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Mitigation of Calcification in Bovine Pericardial Bioprosthesis
—The Effects of Posttreatment with Amino Acids

Jae Ho Ahn - Sung-Soo Park*

Department of Thoracic & Cardiovascular Surgery and Anatomy,*
College of Medicine, Ewha Womans University

Objectives : Bovine pericardial bioprosthesis fixed in glutaraldehyde(GA) is the most popular
surgical materials but late calcific degeneration is remained to be solved. To prevent the calcific
degeneration, we added MgCl, into the GA solution to compete with calcium for binding to
the free aldehyde from GA and posttreated with the amino acids to enhance the mitigating
effect.

Methods : 40 pieces of bovine pericardia were fixed in 0.625% GA solution with 4g/L MgCl,

- 6H,0 as a control(group 1). 40 pieces fixed in the same condition were posttreated with 4%
chitosan(group 2) and the other 40 pieces posttreated with 8% glutamate(group 3). These were
implanted into the belly of 40 Sprague-Dawley subdermally and extracted on 1 month, 2
months, 3 months and 6 months after implantation.

Results : We measured the calcium deposited in those pericardia with atomic absorption
spectrophotometry and the results were these ; calcium deposition in group 1 on 1 month after
implantation was 0.283+0.059mg/g, 1.338+0.732mg/g in group 2 and 0.469+0.215mg/g
in group 3, on the 2nd month 0.921+0.342mg/g in group 1, 6.521+1.919mg/g in group 2
and 2.772+1.747mg/g in group 3, on the 3rd month 0.7851+0.212mg/g in group 1, 12.
223+3.305mg/g in group 2 and 2.655+0.905mg/g in group 3, and on the 6th month 1.
621+1.475mg/g in group 1, 9.121+3.373mg/g in group 2 and 2.916 +1.461mg/g in
group 3, which have statistical significance(p<0.05).

Conclusion : This means posttreatment with chitosan or glutamate show no calcium miti-
gation cffects on subcutaneously implanted bovine pericardium in the this experiment which is
quite different from others.
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Table 1. Deposited calcium(mg/g) in bovine pericardia
after subcutaneous implantation in rat model
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The group 1 as a control shows steadily increasing cal-
cium deposition. In chitosan posttreated group(group 2)
the calcification was aggrevated in whole experimental
period but after the 3rd month the calcium deposition
was not increased any more. In glutamate treated group
(group 3) the calcification mitigating effect was not ob-
served compared to the control group, but after the 2nd
month there was no increasing tendency in calcification.

Fig. 1. Deposited calcium in the bovine pericardium after
subcutaneous implantation in rat.

01), 670¥ A3 Foll= 17 1.621+1.475mg/g, 27
9.121+3.373mg/g, 37 2.916+1.461mg/go & 2, 3
TAAE A8at o o ASHAE ¢ Fe=
e oy, o3 EHZFLEUHE EA1(p<0.05) e
Ui Atk F oAl Fog FAXE A3 43
3 43t 23 BEHA g1 2] % F7ole 23]
2 Ashe Pdeley, 671E Ao B A FAA
oA B ojd M3)ste] AP it ole 271l

I ot 323 g) ShaISel 315 4

o= Agsle] 435E 2338e Ao= F4A
il i

che BT A5E A A 2 Al AE
@Rl A7) 24o] ol A1F L o F RHAY 4

ol BashA Bl meh thke thAAVE A7 sl n
et uﬂwm A3y HHANE A 252 o]

7]_11_ o] A A AolEk= Tﬂ‘)ﬂt o] £¢] oq

- 413 -



o} GA9 aldehyde?|7} Zed A sts %
o] FH00] He AR AZE1 glef?
de719] 2% £9E e B2 WAA Zaol B2
S Waste] AgstE o 4 S Aojnt. £ 4
M= GA &9 nladlgg Friste] ol=d 7}

FEagan, 8= AFAEL 9q7]d 3719
1 A AAXAE] 2] A Ak
31917, sodium dodecyl sulfate 52} AHEA )
Z o]&3 AXA] W glutamate T oFv|i=4tel
chitosan®} N-terminal 7%} GA9] aldehyde’} 2%
S e WHES Apska Yo, ol A9
& upzi|grol 71 0.625% GA §902 34 By

3 A HE thA] chitosan ¥ glutamate &l
Astn2A 4 39 2 dE GAY A
aldehyde 719} chitosan @ glutamate A2 N-
terminal 7|7} T 45 AdstozA Zedt 29
T 25 gQelAY Eele 2 devkE BEst

°] Gk

.%ml

_>,i o 0
fd o
o)
:J>

=8 T ey E A9 AR, o) FAHXg =

oA FZEPA A 7170 QoA HFEET B2 4
o] A& Holx o] 471 FHEE H5A)71A Kt
gl o]e) Pdolo 2= 94 4% chitosan 92 X
3} &40 wAg Jo9 chitosan YAEC] A
He|] FHe o] EZARA Eoglo] o|Fo] of4 Fof A
3slo] slo g 2gPe Zi 12 AZE g YA 0|2

st 27] 2 F7)4 AE MEgE REoH 6d
o] & A|zre] At Foli= o] o] M3al HaPe
AAH Aoz RoiAtt 8% glutamate £X= A
2o e & =54 gn 7hestoiort S8 e #Ed
AElQl v o) & vRERIAR 27)¢ e 2388 MFs=
o GG v JNE o|F2E ¢ o A F
o] #&AEA| i1 glo] F7|7ke] dF o] FrEEoloF &
Aolty, WA o] EE FAHA| & wole & &
To) opliil g AMSSIEZA T} AdE
ol AEE Sfojopdt 740]"’ oS 47|12

| o2 Alg g

o8k W& %’:?_ é_@‘ A= Bt AL
st A1 e 047‘11 7153
gl= A7bAle) AHRolt 1 W ge] Az ARele §
& A, ogkel dHoz e o AR HAE
Falol] Fojai=" B WS Aoz A gl
7] 37} SAHEE A Zsloof & Zlo|m, o] A

