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38 lesion site. However, differences in crush force and duration can affect tissue responses, resulting
39 in variable reproducibility and lesion completeness. With optic nerve transection, there is a
40 severe and reproducible injury that completely lesions all axons. However, transecting the optic
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The method described here incorporates the advantages of both optic nerve crush and
transection models while mitigating the disadvantages. Hydrostatic pressure delivered into the
optic nerve by microinjection completely transects the optic nerve while maintaining the integrity
of the optic nerve sheath. The transected optic nerve ends are reapposed to allow for axon
regeneration assays. A potential limitation of this method is the inability to visualize the complete
transection, a potential source of variability. However, visual confirmation that the visible portion
of the optic nerve has been transected is indicative of a complete optic nerve transection with
90-95% success. This method could be applied to assess axon regeneration promoting strategies
in a transection model or investigate interventions that target the axonal compartments.

INTRODUCTION:

Axonal injury and degeneration occur in retinal ganglion cells (RGCs) following trauma or in
neurodegenerative diseases such as glaucoma®?. The loss of RGCs and disruption of retinofugal
projections result in permanent vision loss3. To understand the molecular pathways responsible
for the degenerative processes and to develop strategies to mitigate axonal and RGC loss or to
regenerate RGC axons, experimental animal models have been used to simulate optic nerve
injury, including optic nerve crush and optic nerve transection models. In selecting an
experimental model, one must account for the advantages and disadvantages of each approach
as well as the molecular pathways activated by the injury*.

The rationale for developing the method described here is to leverage the advantages of optic
nerve crush’ and transection® models while mitigating the disadvantages. The objectives of this
method were to generate a reproducible optic nerve injury in which all axons are unquestionably
and completely transected, exposure to the peripheral immune system is minimized, and the
transected ends of the optic nerve are easily reapposed to allow for the evaluation of RGC
regeneration. Additionally, the method was developed to allow for compartmentalized access to
the axonal portion of injured RGCs and to deliver axon specific interventions (e.g., neurotrophic
factors, cellular transplants) locally to the retroorbital optic nerve.

There are multiple advantages of this technique over alternative methods. Compared to an optic
nerve crush, this method completely and reliably transects the optic nerve; this addresses a
potential issue of undesirable axon sparing’. Additionally, the described method causes a severe
axonal injury that is not dependent on the amount and duration of force applied by the operator
as in a crush injury, thereby reducing variability®. In contrast to established methods of
transecting the optic nerve, the approach detailed in this protocol maintains the integrity of the
optic nerve sheath. An advantage of preserving the optic nerve sheath is that it prevents the optic
nerve from being exposed to the peripheral immune system. Furthermore, the mechanical forces
exerted by the optic nerve sheath on the transected optic nerve reappose the cut nerve ends
without the need for challenging microsurgical manipulations®™*!. Finally, with the optic nerve
sheath intact, the method produces a physical space between the optic nerve stumps into which
stem cells, neurotrophic factors, or polymers can be introduced to lesioned RGC axons directly.

The optic nerve crush is the gold standard model in which optic nerve regeneration strategies are
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assessed to determine the effectiveness of treatments. The size of the rodent optic nerve limits
the possible manipulations, especially the transection and re-adaptation of the nerve. However,
in the field of spinal cord injury and regeneration, there is consensus that a complete transection
is the ideal model to distinguish axonal regeneration from spared axon'?. The method described
here reduces the technical barriers to assess regenerative strategies in an optic nerve transection
model. As such, this model could be used to validate promising strategies identified in optic nerve
crush paradigms with an optic nerve transection. Additionally, as this model directly targets the
axonal compartment, it enables studies of interventions on injured adult RGC axons and the
mechanisms responsible for axonal degenerative and regenerative processes.

The model of optic nerve transection described in this study completely transects the optic nerve
while preserving the optic nerve sheath. This novel approach is appropriate for experiments that
aim to assess axon regeneration in a transection model without the need for the technically
challenging process of reapposing the optic nerve ends. Aspects of the technique are similar to
performing an optic nerve crush; therefore, the approach can be performed by operators
experienced with an optic nerve crush. The surgical approach does not require specially designed
instruments and can be completed with readily available surgical instruments and a
microinjection system, making it accessible and economical.

