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SUMMARY: 
[bookmark: _Hlk36214653][bookmark: OLE_LINK42][bookmark: OLE_LINK44][bookmark: OLE_LINK47][bookmark: OLE_LINK43][bookmark: OLE_LINK48]This protocol attempts to establish a repeatable protocol for primary neurons and glia isolation from rat bladder for further cellular experiments.

ABSTRACT: 
[bookmark: OLE_LINK49][bookmark: OLE_LINK324][bookmark: _Hlk15933041][bookmark: OLE_LINK325][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK80][bookmark: OLE_LINK63][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK326][bookmark: OLE_LINK327][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK65][bookmark: OLE_LINK240][bookmark: OLE_LINK69][bookmark: OLE_LINK241][bookmark: OLE_LINK66][bookmark: OLE_LINK323][bookmark: OLE_LINK328][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK90][bookmark: OLE_LINK93][bookmark: OLE_LINK83][bookmark: OLE_LINK82]The lower urinary tract has two main functions, namely, periodic urine storage and micturition; these functions are mediated through central and peripheral neuroregulation. Although extensive research on the lower urinary tract nervous system has been conducted, most studies have focused on primary culture. This protocol introduces a method for the isolation and culture of bladder neurons and glia from Sprague–Dawley rats. In this method, the neurons and glia were incubated in a 37 °C, 5% CO2 incubator for 5–7 days. As a result, they grew into mature shapes suitable for related subsequent immunofluorescence experiments. Cells were morphologically observed using an optical microscope. Neurons, synaptic vesicles, and glia were identified by β-III-tubulin and MAP-2, Synapsin-1, and GFAP staining, respectively. Meanwhile, immunocytochemistry was performed on several neurotransmitter-related proteins, such as choline acetyltransferase, DYNLL2, and SLC17A9.

[bookmark: _Hlk33064820]INTRODUCTION: 
[bookmark: OLE_LINK331][bookmark: OLE_LINK332][bookmark: OLE_LINK104][bookmark: OLE_LINK103][bookmark: OLE_LINK102][bookmark: OLE_LINK101][bookmark: OLE_LINK330][bookmark: OLE_LINK329][bookmark: _Hlk24489559][bookmark: _Hlk15934207][bookmark: OLE_LINK114][bookmark: OLE_LINK113][bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK116][bookmark: OLE_LINK115][bookmark: OLE_LINK118][bookmark: OLE_LINK117][bookmark: OLE_LINK438][bookmark: OLE_LINK399][bookmark: OLE_LINK333][bookmark: OLE_LINK149][bookmark: OLE_LINK145][bookmark: OLE_LINK150][bookmark: OLE_LINK146][bookmark: OLE_LINK338][bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: _Hlk33316321][bookmark: OLE_LINK444][bookmark: _Hlk33304758][bookmark: OLE_LINK445][bookmark: OLE_LINK446][bookmark: _Hlk33101819][bookmark: OLE_LINK79][bookmark: OLE_LINK78][bookmark: OLE_LINK156]The lower urinary tract has two main functions: periodic urine storage and micturition1. The lower urinary tract nervous system (LUTNS) controls these functions and is delicate and susceptible to many neuropathies, which can be innate (porphyria), acquired (Lyme disease), secondary to disease states (diabetic cystopathy), drug induced (hemorrhagic cystitis), surgery caused (abdominoperineal resection), or injury caused (traumatic spinal cord injury)2-7. In physiological/pathological studies, in vivo and in vitro experiments are equally important. While in vivo research on LUTNS has been conducted at organ, cellular, and molecular levels for some time, in vitro research on primary neurons from the urinary bladder is almost nonexistent8,9. Although the present study is limited, we hope to pioneer research in this area so that other researchers could improve it. In this manner, this co-culture may lead to a cellular understanding of physiological dysfunction in phenotypes, such as bladder neuron dysfunction.

[bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK152][bookmark: OLE_LINK151][bookmark: OLE_LINK227]In contrast to enteric muscles with a clear directionality of the muscle cells into discrete layers, the muscles of the bladder are unorganized10. Therefore, instead of peeling off the outer layer of the bladder, this method proposes digesting the entire bladder to reduce the difficulty of operation and shorten the preprocessing time for a high cell survival rate.

[bookmark: OLE_LINK165][bookmark: OLE_LINK166]Following this method, we can obtain a mixed culture of neurons and other cells. The other cells are indispensable because their presence mimics an in vivo environment11. In addition, such cells provide the substances that are unavailable in the medium.

[bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK167][bookmark: OLE_LINK168]This method involves two steps for digestion. First, collagenase type II is used to hydrolyze collagen, followed by trypsin, to dissociate the tissue into cells10. In this manner, bladder tissues are dispersed into single cells and then grow relatively independent. When the culture of neurons matures, the neurons can be used for imaging or functional assays.

PROTOCOL: 

All experimental protocols and animal procedures complied with the ethical principle guidelines of the National Research Council.

1. Preparation of materials

1.1. [bookmark: OLE_LINK463][bookmark: OLE_LINK462]Sterilize all instruments and ddH2O using an autoclave before performing the experiment. Instruments include but are not limited to surgical scissors, ophthalmic scissors, forceps, spoons nucleus divider, glass dishes (60–100 mm in diameter), and glass breakers.

1.2. [bookmark: OLE_LINK449][bookmark: OLE_LINK450][bookmark: OLE_LINK451]Prepare the Krebs solution as follows (Table 1): Dissolve all the chemicals together with ddH2O prior to use. Dissolve CCaCI2 separately and add slowly into the mixed solution while stirring to avoid sediment. 

1.3. [bookmark: _Hlk33306807]Prepare the Rinse media, which consists of F12 media with 10% fetal bovine serum (FBS) and 1% antibiotic/antimycotic (100x). Add 5 mL of FBS and 0.5 mL of antibiotic/antimycotic to 44.5 mL of F12 media.

1.4. [bookmark: OLE_LINK452][bookmark: OLE_LINK453]Prepare neuron media A, which comprises neurobasal A media with 2% B-27, 1% FBS, 1% L-glutamine, 1% antibiotic/antimycotic (100x), and 0.01% glia-derived neurotrophic factor (GDNF). Add 200 µL of B-27, 100 µL of FBS, 100 µL of L-glutamine, 100 µL of antibiotic/antimycotic (100x), and 10 µL of GDNF (10 µg/mL) to 9.5 mL of neurobasal A media. 

NOTE: Prepare neuron media A within one week of usage to ensure freshness of B-27, L-glutamine and GDNF.

1.5. Prepare neuron media B using the same procedure as the preparation of neuron media A but without adding FBS.

1.6. Prepare digestion solution 1 by dissolving 20 mg of collagenase type II, 6 mg of bovine serum albumin, and 200 µL of antibiotic/antimycotic (100x) in 10 mL of oxygen-stable Krebs solution.

1.7. Prepare digestion solution 2 by diluting 1 mL of 0.25% trypsin with 4 mL of Hank’s balanced salt solution.

1.8. Prepare a plate with coated coverslips.

1.8.1. Use forceps in a laminar flow bench when placing glass coverslips into a 48-well culture plate.

1.8.2. [bookmark: _Hlk36289053][bookmark: OLE_LINK454][bookmark: OLE_LINK455][bookmark: _Hlk33309773]Dilute poly-D-lysine with ddH2O to a concentration of 0.1 mg/mL as poly-D-lysine stock. Store the stock at –20 °C, and thaw before use.

1.8.3. Add 40 µL of poly-D-lysine stock on top of each coverslip, and incubate the solution at room temperature for 10 min. 

NOTE: For different plates with different basal areas, adjust the concentration to 4 µg/cm2. For example, if the basal area of one well from a 24-well plate is 2 cm2, then we should transfer 80 µL of poly-D-lysine stock in a well. Each cm2 would contain 4 µg of poly-D-lysine.

