
Journal of Visualized Experiments
 

Establishment of a Severe Dry Eye Model Using Complete Dacryoadenectomy in
Rabbits

--Manuscript Draft--
 

Article Type: Methods Article - JoVE Produced Video

Manuscript Number: JoVE60126R1

Full Title: Establishment of a Severe Dry Eye Model Using Complete Dacryoadenectomy in
Rabbits

Keywords: dry eye;  dry eye syndrome;  rabbit model;  dacryoadenectomy;  physiology;  ocular
drug development;  tear breakup time;  Schirmer's tear test;  tear osmolarity;  rose
bengal staining

Corresponding Author: Robert Honkanen, MD
Stony Brook Medicine
Stony Brook, NY UNITED STATES

Corresponding Author's Institution: Stony Brook Medicine

Corresponding Author E-Mail: Robert.Honkanen@stonybrookmedicine.edu

Order of Authors: Robert Honkanen, MD

Liqun Huang

Wei Huang

Basil Rigas

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Open Access (US$4,200)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Stony Brook, NY

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



TITLE:  1 

Establishment of a Severe Dry Eye Model Using Complete Dacryoadenectomy in Rabbits 2 

 3 

AUTHORS AND AFFILIATIONS: 4 

Robert A. Honkanen1, Liqun Huang2,3, Wei Huang1, Basil Rigas2,4 5 

 6 
1Department of Ophthalmology, Stony Brook University, Stony Brook, NY, USA  7 
2Department of Medicine, Stony Brook University, Stony Brook, NY, USA 8 
3Medicon Pharmaceuticals, Inc., Setauket, NY, USA 9 
4Department of Preventive Medicine, Stony Brook University, Stony Brook, NY, USA 10 

 11 

Email addresses of co-authors: 12 

Robert A. Honkanen  (Robert.Honkanen@StonyBrookMedicine.edu) 13 

Liqun Huang   (Liqun.Huang@StonyBrookMedicine.edu) 14 

Wei Huang   (Wei.Huang@StonyBrookMedicine.edu) 15 

 16 

Corresponding author:  17 

Basil Rigas   (basil.rigas@stonybrookmedicine.edu) 18 

 19 

KEYWORDS:  20 

dry eye, dry eye syndrome, rabbit model, dacryoadenectomy, physiology, ocular drug 21 

development, tear breakup time, Schirmer’s tear test, tear osmolarity, rose bengal staining 22 

 23 

SUMMARY: 24 

A novel approach is presented to induce chronic dry eye disease in rabbits by surgically removing 25 

all orbital lacrimal glands. This method, distinct from those previously reported, produces a 26 

stable, reproducible model of aqueous deficient dry eye well suited to study tear physiology and 27 

pathophysiology and ocular therapeutics. 28 

 29 

ABSTRACT:  30 

Dry eye disease (DED) is a complex disease with multiple etiologies and variable symptoms, 31 

having ocular surface inflammation as its key pathophysiologic step. Despite advances in our 32 

understanding of DED, significant knowledge gaps remain. Advances are limited in part due to 33 

the lack of informative animal models. The authors recently reported on a method of DED 34 

induced by injecting all orbital lacrimal gland (LG) tissues with the lectin concanavalin A. Here, 35 

we report a novel model of aqueous-deficient DED based on the surgical resection of all orbital 36 

LG (dacryoadenectomy) tissues. Both methods use rabbits because of their similarity to human 37 

eyes in terms of the size and structure of the ocular surface. One week after removal of the 38 

nictitating membrane, the orbital superior LG was surgically removed under anesthesia, followed 39 

by removal of the palpebral superior LG, and finally removal of the inferior LG. 40 

Dacryoadenectomy induced severe DED, evidenced by a marked reduction in the tear break up 41 

time test and the Schirmer’s tear test, and significantly increased tear osmolarity and rose bengal 42 

staining. Dacryoadenectomy-induced DED lasted at least eight weeks. There were no 43 

complications and animals tolerated the procedure well. The technique can be mastered 44 
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relatively easily by those with adequate surgical experience and appreciation of the relevant 45 

rabbit anatomy. Since this model recapitulates the features of human aqueous-deficient DED, it 46 

is suitable for studies of ocular surface homeostasis, DED, and candidate therapeutics.  47 

 48 

INTRODUCTION:  49 

Tears are required for the protection of the ocular surface and for the maintenance of the optical 50 

properties of the cornea. They consist of three layers: an inner mucin coating, a middle aqueous 51 

component, and a lipid overlay1. The mucin layer is produced predominantly in goblet cells of the 52 

conjunctiva, the aqueous component predominantly in the lacrimal glands (LGs), and the lipid 53 

layer predominantly in the Meibomian glands1,2. The orbital LGs are the main source for the 54 

aqueous component of tears and for many of the proteins that protect the surface from bacterial 55 

attack3. Ocular surface diseases ensue when the aqueous tear production is decreased below a 56 

critical level, depriving the epithelial surfaces of the eye of the aqueous component and crucial 57 

tear constituents including growth factors, lysozyme, and lactoferrin. In cases of decreased tear 58 

production by the LGs, the conjunctival and corneal tissues undergo adaptations to compensate 59 

for the altered environment.  60 

 61 

Understanding the contribution of the tear component derived from the orbital LGs and the 62 

ocular surface’s compensatory mechanisms when this is lacking impacts our appreciation of the 63 

physiology and pathophysiology of the anterior segment of the eye and, more broadly, of health 64 

and disease in the entire globe. The experimental approach to these issues requires an 65 

informative animal model. Consequently, several groups have attempted to develop animal 66 

models in which the orbital LGs are removed, thereby facilitating the assessment of the role of 67 

tears in ocular health. One such model was recently reported for the mouse4. The rabbit offers, 68 

however, many distinct advantages over rodent models including similar anatomic and histologic 69 

structures of the LG, and perhaps more importantly, similar size and surface area of the cornea 70 

and conjunctival tissues when compared to their human counterparts3.  71 

 72 

Creation of aqueous deficient dry eye disease (DED) by surgical resection of LG tissue in rabbits 73 

is not new. Numerous reports describe resection of LG tissues with varying success reflected in 74 

variable changes in tear production measured by the Schirmer’s tear test5-8. A thorough 75 

understanding of the relevant anatomy of the rabbit and clarity about the anatomical 76 

terminology are very helpful in reproducing this method. A thorough overview of both is provided 77 

below. 78 

 79 

Anatomy of the lacrimal glands 80 

 81 

The rabbit has two orbital LGs: the larger inferior LG (ILG) and the smaller superior LG (SLG; Figure 82 

