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Synchronized Synergism Using Ethanol, L-lysine and NaBH; in
Glutaraldehyde Treated Porcine Pericardium

Kwan-Chang Kim, M.D.*, Yong-Jin Kim, M.D.**, Soo Hwan Kim***, Seung Hwa Choi***

Background: Calcification is the most frequent cause of clinical failure of bioprosthetic tissues that are fabricated from
Glutaraldehyde (GA)-fixed porcine valve or bovine pericardium. We recently used a multi-factorial approach of employ-
ing different mechanisms to investigate how to reduce the calcification of bioprosthetic tissues. The purpose of the
present study was to evaluate the synchronized synergism using ethanol, L-lysine and NaBHs in glutaraldehyde treated
porcine pericardium from the standpoint of calcification and tissue elasticity. Material and Method: Porcine pericardium
was fixed with 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) or NaBHs (0.1 M; 2 days at room temperature) 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 samples were
measured. The treated pericardiums were implanted subcutaneously into three-week old Sprague-Dawley rats for 8
weeks. The calcium content was assessed by atomic absorption spectroscopy and the histology of the samples.
Result: The amount of calcium in the pericardium pretreated with ethanol (13.6+10.0 ug/mg, p=0.008), L-lysine
(15.3£1.0 ug/mg, p=0.002) and both (16.1+11.1 ug/mg, p=0.012) was significantly reduced compared with the control
(51.248.5 ug/mg). However, NaBH, pretreatment (65.7+61.8 ug/mg, p=0.653) and combined pretreatment that including
ethanol, L-lysine and NaBH; (92.9+58.3 ug/mg, p=0.288) were not significantly different from the controls (51.248.5
ug/mg). Both the combined pretreatment using ethanol and L-lysine (7.60+1.55, p=0.76) and the combined pretreatment
that included ethanol, L-lysine and NaBH; (7.47+1.85, p=0.33) increased the tensile strength/thickness ratio compared
with that of the controls (4.75£1.88). Conclusion: The combined pretreatment using ethanol and L-lysine seemed to
decrease the calcification of porcine pericardium fixed with glutaraldehyde, as compared to single pretreatment, and it
increase the tissue elasticity, but to the degree that showed synchronized synergism. NaBHs pretreatment seemed to
increase the calcification of porcine pericardium, irrespective of whether single or combined pretreatment was used.

(Korean J Thorac Cardiovasc Surg 2009;42:685-695)
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WE 5%o| 4 ¥H (homograft tissue)o] 5o At Z glu-
taraldehyde (GA) A 2|3t =iA] ato|i} & A o] &3k
A sz o] del A&Ea givk o3t A ¥
Zz7 9] A Ao 7 &3 e =F 9] 43
b A eH12). shANE A F oA ol vlsl Bt
3k A3)3te] Wel 712 deiA oA e, =4 | 7
9 %5 Y27 phospholipids, 22X 2|24 F pro-
teoglycans®] A|A ol 23 7] cavities, A|ZE2] A, 7+
Z s}eEA A 23], W duk-S3[4], mechanical stress[5], =L
gol] Heollol] Exsle o] whild Bl AF AlE[6] ol
ol 3t A3]3tel| Fosles Ao deiA St

ol3t A QAF=AL AE Fol7] Hslo] di-
phosphonates[7]t} allumininum chloride, ferric chloride 2=
metal salts[8] X285 3}7]% 3}3, sodium dodecyl sul-
fate[9] 722 surfactant %] 2]t} amino oleic acid[10] X 2| &
st= W Sol €A Atk Collagen +2E whto]
= A& 11,1215 sAY GA 2ol t}& Epoxy compound®}
Z-& cross linker[13]15 A3t 7% Z=a 9)

