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Effects on Tensile Strength and Elasticity after Treatment with Glutaraldehyde,
Solvent, Decellularization and Detoxification in Fresh Bovine Pericardium

Woo Sung Jang, M.D.*, Yong Jin Kim, M.D.*, Soo Hwan Kim, BS**

Background: Bioprosthetic materials have been made using glutaraldehyde fixation of porcine or bovine pericardium
during cardiovascular surgery. But these bioprostheses have the problems of calcification and mechanical failure.
We determined changes in tensile strength and elasticity of pericardium after glutaraldehyde, solvent, decellulariza-
tion and detoxification. Material and Method: Tissues were allocated to four groups: glutaraldehyde with and with-
out solvent, decellularization, and detoxification. We studied tensile strength and strain on tissues. We measured
the tensile strength of fresh pericardium stretched in six directions (with 5 mm width), and % strain, which we cal-
culated from the breaking point when we pulled the pericardium in two directions. Result: Tensile strength was re-
duced when we used the usual concentrated glutaraldehyde fixation (n=83, MPa=11.47+5.40, p=0.006), but there
was no change when we used solvent. Elasticity was increased after glutaraldehyde fixation (n=83, strain (%)=
24.55+9.81, p=0.00), but there was no change after solvent. After decellularization of pericardium, the tensile
strength was generally reduced. The decrease in tensile strength after concentrated glutaraldehyde fixation for a
long time was significantly greater less than after concentrated solvent (p=0.01, p=0.00). After detoxification, the dif-
ferences in strength and strain were not significant. Conclusion: After glutaraldehyde treatment of pericardium there
is no loss in tensile strength (even though we did the glutaraldehyde, solvent and detoxification treatments LOGIC
IS UNCLEAR). Also, these treatments had a tendency to increase elasticity. Although post-treatment decellularization
led to a significant loss in strength, this effect could be attenuated using a low concentration of solvent or hyper-
tonic solution.

(Korean J Thorac Cardiovasc Surg 2010;43:1-10)
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Table 1. Methods of glutaraldehyde & solvent fixation

& A AAe A 9 AR QY

Group

Methods

Usual GA group

0.5% GA 1 wk.+0.25% GA 1 wk.

0.6% GA for 3 days+0.3% GA for 12 days

0.5% GA 2 wks.

0.5% GA 5 days+0.5% GA 2 days 45°C+0.25% GA 1 wk.

High GA group

3% GA 3 days+0.25% GA 12 days

0.5% GA 5 days+3% GA 3 days+0.25% GA 1 wk.
0.5% GA 5 days+1.5% GA 3 days+025% GA 1 wk
Usual GA +solvent 0.6% GA 3 days+80% EtOH 3 days 4°C+0.3% GA 12 days
0.6% GA 3 days+45% BEtOH+5% octanol 3 days 4°C+0.3% GA 12 days
0.6% GA 45% EtOH+5% octanediol 3 days 4°C+0.3% GA 12 days
High GA +solvent 3% GA 3 days+80% EtOH 3 days+0.25% GA 12 days
3% GA 3 days+0.25% GA 12 days+0.8% EtOH 24 h
3% GA 3 days+20% 1-butanol+50% EtOH 3 days+0.25% GA 12 days
3% GA 3 days+45% EtOH & 5% octanol 3 days+0.25% GA 12 days
0.5% GA 5 days+2% GA 2 days+0.25% GA 1 wk+70% ethanol 2 days
0.5% GA 5 days+(1.5~3%) GA 3 days+80% EtOH+0.25% GA 1 wk.
0.5% GA 5 days+(1.5~3%) GA 3 days+75% EtOH+5% octanol 3 days+0.25% GA 1 wk.
0.5% GA 5 days+(1.5~3%) GA 3 days+75% EtOH+5% octanediol 3 days+0.25% GA 1 wk.
0.5% GA 5 days+2% GA+65% EtOH+5% octanol 2 days 45°C+0.25% GA 1 wk.
0.5% GA 5 days+2% GA+70% EtOH 2 days 45°C+0.25% GA 1 wk.

GA=Glutaraldehyde.

