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[Abstract] Eye drop treatments are typically used to apply drugs to the anterior structures of the eye.
Recently, however, studies have demonstrated that eye drops can reach the retina in the back of the
eye if pharmacological agents are carried in appropriate vehicles. Here, we introduce an eye drop
procedure to deliver a drug (PNU-282987), in combination with BrdU, to stimulate cell cycle re-entry
and label dividing cells in the retinas of adult rodents. This procedure avoids potential systemic
complications of repeated intraperitoneal injections, as well as the retinal damage that is induced by
repeated intravitreal injections. Although the delivery of PNU-282987 and BrdU is the focus of this
article, many different proliferating compounds could be delivered to the retina using this procedure.
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[Background] Although eye drop applications are not considered innovative, they are typically used to
generate effects in the anterior portion of the eye (Patel et al., 2013; Sung et al., 2015). For instance,
eye drop medications used in glaucoma patients decrease the production of aqueous humor or affect
drainage of fluid through the trabecular meshwork in the anterior chamber of the eye (Dikopf et al.,
2017). However, others have begun to use agents that are dissolved in vehicles to exert their effects in
the back of the eye at the retina. For instance, the neuropeptide pituitary adenylate cyclase activating
polypeptide [PACAP] provides a well-established neurotrophic and neuroprotective effects in the eye
against different retinopathies. Although the route of delivery is usually intravitreal, a recent study that
used PACAP dissolved in benzalkonium-chloride was able to cross the ocular barriers and exert
protection in ischemic conditions (Werling et al., 2017). Other studies showed that the alpha7 nicotinic
acetylcholine receptor specific agonist, PNU-282987 (Bodnar et al., 2005; Hajos et al., 2005; Iwamoto
et al., 2014), was able to cross ocular barriers and induce neurogenesis of adult mammalian neurons
when delivered as eye drops, made by diluting a stock solution of PNU-282987 in lipophilic vehicle,
DMSO, in PBS. (Webster et al., 2017). Previous dose and time-dependent studies showed that
PNU-282987 was detectable in the retina by HPLC MS/MS after eye drop delivery. PNU-282987 levels
were detected in the retina after topical application of the nAChR agonist to the bulbar conjunctiva
(Mata et al., 2015).
BrdU is a synthetic nucleoside that is an analog of thymidine and is commonly used in the detection
of proliferating cells in living tissues. To label mitotically active cells with BrdU, well-established
methods for delivery in rodents is via intraperitoneal or intraocular injection (Karl et al., 2008; Lee et al.,
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2015; Xie et al., 2016). However, more robust labeling of mitotically active cells in the retina occurs if
BrdU is added into the PNU-282987 eye drop solution (Webster et al., 2017) (Figure 1). Eye drop
applications of agents that reach the retina are much less invasive than either intraperitoneal or
intravitreal injections and have the added advantage that they can be introduced several times each
day or week without the disadvantage of multiple injections. Here, the procedure for labeling mitotically
active cells in the adult rodent retina with BrdU eye drops is provided after stimulation with the alpha7
nicotinic acetylcholine receptor specific agonist, PNU-282987. However, this method also has broader
implications and can be used to deliver other proliferating agents in the retina.

Figure 1. Evidence of successful BrdU labeling. A. A confocal retinal section obtained from an
adult SVJ 129 mouse treated only with PBS containing BrdU for 3 days. Cell nuclei are stained with
DAPI (blue). No evidence of BrdU positive cells when the retina is processed with antibodies
against BrdU. B. A confocal retinal section obtained from an eye treated with PNU-282987/BrdU
eye drops for 3 days. BrdU positive cells are observed in all nuclear layers of the retina (green).
ONL: outer nuclear layer, INL: inner nuclear layer, GCL: ganglion cell layer. Arrows point to BrdU
positive retinal cells. Scale bars represent 50 µm.
Materials and Reagents
1. 3 ml disposable transfer pipettes (VWR, catalog number: 414004-037)
2. 0.2 µm sterile syringe filter (VWR, catalog number: 28145-477)
3. Latex exam gloves (VWR, catalog number: 414004-429)
4. Lab coat (VWR, catalog number: 37000-922)
5. 3 month female adult SVJ 129 mouse
6. 3 month adult female Sprague Dawley rat
7. PNU-282987

