=Abstract=
Viability Assay after 4C Cold Preservation & Cryopreservation of
Aortic & Pulmonic Allograft Valves in Rabbits

Jong Myeon Hong, M.D.*, Yoon Woo Noh, M.D.*, Jo Han Rhee, M.D.*,
Jae Ho Ahn, M.D.* Jang Soo Hong, M.D.*, Hyuk Ahn, M.D.**

Cardiac valve allografts have been used as replacements for diseased valves and right ventricular
outflow tract reconstruction, the long term follow-up of which has been reported satisfactory. For a
good long-term result, it is essential that the allograft be viable at implantation.

In this study, we aimed at preparing the cardiac valve allografts aseptically, preserving them at
cold- and cryo-conditions, and testing the viability of the allografts after preservation by four
methods.

We tested the viability of the cardiac valve allografts preserved in cold refrigerated state(4C in
nutrient media) & in liquid nitrogen tank(cryopreservation under -149%C) for pre-planned time
periods. The testing methods were 1) glucose utility test, 2) tissue culture, 3) thymidine uptake test and
4) histologic evidence by light microscopy. We observed no differences in the viability between cold- &
cryo-groups and similar results among the methods for testing the viability.

In conclusion, there was no difference in the viability between cold- and cryopreserved-allografts at
least for 14 days of preservation. And glucose utility test and thymidine uptake test were satisfactory
in the evaluation of the allograft viability, since they were easy and rapid with relatively quantitative
results.

(Korean J Thorac Cardiovasc Surg 1995;28:731-41)
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Table 1. Composition of nutrient media containing antibiotics

RPMI-1640 (Roswell Park Memoral Institute 1640, GIBCO
Lab.)

Bovine calf serum, 10%

Antibiotics: Penicillin 50T1U/dl
Streptomycin 50 ug/ml

o2 Vrgich

MIZ(10=te] &7 <33t 149C3lolM s 23
(Cropreservation)dtgl o, o] & 74 233 T (11l-a, 57}
) 43 BB F UMb, 59l o2 Vgt

L IL [ 25l A 2z oy 2 o 5 aahs A
3} @5 xggsle] wtelsig o, A7 RAF B9
o o] @JBZ bacteria(aerobic & anaerobic), fungus, tu-
berculosis o] ™ 3}¢] smear & culture & A3l oo, B
29 But o)A Hell A F AJA FrHE Al B3k

ZZolA Wl thFt A{A] ofFol dF Frte o5
72 g o] &3k th

1) Histologic evidence by light microscopy

2) 27 wjoF A}

3) 22} o] &% o] ¥ (glucose utility test)

4) 3H-Thymidine uptake test

1. AE XS Y SZOAE Yl

A AletA A Ketamin 25 mg/kg im 3l £7]8 A A3
% 7o) guwANS E3}o] Thiopental 20 mg/kg 3} Ket-
amin 3mg/kg & AF3sle] HARHE FE3A F&
NEFEL 53l Fadoz A5 59S 238l 4%
AL YA GTE ARe] AAAFE, A F
7k2) wtelste] o5} )3t F o 5 #et 3ol 4
28 &8l HENE £dch g et ol o] Al
AlFA JRE TFF EY I AT AS oA At
(anterior mitral valve leaflet)}s Z3§Hsled o5 FFo]4]
H-L Zu|% ¥, o]& v} modified Hanks' 222 A
o i},

2. " X2

Fu)E FFolANE A7} 3= wheked (Table I,
7t £7)5 15ml)ol) 7} 37°C o A} 24 A7} B} c)

3 HE 3y

g7 B4 AR FFINUF UT H3te AE
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Fig. 1. Grading of tissue culture: according to the degree of the fibroblast growth, we divided into 4 groups at the 7" day of incu-

bation.
A:+, B: H, C. ++, D: H+H

2 10% 9] $-eH&¥8 A (bovine calf serum)e] X35 RPMI-
1640 vl ofY of] Z}+7} o} 4°Coll A A Bas}sir.

