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Abstract

The zebrafish has become an important in vivo model in biomedical research. Effective methods must be developed and utilized to deliver
compounds or agents in solutions for scientific research. Current methods for administering compounds orally to adult zebrafish are inaccurate
due to variability in voluntary consumption by the fish. A gavage procedure was developed to deliver precise quantities of infectious agents
to zebrafish for study in biomedical research. Adult zebrafish over 6 months of age were anesthetized with 150 mg/L of buffered MS-222 and
gavaged with 5 μl of solution using flexible catheter implantation tubing attached to a cut 22-G needle tip. The flexible tubing was lowered into
the oral cavity of the zebrafish until the tip of the tubing extended past the gills (approximately 1 cm). The solution was then injected slowly into
the intestinal tract. This method was effective 88% of the time, with fish recovering uneventfully. This procedure is also efficient as one person
can gavage 20-30 fish in one hour. This method can be used to precisely administer agents for infectious diseases studies, or studies of other
compounds in adult zebrafish.

Video Link

The video component of this article can be found at http://www.jove.com/video/50691/

Introduction

Current methods for administering compounds orally to zebrafish include administering compounds top-coated onto feed, mixed into gelatin
diets1, bioencapsulated into brine shrimp2, mixed with lipid encapsulated diets3, wax spray beads4 and via gluten-based diets.5 Limitations of
these methods of oral administration include high leaching rates and incomplete or unpredictable compound consumption by individual fish.
These variables are problematic because in infectious disease studies, knowing the infective dose administered to the fish may be critical for
study success. Also, previous work has shown that certain compounds administered in water baths cause toxic lesion to zebrafish gills before
the intestinal effects that may be under study occur.6

Gavage is a standard method used in other laboratory animal species to administer precise quantities of a product with a known concentration
for study in biomedical and pharmaceutical research. Only recently have methods for gavaging zebrafish been described in the literature.
One technique described is a two-person method using a 24-G catheter sheath attached to a 2-20 μl pipette to deliver 5 μl of solution.7 The
method described had a mortality rate of 8.7% and 39% on the first and second trial, respectively; most of the mortality was attributed to gravid
females. The second gavage technique described used blunt-tipped gavage syringes to administer 5 μl of solution to medakas (Oryzias latipes).8

Information on mortality was not provided and the exact process of performing the gavage was not described. According to the Canadian Council
on Animal Care and the Laboratory Zebrafish, up to 1% of the fish's body weight can be administered via gavage.9,10 Our goal was to develop
a repeatable, safe and efficient method of delivering precise volumes of compounds orally to adult zebrafish of both sexes and in all stages of
reproduction. This procedure would be applicable for any study in which accurate oral dosing of a compound is required.

Protocol

1. Preparing the Anesthetic Solution

1. Prepare a solution of 150 mg/L of MS-222 in system water either from a stock solution or from the powdered form.
2. Verify the pH using a pH meter.
3. Buffer with sodium bicarbonate as needed until the pH is between 7-7.5.
4. Prepare a tank of system water free from MS-222 for the fish to recover in. The recovery time is typically less than 1 min.
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2. Preparing the Gavage Apparatus

1. Cut the clear 22-G implantation tubing to a little more than approximate length from the mouth to the intestinal bulb of the fish. Initially, we
suggest anesthetizing one fish for each new group being used to get the best estimate of the length needed.

2. Push the cut clear implantation tubing onto the ½-inch 22-G needle until it is secure and there is no risk of detaching. If a ½ 22-C needle is
not available, cut a longer needle to approximately that length.

3. When complete, the catheter implantation tubing should extend about 1 cm from the tip of the needle, or shorter if the fish are smaller.
4. Attach the 22-G needle hub to a 1-cc luerlok syringe.

3. Preparing for Gavage

1. Cut a groove into a sponge with a scalpel blade.
2. Soak the sponge in system water free from MS-222.
3. Place the moistened sponge on a flat surface.
4. Draw up the appropriate 5 μl solution for gavage into the 22-G catheter tubing and a 1-cc syringe.

4. Anesthesia and Gavage

1. Fast the fish for at least 24 hr before the procedure.
2. Place the fish in the MS-222 solution until it loses its righting reflex, and does not respond to a tail fin pinch, but maintains opercular

movement. This typically takes about 2-3 min.
3. Remove the fish from the anesthetic solution and place it into the groove in the sponge with the head slightly protruding from the sponge, but

the gills covered by the sponge.
4. Move the sponge into a vertical position.
5. Open the zebrafish's mouth using the 22-G catheter tubing.
6. Gently insert the tubing until the tip is past the gills (approximately 1 cm or the length of the tubing). The implantation tubing should not need

to be forced. Resistance suggests the tube may be hitting the gill arch or heart.
7. If there is resistance, gently withdraw, reposition and try again.
8. Inject the material slowly.
9. While injecting, make sure that the solution does not exit via the gills or the mouth.
10. Remove the fish from the sponge and place into the recovery tank.
11. Recovery typically occurs in less than 1 min and is indicated by the fish swimming upright and maintaining equilibrium.
12. Monitor fish for regurgitation as shown by visualizing the fish actively expelling material from its mouth, or no opercular movement.
13. Fish can be returned to their regular tank once they have recovered.

