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A Study on an Effective Decellularization Technique for a Xenograft Cardiac Valve:
the Effect of Osmotic Treatment with Hypotonic Solution

Si Chan Sung, M.D.*, Yong-Jin Kim, M.D.**, Sun Young Choi, M.D.***, Ji Eun Park, M.D.***,
Kyung-Hwan Kim, M.D.**; Woong-Han Kim, M.D.**

Background: Cellular remnants in the bioprosthetic heart valve are known to be related to a host's immunologic
response and they can form the nidus for calcification. The extracellular matrix of the decellularized valve tissue
can also be used as a biological scaffold for cell attachment, endothelialization and tissue reconstitution. Thus, de-
cellularization is the most important part in making a bioprosthetic valve and biological scaffold. Many protocols
and agents have been suggested for decellularization, yet there have been few reports about the effect of a treat-
ment with hypotonic solution prior to chemical or enzymatic treatment. This study investigated the effect of a treat-
ment with hypotonic solution and the appropriate environments such as temperature, the treatment duration and the
concentration of sodium dodecylsulfate (SDS) for achieving proper decellularization. Material and Method: Porcine
aortic valves were decellularized with sodium dodecylsulfate at various concentrations (0.25%, 0.5%), time durations
(6, 12, 24 hours) and temperatures (4°C, 20°C)(Group B). Same the number of porcine aortic valves (group A)
was treated with hypotonic solution prior to SDS treatment at the same conditions. The duration of exposure to
the hypotonic solution was 4, 7 and 14 hours and the temperature was 4°C and 20°C, respectively. The degree
of decellularization was analyzed by performing hematoxylin and eosin staining. Result: There were no differences
in the degree of decellularization between the two concentrations (0.25% 0.5%) of SDS. Twenty four hours treat-
ment with SDS revealed the best decellularization effect for both groups A and B at the temperature of 4°C, but
there was no differences between the groups at 20°C. Treatment with hypotonic solution (group A) showed a bet-
ter decellularization effect at all the matched conditions. Fourteen hours treatment at 4°C with hypotonic solution
prior to SDS treatment revealed the best decellularization effect. The treatment with hypotonic solution at 20°C re-
vealed a good decellularization effect, but this showed significant extracellular matrix destruction. Conclusion: The
exposure of porcine heart valves to hypotonic solution prior to SDS treatment is highly effective for achieving
decellularization. Osmotic treatment with hypotonic solution should be considered for achieving decellularization of
porcine aortic valves. Further study should be carried out to see whether the treatment with hypotonic solution
could reduce the exposure duration and concentration of chemical detergents, and also to evaluate how the struc-
ture of the extracellular matrix of the porcine valve is affected by the exposure to hypotonic solution.
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S 4°C Al Aol Fob WA Abell Hatsto] SA]
ARAE 7hA - AAA AHH " AR )72 A
= Hrelste] tiEusete o el R ofE] Wl A
23k 3 B-alkF A Al (Penicillin 10,000 unit/100 cc, Strepto-
mycin 10 mg/100 cc, Amphotericin B 25 /£ g/100 cc, Sigma)E
4L ol Akd 23 2] 9d=(phosphate buffered saline, PBS pH

oF 1~2417F Eot 4°Col A WA BIehHA FAZ

[o}

2) HX| CHSYTAto] R A Zs}

Wk ol Aked 2k 4] 9d9(phosphate buffered saline, PBS
pH 7.4)0ll B35 =] iz iztete] A3 (10 mmx15 mm)
< AAA $358-N(Tris, 10 mmol/L; ethylendiamine tetra-
acetic acid, 0.1%; and aprotinin, 10 KIU/mL; pH 8)ollA] Z}
Zte] Exeob ARl A7 st £ 1003] o449 A
Z&7] (rotating shaker)oll A ] 2]3}la(group A), ©] ¥ Sodium
dodecylsulfate (SDS)7} A7} AAA 24328 N (Tris, 10
mmol/L; ethylendiamine tetraacetic acid, 0.1%; and aprotinin,
10 KIU/mL; pH 8)2.2 &7 AR &ulfol] 93t A3} 7
Be At o] BAE3} #Ao] B TAA A&
oH(Tris, 50 mmol/L; NaCl, 0.15 mol/L; ethylendiamine tetra-
acetic acid, 0.1%; aprotinin, 10 KIU/mL; pH 8)& ©]-&3l 3]
A A7) ok 12A17F AlFget g SH 2w
ofl& Ael-&-H(50 mL PBS)ll 537k 33] o] A ¥ o]
F3hch o]} Fro] FAZ3} Ao Adle] Etk Folle
225 AelAldrol AH F 10% 2R 143