1). The ILG extends along the inferior and posterior aspect of the orbital rim. With the exception 83 

of variable size, the anterior portion of the ILG has a fairly uniform bulbous appearance that can 84 

be seen as a protuberance in the skin under the globe (Figure 2). Because of its characteristic 85 

appearance in relation to the rest of the gland, it is referred to as the “head” of the ILG. A portion 86 

of the head wraps around and lies on the external surface of the zygomatic bone. This serves as 87 



a useful landmark on ultrasound biomicroscopy to guide injections into the ILG. The remainder 88 

of the head resides more medially9 in the orbit.  89 

 90 

Due to the characteristic appearance of the remaining portion of the ILG, which is long and thin, 91 

this segment is referred to as the “tail.” The tail runs along the inferior orbital rim, from the head 92 

of the ILG to the orbital rim where it terminates with variable anatomy at the inferior and 93 

posterior orbital rim (Figure 3A). The tail lies deep (medial) to the zygomatic bone separated from 94 

the orbital contents by a fascial band for most of its course until it reaches the posterior rim of 95 

the orbit where it once again extends out over the external surface of the zygomatic bone. The 96 

ILG receives its blood supply from branches of the carotid artery. 97 

 98 

The SLG has two components analogous to the human. One is the palpebral superior LG (PSLG), 99 

which resides in the upper posterior eyelid medial to the tarsal plate. It appears bulbous in nature 100 

and has numerous punctate openings that drain aqueous tear fluid that is more easily seen when 101 

covered with 2% fluorescein (Figure 3B). 102 

 103 

The second is the orbital superior LG (OSLG), residing in a medial position in the superior orbit 104 

(Figure 3C). Due to its position near the midline of the skull, it has been impossible to successfully 105 

identify it using external surgical approaches from the temporal or inferior orbit. In fresh 106 

necropsy samples or surgical cases, this gland can be prolapsed through the posterior incisure 107 

located in the dorsal surface of the skull when gentle medial pressure is applied to the globe. 108 

Prolapse of this glandular tissue can be documented with ultrasound biomicroscopy.  109 

 110 

The PSLG and OSLG are contiguous structures. The OSLG is a tubuloalveolar structure whose 111 

ductal architecture coalesces into the main excretory duct. This duct passes under the supra-112 

orbital ridge and runs in the upper lid tissues terminating in the PSLG. Along the excretory duct, 113 

glandular tissue consistent with the original descriptions of Davis has been identified10 (Figure 114 

3D). 115 

 116 

A note on terminology 117 

 118 

Excellent and comprehensive anatomic descriptions use varying terminology as well. The classic 119 

orbital anatomy by Davis defines only an upper and lower LG10. However, his description of the 120 

upper LG clearly details the portions more specifically defined here as the PSLG and OSLG, while 121 

his description of the lower LG details the portions defined here as the head and tail of the ILG. 122 

A more recent and thorough anatomical atlas11 defines these tissues as the zygomatic gland and 123 

the accessory LG. The term “lacrimal gland” is used here to comprise the aforementioned PSLG 124 

and OSLG. This terminology is better suited for reproducing this method without undue 125 

confusion.  126 

 127 

PROTOCOL:  128 

 129 

All vertebrate animal studies were completed in accordance and compliance with all relevant 130 

regulatory and institutional guidelines. All studies were approved by the Institutional Review 131 



Board of Stony Brook University and performed in accordance with the Association for Research 132 

in Vision and Ophthalmology (ARVO) statement for the use of animals in ophthalmic and vision 133 

research. 134 

 135 

1. Animals and housing 136 

 137 

1.1. Use New Zealand White (NZW) rabbits weighing 2−3 kg. 138 

 139 

1.2. House rabbits individually in a strictly controlled environment: temperature (65 ± 5 °F), 140 

humidity (45 ± 5%), and lighting (12 h on/off cycle). 141 

 142 

NOTE: Due to aggressive behaviors often exhibited between rabbits that are group-housed, keep 143 

animals in individual cages to prevent inadvertent ocular injury. 144 

 145 

1.3. Give rabbits unlimited access to standard rabbit chow and water. 146 

 147 

1.4. Provide no other dietary enrichments so as to prevent inadvertent vitamin A 148 

supplementation which might affect dry eye. 149 

 150 

1.5. Acclimate rabbits at least two weeks before recording DED parameters.  151 

 152 

2. Removal of the nictitating membrane 153 

 154 

NOTE: For simplicity, the technique for the right eye is described below. Complete this procedure 155 

on the left eye in an identical manner. 156 

 157 

2.1. Remove the nictitating membrane bilaterally during the acclimation period (usually the first 158 

week). 159 

 160 

2.2. Place rabbit in an appropriately sized restraining bag.  161 

 162 

2.3. Administer a subcutaneous injection of acepromazine (1 mg/kg) over the shoulders using a 163 

1 cc syringe and 26 G needle to sedate the rabbit. The endpoint for this mild sedation is when 164 

the animal maintains a relaxed head position without normal scanning movements and its ears 165 

are no longer fully upright.  166 

 167 

2.4. Using a micropipette, apply 25 µL of preservative-free lidocaine (1%) to the eye. Insert a wire 168 

lid speculum between the eyelids. 169 

  170 

2.5. Grasp the nictitating membrane at its apex with 0.3 forceps (or equivalent) and pull it over 171 

the corneal surface. Inject 1% lidocaine with 1:100,000 epinephrine into the subconjunctival 172 

space of the nictitating membrane using a 26 G needle. Inject approximately 0.3 mL to form a 173 

modest-sized bleb over the nictitating membrane. Injection volumes over 1 mL are well within a 174 

safe dose range for rabbits (2−4 mg/kg). 175 



 176 

2.6. Remove the wire speculum. Wait approximately 5 min for the lidocaine and epinephrine to 177 

take effect. During this time, perform the same procedure in the fellow eye. 178 

 179 

2.7. Replace the wire lid speculum. Grasp and extend the nictitating membrane over the corneal 180 

surface using 0.3 forceps. Cut the membrane at its base with tenotomy scissors or equivalent.  181 

 182 

NOTE: Bleeding is usually minimal, but keep a high-temperature battery cautery unit nearby and 183 

use as needed to minimize bleeding. Direct pressure over the cut base of the nictitating 184 

membrane can also be used to stop small bleeding if it occurs. 185 

 186 

2.8. Remove the wire lid speculum. Place topical antibiotic ointment (neomycin, polymyxin, 187 

bacitracin, and hydrocortisone) over the corneal surface.  188 

 189 

2.9. Perform an identical procedure to the fellow eye as indicated by the protocol. 190 

 191 

2.10. Place animals back in individual cages and allow to heal for at least one week, or until the 192 

conjunctival surface has healed completely from a clinical standpoint, before performing any 193 

further assays or interventions. 194 

 195 

NOTE: Complete clinical healing is indicated by a lack of any swelling, injection or discharge from 196 

the conjunctival surfaces. Animals should keep their eyes open normally, without the presence 197 

of protective ptosis.  198 

 199 

3. Measurement of dry eye parameters and collection of tear samples 200 

 201 

3.1. Measure the following DED parameters, as appropriate to the experimental protocol: tear 202 

osmolarity, tear break-up time, Schirmer’s tear test, and rose bengal staining. Perform them as 203 

