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The Effects of the Warm lée:he~mi;c Time, the Preserving Tem erature ar
the Cryopreservation Solution on the Viability of Trac

Young Jo Sa, M.D.*, Jae Kil Park, M.D*, Sung Bo Sim, M.D.%, Ung iR
“Young Kyu Moon, M.D.*, Sun Hee Lee, M.D.*, Kuhn Hyun Jo, MD*‘ S

Background: Tracheal reconstruction after extended tracheal resectlon still remains ‘as 3 major surg|ca challenge

different experimental factors: 1) the ‘warm- xschemlc time, 2) the cryopreserva’uon solut|o ) the
temperature, to determine “a better cryopreservatton protocol and ‘a better compOSItlon e cryopreservatlon
solution. Material and Method: Rats tracheas were harvested for different warm- |schemxc times (0 hr, 12 hrs, 24
hrs). The tracheas were treated with recombinant insulin growth factor-1 (IGF-1) and they were stored at three dif-
ferent temperatures (4°C, —80°C, —196°C) for two weeks. After two weeks, we thawed the stored trachea and
isolated the cells of the tracheas with using type II' collagenase. We cultured the cells for seven days-and then
we compared the cellular viability by the MTT reduction assay. Result: Though cryopreservation is required to pre-
serve a trachea for a longer time period, the viability of the tracheas stored at —80°C and —196°C was sig-
nificantly reduced compared to that of the tracheas stored at 4°C. The viability of the tracheas with warm-ischemic
times of 12 hrs and 24 hrs was also reduced in comparison to the tracheas with a warm- ischemic time of 0 hrs.
Our data showed that the warm ischemic time and the parameters of cryopreservation negatlvely affect on traoheaa}
viability. However, a cryopresrvation solution: containing IGF-1 improved the celiular viability better than the existing
cryopreservation solution. For the warm ischemic time group of 0 hr, the addition of |GF1 lmproved the vsabmty of
trachea at all the preserving temperatures. Conclusion: These experiments demonstrate that the wabzllty of a cn/-f s
opreserved trachea can be improved by modifying the components of the cryopreservatlon solution w1th the addition
of IGF-1 and reducing the warm-ischemic time. '

(Korean J Thorac Cardiovasc Surg“2009;42:283-29;1;)
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Table 1. Design of experiment

Group I (Control)

Group I (DMSO exposure)

WIT 0 WIT 12 WIT 24

Group 1II (4°C) IGF-1(+) M-0(+) II-12(+) II-24(+)
IGE-1(—) II-0(—) II-12(—) II-24(—)
Group IV (—80°C) IGF-1(+) IV-0(+) IV-12(+) IV-24(+)
IGE-1(—) IV-0(—) IV-12(—) IV-24(—)
Group V (—196°C) IGF-1(+) V-0(+) V-12(+) V-24(+)
IGF-1(—) V-0(—) V-12(—) V-24(—)

*=Tracheal segments in each experimental group; N=5. WIT=
Warm ischemic time; IGF-1=Recombinant insulin growth fac-
tor-1.

NEWIT-(+)E: &8 PAZE 3 IGE-1 H7t 5 4°Coll
LR
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ol 23t
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SR

327t 9l IGF-1 A&l & —80°C
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Table 2. Comparison of the absorbance of MTT assay for each of the groups
Group I (control) 1.8510.01
WIT O hr* WIT 12 hr* WIT 24 hr*
Group IITI* (4°C) IGF-1(+)* ' 1.50+0.13 1.42+0.06 1.41%0.14
IGF-1(—)* 0.79+0.06 0.95+0.08 0.79£0.04
Group v+ (—80°C) IGF-1(+)*T 0.94+0.05 0.06+0.00 0.07+0.00
IGE-1(—)* 0.20£0.04 0.06+0.01 0.07£0.01
Group V*7 (—196°C) IGE-1(+)* T 0.910.08 0.10+0.02 0.08+0.04
IGF-1(—)* 0.40=0.06 0.07£0.01 0.0610.01

Mean+Standard deviation. Group II=Data was not shown. WIT=Warm ischemic time; IGF-1=Recombinant insulin growth factor-1.

