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Animal Model for Dry Eye and Methods of Use of Such Animals 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of priority from U.S. Provisional Application 

No. 62/086,263, filed December 2, 2014, the entire contents of which are incorporated 

herein by reference.  

BACKGROUND OF THE DISCLOSURE 

[0002] Dry eye disease (DED), or keratoconjunctivitis sicca (KCS), is described in the 

2007 report of the Dry Eye Workshop (DEWS) as a "multifactorial disease of the tears and 

ocular surface that results in symptoms of discomfort, visual disturbance, and tear film 

instability with potential damage to the ocular surface which is accompanied by increased 

osmolarity of the tear film and inflammation of the ocular surface." (Ocular Surf 5(2):75

92, 2007). It has been estimated that about 3.23 million women and 1.68 million men, for 

a total of 4.91 million Americans, 50 years and older have dry eye. Tens of millions more 

have less severe symptoms and probably a more episodic manifestation of the disease 

(Id.).  

[0003] There are two generally recognized subgroups of dry eye, namely, dry eye 

associated with aqueous deficiency/ reduced tear production, and dry eye associated with 

increased tear film evaporation ("evaporative dry eye").  

[0004] Among the aqueous deficient group, there are two major subclasses: Sj6gren's 

syndrome (SS) dry eye and non-SS dry eye. In Sjogren syndrome, the lacrimal glands are 

targeted by a systemic autoimmune process. The lacrimal glands are infiltrated by 

activated T-cells, which cause acinar and ductular cell death and hyposecretion of the 

tears. Several autoimmune diseases are associated with SS dry eye syndrome, such as 

rheumatoid arthritis, scleroderma, polymyositis, lymphoma, amyloidosis, 

hemochromatosis, sarcoidosis, and systemic lupus erythematosus (Djalilian AR, et al. Pry 

eye. In: Krachmer JH, Mannis MJ, Holland EJ, editors. Cornea. 2nd ed. Philadelphia.  

Elsevier Mosby; 2005). Non-Sjogren syndrome dry eye is a form of aqueous deficiency 

resulting from lacrimal dysfunction, where the systemic autoimmune features of SS dry 
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eye have been excluded. The most common form of non-SS dry eye is age-related dry eye 

(Ocular Surf 5(2):75-92, 2007).  

[0005] Evaporative dry eye results from increased water loss from the ocular surface 

despite normal lacrimal secretory function. Its causes have been categorized as intrinsic, 

such as resulting from disease affecting lid structures or dynamics, or extrinsic, where 

ocular surface disease occurs due to some extrinsic exposure, such as harsh environmental 

conditions.  

[0006] An altered hormonal state (e.g., following menopause) can lead to development or 

exacerbation of dry eye. Several other external factors are also known to cause or 

contribute to dry eye, such as contact lens wear, refractive laser surgery, smoking, and 

extended visual tasks such as computer use, watching television and prolonged reading.  

Worsening of dry eye is also associated with low humidity conditions found in office 

environments, air-conditioned cars, and extreme hot or cold weather. Dry eye may also be 

caused by medications such as antihistamines, antidepressants, antipsychotics, and 

diuretics, which decrease tear production (Ocular Surf 5(2):75-92, 2007).  

[0007] Patients with dry eye present with conjunctival inflammation manifested by T cell 

infiltrates and upregulation of CD3, CD4, and CD8, as well as lymphocyte activation 

markers CD1 1a and HLA-DR (Stern ME, et al. Invest Ophthalmol Vis Sci. 43:2609-2614 

(2002)). Thus, dry eye pathogenesis may be dependent on T-cell activation and 

autoimmune inflammation. Pro-inflammatory cytokines, such as interleukin (IL)-1, and 

matrix metalloproteinases (MMPs), have also been implicated in the pathogenesis of dry 

eye. An increase in the pro-inflammatory forms of IL-I (IL-i a and mature IL-1 I3) and a 

decrease in the biologically inactive precursor IL-1 I have been found in the tear film of 

dry eye patients (Solomon A, et al. Invest Ophthalmol Vis Sci. 42:2283-2292 (2001)).  

BRIEF SUMMARY OF THE DISCLOSURE 

[0008] This disclosure relates to an animal model of dry eye disease. Disclosed herein are 

methods of inducing dry eye disease in a rodent animal that reflects the pathophysiology 

of dry eye disease (DED) in humans. The rodent animal can be a mouse or rat. Further 
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disclosed are methods of use of the rodent animals with induced dry eye disease, for 

example, in testing candidate agents for the treatment of DED.  

[0009] The methods disclosed herein induce DED by administration of both scopolamine 

and benzalkonium chloride (BAC) to a rodent animal.  

[0010] Scopolamine can be administered by various means, including systemic 

administration such as injection, transdermal patch, and implantation of a pump into the 

rodent. For example, scopolamine can be administered by an implantation of a pump to 

provide infusion at a concentration of 0.4-4.0 mg per 20 g. body weight per day.  

