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SUMMARY: 
Here, we present a protocol for dissecting and extracting whole brain and gut components of surface and cave-adapted morphotypes of Astyanax mexicanus. This protocol can be adapted for use in downstream applications including transcriptomics, metabolomics, and gut microbiota analysis.

ABSTRACT: 
Teleost fish are used to answer a wide range of research questions spanning from development, to genetics and neuroscience, and more recently, to understand the complexities of the gut-brain axis, and even in a wider context, the gut-brain-liver axis. The Mexican tetra, Astyanax mexicanus, has been increasingly used in comparative and developmental evolution frameworks due to the availability of morphologically and physiologically distinct morphotypes, including river-dwelling surface fish and cave-adapted, blind cavefish.  Adaptation to cave habitats is associated to changes in morphological traits, behavioral traits, and gut microbiota diversity that are also found in laboratory conditions. This has opened up the possibility to ask questions about  the interactions between the microbiome, metabolic activity, neural adaptation and complex behavioral outputs. These interactions can now be addressed through whole-brain mapping studies with cleared brains, and gut microbiota sequencing to detect bacterial diversity associated to surface and cave-adapted phenotypes. However, most of these studies would benefit from intact, carefully dissected and preserved whole organs and tissues, which allow for post-processing in downstream applications. This protocol describes a step-by-step method for brain and gut dissection, where the whole brain and abdominal organs are removed and isolated for both surface fish and cavefish morphotypes. 

INTRODUCTION: 
Animal models, including vertebrate fish, are critical tools for modeling biological phenomena and complex pathologies in relatively simpler, accessible systems. For instance, the zebrafish, Danio rerio, is one of the most widely used teleost fish models, with a plethora of methods applied to study their development, genetics, physiology, and behavior, with significant impact in the biomedical and neurobehavioral sciences1–8. A huge advantage to using zebrafish in the present is the availability of a number of methods to study organ and tissue histology and pathology in loss-of-function mutant lines, for which step-by-step dissection protocols exist9,10,3. 

However, a number of other teleost fish models have been on the rise over the past decades that are suitable to ask other types of questions, including those within the fields of evolutionary biology11–21, biological mechanisms underlying aging22,2 , toxicology23,24, and others25,26. An example of this is the case of the Mexican tetra, Astyanax mexicanus, a teleost fish originating from Northeastern Mexico, with ancestral populations of river-dwelling surface fish and over 30 populations of blind, cave-dwelling cavefish (Fig. 1)12.  

Cavefish have adapted a suite of morphological characteristics, including eye loss12,27, loss of pigmentation28, expansion of sensory systems17,29,30, and increased fat storage12,31, that allowed them to survive in hostile cave habitats. These fish also adapted a suite of behavioral traits, including reductions in sleep19,20, anxiety32, schooling33, and aggression29,19,20,34,35,18,13,36,37, compared to their ancestral surface fish. Adaptation of most of these traits most likely resulted from a combination of genetic variation and environmental pressures,35,36,28 which include habitat differences between the rivers and the caves. An increasingly useful model to ask questions about the impact of genetic variation on morphological and behavioral trait adaptation,35,18–20,16,38,39 and more recently, on gut microbiota diversity,15,14 questions that may require collection of organs like the brain, guts, liver, and others, there is a need for a standardized gross anatomy dissection protocol that may be used by the community at large. While whole brain dissections and organ dissections in A. mexicanus have been done before, there is a lack of a one-stop, comprehensive method that allows understanding how to perform these types of dissections in a time-efficient manner, which is critical for many types of projects, including those that require collecting samples for metabolomics40, metagenomics41 or whole-organ imaging.38,16Our goal is to remove the troubleshooting barrier towards accessing organs in this model for post-processing, allowing users in the community to seamlessly focus on their research.

In this protocol, we outline a step-by-step method for brain and gastrointestinal dissection in adult surface fish and Pachón cavefish of the species  Astyanax mexicanus. This methodology can be adapted to a variety of downstream protocols, including those associated with the gut microbiome, tissue metabolomics, and brain clearing for whole-brain imaging on a light-sheet microscope. This technique is also adaptable for simultaneous application to the same specimen.  

PROTOCOL: 

This protocol is conducted in accordance with IACUC-approved protocols 2024-0004 and A790125 at the Molecular Sciences Center and Medical Sciences Campus of the University of Puerto Rico.  

