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[Abstract] The inflammatory response is essential to the reestablishment of cutaneous 

homeostasis following injury. In this context, leukocytes arrive at the wound site and 

orchestrate essential events in the wound healing process. Therefore, the quantification of 

specific subsets of inflammatory cells in the wound tissue is of considerable interest. The 

current protocol focus on a quantitative index of neutrophils and macrophages accumulation 

within skin lesions by measuring the specific activity of the marker enzymes Myeloperoxidase 

(MPO) and N-acetyl-β-D-glucosaminidase (NAG), respectively. MPO is present in high levels 

in the azurophilic granules of neutrophils and NAG in lysosomes of activated macrophages. 

These methods allow the indirect estimation of the abundance of neutrophils and 

macrophages accumulated into the skin. 

 

Materials and Reagents 
 

1. 2 ml microcentrifuge tubes (Eppendorf) 

2. Circular biopsy punch (ABC, catalog number: 0418) 

3. 96-well microplates (Thermo Fisher Scientific, Fisherbrand™, catalog number: 

21-377-203) 

4. 3% Hydrogen peroxide (H2O2) (Sigma-Aldrich, catalog number: H1009) 

5. 3, 3’-5, 5’-tetramethylbenzidine (TMB) (Sigma-Aldrich, catalog number: T2885) 

6. 4-nitrophenyl-N-acetyl-β-D-glucosaminide (Sigma-Aldrich, catalog number: N9376) 

7. Citric acid (Sigma-Aldrich, catalog number: 251275) 

8. Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, catalog number: 472301) 

9. Glucose Solution (Sigma-Aldrich, catalog number: G8644) 
10. Sulfuric acid (H2SO4) (Sigma-Aldrich, catalog number: 258105) 

11. Hexadecyltrimethylammonium bromide (HTAB) (Sigma-Aldrich, catalog number: 

H9151) 

12. Potassium chloride (KCl) (Sigma-Aldrich, catalog number: P9541) 

13. Potassium phosphate monobasic (KH2PO4) (Sigma-Aldrich, catalog number: P0662) 

14. Liquid nitrogen  
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15. Ethylenediaminetetraacetic acid disodium salt dihydrate (Na2EDTA) (Sigma-Aldrich, 

catalog number: V000114) 

16. Sodium phosphate dibasic (Na2HPO4) (Sigma-Aldrich, catalog number: 255793) 

17. Sodium phosphate tribasic dodecahydrate (Na3PO4) (Sigma-Aldrich, catalog number:  
222003) 

18. Sodium chloride (NaCl) (Sigma-Aldrich, catalog number: S9888) 

19. Sodium hydroxide (NaOH) (Sigma-Aldrich, catalog number: 221465) 

20. Triton X-100 (Sigma-Aldrich, catalog number: T8787)  

21. Phosphate buffered saline (PBS) (10x, pH 7.2) (see Recipes) 

22. PBS (1x) (see Recipes) 

23. Buffer 1 (see Recipes) 

24. Buffer 2 (see Recipes) 

25. H2O2 (0.002% v/v) (Sigma-Aldrich, catalog number: 7722-84-1) (see Recipes) 
26. MPO substrate solution (see Recipes) 

27. Saline-Triton buffer (see Recipes) 

28. Phosphate-citrate buffer (see Recipes) 

29. NAG substrate solution (see Recipes) 

30. Glycine buffer (see Recipes) 

 

Equipment 
 

1. Freezer (-20 °C) 

2. Freezer (-80 °C) 

3. High Precision Laboratory Balance (Shimadzu Corporation, catalog number: ATX 

-224) 

4. Micropipettes 

5. Microplate Spectrophotometer Reader (Molecular Devices, model: SpectraMax) 

6. Refrigerated centrifuge (Eppendorf, model: 5810R) 

7. Tissue homogenizer (Thermo Fisher Scientific, catalog number: PowerGen 125) 

8. Vortex Mixer (VELP Scientifica, catalog number: F202A0171) 

 

Procedure 
 

A. Harvesting wound tissue 

1. The wounds are harvested after animal euthanasia. Anesthetic overdose is the 

preferred method for euthanasia. Avoid cervical dislocation or decapitation methods.  

