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Abstracts : To document that effects of hyperbaric oxygen(HBO) and ¢-tocopherol on full-
thickness skin grafts in rat, we performed full-thickness skin grafts bilaterally on each rats. The
HBO-treated rats were received HBO twice daily for 90 minutes at 2 ATA. Surgical control rats
were not treated with HBO. a-tocopherol treated rats were received the agent via oral gastric tube
daily for 3 days preoperative and a fourth dose 1 to 2 hours postoperative. HBO plus a-tocopherol
treated rats were received HBO and a-tocopherol as mentioned above. Biopsy specimens were
taken from each rat at the time of grafting and on days 2, 4, 7, 10, 14, 21, and 28, then were
processed for tissue-concentration of total glutathione(GSHY), oxidized/reduced glutathione level,
and thiobarbituric acid-reactive substance(TBARS) levels. The percentage of viable graft on day
10 ranged from 67 to 93%, and was not significantly different among the each other groups. The
percentage of viable graft were, however, higher in HBO plus a-tocopherol treated rats(78.6%)
than in HBO alone treated rats(59.1%), a-tocopherol alone treated rats(66.7%) and surgical control

rats(58.2%). TBARS concentration had a significant increase from preoperative concentration at
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day 2, and peak concentration at day 4(p<0.01). Concentration then decreased to preoperative
concentration at day 28. GSHt concentration of free skin graft had a similar patteren of change in

four groups and decreased significantly from preoperative concentration at day 2, returning to
preoperative concentration by day 7(surgical control, HBO-treated, and a-tocopherol-treated, alone)
and 28(HBO pluse-tocopherol-treated). Percentage of the concentration of reduced glutathione
decreased in surgical control, HBO-treated and, a-tocopherol-treated(p<0.05), and HBO plus a-
tocopherol-treared(p<0.01) on day 7 after surgery, whereas the concentration of oxidized increased
significantly in HBO-treated(p<0.05), a-tocopherol-treated(p<0.05), and HBO plus a-tocopherol-

treated(p<0.01).

Key words : full-thickness skin grafts, hyperbaric oxygen, thiobarbituric acid-reactive sub-
stance, oxidized /reduced glutathione, total glutathione.
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free radicalo] Ff-Eof Qe 02 FHEA AHH2
2 44 &9 g2 HEE free radical = AE
Y Ao §8% Zd2 o]§5o A}, Free radical
o] HY-¢, BN s 221 B JFEFH 2L
3 4L A Qe A & A Yo 4Y9
FEL Ay FYRold A de] &45HE EokolA
T EYFAE FEFAE A AF37] AT H
ayoly wzAaA e oFE Aol A ofF
§ AL 23] HAA @A BETEe &
RN YA H free radical & AANE & A& AAA
(scavengers)2 Fo1 3l AU} hyperbaric oxygen(HBO)E ¥
FHFE F /1A wyo] AFH 1 Y0P, Gisell et al 2
10029} 7}e] o] full-thickness skin graftE A3
% 5u}2] 7o) Al iron chelator A A {1 deferoxamine-10%
hydroxyethy pentafraction starch(DEF-HES)& $<38} 3, 1
x| 5u}2] o] & iron chelator R A Q) deferoxamined A2
3}3L 10% hydroxyethy pentafraction starch(HES)%F £ 3}
o Y8 JEEE #AF A7 +¢F 109 DEF-HES
A2 #o] HES Ag Tt JRAEE0 FdtA 57}
F9oty Badtdr}. Yasuko ef al 'S HF ) YN E
%%AZ ¥ AF 959 F(cpidermal)s} 77 (dermal)
o] A gAta} &, catalase, superoxide dismutases} a-to-

