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The Effects of AFacetylcystein and Epigallocatechin-3-Gallate in
Ischemia-Reperfusion Injury of Rat Lungs

Seokjin Haam, M.D.", Jin Gu Lee, M.D.?, Sungsoo Lee, M.D.!, Hyo Chae Paik, M.D.?
and Beom lJin Lim, M.D.

Department of Thoracic and Cardiovascular Surgery, Gangnam Severance Hospital, Yonsei University College of Medicine',
Department of Thoracic and Cardiovascular Surgery, Severance Hospital, Yonsei University College of Medicine?,
Department of Pathology, Gangnam Severance Hospital, Yonsei University College of Medicine®, Seoul, Korea

Background: Ischemia-reperfusion injury (IRI) is a major cause of early graft dysfunction after lung transplantation. The aim of
this study was to assess the effects of N-acetylcystein (NAC) and epigallocatechin-3-gallate (EGCG) on IRI of rat lungs.
Methods: Sprague-Dawley rats were divided into four groups. Sham group (n=6) did not receive IRI. Rats in the control group
(n=6), NAC group (n=6), and EGCG group (n=6) were treated with an intraperitoneal injection of normal saline, NAC, and EGCG,
respectively, prior to IRL In the latter three groups, IRI was induced by clamping the left pulmonary artery, vein, and main stem
bronchus for a period of 60 minutes. After ischemia, reperfusion and ventilation of the lung was allowed for a period of 180 minutes.
The expression levels of inducible nitric oxide synthase (iNOS), hemeoxygenase-1 (HO-1), AMP-activated protein kinase- @
(AMPK), and caveolin-1 in lung tissues were evaluated by Western blot. The pathological findings and the extent of pulmonary
edema after IRI were compared among the groups.

Results: The expression levels of iNOS decreased in the Sham and EGCG groups. The expression level of HO-1 was significantly
higher in the EGCG group (£=0.0001). Although the expression levels of AMPK and caveolin-1 showed no differences, the extent
of phosphorylation of AMPK and caveolin-1 was higher in the EGCG and NAC groups, respectively. In hematoxylin-eosin staining,
the lungs in the NAC and EGCG groups showed fewer alveolar injuries and less hemorrhagic congestion compared with the control
group.

Conclusions: NAC and EGCG enhanced the phosphorylation of caveolin-1 and AMPK, respectively, and attenuated lung injury
induced by ischemia-reperfusion.
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wo|4]e 7] wA gk 7 H9l Amyo
Hol4] ol WAL FYSH el 6B AU
(ischemia-reperfusion injury, IRI)-& 0]4] & =2
I RS Aot Fad Aol o shut o
9] IRIZ £0°]7] Y3} aprotinin(1), lazaroid(2), capto-
pril(3), platelet activating factor acetylhydrolase(4), trime-
tazidine(5), melatonin(6) 53} Z+& of 2] eFA|I7F A=
om, o]2igt oFAEo] IRIF Eol= A7) ithe= 2
So] Ao wEE W ok

N-acetylcysteine (NAC)2 3}AFS}A| 9 glutathione2] A
LA o] o] glutathione2] EHLUA|(GSH)= A}-8-7](free radi-
caDu} 1}aks}a A (peroxidase) QF -2 B4 AkAZ(reactive
oxygen species)of| o3| WAYE|= A & J% H
27} 918 Wk ohek, AlEo) Absh-oel L
i, Al 9]o) o7 7HA] Ao 2 RE AlxE 2
&2 3HH(7,8). NACE AlA| ¢Ato] 4] o]m
A& oL} acetaminophen £&=0f QJ%F G4 7HEAF
I glon, Ao s SAdtkao] o3t 7 &4fo
o] &4 IRIe| &7t Sl= A& oA SIh9,10).

otH, FAks), shd= 28| Q& epigallocatechin-3-
gallate (EGCG)= =4} W 7} 531 catethin® &, T2
220 catethino] M]3 o ZEF YRS AT Y
Ao g oA ok, 2 EGCG7F A8 7,
FolA IRIZ £ol= ai50] Byl §lovy(12-14
se] RIo] gt 1wk ofy Az azur
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1. &% F2

