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MUSCLE CELL INNERVATION 

WITH FOETAL RAT SPINAL CORD

We describe two possible methods.

METHOD 1

Equipment and Materials

· Petri dishes 35 mm

· Sterile surgical instruments for microdissection

· Disposable syringe 1 ml

· Bovine gelatine 

· Ham’s F-14 proliferating medium

· Innervating medium

· Medium for collecting biopsies

· Foetal bovine serum

· Sprague Dowley or Wistar gravid female rats (12-13 day after mating (Contact Charles River or other supplier in advance and specify exact day of mating) 

· Dissecting microscope 

· Laminar flow hood

Innervating medium

Nutrient mixture Ham’s F14
440 ml

Foetal bovine serum
50 ml

Insulin
5 ml

Penicillin-streptomycin solution 100x 
5 ml

Human basic fibroblast growth factor 
25 ng/ml

Epidermal growth factor 
10 ng/ml

Filter and store at +4°C, 15 days maximum.

Ham’s F14 or DMEM Proliferating medium

Nutrient mixture Ham’s F14 or DMEM
390 ml

Foetal calf serum
100 ml

Penicillin-streptomycin solution 100x 
 5 ml

Insulin 
 5 ml

L-glutamine
 5 ml

Human basic fibroblast growth factor
 25 ng/ml

Epidermal growth factor 
 10 ng/ml

Filter and store at +4°C, up to 1 month.
Insulin solution

Dissolve 100 mg of insulin in 12 ml of HCl (1N). Add 88 ml of ultrapure water, filter through 0.22 micrometer filters and aliquot (5 ml) into sterile tubes.

Medium for collecting human muscle biopsy

DMEM







500 ml

Penicillin-streptomycin solution 100x 


6.25 ml

Gentamicin solution (50 mg/ml)



0.5 ml

Fungizone  (250 microg/ml)




5 ml

Filter and store at +4°C, up to 2 months.

Procedure

1. Seed myoblasts 3-4 days before innervation into 35 mm Petri dishes previously treated with gelatine, at a concentration of 12-25 X 104  depending on growth rate.

Gelatine-coated dishes are prepared from 0.1 % bovine gelatine solution which is filtered, poured into 60 mm petri dishes (3 ml per dish) and left to stand for an hour, then the excess liquid is discarded.
2. Add Ham’s F-14 or DMEM proliferating medium and change medium every 2-3 days as usual.

3. For optimal innervation the myoblasts should be ready to fuse but only a few myotubes should have formed. 

4. The day before innervation replace proliferating medium with innervating medium, which stimulates differentiation rather then proliferation.

5. Just prior to innervation, set up the tools necessary for sacrifice (guillotine, ethanol 70%, plastic bag for cadavers, and sterile surgical instruments).

6. Carefully clean all surfaces, including the microscope, with 70% ethanol.

7. Briefly expose the rat to ether vapour and guillotine. One animal may suffice but a second must be kept ready in the event that the first is non gravid or contains too few foetuses. 

8. Disinfect the belly with ethanol and open the abdominal cavity with sterile scissors. Expose the uteri (chains of 10-12 uteri in each gravid female) and collect them. 

9. Place the uteri in 100 mm Petri dishes containing medium for collecting muscle biopsies (rich in antibiotics) and transfer to the flow hood.

10. Clean the guillotine with detergent and 70% ethanol.

11. Under the hood, extract the foetuses from the uteri and place them into a new 100 mm Petri dish containing medium for collecting muscle biopsies.

12. Under the dissecting microscope use the cutting edge of insulin needles and tweezers with very fine tips, to dissect out the entire spinal cord of each foetus including the dorsal ganglia.

13. Cut the spinal cords plus ganglia into fragments containing 1 or 2 pairs of ganglia and transfer them to the flow hood. 

14. Remove the medium from the 35 mm Petri dishes containing the myoblasts/myotubes and add 4-5 spinal cord fragments distributing them equidistant from each other. 

15. Add a few drops of innervating medium and incubate for 1 hour at 37 °C in CO2 incubator to allow the fragments to adhere.