Benzalkonium chloride can be administered topically to the ocular surface of the rodent.  

For example, BAC can be administered at a concentration of 0.05-0.4%, one to four times 

per day.  

[0011] Dry eye condition is characterized in rodent animals treated with scopolamine and 

BAC by reduced tear production and increased ocular irritation, relative to control levels 

(e.g., an eye in untreated rodents). In one example, reduced tear production is measured 

by detecting a reduction in tear production relative to control levels. In another example, 

increased ocular irritation is measured by detecting, within the eye, one or more of: an 

increase in inflammatory cells, an increase in inflammatory cytokines in the eye, or an 

increase in fluorescein staining, relative to control levels. By "reduction" and "increase", 

it is meant a difference of at least 10%, 20%, 30%, 40%, 50%, 75%, 100% or more, 

relative to control levels.  

[0012] Upon administration of scopolamine and BAC to a rodent animal, dry eye 

condition is evident within days of the administration, e.g., within 5, 7, 10, 14, 21 or 28 

days of the administration. In accordance with the methods disclosed herein, 

administration of scopolamine and BAC can continue for one or more weeks, such as two, 

three or four weeks, and up to two months or longer if desired.  

[0013] Further disclosed herein are methods of testing the efficacy of a candidate agent for 

the treatment of dry eye. The methods involve providing a rodent animal, administering 

scopolamine and benzalkonium chloride to the rodent animal to induce dry eye in the 

rodent animal, administering a candidate agent to the rodent animal with dry eye, and 
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determining whether the candidate agent is effective in treating dry eye in the rodent 

animal.  

[0014] In some embodiments, the candidate agent is administered at a time point after the 

start of administration of scopolamine and benzalkonium chloride, such that the efficacy 

of the candidate agent to ameliorate the symptoms or conditions of DED can be evaluated.  

For example, the candidate agent can be administered 3, 4, 5, 6, 7, 14, or 28 days after the 

start of administration of scopolamine and benzalkonium chloride. The efficacy of the 

candidate agent can be determined by measuring an increase in tear production and/or a 

decrease in ocular irritation, relative to control levels (e.g., eyes in animals receiving 

scopolamine and benzalkonium chloride but not receiving the candidate agent).  

[0015] In some embodiments, the candidate agent is administered concurrently with the 

start of administration of scopolamine and benzalkonium chloride. In these embodiments, 

the ability of a candidate agent to prevent DED, e.g., to prevent or delay the onset, or limit 

the development, of dry eye, can be evaluated. The efficacy of the candidate agent can be 

determined by measuring the ability of the candidate agent to limit or eliminate reduction 

in tear production, and/or limit or eliminate increased ocular irritation, relative to control 

levels (e.g., eyes in animals receiving scopolamine and benzalkonium chloride but not 

receiving the candidate agent).  

[0016] The candidate agent can be administered topically or systemically, which may 

depend on the nature of the candidate agent. Examples of topical administration include 

administration of the candidate agent in a drop, spray, or gel form to the eye or nose of the 

rodent animal. Examples of systemic administration include oral administration, injection, 

or infusion.  

BRIEF DESCRIPTION OF THE FIGURES 

[0017] FIGS 1A-1B. (A), represents the measurement of tear production either before 

initiation of treatment (day -3, baseline) or on days 7, 14, 21, and 28 after initiation of 

treatment; on each day, the five bars represent measurements from left to right for: naYve, 

sham, BAC, Scop., and BAC+Scop. treatments. Tear production significantly decreases 

over four weeks of administration of scopolamine (Scop) and administration of 
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benzalkonium chloride plus scopolamine (BAC + Scop), relative to controls or BAC 

treatment alone. *** =p<0.001. (B), represents measurement of corneal fluorescein stain 

score either before initiation of treatment (day -3, baseline) or on days 7, 14, 21, and 28 

after initiation of treatment; one each day, the five bars represent measurements from left 

to right for: naYve, sham, BAC, Scop., and BAC+Scop. treatments. Corneal fluorescein 

staining significantly increases over four weeks of administration of BAC + Scop, relative 

to controls and relative to treatment with either BAC or Scop alone. **** =p<0.0001.  

[0018] FIGS. 2A-2D. (A), corneal angiogenesis, as measured by increased CD3 1+ cell 

staining, increases in BAC + Scop treated eyes, relative to controls and relative to 

treatment with either BAC or Scop alone. (B), corneal blood vessel skeletonization (new 

blood vessel) length increases dramatically by four weeks' treatment in BAC + Scop 

treated eyes, relative to controls and relative to treatment with either BAC or Scop alone.  

(C), lymphangiogenesis, as measured by increased LYVE1 cell staining, increases in BAC 

+ Scop treated eyes, relative to controls and relative to treatment with either BAC or Scop 

alone. (D), corneal lymphatic vessel skeletonization length increases dramatically by four 

weeks' treatment n BAC + Scop treated eyes, relative to controls and relative to treatment 

with either BAC or Scop alone.  