#|Zoll= synchronized synergismoll T8l multifactorial
approach’} A|% F| 3 9t} 7] 0.625% HoF 2559l
2~3% GAZ 1% X |s}o] cross-link stabilitys Z7}A]7]
i, gol e GAE aIH o AALAY GA Hel ¥
free aldehyde”](—CHO)E v|2| L-lysine®} 7+ amino acid
oF ZA A1 A (Schiff base formation) Zw2 Adtsls A&
2 WH[14,15] Sl AEE I 9o, Ethanol 55 ©I
$3to] =2 W] phosopholipidsE A7 sk7LH16] %3 e
elasticity S A7) HWHH[17,18] 59 oE 7R 43
8 Al Wdond 4 AT2A ANRT O
H o & 712 F o4=r) Sodium borohydride (NaBHy)
£ GA9 aldehyde”] 5 A3 A7 AY ZHE amino acid
2}2] ZAgh(Schiff base formation)& Xt} ¢t Al ZAgto
2 upo] Z& Aoz okelA Qe

B A AEL Llysines ©]-&3F diamine bridge”} Ethanol
I w2t A 35 Ayl Qllew crosslinks S 7HAI
A ol oA FoAg AES ZAAA FE w9
2% BIR vk Yrh2o ¥ ATl 48R0l v
ethanol, L-lysine, NaBH, & 5A|oll X 2]sl9S ul] o4
= synergic effects FolH A}l 3} on, A3} g
22 9] elasticity’ 5 FobH izl 2H7ho] g4 3]s}k X el gt
porcine pericardium®] F7|9}, AE & o]Al Aol ZH3}

X M oru

ot A3]37t 53] EAI7E Ele Lokt A= 71E9] po-
rcine valvel} bovine pericardium (=7 0.29+0.06 mm)el] H]
&l porcine peridcardiume] ZZH(manipulation)sh=1l] T £-0]
stetka Fedslo] porcine peridardium &2 A s ch21].

ohah 2

1) Preparation of porcine pericardium

% 6o ® o] AdS Aelglon 7 3 Ald

AA ] Mee SHE et 1S control & 8o 273}

370l A= 80% ethanol¥} L-lysine] &35 LolH A} 3}

Pom 472 80% ethanol¥} L-lysine2] synergic effects &

of¥ 37} st 57 670l A= NaBH,9| &35 Uo}

Bzt shelet,

17 0.625% GA

27 0.625% GA+80% Ethanol

37 0.625% GA+0.1 M L-lysine

47 0.625% GA-+80% Ethanol+0.1 M L-lysine

57 0.625% GA+0.1 M NaBH,

67 0.625% GA+80% Ethanol+0.1 M L-lysine+0.1 M
NaBH,4

3) =Xl MY 1A

A AF-S 0.625% GA fixationl (PBS buffer, pH 7.4)°ll
b 4°Coll A 247 A% &, AARelA 797 IR
a3t o] i AdE 7R AZ 1 em 27]9
AGHERE HrolA o o8] HX7t destA ¢k A
FHELS PBS solution® 2 A2ollA AFE & oA
o] Agte}. 1Al 4A33L Helvt et AdHES
uhE by AR Rt}

K

of

4) Ethanol & X X|

0.625% GA 1% Hel& whzl 4353 80% ethanol
solution (PBS buffer, pH 7.4)¢] 7! shaker bathel] Wo] 4
ZollAl 24417k SF Azlgteh v oo |7t dewt
7 ¢k AdHEL PBS solutionoZ A2ollA A
&, F A o] g},
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Tensile strength/thickness index
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Ithickness

p-value 0.566 0.918 0.763 0.773 0.328

4.75:1.88 | 6.15£1.97 6.62£1.67 | 7.60£1.55 | 4.66£1.92 | 7.47+1.85

Fig. 1. The tensile strength/thickness index of porcine pericardium
after Gr. 1) GA (0.625%) fixation, Gr. 2) GA (0.625%) fixation+
ethanol (80%) treatment, Gr. 3) GA (0.625%) fixation+L-lysine
treatment, Gr. 4) GA (0.625%) fixation+ethanol (80%) treatment+
L-lysine treatment, Gr. 5) GA (0.625%) fixation+NaBH, treatment,
Gr. 6) GA (0.625%) fixation+ethanol (80%) treatment-L-lysine
treatment+NaBH, treatment.

