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Effect of Diamine Bridges Using L-lysine in Glutaraldehyde Treated Porcine Pericardium

Kwan-Chang Kim, M.D.*, Yun-Kyung Choi, M.D.*, Soo-Hwan Kim**, Yong-Jin Kim, M.D.**

Background: Various studies and experimental trials have been done to develop bioprosthetic devices to treat
complex congenital heart disease due to the limited usage of homograft tissue. The purpose of the present study
was to evaluate the effect of diamine bridges with using L-lysine, as compared with using ethanol. Material and
Method: Porcine pericardium was fixed at 0.625% GA (commercial fixation). An interim step of ethanol (80%; 1
day at room temperature) or L-lysine (0.1 M; 2 days at 37°C) was followed by completion of the GA fixation (2
days at 4°C and 7 days at room temperature). The tensile strength and thickness of the porcine percardium were
measured, respectively. The treated pericardiums were implanted subcutaneously into three-week old Long-Evans
rats for 8 weeks. The calcium content of the implants was assessed by atomic absorption spectroscopy and the
histology. Result: Ethanol pretreatment (13.6£10.0 ug/mg, p=0.008), L-lysine pretreatment (15.3£1.0 ug/mg, p=0.002),
and both treatment (16.1£11.1 ug/mg, p=0.012) significantly inhibited calcification, as compared with the controls
(51.2+8.5 ug/img). L-lysine pretreatment (0.18+£0.02 mm, 1.20£0.30 kg /5 mm) significantly increased the thickness
and tensile strength, as compared with ethanol pretreatment (0.13£0.03 mm, 0.85£0.36 1.0 kg /5 mm) (p<0.01,
p=0.035). Conclusion: The diamine bridges using L-lysine seemed to decrease the calcification of porcine pericar-
dium fixed with glutaraldehyde, and this was comparable with Ethanol. Additionally, it seemed to enhance the thick-
ness and tensile strength.

(Korean J Thorac Cardiovasc Surg 2009;42:157-164)
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1) Tensile strength test

0.625% glutaraldehyde % %ol L-lysine *]2|gt 0] 1.20+
0.30 kg /5 mmZ 7}4 73glom 0.625% glutaraldehyde 317
%o]] 80% Ethanol@} L-lysine = 2|8t 7 0.90+0.22 kg Z/5
mm, 0.625% glutaraldehyde 324 ¥l 80% Ethanol *2|g+ 7
o] 0.85:0.36 kgZ/5 mm, 0.625% glutaraldehyde 31+ |23k
o] 0.53+0.34 kg Z/5 mmZ 7} <Flich 74 57kl A
Aoz Fogt Aol7} AU Thp=0.035)(Fig. 1).

2) Thickness

0.625% glutaraldehyde 317 Zoll L-lysine *2|g+ F-o|
0.18£0.02 mm& 7} FAH oM, 0.625% glutaraldehyde
114 3ol 80% Ethanol *| 2|3t o] 0.13£0.03 mm, 0.625%
%ol 80% Ethanol¥} L-lysine = &
gk o] 0.12+0.01 mm, 0.625% glutaraldehyde 73"t A]§sk
o] Zt7} 0.10+0.02 mmE 7H3 ekokeh. 7 HEZbel EA
Ho g o3t xol7} 3 thp <0.01)(Fig. 2).

glutaraldehyde 3.4

3) Purpald A}

HA AFE 0.625% glutaraldehyde 1% Fof] L-lysine
A2k -3} 0.625% glutaraldehyde 1% $-ol] 80% Ethanol
I} Llysine 2|8t follA] <Fet K-S w9l 0.625%
glutaraldehyde AW AJ38gt 73} 0.625% glutaraldehyde
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Fig. 1. The tensile strength of porcine pericardium after Group 1)
glutaraldehyde (0.625%) fixation, Group 2) glutaraldehyde (0.625%)
fixation +ethanol (80%) treatment, Group 3) glutaraldehyde (0.625%)
fixation+L-lysine treatment, Group 4) glutaraldehyde (0.625%) fixation
+ethanol (80%) treatment—+L-lysinetreatment. The tensile strength of
porcine pericardium showed a statistically significant difference be-
tween groups (p=0.035).
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o|A] Zrgo] A& o] g1l em 0.625% glutaraldehyde 3L
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5) Calcium A 2F

HA Adg 0.625% glutaraldehyde 314 Zol] 80% Ethanol
Aeldh o] 13.6+10.0 ugmgo2 7Ha kT 0.625% glu-
taraldehyde 2 3ol L-lysine X3k o] 15.3£1.0

Thickness
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0.1 Group 1
0.05
0 )
Group

Fig. 2. The thickness of porcine pericardium after Group 1) gluta-
raldehyde (0.625%) fixation, Group 2) glutaraldehyde (0.625%) fix-
ation +ethanol (80%) treatment, Group 3) glutaraldehyde (0.625%)
fixation +L-lysine treatment, Group 4) glutaraldehyde (0.625%) fix-
ation+ethanol (80%) treatment-+L-lysine treatment. The thickness
of porcine pericardium showed a statistically significant difference
between groups (p <0.01).

2

Fig. 3. Porcine pericardium with Purpald test after 1) glutaralde-
hyde (0.625%) fixation, 2) glutaraldehyde (0.625%) fixation +etha-
nol (80%) treatment, 3) glutaraldehyde (0.625%) fixation+L-lysine
treatment, 4) glutaraldehyde (0.625%) fixation +-ethanol (80%) treat-
ment+L-lysine treatment.
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1 3 4

ug/mg, 0.625% glutaraldehyde 24 3ol 80% Ethanol3}
L-lysine *2lg o] 16.1+11.1 ug/mg, 0.625% glutaral-
dehyde 14 %F AJ§gt o] 51.2+8.5 ug/mg® 7HA Wk
=3

0.625% glutaraldehyde A7 A|3hek 3} B s}o]
0.625% glutaraldehyde 3% 3-oll 80% Ethanol *2|g -
(p=0.008)7}, 0.625% glutaraldehyde 1% ol L-lysine *&]
sk T (p=0.002), &3 0.625% glutaraldehyde 313 3ol
80% Ethanol?} L-lysine A 2|3t #(p=0.012) FAZSE
ofu] QA Zgel HHFo] HArkFig. 5).
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X40

Fig. 4. Harvested porcine pericardium with Vonkossa staining after (A) glutaraldehyde (0.625%) fixation, (B) glutaraldehyde (0.625%) fixation
—+ethanol (80%) treatment, (C) glutaraldehyde (0.625%) fixation+L-lysine treatment, (D) glutaraldehyde (0.625%) fixation+-ethanol (80%)
treatment+L-lysine treatment.
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Calcium analysis
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Group
Group 1 Group 2 Group 3 Group 4
Ca (ug/mg)| 51.248.5 | 13.6%10.0 | 15.3%1.0 | 16.1x11.1
p-value 0.008 0.002 0.012

Fig. 5. [3]Calcium analysis of harvested porcine pericardium after
Group 1) glutaraldehyde (0.625%) fixation, Group 2) glutaraldehyde
(0.625%) fixation +ethanol (80%) treatment, Group 3) glutaraldehyde
(0.625%) fixation +L-lysine treatment, Group 4)[4] glutaraldehyde
(0.625%) fixation+ethanol (80%) treatment+L-lysine treatment.
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