Wel =4 A4S A,
3) SMEsle £71

25 20709 sS4 dlEuee Ageon sps &
Hol] x2]st7] A #AAA £H(hypotonic solution)ol] =Z
A7 & AT(=10), =& A71A 2 & BT0=1002
W 7 FollAl ARENe] w3 AT, 7, 1447, 2
E(4°C, 20°C), sodium dodecylsulfate (SDS) £-<Hol] =ZA4]
7+ 9l 56, 12, 24417, 0.25%, 0.5%)l wek ohA] A&
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Table 1. Conditions of decellularization for porcine aortic valve and their nucleus count

Valve  Temperature Hypotonic SDS% Nucleus Valve Temperature SDS % Nucleus
number °C) sol (h) (h) count* Number (°C) (h) count™
1 4 14 0.25 (24) 0 11 4 0.25 (24) 11
2 4 14 05 (24 0 12 4 05 (24 10
3 4 7 0.25 (12) 12 13 4 0.25 (12) 46
4 4 7 0.5 (12) 5 14 4 05 (12) 25
5 4 4 0.25 (6) 10 15 4 0.25 (6) 37
6 4 4 0.5 (6) 16 16 4 0.5 (6) 17
7 20 7 0.25 (12) 8 17 20 0.25 (12) 0
8 20 7 05 (12) 0 18 20 05 (12) 24
9 20 4 0.25 (6) 0 19 20 0.25 (6) 20
10 20 4 0.5 (6) 0 20 20 0.5 (6) 20

SDS=Sodium dodecylsulfate; h=Hour. *Number of nucleus in 200 #m*200 #m in the slide of hematoxylin and eosin staining (x100).

Fig. 1. Normal porcine aortic valve, control (hematoxylin and eosin staining). (A) x100, (B) x400.
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Fig. 2. Histologic results after decellularization (hematoxylin and eosin staining, x100). (A) Treatment with hypotonic solution for 14 hours
prior to sodium dodecysulfate treatment (0.25%) for 24 hours. (B) Without treatment with hypotonic solution. It is apparent that the treat-
ment with hypotonic solution showed more efficient decellularization than without hypotonic solution treatment.

Fig. 3. Histologic results after decellularization (hematoxylin and eosin staining, x100). (A) Treatment with hypotonic solution for 14 hours
prior to sodium dodecysulfate treatment (0.25%) for 24 hours. (B) Treatment with hypotonic solution for 4 hours prior to sodium dodecy-
sulfate treatment (0.5%) for 6 hours. It is apparent that 14 hour's treatment with hypotonic solution showed more efficient decellularization
than 4 hour's treatment.

o] Aol= AT AEHT; 1442158 vs 1174100, skow 20°CellA= Azl Aol wE Aol et

p=0.65) (Table 1).
2) SDS SN0 == AlzZtoll [E EMESC| Hx

AT B B4, 4°ce] 264 Al AIZH24AITE,
12417}, 6A17h0ll whg DAIE Bahs 24417kl A 7

(Table 1).
3) MEM Z%Y(hypotonic solution) XX FF

ATl AASE T2 FRsAHEg 1, 2). 1~10
el AT AA BN ANl gl BT 11~
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Fig. 4. Histologic results after decellularization (hematoxylin and eosin staining x400). (A) Treatment with hypotonic solution for 4 hours at
4°C prior to sodium dodecysulfate treatment (0.25%) for 6 hours. (B) Treatment with hypotonic solution for 4 hours at 20°C prior to so-
dium dodecysulfate treatment (0.25%). It is apparent that treatment with hypotonic solution at 20°C showed significant extracellular matrix

destruction.