HIFol i3l FF)AHAES 50% 9 T
10% 2] DMSO(Dimethyl sulphoxide)”} Z%% RPMI-
1640 vijoF o] o] —1497C ] A3} AL 30 JF B
B3t}

4. DM 28K AL

AZE 717 5 BE HAHE AR FFoUL
=3 o] 455 ddolry] A3le] 10% 9] FeE A £
%l RPMI-1640 whefloll o} 37TelA 24212k B3}
H, o] vjFq & o] 83t 371 Y A Aldd A
2 A PAE AlBslgot. 714 AlF-E Blood agar
plate &} Maconkey agar plate & A}-8-3}e] 747} vl o5l
o], 714 Mol Hsted= Brucella agar plate ol 4] 2
A7t v ekatd ). Ao 71 A 6.10% Saboraud agar plate
2 347 vkl on] A vk Ogawa sl x| ol 4] 4
F7F vl oFsl Aot

5 MEM o{F Iy
1) T2 Ol Z Al Glucose Utility Test)

dA7IZke] REARE AZ FFolAAE 10% FH
¥ A2 £33 10m RPMI-1640 il oFel of] 37C o A 24 4]
b B3P F ki o] £x 5% (Kodak Ektachem
DT-608 ©]£3} Glucose oxydase method 2 2 )¢}
pH <] #i3}2 AAsldc). pHE 749 4 £523 ¥
7} 16 mg/dl/24hrs )4} 7}A Aol A-§A 6] Q)= Ao 2
A3t

2) == HHQ¥ Z A} (Tissue Cuiture)

o ol4 X HAE 913 2427 R S5o)
A& = FEv]) 2 AL A8 10% 2228 &
el 7AB}I, A= 25% el A (bovine calf ser-
um, GIBCO Laboratories)® 100IU/ml #Al=, 100
ug/ml 2E#A Ewnjo]ilo] £§%E] RPMI-1640 2% uljofol
S AHgsle] 22 w4 HE2t)4] (Petri dish, FAL-
CON)ell A wioFslsich AAT M EE FXAAF7] 9
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Fig. 2. Microscopic findings of the allograft valve tissues: A. fresh allograft (*AV, x 200), B. 4C preserved allograft ("*AV, X 200)
for 2 weeks, C. cryopreserved allograft (*AV, X 400) for 4 weeks. In all of them, their cell components were well preserved. In cold pres-
erved (B) cryopreserved allografts (C), there was no difference in microscopic findings in comparison with fresh allografts.

* Aortic valve

sted 5% CO: 715 =7} f-4 5 & CO: w7 & ~AHe-s}
gt 24 wWoF BAL MFF 7L 71 EL2 g2
-, +, H, A 2 TRk (Fig 1.

3) Thymidine uptake test

7rzte] 2R A A7 B BEY 23 & dd Al
*7} 52 A#sig ohS ¥Av]7slel A Haemocytom-
cler & AE A28 $5 Az 2t 2249 A 2FF dA3}
A w& % 96 well U form plate NUNC)ell #ujA] 7}
A E7F SR e MEAAE AT 3L
0.5 mcCi/well 5% 2 3H-thymidine & 215 F 16X 7H%
QF 5% CO: wjoF71oll A} wiekiiel. o] A EES AE78
7] (cell harvester, SKATRON)oll @32 o 3] (filtermat,
SKATRON)ol| 48311 W e}A 527 (B-counter)E o] 83}
o ATE B

4) DsisN{ZA  LHE (Histologic evidence by light mi-

croscopy)

10% Z2ata] oo 16417 A% =X)L 52 &
2 248 ¥ 253 % 7] (Autotechnicon)oll gol =AW
o] 2L AAs L IE A S AA FetH S AFA

Zich setdel] Tols 22& 6mm 2 A wE st o
wlod A (hematoxylin & eosin staining)& A 33 oh 5
A2 B]lela vy e g B53ct

6. EAX 24

27 ¥4& %4 package SAS (version 6.04)5 ©]-&3}
ot Tx 74l fo4 A5 wiETA PRl
Wilcoxon signed rank test 2 o] 83151 29, Al o] 4 v 2L
o] = Kruskal-Wallis 3-8 A+-8-3}91 32, P value 7} 0.05 7]
gl A2 ou|gle Ao| 2 HA 3T

SRR

WA AL ATE Bl B AR)HE o] 47 24 &
AL L MTE 5ol A 172 Al 2383 ch&gle] A%
o] oo} F& (cell morphology & structural integrity)
7} A §A19 o] slglowm W Aelshr] We) =4 27w
apo)7F gl st et (Fig. 2).