previously described12, with a team of at least two investigators. 204 

 205 

NOTE: A team of at least two investigators allows for the efficient measurement of larger groups 206 

of animals (6 or more) around the same clock time thereby preventing possible circadian 207 

variation from impacting results.  208 

 209 

4. Surgical preparation and anesthesia 210 

 211 

4.1. Lightly sedate animals placed in a restraining bag with subcutaneous acepromazine as above 212 

(1 mg/kg). 213 

 214 

4.2. Remove all fur on the face and dorsal surface of the skull to visualize the surgical landmarks.  215 

 216 

4.2.1. Trim fur with cutting shears leaving residual fine fur about 1 mm in length (Figure 4A, left).  217 

 218 



4.2.2. Remove all residual fur using mild depilatory cream following the manufacturer’s 219 

instructions (Figure 4A, right). 220 

 221 

4.3. Mark surgical incision sites with a surgical pen. 222 

 223 

4.3.1. Identify the incision site over the posterior incisure by applying medial pressure to the 224 

globe causing a small bulge to develop in the skin over the posterior incisure from prolapse of 225 

the OSLG.  226 

 227 

4.3.2. Make a linear 2 cm mark in the anterior/posterior direction on the skin over the dorsal 228 

surface of the skull directly over this site with a surgical marking pen. 229 

 230 

4.3.3. When planning the incision for removal of the ILG, mark a long, curvilinear line around the 231 

eye (1 cm from the inferior and temporal lid margin) extending from the posterior (temporal) 232 

orbit to the anterior (medial) canthus. Make the marking extend along the posterior orbit to the 233 

level of the medial canthus or just superior to this (Figure 4B). In some dissections, the incisions 234 

to remove the OSLG and the ILG will be connected.  235 

 236 

NOTE: When performing bilateral surgery, mark both orbits at this time. 237 

 238 

4.4. Trim a patch of fur 2 to 3 cm wide with shears over the lateral surface of each thigh to allow 239 

placement of a monopolar cautery plate.  240 

 241 

4.4.1. Apply ultrasound gel to ensure good electrical contact with the monopolar cautery plate.  242 

 243 

4.5. Place a 25 G intravenous (IV) catheter in one of the marginal veins of the ear to administer 244 

medications or fluids if needed. 245 

 246 

4.6. Give subcutaneous xylazine (1 mg/kg) and IV ketamine (15 mg/kg) for the initial induction of 247 

anesthesia (through the IV access).  248 

 249 

NOTE: If the rabbit is sedated beforehand with acepromazine sufficient to retain the endpoint 250 

described in step 2.3, use gas mask sedation with isoflurane as an alternative. 251 

 252 

4.7. Place a laryngeal mask airway held in place using an elastic band or string to secure and 253 

maintain the airway.  254 

 255 

4.7.1. Connect the mask to the anesthesia machine with oxygen flow set at 1 L/min.  256 

 257 

4.7.2. Set the isoflurane at 5% initially and then reduce as tolerated based on the level of animal 258 

sedation.  259 

 260 

4.7.3. Maintain isoflurane at or above 2% until final wound closure. 261 

 262 



NOTE: Assess the level of sedation by monitoring for respiratory rate and movements in response 263 

to surgical or painful stimuli. Increase the depth of anesthesia if respiratory rate increases above 264 

10 breaths per minute, if the rabbit begins to chew on the airway maintainer, or if any 265 

movements in response to painful stimuli are observed. 266 

 267 

4.8. Monitor pulse oximetry, capnography, blood pressure, rectal body temperature and heart 268 

rate using a multi-parameter monitoring device or other appropriate devices. 269 

 270 

4.8.1. Monitor vitals continuously during the procedure and record every 10 to 15 min. 271 

 272 

4.9. Position the rabbit on the operating room (OR) table over a heating pad to prevent 273 

hypothermia. Tilt the table in a reverse Trendelenburg position at approximately 30° to minimize 274 

bleeding. 275 

 276 

4.10. Prepare the surgical area with a povidone-iodine solution diluted to half-strength with 277 

sterile water and drape so as to maintain a sterile field.  278 

 279 

5. Complete surgical dacryoadenectomy 280 

 281 

NOTE: The complete surgical dacryoadenectomy, as described herein, was done using 0.3 tissue 282 

forceps, tenotomy scissors, non-toothed tissue forceps, and scissors. These instruments can be 283 

interchanged with similar instruments that perform the same function based on surgeon 284 

preference. 285 

 286 

5.1. Remove the OSLG first. 287 

 288 

5.1.1. Infiltrate the incision sites (surgical marking pen lines and upper posterior lid) with a 50:50 289 

mixture of 2% lidocaine with 1:100,000 epinephrine and 0.5% bupivacaine using a 5 cc syringe 290 

with a 30 G needle (Figure 5A).  291 

 292 

NOTE: Syringe and needle size are not critical. 293 

 294 

5.1.2. Use a Colorado needle connected to an electrosurgical unit to make the skin incisions along 295 

the surgical markings. Settings can vary based on clinical response and typically are between 10 296 

to 15 units for both cut and coagulation (Figure 5B).  297 

 298 

5.1.3. Apply opposing tension across the skin incision to separate the tissues and expose the 299 

underlying frontoscutularis muscle fibers. 300 

 301 

5.1.4. Apply medial pressure on the globe to aid visualization of the OSLG, seen as bulging tissue 302 

located just medial or deep to the frontoscutularis muscle fibers. If necessary, move these muscle 303 

fibers to the side in order to expose the underlying incisure. 304 

 305 



5.1.5. With toothed forceps (0.3) and capsulotomy scissors, gently retract and cut the fibrous 306 

capsule overlying the OSLG. The OSLG typically has a pale tan color (Figure 5C). 307 

 308 

5.1.6. Using toothed or non-toothed forceps, grasp the OSLG gland tissue and gently pull it out 309 

through the superior incisure using a “hand over hand” technique. Cut small, fibrous bands using 310 

capsulotomy scissors to free the gland from its position in the orbit (Figure 5D). 311 

 312 

NOTE: As the OSLG gland tissue is removed, it will begin to coalesce into a large tube-like 313 

structure (main excretory duct).  314 

 315 

5.1.7. When the gland has been removed as completely as possible, use generous cautery with 316 

the Colorado needle to create tissue char, truncating the gland within the incisure as deeply as 317 

possible. This will later serve as a confirmatory landmark during removal of the PSLG.  318 

 319 

5.2. Remove the PSLG. 320 

 321 

5.2.1. Evert the upper eyelid using a cotton-tipped applicator. The bulbous end of the PSLG is 322 

usually easily visible.  323 

 324 

NOTE: In some anatomic dissections, it may be possible to visualize the main excretory duct as a 325 

pale linear structure about 1 or 2 mm wide. 326 

 327 

5.2.2. Engage the PSLG with toothed forceps (0.3) and retract it from the eyelid surface while 328 

using capsulotomy scissors to cut around its base separating it from the underlying tarsus (Figure 329 

