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[Abstract] Angiogenesis is the nature and pathological process of blood vessel growth from pre-existing
vascular buds. It plays an important role in cancer and cardiovascular disease. The aorta ring assay is
an approach to study angiogenesis. In this experiment, we used the aorta of rat as the study material,
cleaned the surrounding tissue of aorta and cut it into 1 mm long rings. Next, the rings were cultured in
growth factor-reduced matrigel polymerized at 37 °C. Angiogenesis was assessed at 7 days by using
an inverted microscope platform.
Materials and Reagents
1. 10 cm dish (Thermo Scientific, catalog number: 172931)
2. 24 well plates (Thermo Scientific, catalog number: 142475)
3. 2 ml and 5 ml disposable sterilized syringe
4. Sprague-Dawley 4-week old rat (Zhejiang Chinese Medical University Animal Center)
5. Growth factor-reduced matrigel (Corning, catalog number: 354230)
6. Dulbecco’s Modification of Eagle’s Medium with 1 g/L glucose glutamine & sodium pyruvate
(Mediatech, catalog number: 10-014-CV)
7. Fetal Bovine Serum (Biological Industries, catalog number: 04-001-1A)
8. Phosphate buffer saline (PBS) (Shanghai ji’nuo, catalog number: GNM 20012)
9. Chloral hydrate (Guoyao chemical reagent co. LTD, catalog number: 30037517)
10. 70% ethanol
11. Medium (see Recipes)
12. 4% chloral hydrate (see Recipes)
Equipment
1. Surgical scissors, scalpel and tweezers
2. Ruler
3. 37 °C, 5% CO2 cell culture incubator (Thermo Fisher Scientific, catalog number: 51026334)
4. Inverted microscope (Leica Microsystems, model: DMi1)
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5. Electronic scale
Software
1. Image-Pro Plus 6.0
Procedure
Note: The whole experiment should be in aseptic conditions including all materials and reagents. All
operations should be sterile.
1. Allow the growth factor-reduced matrigel melt overnight from -20 °C to 4 °C in a refrigerator.
2. Put 24 well plates and pipette tips in -20 °C chilled overnight.
3. Use electronic scale to weigh rat.
4. Use 5 ml disposable sterilized syringe to inject 4% chloral hydrate to rat’s abdomen, 1 ml chloral
hydrate per 100 g to anesthesia rat then sacrifice the animal through cervical dislocation, place
the rat on the animal operation asepsis.
5. Spray 70% ethanol to rat’s skin and bundle the rat.
6. Use scissors to open the chest and remove other organs to expose the thoracic aorta (Figures
1 and 2).

Figure 1. Place the rat on the animal operation asepsis

Figure 2. Open the chest and remove other organs to expose the thoracic aorta
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7. Use tweezers and scissors to separate the spine and aorta (Figure 3).

Figure 3. Use tweezers and scissors to separate spine and aorta
8. Cut the aorta from diaphragm to the end of the heart, then put it in 10 cm dish and wash the
aorta with sterile PBS at room temperature (Figure 4).

Figure 4. Cut aorta from diaphragm to the end of the heart
9. Carefully clean the surrounding tissue around the aorta (Figure 5).

Figure 5. Clean the surrounding tissue around the aorta
10. Use scalpel to cut the aorta into sections as 1 mm long rings measured by a ruler (Figure 6).
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Figure 6. Use scalpel to cut aorta into sections as 1 mm long rings measured by a ruler
11. Keep the growth factor-reduced matrigel on ice. Then add 150 µl matrigel into each well in 24
well plates in biosafety cabinet. Three complex wells for each group.
Notes:
a. The matrigel should be careful and quick. It’s easy to become solidified at room temperature.
b. Keep the matrigel on ice before adding it to the well, but the plate does not need to be put
on ice, the plate should be chilled before the matrigel is added.
c.

After adding the matrigel, gently shake the plate to be sure the whole surface is covered by
matrigel. If there are some bubbles in the well use 2 ml sterilized syringe to break them.

12. Gently shake the plate then leave it in an ordinary humidiﬁed incubator for 30 min (37 °C).
13. Put the 1 mm aorta ring in the middle of each well.
14. Then incubate for about 10 min in the ordinary humidiﬁed incubator (37 °C).
15. Add another 150 µl matrigel into the well to cover the ring.
16. Then incubate for 30 min again in the ordinary humidiﬁed incubator (37 °C).
17. As the aorta ring is embedded in the matrigel, add 200 µl Dulbecco’s Modification of Eagle’s
Medium with 10% Fetal Bovine Serum per well, finally put 24 well plates in the incubator (37 °C)
(Figure 7)

Figure 7. The aorta ring in the matrigel covered by medium in the 24 well plates
18. Refresh the medium every 2 d.
19. After 7 d, the branch of vascular is observed under microscope (Figure 8).
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Figure 8. After 7 days, the branch of vascular is observed by microscope. Scale bar, 100
µm.
20. Use Image-Pro Plus 6.0 to detect the sprouting length and range.
Total vessel outgrowth is summed for each ring using Image-Pro Plus 6.0 software. The total
length of all branches of each ring is calculated so that we can compare them within groups.
Notes
1. In this protocol we only use one kind of medium (a common medium) to culture.
2. The students can also collect different kinds of condition media to make more than one group.
Usually we set up several groups to compare different supernatants working on the aorta ring.
3. When you have several groups you need to set up three complex wells for each group.
Recipes
1. Medium
90% Dulbecco’s Modification of Eagle’s Medium
10% Fetal Bovine Serum
2. 4% chloral hydrate
0.4 g chloral hydrate
10 ml deionized water
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