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Effect of Trypsin on Physico-dynamic and Histological Changes
after Decellularization of Bovine Pericardium

Yong Won Seong, M:D:*, Yong-din Kim; M.D.*, Soo Hwan Kim**,
Byoung-Ju Min, M.D:* Young-Ok Lee, M.D.*, Hong-Gook Lim, M.D.*

Background: Various decellularization methods have been studied in order to develop tissue graft which is less
immunogenic and more durable. This study was performed to investigate the physico-dynamic and histological effect
of trypsin pretreatment on deceliularization protocols, Material and Method: Two groups of bovine pericardium
specimen each underwent decellularization process based .on SDS and Triton X-100 or N-lauroylsarcosinate and
Triton X-100. Two more groups additionally underwent pretreatment with 0.1% Trypsin/0.1% EDTA. After decellulari-
zation process, mechanical tensile strength was tested, then biomechanical fest: of permeability and compliance was
tested before and after fatigue test. Light microscopy and electron microscopy was performed to observe histo-
logical: findings. Result: There ‘was no difference - in “mechanical tensile: strength between ‘groups, but permeability
and compliance was decreased in trypsin pretreated groups. Light microscopic and electron microscopic findings re-
vealed damage of the extracellular matrix in trypsin pretreated groups and in groups which underwent the fatigue
test also. Conclusion: Trypsin pretreatment in decellularizing process of bovine pericardium damages extracellular
matrix and- increases permeability and compliance of the bovine pericardium, but did not decrease fensile strength.
Further studies are needed to use enzymatic treatments in decellularization protocols.

(Korean J Thorac Cardiovasc Surg 2010;43:565-575)
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mycin trisulfate 50 mg; pH 8.0

@ A SR80 T (EF<F 1,000 mL; Tris 200 mmol/L;
NaCl 0.6 mol/L; pH 8.0)

@ AA S8 TV (R4 1,000 mL; Tris 800 mmol/
L; NaCl 2.4 mol/L)

5) sty MRS ZAldynamic fatigue test)

27 25 mmQl ¥ Rk
EAllA 713 ¢ ol AR E 3k, o) E o] E3to]
Zt Aelg g ubAl A 0.9% AelAldgell g

€Y (antibiotic antimycotic solution (100x) stabilized, Sigma

ol s ofE e
b

g >
0,

=

£ 3]4%1o] 1 mLell penicillin G 100 uints, streptomycin
sulfate 100 12 g, amphotericin B 250 ngS Z3Hsl 25 X7}

& Ade

= AR AL o] g, Wi
240 tpm (4 Hz)ollA] 453t él“"é'c?}‘iit} AL At

42 Agste] J1%ol 9 AUHESE 022 ARelol,
60 rpme] 499 240 rpm O Z 45U 7F AJsllo] 670Y Fot

ghato] 2ol Aol 3L AelE ol Hgieh
6) 71H1H &2 2 Ab(mechanical tensile strength test)

25 AAE At ¢k 5x50 mm 3719 Aol
A ok 3} 7h-gd] 25 mmAHAA Ade] FAE FA s
31(Quick-Mini, PK-10128U, MITUTOYO, Japan) 4 k2] &
T3E ol AEE F3)e dolle 2= F4E
A% A9, K-ML-1000N, M-TECH, Korea)?} A% 7] (¥]

A F 2~ Alo]A], DS2-50N, IMADA, Japan)E o] &34
3, Adse] gd= 71742 9] A H(tensile stress at break
point)& MPa (N/mm’)E YEMAS e}

7) D25 ZAlfatigue testy HEQ| ZHA}
2o AAES RS AA A A A g2
= A2 A 3?1 o] Ao 7h7h Aglte] sk A

A Fe) WE olnmA sheld,

1) s A Alpermeability test): 3+ A7+ Ft A

Ach

Alodgeg Ahds o] dhEo|A g b & FabEl A
gAY kg FAsle], FILR AHgon, oF
mL/hxem’ 2 FAsH9l