1. Pre-dissection set-up

1.1. If using a Sylgard Petri dish plate to dissect, make sure they are prepared prior to the procedure, taking into account that it may take a few days to set.
 
1.2. To prepare a Sylgard Petri dish, we use Sylgard 184 and Elastomer 184 in a 10:1 ratio.  Mix 200g of Sylgard 184 base with 20g elastomer in a disposable cup. Pour into Petri dishes to about one third to one half depth. Tap the dish to remove bubbles and cap.  Ensure dishes are filled and left on a level surface. Allow to cure for at least one week42.

Note: If collecting samples for 16s rRNA sequencing or metagenomics, refrain from using Sylgard plates. Instead,  use sterilized, single-use Petri plates, and follow aseptic technique  under a laminar flow hood. If following aseptic technique, we recommend cleaning the laminar flow hood with 70% ethanol, a germicidal detergent, and ideally exposing the hood with a germicidal ultraviolet C-lamp for 15 minutes. This should be done prior to placing disinfected and autoclaved materials/tools within the laminar flow hood. 

1.3. Set up a dissection microscope with paper towels on both sides. Designate one side for waste storage (e.g. excess organ tissue) and the other side for placing sterilized dissection tools. Cut small pieces of paper towel to clean tools in between dissections.

1.4. Prepare 1X PBS and keep it in a cold ice slurry and on hand in case it is needed to clean areas or specimens for better visibility. Depending on the protocol, you may choose to not use 1X PBS. Not using it is recommended, for instance, while collecting samples for metagenomic sequencing43.  If using 1X PBS on this type of approach, collecting a 1X PBS sample for sequencing is recommended to screen for possible contamination. 

1.5. Place the Sylgard plate (or single-use, sterilized Petri dish) under of the microscope and make sure to have all the tools at hand (dissecting kit, microcentrifuge tubes for tissue collection on ice, etc.). 

1.6. Place 1X PBS and labelled microcentrifuge tubes in an ice bucket nearby. Have a plastic dropper in hand for 1X PBS. 

1.7. Set up a fish euthanasia station close to you. Prepare an ice bath by placing ice slurry in a tank with a plastic grate inside it and fill up with fish system water (from their home system or home tank). MS-222 may be used as well, depending on downstream protocols (sample post-processing needs). 

2. Brain Dissection in Adult Surface Fish and Cavefish

2.1. Euthanize fish on an ice slurry. Make sure there is no movement, and the fish sinks to the bottom, with no opercular movement. Time depends on size. Larger fish will take longer to cease opercular movement.

Note: Juvenile fish take approximately 2-5 minutes for cessation of opercular movement (euthanasia), while adult and large fish may take about 10-15 minutes. Morphotype-based differences exist. Some cavefish populations may take longer than surface fish for anesthesia/euthanasia. Husbandry and experimental protocols recommend validation of anesthesia and euthanasia procedures across populations, as responses may vary between morphs and populations11.

2.2.  Transfer fish to a Sylgard plate (or single-use, sterilized Petri dish inside the hood) and, with a dropper, bathe with ice-cold 1x PBS.[Place Figure 1 here]

2.3. Detach the head from the body by cutting with a scalpel about 2mm behind the gills.  This will protect part of the midbrain and allow for the manipulation of the brain once dissected, without causing damage. Remove the body toward the waste area using a paper towel, then place it in a biohazard bag in the biohazard waste container for disposal. [place figure 2 here]

2.4. With fine forceps or a hemostat, get a good grip of the posterior part of the fish head. With a micro-scissor, cut through the edges of the mouth towards the back of the head and gills. Repeat on the other side. The goal is to remove the mandible and then clean the underside well with a second pair of fine or ultra-fine forceps. [place figure 3 here]

Note: Follow the inner contour of the gills. 

2.5. By this point, keep holding firmly to head of the fish with a hemostat or pin it with a T pin to the Sylgard plate (if using) carefully by the tip of the mouth. Detach both eyes. This can be done with ultra-fine forceps or scissors. Insert the tip into the edge of the eye and then gently pull or cut the eye out. [place figure 4 here]

Note: Not applicable to Cavefish (scrape skin off eye area).

