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

Yong Won Seong, M.D.*, Yong-Jin 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 decellularization 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 test 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 tensile 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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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

0.1% trypsin+1% n=9
N-lauroylsarcosinate

0.3% SDS n=9

1% N-lauroylsarcosinate n=9

0.38+0.08 (0.28~0.54)
0.27£0.04 (0.21~0.36)

0.50+0.09 (0.36~0.69)
0.45£0.06 (0.33~0.60)

10.78+2.73 (6.94~ 14.73)
12.21£1.76 (8.61~ 14.26)

28.75+7.56 (20.00~45.00)
42.22+11.51 (28.33~63.33)

8.59+3.90 (3.44~14.24)
10.29+£2.96 (7.54~15.87)

36.39+4.25 (28.33~41.67)
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 mL 16.88 mL 29.22 mL 28.32
2 4.50 mL 8.59 mL
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 15.75 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

31, Wilcoxon signed rank testg o]-83lo] W2 EHA A3} 2) 9stN n|2T= ZAl(dynamic fatigue test)
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Table 3. Permeability test after fatigue test

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 24.24 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

Pericardium) Sample 0 mmHg 100 mmHg 120 mmHg 140 mmHg 160 mmHg 180 mmHg 200 mmHg  Note

0.1% trypsin+0.3%
SDS

1 000 mL 0.15mL 003mL 005mL 006 mL 006 mL 0.06 mL Mild leak
2 000 mL 015mL 002mL 003mL 003mL 004 mL 0.06 mL Mild leak
3 000 mL 020 mL 005 mL 006 mL 006 mL 005 mL 008 mL Mild leak
4 000 mL 020 mL 018 mL 016 mL 0.16 mL 0.15 mL 023 mL Leak
Mean 000 mL 018 mL 0.07 mL 008 mL 008 mL 0.08 mL 0.11 mL
SD 0.00 0.03 0.07 0.06 0.06 0.05 0.08
0.1% trypsin+1% 1 000 mL 016 mL 0.09 mL 0.11 mL 0.12 mL 0.16 mL  0.15 mL Leak
N-lauroylsarcosinate 2 000 mL 0.15mL 012mL 018 mL 020 mL 024 mL 041 mL Leak
3 000 mL 010mL 007mL 008 mL 012mL 010 mL 0.15 mL Leak
000 mL 019 mL 010mL 006 mL 005mL 008 mL 0.07 mL Leak
Mean 000 mL 015mL 010mL 011 mL 012mL 015 mL 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 002 mL 0.0l mL 0.02 mL 002 mL  0.02 mL
000 mL 023 mL 002 mL 00l mL 0.02 mL 001 mL  0.02 mL
3 000 mL 020 mL 002 mL 003 mL 0.02 mL 001 mL  0.02 mL

4 000 mL 027 mL 005 mL 002 mL 0.02 mL 0.02 mL  0.01 mL
Mean 000 mL 025 mL 003 mL 002mL 0.02 mL 002 mL  0.02 mL

SD 0.00 0.04 0.02 0.01 0.00 0.01 0.01
1% 1 000 mL 019 mL 007 mL 002mL 003mL 001 mL 003 mL
N-lauroylsarcosinate 2 000 mL 021 mL 003 mL 003 mL 0.02 mL 0.03 mL  0.03 mL