204 Agetol A vdt A7 1~104 5 AToIA BE
s} so] AARE il #Eﬂ*}‘ﬁv}‘é AES 5

5.146.0 vs 21.013.3 p=0.003) (Table 1, Fig. 2).
49 MBYH U9 MAAZHAT)

22 SDS FEelA X AIZke] A 7] 1447 Az
Aol AEHS] A7 E7} A4 EFehTable 1, Fig.
3). 22} o] SDS & A A7ro] o] A AR
o Aermz A4 LA HxA7ke] 71o]AQ1A SDS
g A2 7] 7oA QAAE ok 47} gk, aE 7
£ SDS &9 AH AelA AR SN X FAD
SALS ARE AGA ez AAeA ke BTl
ule gk},

5 MEY SYofe ZE2ZAD)

AAH 0 Z 20°Col|A] 4°CHr} BA| 3} gt 2
7 Holup AR 9o 919l 20°Col|A] BA|E
= AlZe] 7149 F37h A3 £7E HlchkFg. 4).

of wtel ofg] 7kA W& ol &3l grt 2FoFHR
o AZ AAL &= AZ 7] (origing A, ﬂ
A, 344 Wy Eoll whgl el o Qi) a8l ol &
AZ AA HES AEZE AAT & G2 Alxe] 714
A| A} A (extracellular matrix scafold)2] AY3FeH4 ZAd (bioche-
mical composition), U] A%, F&| & Ao J3¢& &
Rom g ol thA o] & AAAE] o]A] F &FHE-3-(host
response)ol] S = 4 o} T2 E A E3) W 9
23 dolode AEe] 7% (extracellular matrix)oll T3l

ZA4) (composition), =82 A E (biological activity), &
2|2 A7 (mechanical integrity)oll |4=3F2] d&Fa FHA
BEE AlEe AEY 248 aHoE AAY F Y&
Zlolg} &7k

71 gol AEE = 24
W, 3 W, 44 e
HEEQl A3 W A E =El ‘ﬂ"]
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4 gael AR §79 1B A U LE, SDS BEY i
F A7 B 250w gA 23] ARE I &gl

2 73 B4 AxEol telwA ¢ 2
SDS whH5ol| o3t BA| 317} 7453HA], 7hsslehd 1
B TES =F A o= BERIA, 24, ARA &
off o3t o] Tl Ma3tx|, st AP =&
2 e o= AEUAE #3l7] el
Al o] z7elA WEAdE A

Aol A= SDS wHEell o3 GAES}H= v &9t
Askdel. el 025%, 0.5%2] SDSEES] Apolo o3t
SA 23} FEo Aol AT F glodch B AdolA
A& 74 23 A3 SDS =F A AGA EHol9
A2 7L - FL3e HoFoleh A4 Sl =EH
o] =FE| A ¢k ol vl AAH o g x5} A
Lo & Aol & Hlom =& A7H4, 7, 14X 7ho] 7Hi
71 14417l 7h <kost A3} A RS E G ch(Table
1, Fig. 3). AAA &He] & %ol glojA & 20°CellA]
4CH GAE3} AEE T S3slA Ho|ul 20°CollA]
AE2] 7149 3771 o] As] Eth(Tabel 1, Fig. 4). ©]
+ 20°CellA] 4°CollA Kt AZ st g Fejuhe AlEu
lysozyme & BAEo] Ao Z 1] &A3) 5o AEe]
7145 st A AR fde g FEHE

B AT AHRE Fsl Bl 4°CollA] AAA &Hof]
14X ] & b, 025% 3 0.5% SDSEHO E 244]
7t Azlsle Aol 7hd £ 2AE} ] A% vEd
Ao & eyttt

243 ARA SN AH ke AL AFUE ol &
sto] AXE WHAIA Alxehs HEH AZE g3e
o Zheket byoelrh ey BAlE3fel 9lo] A A
SN Fito tfsfiA e Hol &uiRl o] glck o= Al
Z)3oll glo] B4 s A §A4G AMOE AT
£ 9% Aoz A7 g o] WHEteZ AE
 SAds AAL e gl Be FHHoE AE A
A7 (cell debris)E AAsL7] 3l ELH F2 5494 A
Ao Aesha fels) b4 BRH 02 A ek 9l
< 10 mM tris buffer solution©Z ¢ 7]l| chelating agent 2]
EDTA (ethylenediaminetetraacetic acid)S 4]0] A|Z8} A|E
9] 714 7e] 73k (binding)e 3} A1A AEE A whA] o
oA sl AE A FEEE AEN oA 549 &
A5 WA87] 98l protease inhibitorQ! phenylmethylsul-
fonylfluoride, aprotinin, leupeptin 5o 47}slo] Ah-g-3ke}
E A¥ol|A = 10 mM tris buffer solutionol] EDTAS} apro-

