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The use of autologous fat grafts has questionable clinical value due
to unreliable grafts survival. For the purpose of improved graft survival,
re-implantation of cryopreserved adipocytes is developed. The purpose
of study is to analyze the changes of freeze-preserved adipocytes and
to find out efficient long-term storage period. After centrifugation of
aspirated abdominal tissues, 10 ml of packed adipocytes were freezed
at -20°C(n=70). For 6 months, each 10 frozen samples were taken and
analyzed at 1 month interval. Significant volume changes were
observed in cryopreservation for 3 months (p<0.05). The profiles of
total lipid and FFA were not changed and no significant difference in
saturated fatty acid ratio with gas chromatography. No histologic
changes were observed, independent of the freezing period with H &
E stain. The reduction of mitochondrial enzymatic activity was observed
independent of time interval but activity of mitochondrial
dehydrogenase was reduced less than 50% in XTT assay. On the
basis of these data, -20C freezing for 6 months has no adverse effect
to adipocytes, but frigile adipocytes, damaged cell membrane during
harvest procedure, were disrupted within Imonth and the maximum
volume reduction were followed less than 3 months. These results
demonstrate that tissue preparation cells with no cell membrane
damage have the greatest viability level and cryopreservation less than
3 months has great volume effect.
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20043 7ERE 129744 X HPO]Q%% ZHow B
AEAR e HLde A= 5 21 -45419] A4 70
B "ﬂ”oi Sk TUﬂéE v} (Tumescent anes—
thesia) ¥ 3 mm coleman &% #(Coleman cannula,
Byron medical, Tuscan, Ariz)¥} 10 cc A& ©]83 }
o] Aot FAL) &Y< (syringe aspiration)S dko] &
Az F9 AFAsHth F9E A=A S 3600

rpmol A 18-7F YA 5 (centrifuge)dte], A=9] =2
(oil)TJr i}ﬂ% /‘ﬂi A E(cell debris), =729 A4
),

Zato] A dAEE § e e AE 10 cc
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ANF GA FH 3 AMA LI} o5 g o8 dee
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A & B AEE 7dlo] ARdA AdsE §
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2) EX|UE st B4

AAAA ] FAWA 2 Folch 59 Wil uel
P3IGeL” F, 24 ARE vjojA 1 gHE Fa}o] v
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9Jol9lE F9] folE HAtHKruskal-Wallis test, p<
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acid(C14:0), palmitic acid(C16:0), palmitoleic acid (C16:
1), stearic acid(C18:0), oleic acid(C18:1) % linoleic acid
(C18:2)9] 6719 Aake] HE=H A oM, o5 T
77} 2.7%, 24.9%, 4.8%, 4.6%, 42.1% 2 20.9%°]1Ac}
(Table IV). & A 22 o] 3} 24 H(saturated
fatty acid), @733} AW monounsaturated fatty
acid) ¥ T3} AW Hpolyunsaturated fatty acid)
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A A 24, FF 9 P/S) HlEE A atollA] iz
T3} AR 7S HItHTable 1V, V, Fig. 3, 4).
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A A ME d d5AH(ce crystal) F¥ J55]
v BAAA AHFS ogk Alxze] g3 3 (dehydra-
tion) O & AW, * 1 a2 Jsl 20T 9E59%
(slow freezing) Alell 797k Bt A] o] gk ghgd-&
Az 5 dve AgAA7t o Ut ¥
Aol ke o] gk EAbo] HAste = Ao ek At of
2] mRlsiet, 53], Aol Aol ARg-H = AP L= o]
nl AFH A MEAe] BE B Az okt
dojt Aejol B oFstE A|Ee] 7] WEE T A
Hsto| ek A+7F st

AFAEL] AEY A Aol As e 3kate]
& AF AR WAL, H & B GA4S 53 AZP e
3, trypan blue @& &3k Aokl
G3PDH 59 &az LM Axe] nEZseo} 855
2 SAsh= XTT AAF Wolu? MTT #AF iy 50
o] Qlth. 1 &9 AWM FA WPo R FHo] o
& AAEE AR A o8 BAsE Blo] ofyel, AW
AzoA A= 8 ARAES &
Foll A AWM el X w3l (lipolysis)
=uye A ek gy, Gl F9AY
AEELS A EFH] 7+ 22 (stromal tissue) S $H4
T ARAERe R el 7t o Ha, WA
St A z710] Miglo® AEE ] Mgyt & W ol