300~350 g@] F|(Sprague-Dawley rat) 24u}2]& 7z} o4
outg]¥ 402 B2 R Bulsl¢dct. Sham ++(group 1)
o Ho R g A A7 Eg Asey gL zow
A 2]5}91 a1, Control w(group 1D IRI7} oLt A A
A5 Wz ¢ke Fo &, EGCG (group INS IRT A
EGCGE A3 o2 Aottt T3k NAC #(group
V)2 IRI A NACE ZA}sF o2 A olshar).
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2, 3% 4 qUR
£ enflurane (FLJAIF, A&, gh=p)o] F21E 25X15 cm

719] acryl resin AbRpell Wol HRHAIZ F A7E B3
16-gauge angiocatheterS o]-&35}o] 7|&= A5}l Harvard
rodent ventilator (Harvard Appararus Inc., Holliston, MA,
USA)ol| 235ttt Q233 7]= 100% Abs, 554 &
2 803, 13 8% ke 10 mL, 7| Ook?} 3 cm HO=
AAskgleh. WE o] 04 meo| atopine S 2FSHrk

vk 3 group A4 1 mLe] Ae] A @14=E, group Ille]
A= kgt 10 mge] EGCG (Sigma Aldrich, Munich, Germany)
£, group IVo|A= kg 10 mg®] NAC (3apA|¢F, A&,
AE 217 57 U] A

50 U] heparing 5 i EAHWS Foll F=Ustal +5
Zp9lol M SuA S2hE Fatol HZ AFES Aeke
t}. s}y ¢l (inferior pulmonary ligament) S A A)|5}o]
BR7LE = EEwE Shrh Ao 494 BOCG, NACE
B Y FARE & 158 A3} 5 o)A d 243 X (microvas-
cular clamp)& o]-§-sto =5 H5wW, HAYW, 7| WA=
o] Azl 2 Aol HAL FEsHATh

6027 318 e AT T, BUAAE AAt A
RO} 87]5 18081 G|} 4 Fof ¥ Ewlo]
ol2x) RS ubEek AelA @4 v Beo] 2E skl
I, AW Fae Hel AR L mLY A deE
o5} ZAbstt.

37 ABF F AZFTAAES B9 A )

=
=
w2 A F FAFULS F3) 20 mLo| AelAgsg F
3

Asto] AET W2 BRAZ AT S 2o| AAleh
%4}, Group 19] 79 ol2ig 34 glo] w13l & 45F
SAAS FoFUS Fo) A4 AST Fol T A%
3} wE RS A4S AASD RIZ Qe 3 o)
= Arjsto] Wel7Ale Western blotg Zv]5-9L.
3. &% U gy 5%

Western blot-2- 0]%6}0% HzA Y drafzlo] 9y e

= S5kl 2 Aol S74% Tl inducible ni-
tric oxide synthase (1NOS), hemeoxygenase-1 (HO-1), AMP-
activated protein kinase (AMPK), caveolin-1 (CAV-1)&
Z¥7yo] UxpglA| = iNOS polyclonal antibody (1:1,000, BD
transduction laboratories, Franklin Lakes, NJ, USA), HO-1
monoclonal antibody (1:500, StressGen Biotechnologies
Corp., San Diego, CA, USA), AMPK polyclonal antibody
(1:2,000, Cell Signaling Technology, Inc., Danvers, MA,
USA), CAV-1 polyclonal antibody (1:2,000, Santa Cruz
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Biotechnology, Inc., Santa Cruz, CA, USA)E Al&-3}$it}
o|2}3}A| 2= rabbit polyclonal antibody (1:5,000, Cell
Signaling Technology, Inc.)?} mouse monoclonal antibody
(1:5,000, Cell Signaling Technology, Inc.)S A}-8-5}5th.
4. W2 ZNAN

W AALE 9l 228 4% formalin S-olo] 1 &
paraffino]| 3 uj3}11 hematoxylin & eosin (HE) A&}
o} HxZ 9 £AF A% = lung injury severity (LIS) scor-
ing system & o] 49lc). W LA P 28, £, @
el 337 FE4 5 ALAfel Hbyalne
membrine) 3591 W13 5 471 e ] 312 £
o) A 0useE e 4 457 ol 5 ] B5