. rlo
io mN off ok

i

2
2%
to
P
ﬁ J
J‘ov
o

r
ﬂ n

A g e FEE& Axslejor &
Ao g AlmErt
it} o
gy
le]

£l olgahe WHe WA A nRHOE o)gH
o) shjelut ol Fo) 4515 Wil shasiolol
& Alelet ol Ass WS Saske PRoz

nfadAE EE GA §<d Frleted R aldehy-
B9 )

de7} Zrga
chitosan @ glutamateZ £33 ol& ¢L g3}t
st aL A =3k

I:|| E:

120%7+9] AYAE 4g/1, MgCl, - 61,08 #7}
g 0.625% GA £ 187 Bog & 402202 o
ZT 02 (1), 4027+ 4% chitosano® T X](2
), 4027+& 8% glutamate® 3 3] (37) 8] 407}
29| wWAje] Bh wslo] 747} ¢ 224 o]t
o o] o] HE 1, 2, 374E R 671€ Aol 107" &
$]2 A&389] atomic absorption spectophotomet-
ry® o] 2 A Zee] ¥E FY A A=
= Solu g}

3 I
AaE o] o2 19 Ao 124 0.283+0.
059mg/g, 2 1.338+0.732mg/g, 37 0.469+0.215

mg/golR ., 27Nl 17 0.921+0.342mg/g, 25 6.
521+1.919mg/g, 3% 2.772+1.747Tmg/g, 3L 1 F
0.785+0.212mg/g, 2% 12.223+3.305mg/g, 3T 2.
655+0.905mg/golle™, vk = 6714 Aol 13- 1.
621+1.475mg/g, 27 9.121+3.373mg/g, 314 2.
916=1. 461mg/gi ZA4 5}, o] repeated mea-
sured ANOVA 2 post-hoc test 4 p<0.05914 -
o3t ApolE Hole AHEA FAX T At 435]3} &
3 gal= FEER gu 27 2 SldE 288 A
shel o g Bgont 67ig Ao #F At THA

oA o o] H3jsle] WL gl Wdolsth
3 B:
Chitosan 2 glutamateZ o] &8 F3X]d] g £

~ 414 -



Aol AR 71Hioke e oot At E )
Has A e BEYA S ol oblwi
Hx3) goje) HgEe] o)4 7)) NFse) How

Agsle] 038 MIgE 2AIYE AR AIRH
o Z7)9] Al B = Ad ATE ook s

References

1) S - ZEA 28] Aldg o] T o] o]y B
Ao A, e whekal 2] 19891221 373
-383
2) A E - e f g 02T
EEEERERE LR
2 P Aed A eFr-o 333 A 19%

;29 822-827

3) Nimni ME : The cross-linking and structure modific-
ation of the collagen matrix in the design of cardio-
vascular prosthesis. J Cardiac Surg 1988 ; 3 : 523-533

4) Carpentier SM, Monier MH, Shen M, Carpentier
AF : Do donor or recipient species influence calcifi-
cation of bioprosthetic tissues? Ann Thorac Surg 1995

» 60 © §328-S331

5) Carpentier SM, Carpentier AF, Chen L, et al : Cal-
cium mitigation in bioprosthetic tissues by iron prefr-
eatment . The challenge of iron leaching. Ann Thorac
Surg 1995 ; 60 : §332-S338

6) Carpentier A, Nashef A, Carpentier 5, Ahmed A,

Goussef N : Technique for prevention of calcificati-
on of valvular bioprosthesis. Circulation 1984 ; 70(Su-
ppl ) I-165-168
7) Chanda J : Anticalcification treatment of pericardial
prostheses. Biomaterials 1994 ; 15 : 465-469
8) Chandra J : Prevention of calcification of heart valve
bioprostheses : An experimental study in rat. Ann Th-
orac Surg 1995 ; 60 : $§339-5342
9) Chanda ] : Posttreatment with amino compounds ef-
fective in prevention of calcification of glutaraldehyde
treated pericardium. Artif Organs 1994 ; 18 : 408-410
10) Opie JC, Larrieu AJ, Cornell IS : Pericardial sub-
stitutes . Delayed exploration and findings. Ann Tho-
rac Surg 1987 ; 43 : 383-385
A% 4R - xEF - AAY 29 AL o]
£ 013014 wAR AW, AEF9| 3}
3R] 1990 ; 23 : 465473
12) Liao K, Frater RWM, LaPietra A, et al : Time-dep-
endent effect of Glutaraldehyde on the tendency to ca-
lcify of both autografts and xenografts. Ann Thorac
Surg 1995 ; 60 : $343-S347
13) Chanda J, Rao SB, Mohanty M, et al : Prevention
of calcification of tissue valves. Artif Organs 1994 ;
18 : 752-757
14) Stein PD, Riddle JM, Kemp SP, et al : Effect of wa-
rfarin on calcification of spontaneously degenerated po-

11

~—

rcine bioprosthetic valves. J Thorac Cardiovasc Surg
1985 ;90 : 119-125

~ 415 -



