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Anti-calcification Effects in Decellularized and Variously Fixed Bovine Pericardium
Seong Wook Hwang, M.D.*, Yong-Jin Kim, M.D.**, Soo Hwan Kim***, Seung-Hwa Choi***

Background: Our goal was to evaluate anti-calcification effects of decellularization and diverse fixing methods in-
cluding preincubation of the bovine pericardium with ethanol. We also assessed changes in mechanical properties.
Material and Method: Harvested bovine pericardium was decellularized with 0.25% sodim dodecysulfate and then
treated with 5 methods of fixation: D 0.5% glutaraldehyde (GA) for 14 days, @ 0.5% GA for 5 days, 2% GA for
2 days and 0.25% GA for 7 days, ® 0.5% GA for 5 days, 2% GA for 2 days, 0.25% GA for 7 days, and then
70% ethanol for 2 days, @ 0.5% GA for 5 days, a mixture of 2% GA and 70% ethanol for 2 days, and 0.25%
GA for 7 days, ® 0.5% GA for 5 days, a mixture of 2% GA, 65% ethanol, and 5% octanediol for 2 days and
then 0.25% GA for 7 days. All treated bovine pericardia were tested for histological variables, lipid content, and
mechanical properties including tensile strength and thermal stability. A total 10 kinds of differently treated bovine
pericardia were implanted into rat subdermis and harvested 8 weeks later. Harvested pericardia were evaluated for
calcium content. Result: No protein denaturation was observed microscopically after decellularization. There was a
32% mean decrease in tensile strength index after decellularization in the bovine pericardium group fixed. Octane-
diol preincubation attenuated the decrease in tensile strength and maintained thermal stability. TG and cholesterol
were not affected by decellularization but were decreased by organic solvent. Calcium content was decreased after
decellularization, and organic solvent preincubation decreased calcification in the non-decellularized bovine pericar-
dium group. Conclusion: Decellularization and organic solvent preincubation have anti-calcification effects but de-
cellularization may cause mechanical instability. A method of decellularization and fixation that does not cause dam-
age to matrices will be needed for evaluation of the next step in using tissue-engineering for replacement of car-
diac valves.

(Korean J Thorac Cardiovasc Surg 2010;43:235-245)
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Fig. 1. H-E stain (x100, x400) of bovine pericardium with diverse methods of fixation. There was no visible cell in decellularized bovine
pericardium group. No specific matrix derangement was noticeable either. (A, B) Not decellularized pericardium. (C, D) Decellularized
pericardium.

(1) 0.5% GA for 7 days—0.25% GA for 7 days.

(2) 0.5% GA for 5 days—2% GA for 2 days—0.25% GA for 7 days.

(3) 0.5% GA for 5 days—2% GA for 2 days—0.25% GA for 7 days—70% ethanol for 2 days.

(4) 0.5% GA for 5 days—2% GA and 70% ethanol for 2 days—0.25% GA for 7 days.

(5) 0.5% GA for 5 days—2% GA, 65% ethanol, and 5% octanediol for 2 days—0.25% GA for 7 days.

FAZIE AR AdHAAE FALt AL ARA < 24 el whet FASE A Helrt YAvkp<
o] 9= ALE Yehtor(p<0.001, r=0.855), 72 4'dH  0.001) (Fig. 3). 24 WAl we} 73 L& chgulLst
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Table 1. The average thickness and tensional strength of bovine
pericardia (n=5 in each group)

Thickness (mm) Tensional strength

(kgf/5 mm)
No decell Decell No decell Decell
1 0.36+0.03 0.32+0.03 3.16+£0.45 1.05+0.14
2 0.38+0.01 0.29+0.04 3.44+0.23 1.65+0.64
3 0.39+0.03 0.28+0.01 3.09+0.63 0.69+0.09
4 0.38+0.06 0.23£0.02 1.13+0.48 0.37£0.14
5 0.54+0.07 0.42+0.02 3.91+0.24 2.81+0.59

1=0.5% GA for 7 days—0.25% GA for 7 days;

2=0.5% GA for 5 days—2% GA for 2 days—0.25% GA for
7 days;

3=0.5% GA for 5 days—2% GA for 2 days—0.25% GA for
7 days—70% ethanol for 2 days;

4=0.5% GA for 5 days—2% GA and 70% ethanol for 2 days
—0.25% GA for 7 days;

5=0.5% GA for 5 days—2% GA, 65% ethanol, and 5% octa-
nediol for 2 days—0.25% GA for 7 days.
Decell=Decellularization.