Ao HatS SAsto] 7 o 1ol &4 A5 v|astsl
th(15).
5. Wet/dry H|

&5 24 QHZ R0C QEof 724K Bk
B AT BAS Skl wetldry WS AL HHE
wy YES wwshe

mlm m

6. &7

HE ARe Bt EEHAER iﬁ/\] skt AR
LA S ARESHR S, AR 742 Bonferroni Rf
e Algskich Agrol 0.05 olskel A5 A=
frofsirhal weskal, A= ] = af E442 SPSS ver
20.0 (IBM Co., Armonk, NY, USA)& o|-&3}9ch

0.8 q

0.6 :L

0.4 1

iNOS/GAPDH

0.2 1

ol ]

Sham Control

EGCG NAC

2 I
1. iNOS
iINOS9| &2 group 13} oA W2 ZAEFE Hovt
EAR R Gol5tA] At ~=0.477) (Fig. 1A).
2. HO-1

HO-19] W42 group 13} Ilof| A SA A 02 §-2]51A
=21 (P=0.001), EGCGo| Al NACHE H]3) =7 &
FH = 9 th(P=0.005) (Fig. 1B).

3. AMPK

7} grouplt AMPK 27 9] 9 A= FAHCE
o5} 2po| S Ho|Z| 9kFOLH(P=0.241), AMPK 2] g3}
E 9u|st= A4S Hr= group 13h THOA] =94t}
(P=0.002). Group II&} II12] AMPK ©1413} AL E B
< o, group IlIofA] =4 el UH(2=0.065), group IV
= IIof) vlg)] F7FskA] ¢FoktH(P=1.000). Group I} IV E]
Hao A= lAkel Ao ZpolE  Ho|x] kTt
(P=0.220) (Fig. 2).

4. CAV-1

CAV-19] W Am= o 7+ ZpolE HolA| Aohth
(P=0.784). 121}, CAV-19] QlAks}l Je= 3 7hof -9
3t 2jo] & 2.¢ 01 (P=0.012), Group IV7} IIo| H]af <14k
3} A% 7} =31(P=0.010), group Il 119} X}o] & Ho]A
OFQITHP=0.753) (Fig. 3).

1.0 1

HO-1/GAPDH

0.5 1

il

Sham Control EGCG

Fig. 1. (A) The expression levels of inducible nitric oxide synthase (iNOS) in lung tissues. Sham and epigallocatechin-3-gallate (EGCG)
group showed lower the expression levels but, these were not significant (P=0.477). (B) The expression levels of hemeoxygenase-1 (HO-1)
in lung tissues. The expression levels of HO-1 had the significant differences (2=0.001). EGCG group showed the higher level than
MN-acetylcystein (NAC) group (2=0.005; n=6 in each group; mean+SD). Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 2. (A) The expression levels of AMP-activated protein kinase (AMPK) in lung tissues. There were no differences in the expression
levels of AMPK. (B) The extents of phosphorylations of AMPK. The extents of phosphorylation in sham and epigallocatechin-3-gallate
(EGCG) group were higher (2=0.002), but there was no difference between control and AN-acetylcystein (NAC) group (2=1.000; n=6
in each group; mean=®SD). Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 3. (A) The expression levels of caveolin-1 (CAV-1) in lung tissues. There were no differences in the expression levels of CAV-1
among groups (P=0.784). (B) The extents of phosphorylations of CAV-1. In MN-acetylcystein (NAC) group, the extent of phosphorylation
of CAV-1 was higher (2=0.010). Although epigallocatechin-3-gallate (EGCG) group showed the higher extent of phosphorylation than
control group, it was not significant (2=0.753; n=6 in each group; mean+SD). Abbreviation: GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.

5. #2| ZAut 9 LIS score 6. Wet/dry H|

HE Mo A group [I= FxILo] 18-S =ulst Group I, II, III, IVQ] wet/dry ¥]= Z}z} 2.21+0.28,
o] w9} 2R o] HEo] AslA BAEQ O, group T 5.9240.55, 3.21+£0.42, 3.85+0.395 group lofA] =9to.
e} IVol A= group Iof H]3 thax %E?LQJ &2 F7F ol FAACRE {951t P=0.045) (Fig. 6).
slo] Qlglont WEe] PRl ujng EekA GAEHT

