Evans Blue Dye Labeling in Zebrafish Injured Adult Muscle
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Short Abstract

We show that physical injury using a needle is effective and efficient to induce muscle injury in zebrafish. Furthermore, we show that Evans Blue dye labeling is feasible in zebrafish, and is visible until 11 days post-injury.
Long Abstract

Zebrafish regenerates efficiently without any side effects like scarring. In injured zebrafish, the regenerating new muscle fibers can be seen clearly from 7 days post-injury and by 2 months, the muscle is completely healed 


(Poss et al., 2002; Rowlerson et al., 1997) ADDIN EN.CITE .  The ease of injury to the muscles without much stress to the zebrafish makes this model organism ideal for muscle regeneration studies. Zebrafish has been shown to be a good model to study muscular dystrophy, although there has been limited knowledge regarding viable zebrafish showing massive muscle degeneration. We report here the usage of Evans Blue dye to label compromised muscle fibers in zebrafish. For physical injury to the muscle, it is necessary to identify the area of injury in retrospect, as only compromised fibers will incorporate EBD. EBD is widely used in various dystrophic models in both zebrafish and mice to locate degenerating fibers and in such experiments in injected into the peritoneum 


(Bassett and Currie, 2004; Hamer et al., 2002) ADDIN EN.CITE . We show that the EBD is clearly visible at whole muscle isolate and also in transverse plastic sections. Therefore, this procedure will ease identification of site of injury, as the outer epidermal layer of the zebrafish is healed by 5 days post-injury.  
Protocol 

PART 1.  Preparation of material
The tools needed for this procedure include: 
Part 2: MS222, 30G needle, Gentamycin, 10cm petri dish

Part 3: MS222, Scissors, damp piece of cloth or tissue, 10cm petri dish, Evans Blue dye (EBD), Gentamycin, 30G needle, 1mL syringe.

Part 4: Surgical blade, 10cm petri dish.

PART 2. Introduction of muscle injury in the muscles of the dorsal trunk

1. When the tools are ready, place zebrafish into system water containing the MS222 anesthetic.

2. Leave zebrafish in anesthetic until it is unresponsive to external stimuli. Then, remove the zebrafish and place it in a 10 cm petri dish. 
3. Carefully take a sterile needle and prick the dorsal trunk of the zebrafish. The injury should always be performed at the same spot to reduce variation. In our experiment, we have chosen the dorsal trunk right above the anus of the zebrafish. The zebrafish might bleed a little. 

4. Quickly return the zebrafish to system water containing Gentamycin (5mg/ml) and allow it to regain consciousness, and swim for an hour in the tank.

5. Put the zebrafish in a clean tank, and put it back into the system until desired age post-injury.    

PART 3. EBD intraperitoneal injection (8-16 hours prior to sacrificing zebrafish)
1. Set up the 10cm petri dish, scissors and damp tissue arrangement on the stereomicroscope.

2. When the tools are ready, place zebrafish into system water containing the MS222 anesthetic.

3. Using a 1mL syringe, aspirate appropriate amounts of EBD (1% volume relative to body mass). Ensure not too much air bubble is incorporated into the syringe. 
4. Place anesthetized zebrafish on damp tissue/sponge. 
5. Insert tip a little behind the heart at a 90˚ angle, and angle downwards. 

6. Inject intraperitoneally into the body cavity of the zebrafish. You should see the blue dye entering the body cavity and into the belly of the zebrafish. 
7. Quickly return the zebrafish to system water containing Gentamycin (5mg/ml) and allow it to regain consciousness, and swim for an hour in the tank.

8. Put the zebrafish in a clean tank, and put it back into the system until you are ready to sacrifice the zebrafish (8-16 hours). It is important to keep careful watch, as zebrafish may die. If zebrafish shows signs of distress, sacrifice them immediately, and isolate the muscle are described below.     

PART 4. Isolation of zebrafish muscle
1. Sacrifice zebrafish by killing them in high doses of MS222 and ice-cold water. Ensure that the zebrafish is dead. 

2. Remove the head of the zebrafish.
3. Carefully hold the zebrafish with a forcep in one hand, and use a surgical blade to scrape away the zebrafish scales.

4. Place surgical blade in the middle of the zebrafish (from dorsal view) and carefully cut the muscle away from the bone and central nervous system.

PART 5. Representative results

A. The inside flank of the zebrafish muscle, showing blue EBD staining (black arrow) at the injured part 1 day post-injury. 

B. A transverse section of the injured muscle 1 day post-injury. The black arrow shows the blue EBD staining, while the red triangle shows the part where the needle was inserted.

C. A sagittal section of the injured muscle, counterstained with HE. Regenerating fiber was observed at 11 days post-injury. 
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Discussion
To obtain favorable outcome of the physical injury to the muscle, it is critical that injury is performed at the dorsal part of the trunk, to prevent excessive damage to the zebrafish main blood vessels. The zebrafish has to be anesthetized properly to avoid excessive stress to the zebrafish. For wild-type zebrafish, the EBD dye can be detected up to 11 days post-injury. We have not tested longer duration of EBD incorporation. However, muscle regeneration is visible at 11 days post-injury and it is expected that after muscle regeneration, and degradation of the injured muscle tissue, the EBD will not be visible. For intraperitoneal injections, the procedure has to be performed quickly, as the zebrafish may wake up after some time outside of the anesthetic. Ensure that the needle is inserted slightly behind the heart at a sharp angle of approximately 90˚, and angled downwards. This is to prevent accidental injection of the EBD into the heart. The EBD will be diffused throughout the whole zebrafish, and will appear blue. Therefore, it is advisable that the EBD intra-peritoneal injection is done only 8-16 hours before your desired age for sacrificing them.      
Possible applications: 
(1) Identification of site of induced muscle injury 

(2) Muscle regeneration studies 

(3) Characterizing degenerating muscle fibers in dystrophic mutants
Difficulties: 
(1) Precision of muscle injury in the dorsal flank of the muscle is necessary to avoid damage to main blood vessels, which may cause death.

(2) After EBD incorporation, the zebrafish has to be monitored closely for distress, and should be sacrificed 4 hours minimum, and 16 hours maximum. We observe high percentage of death after 16hpf.  

Materials

	Name
	Type
	Company
	Catalog Number
	Comments

	30G needle
	Equipment
	Becton Dickinson
	304000
	

	Surgical blade
	Equipment
	Swann-Morton
	BS2982
	Any surgical blade can be used according to personal preference.

	1mL syringe
	Equipment
	Becton Dickinson
	300013
	

	MS222
	Reagent
	Sigma
	18003253010
	

	Gentamycin solution
	Reagent
	Sigma-Aldrich
	G1397
	

	Evans Blue Dye
	Reagent
	Sigma-Aldrich
	E2129
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