[0019] FIG. 3 Flow cytometry of extraorbital lacrimal glands. Percent of CD45+ cells is 

increased in cells treated with Scop, BAC, and Scop + BAC, relative to controls.  

DETAILED DESCRIPTION OF THE DISCLOSURE 

[0020] Disclosed herein are methods of inducing dry eye disease in an animal that reflects 

the pathophysiology of dry eye disease (DED) in humans. Further disclosed are methods 

of use of the rodent animals with induced dry eye disease in testing candidate agents for 

the treatment of DED.  

[0021] Dry eye disease (DED), also known as Dry eye syndrome (DES) or 

keratoconjunctivitis sicca (KCS), is a condition characterized physiologically by one or 

more, two or more, three or more, or all of: reduced tear production, increased tear film 

evaporation, ocular inflammation, increased osmolarity (salt content) of the tears, and 
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damage to the ocular surface. Symptoms of DED include ocular discomfort, visual 

disturbance, and tear film instability.  

[0022] Disclosed herein are methods of inducing dry eye disease in a rodent animal. The 

methods involve administration of scopolamine, an anticholinergic agent, and 

benzalkonium chloride (BAC), an ocular irritant, to a rodent animal, in an amount and for 

a time sufficient to induce dry eye disease in the animal. The resulting ocular disorder 

displays multiple characteristics of human DED.  

[0023] In developing the approach disclosed herein, the inventors were able to induce dry 

eye disease in rodent animals that closely resembles the clinical human disease. For 

example, the dry eye conditions induced with the disclosed methods are easier to perform 

and can last for weeks. Further, the animal models produced by the disclosed methods 

display both the ocular inflammation and tear deficiency commonly found in human dry 

eye disease. Thus, this model enables study of the pathophysiological changes in dry eye 

and testing of therapeutic drug candidates for treating DED.  

Creating dry eye disease in an animal 

[0024] In a first step of the process, scopolamine is administered as an anticholinergic 

agent, and benzalkonium chloride (BAC) is administered as an ocular irritant, to a rodent 

animal, such as a mouse or rat.  

[0025] An anticholinergic agent is a substance that blocks the neurotransmitter 

acetylcholine in the central and/or peripheral nervous system. Examples of anticholinergic 

agents include, for example, scopolamine, scopolamine hydrochloride, scopolamine 

methobromide, atropine, atropine methyl nitrate, and atropine sulfate. In the methods 

disclosed herein, the anticholinergic agent is scopolamine or scopolamine hydrochloride.  

[0026] In the disclosed methods, scopolamine is administered systemically. Methods for 

systemic administration include injection, transdermal patch, and implantation of a pump, 

such as an osmotic pump that allows for continuous dosing of laboratory animals. Such 

methods for systemic administration in animal models are known in the art. In specific 

embodiments, scopolamine is administered by osmotic mini-pump. Suitable osmotic 
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mini-pumps include, for example, ALZET osmotic pumps (Durect Corporation, 

Cupertino, California).  

[0027] To implant the pump, the rodent is anaesthetized and fitted with the pump 

subcutaneously. The pump provides a controlled amount of scopolamine. Exemplary 

concentrations of scopolamine include 0.1-4.0 mg per 20 g. body weight per day, 0.5-3.5 

mg per 20 g. body weight per day, 1.0-3.0 mg per 20 g. body weight per day, or about 2.0 

mg per 20 g. body weight per day. Scopolamine is administered for several days or 

several weeks, for example, 1, 2, 3, 4 weeks or more.  

[0028] An ocular irritant is a substance that produces irritation in the eye. Examples of 

ocular irritants include surfectants, preservatives, allergens, fine particles, and dessicating 

agents or environmental conditions. In the methods disclosed herein, the ocular irritant is 

benzalkonium chloride (BAC).  

[0029] In the disclosed methods, BAC is administered topically to the ocular surface.  

BAC can be administered at a concentration of 0.05-1.0%, and in specific embodiments, 

0.1-0.2%, in a dosage of 0.5-2.0 pl per dose, for example 1 pl per dose. Administration 

can be one to four times per day, for example, twice daily, for one to three days per week.  

In some embodiments, administration is performed twice daily for two days per week.  

Administration of BAC can be performed for one or more weeks, for example, 1, 2, 3, 4 

weeks or more.  

Evaluating dry eye conditions in model animals 

[0030] Dry eye disease is confirmed in the model animal by detecting a reduction in tear 

production and an increase in ocular irritation, relative to control levels. Dry eye can 

further be confirmed by detecting an increase in angiogenesis and/or lymphangiogenesis, 

relative to control levels.  