6A).  330 

 331 

5.2.3. Control moderate bleeding with the monopolar cautery.  332 

 333 

5.2.4. Apply continuous traction on the separated tissue to maintain a tissue plane for dissection. 334 

This will allow the main excretory duct of the SLG to be removed as well (Figure 6B).  335 

 336 

NOTE: As the dissection is carried out, it will typically advance to the superior orbital rim where 337 

it is possible to see the cautery marks left behind from removal of the more superior and medially 338 

located OSLG. 339 

 340 

5.3. Resect the ILG.  341 

 342 

5.3.1. Allow at least 5 min for the local anesthetic to take effect. 343 

 344 

5.3.2. Incise the skin, the depressor muscle of the inferior palpebra, the zygomaticolabial part of 345 

the zygomatic muscle, and orbicularis muscle with the Colorado microdissection needle and 346 

separate as for the OSLG in section 5.1.  347 

 348 

5.3.3. Maintain hemostasis with the monopolar cautery.  349 



 350 

5.3.4. As the incision is carried deeper through the skin marking, look for the sheen of a fascial 351 

plane over the zygomatic bone or superficial part of the masseter muscle. At this point, maintain 352 

the tissue plane and carry it superiorly toward the orbital rim using the Colorado needle for 353 

cutting (Figure 7A). 354 

  355 

NOTE: For the purpose of identifying the ILG, it is easiest to perform this part of the dissection 356 

over the head of the ILG which is typically inferior to the anterior limbus of the eye. 357 

 358 

5.3.5. After identifying and incising the capsule surrounding the ILG, identify the tan tissue of the 359 

ILG. Only the anterior portion of the ILG head will be visible (Figure 7B). However, the head can 360 

be followed medially as it passes beneath the zygomatic arch and transitions into the tail (Figure 361 

7C). 362 

 363 

5.3.6. Use tenotomy scissors to cut the orbital septum along the inferior rim exposing the more 364 

posterior portion of the ILG tail. Once the tissue plane is identified, extend the dissection 365 

posteriorly along the entire incision line (Figure 7D). 366 

 367 

NOTE: The duct of the ILG passes through the lower fibrous connective tissues to enter the 368 

inferior conjunctival space in the temporal aspect of the lid. At the posterior rim, the tail of the 369 

ILG can have varying anatomic configurations. Sometimes it terminates inferior to the posterior 370 

(lateral) canthus, while in other dissections it extends more superiorly around the temporal orbit. 371 

 372 

5.3.7. Use extreme care to prevent inadvertent damage to the blood supply, which the ILG 373 

receives from branches of the carotid artery. The blood supply can be seen during this part of the 374 

dissection (Figure 7E).  375 

 376 

5.3.8. In cases where the tail terminates under the posterior (lateral) canthus, it may be necessary 377 

to bisect the temporal portion of the frontoscutular muscle to expose the tail of the ILG, which 378 

lies along the zygomatic bone. 379 

 380 

5.3.9. After the entire ILG has been isolated and exposed, remove it. Due to its large size, it is 381 

often preferable to cut the gland in half with scissors and remove the head separately from the 382 

tail. 383 

 384 

5.3.10. Proceed very cautiously when removing the head of the ILG as it lies immediately adjacent 385 

to a large venous sinus in the orbit. Although bleeding from this structure during surgical 386 

resections has not occurred, have ample hemostatic aids present to mitigate this risk. 387 

 388 

5.3.11. After removal of all gland tissue, close the deep connective tissue plane with multiple 389 

interrupted 5-0 ethylene terephthalate sutures. Close the superficial muscles and skin with a 390 

running 6-0 polyglactin 910 suture (Figure 7F) using 0.3 tissue forceps and a needle driver. 391 

 392 

6. Postprocedural care  393 



 394 

6.1. Undrape the animals and cleanse the surgical sites with sterile water.  395 

 396 

6.2. Apply topical ophthalmic antibiotic and steroid ointment (neomycin, polymyxin, bacitracin, 397 

and hydrocortisone) to the incisions. Continue this application twice a day for 2 days. 398 

 399 

6.3. Give a subcutaneous injection of 20 mL normal saline over the shoulder blades using a 26 G 400 

needle.  401 

 402 

6.4. Give subcutaneous buprenorphine 0.01 mg/kg or ketoprofen 3 mg/kg for pain control using 403 

a 1 cc syringe and 30 G needle.  404 

 405 

NOTE: Animals should return to their normal dietary intake and activities within 1−2 days. Rabbits 406 

should be evaluated at least weekly for clinical signs of infection as evidenced by progressive 407 

swelling, pain, erythema, calor or purulent discharge over the incision sites. Animals must also 408 

be observed to make sure they do not begin to scratch the incision sites/suture lines. Trimming 409 

all claws prior to dacryoadenectomy may be helpful in this regard. If scratching the incision lines 410 

is observed, standard protective collars may be used to prevent self-injury.  411 

 412 

6.5. Reverse the anesthesia.  413 

 414 

6.5.1. Remove the airway maintainer after the animal responds to stimuli and begins to show 415 

spontaneous chewing but before the airway maintainer can be damaged.  416 

 417 

6.5.2. Monitor animals for approximately 1−2 h or until they have completely recovered from 418 

anesthesia as evidenced by spontaneous movement in their cages.  419 

 420 

6.5.3. Assess animals for pain and treat appropriately. 421 

 422 

6.6. Allow animals to recover for at least 1 week following surgery before making any clinical 423 

measures of DED.  424 

 425 

REPRESENTATIVE RESULTS:  426 

The complete dacryoadenectomy method described here was performed on 8 animals. It 427 

requires a moderate degree of surgical skill. Surgical time averaged about 2.2 h for bilateral 428 

surgery, excluding the removal of the nictitating membrane, which was done separately and 429 

required <10 minutes. There were no fatalities or intraoperative complications and no rabbit 430 

required any hemostatic aid other than modest cautery. 431 

 432 

Our surgical approach successfully induced dry eye in all eyes. This was confirmed by a panel of 433 

clinical and laboratory markers of DED (Table 1). During the 8 weeks of observation, the mean 434 

TBUT was suppressed by more than 75% of preoperative levels (p < 0.0001 for all time points). 435 