1.8.4. Remove poly-D-lysine in the 48-well plate, and rinse coverslips with ddH2O thrice.

1.8.5. Dry the plate in a laminar flow hood for at least 30 min to ensure that the plate is anhydrous.

1.8.6. [bookmark: _Hlk33108803]Store the plate at 4 °C before laminin coating for 1 day at most. Storing the plate at −20 °C is preferable for long-term storage.

1.8.7. [bookmark: OLE_LINK457][bookmark: OLE_LINK456][bookmark: _Hlk33309003]Thaw laminin at 4 °C. Dilute laminin with ddH2O to a concentration of 50 µg/mL as laminin stock. Store the stock at –20 °C, and thaw at 4 °C before use.

1.8.8. [bookmark: _Hlk33170973]Use a pipette to transfer 100 µL of diluted laminin to the top of each coverslip and incubate laminin at 4 °C for 1 h. 

NOTE: For different plates with different basal areas, adjust the concentration to 5 µg/cm2. For example, if the basal area of one well from a 24-well plate is 2 cm2, then transfer 200 µL of diluted laminin in a well. Each cm2 would contain 5 µg of laminin.

1.8.9. Remove the laminin solution, and rinse coverslips with ddH2O once. Perform this operation on the edge of the coverslip to avoid scraping.

NOTE: Coated coverslips could be stored at 4 °C for 2 weeks at most.

2. Bladder harvest

2.1. Obtain five-week-old Sprague–Dawley rats.

2.2. Infuse carbogen (95% oxygen, 5% CO2) into the Krebs solution for at least 30 min in an ice bath to reach a stable oxygen status and pH level.

2.3. After euthanasia via cervical dislocation, soak the rats in 75% ethanol for 30 s for sterilization.

2.4. Place rats on a sterilized surgical towel and expose their abdomen. Open the abdominal cavity, and reveal the bladder with a set of scissors and forceps.

2.5. Lift the bladder gently and cut the bladder from the bladder neck with another set of scissors and forceps to avoid cross-contamination. Place the bladder rapidly in cold oxygen-stable Krebs solution to improve cell survival.

NOTE: Once the bladder is removed, perform the following operations rapidly to improve the prospect of neuron survival.

2.6. [bookmark: OLE_LINK458][bookmark: OLE_LINK459]Add Krebs solution into three glass dishes and glass breakers. 

2.7. Prepare glass dishes and glass breakers with Krebs solution in an ice bath for precooling. 

2.8. Mark these containers with numbers 1–3 correspondingly to prevent confusion.

2.9. Pair each glass dish with forceps and a spoons nucleus divider.

2.10. [bookmark: OLE_LINK461][bookmark: OLE_LINK460][bookmark: OLE_LINK2][bookmark: OLE_LINK3]In glass dish 1, cut open the bladder with ophthalmic scissors, and unfold it with forceps and a spoons nucleus divider.

2.11. Rinse the bladder in glass breaker 1, and place it in glass dish 2.

2.12. Eliminate adherent fat on the tissue surface using the forceps and ophthalmic scissors in glass dish 2.

2.13. Rinse the bladder in glass breaker 2, and place it in glass dish 3.

2.14. Gently scrape the bladder using the forceps and the spoons nucleus divider onto glass dish 3 to remove exogenous attachments.

2.15. Rinse the bladder in glass breaker 3, transfer the bladder to a 15 mL centrifuge tube with 14 mL of cold Krebs solution, and spin the sample for 1 min at 356 x g and 4 °C.

2.16. Repeat the previous step twice in two other tubes with Krebs solution to reduce contamination.

3. Two-step bladder digestion

3.1. [bookmark: OLE_LINK464][bookmark: OLE_LINK465]Transfer the bladder from the centrifuge tube to a 2 mL vial containing 1 mL of digestion solution 1. Use ophthalmic scissors to cut the bladder into small pieces (smaller than 1 mm) in solution.

3.2. Mix the bladder solution with 9 mL of digestion solution 1 in a sterile cell culture dish (100 mm in diameter). Perform step 1 digestion in a shaking incubator for 1 h under 5% CO2, 37 °C, and 200 rpm.