2.6. Scratch a sagittal line at the top of the head that runs between the eyes from front to back and divides the head into left and right. Afterward, use the micro scissors to cut through the line shallowly.  [place figure 5 here]

2.7. With fine forceps, carefully begin to pull the two sides of the head, taking extra care not to break brain beneath, embedded under connective tissue. Once the brain is visible, with the tip of superfine forceps, detach the brain from the cranium.[Place figure 6 here]

Note: Avoid crushing the brain by pulling out with forceps. Instead, hold it by the hindbrain or spinal cord if a remnant of it is still present to preserve integrity. If the brain is still on one side of the head, use the ultra-fine forceps to carefully detach it from the bed skull by gently inserting the tips behind the brain and gently lifting. Avoid pulling at all times, as this might break it. 

2.8. Once the brain is extracted, clean gently with ultra-fine forceps, eliminating any fat or surrounding tissues. Place in a microcentrifuge tube or appropriate storage for the downstream protocol. At this point, it is possible to preserve the whole brain or collect sub-regions of the brain (e.g. telencephalon, optic tectum, olfactory bulbs). [place figure 7 here]

2.9. Telencephalon Isolation: To extract the telencephalon, pinch at the base between the telencephalon and the optic tectum with ultra-fine forceps and separate the telencephalon from the rest of the brain. Transfer to the appropriate storage tube.

2.10. If using for metagenomics,  flash-freeze collected samples in liquid nitrogen and store at -80oC. This is done by dipping the microcentrifuge in liquid nitrogen for 5 seconds. 


3. Gut Dissection in Adult Surface Fish and Cavefish
3.1. Follow method for euthanasia provided here previously. 

3.2. Pat the fish dry with a kimwipe before placing it on a clean Sylgard plate and covering it with ice-cold 1X PBS (or system water, depending on downstream application) with the dropper to keep tissue moist.

3.3. Secure the fish on the Sylgard plate (if using) with T pins. If not using a Sylgard plate, a hemostat to strongly grip anteriorly from the mouth while making cuts will do. Place the pin anteriorly within the eye socket (also true for cavefish), ensuring it reaches the Sylgard plate. Posteriorly pin through the tail to the plate. Ensure the fish remains still during the procedure. [place figure 8 here]

Note: If performing gastrointestinal dissection on the same specimen as brain dissection, quickly decapitate with a scalpel, before initiating dissection and pinning the fish to the surface of the plate. Make an anteriorly diagonal cut behind the operculum that preserves the top of the head and avoids the gut. Ideally, split the head and body and have two experienced dissectors work on each for time efficiency.  The anterior pin can be placed at the uppermost anterior part of the body post-decapitation, while the posterior pin remains in the same location (Fig. 8). 


3.4. Using dissection micro-scissors, cut the skin and underlying muscle along the ventral midline from the anal fin/anus toward the operculum (the hard covering over the gills) in a semicircular line following the fish’s underside curve. [Place figure 9 here]

3.5. Remove the operculum and the pectoral fin with the micro-scissors and fine forceps.

Note: This step helps make the removal of the skin more efficient, but it may slow down dissection and may be skipped depending on the needs.

3.6. Cut the skin and underlying muscle superiorly from the anal fin and then cut anteriorly towards the gills, extending the ventral incision as needed. This ultimately creates a window. [Place figure 10 here]

3.7. Open the incision with the help of fine forceps to expose the body cavity. Use the fine forceps to grasp the skin and lift it gently to remove. [Place figure 11 here]

3.8. Cut both anterior and posterior attachments of the gut and carefully take out all internal organs — remove the gastrointestinal system from the body and place it on a clean area of the Sylgard plate (or single-use, sterilized Petri dish). [Place figure 12 and Figure 13 here]

3.9. First, separate the liver from the rest of the abdominal organs with the ultra-fine forceps. If isolating the liver, place it in a microcentrifuge tube or use an appropriate storage method according to downstream protocol or need. Carefully stretch out the gut and identify the stomach and  midgut/hindgut portions.

