. The line with 

“3-0 suture” has been deleted. 

 
5) Given that early spikes in IOP occur and IOP is the main outcome being tested, I was surprised that 
the main protocol did not specify that slip knot suture tension should be titrated to IOP prior to tying 
the second knot - though I see that this is recommended as a "technical tip" in line 279. Please 
consider making this part of the specified procedure. 
 

We agreed with the reviewer. We have moved this “technical tip” into the main text of the 

protocol. Step 3.6 has been amended to the following:  

Fasten the purse-string suture by tying a slipknot followed by a second simple knot (Figure 

1). To avoid an excessively high post-surgical IOP spike, have an assistant measure the IOP 

immediately before fastening the second knot. If the IOP is found to be too high, adjust the 

slip knot by partially releasing the tension on one end of the suture (arrow in Figure 1A). 

After the desired IOP is achieved (ideally 30 – 60 mmHg in rats or 30 – 40 mmHg in mice), 

the suture will be continuously pulled to maintain the force, and then the second knot will be 

tied. After the second knot has been tightened, the ends of the suture should be trimmed to 

minimize any foreign body sensation. After several weeks it is usually noted that the ends of 

the suture become embedded in the conjunctiva.  Allow the animal to recover from general 

anesthesia. 

 

 
6) I would recommend including detailed instructions on tying a slip knot, as non-surgeons may be 
unfamiliar with this. 
 

We thank the reviewer and agree that experimenters lacking surgical experience may require 

additional instruction in the tying of the slip knot. We believe that this technique can be better 

demonstrated by video rather than with instruction in the body of the text.  

 
7) The IOP spike is a concerning issue, despite the electrophysiology and OCT data provided in the 
discussion (which are rather low-sensitivity methods to look for effects of a transient IOP spike). 
What is the range IOP in early spikes? How long do IOP spikes last? ("several hours" - line 247 - is 
nonspecific and an IOP of 80 for several hours would undoubtedly produce many off-target ischemic 
effects that would likely necessitate exclusion of the animal) How many animals have an IOP spike? 
Do histologic photoreceptor counts change in animals that have an IOP spike? 
 

The individual IOPs are now given in the revised Figure 2, which shows that transient IOP 

spikes occurs in all rats and majority of the mice.  

 

The following results in rats18 and mice16 have been previously reported and are summarized 

here. The circumlimbal suture produced a similar pattern of IOP elevation in rats and mice 

(Figure 2). A brief IOP spike, up to 58.1 ± 2.7 mmHg in rats and 38.7 ± 2.2 mmHg in mice, 

was found immediately after the suture procedure. In rats IOP magnitude gradually reduced 

over time to be  44 ± 6 mmHg and 32 ± 2 mm Hg, at 3  and 24 hours respectively15. After this 

initial IOP spike IOP remained relatively stable for several weeks. Over the experimental 

period, IOP in the ocular hypertensive (OHT) eyes remained elevated by ~ 9 mmHg for 8 

weeks in rats, and by ~ 5 mmHg for 12 weeks in mice.  

 

We have also make reference to our observation that outer retinal cell counts were unaltered. 

  

Consistent with inner retinal dysfunction, a selective loss of cell density in the RGC layer was 

also evident in the cross-sections of OHT retina (Figure 4A – C). In contrast, cell numbers in 

the outer and inner nuclear layers remain unaltered, suggesting that off-target ischemic 

effects are minimal. 



 

We therefore believe that by controlling the post-surgical IOP spike the model provides a 

means to study chronic IOP effects outcomes. However we agree that animals with very high 

IOP spike may need to be excluded.  

 

8) Given the information provided about IOP spikes, it would seem prudent to visually monitor 
retinal perfusion after the suture is tied off. 
 

Thank you for this suggestion. The following has been added to the discussion section: 

The circumlimbal suture has several limitations. One obvious concern is the initial IOP spike 

that occurs during the application of the suture, which gradually reduces over several hours. 

Indeed, an excessive IOP spike has the potential to induce ischemic-reperfusion injury, which 

is not typical of chronic open angle glaucoma. In this regard it is prudent to post surgically 

confirm normal retinal perfusion using ophthalmoscopy or OCT angiography.  

 
 
9) I recommend not listing ERG, OCT, or histology as required steps of the protocol (as in lines 153-
163) as they are not required and this protocol does not provide any information on how to carry 
this out, but only refers to other protocols. 
 

Thank you for this suggestion. We agree that the outcome measures may differ depending on 

what aspect of glaucoma pathophysiology is to be investigated. Therefore, the ERG, OCT and 

histology will not be included in the video protocol. In addition we have amended the title of 

this section as  follows.  

 

5. The following methods can be used to assay retinal structure and function, and were used 

to obtain the representative results that follow 

 
10) Line 276 - it is unclear to me how an IOP spike to > 80mmHg would cause a hyphema. Hypotony 
could cause reflux from the collector system back into the anterior chamber, but very high IOP 
should not cause reflux. If there is true bleeding in the anterior chamber, it seems most likely that it 
would be due to ocular penetration with the suture needle. 
 

Thank you for this comment. We acknowledge that raised IOP is unlikely to cause a hyphema, 

and that the hyphema is likely to be associated with perforation of the sclera, however we did 

observe the IOP to be very high in animals with hyphema. The text has been amended to the 

following: 

 

The second most common issue is hyphema which can occur in the first few hours after 

suturing. In our experience, this was commonly associated with an excessively high IOP spike 

(usually ≥ 80 mmHg in rats and mice) or perforation of the eye when weaving the suture. 

 
11) Why is a different duration of experiment recommended for mice and rats (i.e. in the abstract)? 
 

