Zebrafish Heart Dissection and Ex Vivo Culture for Rapid Small Molecule Screening
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Short Abstract: The current report describes a platform for performing rapid assessment of cardiovascular toxicity on organotypic culture of isolated zebrafish hearts. The rapid isolation procedure, ex-vivo maintenance of hearts and simple small molecule screening setup allows the screen to be conducted with relative ease and high throughput.

Long Abstract: Cardiovascular toxicity of identified lead compounds is a critical assessment parameter in today´s drug discovery process
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. A better assessment (of the cardiovascular toxicity) translates to higher preclinical safety standards, thereby ensuring stringent quality control of compounds that move through the drug development pipeline. Although assay procedures such as membrane potential dyes
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, rubidium efflux3
, radioligand binding

4

 and patch clamp5
 have been used effectively as in vitro platforms for high throughput cardiovascular toxicity screens, toxicity prediction show considerable variability when compared to the whole organ system. Assays employing in vivo transgenic mice models6
 or ex vivo models, such as the purkinje fiber assay

7

 and the isolated heart assay

8

, have enhanced whole organ system toxicity prediction, but limited specificity, reliability and throughput efficiency. Model systems with higher accuracy, reliability and throughput efficiency are needed to complement existing models, thereby facilitating a multi-model cardiovascular toxicity screening protocol.

A growing body of evidence indicates the zebrafish as an ideal model system to study human Long-QT syndrome, arrhythmia and other cardiovascular defects; as a powerful yet cost-effective means to perform genetic and pharmacological screens9
. In addition, the small size of the fish, minimal housing requirements (when compared to mice), possibility of obtaining a large and statistically significant sample size, ease with which genetic and biochemical screens can be performed and availability of mutants with cardiac defects, recommend zebrafish as the teleost model for small molecule screening

9-12

. The developmental and physiological similarity of the zebrafish and the human heart and the availability of transgenic zebrafish lines expressing fluorescent protein in the vascular system, blood, endothelial cells and heart, facilitates evaluation of the effects of compounds on the cardiovascular system with a high degree of accuracy

9-12

.

This protocol demonstrates rapid isolation of the heart from adult zebrafish, ex-vivo culture and setting up a screening platform to perform cardiac toxicity testing. The protocol allows maintenance of organotypic heart cultures for several days, thus enabling studying acute and chronic effects of compounds. The platform allows small molecule screening at a high throughput with multiple endpoint readouts, such as measuring heartbeat, dynamic changes in morphology, calcium (Ca2+) signaling, rhythmic beating and force of contraction.

Protocol: 

Ex vivo culture
1. Adult zebrafishes maintained at 28ºC for 14 h. After 10 h in light/dark cycle fishes were transferred to Egg Water with Tricaine at a final concentration of 0.1 % to be anesthetized.

2. The anesthetized fish was transferred to a Petri dish containing Krebs-Ringer’s solution (from here on referred to as Krebs solution) for dissection.

3. The fish was rapidly decapitated and, using forceps, the skin around the pectoral fin was pulled away to reveal the beating heart.

4. The heart, a simple two-chambered structure (Fig. 1A), was rapidly removed from the body cavity and transferred to fresh Krebs solution.

5. If the heart was to be cut, a single cut was made by gently holding the heart with a forceps and cutting with a single stroke using a sharp razor blade.

6. The heart (cut or uncut) was quickly pipetted from the Krebs solution into culture medium containing DMEM with 10 % fetal bovine serum.

7. The heart was then moved into a multi-well plate containing culture medium and incubated at 37ºC for at least 3 h (hearts could also be maintained at 28ºC without loss of activity).

Screening

1. The heart was then transferred to a laminin coated glass bottom Petri dish for screening. If calcium (Ca2+) responses should be recorded, hearts has to be incubated with a Ca2+ sensitive dye (e.g. Fura-2/AM, 0.2 mM for 30 min). Ca2+ responses could be monitored in the entire heart (Fig. 1B) or in a specific population of cells (Fig. 1C).

2. Small molecule screening could be performed with or without agarose mounting. If agarose mounting is carried out, one or two drops of low-melt agarose should be pipetted directly onto the heart and allowed to solidify. Upon solidification, 1 ml of Krebs solution should be added to the Petri dish containing the heart.

3. The Petri dish with the heart (with or without agarose mounting) was then moved to the screening station consisting of a Zeiss Axiovert 100M microscope (Fig. 2A) equipped with a temperature-controlled stage (Warner Instruments) (Fig. 2B) and a CCD camera connected to a computer.

4. The perfusion inlet container of the imaging system was filled with pre-warmed Krebs solution and the inlet and outlet valves were clamped onto the microscope stage.

5. Using an acquisition software (MetaFluor), a baseline recording was conducted. Heart contractions or spontaneous Ca2+ beating could represent a baseline recording, i.e. without treatment.
6. The compound of interest was then added to the Petri dish using a pipette and allowed to incubate for 2 min.

7. After incubation, time-lapse recordings were conducted for 1 min followed by a wash out with fresh Krebs solution.

8. Following the washing process, fresh Krebs solution was added to the Petri dish and the heart was set to rest for 2 min. The washing process was then repeated once more.