3.3. After step 1 digestion, centrifuge the solution at 356 x g at 4 °C for 8 min.

3.4. Place digestion solution 2 in a 37 °C water bath for preheating.

3.5. After centrifugation, remove the supernatant that contains digestion solution 1, and harvest the cell sediment. Some remaining liquid is allowed. Complete removal of the solution may promote cell loss.

3.6. Mix cell sediment with warm digestion solution 2 in a 15 mL centrifuge tube, and shake the mixture while digesting in a 37 °C water bath for 5 min. Do not exceed 7 min of step 2 digestion or neurons will perish.

3.7. After digestion, immediately deactivate trypsin in the mixture with 10 mL of cold rinse media.

NOTE: Perform the following steps at 0 °C–4 °C. An ice bath could provide such condition.

3.8. Harvest the cell sediment after centrifugation at 356 x g at 4 °C for 8 min. Remove as much media as possible because the remaining trypsin is harmful to cell growth.

3.9. Resuspend sediment with 3 mL of neuron media gently. Ensure that air bubbles are not generated in the solution containing cells for a high survival rate. 

3.10. Filter the mixture media through a 70 µm cell strainer into a 50 mL centrifuge tube.

3.11. Keep the filtrate on a shaker at 30 rpm in an ice bath for 30 min. This step is not necessary but recommended.

3.12. Collect cells by centrifugation at 356 x g at 4 °C for 8 min, and gently resuspend the cell pellets in 1 mL of neuron media A.

3.13. Add 500 µL of cell mixture into each well of the prepared 48-well plate.

3.14. Culture cells in an incubator at 37 °C and 5% CO2.

3.15. [bookmark: _Hlk36289520]Replace all the media with neuron media B in 1 h to provide a serum-free culture.

3.16. Change half of the neuron media B every 3 days.

NOTE: Neurons are ready for immunocytochemical experiments after 5–7 days of culture.

[bookmark: _Hlk33062902]REPRESENTATIVE RESULTS: 
[bookmark: OLE_LINK250][bookmark: OLE_LINK249][bookmark: OLE_LINK248][bookmark: OLE_LINK247][bookmark: OLE_LINK252][bookmark: OLE_LINK251][bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK383][bookmark: OLE_LINK384][bookmark: OLE_LINK257][bookmark: OLE_LINK258][bookmark: OLE_LINK256][bookmark: OLE_LINK255]In the process of primary cell culture, the cells acquired were round with bright and clear boundaries before the attached state. As the neurons grew, dendrites and axons started to be distinct. After 5–7 days of culture, the neurons reached a mature form with long projections, which were ideal for imaging or function studies. Although most of the impurities and cell debris could be removed due to changing media, certain residuals attached to poly-D-lysine and laminin coating were visible (Figure 1).

[bookmark: OLE_LINK387][bookmark: OLE_LINK388][bookmark: OLE_LINK259][bookmark: OLE_LINK52][bookmark: OLE_LINK260][bookmark: OLE_LINK321][bookmark: OLE_LINK322][bookmark: _Hlk19131152][bookmark: OLE_LINK53][bookmark: OLE_LINK170][bookmark: OLE_LINK261][bookmark: OLE_LINK262][bookmark: OLE_LINK263]After proper culture, neurons could be identified via typical β-III-tubulin and MAP-2 immunostaining10,12. In addition, glia was specifically identified via GFAP immunostaining10. Mature neurons developed synaptic spines, which were close to the presynaptic specializations identified by the immunostaining of the synaptic protein maker, synapsin-1 (Figure 2)12. These results indicated that mature cells with well-developed synapses were obtained through this method. This result suggests its important role in future function studies.

[bookmark: OLE_LINK306][bookmark: OLE_LINK307][bookmark: OLE_LINK466][bookmark: OLE_LINK467]Meanwhile, several neuron subtypes were recognized through immunocytochemistry experiments (Figure 3). Peptidergic neurons, which contain various neuropeptides, were immunostained with substance P13. Purinergic neurons with expressed vesicular nucleotide transporters were identified via SLC17A9 staining14. Nitrergic neurons were visualized with DYNLL-2, which connects nNOS with motor proteins in neurons15. Cholinergic neurons were immunoreactive with choline acetyltransferase16.

