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Anticalcification Treatment of Glutaraldehyde-fixed Bovine Pericardium with Amino
Acids (The Effect of Ethanol, Glutamic Acid and Homocysteic Acid Treatment)

Cheul Lee, M.D.*, Yong Jin Kim, M.D.**, Chang-Ha Lee, M.D.*,
Soo Hwan Kim, B.S.**, Seung-Hwa Choi, B.S.**

Background: Glutaraldehyde-fixed heterografts are prone to calcification after long-term implantation in human, and
this is one of the limiting factors for the longevity of the heterografts used in cardiovascular surgery. The aim of
the study was to evaluate the anticalcification effect of an ethanol and amino acids treatment on glutaraldehyde-
fixed bovine pericardium. Material and Method: Bovine pericardial tissues were divided into 5 groups. Group 1 con-
sisted of tissues fixed with glutaraldehyde, group 2 consisted of commercially available bovine pericardial valve tis-
sues (Carpentier-Edwards PERIMOUNT), group 3 consisted of glutaraldehyde-fixed tissues treated with ethanol,
group 4 consisted of glutaraldehyde-fixed tissues treated with ethanol and L-glutamic acid, and group 5 consisted
of glutaraldehyde-fixed tissues treated with ethanol and homocysteic acid. The tissue microstructure was examined
by light and electron microscopy. Tissue samples of each group were implanted into rat subcutaneous tissue for 3
~4 months and the calcium contents were measured after harvest. Result: The collagen fibers appeared to be
well preserved in all the groups. The calcium contents of groups 2, 3, 4 and 5 (13.46+11.74, 0.33+0.02, 0.39%
0.08 and 0.42+0.06 1« g/mg, respectively) were all significantly lower than that of group 1 (149.97+28.25 12 g/mg) (p
<0.05). The calcium contents of groups 3, 4 and 5 were all significantly lower than that of group 2 (p<0.05).
Conclusion: Treatment with ethanol alone or in combination with amino acids (L-glutamic acid or homocysteic acid)
strongly prevented the calcification of glutaraldehyde-fixed bovine pericardium.

(Korean J Thorac Cardiovasc Surg 2009;42:409-417)
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W WE AT 5 Aetol B4R guarldehyde
2 nAste] AgsA =k e oA ol A7 o]
A A A3 Q3 HAel BAE Sv, oleld 4313
© o|F A9 TS AT Tadk eQls %ﬂ
sfbeleh. ] Zotel A% Aold] Hishe] 2ol A%

A3 37} whAste] ol wAlE g ZHE AlFEo] 37}
513 237 Hek. ol 2Ao] QA el A3 A
Ak 7146l daliA = oFF] shds] WA A gkgkot, Al
Fopo] hekez EAleh Q1A A phospholipids)o] 4513
o] AMEEA F3 J&F e AeE gvA o[,
229 1Al ALE = glutaraldehyde AHAE A3 Sl
Bofsle Ao dA AdrH23]. 53| glutaraldehyde %
2% W FgAl(collagen)] 2} E(cross-link)ol] o s}
A ke A Lllsto] =7 (free aldehyde groups)t AlE%
4 A gen, 249 ARG Fuhe Ao
G A Qirh4-6]. whEkA o3t o]F =ZH ] A33E
HagksAu o ‘i'z““*"‘ A7 7] 93 thaket ATE
o] o]Folx gkow[7-23], YT AT A= AA 9
JolE o851 9ouk oA AHE Bl B
g g AT oA W ANEE A ghokh B ol
A& glutaraldehyde & 2AGg & Aol 4433}t A2 &
3t & # I3} o]4] E(rat subcutaneous implantation mod-
DG olfsto] 1 HaHE Yol shie PA
A2 A4 AR AAE 913 ethanol A& ©THF2
2 A3t A, ethanol A 2] I A4 dellste] =7]9] A7
(FE42HE Y olu| =K (L-glutamic acid, homocysteic

acid) A 2|5 @7 Aldsto] 1 A5 vl LA} okl

2 A 235 Az Wil whe 2719 iz 2 30
AgFo 2 ¥t Glutaraldehyde 2 $H= 438 4

AdS A tET(negative control) 22, 4335} A g
4 & Adoz e 4gske Fut 24S G d2T
(positive contro)©.2 s} 0w, Bl=T-50] A 433

AEE goliy] 919 Y WE2 Agesl.
IT(SA tZT): glutaraldehyde T3
27-(%A tZ): Carpentier-Edwards PERIMOUNT Mitral
Bioprosthesis (Edwards Lifesciences, Irvine, CA)
3+ glutaraldehyde 327 +ethanol *] 2