E55} o] &% A}i=(Table 2~5, Fig. 3~6) A4 23
Fo 1ol E 5o ok 2o A 24407 wAF
o] £xure] 73AE 43.2 + 4.1 mg/dl/24hrs (mean + stan-

—734—



o2 A
1995;28:731-41

Table 2. Resuits of the viability test(mean + S.E.)

. 539 9)
Top SZ0/AHO| MY B}

Glucose control-sample Thymidine uptake .
(mg/dD) (glucose, mg/d!) PH (CPM) Tissue culture
Fresh
Control 165 7.54 104
aortic *V. 121.8 £ 4.1 432+ 0.1 7.27 +0.014 25331 270 +H+
Pulmonary V. 134.0 £2.2 31.0+2.2 7.31 +0.005 376.6 £ 66.0 +H+
47 preservation
for 3 days
Control 165 7.67 96
Aortic V. 96.0 £ 9.2 68.8+9.2 7.39 + 0.047 3176 £ 71.2 +H+
‘Pulmonary V. 1222 + 47 428 +4.7 7.53 +0.010 186.0 + 32.6 +H+
for 7 days
Control 165 7.67 150
Aortic V. 93.6 £4.2 714 £42 7.38 £ 0.020 454.4 + 104.1 +H+
Pulmonary V. 1274+ 1.0 376+ 1.0 7.58 +0.011 3408 = 55.5 +H+
for 14 days
Control 180 7.77 104
Aortic V. 146.7 £ 4.1 333141 7.61 £ 0.026 3280+ 60.2 +H
Pulmonary V. 150.3 £ 3.2 192+32 7.67 £0.017 356.3x+ 973 ++
Cryopreservation
for 7 days
Control 180 7.67 116
Aortic V. 137.6 £ 2.5 425+25 7.10 £ 0.021 3320+ 387 +H
Pulmonary V. 1598 £1.9 202 +£1.9 7.29 £ 0.016 229.6 = 42.7 ++
for 4 weeks
Control 175 7.61 144
Aortic V. 1482 +£3.5 26.8+3.5 7.50 = 0.014 370.0 + 83.3 +H+
Pulmonary V. 153.6 £ 2.1 21.4 £2.1 7.56 + 0.011 419.6 + 112.2 ++

*V: Valve

dard error)gdow #Ew g@at 22 He| A= 31 + 2.2mg/
dl/24hrs 2 5 ZA oA 16mg/dl/24hrs o|Ate] X =3
g B YgAe] FAENALH (p<0.05), 4T B2
BRI T A3E 3,74, 14Y B} Zo A d-F
o) gt 22 o] 53 FFiaE 7hzt 68.8 +9.2mg/dl/
24hrs, 71.4 + 4.2mg/d1/24hrs, 33.3 + 4.1 mg/dl/24hrs ] &
2 HE9 B9 23 oA zhzt 42.8 + 4.4mg/dl/24hrs,
37.6 = 1.0mg/dl/24hrs, 29.7 + 3.2mg/dl/24hrs 2 ] 2
E 24 &Aool FAEATHp <0.05). B X|Zh|
B x e} 72+ 2o o3k 33 ¥4 (Regression anal-
ysis)e AAg A3 JEH fetelAe SAH FoA8E
Bolz] ¢igtort HEHW Buto e & 7|7te] AHEr
2 3% 7tx A7 s Zastd 354 Axr)
aetE Aoz et (F 8.199: A= 1, 18: p<O0.

05).

W 293 M7 A= 743 457 235 H5y
st 22| A ZhzF 42.4 + 2.5, 20.2 + 1.9 (mg/dl/24hrs)o]
ogor #HEW et FA A= zhzt 202+ 1.9, 214 &
2.1 (mg/dD2 o5 o)A Td 47 BENA 7zt
k=2 Wo] 16mg/dl/24hrs o]3}e] o} v x] FH-L 4
gAol #AE & A2 HAHAG (p<0.05). pH
o] Wal= 1 Il I EFolA 2xwde] 3149} g4 o
o)ele A 23S eI (p <0.05).