-2 (isolation) & AXHA A 23}y
o] 7VgAdo] e whdo] glrk’ wEk Wy AlEe] g

B A AEs} Aolole AE 48 1 S4e A



of mr} gahat AAlLe] AF S
o] 3k 7}A] HpHuko 2= A3k x| HFA| 3

sho] EA) AWAE W LE2 7 Jal 20T
QERTE APALEE] 948 Pl 74 L Fes
4 WskE waehe] WE7I7kel uhe Alstle] A,
AQAR) B B WELR A% A WA A
g sobsta, WEE X vEZCe0} HEE sl
2 24, 27te] 23E s o2 Eule YEAY
o) AEE 0 ALYE] AL shetete] wHHQ

AA| L] FobA F-u] wste] tigh A
A2 e W 1, 20 Sk W A



40

et g g e x] Vol 12, No. 1, 2006

3, s NEA ol 2 w&S HAE Reloy WE
37N o] Fell= F71AQ1 A 22 gl tH(Table I,
III, Fig. 2). AA322] WA (denaturation) ]t el g}
A HtE AL]g FbA AEA L] Hsivtow Er)
W 3} 20T ¥E5S UF 3L S AvHA By 7a
7F vehdez gE 37 ﬁﬁ}ﬂ% v A obA 3
B ioln, W7 Z1o] A
3= glovw Yy

o
of 24t 7Hge

N

X
n2
&
20
o
1
it
o
I 4>Hﬂr¥1
Bﬁgorgim&
4r B %N o
> 1o fol
Mooy M1 G o
Lo 2
o
AR
Moo T o
o & =
Xob o
- o
LTS

)

o

)

e

o,
oo ox

£ [

g

o

)
(o3
9
g
A
S
1%
tio
off
:oé
o
offt
i
)
o
=
F
lo,
B A
ot
|
ook
N

(=
a
o
i
X
ol
B
e

>,
Y
12
ot
>
3=l
o,
BN
)
&
ol o,
=2

e [
it
o
re
Hz
o

o X
Ml o
L o
2 T

r

1o
o

Jo
N
e,

[e=]
WA, A B Bk
e 48 sk AT B A DA

2AEE

Aol A, M Eure] F£AE-21 Q1] A (phospholipid) %

Z#] 4 (phospholipid)< Z33 *ﬂ}iﬂ] A1 A5 ¥
A =

gol dojupm, 1 A3} A4
Al WAd o] 7hEstE v ?ﬂoﬂdr 53] Bt B
SRS ZhEl v dojub oAl eAaAgTt
wo t7HE ¥ 3} X Hkpolyunsaturated fatty acid) 2]

M go] GABFE, QAR 24 AL F5E A
Eeae] Ak GelA YUk AMAEE AEeE

ofy e}, AlFEW e Aol SeAlgtol s, 2
HEolE, B2, 48 5 A8 5 e AT
=A APATA ST 1 A G T

2HEe oleja AR WPl e Azur
2 2% e wep, AAES e )
=7 xz % x]aw«}g _Z\_Aéjq. t‘;]—ak Bﬂﬁ.‘:_ HAIE %]
Aﬂ“‘iﬂ Z7he dHE 4 Tk 2 QYA olE
APALE] PAEE o] g3l WENT 7]
APAE 0 JRE BT A2

Els reaction)®] g 7
= 5 A 24

H

—1o_|5rﬂ\'~0m01~
2 f

QEL?E“?