tining 7Fste] AE&atdrh A Gl = AT
W AellA 24417F &2 36417 BE =FAT
AFollM e 27 B2 4,7, 1447
fololl 13 A7 w1 LEE ulg T2 ol AE
shelA) Fue AL Hee B AT LEG 2
AL ) ol & eAFolAE 2ol AL A
18 BHAY B o2 20Cel wF AA wsker), B
AEste] Lokt el BAT AL 149 E4bol
Aehedeh. ot 20°Col A 4ColA Bt HASY BAE
b WA S AAE vlole. B ATl AsfelA] 1
WA L@OEIAE H1E ofe Eavk AAAS B4
U A15S AR & AR, TAZSSA 1w
AT wEARe LA HaA, 87 SATse] w3t
A, Bel AES] A4S £4S A2 T 5 9
Aoz A7

SDS+= 2A|E g 37t wi-¢ =3k o] &4 )78 Al ionic
detergent) = sF}ZA] A|E9] acidic phospholipidg |71 gk
tH10]. SDS&= < o249 <& HuiAl 2|7 =(highly
jonic, amphipathic ligands)S 7FA L QI o]E £F4 &
] 2] (hydrophobic domain)< E3l whiz} Zglsle] XA
S0l (hydrophilic domain)& =FA|A
charge) 5= ®ol RHEo] who] A4 (hydrophilic)o] =|
Al ste] w3 ARFerA 229 BES F7F A7,
FEAYE FeA o2 Y] A s AT
tha o11]. B elastin® F2 454 (hydrophobic)®] 7]
uliFell SDSoll :=EEHW &gAe dolwe FA3MA
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BiB: 22 3atol] Poldls AEEZAE Ao WARkS3 Fado] gla A3)3te] YdQle] =k o
#4 oon BAEE sz AL 7|AL EFA|E(host cel)7} HEE I I3t
(endothelialization)¥|o] ZZF| o g ] FAL A st= AESH AAAZE AL ¢ U} g2z
A E3h= 22 ghute] m kS F 43kel A AHA| Q] HA ol 7 Fask FRolct gAEIE 93
B W FAlEe]l A =o] gk vl 3 5S4 gAE3} Wl kA AR
EEth B dFE A ES}
25 HXA)7F, sodium
dodecylsulfate (SDS)2| HE5 dhs]azl A3 gl Uy & BE: A IS of8] 271 & SDSF
5(0.25%, 0.5%), A& AX|A7H6, 12, 24417, =5(4°C, 20°C)E Zelslo] LF9 o] A4
ZmQl SDSE o] &sto] BAEIE St AR Mol =& A7A & & BY2E 3la &
T HA Febg 2 27104 SDSell X x|s}7] Aol AAA Mo =% AZHHAT). AR &4
ofle] :=FE 4, 7, 14417, 4°C9 20°CE FEslo] Zh7t BA| 3k ZEE =2A . 24 Z3)e}
A Ee] 7|1Ae] BE AT = hematoxylin-eosin (H-E) G o2 FE& W29
Z1f: SDSE F FE, 0.25%, 0.5%014 2A|ZE3}e] A Aoz WA F Gt 4°C Aol A
24A)17F SDSE X X3k Ao] A, B BFolA] 7FA k33l e 23S A4S B 20°CollA = &
AE3}F AEol Zol7t glodch AAA SHoZ AX|3k AT BollA 22 2719 AXsA &2 B
ol w3l o] Fud SAEI £ Bk 4°C, 14417 AAA SRl =EH Auto] sp £
A E3Le] AAE B, 20°C] ARA EHoll =FH b 433t dAE] LS BHYo)
Agk AEe] 7129 33 S W= = it BE: HtzZ o] e Eotel| glo]A] AHREgkA S o]
23 AR &N AX = v A o2 A, =X btz o] gA|Eto)| I A gxofok &

W o g Az A4 EHollo o] A3 ol 23k 31812 A A (chemical detergent)®]
=

RS Fola ot @ AFAY FEU 2 2ANE L 5 YA Telw AES) 7142 el of
L RE Qe FEAd vl 27H8e A7t Dey Aoz A,
A ool L AT
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