4+ glutaraldehyde 317 +ethanol *] 2] + L-glutamic acid
@l

5 glutaraldehyde 3173 +ethanol *] 2] +homocysteic acid
@l

2) =& Az

(1) Glutaraldehyde (1, 3, 4, 57): £AA oA o1&
49 A& phosphate buffered saline (PBS) £-°8(0.1 M
pH 7.4)dl Y2 ¥ A5 FAfel]l dol APAR Fnbalad
oh Ao =A% A A 23E AT E Al
A3 3, A =24 3o AW 2F 55 st A7
skglek. o] BAl Fuldt 2455 PBSE $H5H 0.6% glu-
taraldehyde -£-8(pH 7.4)0ll YL 4°Col|A] 48417 59 24
3 &, Aol 797 FrkE il o oo Az
732 gv 2H1T)S BAATE 1087 A3 Al
g Z 2% benzyl alcohol §-°Hol] Ho] 4°CollA] H.I+s}4
= _%‘7],;(—1 o] ;‘@],:1/]7], rﬂ_g_zﬂ— =z 1%(3 4, 5:,L)9_ Aﬂglxlo:l
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(2) Ethanol NZ|: »A4= =%Z& PBSE 9423 80%
ethanol &H(pH 7.4)0l] WL 2ol 4] 24417+ 53t X &ls}
Ak B ol AHelrl e gl 2H =G Al
ATE 1087 HA3] AME & 2% benzyl alcohol &Y
off Wol 4°Cofl A Bslict 71431 Helzh et =
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S Gz Qe

(3) L-glutamic acid A 2|: L-glutamic acid& 0.5 M acetic
acid g5lol] %o 0.1 M $Y5 "HEAH(pH 4.5). Etha-
nol A2l& BY =ZFE Fol|A L-glutamic acid2 32
2ZES 99 WHoeZ HE 0.1 M L-glutamic acid £
off o] 37°Col|A] 48417k &t Alslsict. A2zt 2t
M A AldrE 1087 A AT F 2% benzyl al-
cohol &Holl o] 4°CellA] Hpaleict.

(4) Homocysteic acid A 2|: Homocysteic acids 0.5 M
acetic acid $H5Holl Fof 0.1 M &85 BHEAUTHpH 4.5).
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g 22455 919 e vHE 0.1 M homocysteic acid
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2y AR A dFE 1027 A3 AMEE ¥ 2% benzyl
alcohol £-Yoll Yol 4°CollA] KH.s}9it)

%‘-
:

3) 0|A & dd =39 §0lF AHA

%

2% Azloll oldl AT S G A 24 vz

— 410 —



o 9
2 4] 4303 A

o

Fig. 1. Light microscopy of unimplanted bovine pericardium (hematoxylin-eosin stain, x400). Collagen fibers appear well preserved with a
normally banded structure in all groups. (A) group 1, (B) group 3, (C) group 4, (D) group 5.
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Fig. 2. Electron microscopy of unimplanted bovine pericardium (x27,000). Collagen fibers appear well preserved in all groups. (A) group 1,

(B) group 3, (C) group 4, (D) group 5.

A5 weletel AR F ARARFE AR 2
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(90°C, 48A17h AFS A8 A=d =24&55 A4
o

=2 2
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Table 1. Calcium content of explanted bovine pericardium

Group N Calcium content ( 1g/mg)
1 (GA fixation) 8 149.97+28.25
2 (CE PERIMOUNT) 7 13.46+11.74
3 (GA+Eth) 6 0.33+0.02
4 (GA+Eth+GluA) 8 0.39+0.08
5 (GA+Eth+HA) 9 0.42£0.06

GA=Glutaraldehyde; CE=Carpentier-Edwards; Eth=Ethanol; GluA=
L-glutamic acid; HA=Homocysteic acid.
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Fig. 3. Bar graph showing mean calcium content of explanted bo-
vine pericardium. Group 1=Glutaraldehyde fixation; Group 2=Car-
pentier-Edwards PERIMOUNT; Group 3=Glutaraldehyde fixation+
ethanol; Group 4=Glutaraldehyde fixation +ethanol +L-glutamic acid;
Group 5=Glutaraldehyde fixation +ethanol +homocysteic acid.
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Fig. 4. Electron microscopy of har-
vested bovine pericardium (x20,000).
Calcific deposits (arrows) are ob-
served in group 1, whereas no calci-
fication is observed in other groups.
(A) group 1, (B) group 3, (C) group
4, (D) group 5.
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