PROTOCOL:

Procedures involving animals were approved by the Institutional Animal Care and Use Committee
(IACUC) of the Veterans Affairs San Diego Healthcare System. Surgical instruments and solutions
were sterilized prior to surgery to limit postoperative infections and complications.

1. Surgical technique

1.1. Conduct experiments using aseptic techniques and according to institution specific animal
use protocols.

1.2. Sterilize instruments and materials that contact living tissues to prevent infections, avoid
negatively impacting animal welfare, and minimize potential negative influences on the study.
Clean surgical instruments thoroughly with water and detergent or enzymatic products to

remove foreign materials and sterilize by steam or flash sterilization.

1.3. Aliquot liquids into sterile containers in a tissue culture hood. Sterilize the microliter syringe
by flushing it with 70% ethanol and rinsing it with sterile phosphate buffered saline (PBS).

2. Anesthesia

2.1. Anesthetize rats using an isoflurane vaporizer system. Vaporize isoflurane at a concentration
of 4.5% using medical grade oxygen at a rate of 1 L/min into an attached anesthesia box. Place
the animal into the anesthesia box until breathing slows and the animal is sedated.

NOTE: This initial step using anesthesia with a gas anesthetic is not necessary if the operator is
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comfortable and familiar with administering injectables anesthetics to non-sedated animals.

2.2. Withdraw a sufficient volume of an anesthetic cocktail composed of ketamine (50 mg/kg),
xylazine (2.6 mg/kg), and acepromazine (0.5 mg/kg) into a 30 G tuberculin syringe. Remove the
sedated animal from the anesthesia box. Administer the injection of anesthesia intraperitoneally
to attain consistent depth of sedation throughout the procedure and return the animal to its
cage.

2.3. Begin the procedure when a toe pinch fails to evoke a response. Evaluate the animal for
depth and rate of breathing and with a toe pinch every 5 min throughout the procedure to ensure
the absence of pain.

2.4. Upon completion of surgery, remove the animal from the stereotaxic frame. Administer a
subcutaneous injection of saline (3 mL), ampicillin (0.15-0.2 mg/kg), and banamine (2.5-5 mg/kg)
to provide analgesia and fluid support. Transfer the animal to a heated incubator to maintain
body temperature.

3. Surgical approach

3.1. Place the rat (7-8 weeks of age, Fischer 344 strain) in a head stereotaxic frame and on top
of a heated pad. Position the stereotaxic frame with the rat head facing the surgeon’s left and
center the left orbit in the surgical field of view.

3.2. To the left eye apply a drop of proparacaine and clean the eye by applying 5% povidone-
iodine to the eyelid and the eye. Spread ophthalmic ointment on the cornea of both eyes to
maintain corneal moisture and prevent cataract formation.

3.3. Pass a 40 polyglactin suture through the epidermis of the upper eyelid to the central aspect
of the eyelid margin, using this suture for a temporary tarsorrhaphy in later steps. Use the suture
to evert the eyelid and expose the superior fornix.

3.4. Tape the polyglactin suture to the stereotaxic frame to apply constant traction and exposure.
Avoid excessive traction as this can limit exposure of the retroorbital contents.

3.5. Using Colibri forceps, elevate the superior conjunctiva and incise the conjunctiva along the
limbus with a pair of Vannas scissors. Make a 4 o’clock peritomy along the superior limbus.

3.6. Apply slight inferior traction to the globe by placing a looped polypropylene suture along the
superior limbus with the free ends below the globe. Residual tissue along the superior limbus
following the peritomy is sufficient to provide traction on the suture loop without needing to
pass the suture through the sclera or limbus.

3.6.1. Secure the ends of the loop with a bulldog clamp and allow the clamp to dangle freely in
midair. The weight of the clamp will apply inferior traction on the globe and expose more of the
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retroorbital space.

3.7. Blunt dissect with Vannas scissors along the sclera following the posterior aspect of the globe
and under the superior rectus. Disinsert the superior rectus muscles from the globe by cutting
the muscle tendon with Vannas scissors to access the retroorbital space.

4. Accessing the optic nerve

4.1. Blunt dissect with Dumont #5/45 forceps along the temporal aspect of the posterior globe
and identify the superior lateral vortex vein. Further blunt dissect nasal to the superior lateral
vortex vein to expose the orbital muscle cone around the optic nerve and avoid prematurely
damaging the optic nerve. Avoid injuring the vortex vein as this can cause significant bleeding. If
bleeding occurs, a cotton tip applicator can be applied until the bleeding stops.