3 000 mL 019 mL 007mL 003mL 002mL 002mL 0.03mL

4 000 mL 021 mL 002 mL 002 mL 0.02 mL 002 mL  0.02 mL
Mean 000 mL 020 mL 0.05 mL 003 mL 0.02 mL 0.02 mL  0.03 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 0 mmHg 100 mmHg 120 mmHg 140 mmHg 160 mmHg 180 mmHg 200 mmHg  Note
0.1% trypsin+ 1 0.00 mL  0.28 mL 0.10 mL 0.10 mL 0.10 mL 0.10 mL  0.10 mL Leak
0.3% SDS 2 0.00 mL  0.18 mL 0.03 mL 0.06 mL 0.04 mL 0.05 mL  0.05 mL Leak
3 000 mL  0.16 mL 0.04 mL 0.04 mL 0.05 mL 0.06 mL  0.10 mL Leak
4 0.00 mL  0.18 mL 0.12 mL 0.13 mL 0.20 mL 0.15 mL  0.20 mL Leak
Mean 0.00 mL  0.20 mL 0.07 mL 0.08 mL 0.10 mL 009 mL  0.11 mL
SD 0.00 0.05 0.04 0.04 0.07 0.05 0.06
0.1% trypsin+ 1% 1 0.00 mL  0.23 mL 0.13 mL 0.13 mL 0.21 mL 0.15 mL 025 mL Leak
N-lauroylsarcosinate 2 0.00 mL  0.18 mL 0.06 mL 0.06 mL 0.08 mL 0.10 mL  0.08 mL Leak
3 000 mL  0.25 mL 0.25 mL 0.20 mL 0.25 mL 025 mL  0.30 mL Leak
4 0.00 mL  0.20 mL 0.05 mL 0.05 mL 0.10 mL 0.15 mL  0.15 mL Leak
Mean 000 mL  0.22 mL 0.12 mL 0.11 mL 0.16 mL 0.16 mL  0.20 mL
SD 0.00 0.03 0.09 0.07 0.08 0.06 0.10
0.3% SDS 1 000 mL  0.16 mL 0.03 mL 0.02 mL 0.02 mL 002 mL  0.02 mL
2 000 mL  0.12 mL 0.04 mL 0.04 mL 0.04 mL 005 mL  0.05 mL
3 000 mL  0.25 mL 0.03 mL 0.03 mL 0.03 mL 003 mL  0.02 mL
4 0.00 mL  0.25 mL 0.02 mL 0.03 mL 0.02 mL 002 mL  0.02 mL
Mean 0.00 mL  0.20 mL 0.03 mL 0.03 mL 0.03 mL 003 mL  0.03 mL
SD 0.00 0.07 0.01 0.01 0.01 0.01 0.02
1% 1 000 mL  0.12 mL 0.02 mL 0.03 mL 0.05 mL 003 mL  0.04 mL
N-lauroylsarcosinate 2 0.00 mL  0.10 mL 0.04 mL 0.03 mL 0.05 mL 0.04 mL  0.04 mL
3 0.00 mL  0.08 mL 0.02 mL 0.02 mL 0.01 mL 002 mL  0.02 mL
4 0.00 mL  0.15 mL 0.05 mL 0.06 mL 0.07 mL 006 mL  0.06 mL Mild leak
Mean 0.00 mL  0.11 mL 0.03 mL 0.04 mL 0.05 mL 004 mL  0.04 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 1
—e— Group 1 —e— Group 1
--%- Group 2 n --%- Group 2
0.20 - 4= Group 3 . 0.20 A 4= Group 3 a
--%-- Group 4 e RN --X-- Group 4 T
0.15 - 0151 4 W\ \ P
E E // X4 \‘\“\i///
0.10 01049 J /,/' \'\. '\\
0.05 0.05- f/ \‘; U Xemoo N o
; / & A A A A
0.00 T T T T T ) 0.00 T T 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

pretreatment) is more evident.
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Fig. 3. H&E stain of each groups (1~4)(x400). BF=Before fatigue; AF=After fatigue.

3k FollA §%rt =A JEbsk e (p-value 0.02/0.02),
2% A4 Tl AE FEE A K (Table 504 % E
Al AXE g FollA et =2 AoE ey
(p-value 0.02/0.02). Z& L} 2% 74 A3}t 9] {5
5 AR 22 I7lE] AAo] vl Hoke W, frle
oJulglE Xo]Z Ho|x| ¢kgko}(p-value 0.71/0.46/0.85/

0.46) oJ&] AFolA o]AAS F3t w7t WAt
T3k SDS A 2l-¥} N-lauroylsarcosinate X 2lv-5 1507} 2
T, 373 4708 AAo] IEE HAA A} FE5 v|ad
HobE AF TAFSE o3t Hpol= HolA] koot
AL o AE 5 1% ol ARG Table®] Ao} 1
2 (Fig. DollA] HolRo] AF % SDS A A el N-la-

— 571 —



s
2010;43:565-575

uroylsarcosinate | 2]ol] H|slo] 2% ZAF o]F E
3 fEellA] ot $58 F e AoE A

=y

b

=
rgk

3) =%

Jon

¥

g,]i_l;:_ 74,(]. A]-sﬂ ;q . ‘6‘9,] zzlfﬂ-;ﬂ ookx]-_o. H-E o‘gx}]
3 BEEeda, 100009 wiETt 4000He] wigollA ZHzt
DAL hFig. 2, 3). BE TollA FAIES = & AjgE
AE Aol WAHA ehta, 2% A4 AY A |
30, 270 4 AE Bl ok W ESA A
g 173 27 H ) 373} 4ellA] 2F o] ¥ XWt
Y & Sisief. AR A A Ak 3