Table 2. Methods of decellularization

DO Hypotonic 14 h 4°C+hypotonic with 0.25% SDS 24 h 4°C+isotonic 12 h 4°C 120 rpm

D1 Hypotonic 14 h 4°C+hypotonic with 0.25% SDS 24 h 4°C+hypertonic 8 h 4°C-+isotonic 12 h 4°C 120 rpm

D2 Hypotonic 6 h 4°C+hypotonic with 0.25% SDS 14 h 10°C +hypertonic (II) 8 h 4°C+isotonic 12 h 4°C 150 rpm

D3 Hypotonic 14 h 4°C+hypotonic with 0.25% SDS 24 h 4°C+isotonic (recombinant a-gal&Dnase&Rnase, pH 6.0) 12 h
4°C+isotonic 8h 4C 120 rpm

D4 Hypotonic 14 h 4°C+hypotonic with 0.25% Triton X-100+0.25% DOA 24 h 4°C+isotonic a-Galactosidase&Dnase,
Rnase, pH 6.0) 12 h 4°C—+isotonic 14 h 4°C 120 rpm

D5 Hypotonic with 0.5% triton X-100 14 h 4°C+hypotonic with 0.5% DOA 24 h 4°C-+isotonic 12 h 4°C+hypertonic 24
h 4°C+PBS 4 h 4°C 120 rpm

D6 Hypotonic with 0.5% SDS 14 h RT+hypertonic (I) 4 h 4°C-+isotonic 12 h 4°C 200 rpm

D7 Hypotonic with 0.5% SDS 14 h RT+hypertonic (II) 8 h 4°C+isotonic 12 h 4°C 200 rpm

D8 Hypotonic with 1% DOA 4 h RT+hypertonic (I) 4 h 4°C+isotonic 12 h 4°C 200 rpm

D9 Hypotonic with 1% DOA 14 h RT+hypertonic (I) 8 h 4°C+isotonic 12 h 4°C 200 rpm

D10 Hypotonic 6 h 10°C+hypotonic with 2% DOA 24 h 10°C+hypertonic (I[) 12 h 4°C+isotonic 12 h 4°C 200 rpm

D=Decellularization; GA=Glutaraldehyde; SDS=Sodium dodesyl sulfate; DOA=Sodium deoxycholate; PBS=Phosphate buffered solution;

RT=Room temperature.

A A4 2k 8-oH(Hypotonic buffered solution): Distilled
water 1,000 mL; Tris, 10 mmol/L; ethylendiamine tetraacetic
acid, 0.1%; and aprotinin, 10 KIU/mL; pH 8.

SAA 9k LM (Isotonic buffered solution): Distilled
water 1,000 mL; Tris, 50 mmol/L; NaCl, 0.15 mol/L; ethyl-
endiamine tetraacetic acid, 0.1%; aprotinin, 10 KIU/mL; pH 8.

-3

A 23 2o} 1 (Hypertonic buffered solution I):
Distilled water 1,000 mL; Tris, 100 mmol/L; NaCl, 0.3 mol/
L; ethylendiamine tetraacetic acid, 0.1%; aprotinin, 10 KIU/
mL; neomycin trisulfate 10 ml/L; pH 8.

A 232 88 1T (Hypertonic buffered solution II):
Distilled water 1,000 mL; Tris, 200 mmol/L; NaCl, 0.6 mol/
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Table 3. Methods of detoxification

No Methods N MPa Strain " (%)
1 Fresh bovine pericardium 61 14.58+4.79 15.38+3.33
2 GA 40 12.45+4.61 22.46+13.23
3 GA +solvent 40 17.82+7.58 21.17+6.94
4 GA +lysine 40 14.85+6.98 21.9149.32
5 GA +solvent + lysine 40 15.09+6.78 21.67£8.19
6 GA +glycine 43 10.38+4.01 23.45+9.32
7 GA +solvent + glycine 44 14.14+4.22 23.07+7.62
8 D+ GA +lysine 20 10.17+5.69 23.67+11.77
9 D+ GA +solvent +lysine 21 13.9546.75 17.78+6.72
10 D+ GA +glycine 20 11.27+3.23 18.67+7.21
11 D+ GA +solvent + glycine 20 10.71+5.43 25.58+9.77
12 D1+ GA +lysine 20 14.11+7.07 25.59+9.77
13 D1+ GA +solvent +lysine 30 13.77+6.12 22.33+6.84
14 D1+ GA+glycine 20 12.92+3.68 27.33+6.81
15 D1+ GA +solvent + glycine 30 11.62+5.24 24.9417.10