4.2. Using the Dumont #5/45 forceps, carefully insert the tip into the temporal aspect of the
orbital muscle cone and open the forceps parallel to the course of the muscle fibers to reveal the
optic nerve. Use the forceps to laterally displace the muscle fibers overlying the optic nerve and
fully expose the nerve. Ensure that only the optic nerve sheath is covering the optic nerve as
residual muscle fibers will prevent the pulled glass capillary pipette from easily piercing into the
optic nerve.

4.3. Maintain exposure of the nerve by placing two Dumont #5/45 forceps along both lateral
aspects of the nerve and opening the forceps. The amount of exposure should allow for the optic
nerve to be crushed 1.5-2.0 mm posterior to the globe and for a pulled glass capillary pipette to
be inserted into the optic nerve from the dorsal aspect.

5. Transecting the optic nerve inside the optic sheath

5.1. Using Dumont #5/45 forceps, place the tips on either side of the optic nerve at least 1.5-2.0
mm posterior to the globe. Ensure the tips of the forceps span the diameter of the nerve.
Completely close the forceps for 5 s to crush the optic nerve and make note of the position of
the crush site.

5.2. With a microliter syringe, fill a glass pulled capillary pipette with 1-2 uL of PBS and attach
the pipette to a pipette holder. Mount the pipette holder to a micromanipulator and attach the
micromanipulator onto the stereotaxic frame.

5.3. Adjust the microinjection system to deliver a single pulse of 4 ms duration at a pressure of
20 psi with each push of the button. Position the pipette into the surgical field.

5.4. Under the surgical scope, use a pair of #55 forceps to break and bevel the pipette tip to a
size (~20-30 um diameter) capable of delivering a small volume but large enough to provide
sufficient rigidity to penetrate the optic nerve sheath. Confirm patency of the pipette tip by giving
a single pulse and observing for fluid at the pipette tip.
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5.5. Refine the position of the pipette tip to just above the site of the optic nerve crush in the
center of the optic nerve and in contact with the optic nerve sheath. Note the vertical position of
the pipette on the micromanipulator to later determine a depth of 200 um.

5.6. Lower the pipette while observing the tip under the surgical scope until the pipette enters
the optic nerve. If the pipette tip bends and lacks the rigidity to penetrate the optic nerve sheath,
retract the pipette and use a pair of #55 forceps to decrease the length and increase the diameter
of the pipette tip. Once adjustments to the pipette tip have been made, reattempt to penetrate
the optic nerve sheath with the pipette.

5.7. Upon entry into the optic nerve with the pipette tip, retract the pipette if necessary. The
position of the pipette tip, as indicated by the stereotaxic micromanipulator, should be 200 um
below the surface of the optic nerve from the initial position noted in step 5.5.

5.8. While observing the optic nerve under the surgical scope, apply pulses of hydrostatic
pressure with the microinjection system. As pulses are applied, a linear separation between the
distal and proximal ends of the optic nerve should be noted to verify transection of the optic
nerve.

NOTE: Injection volume of 250-500 nL is generally sufficient to provide the force necessary to
transect the optic nerve. Injections requiring more than 1 puL may indicate a need to reposition
the injection site. Larger volumes injected into the intact parenchyma may not cause additional
RGC damage given the method completely transects the optic nerve but is more likely to track
along the fascicles of the optic nerve. Failure to observe a linear transection of the optic nerve
despite injection of a sufficient fluid volume likely indicates mispositioning of the pipette at the
crush site and a need for repositioning. A 50% increase in the injection pressure may also be
necessary.

6. Closing and recovery

6.1. Retract the pipette and remove the retracting Dumont #5/45 forceps. Return the eye to a
neutral position by removing the bulldog clamp and looped polypropylene suture from the globe.

6.2. Reposition the conjunctiva to the corneal limbus, insuring to release any conjunctiva that has
inverted to allow for proper apposition of the tissue and healing. Apply ophthalmic topical
antibiotic ointment to the eye.

6.3. Remove the tape from the eyelid 4-0 polyglactin suture and maintain the suture in place to
use for a temporary tarsorrhaphy. Pass the suture through the eyelid margin of the lower eyelid,
through the subcuticular area inferiorly, and exiting through the epidermis. Tie the suture with
just enough pressure to close the eye.