(N-[(3R)-1-azabicyclo[2.2.2]oct-3-yl]-4-chlorobenzamide

hydrochloride)

(Sigma-Aldrich, catalog number: P6499) (desiccate, store at 4 °C)
8. BrdU (5-Bromo-2’-deoxyuridine) (Sigma-Aldrich, catalog number: 19-160) (store for up to 2
years at -20 °C)
9. PBS (Phosphate buffered saline 10x concentrate) (Sigma-Aldrich, catalog number: P5493)
(store at room temperature)
10. DMSO (Sigma-Aldrich, catalog number: D8418) (store at room temperature)
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11. Cheerios (Local grocery store, store at room temperature)
12. PNU-282987/BrdU solution (see Recipes)
Equipment
1. 30 ml clear glass bottles (VWR, catalog number: 10862-356)
2. 4 °C refrigerator
3. Fume hood
Procedure
Animals are given one eye drop once a day from a backfilled 3 ml plastic disposable transfer pipette for
various amounts of time depending on the experimental design of the study. One drop of solution from
the transfer pipette contains 30 µl of diluted PNU-282987/BrdU. Eye drops are delivered directly to the
center of the bulbar conjunctiva of the eye; a clear membrane that covers the anterior face of the sclera
and the transparent surface epithelium of the cornea. A new disposable 3 ml transfer pipette is used
each time eye drops are applied. Both sexes of adult rats and mice produce BrdU positive cells after 3
days of eye drop treatments. In vehicle control studies, eye drops containing PBS or eye drops
containing PBS with 1% DMSO are applied as negative controls.
A. Adding eye drops to adult mice
Notes:
a. The safe restraint and gentle handling of these rodents is a key part of the experimental
procedures. All rodent handlings wear a lab coat and latex gloves in the animal facility. All
handlers have Institutional Animal Care and Use Committee training before proceeding.
b. Animals should be approached with confidence and the animals should be handled gently, but
firmly to avoid bites or scratches to the handler or injuries to the animal.
c.

One handed mouse restraint is usually performed with the non-dominant hand, leaving the
dominant hand free for applying eye drops.

1. Lift adult mice (ranging from 3-6 months) by the base of the tail from their cage and place them
on the cage lid. Tuck the base of the tail between the 3rd and 4th finger (Figure 2A).
2. Then immobilize the adult mice (ranging from 3-6 months) by scruffing the skin over their neck.
Using the same hand that is holding the tail, grasp the skin near the base of the head with the
index finger and thumb (Figure 2B).
Note: Be sure to apply just enough pressure, or firmness, to the skin around the neck to ensure
the eyes are opened and to prevent the mouse from turning or twisting out of the hand restraint.
3. Once the mouse is firmly scruffed, place one drop of diluted PNU-282987/BrdU solution on the
bulbar conjunctiva of the right eye. The right eye should be positioned up by twisting the wrist of
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the restrainer’s hand. The dilution should be dropped just over the eye. Do not bring the transfer
pipette in direct contact with the cornea. The drop will cover the entire eye and should sit on top
of the eye as a small ball for 1-2 s (Figure 2C).
Note: If treatment is needed in the animal’s contralateral eye, the restrainer’s wrist containing
the same scruffed animal should be turned so that the left eye is situated up. At this point,
another single drop can be added to the left eye and allowed to sit in a small ball over the eye for
1-2 s.
4. Once eyes have been treated, release the animal back into its cage. It is not unusual for the
animal to shake its head once it is released to remove any excess fluid that remains over its eye
(see Notes).