3.10. Detach the stomach from the midgut/hindgut. 

3.11. Hold the anterior and posterior ends of the midgut/hindgut with fine forceps and gently stretch it out to extend it to its total length.[Place figure 14 here]

3.12. Collect tissue in a microcentrifuge tube and store appropriately. 

3.13. If using for metagenomics, flash-freeze collected samples in liquid nitrogen and store at -80oC. This is done by dipping the microcentrifuge tube in liquid nitrogen for 5 seconds. 
REPRESENTATIVE RESULTS: 
Following this protocol, brain and gut contents were extracted, and measurements of the length of the complete gut, telencephalon, and optic tectum were taken and compared between surface fish and Pachón cavefish morphotypes. We used independent-sample Welch’s t-tests for statistical comparisons, with a sample size of n = 6 surface fish and n = 6 Pachón cavefish. Surface fish had significantly larger optic tectum dimensions than pachón cavefish, in line with previously published brain registration protocols16,38, with length greater in surface fish (surface fish = 2.53 ± 0.30 mm; Pachón cavefish = 1.82 ± 0.25 mm; t = −4.44, p = 0.00137; Cohen’s d = 2.56), and width also greater in surface fish (surface fish = 4.29 ± 0.49 mm; Pachón cavefish 3.17 ± 0.42 mm; t = −4.24, p = 0.00179; Cohen’s d = 2.45). No significant differences were detected between morphotypes in telencephalon length (p = 0.244) or width (p = 0.778). 
[Place Figure 15 here]
Total gut length (Fig. 16) also did not differ significantly between Pachón cavefish (41.30 ± 11.63 mm) and surface fish (33.56 ± 2.64 mm) individuals (t = 1.59, p = 0.167). Given the modest sample sizes, analysis was powered to detect large morphotype-associated differences, and smaller effects in other measures may not have been detected. 
[Place Figure 16 here]

FIGURE AND TABLE LEGENDS: 

Figure 1. Astyanax mexicanus morphotypes, A)Surface Fish B) Pachón cavefish . Scale bar: 10 mm

Figure 2. Detachment of head A)Surface Fish B) Pachón cavefish 

Figure 3. Removal of jaw from detached fish head A)Surface Fish B) Pachón cavefish 

Figure 4. Removal of eye from detachedfish head. In cavefish, scraping of the area can be performed to thin the tissue.A)Surface Fish B) Pachón cavefish 

Figure 5. Sagittal cut through the superior aspect of the fish head A) Surface Fish B) Pachón cavefish. Scale bar: 5 mm

Figure 6. Separation of lateral portions of head and exposure of brain within cranial cavity. A) Surface Fish B) Pachón cavefish. C-D) Removal of brain from skullbed.  Scale bar: 5 mm

Figure 7. A. mexicanus regional brain anatomy. A) Surface Fish B) Pachón cavefish. Scale bar: 5 mm

Figure 8. Pin placement for gastrointestinal dissection. A) Surface Fish B) Pachón cavefish


Figure 9. Underside cut to pre-dissection. A) Surface Fish B) Pachón cavefish

Figure 10. Removal of operculum and creation of a window. A) Surface Fish B) Pachón cavefish

Figure 11. Removal of superficial lateral skin and muscle. A) Surface Fish B) Pachón cavefish

Figure 12. Organs in situ in adult fish body cavity after removal of muscle and skin. A) Female Surface Fish with abdominal cavity exposed and eggs removed to expose organs B) Male Surface Fish with abdominal cavity and organs exposed C) Female Pachón Cavefish with abdominal cavity exposed and eggs removed to expose organs D) Male Pachón Cavefish with abdominal cavity and organs. Black arrows point to region where the gastrointestinal bundle is found.

Figure 13.  Gastrointestinal bundle removed from the fish's body cavity. A) Surface Fish B) Pachón cavefish Scale bar: 10 mm

Figure 14. Isolated gastrointestinal organs of Surface fish and Cavefish. A) Surface Fish B) Pachón cavefish . Scale bar: 10 mm

Figure 15. Morphotype-specific differences in optic tectum and telencephalon morphology
(A) Optic tectum length, (B) Optic tectum width, (C) Telencephalon length, and (D) Telencephalon width measured in Pachón (PA) and Surface Fish (SF) individuals. Boxplots show the interquartile range with median indicated; whiskers represent the minimum and maximum values. Individual points represent biological replicates. SF individuals exhibit significantly greater optic tectum length and width compared to PA individuals, whereas no significant differences are observed in telencephalon measurements between morphotypes.

Figure 16. Comparison of total gut length between PA and SF morphotypes
Total gut length measured in Surface Fish (SF) and Pachón (SF) individuals. Boxplots show the interquartile range with median indicated, whiskers represent the minimum and maximum values. Individual points represent biological replicates. No statistically significant difference in total gut length is observed between morphotypes.