Thymidine uptake test & I 7ol 4] Bl x|}/ o) 5= 4 /
# 5 shabzale] zbzt 104/ 253.3 +27.4/ 376.7 + 66.0
(CPM, count per minute).2. 2 2]0]3]l= F71E Hol o
N Ae 39 BEX 96/ 317.6 £71.2/ 186 +32.6
CPM, 7% EZE37F Foll A= 150/ 454.4 £ 104.1/ 3408
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Table 3. Result of the viability test (fresh)
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Allografts Glucose (mg/dl) control-sample pH Thymidine uptake Tissue culture
control 165 7.54 104
*1-Al 107 58 7.21 186 +H
I-A2 133 32 7.31 328 +H=+
I-A3 129 36 7.29 340 +H
I-A4 129 36 7.30 190 +H+
I-A5 118 47 727 252 +H
*I-Pl 129 36 7.31 292 +H+
I-P2 142 23 7.33 270 ++
I-P3 139 26 7.33 642 +H
I-P4 129 36 7.30 498 +H
I-P5 131 34 7.31 342 +H+
* Aortic valve allografts
** Pulmonary valve allografts
Table 4-1. Result of the viability test(4°C cold preservation for 3 days)
Allografts Glucose (mg/dl) control-sample pH Thymidine uptake Tissue culture
control 165 7.67 96
*11-a-Al 123 42 7.55 298 ++
1I-a-A2 79 86 7.31 216 ++H
1I-a-A3 114 51 7.46 124 +HH
II-a-A4 82 83 7.34 126 +H+
[-a-A5 83 82 7.31 166 ++
*11-a-P1 108 57 7.49 580 +H+
I-a-P2 130 35 7.54 282 +H+
1I-a-P3 128 37 7.55 234 +H
II-a-P4 129 36 7.54 162 +H+
II-a-P5 116 49 7.52 330 +H
* Aortic valve allografts
* Pulmonary valve allografts
55.5 CPM, 149 R3A7 Foll A= 104/ 328 +60.3/ 356.3 I &

+973 CPM 2.8 1 & B4 2u)gls 2717} glgle
o, BE B MPeles 79 REA 116/ 332 £4.7/
229.6 +42.7 CPM 21 43 BEA|= 144/ 370 + 83.3/
419.6 + 1122 CPM & 2% 9Ju|gl 27} 472 Bar}
(p < 0.05).

23 Wk A I 10, HIE 254 22o] 2}e}r)
Alzbslhe @A 3HF o) & Alolrh ot wiok 7 Fo
£ ET H ol vk 27 Bye),

A vk AAE L HIT 254 5714 2 ¥714,
2, AT woF SA4 2 RaE .

19563 Murray ol 93] X J-2 2 AlgolA FF e
at o)A Ho] s FHell A8 o) 1962 9]
Ross ¢} wAa =2 Barratt-Boyes 7} 5% s @&
o] 8- YA AHES 7}t S2pH o2 Rl F
FolAlHol| gt FAAE HFAZ o] F viFdM = &
Wl A} §HA lAtel) §8-5 92 70 3] Fulel
£5 BEA) 23 70 AR Qo nFYelle 5F
oA HE o] &3 Fmo] YHA] HP o} Fo o] FF
olAlH o] A7l A FAHoZ g o 1980
d Ross ¢} Barratt-Boyes 7} ut&&9rgl A7) 238 W3R
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Table 4-2. Result of the viability test(4°C cold preservation for 7 days)