Similarly, the Schirmer’s tear test decreased by approximately 50%, remaining so for the 8 weeks 436 

of observation; it showed no trend for recovery during the follow up period. Postoperatively, tear 437 



osmolarity showed a 10% increase consistent with DED, sustained for at least 8 weeks 438 

postoperatively. Rose bengal staining of the cornea also increased and did not show signs of 439 

recovery during the 8 weeks of follow-up (Figure 8). All eyes undergoing complete 440 

dacryoadenectomy showed marked reduction in goblet cell numbers and epithelial changes 441 

consistent with dry eye (conjunctival impression cytology).  442 

 443 

FIGURE AND TABLE LEGENDS:  444 

 445 

Figure 1: Rabbit lacrimal gland anatomy (right eye). The orbital superior lacrimal gland (OSLG) is 446 

comprised of a larger orbital part and smaller palpebral component. The larger inferior lacrimal 447 

gland (ILG) is comprised of the anterior/head and posterior/tail portions. Coordinate axes show 448 

the terminology used for all descriptions of orientation used within the text.  449 

 450 

Figure 2: Location of the head of the ILG. The lateral view of the right face after removal of fur. 451 

A bulge in the skin contour (indicated by thick arrows) inferior to the anterior orbit indicates the 452 

location of the head of the ILG that lies on the external surface of the zygomatic bone at this 453 

location. 454 

 455 

Figure 3: The orbital lacrimal glands. (A) The right inferior lacrimal gland (ILG) after staining with 456 

Evans blue dye showing the close proximity of the tail of the ILG (red arrow) just medial to the 457 

zygomatic bone (black arrow) and inferior to the globe. (B) Tear production from the palpebral 458 

superior lacrimal gland (PSLG). Time-lapse photos taken after topical application of 2% 459 

fluorescein. Aqueous fluid emanating from the PSLG dilutes the initially dark blue or black 460 

fluorescein dye turning it bright yellow green (similar to Seidel testing). (C) Position of orbital SLG 461 

(OSLG) in the rabbit skull, lying close to the midline of the skull (dotted line) within the posterior 462 

incisure (arrow). Evans blue dye was injected into the OSLG and palpebral superior lacrimal gland. 463 

(D) Histology section through the main excretory duct of the OSLG surrounded by a small amount 464 

of glandular tissue (arrow) is seen in this histopathologic cross-section stained with hematoxylin 465 

and eosin dyes taken through the posterior (temporal) aspect of the upper right eyelid.  466 

 467 

Figure 4: Surgical site preparation. (A) Upper left panel: Removal of long fur with shears. All 468 

residual fine fur is subsequently removed with a mild depilatory cream. Upper right panel: Final 469 

appearance following complete fur removal that allows for surgical marking and high-quality 470 

ultrasound of the ILG to be performed. (B) Appropriate surgical markings of the right periorbital 471 

region are shown; in this example, the incisions to remove the OSLG and ILG have been connected 472 

to create one long curvilinear incision. The location of the posterior incisure is indicated by a 473 

small hash mark on the curvilinear incision site marking (arrow).  474 

 475 

Figure 5: Removal of the OSLG. (A) Surgical sites are infiltrated with anesthetic using a 50:50 476 

combination of 2% lidocaine with 1:100,000 epinephrine and 0.5% bupivacaine, which is injected 477 

into the upper lid and along the incision lines to minimize discomfort during the procedure. (B) A 478 

Colorado microdissection needle is used to incise the skin and superficial muscle layers along the 479 

pre-marked surgical incision sites. Gentle traction across the wound is applied to help create the 480 

dissection plane. The small pinpoint burns (arrow) were made with the Colorado needle at 481 



equidistant points along the incision line to help optimally realign the tissues during wound 482 

closure. (C) The OSLG is exposed after tissues overlying the posterior incisure have been 483 

mobilized (arrow). The capsule of the gland has been incised. The OSLG can be prolapsed by 484 

applying medial pressure to the globe facilitating its removal. (D) Forceps are used to engage the 485 

OSLG and gently remove it from its deeper position within the orbit through the posterior 486 

incisure. 487 

 488 

Figure 6: Removal of the palpebral superior lacrimal gland (PSLG) and excretory duct. (A) 489 

Following eversion of the upper eyelid, the bulbous portion of the PSLG is engaged with forceps 490 

and dissected off the tarsus using scissors. Traction applied to the PSLG with forceps is critical to 491 

maintaining the surgical plane. (B) The dissection of the PSLG and the main lacrimal duct is carried 492 

superiorly toward the orbital rim using sharp dissection and continuous traction on the gland and 493 

duct tissues to maintain the appropriate surgical plane. The dissection should proceed to the 494 

point where the OSLG was removed. 495 

 496 

Figure 7: Removal of the ILG. (A) The skin and superficial muscle are incised until the fascial plane 497 

overlying the zygomatic bone or superficial part of the masseter muscle is reached. The head of 498 

the ILG usually is clearly evident as a small bulge located under the anterior limbus. (B) The 499 

fibrous capsule of the ILG is incised with scissors exposing the ILG. Once the capsule is incised, 500 

the deeper portions of the gland can be easily removed. (C) The most external portion of the ILG 501 

head that lies on the zygomatic bone has been exposed and reflected anteriorly showing the 502 

underlying zygomatic bone. (D) Incision of the orbital septum along the inferior rim exposes the 503 

tail of the ILG. (E) A branch of the external carotid artery feeds the tail of the ILG (arrow). (F) 504 

Appearance following the closure of skin incisions after complete dacryoadenectomy.  505 

 506 

Figure 8: Rose Bengal staining of the corneal surface. External photograph showing prominent 507 

staining, most notable on the nasal quadrant. All eyes undergoing complete dacryoadenectomy 508 

developed similar changes that were evident by 1 week after surgery and persisted for at least 6 509 

weeks. Of note, the light reflex from the ring flash shows distortion from a dry ocular surface 510 

demonstrating how dry eye can adversely impact vision.  511 

 512 

Table 1: Dry eye parameters on postoperative week 2. 513 

 514 

DISCUSSION: 515 

DED is classified into two major groups based on the effect on tear film stability: aqueous 516 

deficient (decreased production of the aqueous component of the tear film; ~20% of DED) and 517 

evaporative (increased evaporation of the tear film; ~50% of DED). About 30% of DED patients 518 

show evidence of both (mixed DED). Inflammation is the core mechanism of DED to which its 519 

diverse etiologies converge13,14. Our method models aqueous-deficient DED.  520 

 521 

As previously mentioned, important first steps in reproducing our method are an appreciation of 522 

the fine points of the anatomy of the orbital lacrimal glands (LGs) of the rabbit and avoiding 523 

confusion by varied and sometimes conflicting anatomical terminology. The anatomical atlas by 524 

Popesko et al.11 is extremely thorough. For those less comfortable with the anatomy of the rabbit, 525 



dissection of necropsy specimens provides easy familiarity with these structures and aids their 526 

surgical removal in living specimens. 527 

 528 

Critical advice on animal housing and acclimation has been given in our companion publication12. 529 