(2) &=k ZAKcompliance test): Z- A 2|4 & vpbAl
Aol Ae)Alei4E o] Laled 100, 120, 140, 160, 180,
200 mmHg9] $+&-& 2% wol 75t ¥ Alddo] ol
o= oy HYsE F9E ZAslrl. 100 mmHgol A 200
mmHg7tA] shEo] wlalgl & wf a3 Adwe] Evle
2 gold BIE REER Ao, ofF dutdezn
pLmmHgZ FA545ch

() &Y pisto] BEFEH0IY ¥ WAEHOIY):
H2E A A Az} Tol zA Aol £H-E hematox
ylin-eosin IA(H-E 44 ¥ Fdn|F o a3l
AAdn g or =4l WiE Wisigict

8) 2t = AlO|9] Hlw

SPSS 12.0 K for Windows& AM&, 715415 AP}
i, Kruskal-Wallis, Mann-Whitney 27 02 EZA X &
& TALHTH 1A G FALINFS AR vasky
3L, Wilcoxon signed rank test® o]8-3to] 274 At
%9 Z7te] & vlaskqlek

%2,

— 567 —



=X
2010,43:565-575

Table 1. Tensile strength test results of variously decellularized bovine pericardium. Mean values of the samples are shown

Groups (bovine pericardium) Sample size Thickness (mm)

Tensile stress at break (MPa) Strain at break (%)

0.1% trypsin+0.3% SDS n=9 0.38+0.08 (0.28~0.54)

0.1% trypsin+1% n=9 0.27+0.04 (0.21~0.36}
N-lauroylsarcosinate

0.3% SDS n=9 0.50£0.09 (0.36~0.69)

1% N-lauroylsarcosinate n=9 0.4510.06 (0.33~0.60)

10.78£2.73 (6.94~ 14.73) 28.75+7.56 (20.00~ 45.00)
12.21+1.76 (8.61~14.26) 4222%11.51 {28.33~63.33)

8.59+3.90 (3.44~14.24) 36.39£4.25 (28.33~41.67)
10.29+2.96 (7.54~15.87) 32.50+6.34 (23.33~41.67)

Table 2. Permeability test before fatigue test

Groups (Bovine Pericardium) Sample 10 min 1 hour Mean SD
0.1% trypsin+0.3% SDS 1 8.84 mlL 16.88 mlL 29.22 mL 28.32
2 4.50 mL 8.59 mlL
3 10.66 mL 20.36 mL
4 37.20 mL 71.05 mL
0.1% trypsin+1% N-lauroylsarcosinate 1 17.74 mL 33.88 mL 37.25 mL 14.61
2 1575 mL 30.08 mL
3 13.80 mL 26.36 mL
4 30.72 mL 58.67 mL
0.3% SDS 1 0.34 mL 0.64 mL 0.73 mL 0.11
2 0.35 mL 0.66 mL
3 0.47 mL 0.89 mL
4 0.38 mL 0.72 mL
1% N-lauroylsarcosinate 1 0.64 mL 1.21 mL 0.85 mL 0.25
2 0.33 mL 0.62 mL
3 0.42 mL 0.80 mL
4 0.41 mL 0.77 mL

1) 1A= &2 2 Al(mechanical tensile strength test)

A8 AR E 2 okt AES o4 & 36T
(Table 1). 22 A AE o] &3 77]8] AA o} EFA X+
A& g 1wH EYA A E S8R g 378 wlasta,
WRETEA R 2, adE wlad) Bokg wl, ERA AXF
I ]l A AH o] xlol= 9IS tHp-value 0.26/0.13).
SDSE A-&8 3 N-lawoylsarcosinate® A3t 7l
Aol 192, 34T E vlaPs woE A4
FAF R F938 Aolx g thp-value 0.26/0.55).

2) 95t G|2% Z{Aldynamic fatigue test)

A2E 744 A9 FH5E 9z 24893, 7 Fv
o} Aol £t 4 = 16/ cHTable 2). 173 37, 2
T} 47 AL o]Fo] vy W u) EAHe Seo

]_

o

3 ol HQ)om(p-value 0.02/0.02), EFA XX E &
ZolA FAE7 A debygct ol¥ FEE A4 $9
2N TS 23195 (Table 3), A71NAE 173} 3¢, 27
3} 47& vl 2ok uf EFA HAE 3 FollA F

F27b =4 Jebdehp-value 0.02/0.02). S 2% HAA A
o FHEE 2 e vaEdn, 3y 5%

RAAZ A 39 £ e g2 JAE Aslr] A
9 FHE & Aot gle ALE vebdrhp-value
0.144/0.456/0.068/0.068).