UL, AR HEE HEE R %}%E}(Flg. 4). LIS score S i =

v ES w, group I, II, I, IVOA ZHz} 0.38+0.18,

2.671+0.13, 1.13£0.26, 1.42+0.26 2.2 group 112} B w5} o] Alof| A 9] [RI= HEW A3te] ARy} &) U AkA

o] group III, IVol|A] £AF A =7} & tH(P<0.0001, Fig. 5). IS EF5HA sk, H9 &3 = (compliance) #5}e}
HAE EJ%“" S7HA A= H5 Sl ol2A 3
o} #Hof 31& &4 A[E7FI(cytokine) ©] /& S7HA|
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Fig. 5. Lung injury severity (LIS) scoring. Lung injuries such as
congestion, hemorrhage and neutrophil infiltration were less in
epigallocatechin-3-gallate (EGCG) and ANacetylcystein (NAC)
group (2=0.0001; n=6 in each group; mean=+SD).

713 AArA A|ZE(hypoxic cells)of] H-2F Ez}(adhesion
molecule) 2] WH&-& =7FA| 71T

olgigt dHY &4 S 2 TFF E Wy
Az o] Fztol| oJsf) A= A S5l ok A7) &
Ao] waalA) e, BsiE BETE AT
w7 pe) EA5S Bulslel AAe) P2, 75 o)
312 7PALcH6). IR o] Foll WAlol= 915, welAlAe)
£4-3)% W2 solale] ATkE ARAL ER A
01x}-¢1 primary graft dysfunction®] ¥FAafol Q3+ ¢lelo
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Fig. 4. Pathologic findings of lung
after ischemia-reperfusion injury
(HE stain, X40). (A) Sham group:
the alveolar structure was main-
tained well and there was no cong-
estion. (B) Control group: the most
of alveolar structure was destroyed
and severe neutrophil infiltration
and congestion were found. (C)
Epigallocatechin-3-gallate  (EGCG)
group: although mild neutrophil
infiltration and congestion were fo-
und, alveolar structure was maint-
ained relatively well. (D) MNacet-
ylcystein group: the finding was
similar to that of EGCG group.

l_.

RS
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T
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0 T T T 1
Sham Control EGCG NAC

Fig. 6. Wet/dry ratio. Wet/dry ratio in control group was higher
than other groups (P=0.045). This result means that lung edema
in control group was more severe (n=6 in each group; mean £SD).
Abbreviations: EGCG, epigallocatechin-3-gallate; NAC, MN-acety-
Icystein.

2 geA o Hol4 £ HEst= o] 23t IRIE £9|
= dE0] ALEHIL AT,

NACE 3kt 283 Al XH D 7]5E 7H oFE=
(7,8), Inci 5(18)> & ©]-&3t #Ho]A] A4 NACT}
anHog RIZHEE HE H3gthe 205 F#519
t}. Glutathione2 )R E 9 LT QFE 1 g &35}
= A& AR AEER, o] AP H ¢l GSHe
A7 ZEE M2E Hosks 523 7S T Byl of
Y}, Az ghollAl A5 52 glutathione peroxidase Zmfj 2}
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&= Tt AR7IE AASH: 7lse
NAC= Alsz WoflA o] GSH o] Za
teine 0. 2 7} 2 =
SHCH(20). E3H NACE #o]4] QXP—J A A3z of| A tu-
mor necrosis factor oo (TNF-a,) mRNA2] 2¥d 1} TNF-o 9]
o2 olAjslo] ARMSOE Polals Ao deiA
ATH21D).

EGCGY =412 8 AR = 3R oy AYoA] &
AV, SRR Wk ofuje) Eeiuole] AL oI5
U Az o] 2k AR apoptosis) & U= 5 ThFst AJstshA
N5 SHe Ao deldl BARD), 53, Akt 4
oAz olnl 1 anrh 4o %l vitamin Cof vl 100uf
o|Ake] 733t AvE YePATH?23). E3 RO %= & 1}7}t
Qo] IRI7} Q)= A1A}of| A signal transducers and activators
of transcription-12] QIAISIE Ao 2 AHEZE HS
St e shaL(12), Foluh ZATo| A= IRIo| thgt
FI7E Qe Ao & g A c(13,14). 21, AR7A] 9
ApAof] Ay RIS T3t EGCGE] A= & daf#]A|
2l Utk wEhA, & Atoll A= Hofl EAYRE RIS oigh
EGCGe] E342 oju] 71 &7} 2 NACS} u]wato]
stopw w2} H9ie.