5) L-lysine %] X]

0.625% GA 1A *g|\} 27} Ethanol A8l & w}x A
3355 PBS solution® @ A& % 0.1 M L-lysine
solution (acetic acid buffer, 0.5 M, pH 7.6)°l] &7} 37°Col|
Al 48A17F =t A g3k}, o] & PBS solutiono & Aol
A A & Foll Al o] A& wj7A] 4°CE] PBS solution
of H3k3kr},

6) NaBH, ™A X]

0.625% GA fixation %] E]\/} Z7} Ethanol & 0.1 M L-ly-
sine A g]& w}xl AYHES PBS solution &2 A8k 3
0.1 M NaBH, (PBS buffer, pH 7.4)oll @7} Aol A 484]
7F 59k 2]}, o] 3 PBS solution 2 A|H 3 ¥, F ol
Al o] A w744 4°Ce] PBS solutionol] H.gkc},

7) Purpald ZAL S, ZHZAL

ZF 3 108 AdAHES F oA o]
g AAQu|Fo g wAFzE WEs Llysineo 2
GA detoxification X 2] & &+ A FH A detoxificationo] &

A gk 3%

Fig. 2. Porcine pericardium with Purpald test after 1) GA
(0.625%) fixation, 2) GA (0.625%) fixation+ethanol (80%) treat-
ment, 3) GA (0.625%) fixation+L-lysine treatment, 4) GA
(0.625%) fixation+ethanol (80%) treatment+L-lysine treatment, 5)
GA (0.625%) fixation+NaBH, treatment, 6) GA (0.625%) fixation
~+ethanol (80%) treatment+L-lysine treatment+NaBH; treatment.

3] o] FolH A Lol ] $l# aldehyde residue evalua-
tionS- —‘Hfﬂ' AAE gt o] & YA AdH S salineo &
A|=gE % 0.171 M Purpald in 1 M NaOH solutionol] 154
7r soaklng°P Z7] Foll =FAA AFH color7} W
shevl dele A7 Y colord] RS BAR R BA%
t}[22]. Detoxification 42| & s}A] g2 AdHENE 7
< AAE A 3 AE vl

Al #A S HX 3 304 4 EE delste] A

F e B e gl o
A
Z

A =stgcet. AHe 4L Japan Tech &
Manufacture, Digital Force Gauge, Model 5FGN, auto-
mated materials testing systems ©]8 load speed 100
mm/minZ FA3te] = kgF/FS mmE F7]3S )
kAol Sl A zte] BAS 2] Slekel By
o] 72]¥ 2 Mitutoyo Thickness Gauge (Digimatic
543-122-15, Mitutoyo, Japan)Z ZEF9| FA% 3 AL
A= ofe] Wl FAlel FA3cet.

8) 3 0|4 B

Zoletil (0.2 cc IP), Rompun (0.1 cc IP) 2.2 FHE w3t
G 5 99l SshzAol] ahe] pouchF WE F, 27
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Fig. 3. Harvested porcine pericardium with Hematoxylin-eosin staining after (A) GA (0.625%) fixation, (B) GA (0.625%) fixation +ethanol
(80%) treatment, (C) GA (0.625%) fixation+L-lysine treatment, (D) GA (0.625%) fixation+ethanol (80%) treatment-+L-lysine treatment, (E)
GA (0.625%) fixation+NaBH, treatment, (F) GA (0.625%) fixation +ethanol (80%) treatment—+L-lysine treatment+NaBH. treatment.