*MPa=Tensile stress at break (kgf/width 5 mm); " Strain (%)=Tensile strain at break (%); GA=Glutaraldehyde; D=Hypotonic for 6
h, hypotonic with 0.25% SDS 14 h 10°C, hypertonic (I) 8 h, isotonic 12 h 4°C (200 rpm); D1=Hypotonic for 6 h, hypotonic with
0.1% SDS 14 h 10°C, hypertonic (I) 8 h, isotonic 12 h 4°C (200 rpm).
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Table 4. Results of glutaraldehyde & solvent fixation

No Methods N MPa* Strain " (%)
1 Fresh bovine pericardium 61 14.58+4.79 15.38+3.33
2 Usual GA 83 11.47+5.40 24.55+9.81
3 Usual GA +solvent 169 11.7247.24 21.06+7.57
4 High GA 46 13.9544.19 27.60+13.57
5 High GA +solvent 60 15.53+4.86 21.95+8.73
6 Usual GA 45°C+solvent 33 13.61+7.31 21.06+6.43

*MPa=Tensile stress at break (kgf/width 5 mm);

Table 5. Hypertonic treatment in decellularization

" Strain (%)=Tensile strain at break (%); GA=Glutaraldehyde.

No Methods N MPa* Strain " (%)
1 Hypotonic 8 h+hypotoic with 0.5% SDS 16 h+isotonic 12 h 8°C 10 4.60+0.68 18.52+4.12
2 Hypotonic 8 h PBS with 1% DOA 24 h, PBS 12 h 8°C 5 6.55%2.26 13.33£3.34
3 Hypotonic 8 h+hypotonic with 0.5% SDS 24 h-+hypertonic 8 h+isotonic 12 h 8°C 15 10.65+4.37 17.78+7.09
4 Hypotonic 8 h+PBS with 1% DOA 24 h-+hypertonic 8 h+PBS 12 h 8°C 10 8.64+4.65 16.00+4.10

*MPa=Tensile stress at break (kgf/width 5 mm);
Sodium deoxycholate.
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Table 6. Decellularization & fixation

No Methods N MPa* Strain” (%)
1 Fresh bovine pericardium 61 14.58+4.79 15.3843.33
2 DO+usual concentration GA 13 8.64+2.83 23.57+6.06
3 DO+ usual concentration GA +solvent 16 6.9614.31 28.54+11.42
4 DO+ high concentration GA 5 10.75+3.08 30.00+4.72
5 DO+ high concentration GA +solvent 15 7.07+4.73 17.78£8.51
6 D1+usual concentration GA 11 11.63£2.65 20.00+5.37
7 D1+high concentration GA 25 9.94+6.15 19.13+5.40
8 D1+usual concentration GA + solvent 10 8.17£3.45 15.34+3.22
9 D1+high concentration GA +solvent 20 14.1643.71 20.17£7.21

11 D2+high concentration GA +solvent 10 8.55+2.60 26.3315.97

12 D3 +usual concentration GA 5 9.4342.28 18.00+5.06

13 D3+ high concentration GA + solvent 5 7.87+2.55 23.334£5.27

14 D4 +usual concentration GA 5 19.09£3.28 14.00+3.65

15 D4 +high concentration GA + solvent 5 14.69+2.28 11.331£1.82

10 D5+high concentration GA 10 8.24+2.01 28.83+6.19

16 D6+high concentration GA +solvent 15 5.0942.61 29.3316.07

17 D7+high concentration GA +solvent 8 4.37£1.82 34.79+3.72

18 D8+ high concentration GA + solvent 9 8.92£1.87 25.18+4.89

19 D9+ high concentration GA + solvent 6 7.41+0.96 34.72+1.95

20 D10+high concentration GA +solvent 5 6.38+3.47 24.67£10.63

*MPa=Tensile stress at break (kgf/width 5 mm); T =Strain (%)=Tensile strain at break (%); D=Decellularization, GA=Glutaraldehyde.
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