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Zebrafish (Danio rerio) embryos have proven to be a powerful model for studying a
variety of developmental and disease processes. External development and optical
transparency make these embryos especially amenable to microscopy, and numerous
transgenic lines that label specific cell types with fluorescent proteins are available,
making the zebrafish embryo an ideal system for visualizing the interaction of vascular,
hematopoietic, and other cell types during injury and repair in vivo. Forward and
reverse genetics in zebrafish is well developed, and pharmacological manipulation is
possible. We describe a mechanical vascular injury model using micromanipulation
techniques that exploits several of these features to study responses to vascular injury
including hemostasis and blood vessel repair. Using a combination of video and
timelapse microscopy, we demonstrate that this method of vascular injury results in
measurable and reproducible responses during hemostasis and wound repair. This
method provides a system for studying vascular injury and repair in detail in a whole
animal model.
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Cover Letter

Dear Editors,

Please consider the attached manuscript “Mechanical vessel injury in zebrafish embryos,” for publication
in your journal with an accompanying video. This manuscript details how to perform a mechanical injury
on zebrafish embryos resulting in vascular breach, thrombus formation, and subsequent vascular repair.
We provide evidence that these processes follow a reproducible pattern and can be measured, and
demonstrate that mechanical vessel injury provides a novel platform for studying and visualizing vessel
injury and repair in a whole animal model. We believe this technique is well suited to a video journal
format as the micromanipulation involved in generating the injury is most easily replicated if the
procedure can be visualized. This manuscript should be of interest for researchers studying injury, wound
healing, and cellular processes associated with hemostasis and repair.
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SHORT ABSTRACT:

This article describes a method for creating a mechanical vessel injury in zebrafish
embryos. This injury model provides a platform for studying hemostasis, injury-related
inflammation, and wound healing in an organism ideally suited for real-time microscopy.

LONG ABSTRACT:

Zebrafish (Danio rerio) embryos have proven to be a powerful model for studying a
variety of developmental and disease processes. External development and optical
transparency make these embryos especially amenable to microscopy, and numerous
transgenic lines that label specific cell types with fluorescent proteins are available,
making the zebrafish embryo an ideal system for visualizing the interaction of vascular,
hematopoietic, and other cell types during injury and repair in vivo. Forward and
reverse genetics in zebrafish are well developed, and pharmacological manipulation is
possible. We describe a mechanical vascular injury model using micromanipulation
techniques that exploits several of these features to study responses to vascular injury
including hemostasis and blood vessel repair. Using a combination of video and
timelapse microscopy, we demonstrate that this method of vascular injury results in
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measurable and reproducible responses during hemostasis and wound repair. This
method provides a system for studying vascular injury and repair in detail in a whole
animal model.

INTRODUCTION:

Zebrafish have been used extensively to study a variety of topics in vascular biology,
including vascular development, angiogenesis, and hematopoietic development and
pathology'. Embryos develop a functional circulation as well as leukocytes and other
components of the innate immune system by 1 day post fertilization (dpf) “*°. The
conservation of the inflammatory and leukocyte response to injury has made the
zebrafish embryo an informative model for such diverse inflammatory processes as
tuberculous infection, enterocolitis, and tissue regeneration®®. Zebrafish embryos have
been used to study injury-related inflammation particularly in the context of epithelial
wounding and the neutrophil response®®!’. Injury to the embryo results in a highly
conserved cellular response from cells at the injury site and the innate immune cells
recruited to respond to the injury and regulate its resolution>*2. Other injury models
have used focused laser pulses to spatially localize injury to specific cell types including
neurons, muscle cells, and cardiomyocytes'*™*°.

Zebrafish embryos have been used as a model to study hemostasis and thrombosis in
conditions of pharmacological and genetic manipulation, using both mechanical and
laser-induced thrombus formation'®*®. Components of the coagulation cascade appear
to be well-conserved and transgenics have allowed for detailed studies of thrombocyte
and fibrin deposition at the site of coagulation*’?*?!, The procedure presented in this
paper complements these methods by providing a system for studying mechanical
vessel injury resulting in vessel breach, thrombus formation and resolution, and vessel
repair.

PROTOCOL:

Procedures using zebrafish were approved by UCSF's Institutional Animal Care and
Use Committee.

1. Preparation of tools

1.1. Insert minutia pin into a pin holder and clamp the pin.

1.2. Using fine tip forceps, carefully bend the tip of the pin to create a slight hook.

1.3. For manipulation and stabilization of the embryo during injury, bend the end of a 28
guage ¥z inch needle mounted on an insulin syringe using needle-nose pliers.

