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Analysis of Intestinal Permeability in Mice
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[Abstract] The intestinal epithelial layer serves as a barrier against pathogens and ingested toxins,
which are present in the lumen of the intestine. The importance of the intestinal epithelial barrier is
emphasized by the alterations in paracellular permeability and tight junction functions observed in
inflammatory bowel disease (IBD) and colon cancer.
Materials and Reagents
1. 8-10-week old mice (in-house bred mice mostly C57BL/6 background; both male and
female)
2. Fluorescein isothiocyanate conjugated dextran (FITC-dextran) (Sigma-Aldrich, catalog
number: FD4)
3. Sterile 1x phosphate-buffered saline (PBS) (pH 7.4)
4. Anesthesia (isoflurane) (ESTEVE, catalog number: 103287025)
Equipment
1. BD Microtainer SST tubes (BD Biosciences, catalog number: 365968)
2. 1 ml syringes (ENFA, catalog number: JS1)
3. Autoclaved oral gavage needles (22 Gauge /25 mm long) (Fine Science Tools, catalog
number: 18061-22)
4. Spectrophotofluorometer (BioTek Instruments, catalog number: FLx800)
5. 96-well microplates (flat bottom) (Corning, catalog number: 3650)
6. Dissection equipment (forceps, tweezers, scissors)
7. Balance
8. Table top anesthesia machine (Parkland Scientific, catalog number: V3000PK)
Procedure
1. On day 1, in the evening remove water bottles from the cages to water starve the mice
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overnight.
2. On day 2, in the morning weight the mice.
3. Dissolve FITC-dextran in PBS at a concentration of 100 mg/ml and administer
FITC-dextran to each mouse (44 mg/100 g body weight) by oral gavage with a needle
attached to a 1 ml syringe. The procedure for oral gavage is described elsewhere (Bertola
et al., 2013). A gap of 30 min between each mouse is recommended for the FITC-dextran
oral gavage (see Notes).
4. After 4 h, anesthetize the mice by isoflurane inhalation and collect the blood using a 1 ml
syringe with 25 G needle by cardiac puncture, then kill the mice by cervical dislocation.
Isoflurane is delivered at a concentration of 4% in oxygen using a precision vaporizer for
the initial induction and then is maintained at 3% during the blood collection. Typically, we
collect 300-400 μl of blood in order to get enough serum for the next step.
5. Immediately, transfer blood to a Microtainer SST tube, mix by inverting the tube 3-4 times
and store at 4 °C in in the dark. Once blood has been collected from all the mice, SST
tubes are processed to separate the serum following the manufacturer’s instruction.
6. Dilute the serum with an equal volume of PBS.
7. Add 100 μl of diluted serum to a 96-well microplate in duplicate.
8. Determine the concentration of FITC in serum by spectrophoto fluorometry with an
excitation of 485 nm (20 nm band width) and an emission wavelength of 528 nm (20 nm
band width) using as standard serially diluted FITC-dextran (0, 125, 250, 500, 1,000,
2,000, 4,000, 6,000, 8,000 ng/ml) (Figure 1). Serum from mice not administered with
FITC-dextran is used to determine the background.
Representative data

Figure 1. Standard curve for the intestinal permeability assay showing linearity over the
range of concentrations tested
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Figure 2. Intestinal permeability measured by determining the concentration of
FITC-dextran in the serum of WT and p38α-ΔIEC mice. Data are means ± SEM (n = 4). *p <
0.05
Notes
1. The administration of FITC-dextran with a gap of 30 min between animals allows for
anesthetization and collection of blood by cardiac puncture from each mouse while
maintaining the 4 h interval between FITC-dextran administration and blood collection.
2. In different experiments, we observed FITC concentration ranges of 500-800 ng/ml in the
serum of WT mice. The mean concentration of FITC in the serum of WT mice
administered with FITC-dextran, without any further treatment, should be considered
normal. In our case (Gupta et al., 2014), we found that mice with deletion of p38α in
intestinal epithelial cells (p38α-ΔIEC) show higher concentration of FITC-dextran in the
serum and therefore concluded that intestinal permeability was enhanced in these mice
compared to WT mice (Figure 2).
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