A2 #4A A fEEE WA A9, 4 Fut
o AE] T Y F 16?ﬂ°il’/]r{Table 4). B35 wlw
o} e Ao Aol vlaslglE W EFA AXE
g FollA $EE7t A JEl o (pvalue 0.02/0.02),
2% A4 3o AFE FE HAHTable 5OlAE E
HAA AANE g FolA GEErt 22 AoE Uehygd
(p-value 0.02/0.02). L2t} B2 % A A3t o f¢E
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Table 3. Permeability test after fatigue test
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Groups (Bovine Pericardium) Sample 10 min 1 hour Mean SD
0.1% trypsin+0.3% SDS 1 13.82 mL 26.39 mL 41.58 mL 16.56
2 2424 mL 46.29 mL
3 16.11 mL 30.77 mL
4 3292 mL 62.87 mL
0.1% trypsin-+1% N-lauroylsarcosinate 1 12.78 mL 2441 mL 63.14 mL 47.99
2 11.56 mL 22.08 mL
3 45.36 mL 86.63 mL
4 62.54 mL 119.44 mL
0.3% SDS 1 0.94 mL 1.80 mL 4.56 mL 3.16
2 4.60 mL 8.79 mL
3 2.69 mL 5.14 mL
4 1.33 mL 2.54 mL
1% N-lauroylsarcosinate 1 5.08 mL 9.70 mL 8.51 ' mL 4.16
2 5.12 mL 9.78 mL
3 1.30 mL 2.48 mL
4 6.32 mL 12.07 mL
Table 4. Compliance test before fatigue test
Groups (Bovine g le 0 mmHg 100 mmHg 120 mmHg 140 mmHg 160 mmHg 180 mmHg 200 mmHg  Not
Pericardium) ample mmHg mmHg g mmHg mmHg mmHg g ote
0.1% trypsin+0.3% 1 000 mL 015mL 003mlL 005mL 006 mL 006 mlL 006 mL Mild leak
SDS 2 000 mL 015ml 002mL 003mL 003mL 004 mL 006 mL Mild leak
3 000 mL 020mlL 005mL 006mL 006 mL 005mL 008 mL Mild leak
4 000 mL 020ml. 0i18mL Gi6mL O016mL 015mL 023 mL Leak
Mean 000 mL 018 mL 007 mL 008 mL 008 mL 008 mL 011 mL
D 0.00 0.03 0.07 0.06 0.06 0.05 0.08
0.1% trypsin+1% 1 000mL OGi6mL 009 mL 011lmL 012mL 0l6mL 015 mL Leak
N-lauroylsarcosinate 2 000mL O015mL 012mL 018 mL 020 mL 024 mL. 041 mL Leak
3 000mL 010mL 007mL 008mL 012mL 0l10mL 015mL Leak
4 000mL 019mL O010mL 006mL 005mL 008 mL 007 mL Leak
Mean 000mL 015mL ©€10mL O0l1lmL 012mL O015mL 020 mL
SD 0.00 0.04 0.02 0.05 0.06 0.07 0.15
0.3% SDS 1 000 ml. 028 mL 002mL 00lmL 002mL 002mL 002 mL
2 000mL 023mlL 002mL 00lmlL 002mL 00l mL 002mL
3 000 mL 020mL 002 mL 003mL 002mL 00l mL 002mL
4 000 mL 027mL 005mL 002mL 002mL 002mL 001 mL
Mean 000 mL 025mL 003mL 002mL 002mL 002mL 0.02mL
SD 0.00 0.04 0.02 0.01 0.00 0.01 0.01
1% i 000 mL 019mL 007mL 002mL 003mL 00l mL 003 mL
N-lauroylsarcosinate 2 000 mI. 02l mL 003 mlL 003mL 002 mL 003 mL  0.03 mL
3 000 mL 019 mL 007mL 003mL 002mL 002mL 003 mL
4 000 mL 02lmL 002mL 002mL 002mL 002mL 002 mL
Mean 000 mL 020 mlL 005 mL 003 mL 002mL 002mL 003 mL
SD 0.00 0.01 0.03 0.01 0.01 0.01 0.01
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Table 5. Compliance test before fatigue test