LLV

ﬁ

O:

2 geFo] W A 7zl AA nlad A A A
Hlon, Ws d 7kl AA fEE A 24 o
Al Fokg AT T o e FAREQD it
z}o) 7} It Table 1V, Fig. 3). 2=, Setdo g Azt

B 9E e A Sk A ANEFES A 4
T A Bgol A AlE o] FH ozl AAEE] B}
YEo] 1 At Ad U &Eo] v FEE T
(summation) ©]2}i Holxw 3} 20C YEeHAtS
AFA ] 2 FIRES A Fes 7HA
g gl o] e AR EL TS 53] B s A
2 EAste] MxAgdo] fasEd

s} Adake] olo) 9l W3l A
2 skeld 4= 9JtK(Table V, Fig. 4).
1 9], =R AR ek A Aol Sestd W

=
512 B3 A}, FA7) S (syringe suction)S AA]

)
fu)
=
>
g
rlo

atole W, 7o) APEAETE A At 22 5
o ke fAEhaL glom 20% AiolM st E A 9

B 7} Al (elongation)® I F A Q1 A A2 Eo] A
HAtHFig. 5). YeRae ARAEY] 45, ¥F 1, 3,
5, 670 APGAIES] Fejehs Rk FY A5 A%
M3ES) 2okl GAL3E HElS B TtHFig. 6, Above left
& right, Below center, Right). TheF W% 270€2] 7-5-
Ao HAPAR] AEE] HlEo] 40%74 =7
Z7kel= A7) BEEAL(Fig. 6, Above center), Y
T 40 Al 30%= F7HE A7S BHA=d(Fig. 6,
Below left), o]&13t W% 2,471€9] v]d &4l Ay
&9 T4 Sk AYAEE H & E 948k
Ao AAA H= Al EYLARE (cytocentrifuge) 2} Al
X A¥(cell block) gl ot Mxula] Ay=
AtEE W, BE7] gl mE oA Aol gle Ao
Bt webA B 5, 671E7HA] Hake A A aEe]
FEjstA meFol FY A5 AWM E KFH FAL
& S Kol (Fig. 6), Al FAk= AW 4 23¢}

4

O o, N
N ﬂllO )
1 S

% o
2L
=

-

rr 2

f
ok
o
ﬁ B
(o]
>
i
r

L.
B
tl
ol

32 o

& rr o go B o
o)
b

@y T
]
of\
fo
i
o 1
e
>
roh

Y
ol
w2
il
2 Eg
o,
fr N o
o 3
Y
ﬂ‘ [-40
rO
ox b
i oF
N R
= o & to
- r
= 5 i
o ]
o . o il
o2 ofh o
e S o
R
o o -
= T

-
N
N
e
fo
ek
por
o
il
T
S
_
-

A=

)

o
oz .
ro o g

N
-



AR 5 9E A WS R A4d uw A 41
A A W o] AE o] Az WA g S AY = otslal, WEH IS 3HA] &S Aol XA Ee] nE
ol W A Az oist AHA Ay SR Zrglo} &do] Bt AT oo 70% o] HAaE
Mol B} o3tk T =EEY v 2o QA ZE B

XTT #A4H& v EZEgole] FALE ] EA4|5H of st Z$-ol =, 43} 20T WE o] AXEGS A
AE A Fol| Wk B o] 91+ succinate-tetrazolium-re— st B W dol= —%% stk

ductase®l] 93 Tetrazolium salt7} £FF=Hoz =
Ao] 71538 849 HM9] formazan A4S A5t

= EAS ol gsle W oR, AE AETL Frkehd
NE Fo nEZEgol @5has AA o] F
7VekaL, o] a4 49 S7H7F formazan A49] AJA

Z712 §%3817) "ol formazan AA¢} wjA] =9] o
Ab 24 o] 9= AEY Fob= AR AHS e
A Ft} &3] XTT formazan® 3% 490 nme] 3
el A 5]"417} =, o] 3o A SHE OD+ Aol
3 OAE GG AT FEE et dg 2
i s B S | H]j Al Wstoll A Ws 7|t & OD
W= e ]/‘1 50% olate] 42 s BT

Eﬁ.
%
=0
N r
0.1.L4 O

lo

o

rb’ ﬂllO E[Z‘I_, =
o ofN 2L ¥ T ||

>
(o]
(@}
§=
o
92}
7%
ﬁ
e}
X
ol
a2l
'
o
o,
o
rr
re
-
Homd
ML)
M oaeh 2 o2 o ot Y omo N W