[0031] Throughout this disclosure, control levels represent the levels in an untreated 

rodent animal eye. Where an evaluation is directed to the efficacy of an agent being 

applied systemically, an untreated eye is an eye in an untreated rodent animal. An 

untreated animal can be naYve (receiving essentially no treatment) or a sham operated 

animal (receiving an implanted pump that does not deliver an agent, or that delivers a 
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placebo, such as saline, to the animal, or receiving a surgery without actual implantation of 

a pump). Where an agent is applied topically to the eye and not systemically, a control 

can also be the untreated eye in an animal with one treated eye. In the context of 

evaluating induction of dry eye conditions by administration of scopolamine and BAC, 

control levels are levels in eyes of untreated animals.  

[0032] Reduced tear production is identified as a reduction in tear production of at least 

10%, 20%, 30%, 40%, or 50% relative to control levels. Methods to measure tear 

production include the phenol red thread (PRT) test and Schirmer's test. In the PRT test, 

animals are restrained without anaesthesia and a phenol red loaded thread (such as ZONE

QUICK, FCI Ophthalmics, Pembroke, MA) is placed in the medial or lateral canthus 

(inner or outer corner of the eye), or contacting the conjunctival or lacrimal sac, for 20 

seconds to measure tear production. The amount of thread that turns red (resulting from 

the change in pH from wetting by alkaline tears) is measured in millimeters. The 

procedure can then be repeated on the other eye to obtain 2 measures for each mouse.  

Schirmer's test uses paper strips to measure the production of tears. The test involves 

placing a small strip of filter paper inside the lower eyelid (conjunctival sac). The strip is 

maintained in place for several minutes. The paper is then removed and the amount of 

moisture is measured in mm.  

[0033] Increased ocular irritation is identified by detecting, within the eye, one or more of: 

an increase in inflammatory cells, an increase in inflammatory cytokines in the eye, or an 

increase in fluorescein staining, relative to control levels.  

[0034] An increase in inflammatory cells is an increase of at least 10%, 20%, 30%, 40%, 

or 50% of one or more types of inflammatory/immune cells, relative to control levels.  

Inflammatory/immune cell types include myeloid cells (including neutrophils, monocytes, 

eosinophils, and basophils) and lymphocytes (including T cells and B cells).  

Inflammatory cells can be detected and measured by various methods known in the art.  

Most commonly, inflammatory cells are measured by determining the presence/abundance 

of cells with identifying cell-surface markers. For example, both myeloid cells and 

lymphocytes are CD45+, and thus this marker can be used to identify the presence of 

inflammatory cells relative to non-inflammatory cells. Lymphocyte-specific markers 
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include CD3 (identifying T cells), CD4 (identifying helper T cells), CD8 (identifying 

cytotoxic T cells), and B220 or CD 19 (identifying B cells). Additional cell surface 

markers are known in the art, as are antibodies and other agents that detect these markers.  

Antibodies that detect these markers can be used to identify inflammatory cells, for 

example, by histological examination of corneal tissue and antibody staining of tissue 

sections. Antibodies that detect these markers can also be used by applying the antibodies 

to a population of cells to stain for expression of specific markers and processing the cells 

by flow cytometry to quantify cells expressing the markers.  

[0035] An increase in inflammatory cytokines is an increase of at least 10%, 20%, 30%, 

40%, or 50% of one or more types of inflammatory cytokines, relative to control levels.  

Inflammatory cytokines include interleukins (ILs) such as IL-1, IL-2, IL-3, IL-4, IL-5, IL

6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, tumor necrosis factors (TNFs) such as 

TNF-a, TNF-P, TGF-P (transforming growth factor-p), CXCL9, and interferons (IFNs) 

such as IFN-y. Methods to measure inflammatory cytokines include immunoassays, such 

as an enzyme linked immunosorbent assay (ELISA), that use antibodies or other agents 

that detect cytokines to identify and quantify cytokines in a sample.  

[0036] An increase in fluorescein staining is a score of greater than 5, 8, 10, or 12, using 

National Eye Institute (NEI) scoring. For fluorescein staining, sodium fluorescein is 

applied to the ocular surface of an animal, typically without sedation. Several minutes 

after application, corneal fluorescein staining is scored under a microscope using a blue 

light. Irregularities in the eye, such as abrasions and inflammation, fluoresce with greater 

intensity relative to healthy corneal tissue. Fluorescence is scored using the National Eye 

Institute (NEI) scoring standards. In NEI scoring, the five sectors of the cornea (central, 

superior, inferior, nasal and temporal) are scored individually on a scale of 0-3 for 

fluorescence, with 0 indicating no staining and 3 indicating extensive staining, with a 

maximal score of 15 per eye. If a different scoring standard or fluorescence technique is 

used, the increase in fluorescein staining would be identified as an increase of at least 

10%, 20%, 30%, 40%, or 50% in fluorescence, relative to control levels.  