Allografts Glucose (mg/db) control-sample pH Thymidine uptake Tissue culture
control 165 7.67 150
*I-b-Al 95 70 7.41 856 +
11-b-A2 94 71 7.37 298 +H+
11-b-A3 108 57 7.43 458 +H+
II-b-A4 83 82 7.31 326 +HH
II-b-AS 88 77 7.37 334 +H+
*11-b-P1 127 38 7.60 418 ++
11-b-P2 125 40 7.54 308 +H+
II-b-P3 131 34 7.60 318 +H+
I1-b-P4 128 37 7.59 166 +H
I1-b-P5 126 39 7.58 494 +H
* Aortic valve allografts
* Pulmonary valve allografts
Table 4-3. Result of the viability test(4°C cold preservation for 14 days)
Allografts Glucose (mg/dD) control-sample pH Thymidine uptake Tissue culture
control 180 7.77 104
*TI-c-Al 141 39 7.62 232 +H+
1T-c-A2 161 19 7.70 538 +H+
II-c-A3 149 31 7.65 486 +H+
II-c-A4 142 38 7.56 198 +H+
II-c-AS 154 26 7.64 214 +H+
*[1-c-P1 160 20 7.70 246 +H
I-c-P2 163 17 7.69 144 +H+
1I-c-P3 168 12 7.71 258 +H+
11-c-P4 158 22 7.68 374 +H
1I-c-P5 155 25 7.65 298 +HH
* Aortic valve allografts
** Pulmonary valve allografts
oz opal A AAH R e W] Ashlch Tl o] #AslE AU E Ut Ao EFolARe nE

A obA WA A} AFH L A AE 7] Ad e
21 A 23 ¥4 A7) 71582 oA §F
o]4] wehg o] 43 o] A Al HZ 10
of Az 2] A3Hl AA o)A o2 q1¥ A& AT} o]
He 2Rt FFOIAAE o] 47 FEE0] TR A
2 7] =t

3 o olAHe T F A7) AH o] FH
2238 8471 23] AKAL duhd $3& F 9=k
ol &3slche 2 olv| A& U&2Al nlo|rh. H&AolR
A Xt 22 0] A7) 7)1 5E fABHEA WA e T

o ale] 7 F27 gaelr) FEOIHH B 9o
AEA FA e vH= ALZ2e 1) AHAZNE
AR FEA]742] &) A7 (warm ischemic time), 2) Ht A
2] why, 3) EE vl Fo) ok AAAZEFEH AA FF
A7bA 9] A7 7hedt wHETE Fom dubq o R 48
A7k o] Ado] AztebH A{A HEo] o). FF A
olAlH o] W X W2 H Mg HHL 53
oefgt Wl Ee] avlEe] ftoh 2% dHEAHQ eR
Formaldehyde, Chlorhexidine, Beta-propiolactone, Ethyl-
% ShehA A elel o3 v E Ak A

ene oxide
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Table 5-1. Result of the viability test(cryopreservation for 7 days)
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Allografts Glucose (mg/dl) control-sample pH Thymidine uptake Tissue culture
control 180 7.69 116
*111-a-Al 128 52 7.06 290 +H+
H-a-A2 140 40 7.06 357 +H
II1-a-A3 143 37 7.7 472 +H-
Il-a-A4 139 41 7.13 256 +H-
I11-a-A5 138 42 7.10 285 +H
**[11-a-P1 157 23 7.25 164 +H
IH-a-P2 159 21 7.27 230 +H
111-a-P3 166 14 7.34 190 +H-
I11-a-P4 162 18 7.32 170 +H
I11-a-P5 155 25 7.30 394 ++
* Aortic valve allografts
** Pulmonary valve allografis
Table 5-2. Result of the viability test(cryopreservation for 28 days)
Allografts Glucose {mg/dl) control-sample pH Thymidine uptake Tissue culture
control 175 7.61 144
*11I-b-Al 137 38 7.46 187 +H+
1I-b-A2 155 20 7.54 528 +H+
II-b-A3 148 27 7.52 605 ++
111-b-A4 145 30 7.51 303 +H+
111-b-AS 156 19 7.48 227 ++
*[11-b-P1 148 27 7.53 272 +H+
11-b-P2 161 14 7.58 264 +H+
11-b-P3 153 22 7.56 304 +H
H1-b-P4 152 23 7.58 400 ++
I11-b-P5 154 21 7.53 858 ++