9) H&E A Vonkossa A MXIS0|AH

e A A 450 AL 2~3 mm S
%2720 & Z2} Dubosqe-brasil &Hel| 1417+ Lo+t
FRAY F oo Eof 248 ol
2~4 ym AH o7 ¥ o] hematoxylin-eosin 9 vonkossa
%1 A&} microscopic structure®] integrity 2! calcium 2}
o] AEE Jopir}

Az Au|AA AL 22E 1 mm 27|12 A slo]
4% GA-PBS (0.1 mol/L phosphate buffer, pH 7.4) 2ol 32
A3t Z 1% 0s04 (0.1 mol/L phosphate buffer, pH 7.4)ol] ¥
A sko] Epon LX 112 fixativeol] embeddings 3Fich. 1

um Aol toluidine blue 3HE s}o] F3t SAnjAHow I
Aol A% 22 FEe AXE ZAT T Reichert
Ultracut E-ultramicrotome (Leica, Inc., Buffalo, NY)2.2 %+
A3 3}lo] Uranyl acetate®} Lead citrate2 34+ & &z} &
u]7d JEM-100CX (Magnification; %100~ x450,000, accelera-
tion voltage: 120 kV, JEOL U.S.A, Inc.) 2 & 25 1t}

At el A3]3t AEE doli 7] 3l cal-
Alsstet. o] & 94 AdH & saline>E
4417k o] 4 hot dryeroll Al A=A % 747}
A& &A%} Glass tubeol] @o} 1 M HCl &
o 3 mLE &7}l 75°C dry oven (Fisher Scientific)ol] 4]
7hEst ShA & wi7bA] 24417 o] vkt &
H-5 e-tubeoll $ 7] automatic environmental speed vac sys-
temg ©] &8I 1241 7F o] FHEAI It} Pelleto] HEE0]
AW, PBS (phosphate buffered solution) 1 mLel o}
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Synchronized Synergism Using Ethanol, L-lysine and NaBH,
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Fig. 4. Harvested porcine pericardium with Vonkossa staining after (A) GA (0.625%) fixation, (B) GA (0.625%) fixation-+ethanol (80%)
treatment, (C) GA (0.625%) fixation+L-lysine treatment, (D) GA (0.625%) fixation+ethanol (80%) treatment-+L-lysine treatment, (E) GA
(0.625%) fixation+NaBH; treatment, (F) GA (0.625%) fixation+ethanol (80%) treatment—+L-lysine treatment-+NaBH, treatment.

calcium contentE A gt}
11) SH 4

FAX gl microsoft excel?}t SPSS 14.0 K& A+8319)
3, BE SAIFAE B EFAAE ZAES 4 T
o] 2] B|LE Student T-test® HZstQx, 2+ T 7+
FA1A X}o]= ANOVA 9 post-hoc test (Turkey test)Z 7
Selon p<00sE Slu g Ao AEdk

o\

e }
1) ZH/FN H2

0.625% GA A X388k control w-°] 4.75+1.88,

80% Ethanol X 2l3F o] 6.15£1.97, L-lysine A 2|&+
o] 6.62+ 1.67, 80% EthanolZ} L-lysine &% X3t Fo]
7.60+1.55, NaBH,7F X 2|8 o] 4.66+1.92, 80% Ethanol,
L-lysine, NaBH;& 25 A2lg o] 7.47+1.850]¢}.
80% Ethanol ¥-2 L-lysine -2 NaBH, X&lg ZE& &
oAl 2] 0.625% GA L "F A3t controlZt B]Ls}o] {9
g 2ol 919 th(Fig. 1). =3 ANOVA testE %3F
7kl vl A $-23k 2ol §1%lrh(p=0.058).

SW

2) Purpald test

A AdS 0625% GA A4 ol L-lysine X &l3F T+
3} 0.625% GA 3% Foll 80% Ethanol#} L-lysine *]2]3dk
oA k3t Bk = 0.625% GA IR 3o
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Fig. 5. Transmission electron microscopy of harvested porcine pericardium (1). Calcium nodules are found in fibrosa layer and epicardial
connective tissue layer (thick arrow). Ethanol pretreatment led to smaller calcification deposits. Collagen fibers are maintained well.

Fig. 6. Transmission electron microscopy of harvested porcine pericardium (2). Calcium nodules are found in epicardial connective tissue
layer (thick arrow). The degradation of collagen fiber is found (thin arrow). Ethanol and L-lysine pretreatment shifted the ratio elastin:colla-
gen ratio towards to collagen. E: elastin, F: fibril of collagen.