[bookmark: _Hlk33062935][bookmark: OLE_LINK234]FIGURE AND TABLE LEGENDS: 
Figure 1. Phase-contrast images of primary cells isolated from the rat bladder culture taken at 1, 3, and 7 days after plating (A, B, C, respectively). Scale bar: 50 μm.

[bookmark: _Hlk33317832][bookmark: _Hlk27944437][bookmark: OLE_LINK4][bookmark: OLE_LINK35][bookmark: OLE_LINK421][bookmark: OLE_LINK431][bookmark: OLE_LINK357][bookmark: OLE_LINK356][bookmark: OLE_LINK355][bookmark: OLE_LINK354]Figure 2. Immunofluorescence images of primary cells isolated from the rat bladder. Confocal microscopy analysis showed neuron cytoskeleton protein staining (β-III-tubulin, RRID: AB_2827688, 1:200) in primary culture neurons (A) and in whole mount bladder preparation (B). In primary culture neurons, neuronal phosphoprotein immunostaining (MAP 2, RRID:AB_2827689, 1:200) was also visualized (C). Glia were identified via glial fibrillary acidic protein staining (D; RRID: AB_627673, 1:50). Synapsins were visualized via synapsin protein staining (Synapsin-1, RRID: AB_2798146, 1:200) in cellular (E) and tissue (F) levels. The secondary antibodies used were as follows: Alexa Fluor 488 (green, goat anti-rabbit lgG, 1:200), Alexa Fluor 555 (red, goat anti-mouse lgG, 1:200). The nucleus was visualized using Hoechst 33342 (A, C, D, E; blue, 1 μg/mL). Scale bar: 50 μm.

[bookmark: _Hlk33054674][bookmark: _Hlk33317857][bookmark: _Hlk33056601][bookmark: OLE_LINK432][bookmark: OLE_LINK433][bookmark: OLE_LINK435][bookmark: OLE_LINK434][bookmark: OLE_LINK436][bookmark: OLE_LINK437]Figure 3. Immunofluorescence images of several neuron subtypes of primary neurons. Peptidergic neurons were immunostained with substance P (A; RRID: AB_785913, 1:50). Purinergic neurons were identified via SLC17A9 staining (B; RRID: AB_10597575, 1:200). Nitrergic neurons were visualized via DYNLL-2 staining (C; RRID: AB_654147, 1:50). Cholinergic neurons were immunoreactive with choline acetyltransferase (D; RRID: AB_2244867, 1:100). The secondary antibodies used were as follows: Alexa Fluor 488 (green, goat anti-rabbit lgG, 1:200), Alexa Fluor 555 (red, goat anti-mouse lgG, 1:200). The nucleus was visualized using Hoechst 33342 (A, B, C, D, blue, 1 μg/mL). Scale bar: 50 μm.

Table 1. Krebs solution composition

[bookmark: _Hlk33062797]DISCUSSION: 
Plate Preparation
[bookmark: OLE_LINK397][bookmark: OLE_LINK264][bookmark: OLE_LINK265][bookmark: OLE_LINK396][bookmark: OLE_LINK395][bookmark: OLE_LINK389][bookmark: OLE_LINK390][bookmark: OLE_LINK99][bookmark: OLE_LINK423][bookmark: OLE_LINK422][bookmark: _Hlk33384533][bookmark: OLE_LINK393][bookmark: OLE_LINK394]The use of glass coverslips in 6-, 12-, or 48-well culture plates for immunofluorescent or calcium imaging experiments is an economical and sample-sparing operation. Cells grow well in plates without coverslips during the preparation of primary cell cultures. Therefore, coverslips are dispensable in experiments, such as Western blot or polymerase chain reaction. Furthermore, coating is a necessary step before plating cells, with or without coverslips. Laminin and poly-D-lysine are common choices in coating neurons, particularly laminin, which is essential for neuron growth17.