Figure 2. Eye drop application to adult mice. A. A 3-month-old female adult SVJ 129 mouse
is removed from cage and positioned for handling. B. The mouse is held for eye drop delivery. C.
Eye drop applied to scruffed animal. Scale bar represents 1.25 cm.
B. Adding eye drops to adult rats
1. Deliver eye drops to rats (aged 3-6 months) that are not physically restrained. Remove the top of
a rat cage and add an eye drop containing a dilution of PNU-282987 and BrdU to the center of
the rat eye using a disposable 3 ml backfilled transfer pipette (Figure 3A). Place the eye dropper
within an inch of the eye before releasing one drop of fluid containing 30 µl of diluted
PNU-282987/BrdU onto the bulbar conjunctiva. The rat will blink and shake its head when an
eye drop has been successfully applied. Do not allow the transfer pipette to come in direct
contact with the cornea.
2. When one drop has been added, a drop can also then be added to the contralateral eye
depending on the experimental design of the study.
3. After all drops have been administered, give each rat 2-3 Cheerios before the top of the cage is
replaced (example in Figure 3B) and then return the cage containing the treated animal to the
colony. All animals are housed singly.
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Figure 3. Eye drop application to adult rats. A. A 3-month-old adult female Sprague Dawley
rat is positioned to receive one drop of PNU-282987/BrdU solution. B. The Cheerio reward is
delivered after a successful eye drop delivery. Scale bar represents 2.5 cm.
Notes
The first time an eye drop is delivered to a rat eye, the animal will be unfamiliar with the procedure
and may not be still long enough for an eye drop to be deposited to the center of the cornea (1-2 s is
needed). To minimize this behavior, the transfer pipette containing the eye drop should be
positioned and held steady above the cage until the animal settles down. The time for the animals to
settle down the first time eye drops are delivered varies depending on each animal’s personality.
However, the first time, it can take an average of 2 or 3 min before the animal gets use to the gloved
hand holding the transfer pipette and stays still long enough to deposit an eye drop. After drops have
been added to the rats two or three times however, the rats stop moving as soon as the top of the
cage is removed, as they become familiar with the procedure and know they will get the Cheerio
reward after its completion. Future studies may benefit from a training period for the rats to improve
tolerance for getting the eye drops.
Care using BrdU:
BrdU replaces thymidine during DNA replication and can cause DNA mutations. Therefore,
appropriate precautions should be taken to avoid exposure. Pregnant and lactating women should
avoid exposure to BrdU and animals that have been administered BrdU eye drops. As BrdU
exposure can impair the immune system; immunocompromised individuals should also use extreme
caution when handling BrdU.
When eye drops are added to the animals, small amounts of solution may fall into the animal’s
bedding when the animal shakes its head. This bedding should be regularly removed and
autoclaved by animal facility staff that wear gloves and lab coats during the animal’s normal care.
Any accidental spills of PNU-282987/BrdU should be treated with a hazardous spill kit.
Crossover:
In some instances, only one rat eye was treated with the PNU/BrdU solution, while the contralateral
eye acted as an untreated control. Under these conditions, there was no evidence of crossover
effects. No BrdU staining appeared in control untreated eyes (Webster et al., 2017). However, this
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was not the case in adult mice. When one mouse eye was treated with the PNU/BrdU solution and
the contralateral eye was left untreated, crossover effects occurred. For instance, in adult mice, both
eyes typically demonstrate BrdU positive cells, even if only one eye was treated with the PNU/BrdU
solution. This crossover effect in mice is likely due to the relative closeness of the two eyes. As a
result, contralateral eyes can be used as internal controls in adult rats, but should not be used as
untreated internal controls in adult mice.
Recipes
1. PNU-282987/BrdU solution
Notes:
i.

When preparing PNU-282987 and BrdU stock solutions, latex gloves and lab coats are
worn.

ii.

Unused PNU-282987/BrdU is disposed of in a hazardous materials container.

a. Preparing 10 mM PNU-282987 stock solution
A stock solution of 10 mM PNU-282987 is made using dimethyl sulfoxide (DMSO). The
stock solution is kept at 4 °C for up to 3 months
b. Preparing BrdU stock solution
A stock solution of 10 mM BrdU is made using dimethyl sulfoxide (DMSO). The stock
solution is kept at 4 °C for up to 3 months
c.

When needed, the PNU-282987 stock is diluted using sterile phosphate buffered saline
(PBS) to various concentrations between 1 and 1,000 nM for eye drop studies

d. BrdU is then added directly to the diluted PNU-282987 solution to make a final BrdU
concentration of 1 mg/ml
e. The final PNU-282987/BrdU solution is sterile filtered with a 0.2 µm syringe filter before use
under a fume hood
f.

Dilutions of PNU-282987/BrdU are kept in a refrigerator at 4 °C in labeled 30 ml glass
bottles for up to one week.
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