2. First, remove the back skin of the mice and carefully remove the wound tissue with the 

aid of a circular biopsy punch (with a slightly larger diameter than the one employed to 

wounding) to collect entire wound area (plus about 2 mm surrounding skin tissue) 

(Figures 1A-D). 
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3. Place the fresh samples (harvested tissue) in 2 ml microcentrifuge tubes and 

immediately dip in liquid nitrogen. 

4. Store the harvested tissue at -80 °C until use. 

5. To the excisional wound healing model, see the protocol by Moreira et al. (2015). 

 

 
Figure 1. Harvesting wound tissues for analysis. After euthanasia, remove the dorsal 

wounded skin of mice (A). Place the larger circular punch over the skin lesion, press down, 

and slowly rotate to remove a circular piece of skin (B-C). Collect for NAG and MPO 

analyses (D) by immediately dipping the tissue-containing microcentrifuge tubes in liquid 

nitrogen. 

 

B. MPO enzyme isolation and assay (Figure 2) 

1. Weigh and homogenize the tissue in ice-cold Buffer 1 (100 mg tissue/1 ml buffer), 

using a powered high speed tissue homogenizer (Ultra-turrax or equivalent). 

Homogenizing procedures during enzyme isolation must be performed on ice. 

2. Centrifuge at 10,000 x g for 10 min at 4 °C. 

3. Discard supernatant and submit the pellet to hypotonic lysis as follows: Resuspend 

the pellet in 1 ml of 0.2% NaCl for 30 sec, and then add 1.0 ml of a 1.6% NaCl/5% 

glucose solution. 

4. Centrifuge at 10,000 x g for 10 min at 4 °C. 

5. Discard supernatant and resuspend the pellet in Buffer 2 (100 mg tissue/1 ml buffer). 

6. Vortex and then freeze-thaw three times using liquid nitrogen. The thawing step can 

be performed under running tap water.  

7. Centrifuged at 10,000 x g for 15 min at 4 °C. 

8. Save the supernatants for the enzymatic assay (if the MPO assay is not carried out 

immediately, the supernatants can be stored at -20 °C until used). 

9. Dilute samples in Buffer 2 at RT (we suggest 1:3, but the dilution should be adjusted 

experimentally). 

10. To assay, add 25 μl of diluted supernatants samples (or Buffer 2, used as blank) per 

well to 96-well microplate. All samples should be run in duplicate. 

11. Add 25 μl of MPO substrate solution. 

12. Incubate for 5 min at 37 °C. 
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13. Add 25 μl of 0.002% H2O2. 

14. Incubate for 5 min at 37 °C. 

15. Finally, stop reaction with 25 μl of 1 M H2SO4. 

16. Read at 450 nm. 

17. Calculate the relative activity of MPO as follow: (sample absorbance spectrum - blank 

absorbance spectrum) x sample dilution factor. Express results as relative units (MPO 

activity/100 mg) that denote activity of MPO per 100 mg of tissue. 

 

 
Figure 2. MPO assay procedure summary  

 

C. NAG enzyme isolation and assay (Figure 3) 

1. Weigh and homogenize the tissue in ice-cold Saline-Triton buffer (100 mg tissue/1 ml 

buffer), using a powered high speed tissue homogenizer (Ultra-turrax or equivalent). 

Homogenizing procedures during enzyme isolation must be performed on ice. 

2. Centrifuge at 3,000 x g for 10 min at 4 °C. 

3. Save the supernatant for the enzymatic assay (if the NAG assay is not carried out 

immediately, the supernatants can be stored at -20 °C until used). 

4. Dilute assaying samples in phosphate-citrate buffer at RT (we suggest 1:3, but the 

dilution should be adjusted experimentally). 