NaBH; 23t 3} 0.625% GA %4 3ol 80% Ethanol,
L-lysine, NaBH,& B X elgt T4 S A= Het
AL goom 0.625% GA AR A3Pd 3 0.625%
GA 4 Zof| 80% Ethanol X 2|3t FollA] 744 A&k B}
S = rhFig. 2).

3) Hematoxylin-eosin stain, Vonkossa stain, ZX}&l
o



Calcium analysis
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S 80+
S 60 p=0.80 ?
404 { p=0.78 p=0.91
20 } . }
0 T T T T — T 1
Gr. 1 Gr. 2 Gr. 3 Gr. 4 Gr. 5 Gr. 6
Group
n=4/Group Gr. 1 Gr. 2 Gr. 3 Gr. 4 Gr.5 Gr. 6
Calcium/Dry
weight 51.2¢8.5 | 13.6810.0 | 15.3x1.0 | 16.1x11.1 | 65.7¢61.8 | 92.9+58.3
(ug/mg)
p-value 0.008 0.002 0.012 0.653 0.288

Fig. 7. Calcium analysis of harvested porcine pericardium after
Gr. 1) GA (0.625%) fixation, Gr. 2) GA (0.625%) fixation +etha-
nol (80%) treatment, Gr. 3) GA (0.625%) fixation+L-lysine treat-
ment, Gr. 4) GA (0.625%) fixation+ethanol (80%) treatment—+
L-lysine treatment, Gr. 5) GA (0.625%) fixation+NaBH, treatment,
Gr. 6) GA (0.625%) fixation+ethanol (80%) treatment+L-lysine
treatment+NaBH; treatment. There were no significant differences
among group 2, group 3, and group 4.

Aol 2 AHEol Uolm Y¥E AHF W Y
Wl gl 0.625% GA AW A
A9 XJZ.oﬂ/ﬂ Z+4ro) ﬂlﬂ-},]o_] %gj\ ™ 0.625% GA
34 Fol| NaBHMF Heldt +3F GA F Foll 80%
Ethanol, L-lysine, NaBH,& EF X238 FolA+ A5
S Wz Zwe Aol RHAHAUIL 0.625% GA 1A
Zoll 80% Ethanol X238 I, 0.625% GA XA o
L-lysine %] 2|8k 3, 0.625% GA 3% 3oll 80% Ethanol
I} L-lysine A 2|3k 2 Al Fo] w3 & A=
A F2 Ao Adzd ol Zwe] FFo] i
oLtk (Fig. 3, 4). AAF du]7d LAdA 0.625% GA 1L
gk Aeet ol B3l 0.625% GA 1% ¥ 80% Ethanol
A el gt ol A Hep A2 g AA-o] A He Ao
I = AUrk(Fig. 5). 0.625% GA 2F Fol 80%
Ethanol¥} L-lysine *] 2] 3 collagen/elastin ratio %
lageno] Z7}138F A& Kol F9gov] B collagen fiber
9] degradations }X.o] FA| "t 80% Ethanol, L-lysine,
NaBH, X2 FolE QA Feha B4 FRE B

col-

A= 2 A eh(Fig. 6).
4) Calcium A 2F

7 59 4 A& A S ALk #HA A
23S 80% Ethanol 2|3t o] 13.6+10.0 ug/mgo & 714+
ZFQkal L-lysine | 2lgF w-o] 15.3£1.0 ug/mg, 80% Ethanol

3} L-lysine A 8lgt o] 16.1+11.1 ug/mg, 0.625% GA A
uk AJedEl o] 51.2+8.5 ug/mg, NaBHIF A 2l3k 3
80% Ethanol, L-lysine, NaBH,& =5 A& & 47
65.7+61.8 ug/mg? 92.9+58.3 ug/mgl 2 7}4 wWekth GA
aguk APt 3 w|srsle] 80% Ethanol A 2]8F -
(p=0.008)2}, L-lysine *&l3k (p=0.002), L2|3L 80%
Ethanol¥} L-lysine 2|3t T-(p=0.012)2 EAFoZ 2Ju]
SAl Zge] AAFol HAAR, NaBH.AF A’k &
(p=0.653)7} 80% Ethanol, L-lysine, NaBHs& 5+ *] 2|3t
T(p=0288)2 Zwe| Aol ¥ Wekvh(Fig. 7). shAIRE
ANOVA testE 53k 7 79 H|aLollA §2J38t Xo]= h
9 th(p=0.076).