6.4. Administer postsurgical analgesics according to institutional protocols and animal care
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authority guidelines. House the animal independently in a heated cage to recover after surgery.
Do not place bedding in the recovery cage to prevent accidental aspiration.

REPRESENTATIVE RESULTS:

Transection of the optic nerve typically results in the apoptotic loss of 80-90% of injured RGCs
within 14 days after injury. The described technique transects the optic nerve while maintaining
the optic nerve sheath integrity (Figure 1). The degree of RGC loss is comparable to traditional
optic nerve transection and optic nerve crush models with the advantage that the cut nerve ends
are effortlessly apposed after transection with the method described here (Figure 2).
Reconnecting the cut optic nerve ends in this manner enables evaluation of RGC axonal
regeneration in a transection model by providing a substrate on which axons may grow and
without the need for microsurgical manipulation to reconnect the cut nerve ends (Figure 3).
Anterograde tracing of RGC axons with cholera toxin B subunit (CTB) demonstrates that CTB
positive axons are completely transected following a sheath preserving optic nerve transection
(Figure 4). Preserving the optic nerve sheath while transecting the optic nerve also creates an
enclosed space into which investigative materials, such as neurotrophic factors or cells, can be
delivered to lesioned RGC axons and maintained in position (Figure 5). During initial phases of
training, there is an expected 60-70% success rate of total transection. With experience, the
success rate of total transection is approximately 90-95%.

FIGURE AND TABLE LEGENDS:

Figure 1: Transecting the optic nerve while preserving the optic nerve sheath. (A) Picture of the
surgical field demonstrating exposure of the intact optic nerve prior to transection. (B) Picture of
the optic nerve following transection. A fine glass pipette pierced the optic nerve sheath at the
transection site and delivered a cell suspension (turbid solution) into the space between the optic
nerve ends.

Figure 2: Retinal ganglion cell loss following an optic nerve sheath preserving optic nerve
transection. Representative whole retina flat mounts from eyes with (A) an intact optic nerve,
(B) an optic nerve sheath preserving optic nerve transection, (C) a traditional optic nerve
transection, or (D) optic nerve crush 14 days prior were immunolabeled for gamma synuclein
(SNCG). Images were obtained from a fluorescence microscope using a 10x objective, corrected
for shading, and stitched to generate a single image. The loss of retinal ganglion cell (RGC) bodies
throughout the retina was apparent in lesioned eyes. Insets show higher magnification images of
the retina and demonstrate significant loss of RGCs following optic nerve injuries. (E)
Quantification of RGC survival demonstrates significant RGC loss following optic nerve injuries
compared to control intact optic nerves. *p< 0.05 compared to intact; one-way ANOVA with post-
hoc Tukey test. n = 3 animals per group; error bars represent SD. SP-ONT, sheath-preserving optic
nerve transection; ONT, optic nerve transection; ONC, optic nerve crush. Scale bars = 1,000 pum.
Scale bars in insets = 100 pum.

Figure 3: Sections of optic nerves following optic nerve injuries. Representative images of
longitudinal section through optic nerves 14 days after (A-C) an optic nerve sheath preserving
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transection, (D-F) traditional optic nerve transection, or (G-l) optic nerve crush. (A,D,G)
Immunolabeling for glial fibrillary acidic protein (GFAP) delineates the extent of the lesion while
(B,E,H) DNA labeling with 4',6-diamidino-2-phenylindole (DAPI) demonstrates contiguous
cellularity along the length of the optic nerve and within the lesion site. (C,F,l1) Merged images
demonstrating localization of GFAP-positive neural tissue and cellularity at the lesion site. Scale
bars =200 um.

Figure 4: Section of an optic nerve following an optic nerve sheath preserving optic nerve
transection. Representative images of a longitudinal section through an optic nerve 14 days after
an optic nerve sheath preserving transection with anterograde axon tracing with an intravitreal
cholera toxin B subunit (CTB) injection. (A) Complete lesioning of CTB labeled RGC axons
extending from the globe (left) toward the brain (right) can be observed. (B) Immunolabeling for
glial fibrillary acidic protein (GFAP) delineates an extensive lesion that involves the entire
diameter of the optic nerve. (C) DNA labeling with 4',6-diamidino-2-phenylindole (DAPI)
demonstrates cellularity within the lesion site. (D) A merged image demonstrating localization of
CTB-labeled axons, GFAP-positive neural tissue, and cellularity at the lesion site. Scale bars = 200
pum.