copherol, ubiquinone 9, ubiquinol 9, ascorbic acid, dehydro-
ascorbic acid ¥ reduced glutathione®] ¥4 & &A% A3
catalase, superoxide dismutase 9} a-tocopherol, ubiquinone 9,
ubiquinol 9, ascorbic acid, dehydroascorbic acid ¥ reduced
glutathione®] ¥4 epidermis$} dermisoll A #A3}A 7
A%t 84 Free radicalg AP H o2 25 E
o7l Wi FES A HF Pl Ed}e
H] &, superoxide dismutase, catalase -2 allopurinols} 7t
& xanthine oxidase %A Al ¥} Z& AAAE AFHNF
o2x HESFY FEE o= AE FAATI= 3
e g5 ot o] MELEA %742 malondial-
dehyde(MAD)S} HBzH oA AAA A8 A&
el A EQ) conjugated dienesE Z2AHFoZHN & &
9l tha 3}, Postischemic reperfusion] skin graft 5 ¢
A& A4 3 free radical injury 2k A 43} A}
AHEo] ®ol A Hn ol g A dAMHE]
HLFEZ FXE He o4 RN YA
g9 Ae@ol A2EE Al7leta ok Pedicle skin
flaps9} free skin graftA] HBO F3F& o]y 59 H&EE
€ /0T dRen B Y Aaad Y
Ao A2E LI FFIA Ha, FHoAE BA4H
29 (collagen) B E AR, 047 HRAA 4
2¢ BAEH 44¢ FN719, ZAYRY W%
& /AN H8TY A3} fAN & FIATE
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984 o] HBOE Bz ABA2A BEYstA AH&3}
T YIRS ME 9 o] R BY
g FEA Bl olgHoNm Yot HEAdEe
Z3d dg HBOS o & #% AFoE E78n
He AAFF FAGNAE AL §7 free radicald] 3
Jo] Yo F 2 2 paradoxic oxygen toxicosis7} WA & o
A7 A o]dE AR Az} Pois) Ao F3)
free radicald] ojejA F=FaA HE JF o]Y5&L
Adshs 40] 57] G o] HBOY AHg) hg &=
@o] ol ALFHu JopHSE ref o) g Gatol
Atdolgtd HBO o]go)] gabst wojs|d e F7HA12
T YE FAFEIE AEFOZR oA R A
¢ 7112 & Ao 424 HBOY o & #4134
A48 478 Bage ba 9oy HBOY
a-tocopherol& AL§8 FFAFE FolE £ glojM B
A9 4 & HBOS} a-tocopherol& Al-§-3te} o] 4 g &
9 AEEE A7) A £ 43¢ FPsg

M2 H 9y

HESE: E AYd A48 FEL A4UgE 43
F8 Q7204 A3 SPF Sprague-Dawley rats 357}z]
200~300g & ALEEH I )& non-sufgical controli?, surg-
ical controls?, HBO &% ] 2] 2, a-tocopherol T4 2]
3} HBOS} a-tocopherol EFE 3 532 F o2 T4
At €€ 98 3= ketamine(100mg/ml)F xylazine
(Bmg/mlyE EZFALEI £ =34l

Ale} : Xanthine, xanthine oxidase, cytochrome C, superoxide
dismutase, a-tocopherol, catalase, NADPH, glutathione reductase,
glutathion(oxidase form, & reduced form), 5,5'-dithiobis-2-ni-
trobenzoic acid(DTNB) ¢} TBAC 2-thiobarbituric acid:
Sigma(St. Louis, MO, USA 2 2.8 73z 29 A
FEL EFE AHEEAT

Free skin graft & : 2 21§ # 9 jZ(dorsal) %
Z B9 o] 30x30mm = A ©-& A A 31 povidone iodine
3 422 259 F FA492E 30x30mm HA EAT
o1& o] 4g wel B2 E A8 panniculus carnosus
muscle2 7B B 5-E ¢ AARAC} oA 3 40
nylon2.2 simple continuous suture ¥'§ 0.8 B33} ).
g8 FHE F F& B A3 2EE ey
A8H gAA (A1) =xFAH

X% : HBO A3 1§& #& HBO ¥34Ad ¥
T oigd A% Aol F ¥4 2 ATA(atomospheres ab-
solute) £H 02 1SEF¢H A48 FF8a 15EFUS
MAE AAE PHOR 8YFG AAE FEFHA
T}. Surgical control 3 2]& HBOE F&817 ¥gon,
a-tocopherol &3] 2] & a-tocopherol$ com oile] =
AF kgF L000IUE #4439 %5¢, S5 445 &
EF 2/ AR s

HBO$} a-tocopherol E35¢] A2 7 HBO TEx
23} a-tocopherol BEH ] FoNA FAY WHH Y
A EFFA A

O| AR MA : & FAoA &3 ¥ XHE 472
E TR 3%, 29, 49, 79, 109, 149, 193
2899 2 R 2HE o] 3.5mm H A biopsy§ 7
€ FA dAZ4 P24 Yo YRR By
7t #4382t

O|AZZ MEE 22X : 2AYY2LE F¢3F 8
2897+A #AsA vk 229 X397} panniculus car-
nosus muscled]] 3o} 313, 73 Ho o] BF
g o] 242 42¢ 202 BuRd.