4
] GA polymers EHol PAlsl= 7S o] &3 740];(] at,
o] GA9] free aldehyde”](—CHO)7} ZH4r3} Zgtsl= A o]
A3)3te] F Ao AZE I 9lrh23,24] A

+ ©] free aldehyde”] & E’] 2] L-lysine3} éﬂ |AZESZAH
(Schiff base formation) Z<2] Agsl= ZAS
9] 3433 FIE in vivod} in vitro AL E3) <ol
9k}l Amino acid®] ¥HHHQl FZ= amino group, hydro-
gen, carboxyl group, R-group 2 & o] Fo]#] 1. om™ R-group
o] 2|3l amino acid FF7} A& =}, L-lysine> R-group2
Lol &= o}E amino groupe] YolA 7] tHE free alde-
hyde”] 9} 7ZA¢ts}o] Diamine bridges ¥4 s}o] detoxificati-
on 335 EY F Ut A 2F W cross-linkEs Z71HA4
7 cross-link stability S Z7FAA F= 2371 & Aolrl
In vitro A& ollA 0.625% GA 14 % L-lysine *| 2|8 79|
0.625% GA AW AJggk Foll Bl3| tensile strength®}
thickness7} SA1F o2 FolstAl Zrletdcl. AAdn 7
o] A& elastin: collagen ratio % collagene] ¥ Z7}s}= A
< =olsldthFig. 6). ol 0.625%Ec}t 552 3% GA

L-lysine

\- r]r
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2 3 Aelgt 239 AA "v)7d &7l A ek uprhA]
Z Llysine A 2|7} 22 W cross-linkE Z7FA#A cross-link
stability S 7FA1Z1 A2 AZFECH14]. 3~471L 9 v 2H
B3 AP A Ads AESIAAN Lolysine A2l
A Ao A AL vlaskA k] wiitell L-ly-
sine Aoz 4del AHy FAE ST E A
E2 Wel7ldl= 3AZE S Aelvh. A vle
0.625% GA 114 ¥ L-lysine % 2|8 o] 0.625% GA 1A
"k A] 3838k control v-o]uf 0.625% GA 14 3 80% Ethanol
Azt el vlal S7tEo] URAT FAHY FoA S
A chFig. 1). A 0.625% GA 3% ¥ 80% Ethanol,
L-lysine, NaBH; *]2] ¥ollX% porcine pericardium®] tensile
strength®} thickness®} 7+ mechanical propertyoll= & 3
e FA v AoE AES Hele Aol 93 Aol
o}, ANOVA testE &3t F7F v]aLol|A] p=0.058F T7toll
o3t Aol & HolA ok A aud NS E vl
7] Wil Ao Az

£ gl A& Llysine®] Ael a5 AAHH o2 o}
17 $]8}o] rat subcuatneous layerol] ©]4}s}7] Hell re-
sidual aldehydeol] ¢]3l] B2}-5 uw]+= purpald testE A3}
%t} 24-dinitrophenylhydrazine or 4-amino-3-hydrazino-5-
mercapto-1,2,4-triazole (Purpald)7} aldehyde group} ®hH-3-3}
o] Hebdg vle 545 PA4skAl Hrt Aldehyde A4
FE Yol = tE ¥ o &= Benedict’s test, Fehling’s
test, Tollens’ test, Bayer’s tests”7} 91+ ©l = aldehyde
group®] AH3HAHE3 £ W F459] FAAEE o] & A
O F A7} &4 (water-soluble)o| o] oF dheh= th o] 9l
oA B Aol A9 722 porcine pericardium Aol A A}
g3l7)ol = A A koke}l. Purpald test 23} 0.625% GA
A ¥ 80% Ethanolt X 2]d & 0.625% GA LAY A
Y3k 7t w2k Z18k Beps W v, 0.625% GA 3L
A & Lysine®t A 2lsAY 0.625% GA 4 3 80%
Ethanol#} L-lysine =55 A 2]3t #2 <3t Hejds o
It} o] Lilysine X2l S Ed] TrHOZ GAS A%
aldehyde”|(—CHO)7} A|A= RS Kol Fr}(Fig. 2).