L] . »
4.0 v, @ o
E L] ¥
£ .
0 307 . R=0.57
)] ¥ ¥
i~ s v
5
3 2.0 A
L)
2
1.0 1
¥ ¥
» L]
0.40 0.50 0.60

Thickness(mm)

Fig. 2. Relationship between thickness and tensile strength in the
non-decellularized bovine pericardium group after fixation.
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Fig. 3. Relationship between thickness and tensile strength in the
decellularized bovine pericardia.
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Fig. 4. The change of tensile strength index by decellularization.
If octanediol treatment was added, there was remarkable reduction
in decrease of tensile strength.

1=0.5% GA for 7 days—0.25% GA for 7 days;

2=0.5% GA for 5 days—2% GA for 2 days—0.25% GA for 7 days;
3=0.5% GA for 5 days—2% GA for 2 days—0.25% GA for 7
days—70% ethanol for 2 days;

4=0.5% GA for 5 days—2% GA and 70% ethanol for 2 days—
0.25% GA for 7 days;

5=0.5% GA for 5 days—2% GA, 65% ethanol, and 5% octanediol
for 2 days—0.25% GA for 7 days.

*p<0.05.

octanediol s Folgte F 7HA AS-E ALt {3t
thermal stability®] 747} A9l ch(Fig. 4, Table 2).
FAESE sdE 14 WY Adslde W 4
ol 1 32% BES] AH A 7HALE AeE U
Ehykon] (8~68%) octanediols Folsle= 7§ FAIES
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Table 2. The change of thermal stability after decellularization (n=
5 in each group)

No decellularization Decellularization

Thermal 1 78.512.24 75£0%
stability °C 2 77+2.09 76+1.37
3 79+2.85 75.5+1.12%
4 78+1.12 74+2.24%
5 77.5£1.77 77.5£1.77

1=0.5% GA for 7 days—0.25% GA for 7 days;

2=0.5% GA for 5 days—2% GA for 2 days—0.25% GA for
7 days;

3=0.5% GA for 5 days—2% GA for 2 days—025% GA for
7 days—70% ethanol for 2 days;

4=0.5% GA for 5 days—2% GA and 70% ethanol for 2 days
—0.25% GA for 7 days;

5=0.5% GA for 5 days—2% GA, 65% ethanol, and 5% octa-
nediol for 2 days—0.25% GA for 7 days.

*p<0.03.
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Fig. 5. The change of cholesterol content by addition of solvent.
In the case of organic solvent treatment, there was statistical de-
crease of cholesterol amount. 1=Non-decellularized group; 2=Decel-
lularized group. GA=Glutardehyde. *p<0.05.
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Fig. 6. The change of Triglyceride content by addition of solvent. In
the group of decellularized bovine pericardium, there was a decrea-
se of triglyceride amount if organic solvent was added. 1=Non-de-
cellularized group; 2=Decellularized group. GA=Glutardehyde. *p<0.05.
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Table 3. The change of calcium amount after decellularization (n=
5 in each group)

No decellularization Decellularization

Calcium 1 49.76+16.79 7.80+14.87*
1t g/mg 2 55.68+10.41 9.96+17.45*
3 20.02+26.56 1.26+0.56
4 28.00+27.03 6.56+11.66
5 18.9425.04 0.82£0.15

1=0.5% GA for 7 days—0.25% GA for 7 days;

2=0.5% GA for 5 days—2% GA for 2 days—0.25% GA for
7 days;

3=0.5% GA for 5 days—2% GA for 2 days—0.25% GA for
7 days—70% ethanol for 2 days;

4=0.5% GA for 5 days—2% GA and 70% ethanol for 2 days
—0.25% GA for 7 days;

5=0.5% GA for 5 days—2% GA, 65% ethanol, and 5% octa-
nediol for 2 days—0.25% GA for 7 days.

*p<0.05.
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Table 4. Comparison of calcium contents by p-value between
each group

1 2 3
/: g/meg 527241353 223242463  8.88+1533
1
527241353
2 <0.001
223042463
3 <0.001 ns
8.88+15.33
4 <0.001 <005 ns
2.8846.80

1=No decellularization+ GA only treatment;
2=No decellularization+GA, solvent treatment;
3=Decellularization +GA only treatment;
4=Decellularization + GA, solvent treatment.
GA=Glutardehyde.
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Fig. 7. Calcium contents in each bovine pericardium group. De-
cellularization showed anti-calcification effect (n=5 in each group).
1=0.5% GA for 7 days—0.25% GA for 7 days;

2=0.5% GA for 5 days—2% GA for 2 days—0.25% GA for 7
days;

3=05% GA for 5 days—2% GA for 2 days—0.25% GA for 7
days—70% ethanol for 2 days;

4=05% GA for 5 days—2% GA and 70% ethanol for 2 days—
0.25% GA for 7 days;

5=0.5% GA for 5 days—2% GA, 65% ethanol, and 5% octanediol
for 2 days—0.25% GA for 7 days.

*p <0.05.
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