Mg -ELEY BY

Total glutathione(GSHt) & : Z} biopsy g =2} o]
A9 GSHt %-& Anderson”9] g me} 243 Qo
%, 247} biopsyd =22 0.02M EDTA Imiz FAF o}
& 10% TCA 1ml€ 718 ¥ A 8HA L Y253 158%F
¢ S el HA Pt AT A 4L 10,000Xg, 4T
AN 1SEE¢ AL F AE5AE AAsm £4
A7t 20T RESAAN 434k 45 02mle
0.3mM NADPH 0.7miz} 6mM DTNB 0.Imlo] EojqlE
E4REA AgPe] ¥ o GSSG reductase(250U/
ml buffer) 0.02ml& 78t ¥HgL 4 X337 421nme
M EFREE 125 AU EETIL GSHE 5
EYE 3A3A o] 43U 4 2F9 TEH Y
GSHt =& ob# g Zo] &3t

GSHi(mmol/g) = (glutathione concentration X [4/sample weight

in g])/100.

AtsH/BIIE glutathione &4 £41(Oxidized/reduc-
ed glutathione activity assay) : 2 22¢] Ag/84
¥ glutathione 4 EA X Anderson”¢] Wy wg} &
A8A . &, 0.IM phosphate buffer(pH 7.0) 500ml, 100p1
sample, 100p] ghutathione reductase(0.24U)$} 10mMGSH 1001
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€ 534 NEHd ¥3, 2 ERYE 37CoA 1083

w93k Wl NADPH 10048 H7He % 385

NADPH A 4] & £ A%l t}& prewarmed hydroperozide &
% 100plg A7tk ¥He-& FE3 T 340nmo) A SEF
¢t ¥35E =748 th. Non-enzyme reaction rate: Al
E A &3 94E AR AT TR st A
33

Thiobarbituric acid-reactive substance(TBARS)
g4 A3 FA3 2L Aust’e] wyo) W} thiobar-
iwric acid 71922 FA8AT &, 2TBA 038g& 025N
HCl 100mlo] #H7}8t3 7] trichloroacetic acid 15g3 bu-
tyllated hydroxytoluene 1mlg 3 7}8}e] TBARS A|¢kg ZA)
&tk o] TBARS A|2e] W thg HA L 27] HsjA
foil2 AA W& st HASUA AR 23 &
50mM inorganic phosphate buffer(pH 7.4) Iml2 #2313} A7
I, 749 05mle] TBARS A% 10mi& H7Hg o o]
EFIE FE oA 1580 ST F 20~20o A 152
2t W74 7)1 10000Xg 2 SEF QUL F 4542
38t 532mo) A FFEE 5480} Phosphate buffers}
TBA A} %2 reference®. ©] 8513t

EAX2| : BA A= SAS package programe ©] &3}
o] p<0.05, p<0.01 FE A F94 FF L s

2
ZAMER: FEF 1007 8YA 2JHT &L 67~

M Control
WMHBO
[@V-E

O HBO+V-E

10 days

28 days

Fig 1. Effect of HBO and vitamine E on skin graft viability aft-
er surgery.
n=17, *; p<0.01 vs. surgical control.
Control ; surgical control, HBO ; Hyperbaric oxygen, V-E: a-
tocopherol.

9% F+FEOE & AYEe Fedzad v 44
(<001) & =A4EEE B3, HBO plus a-tocopherol
ERFRATY 2AAEE T3 78.6%E HBO B5 2
H T 59.1%3 a-tocopherol BEH T 66.7% K.Th 23
AEL &L F7HRoY N aFgTY A A
AHA @ 3ohFig 1).

0|4 m|Epel: £43% 289 surgical control T3}
HBOS}a-tocopherol &332l #74+9] skin graftd] Aeje
A xo]& Y EY surgical control®] HF-E 23
€ A7} o}F ©hdla panniculus carnosus muscledl]
AsA HEs o] AR & deolxn do] AF AA
& Aej ¢l vk (Fig 2 A), HBOS} 4-tocopherol £ §H] &)
79 EE 24 19 AP HEHUT 49
-0} Z 2| (granulation tissue)& UERU L THFig 2B). HBO

Fig 2A. The most of grafts in surgical control rats had hardness,
non-haired tissue.

EER

Fig 2B. The most of grafts in HBO plus a-tocopherol rats re-
covered at normal states and showed minimal granulation
(arrow) tissue.
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1 a-tocopherol ©% e F2 surgical control FM.TH=
T4 35 =% 21 HBOS} a-tocopherol £& 427 Bk
€ 3 EJx} €A 5 9ojA.