Figure 5: Longitudinal section of a transected optic nerve that received a cell graft.
Representative images of a longitudinal section through an optic nerve 14 days after an optic
nerve sheath preserving transection and transplantation of neural stem cells (NSCs) expressing
the fluorescent protein tdTomato. (A) Immunolabeling for glial fibrillary acidic protein (GFAP)
demonstrated complete separation of the transected optic nerve ends. (B) NSCs expressing
tdTomato were contained within the space created by the described technique and continued to
survive following transplantation. (C) Grafted NSCs were directly apposed to both cut ends of the
transected optic nerve. Scale bars, 200 um.

DISCUSSION:

Surgical procedures describing the optic nerve transection model have been published
previously®. However, the techniques detailed in those protocols involve incising the meningeal
sheath to transect the optic nerve. Furthermore, in order to assess RGC axon regeneration in
previous transection models, challenging microsurgical manipulations were required to either
appose the cut optic nerve ends or a peripheral nerve graft to the proximal optic nerve stump1%13,
The protocol described here minimally disrupts the optic nerve sheath while transecting the optic
nerve and allows for evaluations of RGC axon regeneration in a transection model without the
need for technically challenging microsurgical manipulations.

Several steps are critical in this protocol. Care should be taken to avoid damaging the ophthalmic
artery and the vasculature supplying the optic nerve head. Therefore, step 5.1 should be
completed at least 1.5-2.0 mm posterior to the globe. If damage to the ophthalmic artery occurs
and disrupts the retinal blood supply, the eye should be excluded from further experiments as
phthisis is likely to follow. During steps 5.4-5.6, it is important to maintain the integrity of the
optic nerve sheath and minimize the size of the opening through which the glass pipette enters
the optic nerve. Doing so forms a tight seal around the pipette tip to reduce fluid reflux and allows
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the generation of sufficient hydrostatic pressure to transect the optic nerve. Beveling the tip of
the glass pipettes will improve the ease with which the pipette enters the optic nerve without
causing collateral damage.

There are potential modifications that operators could make to improve the accessibility of this
method. The described procedures involve minimal dissection and removal of orbital tissue with
preservation of the facial and trigeminal nerve. While this reduces morbidity and risks of
bleeding, tissues such as orbital fat and the lacrimal gland may limit visualization of crucial
structures. Careful removal of tissue obstructing the surgical field may be necessary to enhance
visualization, especially in older animals. A lateral approach could also be used to improve access
to the optic nerve. However, a lateral dissection risks damage to additional structures including
the trigeminal nerve, is more involved, and may present its own challenges to directing
instrumentation for injections.

A possible limitation of this method is the inability to directly manipulate the optic nerve and
completely visualize the entire transection. Therefore, there is the possibility of an incomplete
transection. However, we have observed that visual confirmation of the nerve ends separating
during step 5.8 is a reliable indicator of a successful and complete transection. Should the nerve
ends fail to separate, repositioning the injection pipette or increasing the pressure of the
injection by 50% should provide sufficient force to completely transect the nerve.

With respect to existing methods, this approach preserves the integrity of the optic nerve sheath.
In maintaining the integrity of the optic nerve sheath, the ends of the transected optic nerve are
not exposed to the orbital environment and peripheral immune system, thereby limiting
exposure to immune factors that could potentially influence RGC responses. Additionally,
preserving the integrity of the optic nerve sheath while transecting the optic nerve creates an
enclosed physical space bounded by the optic nerve ends and the optic nerve sheath. Localized
delivery of neurotrophic factors, cells, or polymers to the axonal compartment of the injured
RGCs can be achieved by injecting into the newly formed space.'* Alternatively, RGC axon
regeneration can be evaluated in a transection model by allowing the transected optic nerve ends
to anastomose without the need for challenging microsurgical techniques.