Groups (Bovine

Pericardium) Sample O mmHg 100 mmHg 120 mmHg 140 mmHg 160 mmHg 180 mmHg 200 mmHg  Note
0.1% trypsin+ 1 000 mL 028 mL 010mL 010mL 010mL 0I0mL 0.10 mL Leak
0.3% SDS 2 000ml. O018mL 003mL 006mL 004dmL 005mL 005 mL Leak
3 000 ml. 0l6ml 004mL 004mL 005mL 006mL 010 mL Leak
4 000 mL 018mL 012mL O013mL 020mL  0I5mL 020 mL Leak
Mean 000mL 020mL 007mL 008mL 010mL 009mL 011 mL
SD 0.00 0.05 0.04 0.04 0.07 0.05 0.06
0.1% trypsin-+1% 1 000 mL. 023mL 013mL 013mL 021ml 0I5mL 025 mL Leak
N-lauroylsarcosinate 2 000 mL 018 mL 006 mL 006 mL 008 mL 010 mL 008 mL Leak
3 000 mL 025mL 025mL 020mL 025mL 025 mL 0.30 mL Leak
4 000mL 020mL 005mL 005mL 010mL 015mL 0.15mL Leak
Mean 000mL 022mL 012wl O01lml 0Ql6ml 016mL 020 mL
SD 0.00 0.03 0.09 0.07 0.08 0.06 0.10
0.3% SDS 1 000 mL. 0i6mL 003mL 002mL 002mL 002mL 0.02mL
2 000 mL 012mL 004mL 004mL 004mL 005mL 005 mL
3 000 mL  025mL 003mL 003mL 003mL 003mL 002 mL
4 000 mlL. 025mL 002mL 003mL 002mL 002mL 002mL
Mean 000mL 020mL 003 mL 003mL 003mL 003mL 003 mL
SD 0.00 0.07 0.01 0.01 0.01 0.01 0.02
1% 1 000mL O0i2ml. OMmL 003mL 005mL 003 mL 004mL
N-lauroylsarcosinate 2 000 mL C10mL 004mL 003mL 005mL 004 mL 004 mL
3 000 mL 008mL 002mL 002mL 00imL 002mL 002 mL
4 000 mL 0I15mL 005mL 006mL 007mL 006 mL 006 mL Mild leak
Mean 000mL OllmL 003mL 004mL 005mlL 004mL 004 mL
SD 0.00 0.03 0.02 0.02 0.03 0.02 0.02
Compliance of before and after fatigue test
0.25- . 0.25
—+— Group 1 —e— Group 1
i --=- Group 2 " -~ Group 2
—&- Group 3 - 0.20 X - Group 3 -
=% - Group 4 /,’ p ‘\\\ =% Group 4 /,/’
o 015 T
-7 ] y W\ /
. e E 4 W\ Wl .
\\. ,,,,, E 0.10 - "/X\'\' \\“ o
e 005- f/ N Koo
‘Lw'::'::-;-:)A‘::-'--'5-'»-‘33-3-%'-.—..;::.;:.;::l‘:.'.:;I.'.:.‘.;( j" ¥.::.::;:.:ﬁ"' & —i
0.00 T T T T T - 0.00 T - - T T —
0 100 120 140 160 180 200 0 100 120 140 160 180 200
mmHg mmHg

Fig. 1. Compliance test results presented as a graph. After fatigue test, curve change of group 1 and group 2 (which underwent trypsin

prefreatment) is more evident.
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Fig. 3. H&E stain of each groups (1 ~4){x400). BF=Before fatigue, AF=After fatigue.
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Fig. 4. Electron microscopy findings (x20,000), CT (control group, only after fixation). BF=Before fatigue; AF=After fatigue.
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£7¢ WEE ¢ dglvh AZE A4 A A3 $5 4
2 2e el el ¥ o, IRE Q4 Fol 249

APE7t v wolx Belg w3t 4 glgieh
SFEG B =g o] gste] gt Asla T X}
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]
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