*p<0.05 compared with control values; Tp<0.05 compared with Group III; Tp<0.05 compared with IGF-1(—).
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LR WE HENo o] Hulet ¥ Zzhe BE 20l
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al

35 Z13E AA B = type I collagenase (422
unit/mg, Sigma, St. Luis, MO, USA) | mg/mL®] L& &
G iAol A Tar 7o) E5o] o 6A17F 4 37°C,

5% COllA Ea Faliste] et B2 ALl &
42l AEE 2L H 10% FBSS} 50 « g/mLe] streptomy-
cin?} 50 units/mL2] penicillin, 1 «L/mL%] Fungizoneg 4
S DMEMO R AHFAA AHZEujokg7 ol wiokstict.
WA= 29wl s2gkekgdt.

6) M MsMd FHI}

ok 7Y ol AE ABFA-S MTT (methylthiazolyldi-
phenyl-tetrazolium bromide, Sigma, St. Luis, MO, USA) re-
duction assay & ©]-8-3}0] 550 nmoll4] FH 525 439 )
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2+ 7o FEEE AT ESHAR ZAE 2
79 o] one-way analysis of variance (ANOVA)S}
T-testE o]-838t¢gd o™, AF 77 (Tukey’s multiple compar-
ison test)& &3l T Aol B4 shich ol2HE 0.05 1
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(Table 2).
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Control 4°C -80°C
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Fig. 1. Effects of preserving temperature (Group Iil: 4°C, Group
IV: —80°C, Group V: —196°C) on trachea viability. Tracheas
were preserved for 2 weeks at different temperatures (4°C, —80°C,
—196°C). Tracheas were thawed, isolated and cultured for 1
week. Then the viability was analyzed by MTT reduction assay.
There were statistical significances among the 3 experimental
groups. *p<<0.05 compared with control values: Tp<0.05 com-
pared with Group Ill. MeantStandard deviation; one-way ANOVA
statistics.
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Fig. 2. Effects of warm ischemic time (WIT) on trachea viability.
Absorbance was low at the long warm ischemic time group. The
difference among the groups of warm ischemic time was not
significant. *p<0.05 compared with control group.
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Fig. 3. Cryopreservation solution markedly influences viability of
trachea during cryopreservation. Tracheas were stored in
Dulbecco's modified eagle's medium (DMEM)-+fetal hovine serum
(FBS)+DMSO with IGF (IGF(+)) or without IGF (IGF(—)). Data
presented as mean absorbance at 550 nm. The viability of IGF-1
{+) group is beter than IGF-1(—) group (p<<0.05). *p<0.05
compared with control group; Tp<0.05 compared with IGF-1{—).

Warm ischemic time=0 hr
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Fig. 4. Comparison of mean absorbance within the group Ill, IV
& V at warm ischemic time O hr. Regardless of preserving tem-
perature, the viability of IGF-1(+) group is better than IGF-1(—)
group (p=0.00). *p<0.05 compared with IGF-1(—) group at each
preserving temperature.
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Fig. 5. Comparison of mean absorbance within the group I, IV
& V at warm ischemic time 12 hr. Only in the 4°C preserving
temperature group (group Ill), the viability of IGF-1{+) group is
better than IGF-1(—) group (p<0.05). *p<<0.05 compared with
IGF-1(—) group at each preserving temperature.
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Fig. 6. The viabilty of trachea at the 4°C preserving group.
Regardless of warm ischemic time, the viability of IGF-1(+) group
is better than IGF-1(—) group (p<C0.05). *p<<0.05 compared with
IGF-1(—) group at each warm ischemic time.
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Fig. 7. The viability of trachea at the —196°C preserving group.
Only in the group of warm ischemic time 0 hr, the viability of
IGF-1(+) group is better than IGF-1{—) group (p<C0.05). *p
<0.05 compared with IGF-1(—) group at each warm ischemic
time.
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