The same article also presents useful comments for assaying the parameters of DED used in both 530 

methods.  531 

 532 

In contrast to the previous method12, this one requires a higher level of surgical skill because of 533 

the extent and more invasive nature of the techniques needed to remove the LGs. The greatest 534 

risk during these resections is catastrophic bleeding caused by injuring major vessels that are in 535 

close proximity to the LGs such as branches of the carotid artery. This is avoided by adequately 536 

visualizing each LG and its margins within the surgical field. Finally, overzealous removal of the 537 

nictitating membrane could lead to the prolapse of the Harderian gland, which can disrupt tear 538 

film assessment.  539 

 540 

Care should be taken to minimize the amount of conjunctival disruption with the removal of the 541 

PSLG, a novel aspect of our method that improves reproducibility and enhances the severity of 542 

DED. It is surprisingly easy to establish the dissection plane and carry it back to the superior 543 

orbital ridge as long as traction is applied to the tissues. It is reassuring to be able to see the 544 

cautery marks from the truncation of the OSLG; they confirm the complete removal of the main 545 

excretory duct of the gland. 546 

 547 

Removal of the ILG in its entirety presents challenges as well. Isolate the head of the gland first, 548 

as this is the easiest part to visualize. The entire head of the gland tissue separates easily from 549 

the surrounding tissues; however, some care must be used to prevent damage to the large 550 

venous sinus, which lies medial to the head of the ILG. The tail of the ILG can then be followed 551 

back as it passes under the zygomatic bone. The majority of the tail is easy to isolate. However, 552 

the most posterior aspect of the tail can prove more challenging because of variable anatomy 553 

and its proximity to a medium-sized branch of the carotid. Careful dissection should allow all 554 

margins of the ILG to be seen clearly, facilitating its complete removal. The investigator should 555 

be prepared to carry the dissection more superiorly in cases where the tail of the gland ends 556 

under the lateral canthus, as explained in the earlier discussion of the anatomy of the lacrimal 557 

glands. Of note, the authors have never been able to identify any portion of the OSLG when 558 

dissecting the ILG through a curvilinear incision along the temporal and inferior globe. Although 559 

this may be technically possible, that surgical approach carries too high a risk for serious bleeding. 560 

Approaching the OSLG through the posterior incisure proves far safer. 561 

 562 

The excretory duct of the ILG can be seen penetrating through the inferior fascial plane as it 563 

passes into the lower conjunctival fornix. Occasionally, small lobules of glandular-appearing 564 

tissue are seen here as well and can be carefully removed.  565 

 566 

It is very helpful to maintain the order of LG resection as presented here. If the ILG is removed 567 

first, the isolation of the OSLG becomes technically far more difficult. The main reason is that, 568 

after removal of the ILG, the OSLG cannot be easily prolapsed and thereby identified. 569 



 570 

A significant advantage of our model is that it can be “modular.” In other words, the degree of 571 

DED induced by dacryoadenectomy can be calibrated to serve experimental needs. For example, 572 

resection of all LGs would cause maximal DED, but resection of only the SLG would cause the 573 

mildest form of DED and resection of only the ILG would generate disease of intermediate 574 

severity. 575 

 576 

Our approach, which recapitulates the distinct pathophysiological event of reduced tear 577 

production offers additional advantages compared to already reported methods. Briefly, no 578 

other surgical model eliminated tear production by all orbital LGs5-7,15,16; including 579 

parasympathetic denervation of the LGs17, and pharmacological suppression of tear 580 

production18,19, with the latter two having their off-target effects as significant confounders. 581 

Finally, this model minimizes the main investigator-dependent bias, namely the incomplete 582 

resection of the LGs, since the surgical technique affords their complete visualization; this is aided 583 

by the fact that no hemostasis, other than cautery, is required. 584 

 585 

The investigator should be cognizant that complete resection of all orbital LGs does not generate 586 

complete absence of tears, and, for example, Schirmer’s tear test values approaching zero should 587 

not be expected. This is due to the fact that there are always other sources of tear fluid such as 588 

the accessory LGs of Wolfring and Krause and plasma leakage from conjunctival vessels20-22. From 589 

an experimental standpoint, this should be viewed as a positive aspect of the method as it 590 

maintains the ocular surface; complete xerophthalmia would totally destroy the cornea negating 591 

the usefulness of the model. Additionally, in its current embodiment, this model offers an 592 

excellent opportunity to study such compensatory mechanisms and fluid transport across these 593 

smaller compartments. 594 

 595 

In conclusion, presented here are the specifics of a novel and versatile method of inducing 596 

aqueous-deficient DED that lends itself to the study of tear physiology, the pathogenesis of DED 597 

and the study of therapeutic agents being developed for this indication. 598 
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Baseline Week 2

4.5 ± 1.2

p < 0.0001

315.3 ± 5.5

p = 0.001

10.5 ± 1.6

p = 0.0006

4.28 ± 0.6

p < 0.0001
Operated vs . baseline: Dacryoadenectomy:  

TBUT, p < 0.0001; tear osmolarity, p < 0.001; 

Schirmer tear test, p < 0.0006); and rose 

bengal.  

Dacryoadenectomy
mean ± SEM; n = 16 eyes

Tear break-up 

time, s
60.0 ± 0.0

Tear osmolarity, 

mOsm
291.2 ± 3.7

Schirmer tear test, 

mm
18.3 ± 1.3

Rose bengal, 

modified NEI score
0.0 ± 0.0
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Name of Reagent/ Equipment Company Catalog Number Comments/Description
acepromazine, Aceproinj Henry Schein Animal Health, Dublin, OH NDC11695-0079-8 0.1ml/kg subcutaneously injection for rabbit sedation

anesthesia vaporizer VetEquip, Pleasanton, CA Item # 911103 Protocol 4.8 

animal restraining bag Henry Schein Animal Health, Dublin, OH Jorvet J0170 Use appropriately sized bag.

bupivacaine, 0.5% Hospira Inc, Lake Forest IL  NDC: 0409-1162-02
Mixed 50:50 with  2% lidocaine with 1:100,000 epinephrine for 

infiltration of incision sites, protocol 5.1 

buprenorphine Henry Schein Animal Health, Dublin, OH 0.01 mg/kg, for postprocedural care, 6.1.4  
cautery unit, high-temperature, battery-

powered
Medline Industries Inc, Northfield, IL REF ESCT001 Keep on hand in case of bleeding, protocol 2.7

clipper, Wahl Mini Arco Henry Schein Animal Health, Dublin, OH No. 022573 Cordless shears for fur removal, protocol 4.2