16. Add sufficient innervating medium to completely cover spinal cord fragments (about 1ml) and place the dish in the incubator

17. Change medium every 2-3 days.

18. After 7-10 days, myotubes will start to contract asynchronously. After 20-30 days, FBS concentration can be reduced to 5%; after 2-3 months it can be further reduced to 2%.
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METHOD 2 IN MICROWELLS 

Equipment and Materials

· Hanks’ balanced salt solution (HBSS) without Ca++ and Mg++ (1X) 

· DMEM

· L15 Leibovitz medium 

· Foetal bovine serum (FBS) 

· Bovine Serum Albumin (BSA) 

· DMSO 

· Gelatine type B from bovine skin 

· Ultrapure distilled H2O 

· Minimum essential medium (MEM) Earle’s without L-Glutamine 

· M199 Earle’s salts 

· L-glutamine 100X 200 mM

· Antibiotic-antimycotic 100X

· Insulin from bovine pancreas 

· Basic Fibroblast growth factor (b-FGF)

· Epidermal growth factor (EGF)

· Laminar flow hood

· Inverted microscope

· Disposable plastic ware

Medium for muscle cell culture

This medium is for satellite cell isolation and muscle cell growth

MEM







65 ml 

Medium 199






25 ml

FBS (10 % final) 





10 ml 

L-glutamine 100X (2X final)




2 ml

Antibiotic-antimycotic solution 100X (1X final)

1 ml

Insulin solution 5 mg/ml (10 microg/ml final)

200 microliter

EGF solution 0.2 microg/microliter (10 ng/ml final).
5 microliter

B-FGF solution at 0.1 microg/microliter (5 ng/ml final)
5 microliter

Store at 4°C for 15 days.

Gelatin solution 1%

Weight 1 g +/- 0,2 g of gelatine in a glass flask 

Dilute gelatine in cell culture water 

Warm at 37°C until complete dissolution

Sterilise solution for 30 minutes in autoclave

Homogenise and aliquot in 50 ml tubes.

Store at 4°C 

Gelatin solution 0,1% 

For amplification of muscle cells, prepare a gelatine solution at 0,1% 

Warm up at 37°C the solution of gelatine 1% until clarification of the solution 

Dilute in cell culture water.

Conditioned medium for embryo dissection 

This medium is poor in Ca++ and Mg++. It is used to immerge embryos as soon as they are collected:

HBSS 1%

BSA 1%

Antibiotic-antimycotic solution 1%

Filter on 0.22 µm and store at 4°C for 1 month.

Dissection medium

This medium is used to dissect embryos and to prepare spinal cords. It is buffered at pH 7.4.

For 500 ml of L15 medium

BSA 1%

Antibiotic-antimycotic solution 1%

Filter on 0.22 µm and store at 4°C for 1 month

Muscle cell innervation medium

Stage 1 : basic medium preparation

For 600 ml

MEM 420 ml

M199 150 ml

FBS 5% (30 ml)

Antibiotic-antimycotic solution 1X final

Store at 4°C for 1 month

Stage 2 : preparation of cell muscle innervation medium

For 100 ml of basic medium

L-glutamine 2X final (1ml)

Insulin 10 microg/ml final

Store at 4°C for 15 days

Procedure

1. Embryo preparation

Collect Wistar 15-day-old rat embryos, from the amniotic bag and place in a Petri dish containing HBSS dissection medium. Just before the dissection, transfer embryos to L15 dissection medium for spinal cord isolation.

2. Spinal cord preparation 

Dissect spinal cords from the embryos, place in the innervation medium and cut into small slices containing the 2 corresponding dorsal root ganglia.

3. Human muscle cell culture and innervation

Thaw muscle cells rapidly at 37°C and seed into 24 well microplates in muscle cell innervation medium. Immediately after satellite cell have fused to form myotubes with no contractile activity, place on the cell monolayer one slice per well of embryo spinal cord with the 2 dorsal root ganglia. Innervated cultures are maintained in neural medium containing 5 % foetal bovine serum and the medium is changed every 2 days.

After one day of co-culture, neurites are seen growing out of the explant; they make contact with the myotubes and, after 5 days, induce the first contractions. After 3 weeks in co-culture, the innervated muscle fibres become cross-striated, have well-differentiated neuromuscular junctions and display other biochemical and pharmacological marker of maturation.

The validation of the model is focused on functional innervation such as contractile activity and on the presence of different neuron and muscle cell markers.

4. Counting contraction frequency

Contractions are visible from day 4 to day 36 of co-culture and can be counted using an analysis software. Contraction frequency can be filmed with a video camera linked to the microscope and counted for 30 seconds.

5. Immuno-characterization of neurons and muscle cells

Fix cells with 4 % paraformaldehyde.

Stain for choline acetyl transferase or Beta-tubulin, both markers of neurons or for myosin heavy chain, marker of skeletal muscle, by incubation for 24 hours at 4 °C in a phosphate-buffered saline solution (PBS) containing 0.3 % Triton X100 (PBT medium) and 5 % foetal calf serum. After extensive washings with PBT, incubate cultures in the CY3 (red dye)-conjugated secondary antibody for 24 hours in PBT. Wash, and keep stained cell cultures at 4 °C until analysis. Observations are made using a fluorescence-equipped inverted microscope. 
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