[0037] Measures of corneal angiogenesis and/or lymphangiogenesis can further confirm 

dry eye. For studying angiogenesis and lymphangiogenesis, the animal is euthanized and 
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the cornea is dissected and incubated with agents that identify new lymphatic vessel 

formation, such as antibodies to lymphatic vessel endothelial hyaluronan receptor 1 

(LYVE 1), or agents that identify new blood vessel formation, such as antibodies to CD3 1, 

an endothelial precursor cell marker. Identification of regions of new blood or lymphatic 

vessel growth can be used as an additional indicator of deteriorating ocular conditions and 

dry eye development.  

Testing candidate agents for dry eye disease 

[0038] The disclosed rodents (rats and mice) are useful for the study of DED and testing 

of candidate agents for the treatment of dry eye.  

[0039] Accordingly, disclosed herein are methods of testing the efficacy of a candidate 

agent for the treatment of dry eye, involving administering a candidate agent to an animal 

with DED induced by the disclosed methods, and testing the ability of the candidate to 

treat DED.  

[0040] By "treating" it is meant ameliorating the symptoms or conditions of DED, or 

preventing DED (e.g., preventing or delaying the onset, or limiting the development of 

DED).  

[0041] The terms "test agent" and "candidate agent" are used interchangeably herein to 

refer to any agent contemplated for the treatment of dry eye. The agent can be a 

recombinant, modified or natural nucleic acid molecule; a synthetic, modified or natural 

peptide; a synthetic, modified or natural polypeptide, including antibodies; or an organic 

or inorganic compound, including small molecules. The term "small molecule" refers to 

compounds having a molecular mass of less than 3000 Daltons, preferably less than 2000 

or 1500, more preferably less than 1000 or 800 Daltons.  

[0042] The test agent to be evaluated can be administered to the animal topically or 

systemically. For example, the agent can be administered in the form of an eye drop or an 

intranasal spray. Alternatively, the agent can be administered orally or parenterally and, if 

administered parenterally, can be in the form of solution, suspension, ointment, injection, 

suppository and the like. The suitable dose of the candidate agent can be decided based on 

the body weight of the animal and route of administration. Conditions for administration, 
10



WO 2016/089807 PCT/US2015/063084 

such as timing and number of times thereof, are also decided depending on the agent to be 

used.  

Administration of a candidate agent at the start of DED induction 

[0043] In one embodiment, the candidate agent is administered coincident with the start of 

DED induction. In some embodiments, sets of rodent animals to be tested are randomized 

to the following groups: naive (untreated), sham (systemic administration of saline, 

implantation of pump but no scopolamine treatment, or surgery analogous to pump 

implantation without actual implantation of a pump), benzalkonium chloride plus 

scopolamine (BAC plus Scop), test agent alone, or test agent plus BAC plus Scop.  

Animals in the test agent groups are administered the candidate agent coincident with the 

start of dry eye induction, that is, starting the same day or during the same week as DED 

induction begins. All treatments are performed for at least one, two, three, or four weeks.  

Tear production and corneal fluorescein staining are measured on days 7, 14, 21, and 28.  

On day 28, animals are euthanized and the extraorbital lacrimal gland and cornea can be 

harvested for further study.  

[0044] The ability of the candidate agent to prevent, delay the onset of, or limit the 

development of DED is determined by detecting the ability of the candidate agent to 

maintain tear production, and/or prevent or limit ocular irritation, at similar levels to 

control levels. In this context, controls levels are levels of an untreated eye (i.e., eye 

without the treatment of the candidate agent), which can include an eye in animals 

receiving scopolamine and benzalkonium chloride but not receiving the candidate agent, 

or one of the eyes in an animal receiving scopolamine and benzalkonium chloride as well 

as the candidate agent wherein the candidate agent is being applied topically to the other 

eye of the same animal.  

[0045] In one embodiment, animals receiving the test agent plus BAC plus Scop do not 

develop DED, that is, tear production is maintained at or within 5%, 10%, or 15% of 

control levels throughout the study, and/or levels of ocular inflammation, as measured by 

the levels of inflammatory cells, levels of inflammatory cytokines in the eye, and/or 

fluorescein staining score, are maintained at or within 5%, 10%, or 15% of control levels, 

throughout the study.  
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[0046] In another embodiment, animals receiving the test agent plus BAC plus Scop show 

a delay in the onset of DED symptoms, that is, there is a delay in the development of 

reduced tear production and/or ocular irritation by one, two, or three weeks, relative to 

animals receiving BAC plus Scop but not receiving the candidate agent.  

[0047] In another embodiment, animals receiving the test agent plus BAC plus Scop 

develop milder DED symptoms, that is, reduced tear production and/or ocular irritation 

occur in these animals, but the reduced tear production and/or ocular irritation occur at 

levels intermediate between levels in animals without receiving DED inducing treatment 

(e.g, naive animals) and levels observed in animals receiving BAC plus Scop but not 

receiving the test agent.  