Colorado needle Stryker Craniomaxillofacial, Kalamazoo, MI N103A Use with electrosurgical unit to make incisions, protocol 5.1 & 5.3

electrosurgical unit with monopolar 

cautery plate
Valleylab, Boulder, CO Force FXc Use with electrosurgical unit to make incisions, protocol 5.1 & 5.3

fluorescein, Ak-Fluor 10% AKRON, Lake Forest, IL NDC17478-253
Dilute to 0.2% with PBS to measure TBUT, measurement of dry eye 

parameters, protocol 3.1

foceps, curved dressing Bausch and Lomb (Storz), Bridgewater, NJ Storz E1406 delicate serrated dressing forceps

forceps, 0.3  Bausch and Lomb (Storz), Bridgewater, NJ ET6319 For removal of nictating membrane, protocol 2.5 

forceps, Bishop Harmon Bausch and Lomb (Storz), Bridgewater, NJ E1500-C Use toothed forceps for dacryoadenectomy, protocol 5.1 & 5.2

hair remover lotion, Nair Widely available Softening Baby oil Dipilitory cream for sensitive skin, protocol 4.2

isoflurane Henry Schein Animal Health, Dublin, OH 29405 Possible alternative sedation, protocol 4.7 

IV catheter, Terumo Surflo ETFE 24-

gauge 

Terumo, Tokyo, Japan; available from Fisher Sci., VWR, 

McKesson, etc. 
SR-OX2419CA 25-gauge for smaller rabbits; protocol 4.6

ketamine Henry Schein Animal Health, Dublin, OH
NDC 11695-0701-1; 

NADA 200-055
15 mg/kg, protocol 4.7

ketoprofen Hospira, Inc., Lake Forest, IL 3 mg/kg, for postprocedural care, 6.1.4 

laryngeal mask airway Docsinnovent Ltd, London, UK Vgel R3 Protocol 4.8 

lid speculum, wire Bausch and Lomb (Storz), Bridgewater, NJ Barraquer SUH01 For removal of nictating membrane, protocol 2.4 

lidocaine 2% with epinephrine 

1:100,000; 50:50 mixture
Hospira Inc, Lake Forest IL  NDC 0409-3182-02 Pre-treat before removal of nictating membranes, protocol 2.4

lidocaine, preservative-free Sigma-Aldrich, St. Louis, MO L5647 1% in PBS for anesthesia agent, for application to eye, protocol 2.4

micropipette Eppendorf Research Plus 100 uL For application of preservative-free lidocaine to eye, protocol 2.4

micropipette tips World Wide Medical Products 41071052 For application of preservative-free lidocaine to eye, protocol 2.4

monitoring device, multi-parameter  SurgiVet, Waukesha, WI V9201 For monitoring of vitals, protocol 4.9 

needle, 26-gauge BD, Franklin Lakes, NJ REF 305115 For injection of  lidocaine/epinephrine, protocol 2.3 & 2.5 

needle, 30-gauge BD, Franklin Lakes, NJ REF 305106
For infiltration of incision sites; syringe and needle size are not critical, 

protocol 5.1 
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osmolarity tips TearLab Corp., San Diego, CA #100003 REV R
Measure tear osmolarity measurement of dry eye parameters, 

protocol 3.1

osmometer, TearLab TearLab Corp., San Diego, CA
Model#200000W REV 

A

Measure tear osmolarity, measurement of dry eye parameters, 

protocol 3.1

povidone-iodine solution Medline Industries Inc, Northfield, IL

PVP Prep Solution, 

NDC: 53329-939-04, 

REF MDS 093944

To maintain sterile field, protocol 4.11

rabbit, New Zealand White Charles River Labs, Waltham, MA (NZW) 2-3 kg Research animals

Rose bengal stain Amcon Laboratories Inc., St. Louis, MO NDC51801-004-40
1% in PBS, for staining the ocular surface, measurement of dry eye 

parameters, protocol 3.1

saline, normal  B. Braun Medical, Irvine, CA REF R5200-01 For postprocedural care, protocol 6.1.3

Schirmer Tear Test strips Eaglevision, Katena products.  Denville, NJ AX13613
Measure tear production, measurement of dry eye parameters, 

protocol 3.1

scissors, Vannas McKesson Medical-Surgical, San Francisco, CA Miltex 2-130 Capsulotomy scissors for dacryoadenectomy, protocol 5.1 & 5.2

scissors, Westcott tenotomy McKesson Medical-Surgical, San Francisco, CA Miltex 18-1480 For removal of nictating membrane, protocol 2.7

sedation gas mask DRE Veterinary, Louisville, KY #1381 Possible alternative sedation, protocol 4.7 

surgical marking pen Medical Action Industries, Arden, ND REF 115 Protocol 4.2

sutures, 5-0 Mersilene Ethicon US, LLC
Ethylene terephthalate sutures, used for deep connective tissue 

closure, protocol 5.3.11

sutures, Vicryl 6-0 Ethicon US, LLC
Polyglactin 910 sutures, used for superficial muscle and skin closure, 

protocol 5.3.11

syringe, 1 cc  BD, Franklin Lakes, NJ ref 309659 For injection of  lidocaine/epinephrine, protocol 2.3 & 2.5 

syringe, 5 cc BD, Franklin Lakes, NJ REF 309603
For infiltration of incision sites; syringe and needle size are not critical, 

protocol 5.1 

tissue forceps, 0.8mm Graefe   Roboz Surgical Store, Gaithersburg, MD RS-5150 Curved Weck forceps
topical antibiotic ointment (neomycin, 

polymyxin, bacitracin, and 

hydrocortisone) 

Bausch and Lomb, Tampa, FL NDC 24208-785-55
Applied after removal of nictating membrane, protocol 2.8, and for 

postprocedural care, protocol 6.1.2

ultrasound gel Parker Laboratories, Inc., Fairfield, NJ Aquasonic 100 To ensure electrical contact with monopolar cautery plate, protocol 4.5

xylazine Henry Schein Animal Health, Dublin, OH NADA: 139-236 1 mg/kg, protocol 4.7
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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 orderto 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.

512542.6 For questions, please contact us at submissions(®jove.com or -t-1.617.945.9051.
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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 ail 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.

5. 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 ail 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 Coliective Works

and (c) to iicense 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 applicabie, JoVE and

the Author hereby grant to the public all such rights in the
Video as provided in, but subject to ali 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 shaii 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 Authorfs) 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

ail 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 f 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 Au-hor. 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 ali 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

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

Basil Rigas

Preventive Medicine

Stony Brook Medicine

Professor

Date: 12 April 2019

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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Authors’ Responses to Editorial comments: 

 
Changes to be made by the author(s): 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the 
submitted revision may be present in the published version. 

Done. 

 
2. All methods that involve the use of human or vertebrate subjects and/or tissue sampling must include 
an ethics statement. Please provide an ethics statement at the beginning of the protocol section 
indicating that the protocol follows the guidelines of your institution. 

Done; stated at before Protocol Step 1, lines 131 – 134 in final version (with changes accepted.  

 
3. Please revise the Protocol text to avoid the use of personal pronouns (e.g., I, you, your, we, our) or 
colloquial phrases. 

Done.  Any use of personal pronouns and colloquial phrases have been removed from the text.  

 
4. 2.6-2.8: Please specify the tools used. 

Done   

Lines:  176, 180, 181, and 186 have been modified appropriately to specifically indicate the tools 
used. 