Representative Results

Both sexes of fish, including gravid females were successfully gavaged (Figure 1). A successful procedure takes less than one minute with no
liquid seen exiting the gills or the mouth. The tubing enters easily, without force, with no blood seen upon catheter removal. The procedure is
rapid, requiring approximately 10 min to gavage 3 to 4 fish, with an average of 30-45 sec per fish.

Zebrafish should not be gavaged with more than 5 μl of any solution. Gavage with 10 μl solutions resulted in only a 50% success rate (Figure
2). Gavage of 10 μl was also completely unsuccessful in gravid females. In this study, the adult fish weighed an average of 0.2 g each. Using the
CCAC's recommendation, this would mean that 4 μl of solution could be administered to each fish. The current use of 5 μl would be consistent
with these recommendations. This technique had approximately a 10% mortality rate mostly attributable to gravid females which were found
dead the next day. While this mortality rate is significantly lower than other reported gavage techniques, ideally, grossly gravid females should not
be gavaged unless it is necessary for study purposes.
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Figure 1. Comparison of percent success between different reproductive groups using 5 μl of solution. The percent success of all groups
combined was 88%. The percent success for gravid females was 100%; for non-gravid females 90% and for males 82%.

 
Figure 2. Comparison of overall percent success using 5 μl versus 10 μl. The total percent success using 5 μl was 88%. The total percent
success using 10 μl was 50%.

Discussion

Significance

This technique is an improvement and provides several advantages over the two previously described techniques for gavaging adult zebrafish.
First, the use of a sponge to restrain the fish allows one person to perform the procedure, as opposed to a previously described technique
requiring two people.7 Second, catheter implantation tubing is more flexible than IV catheters, which can help minimize secondary trauma due
to perforation similarly to using blunt-tipped syringes.7,8 Third, by using a clear tubing, the solution can easily be visualized entering the fish. And
finally, the gavage apparatus is stable allowing it to be reused quickly and efficiently when many fish need to be gavaged. The gavage technique
in general reduces the variation in consumption and concentration seen in other methods of oral compound administration to zebrafish, and as
such may also reduce the amount of fish needed to perform an experiment.1-5

Critical Steps

It is also important to fast the fish for at least 24 hr since with a 12 hr fast not all zebrafish have an empty intestinal bulb. The 24 hr fast will
prevent regurgitation and loss of the solution through the mouth and gills due to a partially full intestinal tract13. The most common problem is
liquid exiting through the mouth or the gills, indicating that the tubing was not inserted far enough down the intestinal tract. Liquid exiting via
the mouth or gills can be avoided by observing the correct placement of the tubing as well as using a tubing of sufficient length to bypass the
gills. More severe complications may include gill trauma, internal hemorrhage, intestinal perforation, regurgitation and sudden death. These
complications may or may not be observed immediately. Typically, sudden death occurs hours after the procedure is completed, while the fish
looked normal during initial recovery.

The sponges were soaked in bleach and then in sodium thiosulfate solution prior to coming into contact with the fish. This removed any agents or
chemicals that may have been harmful to the fish. The MS-222 stock solution should be stored in a dark container, away from light and for up to
5 days in the refrigerator. If a brownish tint is observed the solution should be discarded, as the efficacy is reduced.11,12
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Limitations

This protocol does require anesthesia of the zebrafish to ensure success. This may be disadvantageous in certain circumstances where the
anesthetic agent may have an adverse effect on the research outcomes being measured.12  Currently, there is no gavage protocol for zebrafish
that does not require anesthesia.7,8 If MS-222 anesthesia is known to affect measured variables, other anesthetics may be used, or one of the
previously mentioned methods of voluntary consumption methods can be utilized.1-5

This technique, as with previously described techniques is challenging when performed on gravid females.7 A possible cause of high mortality
in this group may be intestinal perforation leading to sepsis due to the intestinal tract being displaced by the eggs in the coelom. Similarly, if the
eggs as well as intestine are perforated, then an acute egg-associated coelomitis may also occur. Such events may be minimized by spawning
the gravid females before gavaging. Alternatively, a smaller gauge catheter may be used to perform the procedure.

If zebrafish of a smaller size are used care should be taken to adjust the size of the tubing and the needle so that the diameter and length will fit
into their mouth and intestinal tract.

The efficiency of the procedure can be further increased if a second individual were to monitor anesthesia and ensure a constant supply of
anesthetized fish to the individual performing the gavage. This technique is relatively easy to master and does not require extensive practice to
gain proficiency. Additionally, the procedure does not require specialized equipment or facilities.

Trouble-shooting

If the zebrafish do not become anesthetized within 2-3 min, change the anesthetic solution or use a freshly prepared stock solution. If the tubing
does not slide easily down the intestinal tract of the zebrafish, smaller diameter tubing should be used. It may be beneficial to practice using a
small number of similarly sized fish in order to ensure the correct diameter and length of the tubing as well as to evaluate whether the volume
administered is appropriate for the zebrafish's size. The tubing may also be marked to note the ideal penetration depth for the size of fish being
utilized.

Conclusion

Once this technique is mastered, it can be used to deliver a precise amount of various compounds or infectious agents to adult zebrafish
efficiently and consistently, making it useful for various research protocols. This technique may also minimize the number of fish needed to
perform experiments, and allow precise time measurements of the effects of various compounds on the fish.
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