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3.3

Analysis of Collagen, Glycosaminoglycans, and DNA

Cartilage tissue engineering generally requires the analysis of collagen, glycosaminoglycans (GAGs), and DNA in conjunction with 

cellular or extracellular matrix components (ECM) (1,2). Consequently, depending on the analytes, appropriate sample preparation 

protocols must be utilized. Table 1 shows three sample preparation protocols and assay kits as guidelines for ECM analysis depending 

on the analyte. Please contact Chondrex, Inc. at support@chondrex.com for more information.

A. Guanidine hydrochloride (GuCl) extracts GAGs, but fails to completely extract collagen and DNA, resulting in underestimated 

values (1,3). 

B. Papain digestion solubilizes GAGs (4) and DNA (5) but degrades collagen. 

C. Chondrex, Inc.’s collagen solubilization protocol can be used on samples for the GAGs assay (6), but not for the DNA assay.

To ensure accuracy, assay results can be normalized by the sample's weight, cell count, or DNA levels, according to the preparation 

method used (7,8).

Table 1. Sample Solubilization

*GuCl extraction works for samples consisting of chitosan or agarose, but not for tissues such as cartilage due to poor extraction 

efficiency (60%) (1).

References

1. C. D. Hoemann, et al. A multivalent assay to detect glycosaminoglycan, protein, collagen, RNA, and DNA content in milligram 

samples of cartilage or hydrogel-based repair cartilage. Anal Biochem 300, 1-10 (2002).

2. D. J. Griffon, M. , et al. Chitosan scaffolds: interconnective pore size and cartilage engineering. Acta Biomater 2, 313-320 (2006).

3. S. W. Sajdera, V. C. Hascall. Protein polysaccharide complex from bovine nasal cartilage. A comparison of low and high shear 

extraction procedures. J Biol Chem 244, 77-87 (1969).

4. R. W. Farndale, D. J. Buttle, A. J. Barrett. Improved quantitation and discrimination of sulphated glycosaminoglycans by use of 

dimethylmethylene blue. Biochem Biophys Acta 883, 173-177 (1986).

5. Y. J. Kim, R. L. Sah, J. Y. Doong, A. J. Grodzinsky. Fluorometric assay of DNA in cartilage explants using Hoechst 33258. Anal 

Biochem 174, 168-176 (1988).

6. K. von der Mark, M. van Menxel, H. Wiedemann. Isolation and characterization of new collagens from chick cartilage. Eur J 

Biochem 124, 57-62 (1982).

7. C. Antich, G. et al. Development of a biomimetic hydrogel based on predifferentiated mesenchymal stem-cell-derived ECM for 

cartilage tissue engineering. Adv. Healthc. Mater. 10, e2001847 (2021).

8. Y.-C. Chen,et al, Development and Characterization of Acellular Extracellular Matrix Scaffolds from Porcine Menisci for Use in 

Cartilage Tissue Engineering. Tissue Eng. Part C Methods 21, 971–986 (2015).

Protocol
Sulfated 

GAGs
DNA

Total 

Collagen

Individual Native 

Collagen Types 

A
Guanidine Hydrochloride 

(GuCl) Extraction*
Yes Yes* No No

B Papain Digestion Yes Yes Yes No

C
GuCl Extraction*, Pepsin Digestion, 

and Elastase Digestion
Yes No Yes Yes
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