Ko r

o M

=

on] Wzheld &4 WA= Aadalel mEa

49 Bavh dete e ¢ 4 . o

2w (1 e H
o ot
fog 2 e

patk
|o
fr
f
[e3
-
o
offt
ofl
>
AN
12
-oly
D)
o

N

N,

)
T
r_{
E
o% Flr
o
—
)
o
o
=
=2
o,
% =
=
N
N
12
oF
o
or y
ox
0o o A R

]
-

2
CEEPN
X o
I E
Omm;?_'
1010
M ool
off o
T,

< g
o g,
o offt
>
2o
g 2
X o
= o
i»
2 A

JZi
oo R

oo

¢

il

i

Yehd & A% 23, APAEE YsET Al b7ty
A A3 2SS 2 Apoptosis®E & E &=

AIEZ7}F 23 - 39% o7& 7FsAdol ok, AH 2 F-9 A
WA el HlwE] B MEEGe] & By =
ST ey, dsolgke dEel A Aolole Al
o MEZEg ol SA% AA 7t U SA Y= WS A

-~

d

<
ofl
>
o
I
Zi

=,
e
oft
)
T
)
b
t oo OF

e i % T
-
uf) _112,
S
i
=
[N}

o
)
Y
bl

b F

: PE o o Y
3
mmrﬁ
iy
)
R
o,

MR
flo

2
o%

=
N
=

M o
o —
i
™
o2
P‘L

o?; offt

i
rd
o N
ok

Ho
e

m—ea
£
o o
fri

e o
oo
Al
o, ©

o
Ho e

© o
r.?i‘ rj‘g

Hob mm
1o, Ho
N
ol

(e}
o
o
N
ok
=
H
Lo

oft Hx

I H

o &
FE )
=)

ft

o,

[t

L

o
%

oL

o

sy
=)

Y
oty e

Oﬂ‘/]' ;(]HP/\ﬂ
Folw, W5 LA
denaturation)©]t}
HEWE= 9o
b &l gl
O €
A A
e

e =
-
2
ro oo
i
ruﬁ 3

(e

> 9 4
O—L‘
>
N
oL

¢ o

A

- X
o g

L
M Hy

o
N
5
R
=

¢

oo 2 opE A X owE o N oae o

¢
¢

0
RS

7} J%(adverse reaction) 0. &
™, 67149 &t A7IRE Bk Algke Al
AFA ] B 2 BF et
AoHAl frAEERE YR I Aa
F<(reinjection)o] B2 kA 3k 1
ANt
A, A SES] ARES Hulstelr] A=
|EF=gol ST HY2 FAHE Y old9
B F2 WETIE HARE sk Aol £o AA
el A FEA R o] & 7hedk A7l oA | A
o] ebd gt Azfo] o] FHA|= Al7|%] oA & 1704 o] %
mg sl 20CAA 171 o] AAEE YK
T A 7 A ERel A v7b A B R NEE =
L7 HashE o, Fu 9 e AFH A5 ABAE
oF frAFSHAl A== AR WE 371 o)k e] A
Aol A o 2 15k Hfe] F-1
< Ao g X T, &
F Aol A FH kg A A A7

=
TRl of¢RR, E4A B2 ARAEE A

Ko
o

4
o

of

o 10 2y

PN

[*]

13}k

R4

no,
4y 2 e

E =
i

d



et g g e x] Vol 12, No. 1, 2006

AH GA 29A MEEGo R WY
-20T ¥ 1704 offell w7k A &d o2 X138t
go), W 3ARE ATse] A Aol frelak
3327} fREL, of W] RpaE 48
29 9% 339 nETE o} B4o] Woix
AEGee] WPol doluk APAEANA 38
=9 232, ¥F AA R A7 7 A A ES
Aol Frhikg o Q1% A FAEe] Wik gl
o} 3 6709 BoF WERI AT 50% o) nE
Zrdof S FAEEA Feet F3)7F A5
TAE AT o] =AM, AA| L] -20T ¥E R a2 ¢
stal Ayl WS SUT o dfem, o4 A
T Az gHet FuaAE HdE A4
T 7] AA = APEAE] Fu7h HAdi2 A5
35 3704 ol AMAHIREE o] 83k Ao] Aol
o QI3 Aol ] & g9E 95 5 US AL
= Abs