Administration of a candidate agent subsequent to DED induction 

[0048] In another embodiment, the candidate agent is administered after the start of DED 

induction. In some embodiments, animals in the test agent groups are administered the 

candidate agent starting one to two weeks after dry eye induction begins, i.e., between 

days 7-14 after the start of dry eye induction. The test agent is administered for one to 

three weeks. Tear production and corneal fluorescein staining are measured on days 7, 14, 

21, and 28 from the start of dry eye induction. On day 28, animals are euthanized and the 

extraorbital lacrimal gland and cornea can be harvested for further study.  

[0049] The ability of the candidate agent to treat DED is determined by detecting an 

increase in tear production, and/or a decrease in ocular irritation in animals receiving the 

candidate agent and BAC plus Scop, relative to control levels which, in this context, can 

be levels in eyes of animals receiving BAC plus Scop but not receiving the candidate 

agent.  

EXAMPLES 

Example 1. Creating dry eye conditions in an animal.  

[0050] Animals. All animal related procedures were reviewed and approved by the 

Regeneron IACUC, and conducted in compliance to the ARVO Statement for the Use of 
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Animals in Ophthalmic and Vision Research. Adult C57BL/6 mice (8-10 weeks old) were 

purchased from Taconic Biosciences (Germantown, NY).  

[0051] Dry eye model induction: 27 adult, male C57BL/6 mice were randomized to naYve 

(untreated), sham (receiving surgery equivalent to surgery for implantation of pump, but 

without actual implantation of pump and without scopolamine or BAC treatment), 

benzalkonium chloride (BAC), scopolamine (Scop) or BAC plus Scop groups.  

[0052] Implantation of scopolamine pump. For Scop group, mice were subcutaneously 

implanted with an osmotic pump filled with Scop (2 mg/20 g body weight/day) lasting for 

4 weeks. Mice were anesthetized with ketamine (120 mg/kg, IP) and xylazine (5 mg/kg, 

IP). Using aseptic microsurgical technique and an operating microscope, a mini-osmotic 

pump was placed beneath the back skin, then the skin was sutured, and erythromycin 

ophthalmic ointment was applied to the wound to prevent infection.  

[0053] Benzalkonium chloride treatment. For BAC treatment, 1 pl of 0.1-0.2% BAC 

was topically administrated on the right eye ocular surface, twice daily, 2 days per week, 

for four weeks.  

[0054] Tear production measurement and cornealfluorescein staining score. Tear 

production and corneal fluorescein staining were performed once per week, on day 7, 14, 

21, and 28. For tear production measurement, with the animal restrained, phenol red thread 

was put on the eye temporal sac (without touching the cornea) and held in place for 1 

minute. The wet portion of the thread was scaled per mm as tear production. For 

fluorescein staining, 0.5 pl of 2% sodium fluorescein was put on the ocular surface. Five 

minutes after application, corneal fluorescein staining was scored under a microscope 

using the National Eye Institute (NEI) scoring standards. For scoring, the cornea is 

divided into five sectors (central, superior, inferior, nasal and temporal), each of which is 

scored on a scale of 0-3 for fluorescence, with 0 indicating no staining and 3 indicating 

extensive staining, with a maximal score of 15 per eye.  

[0055] Quantification of corneal angiogenesis, lymphangiogenesis and lacrimal gland 

infiltration. On day 28 after induction of dry eye, under deep ketamine (120 mg/kg, IP) 

and xylazine (5 mg/kg, IP) anesthesia, eyeballs were collected in 4% paraformaldehyde 
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(PFA) for corneal angiogenesis and lymphangiogenesis studies. The extraorbital lacrimal 

glands were harvested for flow cytometry, to check for immune cell infiltration.  

[0056] HistologicalAnalysis. The cornea was dissected from the eyeballs, washed in 

PBS, blocked for 1 hour at room temperature, with 10% normal donkey serum and 1% 

Triton X-100 in PBS to block antibody non-specific sites. Then the samples were washed 

in PBS, incubated with a cocktail of antibodies to lymphatic vessel endothelial hyaluronan 

receptor 1 (LYVE 1) (Regeneron Pharmaceuticals, Inc., Tarrytown, NY) at 1:1000, and 

antibodies to CD31 (Santa Cruz Biotechnology, Santa Cruz, CA) at 1:100 at 40C 

overnight. Samples were then washed in phosphate buffered saline (PBS) and incubated 

with secondary antibody conjugated dye, AlexaFluor 488 donkey anti rat IgG(H+L) 1:100 

(Life Technologies, A21208, Graceland, NY) and AlexaFluor 594 donkey anti rat 

IgG(H+L)1:400 (Life Technologies, A21207) for 2 hours at room temperature. After 

incubation, samples were washed in PBS and flat-mounted onto glass slides. Images of 

stained blood and lymphatic vessels were captured using a digital RT SE Spot camera 

attached to a fluorescence microscope (Nikon Eclipse 80i). Image software was used for 

image analysis.  