Applications of this method include the evaluation of the injured RGC axonal compartment with
axon-specific interventions to identify pathways responsible for axonal degeneration and prevent
axonal loss following a transection injury. Furthermore, this method makes studies of RGC axonal
regeneration in a transection model accessible to the broader research community by removing
the need for technically difficult optic nerve anastomoses procedures. Interventions aiming to
promote RGC axon regeneration could be evaluated with this severe injury model and provide
consistent and reproducible results without the concern for spared axons.
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Table of Materials

Name of Material/ Equipment
4-0 Polyglactin suture
9-0 Polypropylene suture

Acepromazine

Ampicillin
Anesthesia System

Animal incubator

Banamine

Borosilicate glass capillaries
Colibri forceps

Dumont #5/45 forceps

Heat therapy pump
Isoflurane

Johns Hopkins Bulldog Clamp

Ketamine
Microinjection system
(Picospritzer Il)
Microliter syringe 5 pL

Micropipette puller
Neomycin/Polymyxin B
sulfates/Bacitracin Zinc
Ophthalmic Ointment

Company
Ethicon
Ethicon

Butler

Sandoz
VetEquip
Precision
Incubators

Schering-Plough
World Precision
Instruments
Katena

Fine Science
Tools

Kent Scientific
Covetrus

Roboz

Putney
General Valve,
Inc

Hamilton
Sutter
Instrument Co.

Bausch + Lomb

Click here to access/download;Table of Materials;JoVE_Materials.xls

Catalog Number Comments/Description

J315H
1754G

0.5-4 mg/kg

Stock Concentration: 10 mg/mL
003845 Final Concentration: 0.25 mg/mL

80-100 mg/kg
0781-3404-85 Final Concentration: 50 mg/mL
901806

Chick Chalet Il

2.5-5 mg/kg

Stock Concentration: 50 mg/mL
0061-0851-03 Final Concentration: 0.5 mg/mL

1B150F-4
K5-1500

11251-35
HTP-1500
29404
RS-7440
40-80 mg/kg
Stock Concentration: 100 mg/mL
26637-411-01 Final Concentration: 25 mg/mL

88000
Model P-77 Brown-
Flaming

*


https://www.editorialmanager.com/jove/download.aspx?id=1233391&guid=b77b22c4-4531-45f9-9d89-f640bb780394&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1233391&guid=b77b22c4-4531-45f9-9d89-f640bb780394&scheme=1

PBS
Povidone-iodine

Proparacaine hydrochloride 0.5%
Ringers
Stereotaxic Frame

Surgical Microscope

Vannas scissors

Xylazine

Millipore
Healthpets

Bausch + Lomb
Abbott

Kopf

Zeiss

Fine Science
Tools

Lloyd

BSS-1005-B
BET160Z

04860-04-10

91500-09

0410

2-3 mL/injection

2.5-8 mg/kg
Stock Concentration: 100 mg/mL
Final Concentration: 5.8 mg/mL
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This manuscript has not been published and has never been under consideration for publication
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Editorial Comments

Author Comments

Manuscript Changes

® Please list a minimum of 6
keywords/phrases.

Additional key words included.

“Optic nerve sheath, optic nerve,
transection, axotomy, retinal
ganglion cell, axon regeneration”

Commercial Language: JOVE is
unable to publish manuscripts
containing commercial sounding
language, including trademark or
registered trademark symbols
(TM/R) and the mention of
company brand names before an
instrument or reagent. Examples of
commercial sounding language in
your manuscript are betadine,
Vicryl, Prolene, Hamilton,
Picospritzer, etc.

Commercial language replaced.

Table of Materials: Please sort in
alphabetical order.

Table of Materials sorted in
alphabetical order

See Table of Materials

o If your figures and tables are
original and not published
previously or you have already
obtained figure permissions, please
ignore this comment. If you are re-
using figures from a previous
publication, you must obtain
explicit permission to re-use the
figure from the previous publisher
(this can be in the form of a letter
from an editor or a link to the
editorial policies that allows you to
re-publish the figure). Please
upload the text of the re-print
permission (may be copied and
pasted from an email/website) as a
Word document to the Editorial
Manager site in the "Supplemental
files (as requested by JoVE)"
section. Please also cite the figure
appropriately in the figure legend,
i.e. "This figure has been modified
from [citation]."

All figures are original and not
previously published.

Reviewer #1 Comments

Author Comments

Manuscript Changes

1.2 | would make some specific
recommendations for sterilization,
since any undesirable agents will
negate the methods advantages.

Good suggestion.

Line 127-130

“Clean surgical instruments
thoroughly with water and
detergent or enzymatic products to
remove foreign materials and
sterilize by steam or flash
sterilization. Aliquot liquids into
sterile containers in a tissue culture
hood. Sterilize the microliter

L]
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syringe by flushing it with 70%
ethanol and rinsing it with sterile
phosphate buffered saline (PBS).”