DISCUSSION: 
The increasing relevance of A. mexicanus as a research model in a number of fields ranging from evolution, to biomedical neuroscience and microbiology, calls for a standardized organ dissection and collection method. While isolated structures have been studied and documented previously, including the optic tectum16,38 adult heart11 and others11,44, a systematic guideline to allow reproducible results from efficiently dissected organs in surface fish and cavefish of this species is lacking. These guidelines would benefit the research community working on these models at large by offering a standardized protocol for organ collection and providing a one-stop resource on the anatomy of both morphotypes in the Mexican tetra. For these reasons, we sought to develop and share a standardized adult organ dissection protocol in populations of A. mexicanus, with special considerations when handling surface fish or blind cavefish specimens, mostly focused on sample collection for downstream protocols including whole-brain imaging and metagenomic sequencing of adult brain/gut samples.
 
Critical steps and Modifications

Some careful considerations need to be taken into account when dissecting unpigmented, blind cavefish. For instance, the lack of coloration and increased fat deposits in the head area of blind cavefish45 make brain dissection visually challenging. To overcome this, we found that a critical step allowing visibility was the combination of brighter top and dimmer lower lighting  when using the dissecting microscope. When detaching the brain from the cranium, it is highly important that the cut be as shallow as possible.  This sagittal cut is usually started from the decapitated posterior area of the head to observe how deeply the scissors are cutting through, making sure they remain away from the desired brain tissue. Both surface and cavefish brain tissues are delicate, meaning that when using forceps to pull apart cranial structures it is recommended to start by separating the posterior portion and then the anterior, as to preserve the telencephalon and olfactory bulbs intact. Further, if performing dissections on juvenile fish, we recommend pinning the head to the Sylgard plate (if using) with a micro pin during step four of the protocol, rather than holding the head due to their small size. This will stabilize the head and facilitate cutting. The micro-pin should be placed vertically through the head, right above the mouth of the fish, and not above this area, as there is a risk of damaging the brain. In step six, scissors should be used only to make the first incision, and fine or ultra-fine forceps should be used to pull apart both sides of the head. The tissue in young juveniles is softer than in adults and can be pulled apart more readily. 

During gut dissection, based on a previous zebrafish protocol10, we found that the abdominal cut is more efficient  by snipping the area of the anal fin shallowly, then inserting the scissors to perform the underside cut. Lighting configurations remained the same as in the brain dissection, as it helps add visual contrast when working with the cavefish morphotype. While troubleshooting this method we found an added consideration when handling female fish. A female fish  might have eggs within the cavity and over the gastrointestinal organs. To clear this out, we use regular-sized forceps to gently scrape the eggs without breaking them loose. Alternatively, use 1X PBS to wash the cavity out of any remaining eggs, though this may interfere with post-processing and downstream analysis, depending on the needs. Adult fish specimens can be used for both brain and gastrointestinal tract dissections, with careful considerations stated previously in this protocol.

Modifications to this protocol for a two-person dissection-trained team require that there be double quantity of materials. These materials are unique to each dissector to prevent cross-contamination between collected samples. Space is also a factor that must be taken into consideration; if this method is applied to a protocol in need of a hood, then simultaneous dissection might not be possible. This limits high-throughput application, but does not mean it might be impossible. In this case, the dissector may perform this protocol on their own, but the time required to complete each procedure must be considered and minimized as much as possible to avoid degradation.

Conclusion

Although other fish dissection protocols are published and available 10,3,1, these protocols do not necessarily consider the particular needs and constraints of handling  A. mexicanus. While general teleost dissection techniques are applicable, population-specific anatomical differences can complicate reproducibility and tissue quality. The method described here refines existing approaches by providing a clear, population-specific workflow for brain and gut dissection. This protocol improves procedural consistency and supports reliable downstream applications. This protocol, tailored to both surface fish and blind cavefish, contributes to the standardization of adult organ dissections. Applications of these methods in future protocols may include microbiome analysis, metabolomic analysis of tissue and organs, or brain clearing for whole-brain imaging.  Ultimately, it will contribute to reproducibility across laboratories working with these models, eliminating the legwork required to develop and troubleshoot organ dissection methods from scratch.  
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