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Abstract

Use of the zebrafish model system for studying development, regeneration, and disease is expanding toward use of adult hearts for cell
dissociation and purification of RNA, DNA, and proteins. All of these applications demand the rapid recovery of significant numbers of zebrafish
hearts to avoid gene regulatory, metabolic, and other changes that begin after death. Adult zebrafish hearts are also required for studying heart
structure for a variety of mutants and for studying heart regeneration. However, the traditional zebrafish heart dissection is slow and difficult and
requires specialized tools, making large-scale dissection of adult zebrafish hearts tedious. Traditional methods also harbor the risk of damaging
the heart during the dissection. Here, we describe a method for dissection of adult zebrafish hearts that is fast, reproducible, and preserves
heart architecture. Furthermore, this method does not require specialized tools, is painless for the zebrafish, can be performed on fresh or fixed
specimens, and can be performed on zebrafish as young as one month old. The approach described expands the use of adult zebrafish for
cardiovascular research.

Video Link

The video component of this article can be found at http://www.jove.com/video/52248/

Introduction

Zebrafish are an excellent model for studying heart development and human disease1,2. Specific advantages include the translucent nature of
zebrafish embryos, the availability of many genetic mutants and transgenic reporter lines, and the availability of genome editing technologies. In
addition to their advantages for studying early heart development, zebrafish are an ideal system for studying vertebrate heart regeneration3.

More recently, adult zebrafish are playing an important part in bioinformatics approaches to studying cardiovascular development and disease,
due to their relatively large clutch size and relatively quick and inexpensive breeding compared to other vertebrate models. Promising techniques
include ribosome profiling, RNA-Seq, and cell dissociation and FACS sorting4-7. However, for these techniques the quality of the data can depend
on obtaining a large number of samples in a rapid, efficient, and reproducible manner, before gene regulatory, metabolic, transcriptional, and
other changes occur.

Dissection of adult zebrafish organs has been described in the past8,9. However, previous approaches to dissection of the heart were slow, ran
the risk of damaging the heart during dissection, required special tools, and/or required fixation of the zebrafish prior to dissection; for these
reasons, past approaches to zebrafish adult heart dissection were not optimized for high-throughput applications and/or applications requiring
fresh tissue.

Here, we describe a method for adult zebrafish heart dissection that is simple, fast, efficient, and reproducible, while preserving cardiac
morphology. This method does not include cutting into the pericardial space and therefore does not risk damaging the heart during dissection.
Instead, this method relies on anatomical landmarks of the zebrafish, and therefore, it is highly reproducible. This dissection method is also
versatile in that it can be used on fresh or fixed fish, and on zebrafish as young as one month old. Finally, this method results in minimal suffering
to the zebrafish because after anesthesia and/or rapid cooling, the fish is additionally decapitated and pithed in the course of the dissection
procedure.

Protocol

NOTE: Always be sure that IACUC or ethics committee approval is in place before beginning any experimental procedure using zebrafish.
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1. Prepare reagents and setup

1. Prepare the following solutions. Find the recipes for all of these solutions in standard zebrafish manuals10.
• 500 ml of Egg Water
• 200 ml of 0.03% Tricaine in Egg Water
• 100 ml of 1x Phosphate-Buffered Saline (PBS)
• RBC Lysis Buffer (optional)
• Destination buffer of choice (fixative, Trizol, PBS, etc.) in a 1.5 ml microfuge tube on ice

 

NOTE: Fixative and Trizol are toxic if they come into contact with skin. Wear gloves when handling these substances.

2. Prepare dissection setup:
1. Position the gooseneck light source over the dissecting microscope. Place the lid of a 9 cm Petri dish on the dissecting microscope

stage, and pour a thin layer of 1x PBS into it (the lid is used because the dish itself is too deep for an easy dissection).
2. Place the Petri dish itself (not the lid) on the countertop near the dissecting scope and pour approximately 15 ml of 1x PBS in it. Use

this to wash the heart after dissection. Alternatively, use RBC Lysis Buffer.
3. Place razor blade, two pairs of forceps, microscissors (optional), and a transfer pipette beside the microscope. Obtain a container of ice

if euthanasia by rapid cooling is chosen.
4. Pour 200 ml of 0.03% Tricaine in Egg Water into a 250 ml glass beaker if euthanasia by Tricaine is chosen. Prepare a small biohazard

bag for disposal of zebrafish carcasses.

