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Abstract

X-ray computed microtomography (UCT) is a powerful tool to reveal the 3D structure of tissues and organs.
Compared with the traditional sectioning, staining, and microscopy image acquisition, it allows a better
understanding of the morphology and a precise morphometric analysis. Here, we describe a method for 3D
visualization and morphometric analysis by LCT scanning of the embryonic heart of iodine-stained E15.5 mouse

embryos.
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Background

Transgenic mouse models have been extensively used to study the roles of specific genes in heart development.
Historically, to analyze morphological defects on heart formation in gain-of-function and loss-of-function models,
the formalin-fixed paraffin-embedded embryos were sectioned and analyzed section-by-section. X-ray computed
microtomography (UCT) is a powerful tool for visualizing the 3D morphology of the heart and performing
morphometric analysis. PUCT uses X-rays to create cross-sections of a physical object that can be used to recreate
3D models, reaching very high resolution (<1 pm). Here, we describe a method to apply this technique to biological
samples. Our purpose was to study the cardiovascular system in the developing mouse embryo. This method
overcomes the limits of traditional histology, such as the difficulty to obtain comparable sections, especially when
working with very small and complex samples.

For LCT analysis of embryos, it is mandatory to increase the contrast of tissues. To this end, different methods and
contrast agents are described in the literature, with small differences in protocols. The main agents available to this
purpose and tested by the authors are iodine solution or phosphotungstic acid (PTA) (Wong et al., 2012 and 2013;
Hsu et al., 2016; Handschuh and Gl&mann, 2022). Osmium tetroxide is also used as a contrast agent, but because
of its high toxicity it has not been tested by the authors. Both approaches of staining were previously used to study
cardiac defects (Degenhardt et al., 2010; Lesciotto et al., 2020; Jamet et al., 2022). In our experience, the use of
2%-5% PTA solution requires methanol (3%-10%) to properly penetrate tissues. The concentration of PTA and
methanol can be adjusted depending on the size of sample; for example, for small mouse embryos (E12.5), 3% of
methanol should be sufficient; for E15.5 embryos, 5% methanol; and for large mouse embryos (E18.5), 10% of
methanol should be necessary. We successfully used this method for the staining of E13.5 mouse embryos (Petrillo
et al., 2018). Although the PTA method offers excellent contrast, it may cause artifacts due to sample shrinkage in
embryos older than E13.5. The maximum size of the object suitable for the pCT is 50 mm; however, increasing
sample size will reduce the resolution.

On the contrary, iodine-based staining offers good balance in terms of sample preservation and soft tissue contrast,
especially for larger samples. In our experiment, in E15.5 embryos we used a 20% Lugol’s solution and 0.5% Tween-
20. To preserve mineral structures, pH can be adjusted to 7.3.

Materials and Reagents

A. Mouse mating and embryo dissection

1. Petri dishes (100 mm) (BD Biosciences, catalog number: 351029 or similar)

2. 35 mm cell culture dishes (BD Biosciences, catalog number: 352096 or similar)

3. Sterile disposable tubes (50 mL) (BD Biosciences, catalog number: 352070 or similar)

4. 15 mL tubes

5. Mice

6. Pure ethanol (Sigma, catalog number: 493546)

7. Phosphate-buffered saline (PBS), without Ca?* and Mg?* (Life Technologies, Gibco®, catalog number:
10010)

8. 4% paraformaldehyde (PFA) (Santa Cruz Biotechnology, catalog number: sc-281692)

9. 70% ethanol (see Recipes)

B. Micro-CT sample preparation

1. Lugol’s solution (Sigma, catalog number: 32922)
Tween-20 (Sigma, catalog number: P1379)
3. Staining solution with contrast agent (see Recipes)
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Equipment

1. Blunt forceps (FST Standard Pattern forceps or similar)

2. Fine forceps (Dumont #5 or similar) and scissors (FST, catalog number: 14060-09 or similar)

3. X-Ray computed microtomography Skyscan 1172 (Bruker)
This instrument is a desktop LCT equipped with a fully distortion-corrected 11 MP X-ray camera (a 12-bit
cooled CCD camera coupled to scintillator). The X-ray source is 20-100 kV, 10 W, with a <5 m spot size. 0.8
pm is the highest resolution (only for small samples) and 25 pm is the lower resolution. The maximum object
size is 50 mm. Skyscan 1172 is equipped with three filter positions (None, 0.5 mm Al, or Al+Cu).