 
5. Please specify surgical tools used throughout the protocol. 

Done – please see statement at the beginning of Section 5.   

 
6. Our scriptwriters will derive the video script directly from the highlighted text. Please ensure that the 
highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. 

Done. 

 
7. Please combine some relevant figures into one multipanel figure (single image) to reduce the number 
of figures. 

Done.  We have combined the figures as follows:  
Original figures 3, 4, 5, & 6 are now Figure 3, Anatomy of the Lacrimal Glands. 
Original figures 7 & 8 are now Figure 4, Surgical Preparation. 
Original figures 9, 10, 11 & 12 are now Figure 5, Removal of the Orbital Superior Lacrimal Gland. 
Original figures 13 & 14 are now Figure 6, Removal of the Palpebral Superior Lacrimal Gland. 
Original figures 15 through 20 are now Figure 7, Removal of the Inferior Lacrimal Gland. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;JoVE60126
Authors Responses to Editor Comments.pdf
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8. Table of Materials: Please sort the items in alphabetical order according to the name of 
material/equipment. 

Done.  
 
Reviewers' comments: 
 
Reviewer #1: 
Manuscript Summary: 
This is a very useful and well-written protocol on a novel method for inducing dry eye in rabbits. It is well 
explained and usefully referenced. I just have a few minor comments for clarification/consideration. 
 
Major Concerns: 
None. 
 
Minor Concerns: 
Is the single housing necessary? For example to prevent interference with the eye following surgery. If 
not I would prefer to see it removed and researchers can then just house as is standard practice for their 
institution. 

Single housing is necessary; we have specifically addressed this in line 154. 

 
2.5- minor point but there is a toxic dose of local anesthetic. I'm sure you would not be able to reach it 
in this location but for education purposes it may be worth not saying that the volume to be injected is 
not critical as this send the message that LA is completely innocuous. 

Now addressed with additional text in lines 184-186. 

 
2.7- or apply manual pressure to stop bleeding? - in case there is no access to cautery. 

Now addressed in lines 197-198.   

 
2.10- 'until the conjunctival surface has healed completely from a clinical standpoint'- could you provide 
some guidance as to how this might look- reduction of swelling/reddening maybe? 

Now addressed in lines 209-211. 

 
3.1- 'Perform these measurements with a team of at least two investigators' - can you explain why 2 
people are needed. Is one for restraint? I've always done this alone. 

Done in 3.1 



 
4- Do the animals let you do this clipping etc with light sedation? Are they manually restrained, in a 
restraint device? 

Animals allow this clipping with sedation but still are required to be in a restraining bag.  This is 
clarified with a small addition to the text in line 226.  

 
4.6 - maybe state marginal ear vein so reader can look up if needed. 

Now clarified in line 264. 

 
4.8.3- Would just state to maintain anaesthesia based on assessment of reflexes and anesthetic depth 
rather than providing a vaporiser setting level. 

We have clarified this with additional text in 4.8.3   

 
6.1.2- the list of substances in the antibiotic ointments contains a steroid. Is pure antibiotic better to not 
interfere with healing, or steroid valuable in reducing inflammation? Perhaps just amend to make clear 
it is not just antibiotic. 

We have amended the text to indicate that a combination antibiotic / steroid is used for this 
purpose (line 426). 

 
In representative results- although you mentioned it in the introduction could you briefly describe the 
results relative to other models for dry eye to indicate its superiority. Great discussion! 

We have addressed this excellent point in Discussion (lines 580 – 587 in the final version, with 
changes accepted). We felt that the Discussion section was more appropriate than the one on 
Results; you could move it to Results, however, if you feel this is a better place.   

Reviewer #2: 
 
-In this study, did author check the possible overly drastic symptoms following complete removal of 
major secretory glands responsible for production of aqueous tear film? 

All animals in this study were followed for 8 weeks with serial slit lamp exams and careful clinical 
evaluation.  No eyes developed overly drastic ocular surface changes such as epithelial breakdown or 
vascularization.    

 
-Despite use of antibiotic ointments following removal of the nictitating membrane (line 186), there may 
still be possible infection of the surgical wound, which might contribute to symptoms mimicking DED. 
Are there measures to assess or differentiate the cause of DES in this matter? 

We have addressed this point with the addition of a Note on lines 436-442. 



 
-Since inflammation, as stated in the article (line 527), is the core mechanism of DED, what are the 
advantages of the proposed model in this study that may offer better contribution to DED studies than 
direct inflammatory models? 

Inflammation is the final common pathway of numerous etiologies of DED, encompassing, as the 
reviewer knows, a vast array of chemical, physical environmental, immune and other insults. 
The present model recapitulates a distinct pathophysiological event, the reduced production of 
tears. Thus it can help a) assess the relevant mechanism, and b) evaluate therapeutic agents 
directed at this specific sub-segment of DED (viewed in terms of pathogenesis).  

This model is also distinct from the concanavalin model in that the inflammatory spillover from 
the lacrimal glands is excluded (e.g., activated T cells are known to migrate to the ocular surface 
from the inflamed lacrimal glands), making it a “clean” model for this particular 
pathophysiology.  

We briefly incorporated this point in the response to the comment just above. 

 
-Since the success rate of DED model reach by establishing this model, it is highly skill-dependent (line 
542), are there extra tools or means that may minimize bias stemming from different researchers 
conducting the same experiment? 

This model actually minimizes the main investigation-dependent bias, namely the incomplete 
resection of the LGs, since the surgical technique affords their complete visualization. This is 
aided by the fact that no hemostasis, other than cautery, is required. 

We also incorporated this point in the Discussion, lines 580-587 

 

  
-Photos of Rose Bengal staining is suggested to provide, it's a powerful evidence showing the tear 
shortage and high osmolarity causing the cornea damage on ocular surface. 

Done, added as Figure 8 
 
 
Reviewer #3: 
 
Major Concerns: 
1. Consider adding labels to key anatomical structures in the figure photos. 

We have described key anatomical structures in the legends and indicated them with larger 
arrows in figures to specifically highlight them.  Adding text at a legible size took up too much space in 
the figures. 



Minor Concerns: 
2. Following such extensive periocular surgery, what are some challenges in the post-operative healing 
course? 

We have addressed this point with the addition of a Note in 6.1.4.   

 
3. Has a "sham" surgery ever been performed as control? -identify and examine all the lacrimal glands 
but remove none? 

Sham surgery has been done. 

4. In humans, any ocular surgery can aggravate dry eye disease. How does this compare in rabbits? 

Our lab has measured markers for DED in animals undergoing sham surgery, including STT, TBUT 
and TOsm.  They all changed, but only for a short period of time, recovering fully in 1-2 weeks.  
Only animals that underwent complete dacryoadenectomy sustained chronic changes consistent 
with DED (STT, TOsm, TBUT and rose Bengal staining). 