5. To assay, add 25 μl of diluted supernatants samples (or phosphate-citrate buffer, used 

as blank) per well to 96-well microplate. All samples should be run in duplicate (Figure 

4). 
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6. Add 25 μl of NAG substrate solution. 

7. Incubate for 10 min at 37 °C. 

8. Finally, stop reaction with 25 μl of 0.2 M Glycine buffer.  

9. Read at 400 nm. 

10. Calculate the relative activity of NAG as follow: (Sample absorbance spectrum-blank 

absorbance spectrum) x sample dilution factor. Express results as relative units (NAG 

activity/100 mg) that denote activity of NAG per 100 mg of tissue. 

 

 
Figure 3. NAG assay procedure summary  

 

 
Figure 4. 96-Well NAG/MPO plate layout. Example of blank and sample distribution. All 

samples should be run in duplicate. For NAG, the blank is phosphate-citrate buffer and for 

MPO is buffer 2. 

 

 

 

 

Blank 
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Notes 

 

1. The frozen supernatants saved for the enzymatic assays must be thawed at 4 °C and 

kept on ice during handling. 

2. Use a suitable ultra-permanent ink resistant pen that can resist to the severities of 

freezing and thawing at liquid nitrogen temperatures to properly identify the 

microcentrifuge tubes that will be used for the MPO enzyme isolation procedure. 

 

Recipes 
 

1. Phosphate buffered saline (PBS) (10x, pH 7.2) 

NaCl 80 g (137 mM final concentration) 

Na2HPO4 11.05 g (or Na2HPO4·12H2O 29 g) (8.01 mM final concentration) 

KCl 2 g (2.7 mM final concentration) 

KH2PO4 2.1 g (1.5 mM final concentration) 

MilliQ water qsp 1,000 ml 

2. PBS (1x)  

PBS (10x) 50 ml  

MilliQ water 450 ml 

3. Buffer 1 (pH 4.7) 

NaCl 5.84 g (0.1 M final concentration) 

Na3PO4 3.12 g (0.02 M final concentration) 

Na2EDTA 5.58 g (add this only after pH adjustment) (0.015 M final concentration) 

MilliQ water qsp 1,000 ml 

4. Buffer 2 (pH 5.4)  

Na3PO4 7.8 g (0.05 M final concentration) 

HTAB 5 g (add only after pH adjustment) (0.5% p/v final concentration) 

MilliQ water qsp 1,000 ml 

5. H2O2 (2.4 mM final concentration) 

3% H2O2 7.0 μl 

Buffer 2 12 ml 

6. MPO substrate solution (1.6 mM final concentration; protect from light) 

TMB 3.845 mg  

DMSO 1 ml 

7. Saline-Triton buffer (Triton X-100 0.1% v/v final concentration) 

Saline solution (0.9%) - NaCl 9 g in MilliQ water qsp 1,000 ml 

Triton X-100 1 ml 

8. Phosphate-citrate buffer (pH 4.5) 

Solution A - Citric acid 9.6 g in MilliQ water qsp 500 ml (0.1 M final concentration)  

Solution B - Na2HPO4 17.9 g in MilliQ water qsp 500 ml (0.1 M final concentration) 
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Mix 200 ml of solution A and 310 ml of solution B 

9. NAG Substrate solution (2.24 mM final concentration; protect from light) 

p-nitrophenyl-N-acetyl-β-D-glucosaminide 0.767 mg 

Phosphate-citrate buffer 1 ml  

Vortex and then sonicate the suspension for 10 sec 

10. Glycine buffer (0.2 M final concentration; pH 10.6) 

Solution A - Glycine 6.008 g in MilliQ water qsp 100 ml (0.8 M final concentration) 

Solution B - NaCl 4.68 g in MilliQ water qsp 100 ml (0.8 M final concentration) 

Solution C - NaOH 3.2 g in MilliQ water qsp 100 ml (0.8 M final concentration) 

Mix solutions A, B and C 
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