* Aortic valve allografts
* Pulmonary valve allografts

gl o] o] &-x gl ot o]2{g FFo]|A - non-viable
o olAx HutE2 gute] A3 3)e) sl 2 I3 #
W r)s FACE 2L 5SS veplisich & A
Wo] o] 45 wh e A FR] FAAE o] 83
g A upge g, A FR9d w5, A A7 H
+x Sl o8 A5 A Aot ARk M B9
o g olfEi v e 2 Cefoxitn, Lincomycin, Pol-
ymyxin B £} Vancomycin-$ §7 o]-83}= wh]”=} Strep-
tomycin, Penicillin ¥ Vancomycin-& A}4£-3l ube] gl
o, HIole 7hsehd TR AAE FESt] W
< ZPA Frstel A g AZHEt FFolA WS A

sto] A8A HEE Fole WS Wl FAloch oW
A1g] o) A} &= Streptomycin 3} Penicillin 78 o] $-3}ed 37T
oA 24 217t FF F A 2dhe v S AhREdTh FF
oA He] BEUMOZE HELN Yol 4CdA] YA
Baate wela) 93}t A4 A 19T 2 ¥F
Baate o] o] 4= x glont, WA B 49 o]
o] 717k Bgalell = BE wpajo] zbgdsla A SAdo] f
A B2 o] 47 4 glov} 1 oA A7 BHA = Y
% ®3Y (cryopreservation)2 o]-2-&t} AR wahe) o
= 2342 1963 Frank Gerbode 2} &7 O’Brieno} A]
2bste] 1970 Aol Angellol] o} L= ow] A vl
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control-sample
(glucose, mg/dl)
80 .
70 N
60
5 B N
50 / N
Q
40 : N
@
30 °

20
10

f resh 3d 7d 14d

Fig. 3. Result of the glucose utility test (*AV, after cold preser-
vation)
AV: aortic valve

control-sample

(glucose, mg/dl)
80
70
60
50

40 /\\
B &£
30 R
20 8
10

n n/nv

fresh 3d 7d 14d

Fig. 4. Result of the glucose utility test(PV, after cold preser-
vation)
PV: pulmonic valve

4] Cryolife 52} 2] A7) 23| o] upy-L o] 43}
o FF # o)AHE Rasly o) WE B 23
o AEA frAd AgE F e 2422 E 22X 7
SE Qo AR LEE ¥ 7R o f-e} o]
w2 A Z AR 3} (crystallization)e] ®F=A], 28] AF&-A]
WE 239 a5 Y Seol slew, dArlx @3l vt
2w Fo Aol g BE L6 10% < DMSO
(dimethy! sulfoxide, cryoprotectant)2 &§3}e] A 22 A
A3HE = 3he <33} 80C7IAE 1C/min £ 317} S5
ZAE O F= e x99 A3 AL a1
Tl —130C olslell A Hte 1N WAL &
AspEA ERg 4 ole Ao BuEe] vl 239
HE 42T Al AATE o] &3l e o)y uhy
o] o] &=w ojm] DMSO 9] FEE AHzlH o g sMA]A
A 5445 HU g f-x 3t

FA2] g4 o LE FA s e oS e

]
g
Offn
OB
2

>
i
1o
0z
0 ol
0B (2o
NS

control-sample

(glucose, mg/dl)
80+
704
60t

501

=]
40 Iy B .
30 ° o
20 t 8
10+

f resh 7d 28d

Fig. 5. Result of the glucose utility test(AV, after cryopres-
ervation)
AV aortic valve

control-sample
(glucose, mg/dt)
801
70
60
50
404
304 Q\\
204
10+

-]

s} J e

fresh 7d 28d

Fig. 6. Result of the glucose utility test(PV, after cryopres-
ervation)
PV: pulmonic valve

47} wiHjo] o] &5 1 g}

1) e shx ¥ (Morphologic study)

2) Al £2] 52 239 (Proliferation study)

3) AL 718 #2491 (Metabolic funtion assay)

4) 714" #2149 (Mechanical assay)

Heistd wbfeg2e 33t dn|AL o) &5t A9
A AR5 s vy} Aolole AlEe] B9 3
< °| 83l zhdsl= why, A=A dv)7Ae|vt Scanning
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