3.6. 1 am having problems
visualizing the placement of the
the suture loops around the globe
to give exposure: is this superior
exposure? if so, is the prolene
suture being passed through the
superior limbus itself with a
needle, to enable the globe to be
dragged downwards?

We have elaborated on placement
of the suture loop. This is a
superior exposure. The prolene

suture is not passed through tissue.

Following the superior peritomy,
the suture loop is placed parallel to
the superior limbus with the free
ends below the globe. A rim of
residual tissue remaining along the
superior limbus after the peritomy
is sufficient to provide traction on
the suture loop while the weight of
the clamp provides a downward
force.

Line 172-177

“Apply slight inferior traction to the
globe by placing a looped
polypropylene suture along the
superior limbus with the free ends
below the globe. Residual tissue
along the superior limbus following
the peritomy is sufficient to
provide traction on the suture loop
without needing to pass the suture
through the sclera or limbus.
Secure the ends of the loop with a
bulldog clamp and allow the clamp
to dangle freely in midair. The
weight of the clamp will apply
inferior traction on the globe and
expose more of the retroorbital
space.”

5.2-5.3. I assume this is a 1-5ul
pulled glass pipette. What is the
external diameter required to
enable OS penetration?

An external diameter of 20-30 um
provides sufficient rigidity to
penetrate the optic sheath.

Line 215-218

“Under the surgical scope, use a
pair of #55 forceps to break and
bevel the pipette tip to a size (~20-
30 um diameter) capable of
delivering a small volume but large
enough to provide sufficient
rigidity to penetrate the optic
nerve sheath.”

5.6. How do you know the pipet tip
is at the 200um depth? can this be
marked or measured somehow
(micrometer), or is it simply
experience?

The stereotaxic micromanipulator
has a 10 um resolution. Knowing
the initial position at which the
pipet tip contacts the optic nerve,
it is possible to measure the 200
pm depth.

Line 222-223

“Note the vertical position of the
pipette on the micromanipulator to
later determine a depth of 200

”

pum.

Line 231-233

“Upon entry into the optic nerve
with the pipette tip, retract the
pipette if necessary. The position of
the pipette tip, as indicated by the
stereotaxic micromanipulator,
should be 200 um below the
surface of the optic nerve from the
initial position noted in Step 5.4.”

6.2. Please include the point where
ophthalmic topical antibiotic
ointment is applied.

Thank you for noting the omission.

Line 254-255
“Apply ophthalmic topical
antibiotic ointment to the eye.”

What is the success rate in the
initial phase of training, and
ultimately with experience, and

Success rates of total transection
included in Representative Results.

Line 280-282

“During initial phases of training,
there is an expected 60-70%
success rate of total transection.




what is the relative % of total
transections by this method?

With experience, the success rate
of total transection is
approximately 90-95%.”

Reviewer #2 Comments

Author Comments

Manuscript Changes

1. Title: Whether the new model
could be named as "Sheath-
Preserving Optic Nerve
Transection" should be seriously
considered since the high number
of RGC loss is not the criteria to
define optic nerve transection.
Besides, theoretically, the
combined procedures of optic
nerve crush and hydrostatic
pressure application does not
actually transect the optic nerve.

The criteria used to define the
method as an optic nerve
transection was not based on the
number of RGC loss but rather on
the physical transection of the
optic nerve. The optic nerve crush
in and of itself does not transect
the optic nerve but focally weakens
the integrity of the tissue. The
weakness is the path of least
resistance for injected fluid and
exploited to transect the optic
nerve.

2. Section 5.2: The authors are
recommended to specify the
minimum and maximum volume of
saline could be injected to the
crushed optic nerve for the
hydrostatic pressure generation.
The authors should also indicate
whether different volumes of
saline injection would induce
different degrees of RGC loss.

Great suggestion.

Line 239-243

“NOTE: An injected volume of 250-
500 nL is generally sufficient to
provide the force necessary to
transect the optic nerve. Injections
requiring more than 1 pL may
indicate a need to reposition the
injection site. Larger volumes
injected into the intact
parenchyma may not cause
additional RGC damage given the
method completely transects the
optic nerve but is more likely to
track along the fascicles of the
optic nerve.”

3. The authors should also provide
the indicators/evaluation methods
to guide the audiences to assess
whether the induction would be
successful. What signs could be
noted if the combined procedures
of optic nerve crush and
hydrostatic pressure application
fails.