2. Prepare Zebrafish

1. For fixed fish, bring fixed fish, rinsed in PBS, to the microscope setup.
1. Euthanize the whole adult zebrafish by rapid cooling with ice for >10 min.
2. Use forceps to make a hole in the skin over the peritoneum (away from the heart) to aid penetration of fixative, and then put them in 4%

paraformaldehyde in Fix Buffer10 for 2 hr at RT or O/N at 4 °C.

2. Alternatively, for fresh fish, place fish to be euthanized in a small holding tank and bring to the microscope setup. Depending on the individual
facility’s fish protocol and the downstream uses for the dissected fish hearts, anesthetize fish with Tricaine or euthanize by rapid cooling
before decapitation.

1. To use ice, pick up one fish with the fish net and place in ice water until the fish stops moving, approximately 5 min.
2. Alternatively, to use Tricaine, pick up one fish with the fish net and place in the beaker of the solution until gill movements stop.

3. Quickly pick up the euthanized fish by its tail fin and lay it on its side in the Petri dish cover that was filled with 1x PBS. Use the forceps to
lift a pectoral fin with one hand, while using the razor blade to decapitate the fish with the other hand, just posterior to the attachment of the
pectoral fin (Figure 1A). Perform this step either by looking through the microscope or by just directly visualizing the fish on the microscope
stage.
 

NOTE: Freshly euthanized fish will still bleed after decapitation.

http://www.jove.com
http://www.jove.com
http://www.jove.com


Journal of Visualized Experiments www.jove.com

Copyright © 2014  Journal of Visualized Experiments December 2014 |  94  | e52248 | Page 3 of 5

 

Figure 1. Zebrafish adult heart dissection utilizes zebrafish anatomical landmarks. (A) To decapitate the fish, lift the pectoral fin with a
forceps and use a sharp clean razor blade along the red dotted line as shown. (B) To steady the fish head, place one tine of the forceps in the
fish mouth while the other tine lies across the eye, and then turn the fish head so that the ventral surface is up and both tines of the forceps are
stable against the bottom of the Petri dish. (C) Use the free forceps to cut the attachment of the operculum (arrow). (D) Lifting this, the dorsal
aorta is visible as a white structure with a pink stripe denoting luminal blood (arrow). Please click here to view a larger version of this figure.

3. Dissect the Heart

1. Visualize the fish head under the microscope. With one forceps, steady the fish head by placing one tine of the forceps in the fish mouth,
through the brain, while the other tine is outside the head, across the eye (Figure 1B). Ensure both tines of the forceps are steady against the
bottom of the petri dish. Holding the fish head this way, its ventral surface should be facing upwards.

2. With the other hand, use the second forceps to cut the ventral attachment of the operculum to the body (arrow, Figure 1C). Lifting this slightly
with the forceps, the dorsal aorta will appear underneath as a white structure with a red stripe of blood in the aortic lumen (arrow, Figure 1D).
Cut the dorsal aorta with the forceps by pinching the aorta and pulling upwards; alternatively, use microscissors to cut the dorsal aorta.

3. Now, use the second forceps to grasp the pectoral fin from its base, including the body cartilage at the base of the fin, and lift this off. Repeat
with the other pectoral fin. Occasionally, the heart comes out with the pectoral fins, so examine these pieces to make sure the heart is not
attached before discarding them.
 

NOTE: At this point, the heart should be visible, still intact and connected to the remaining fish head (although occasionally it comes off
with the pectoral fins). The heart can be identified by its shape, its pink color, and its being surrounded by pigmented pericardium. Because
euthanasia of the fish is performed quickly, freshly euthanized fish hearts may still be beating slowly.

4. Let go of the fish head with the first forceps, so that both hands hold forceps and are free. Use both forceps to tease the heart away from the
pericardium. Grasp the heart by the remainder of the dorsal aorta while the remaining pericardium is pulled away.
 

NOTE: Whether fixed or fresh, the heart is robust to gentle pulling while the surrounding connective tissue is more friable. Therefore, any
surrounding pericardial tissue can be dissected away with the heart remaining intact.

5. Discard the leftover fish carcass in the biohazard bag.

4. Prepare the Heart for Downstream Applications

1. Using forceps, grasp the heart by the edge of the dorsal aorta/bulbus arteriosus and place the heart in the fresh dish of 1x PBS. Alternatively,
use a transfer pipette. Move the heart back and forth in the PBS about 10x to wash away as much blood as possible.

2. For applications in which it is important to remove all possible blood cells, wash in a 9 cm Petri dish with 15 ml RBC Lysis Buffer instead of
PBS, using the same back-and-forth motion. If preserving the structure of the heart is not important for the downstream application (e.g.,
making RNA), use the forceps or microscissors to open the heart cavity and facilitate rinsing away of blood cells.