The duration mentioned reflects the examples that have been given in the document, 

referencing our previously published manuscripts (Zhao et al 2017; van Koeverden et al 

2018). This is not restrictive however and different durations of IOP elevation could be used. 

The text in step 5 of the main protocol has been amended to reflect this: 

 

5.1) At the desired experimental end point (in this case after 8 weeks in rats and 12 weeks 

in mice), under general anesthesia using intraperitoneal injection with ketamine/xylazine we 

measured retinal function with the dark-adapted electroretinogram (ERG) as described in 

greater detail elsewhere.15-17  



Note: We have found robust ganglion cell dysfunction, retinal nerve fibre layer thinning and 

ganglion cell loss for durations between 8-12 weeks. Others have successfully employed 

longer periods of IOP elevation14,15.  

 
12) The IOP measurement section states that a double beep from the rebound tonometer indicates 
"the probe was either too far or two close to the cornea surface". This is an oversimplication - a 
double beep indicates an error, and there are many reasons for errors in addition to the two 
suggested by the authors, including the probe being held too vertically (either tip up or tip down) 
with regard to the gravity horizon. The authors should instead refer to the error codes listed in the 
tonometer instructions. 
 

Thank you for this suggestion. The text in section 1.3 has been amended to the following: 1.3) 

1.3) Wait a few seconds for the rat to calm and press the measurement button once. 

Observe the tip of the IOP probe gently hit the corneal apex once; and hear the rebound 

tonometer beep once.  

Note: A single beep of the tonometer confirms successful measurement, which can be read 

from the LCD screen. A double beep indicates a measurement error. Measurement errors can 

arise from factors such as inappropriate working distance between the probe and the cornea, 

an excessive tilt in the orientation of the tonometer, or the probe striking the eyelid or a non-

central part of the cornea. Refer to the rebound tonometer manual from the manufacturer for 

further detail regarding measurement errors. 

 

The text in section 2.4 has been amended to the following: 

2.4) Wait for the mouse to calm and press the measurement button once. Observe the tip 

of the IOP probe gently hit the corneal apex; with a single beep confirming successful 

measurement.  

Note: A double beep indicates a measurement error. It may help to have a second 

experimenter read and document the IOP readings whilst the first experimenter takes the 

measurements. 

 
13) Line 133 - rinsing the ocular surface with normal saline will not "disinfect" it. Either disinfect with 
something like betadine, or specify that the ocular surface is being rinsed or cleaned, but not 
necessarily disinfected. 
 

Thank you for this suggestion. The word “disinfect” has been amended to “clean”. 

 

Reviewer #2:  
Manuscript Summary: 
In this manuscript, He and colleagues describe step-by-step the technique of circumlimbal suture as 
a means for elevating intraocular pressure in rodents, inducing experimental glaucoma. The authors 
described the methodology in two rodents: rats and mice. This techniques requires some expertise, 
as with any micro-surgery. However, it is efficient and reproducible. 
 
Major Concerns: 
The authors mentioned there is not inflammation associated to the technique and that immune 
privilege is preserved. This was not addressed in the publication. 
 

Thank you for raising this issue. In previous work using the circumlimbal suture, we found 

that Iba-1 expression in the retina was not upregulated after chronic IOP elevation. 

Additionally, the surgery does not breach the anatomical structures that contribute to the 

immune privilege of the eye. The presence of other inflammatory markers or cells in the 

anterior chamber with the use of this model has not yet been quantified and would be useful 

in the future. The text has been amended to the following (line 258): 



 

One reason for this is that by avoiding paracentesis, the circumlimbal suture method aims to 

preserve the immune privilege of the eye and therefore minimize trauma-related inflammation 

and cataract. A previous study employing this technique, found that Iba-1 expression, a 

marker for inflammation, was not upregulated in the retina15, however the presence of other 

inflammatory markers or anterior chamber inflammation have not yet been quantified in this 

model. Another advantage is that the IOP elevation can be reversed by suture removal, which 

is a simple procedure that can be done under light sedation and topical anesthesia14,15. This 

renders the circumlimbal suture a unique model for investigating the potential reversibility of 

ganglion cell injury in glaucoma24.  

 
Minor Concerns: 
All looks good, well-written 
 
Reviewer #3:  
Manuscript Summary: 
The authors present a well written protocol to perform a novel approach to inducing ocular 
hypertension in rats/mice. I have a few minor comments only below that ought to be addressed. 
 
Major Concerns: 
None 
 
Minor Concerns: 
1. Line 95-96. It would be useful to add a reference to highlight the nature of diurnal IOP fluctuations 
in rodents at this point eg. PMID: 10798653. 
 

The suggested reference has been added. 

 
2. Line 159. It would be helpful for the ready to have recommendations for antibodies appropriate 
for whole mount analysis of rat retina for RGC assays eg. Brn3a, Isl1 etc 
 

Thank you for this recommendation. The text has been amended to the following: 

5.3) At the end of the longitudinal study, euthanize the animals under deep anesthesia. 

Dissect the retina for histology18, for example immunostaining of whole-mount retina using a 

retinal ganglion cell (RGC) specific antibody such as RNA-binding protein with multiple 

splicing antibody (RBPMS) or brain-specific homeobox/POU domain protein 3A 

(Brn3a).16,19,22  

 

3. Line 246. The authors ought to comment on the possibility that circumlimbal sutures will likely 
compress episcleral venous outflow and lead to an increase in eVP with secondary congestion which 
is likely a contributory mechanism to the IOP elevation, which is not found in human open angle 
glaucoma. 
 

Thank you for this comment. Please see our response to reviewer one, point 1.  
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