Signs of procedural failure
emphasized in Protocol and
Discussion.

Line 244-246

“NOTE: Failure to observe a linear
transection of the optic nerve
despite injection of a sufficient
fluid volume likely indicates
mispositioning of the pipette at the
crush site and a need for
repositioning.”

Line 371-373

“Should the nerve ends fail to
separate, repositioning the
injection pipette or increasing the
pressure of the injection by 50%
should provide sufficient force to
completely transect the nerve.”

4. Refer to Point 3, the authors
should provide the successful rate

Success rates of total transection
included in Representative Results.

Line 280-282
“During initial phases of training,
there is an expected 60-70%




of their induction methods in the
Results section.

success rate of total transection.
With experience, the success rate
of total transection is
approximately 90-95%. A 50%
increase in injection pressure may
also be necessary.”

5. The authors should compare and
discuss the degree of RGC loss and
the successful induction rate with
optic nerve crush and optic nerve
transection alone.

Quantification of RGC loss included
in Representative Results.

See modified Figure 2.

6. The cross-sectional images of
crushed optic nerve and transected
optic nerve with staining should be
provided for comparison.

Good suggestion.

See new Figure 3.

Reviewer #3 Comments

Author Comments

Manuscript Changes

The model described here is fine
and may be used as a crush model.
However, to use this to replace a
transection model might be a bit
more problematic. This is because
transection injuries represent
penetrating injuries where the
meningeal sheath will also be
compromised.

We agree with the reviewer that
transection injuries are likely to
also compromise the meningeal
sheath and expose the optic nerve
to peripheral elements that are
normally separated by an intact
blood-brain barrier. However, the
advantages of this model are that it
allows for experiments to focus on
the optic nerve response to a
transection and to determine the
contribution of peripheral
responses to axon regeneration
studies following a transection.
Additionally, the model does not
require challenging microsurgical
techniques, making a transection
model more accessible to labs
without this capability.

As mentioned by the authors, a
potential limitation of this method
is the inability to visualize the
complete transection, a potential
source of variability.

The inability to visualize the
complete transection because of
the intact optic nerve sheath is a
potential source of variability and
dependent on the completeness of
the optic nerve crush. However,
with experience, the success rate
of a complete transection is 90-
95%.

Line 280-282

“During initial phases of training,
there is an expected 60-70%
success rate of total transection.
With experience, the success rate
of total transection is
approximately 90-95%.”

As for statement: 'However, visual
cues during the procedure are
indicative of a transected nerve'.
What are these visual cues that can
be used to determine a complete
transection?

Additional details regarding the
visual cues and success rates of
complete transection provided.

Line 56-58

“However, visual confirmation that
the visible portion of the optic
nerve has been transected is
indicative of a complete optic
nerve transection with 90-95%
success.”




Reviewer #4 Comments

Author Comments

Manuscript Changes

I am concerned whether the gap
between the axonal stumps in Figd
would actually allow regeneration
studies. Authors should address
whether the gap is a punctual
effect due cell graft or an
experimental issue.

The gap observed in Fig. 5is a
function of the cell graft. Gross
dissection of optic nerves that have
undergone this transection method
demonstrate that the transected
nerve stumps are reapposed
without any physical gap.
Additionally, DAPI staining of cell
nuclei in Fig. 3 demonstrates a
number of cells occupying the
“gap” seen with GFAP staining.
Cellularity within the lesion site
emphasized in Fig. 3 caption.
Additionally, CTB tracing of axons
in Fig. 4 demonstrates CTB
immunoreactivity within the lesion
site.

Line 309-312

“(A, D, G) Immunolabelling for glial
fibrillary acidic protein (GFAP)
delineates an extensive lesion that
involves the entire diameter of the
optic nerve while (B, E, H) DNA
labelling with 4',6-diamidino-2-
phenylindole (DAPI) demonstrates
contiguous cellularity along the
length of the optic nerve and
within the lesion site.”

The authors should consider Quantification of RGC loss included | See Figure 2.
providing quantified information in Representative Results.

regarding the extension of the

injury and RGC loss.

In lines 252-254 a few words are Thank you for the correction. Line 269-270

probably missing

“The described technique transects
the optic nerve while maintaining
the optic nerve sheath integrity
(Figure 1).”