9. Following washing the baseline recording was again recorded for 1 min.

10. Steps 6 to 9 should be repeated if several compounds are to be screened. Screening could be carried out as long as a stable baseline can be maintained.

11. Hearts could be retransferred to the culture medium at any step during the screening process for recovery or studying long-term effects of compound exposure.

12. Alternatively, hearts could be fixed in 4 % paraformaldehyde (PFA) and processed for immunohistochemistry or in situ hybridization.

Representative Results and Discussion:

This protocol allows screening of multiple compounds in one single run analyzing heartbeats, as previously described13

. Representative results show heart beat recordings with baseline activity (Fig. 1D) and compound response (Fig. 1E). The beating of the heart markedly differs after compound addition.

In summary, this ex vivo cardiac assay complements existing model systems for assessing cardiovascular toxicity. The ability to isolate multiple hearts in a short time period, ease of maintain the culture for several days and robust platform to assess cardiac toxicity are added advantages for researchers, in both academia and industry, performing drug screens or chemical genetics.
Several steps in the presented protocol can have an impact on the outcome of the screening process and hence require careful handling. Adult zebrafish should not be over-anesthetized since that will prolong the recovery of the heart ex vivo and can severely impact readouts. The dissection procedure to isolate the heart should not be done in Egg Water as this limits survival of the heart ex vivo. It is important to rapidly decapitate the fish and isolate the heart as shown in the procedure. If the dissection involves opening of the abdominal cavity there is a very high possibility of contamination of the ex vivo culture. We maintained the heart at 37°C in culture medium containing DMEM with 10 % fetal bovine serum and performed screening in Krebs solution. By doing so we avoided problems associated with background fluorescence from phenol red (commonly present in culture medium) and also avoided the effect of serum on performance of the test compound. Fungal contamination can be another problem if the dissection and subsequent culture are not done aseptically. The screening of the heart carried out on ex vivo cultures for up to 2 days. Furthermore, screening can be performed either on whole hearts or on dissected halves. Clotting of blood or presence of air bubbles inside the heart affect the screening readout when whole heart preparations are applied.
Screening on dissected heart halves avoid problems associated with blood clotting and air bubbles; however, the force of contraction and relaxation is affected upon mounting with agarose. This risk is decreased by using low-melt agarose for mounting. Molten agarose should be allowed to cool to a temperature comfortable to hold in the palm of the hand before mounting. Since agarose mounting reduces the force of contraction and relaxation, baseline corrections should be performed before starting screening compounds. Agarose mounting allows high resolution screening to be carried out, which is particular useful if Ca2+ measurements are to be recorded. Screening can also be performed on hearts not mounted in agarose. However, this can be a problem as washing and adding compounds usually causes movement of the heart. Constant adjustment of the visual field and focus therefore is required. Hearts that are not mounted in agarose enable acute and chronic studies as the compound can be exposed to the heart easier and maintained for a longer time period. After the experiment, the heart can be fixed in 4 % PFA and processed for immunohistochemistry or in situ hybridization with protocols routinely applied by the zebrafish community.

Materials:

Egg Water: “Instant Ocean” sea salts to a final concentration of 60 mg/ml, as described in The Zebrafish Book (University of Oregon Press, 2000)

Anesthetic solution: Tricaine in Egg Water to a final concentration of 0.1 %, as described in The Zebrafish Book (University of Oregon Press, 2000)

Krebs-Ringer’s solution: Containing NaCl (119.0 mM), KCl (2.5 mM), NaH2PO4 (1.0 mM), CaCl2:2H2O (2.5 mM), MgCl2:6H2O (1.3 mM), HEPES (20 mM) and D-glucose (11.0 mM), adjusted to pH 7.4 and filtered sterilized using a 0.2 m filter.

Laminin coated glass bottom Petri dish: Laminin (Sigma-Aldrich) diluted 1:200 with Phosphate Buffered Saline (Invitrogen) from the stock concentration of 1 mg/ml and incubated for at least 3 h at 37°C.

Compound solution: 25 µM ouabain.

	Name of the reagent
	Company
	Catalogue number

	DMEM
	Invitrogen
	41965-039

	Fetal Bovine Serum
	Invitrogen
	10082-147

	Fura-2/AM
	Molecular Probes
	F1221

	Pluronic Acid
	Molecular Probes
	P3000MP

	Tricane
	Sigma
	A5040

	Number 5 Forceps for dissection
	Sigma
	F6521

	Low Melt Agarose
	Lonza
	50080

	Phosphate Buffered Saline (PBS)
	Invitrogen
	14190-094

	Sterile filter (2 µm)
	Sarstedt
	83.1826.001

	Laminin
	Sigma
	L2020

	Glass Bottom Petri Dish
	MatTek Coroporation
	P35G-1.5-14-C
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Figure Legends:
Figure 1: A) Isolated zebrafish heart in Krebs solution. The atrium (at) and ventricle (v) are indicated. B) An isolated adult zebrafish heart loaded with the Ca2+-sensitive dye Fura-2/AM in Krebs solution. C) High magnification of cardiac cells loaded with Ca2+ dye. D-E) Bright field imaging of baseline beating activity (D) and beating activity after adding 25 µM ouabain (E). 

Figure 2: A) Microscope setup for performing screening. C) Close-up view of the mounting and screening stage on the microscope.