2. Preparation of zebrafish embryos for injury

2.1. Set up zebrafish breeding pairs and collect eggs in egg water (60ug/mL aquarium
salts) as shown previously®.



2.2. Add 0.003% N-Phenylthiourea (PTU) to the egg water when the embryos are
approximately 8 hours post fertilization (hpf) to prevent melanization.

2.3. Dechorionate two day post fertilization (dpf) embryos prior to the experiment using
fine tip forceps. Note: Embryos can be injured anytime after circulation begins. The data
presented here is for 2 dpf embryos, but the technique has been successfully applied in
embryos up to 5 dpf.

2.4. Anesthetize the embryos with 0.02% buffered 3-aminobenzoic acid (Tricaine)
approximately 10 min prior to manipulations.

3. Mechanical vessel injury of embryos

3.1. Transfer anesthetized embryos to a depression slide on a dissecting
stereomicroscope using a transfer pipet.

3.2. Using the short flat side of the syringe needle to manipulate the embryo with the
dominant hand, position the embryo on its side with the ventral surface facing away
from the needle.

3.3. Position the minutia pin with the tip pointed directly against the ventral surface of
the fish posterior to the urogenital opening. Position the minutia pin at a slight angle
such that the curved tip is able to pierce through the periderm directly into the caudal
vein (Figure 1).

3.4. Using the syringe needle to manipulate the embryo, pierce the caudal vein with the
minutia pin by tapping the embryo into the pin to slightly hook the pin into the vein.

3.5. Using the syringe needle, pull the embryo away from the minutia pin to create a
small tear in the vessel. Note: A successful injury will result in immediate bleeding from
the vein.

4. Analysis of hemostasis

4.1. Choose only embryos with visibly circulating blood cells for this procedure.

4.2. Prepare to begin the timer as soon as the minutia pin is pulled from the vessel.

4.3. Start the timer as soon as blood loss can be visualized from the wound. When
blood loss from the wound ceases, stop the timer and record total time as Bleeding
Time. If coagulation is inhibited, record the time to when there are no longer visibly
circulating blood cells.

5. Analysis of wound healing

5.1. Transfer post-injury animals onto glass-bottom imaging dishes for microscopy.



5.2. Remove the majority of the egg water.

5.3. Cover the embryos in 0.3-1.2% low melting agarose dissolved in egg water, heated
to 42 °C and supplemented with 0.02% Tricaine.

5.4. Position embryos on their sides using forceps.

5.5. After the agarose cools, fill the dish with 0.02% Tricaine in egg water.

5.6. Acquire images using brightfield, epifluorescence, or confocal microscopy.

5.7. Remove embryo from the agarose using forceps and transfer back to egg water.

REPRESENTATIVE RESULTS:

Mechanical vessel injury was performed on 2 dpf embryos (Figure2A-C). Injury results
in a rapid and reliable coagulation response as measured by time to cessation of
bleeding (Figure 2D). To determine whether or not differences in the coagulation
response could be measured, the anticoagulant hirudin was administered to the
embryos by injection into the Duct of Cuvier immediately prior to wounding (5-10 nL of 1
unit per uL hirudin dissolved in water)(for demonstration of injections into the Duct of
Cuvier, see previous JoVE article?®)?*. The administration of hirudin prior to injury
resulted in significantly increased bleeding times versus vehicle control (Figure 2D).

Evidence of vessel damage and coagulation can be seen immediately post-injury using
transgenic lines for endothelial (kdrl:egfp) and red blood cell (gatala:dsred)
markers®>%. Images were acquired sequentially every 5 minutes for a 12 hour period
using epifluorescence. Representative still images are shown throughout different
stages of wound repair (Figure 3). Using a combination of differential interference
contrast (DIC) and fluorescence microscopy, it is possible to measure distinct
parameters of wound repair. In order to determine whether or not wound repair followed
a reproducible pattern across experiments, the time to reestablished blood flow was
measured in 4 groups of fish. Vessel injury resulted in a reliable stereotypical response
of 253 + 16 minutes to the reestablishment of blood flow through the wounded vessel (n
= 4-5 fish per experiment, average + SEM).

FIGURE LEGENDS:
Figure 1: Diagram of 2 dpf embryo showing placement of minutia pin for performing
mechanical injury of the caudal vein (CV). Vascular compartment is shaded in grey.

Figure 2: Bleeding times can be visually measured after mechanical injury. Stills from
real-time video of zebrafish vessel injury on 2 dpf embryos. Images are shown at the
time of injury (A), during active blood loss from the wound (B), and after cessation of
blood loss (C). All times indicated are in seconds. Embryos are oriented laterally with
anterior at top and ventral surface facing to the left. Scale bar 100 um. Administration of



the anticoagulant hirudin led to significantly increased bleeding times versus vehicle
control (D) (p<0.0001, Student’s t-test).