Rat subcutaneous modelS ©]-&3 in vivo A& olA 0.625%
GA 14 = L-lysine X2]gk Fo] 0.625% GA AT AJgY
gk ol vlsl el HFol ou] Al Ak shA
0.625% GA 1% 3 80% Ethanol *2|t & F3h= =o7}
ARl olEst A g F A E A B F dE Aol
of A, 3]st Aol 22 W] Zw HEE o
+ phospholipids, Z2* 2|34 F proteoglycans] |7 ol|

93l A7) cavities, A|ES] A, 245 shEEA A, W
o3u}-& mechanical stress, L Brol] &ollol| Zasl= o]
QU 9 9F AT 5 ofel QA Boldehs A
ol H - AFEolA AR e 719 A3 A=
o] Algto 24 synergy AAE Hsgivh £ o
TolAE GA 4 % ethanol¥} L-lysines *]2]3}o] syn-
ergy 835 dolH a2} 31921} ethanolP} L-lysine™t ]
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AQlo g kA Gk, Lol 433 A5 Folaxt 7| A e] b ofH AHAE W)
Lo Huxa 9ot B dFellAs A&7 o] thE ethanol, L-lysine, NaBHs= 3 X 2l3}
uf = Fs ATE A3lstet 2F 9 A% (elasticity)e E3l FotE izt ik WY
Bl: 0.625% Glutaraldehyde (4°Coll4] 24, A-2ollA] 747 A8 =4A] Ad-& 80% Ethanol (4
oA 19), &L 0.1 M L-lysine (37°CellA 29), $< 0.1 M NaBH; (A-&0ll4] 29)Z Az & &
o] YF7(thickness)®t 73 (tensile strengthys Z783k3ich. 7H7He] g4 3]t A 2ldt A dS A
= 3539 HY FslzAol o|Xela 8F ¥ Zge At =A% LS wEEglch &l
0.625% glutaraldehyde TAWF AJ3gt -(51.2+8.5 ug/mg)d} H|Z3}o] 80% Ethanol * 2|3+
(13.6£10.0 ug/mg, p=0.008)3}, L-lysine *] 2|8+ T(15.3£1.0 ug/mg, p=0.002), L& 80% Ethanol¥}
L-lysine 2|3k F(16.1+11.1 ug/mg, p=0.012)> SAIF & oJu] A Zs5o] HZeFo] 2 A|ut,
NaBH RF 2|38k 7(65.7+61.8 ug/mg, p=0.653)F} 80% Ethanol, L-lysine, NaBH,& EF 2|8 1
(92.9+£58.3 ug/mg, p=0.288)> Zr2] HZFo| o] w3kttt 80% EthanolZt L-lysine>Z A3k F3}
80% Ethanol, L-lysine, NaBH,Z 27 X 2|8t 7] A3 /57| v]&(tensile strength/thickness ratio)<
747k 7.60+1.55, 7.47+1.85% glutaraldehyde A% A 2P3k 9] 4.75+1.88 Kt ZvtE]o] Qe S
BAk(p=0.76, p=0.33). ZZ=: Ethanol¥} L-lysines A Aol WIXX 39S wl, Ethanol¥}t
L-lysines TH5AX| 3l9l& wiel vlazste], v|=3t 4133} aael =249 Axds S/ 4
& BRI Wik Xl o3t A5aatE sl A = Faleivh NaBHyw T4 %] 32 WA
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