[0057] Flow cytometry. Extraorbital lacrimal glands were placed in PBS (Life 

Technologies) with 3% fetal bovine serum solution (FBS) (Life Technologies) after 

dissection. The glands were dissociated with MACS gentle dissociator (Miltenyi Biotech, 

San Diego, CA) program spleen-04. Cell suspension was filtered through a 70 um strainer 

(Miltenyi Biotech, San Diego, CA) to remove tissue debris. Cells were washed once with 

FACS buffer (PBS with 3% FBS and 2 mM EDTA) (Life Technologies). Washed cells 

were resuspend in FACS buffer with FcR blocking Ab (1:50 dilution) (Biolegend, San 

Diego, CA) and incubated for 15 minutes at 4'C. Cells were spun down to remove FcR 

blocking Ab and further stained with LIVE/DEAD Fixable Blue Dead Cell Stain Kit 

(1:500 dilution) (Life Technologies) together with CD45 PerCP-Cy5.5, Clone 30-F 11, Rat 

IgG2b (1:100 dilution) (BD Bioscience). The cells were stained for 25 min at 4'C 

followed by two washes with FACS buffer. The cells were then resuspend in Stabilizing 

Fixative (BD) and acquired on LSR II (BD Bioscience) following standard protocol 

provided by the company. Data was analyzed by FlowJo (Tree Star, Ashland, OR).  

14



WO 2016/089807 PCT/US2015/063084 

[0058] Statistical Analysis. Statistical analyses of parametric data were performed using 

two-way ANOVA and Tukey's multiple comparison test (performed for corneal vessel 

length, lymphatic vessel length studies only) with GraphPad Prism (version 6.0a, 

GraphPad Software Inc., San Diego, CA). Data are shown as means ± standard error of 

the mean (SEM). A p-value of less than 0.05 was considered as statistically significant. * 

=p<0.05; ** = p<0.01; *** =p<0.001; **** =p<0.0001.  

[0059] Results. As shown in FIG. 1A, post-systemic delivery of Scop. plus topical 

administration of BAC, tear production significantly decreased. In addition, corneal stain 

score markedly increased (FIG. 1 B). The change was evident after one week of Scop + 

Bac administration.  

[0060] Additionally, as depicted in FIGS. 2A and 2B, corneal blood vessel skeletonization 

length significantly increased after 4 weeks of treatment with BAC + Scop. Similarly, as 

demonstrated in FIGS. 2C and 2D, corneal lymphatic vessel skeletonization length 

increased after 4 weeks of BAC +Scop treatment.  

[0061] Moreover, extraorbital lacrimal glands contained immune cell infiltrate after 4 

weeks of treatment, as indicated in FIG. 3.  

[0062] Example 2. Testing ability of candidate agent to prevent or inhibit onset of 

dry eye 

[0063] For studies of the efficacy of candidate agents to prevent or inhibit the 

development of dry eye, sets of mice are randomized to the following groups: naYve 

(untreated), sham (receiving surgery equivalent to implantation of pump, but no actual 

implantation of pump and without scopolamine or BAC treatment), benzalkonium chloride 

plus scopolamine (BAC plus Scop), test agent alone, or test agent plus BAC plus Scop.  

[0064] Dry eye is induced as described above. For BAC plus Scop treatment, mice are 

subcutaneously implanted with an osmotic pump delivering scopolamine (2 mg/20 g body 

weight/day), and 1 pl of 0.1-0.2% BAC is topically administrated on the right eye ocular 

surface, twice daily, 2 days per week.  
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[0065] Animals in the test agent groups are administered the candidate agent starting on 

the same day dry eye induction begins. The candidate agent is administered to the animal 

in the form of an eye drop, an intranasal spray, or parenterally in the form of a solution for 

injection. The suitable dose of the candidate agent and frequency of administration is 

decided based on the body weight of the animal and route of administration. Timing and 

frequency of administration depend on the agent to be used. All treatments are performed 

for at least one, two, three, or four weeks. Tear production and corneal fluorescein 

staining are measured on days 7, 14, 21, and 28. On day 28, animals are euthanized and 

the extraorbital lacrimal gland and cornea are harvested for flow cytometry and histology.  

Corneal angiogenesis and lymphangiogenesis are also quantified.  

[0066] The efficacy of the candidate agent is determined by detecting the ability of the 

candidate agent to maintain tear production, and/or prevent or limit ocular irritation, 

relative to control levels, e.g., levels in an eye of animals receiving scopolamine and 

benzalkonium chloride but not receiving the candidate agent.  

[0067] Example 3. Testing ability of candidate agent to treat dry eye condition 

[0068] For studies of efficacy of candidate agents to treat dry eye, sets of mice are 

randomized to the following groups: naYve (untreated), sham (receiving surgery equivalent 

toimplantation of pump, but without actual implantation of pump and without scopolamine 

or BAC treatment), benzalkonium chloride plus scopolamine (BAC plus Scop), test agent 

alone, or test agent plus BAC plus Scop.  