Mz}, B8 glutathione S : surgical controli 3 HBO
AT B49Y glutathioned] ¥ T = non-surgical con-
ol 2(100%) KO E o7 ZAstgou #94e AR
2] %3k3 a-tocopherol TE-H 2] #3} HBOS} a-tocopherol
EFAYTY #9Y glutathioned] ¥E+ non-surgical
control Z(100%) X THE 75%(p<0.05), 60%(p<0.01) 2. 2+2}
o 8HA 283, A3y glutathioned] 3 5= HBO,
a-tocopherol T % X 2] ¢ 3 HBO$ a-tocopherol & 3§32
T oA & 180%(p<0.05), 225%(p<0.01) L 275%(p<0.01)Z
24zt §94 AA A3 F71e A oHFig 3).

| WCowo WHEO OWE DHEOWE|

300 o
o 250 . s
%200
150
g * &
Ef
] 50 -
0
GSH GSSG

Fig 3. Percentage of the concentration of reduced and oxidized
gluthione of free skin grafts in rat on 7 days after surgery ; n=
8 ; values arc mean+ SEM of eight rats.

* p<0.05, ** p<0.01, vs. Control,

Thiobarbituric acid-reactive substance £2|
#(Change of concentration of thiobarbituric acid-
reactive substance) : TBARS 558 3l= e 187
3 AHzlgae] e £94 e dsE 1g3 4 A
AT E HeE FEE YR ££ 2949
F7het7] AR AadAd Hunz FeAte
<0.01) A 2237 AFsed 8YRE 2 2F0)
TE)H FEFELE B2 FFE EATHFg 4).
olzig Z3Z Ho} TBARS g vj$ W3e 71Zo]
AA st o gl AT

Glutathione2| M= #at(Change of total con-
centration of glutathione) : free skin graft9] total glu-
tathione ¥ =¥3+= 2t A2 FM v&d ¢4€ Y
BUed $4F A24H0 AA3A FaaAot
surgical control, HBO X 2] #3} a-tocopherol &% %27

’:Comrol ~8—HBO' —~a—V-E -*-FEOWTE] T

*

0.18
0.14
0.12

0.1
0.08
0.08
0.04
0.02

Absorbence 532nmymg of
Protein

Fig 4. Change of concentration of thiobarbituric acid-reactive
substance absorbance. n=7; Each point represents median ab-
sorbance for the respective days.

**; p<0.01 vs. Control.

< A7YA, HBOS} a-tocopherol A2 2& 4289 )
T FEFFOE 3B Y HFig 5).

[=+—Control -8~ HBO —&— V- —~HBOWV-E |

n
o w

GSH mmol/g of tissue
- oo
H

©
@

(=]

(=]
N
»
~
3
=
N

P

Fig 5. Change of total glutathione(GSHE) concentration of free
skin graft.
n=7, *p<0.05, ** p<0.01 vs. Control.
Control : surgical control, HBO : Hyperbaric oxygen, V-E: a-
tocopherol, HBO+V-E : HBO plus a-tocopherol.
Each point represents median+SE concentration for the
respective day.

L -

Ischemic skin flaps®] QJE &L F7}A7)7) 98t ¢
P83 ol go] AEHA oY AgH oA g
29 FESS A A%E YEAY 2L Y
BT @0, S gA] 2o E25H A9 it
A HE 2H Y& &o] 72 H 1 phosphocreatined} 2+
AV AERE FFHLEN 249 YELO] 2
ZHeta o Hgo] JskA oxygen radical sca-
vengersg AR Aeldte] HEALE Y 2H 9 H )
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FTFAN B E oxygen nadicale] 3 Y AHE ATH
S 24 free skin graps®] Y& & F71€ 4 vtz @
T}, HBO 2] 23 a-tocopherol =2 2] 2H 4
&4 surgical control ZH T} thA F7185 2 HBO
¢} a-tocopherol EFH 2T ZAYE LS surgical con-
ol TR FA}A Frsded oHE ZI}e
Giselle®, Stein®, Linda’9} Richard®e} B 19} X8|
2+ Mctarlance9} Wermuth*e] A7t th2 A vebgrh
ojgtzto] A7yt G2 A YEhd A& ovlE HBO 3§
Al B A0 M HBOE 2 ATA A 28U 53t 8139
90& 7+ F-F 3% vk o Mctarlance®} Wermuths HBOE 3
ATAS A SYF 2/ F5E ZaolA 2% Ao
Azt o] Mctarlances} Wermuthe] & a8 oA A
o g 79 50%7} AALE & o] B dFME @
3 ol T HAleA] g FozA FYo] HE A 2o
o, 3ATAE 2ATA ot o] E4 & 93 1 59%
Badiy, 2% A5 H3stA) i Pelliteri et
al®& 2 29 skin flap & & A FolA B Yo
Abgholl A B2 o] 5o F 3UE< HBOE 2 ATAR ¥
¢ YRz HBOE TF8A 4& H3zH9 4
4% ¥|ZE 23} HBOE TF34A 4& Jrziu
o HBOE F5% H5z229 AE&go] A A w3k
T §oH84.2% vs 62.7%)". Rubi et al 2& E7] A
skin graft 4 & & A Y& & A3 HBOE T3¢ T &
A 4 ZEOR JE2A Y YEgo| EAIHA
=A YER T $1H46.9% vs 16.2%).