Figure 3: Visualizing mechanical injury and repair using transgenic markers. Stills from
timelapse DIC and fluorescence microscopy after vessel injury using markers for
vascular endothelium (kdrl:egfp) and red blood cells (gatala:dsred) in 2 dpf embryos.
Images showed a gap in vessels and local red blood cell accumulation (t = 25), partial
repair with re-established blood flow (t = 210), and apparently complete restoration of
normal vessel structure (t = 615). Time is indicated in minutes. Embryos are oriented
laterally with anterior at top and ventral surface facing to the left. * indicates the position
of the dorsal aorta. The injury (arrowhead) disrupted the caudal vein and part of the
caudal plexus. Scale bar 25 um.

DISCUSSION:

Zebrafish have been used successfully as a model for different types of wounds
including laser injury***®, laser-induced thrombosis®®, and epithelial wounding™®. We
report a method of mechanical wounding that is simple to execute and produces a
controlled injury in an in vivo model that is highly amenable to real-time microscopy.
Injury results in a rapid and measurable hemostatic response and a reproducible wound
repair program that can be monitored using video and timelapse microscopy.

Their simple and stereotyped vascular anatomy, which permits reproducible injury at a
defined and microscopically accessible site, and the presence of most vascular and
hematopoietic cell types make zebrafish embryos particularly useful for studying
responses to injury. However, zebrafish embryos do not have functional lymphocytes
during the first weeks of development™®, making this system most appropriate for
studying the contribution of innate immunity in inflammation and repair. At present, a
wide variety of transgenic zebrafish exist with markers for cells and proteins that
participate in thrombus formation, coagulation, inflammation, and wound repair,
including lines that label thrombocytes, fibrinogen, erythrocytes, leukocytes and
vascular endothelium®’?*?>3! These and other tools should make it possible to follow
processes involved in hemostasis and repair in significant detail.

Mechanical injury complements laser injury for the study of hemostasis in zebrafish.
While laser-induced injury has been used for years to trigger thrombus formation in
zebrafish embryos and mouse models, the mechanisms by which laser injury triggers
coagulation and thrombocyte/platelet activation are not fully known®*2. Mechanical
injury provides a physiologically relevant method for inducing coagulation by vascular
breach and, presumably, tissue-factor-dependent initiation of coagulation cascade. The
finding that hirudin treatment significantly increased bleeding times after injury suggests
that this model is thrombin-dependent. Mechanical injury additionally complements laser
injury by providing sufficient disruption of a blood vessel to provide an opportunity to
follow vessel repair. Previous studies have successfully used mechanical injury by
scalpel incision and needle puncture to show differences in bleeding times in conditions
of pharmacological and genetic manipulation ***3. The minutia pin injury used in the
current model may complement other injury models by providing a more reproducible



injury due to the small and defined size of the wound it produces and by providing an
opportunity to better study vessel recanalization and repair.

Epithelial wounding in the zebrafish has proven to be a powerful model for studying
inflammation and wound repair'®. The ability to introduce a vascular injury provides an
opportunity to assess repair of more complex wounds in settings where fibrin provides a
provisional matrix, thrombi and debris are cleared, and vessels regenerate. As these
processes participate in normal tissue repair and in acute and chronic inflammation and
vascular pathology, this method should help to model aspects of human disease in a
system where cellular behaviors can be monitored in real time in a whole animal model.
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Excel Spreadsheet- Table of Materials/Equipment
Click here to download Excel Spreadsheet- Table of Materials/Equipment: Clay Materials.xls

Name of Material/ Equipment Company Catalog Number
Minutia Pins Fine Science Tools 26002-10
Pin Holder Fine Science Tools 26016-12
Dumont #5 Fine Tip Forceps Fine Science Tools 11254-20
Glass Depression Slide Aquatic Eco-Systems M30
Low Melting Agarose Lonza 50081
N-Phenylthiourea (PTU) Sigma Aldrich P7629
3-aminobenzoic acid (Tricaine) Sigma Aldrich E10521
Hirudin Sigma Aldrich H7016
Glass bottom imaging dishes Mattek P35G-1.5-14-C
Dissecting microscope Olympus SZH10
Fluorescence microscope Zeiss Axio Observer
Aquarium salts Instant Ocean

Insulin syringe with 28G1/2 needle Becton Dickinson 329461
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Comments/Description
Tip diameter 0.0125 mm, rod diameter 0.1 mm

Preheated to 42° C
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement ‘and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoOVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JOVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Response to reviewers

Reviewer #1:

The authors present a description of mechanical vascular injury in zebrafish embryos and larvae for the
purpose of studying hemostasis and wound healing. They demonstrate reproducible results, and this
should be useful information for the scientific community.