[0069] Dry eye is induced as described above. For BAC plus Scop treatment, mice are 

subcutaneously implanted with an osmotic pump delivering scopolamine (2 mg/20 g body 

weight/day), and 1 pl of 0.1-0.2% BAC is topically administrated on the right eye ocular 

surface, twice daily, 2 days per week. Dry eye induction methods continue for at least 

one, two, three, or four weeks.  

[0070] Animals in the test agent groups are administered the candidate agent starting one 

to two weeks after dry eye induction begins, e.g., between days 7-14 after the start of dry 

eye induction. The candidate agent is administered to the animal in the form of an eye 

drop, an intranasal spray, or parenterally in the form of a solution for injection. The 
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suitable dose of the candidate agent and frequency of administration is decided based on 

the body weight of the animal and route of administration. Timing and frequency of 

administration depend on the agent to be used. The test agent is administered for one to 

three weeks. Tear production and corneal fluorescein staining are measured on days 7, 14, 

21, and 28 from the start of dry eye induction. On day 28, animals are euthanized and the 

extraorbital lacrimal gland and cornea are harvested for flow cytometry and histology.  

Corneal angiogenesis and lymphangiogenesis are also quantified.  

[0071] Efficacy is determined by detecting an increase in tear production and/or a 

decrease in ocular irritation in animals receiving the candidate agent and BAC plus Scop, 

relative to control levels (e.g., levels in an eye of animals receiving BAC plus Scop but not 

receiving the candidate agent).  
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WHAT IS CLAIMED IS: 

1. A method of inducing dry eye disease in a rodent animal, comprising 

administration of scopolamine and benzalkonium chloride to said rodent animal.  

2. The method of claim 1, wherein the rodent animal is a mouse or rat.  

3. The method of claim 1, wherein scopolamine is administered by 

implantation of an infusion pump.  

4. The method of claim 3, wherein scopolamine is administered at a 

concentration of 0.4-4.0 mg per 20 g. body weight per day.  

5. The method of claim 1, wherein benzalkonium chloride is administered 

topically to the ocular surface of said rodent animal.  

6. The method of claim 5, wherein benzalkonium chloride is administered at a 

concentration of 0.05-0.4%, one to four times per day.  

7. The method of any of claims 1-5, wherein scopolamine and benzalkonium 

chloride are administered to said rodent animal for a period of up to two months.  

8. The method of claim 6, wherein scopolamine and benzalkonium chloride 

are administered to said rodent animal for two to four weeks.  

9. The method of claim 1, wherein said dry eye condition is characterized by 

reduced tear production and increased ocular irritation in a treated eye, relative to control 

levels.  

10. The method of claim 9, wherein reduced tear production is detected by 

detecting a reduction in tear production of at least 10% relative to control levels.  
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11. The method of claim 9, wherein the increased ocular irritation is measured 

by detecting, within the eye, one or more of: an increase in inflammatory cells, an increase 

in inflammatory cytokines in the eye, or an increase in fluorescein staining, relative to 

control levels.  

12. A method of testing the efficacy of a candidate agent for the treatment of 

dry eye, comprising providing a rodent animal, administering scopolamine and 

benzalkonium chloride to said rodent animal to induce dry eye in said rodent animal, 

administering said candidate agent to said rodent animal, and determining whether said 

candidate agent is effective in treating dry eye in said rodent animal.  

13. The method of claim 13, wherein said candidate agent is administered at 

least 7 days after the start of administration of scopolamine and benzalkonium chloride.  

14. The method of claim 13, wherein said candidate agent is administered at 

least 14 days after the start of administration of scopolamine and benzalkonium chloride.  

15. The method of claim 13, wherein said candidate agent is administered at 

least 28 days after the start of administration of scopolamine and benzalkonium chloride.  

16. The method of claim 13, wherein said candidate agent is administered 

topically or systemically.  

17. The method of claim 16, wherein said topical administration is 

administration of the candidate agent in a drop, spray, or gel form to the eye or nose of 

said rodent animal.  

18. The method of claim 16, wherein said systemic administration is selected 

from oral administration, injection, or infusion.  

19. The method of claim 13, wherein the efficacy of said candidate agent is 

determined by detecting an increase in tear production and/or a decrease in ocular 
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irritation, relative to animals receiving scopolamine and benzalkonium chloride but not 

receiving the candidate agent.  

20. The method of claim 12, wherein said candidate agent is administered 

concurrently with the start of administration of scopolamine and benzalkonium chloride.  

21. The method of claim 20, wherein the efficacy of said candidate agent is 

determined based on the ability of the candidate agent to limit or eliminate reduction in 

tear production, and/or limit or eliminate increased ocular irritation, relative to animals 

receiving scopolamine and benzalkonium chloride but not receiving the candidate agent.  
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