Media Preparation
[bookmark: OLE_LINK401][bookmark: OLE_LINK400][bookmark: OLE_LINK425][bookmark: OLE_LINK424][bookmark: OLE_LINK427][bookmark: OLE_LINK426][bookmark: OLE_LINK430][bookmark: OLE_LINK403][bookmark: OLE_LINK402][bookmark: OLE_LINK404][bookmark: OLE_LINK405][bookmark: OLE_LINK406][bookmark: OLE_LINK407][bookmark: OLE_LINK408][bookmark: OLE_LINK409]After first medium replacement, cell isolation requires media without serum because serum stimulates cell division and leads to a limited neuron-growing space18. Thus, neuron growth factors are crucial. The quality of B27 and GDNF can vary largely from different batches and cause major effects on neuron growth19. Therefore, checking the lot number of the media is recommended when neuron yield is poor. Meanwhile, fresh media stock is crucial; the required amount should be calculated and prepared in advance each time before media are replaced.

Animals
[bookmark: OLE_LINK410][bookmark: OLE_LINK411][bookmark: OLE_LINK317][bookmark: OLE_LINK316][bookmark: OLE_LINK412][bookmark: OLE_LINK413]Sprague–Dawley rats are used in this method. C57BL/6 mice are also acceptable in this experiment. Therefore, other strains of rats or mice may also be adopted for this method despite a few variations in morphology and neuronal circuitry. In terms of different animal models, researchers should develop an optimized and targeted protocol. Furthermore, young animals should always be considered prior to the application of this method.

Tissue Treatment
[bookmark: OLE_LINK414][bookmark: OLE_LINK24][bookmark: OLE_LINK271][bookmark: OLE_LINK270]During the experiments, except for the digestive process, keeping tissues at a low temperature is essential to increase cell viability, which can reduce cell metabolism and avoid energy deficit. Oxygen levels, nutrition, and pH can also affect cell yield11. Moreover, for other tissues, we suggest that researchers perform this method with adjusted digestion condition.

Cell Culture
[bookmark: OLE_LINK85][bookmark: OLE_LINK21][bookmark: OLE_LINK415][bookmark: OLE_LINK416][bookmark: _Hlk36288965][bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: OLE_LINK417][bookmark: OLE_LINK418][bookmark: OLE_LINK429][bookmark: OLE_LINK428][bookmark: OLE_LINK419][bookmark: OLE_LINK420][bookmark: OLE_LINK8][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK5][bookmark: OLE_LINK272][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK12][bookmark: OLE_LINK11]One remarkable characteristic of neurons when inoculated is their quick adherence to coated plates20. In this case, changing media after 1 h of culture is recommended to gain a high proportion of neurons. Moreover, when most of the cells start to grow pseudopodium, the frequency of changing media can be reduced appropriately depending on the color of the media and the cellular state. Primary cell culture in a good state displays black soma with a bright border.

[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Most nerve cells isolated from the bladder are bladder intramural ganglia, which consist of afferent and autonomic efferent innervations of the bladder13. Moreover, no major pelvic ganglia are present in the harvested tissue. It distributes below the bladder neck21.

Limitation
[bookmark: _Hlk36248271][bookmark: OLE_LINK77][bookmark: OLE_LINK64][bookmark: OLE_LINK76]This is a preliminary research to isolate and culture neurons and glia. Many attempts had been done, like cytarabine treatment or density gradient centrifugation. However, the proportion of desired cells was still not ideal, and even more cell loss appeared. Moreover, traditional digestive conditions in this protocol, such as 37 °C, are likely to kill off some sensitive neuron types, and cause potential gene expression artifacts22.

[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK277][bookmark: OLE_LINK278][bookmark: OLE_LINK276][bookmark: OLE_LINK275]In conclusion, this protocol offers a method to culture neurons and glia from rat bladder. The isolation is easy to repeat, time efficient, and involves minimal microbial contamination. Although improvement evoking the purity of neurons is necessary, we hope this method contributes to LUTNS research.
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