AFAAELL free radical®] 8 biological targets3 2}
ghtoln], A Tt} wkgo] dojg £ Yotz @}
A A BgHek8-2 oxidative damaged] YdE 9 A& wkg-
A2 A Hrh B2 lipid radicalso] AJAHs] ) 2} A }Ak3}
uhg-o] HFAEL malondialdehyde(MDA)E X 3]
T} aldehyde, hydrocarbon gas$} conjugated dienes %]
ki o 22 QA48 Y £ TBARS £3
Fo vty shed £ AYolA TBARSY F3 o]
Z7+8 AL free radical o] free skin grafisel A A E 2
o AFAGas whgo] dojdts o2& & R
FEe A 2o A} s ds Add XY 5E
7 Bkt A7t} grafte] ¥ A YA Aol (2~4U )
gAEPEY ol 4E dTAE0] RIE AR 2
o] reperfusion injury] W2l el & 9 71 A5 YA

$&% A2dUA GSHt 357} 728 AL oxidative

stresso] @ Wol7]d 22 GSHIL tAlE @ A4S
o3 ALz 3350, HBOS} a-tocopherol E A2 7
& #7494, HBO E¥ a-tocopherol B A Fo|ME
14dd 2z 3 £E22 JEH T 23 surgical
control &2 AT ELE HEHEGE ¢t B Al
28 FHATH28Y). ¥]E GSHt £ 727} oxidative
stresso theh g9 ARZ A A2U Ao ZasHA G
A4 Ao TBARS 57t 748171 47 4~109 Abo]
o GPx &4 o] 3731714 299 GSHte| 57} 4 g
AL ofF FHRE dojrh. ghef o] k8] reperfusion
injuryZ %8 F 2% oxidative stressol| o3t Hl-golEtw
o] ¥§& Hojx TBARSS} GPx¢} 98 Azkd 74
soF Hed BE AU #4389, o]= MDA
lipid peroxidation®] %At o]7] wE o] RALE ] 4712
¢ ¥ TBARS7} 83t of 5}7] gj &0 TBARS 5%
7t F4etA @41 449 Ul e o)& free skin
grafto] A] glutathione ©}-§-& 1% 5% pathwayd} &2
Hojck. & 49 7 M| FolA GSHt FE7} 2194)
F7}8k3 24 surgical control, HBO 2]} e-tocopherol
SEA TN E GSHt F71 F7beted 28 o A
ol 22 e ol& e TR Y A A
€ JEA

4 B

E dFE FHo)A full-thickness free skin graftso] o) 3
hyperbaric oxygen, a-tocopherol 2t} @& Al 9} &g
A Y ZE FH37] A FPHUT. B 972
3 et HHEL 08 d7FAEY AFy JHHe
2 2 vErlE ga ool gt JuEtd 2
& ol A A}4-§ HBOS} a-tocopherol & o] §-3of =3 §
A77F §U7] HEolnt. 2y A FAsAE g2
A e G QFAFOH0 Aahel v TR 19
A3t FFol dot.

& AFE FHolA free skin grafto] t)§ HBOS} a-to-
copherol E3}& FHE Ao 1 g & & e
HBO, ¢-tocopherol &% 2] #2 surgical control 8.0} &
37b ey freide JAHA ogta, HBOS a-to-
copherol &34 2 & HBO, a-tocopherol ©E #2774
surgical control T E.t} skin grafts®] & g0} #A A
7 E 3Tk whebA] /3ol A free skin graft B2 X & o
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