Major points:
1) "Note: Embryos can be injured anytime after circulation begins." Up to what ages have been tested?
Avre there any differences in the results (e.g. at 24, 48, 72 or 96 hours)?

We have added a sentence into the methods saying that the technique has been applied to animals up to 5
dpf, but we have not done extensive characterization of these later stages.

2) The following questions/issues are likely to be more clear with the video, but are not clear in the text:
a. What does "tapping the embryo into the pin" mean?

b. "Using the tuberculin syringe, pull the embryo away from the minutia pin..." In the pictures it appears
that the syringe needle is being used to provide pressure to support the embryo while inserting the pin. It
is not clear how one can use it to pull the embryo.

This will hopefully become apparent in the video.

c. "Choose only embryos with robust circulation for this procedure.” Please be more specific.

This has been changed to “Choose only embryos with visibly circulating blood cells for this procedure.”

d. "record the time to exsanguination, or when there are no longer visibly circulating blood cells.” This
statement is not completely clear. Are these two different observations or the same observation stated in
two different ways?

This has been changed to “record the time to when there are no longer visibly circulating blood cells”

e. It is difficult to appreciate the bleeding in Figs. 2B, C. An improvement would be to do this with the
transgenic lines as in figure 3.

Because the red blood cells lyse almost immediately after entry into the fish water, this is unfortunately
not possible. It might be possible to see the fluorescence briefly if the injury were performed under
fluorescence and not brightfield, but | do not think | can perform the injury in those conditions.

3) There should be a description and demonstration of Duct of Cuvier injection unless there is another
JoVE video that can be referenced for this.

| have included a reference to a JOVE video, and | have pointed out in the text that it is a JOVE article.
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4) "...Duct of Cuvier immediately prior to wounding (5-10 nL of 1 unit per uL hirudin dissolved in
water)(Figure 2A)." Fig. 2A seems to be the incorrect reference here.

This has been corrected.

5) It would be easier to appreciate Fig. 3 if the middle two columns were pseudo-colored in green and red
respectively.

The human eye can pick up more contrast from monochrome than pseudo-colored images and thus having
the images displayed in monochrome allows for more accurate representation of the data.

Minor points:
1) Detailed information should be provided for the syringe needle size.

This has been added.

2) "Using the tuberculin syringe to manipulate the embryo..." Technically it is not the syringe that is
being used to manipulate the embryos, it is the needle attached at the end.

This has been changed throughout the methods.

3) "Time bleeding..." is not proper grammar.

This has been changed to “Start the timer as soon as blood loss can be visualized from the wound.”

4) Define egg water.

The text has been changed to read “aguarium salts” rather than the brand name.

Reviewer #2:

Hilary and Coughlin are describing a method of mechanical injury of the zebrafish larvae to study blood
clotting. The technical aspects and experimental details of the paper are very well presented. The authors
portray the information in an elegant manner such that the experiment detailed in this paper would be
easily reproducible in any laboratory. Thus, this mechanical injury should certainly be useful to those
interested in creating wounds in zebrafish. Unfortunately, this method of combining mechanical injury
with time lapse photography has previously been reported for use in zebrafish larvae, particularly for
hemostasis studies. This reviewer found the following references by searching PubMed:

1. Jagadeeswaran and Liu (1997) A hemophilia model in zebrafish: analysis of hemostasis., Blood Cells,
Molecules, and Diseases.

2. Bielczyk-Maczynska, et al. (2014) A Loss of Function Screen of Identified Genome-Wide Association
Study Loci Reveals New Genes Controlling Hematopoiesis., PL0S genetics.



In light of the above cited mechanical injury model, it is not appropriate to describe this method without
referencing the existing mechanical injury model. However, this reviewer recognizes that such a detailed
description may be useful to the hemostasis community and encourages the authors to discuss these
previous publications and present the material in such a way that the differences of this method compared
to those previously published becomes apparent.

We thank the reviewer. The last paragraph of the introduction has been changed to include the citations.
We have included a discussion of the different published mechanical injuries in the last paragraph of the
discussion.

Furthermore, the variation inherent to needle induced injury makes this mechanical method less attractive
than laser injury methods.

We believe the laser and mechanical models are complementary. Mechanical injury is likely a more
physiological trigger of tissue damage and hemorrhage than laser injury, and laser injury does not allow
for the study of vessel recanalization. We now discuss this in the last paragraph of the revised

manuscript.

If this method were to be standardized (e.g. by mechanization), then it would be more useful than
previously described methods. In summary, as it stands, with the exception of the use of GFP lines and
the associated fluorescence images, the methodological contributions of this paper have unfortunately
already been published.

Editorial Comment: Novelty is not a requirement for publication of a method in JOVE. However we ask
that you carefully consider the references and points presented by this reviewer and include additional
information as appropriate in your revised manuscript.