Software

1. DataViewer 1.5.4.6 (Bruker)
2. NRecon 1.4.4 (Bruker)
3. CTVox 3.3.0 (Bruker)

Procedure

A. Mice mating

1. Keep mice ona12:12 h light/dark cycle with unrestricted access to food and water. Use animals aged 24
months for mating.

2. For mating, put a male and two females in a cage after 6 pm.

3. Before 9 am on the next day, check for the formation of vaginal plug: lift a female by her tail, slightly
dilate the vaginal opening with a blunt forceps, and check for a white mass.

4. Consider the day of plug detection as day E0.5. House the mated females separately from the male. Repeat
mating procedure with non-mated females the following days.

B. Embryo dissection

Embryo dissection is performed as described in Zeeb et al. (2012).

1. Atday E15.5, euthanize the pregnant female.

2. Place the mouse on a supine position and spray 70% ethanol on the abdomen.

3. Make a V-formed incision on the skin and abdominal cavity and lift the tissue to expose the internal organs.

4. Identify the V-shaped uterus with the string of embryos inside, cut at the proximal (cervical) and distal
(ovaries) ends, and remove the uterus to a tube with ice-cold PBS.

5. Dissect the embryos in a dish with PBS on ice. First, cut the uterus into single embryos-containing pieces.
Place each embryo in a 35 mm dish with PBS and remove the uterine tissues and yolk sac. Keep yolk sac
membranes for genotyping if required.

C. Embryo fixation

1. Place single embryos in 15 mL tubes with 5 mL of 4% PFA and incubate at 4 <C for 24 h.
2. After fixation, keep the embryos in PBS at 4 <C. If needed, the samples can be kept at 4 <C for several
days.
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D. Micro-CT sample preparation
1. Prepare fresh staining solution of 20% Lugol’s solution + 0.5% Tween-20 pH 7.3.
2. Keep samples in staining solution in constant gentle agitation.
3. Change solution daily for 10 days.

E. Micro-CT acquisition

Perform acquisition at 80 kV using a 0.5 mm Al filter at a resolution of 3 um, 0.4° of rotation step, 360° scan,
and 4xframe averaging.

F. Micro-CT image reconstruction

Obtain image reconstruction using NRecon software (Bruker), with proper misalignment compensation, no
smoothing, 5 ring artifacts reduction, and 30% beam-hardening correction.

Data analysis

1. Open dataset of the single embryo in DataViewer software (Figure 1).
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Figure 1. A screenshot of DataViewer software. An embryo is visualized in virtual sections in three planes.

2. Select the plane by moving along the x- and y-axes. In our case, we were interested in performing the
morphometric analysis of the embryo heart, in particular to measure the width of the ventricular walls and
interventricular septum and the area of the pericardial cavity. The same plane, the best at representing the
features we were interested in, was selected in all analyzed embryos.

3. Measure the features of interest by right-clicking to obtain the length in pm.
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4. To perform a qualitative investigation, the dataset could be visualized in 3D by using CTVox software (Figure
2 and Video 1).

00:00:02 / 00:00:41

Video 1. Embryo

Recipes

1. 70% ethanol
Obtained by mixing 70 mL of pure ethanol with 30 mL of water.

2. Staining solution with contrast agent
Staining solution with contrast agent is obtained by making a 20% Lugol’s solution with 0.5% Tween-20 and
adjusting pH to 7.3.
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