19l Ml & o, AE A ol 24

o

0jd ¥ MAE0P)

m
rlo
iy 8

LB, FALGE AY

A ob2 AdHE Ar&(collagen fiber)7h Aol Egth
E HA AL, FAES} Folle ARt 7heolAla

Z| e go] 7zl aL, trypsin X XT3} trypsin B X XT3}
o] 2 Aol HolA oyt Ark AN A3 FF H|
sl Hoks 73 X Egte] "ol A, gapolit 22 w4l
S7ko] WAE o] micropores FTHAIF oA 2H 9 F
5 §5EE ZA 7)1, I 2 EAA ] ZokslA &
Aoz Azt

it

| =

2o} 78] FATNE e o424 §
SJehiiokol A QTEol $3, FALIS] WHE

o} A= chepelsl AFHo] e, FAEA o F
AAE AEE dF 2Hol webAE FebA T, Agelt
TALoe WEE-FUA, oA, Bahol HeAE

» to

bt
BN

— 572 —



3 B 3 7P 7‘] Aedw) s 9lar, aapFQl FAEI}=
A3t o AXHE T shtoldh9]. & Aot 22
Az}l 3t AFE B3l A s AL, HdE 7
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o|HAE AA FLAEI}E FAs R, 2HHAL QA
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TollA = SDS T N-lauroylsarcosinate®} Triton X-100-8
o] &sto] FAEIE NPT w FelF, 7|AH AEs
Hgshn Qe A RE AT Aol ke FAE
3 4 ¥ IEE AA A - 3o FREY Tk, 23
el wshe 2gsto] oleld 24 AA ol Akl
Al Zko]l ApslE wWlE MR st ERAL A of B A
AAlS] Ao FAIEsS el AL EelAAH 1
T2 22 ARl ks dotH iz} st
Egae 28 dolslrh flewl s Ho| o2y
2t 3}°l/§_° 7é e MABlE - SolFQl JiolH,
732 37°Co 259} pH 8ollAlolct
0134 zZ oA 8] il o8 FAEI}ALo

EHOH A7} o] $ka, 9 EF
 FAIZ3E B, o 2 dFEdAE ERA
o7 APt FAE3= & o|A] Flcta El*s]—?i
t}. Schenke-Layland 5= A =5 gt
#41/0.02% EDTAZ 24A17F | 2]sto] A3k ”*ﬂ-LQPE

B3et (1], Wang 5 sHA tiE H
EgAle® 48417 ﬂ*l"@% aH<l
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B dF A= 0.1% EFHA0.1% EDTAA 34| 7Hs<t
LA, 7AIR AEANATANAE EFYA AR S
oA ERAl AAEE oA &2 THEY 23 =
Al ek, AHe] ae gle Ae® yeby kA
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Y =A dehgew, EfA HAE 3 79 B2 AEl
A s AAA FE7E A AE E ull, EFA HX
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=
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W Febol| A mabA Q] FA|EILE B A ekl
16“]—911, HF Schenke- Layland o BT Z710dA H
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B "E_‘?-Oﬂ/q Ag= AA Z‘“% % SDS%} N-lauroylsarcosi-
nate= ©]&A A& A|o]H, Triton X-100 H]o] &4 A&
Alelet. o] F 53] SDS| 7§ AxAd duts EfiAl
71w, TilAS HAA 7= ZeFe] SlojA Rl =79
T25 e ool dom Fe|Fopu|=FE| Tt
(GAGs)= AAs ZEhlel E£45 ¢4¥vh. Nlaur-
oylsarcosinate = ©]2A4] A|FAZ, AZAS 3A7IY 1
Zhgo] SDSHtb= o3k Ao g odelA] vt Triton Xoll
+ H]o]- 249l Triton X-1008} ©]-2A)Ql Triton X-2000] 8§l
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A7 Aol e}, Triton X-1002 AA-AA Apo] 3l A4 -chul
A Aol A3 A7, ghlA-ghul A 7o) Aol
E4e 7AA gom ol oA wet AE g o
FABE0] HauEo] 9lrH10,16-25]. £ AToNAE 1A
A 9l A A4 X %], SDS -+ N-lauroylsarcosinate, Triton-X
o] A3} Aol HAA 0.1% EFALE vl aH thA]
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