REFERENCES

1. Sommer B, Sattler G: Current concepts of fat graft sur—
vival: histology of aspirated adipose tissue and review of
the literature. Dermatol Surg 26: 1159, 2000

2. Rohrich RJ, Evan SS, Spencer AB: In Search of improved
fat transfer viability: a quantitative analysis of the role of
centrifugation and harvest site. Plast Reconstr Surg 113:
391, 2004

3. Boschert MT, Beckert BW, Puckett CL, Concannon MJ:
Analysis of lipocyte viability after liposuction. Plast
Recostr Surg 109: 761, 2002

4. MacRae MW, Tholpady SS, Ogle RC, Morgan RF: Ex
vivo fat graft preservation: effects and implications of
cryopreservation. Ann Plast Surg 52: 281, 2004

5. MacRae MW, Tholpady SS, Katz AJ, Gampper TG, Drake
DB, Ogle RC, Morgan RF: Human Adipocyte viability
test: a new assay. Aesthetic Surg J 23: 265, 2003

6. Miller RR Jr, Sheffer CJ, Cornett CL, McClean R,
MacCallum C, Johnston SD: Sperm membrane fatty acid

10.

11.

12.

13.

14.

15.

16.

composition in the Eastern grey kangaroo(Macropus
giganteus), koala(Phascolarctos cinereus) and common
wombat(Vombatus ursinus) and its relationship to cold
shock injury and cryopreservation success. Cryobiology 49:
137, 2004

. Vazquez MER, Roman TD, Cuesta MG, Botta CZ, Ibanez

JS, Diaz SP, Nunez CA: Viability and histologic structure
of porcine valves after cryopreservation. Ann Thorac Surg
77: 186, 2004

. Arav A, Zeron Y, Leslie SB, Behboodi E, Anderson GB,

Crowe JH: Phase transition temperature and chilling
sensitivity of bovine oocytes. Cryobiology 33: 589, 1996

. Farkas J, Angel A, Avigan MI: Studies on the compart—

mentation of lipid in adipose cells. II. Cholesterol accu—
mulation and distribution in adipose tissue components. J
Lipid Res 14: 344, 1973

Ewaldo Bolivar de Souza Pinto, Sandra Marcia da Silva
Moia, Milla Nery Machado and Sergio Tavolaro Pereira.
Morphologic analysis of fat tissue in areas treated with
lipoplasty. Aesthet Surg J 22: 513, 2002

Lu JH, Chiu YT, Sung HS, Hwang B, Chong CK, Chen
SP, Mao SJ, Yang PZ, Chang Y: XTT—colorimetric assay as
a marker of viability in cryoprocessed cardiac valve. J
Mol Cell Cardiol 29: 1189, 1997

Liu XH, Zhang T, Rawson DM: Effect of cooling rate and
partial removal of yolk on the chilling injury in zebrafish
(Danio rerio) embryos. Theriogenology 55: 1719, 2001
Seo KI, Huh CH, Han JH, Youn JI, Lee CH, Lee WJ, Eun
HC: Characterization of cryopreserved human Langer—
hans cells. Cryobiology 45: 118, 2002

Lalikos JF, Li YQ, Roth TP, Doyle JW, Matory WE,
Lawrence WT: Biochemical assessment of cellular damage
after adipocyte harvest. J Surg Res 70: 95, 1997
Muller G, Jordan H, Jung C, Kleine H, Petry S: Analysis
of lipolysis in adipocytes using a fluorescent fatty acid
derivative. Biochimie 85: 1245, 2003

O'Connell M, McClure N, Lewis SEM: The effects of
cryopreservation on sperm morphology, motility and
mitochondrial function. Hum Reprod 17: 704, 2002