3. For applications in which separate heart chambers are desired, use forceps or microscissors to dissect the bulbus arteriosus, atrium, and
ventricle apart from each other.

4. Transfer the heart, or separate chambers, to the destination buffer on ice.
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NOTE: Common destinations include buffers for cell dissociation, 4% paraformaldehyde, or Trizol.

Representative Results

Using this method, an adult zebrafish heart can be dissected in less than 1 min, compared to over 5 min using traditional methods8. Hearts
dissected using this method are reliably intact (Figure 2A), while traditional methods8 require cutting blindly into the pericardium and therefore
commonly cause damage or loss of the atrium or bulbus arteriosus (Figure 2B). Hearts dissected maintain their structural integrity and are
suitable for histology (Figure 2C), electron microscopy (Figure 2D), as well as for applications where the heart is dissociated or pulverized. In
our hands, from a dissection of 50 hearts over the course of a week’s experiments, 50 hearts were obtained structurally intact. We also taught
this technique to a colleague in the laboratory who had no experience with zebrafish dissection. 9 out of 9 hearts dissected by the beginner
colleague were also structurally intact. This dissection method is suitable for juveniles older than 1 month old, and for adults of all ages.

 

Figure 2. Dissected hearts are intact and maintain architectural integrity. (A) In less than 1 min, an adult zebrafish heart with an intact
atrium (A), ventricle (V), and bulbus arteriosus (BA) can be dissected from a euthanized fish. (B) Traditional adult zebrafish heart dissections
take longer and even when care is taken, run the risk of damage. Here, only the ventricle is intact. (C) A heart dissected from a Tg(myl7dsRed)
adult fish maintained its structural integrity for use in histology. The atrium (A), ventricle (V), and bulbus arteriosus (BA) are seen, and even
smaller structures like the atrioventricular valve (AV, arrow) and the outflow tract (OFT, arrow) are intact. (D) Electron microscopy of a dissected
wild-type adult heart shows that sarcomeres remain undamaged by the dissection process. Please click here to view a larger version of this
figure.
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Discussion

While methods for dissecting the adult zebrafish heart have been described, these methods were time-consuming and commonly caused
damage to the heart during dissection. To perform experiments where a large number of adult hearts may be needed, and/or when avoiding
degradation of heart tissue is important for downstream applications, the time required using traditional dissection techniques is prohibitive.
Similarly, reproducibly obtaining undamaged, intact hearts is important for study of heart structure and for immunohistochemical and microscopy
methods. We found that even in the hands of beginners, 100% of hearts dissected were recovered structurally intact. Overall, the method for
adult heart dissection presented here presents an advance in technique that expands the use of adult zebrafish for a variety of current and future
applications, including use in heart injury and regeneration experiments.

There are several critical steps within this protocol. First, depending on the experiment for which the zebrafish hearts are required, it is important
to rinse hearts as much as possible from blood cells. Examples of experiments that would benefit from removing blood cells include recovery of
hearts for RNA-Seq, where presence of blood will alter gene expression profiles, or for FACS sorting, where blood cells may be difficult to sort
from myocardial cells. After the fish is euthanized with Tricaine or ice, it is important to decapitate the fish quickly and allow bleeding to occur to
help rid the heart of excess blood. If an intact heart is not required for the planned experiment, it can be helpful to cut the atrium and ventricle
open when in PBS to further rinse out the blood. RBC lysis buffer can also be used instead of PBS.

Second, as mentioned above, occasionally the heart comes off with one of the pectoral fins rather than staying attached to the head. Therefore,
pull the pectoral fins off under the microscope so that the heart can be identified. Finally, when dissecting the heart away from surrounding
pericardium, try not to grasp the heart itself; instead, grasp two pieces of pericardium and pull them both away from the heart, which has more
structural integrity than the friable pericardium. In this way, even minimal damage to the heart can be avoided.

The heart should be easily identifiable by its shape and contractions. As an additional aid in finding the heart, one can dissect a heart expressing
a fluorescent protein under a fluorescence dissecting microscope. This is usually not needed but may be useful for beginners and/or for
dissections of very small hearts.

One limitation of this technique is that dissecting hearts from small fish, i.e., younger than 3 weeks old, is difficult; other techniques have been
designed for larval dissections9. Also, while it is easy to dissect the bulbus arteriosus, atrium, and ventricle from each other, it is not possible to
dissect the atrioventricular valve on its own. The valve remains attached to the ventricle in most cases.
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