A, 1A %0}94 @}t Fol2 34Xt F3ke] A
2 o3t g &4 & A5 23S ek osE An

Y3HH(19).
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e
o Ad24L cys

e o, conmlZo A 2 E AR U s
PBAZLY Heol Aok WAL, AL T2 AH 7}
e o Ag BAE S ek el BGCGet

NACE HAAT ol AEA L] Ago] tha 57

5o gglovt, Aubdel B Lz AHsE B §AE T

AF 2ol F8e wE A ekokeh. BGCGZ NAC

0] LIS scoreS Bl @S 1, % 2 7he] Aol TaEA|

ok} Wet/dry H| S control oA EA A o2 89

g o2 F7hE o] NACSH EGCGE Fofgt wof Blsf

HEEY] Ay =T A9he & 4 Q1AL wet/dry H]

A EGCG-7F NACTE oAl = F-2J3t 2fol7} WAy stA]

okgket. oleldt AT B uj, BEGCGS} NACH} wo] uhy

St - AR 23 ¥ &AM Fol= AUt 9

), 71 Ao A= EGCGeE NACTE]| 2o 7t Gl Ao
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EGCG®} NACE] IRIof| gt #j=2]0] B35 Gy £4]

of whia e AR MR SAR 4TS BTk NO=
z79] 38 o] Fo] WAEL Fa g2, BulEe

A2z} s ol whet ohE 28-S vrebdlith datollA] A

= NO9| A= o] AghS =45k davy W

g
e

m{w

Seokjin Haam, et al: The Effects of EGCG and NAC on IRl in Lung

Bo] BT RAE olAeh 8-S shul(24), A4
ol AN T He HS N X}iﬂé A} 2
UERATH?2S). 18}, iNOSe]| ©]3
golf HE% BH EFA S5
o S e A g A= Al &

2 AT ST INOSE 7 7 7o BAHCE fo
& Aol TE A 9ekorh, shamiEo EGCGTol 4
A W E= S Helon, EGCGHE Y NACE S Bl
$S ), 1 EIhe EGCGRAA ©% Eaiskar). uhe)
A, BGCG] iNOSo| di3t 4] &3} IRT 5o 4iNOSS|
s A== NO9| & EUCEN Ax Ho75S
g Aom AzkE,

HO-1i= THEAE SO AL 850 e 4ehd 2
E g A(oxidative stress)o]] HF-S-5le] S E= BRI E(27),
o] 4] & st RIS £0]aL(28), A]29] IRI A A3Z
9] apoptosisg WA5HH (29), oFEZ o]§sf Iddo] F
LH Afol®= RIo| izt Ko a7} Qe Ao o4y
A UTH30). & AR, HO-19] ¥d A== EGCGH
oA controlst Rt} #=A UERL EGCGof 9]k HO-19]
I F=E 752 5 Ao, NACE A9 I Y=
+ control¥} z}o]& Ho|x] ¢FQktt,

AMPKE A E9] o7 SAS fAsHe B A
32 W glucose®] FLt A t'o“PJ é}@r sl

HA|Z 75 Aol AMPKZ} F-8.3F go] 3l5o] ¥
& F ot Xing 5(32)2 FE ©]-83F A&y (lipopoly-
saccharide) #| <=4} mdlo] A} AMPKe] A7} Alsk 3
I A2 o] £AS FEs)a, HH| 2 5-aminoimidazole-4-
83t0] AMPKS] 8}
AL Z7HA 71 Yo Al 32 2] 351} (hyperpermeability)
= TAAZ = Aol 5kity T8 AMPKE endothelial
NOS (eNOS) 9] &A3E 53 NOQ) MAS S7AA &

¥ olgh 288 UeE FTH33). Reiter S(G34L
EGCG7} AMPKZE #4353} A|7]a1, o]Z <13t endothelin-1
(ET-De] walsh wulg olAlghons duujuiyns
BE 4 ek Sk ojele AREE 1 2 o,
B Agel A BGCGE AMPKS] ClAlshe 2347 83
o9k A7l NOS| A4S Z74A171 1, BAl0] el
5ol Hofsh= ET-19] s AAde 24 RIYE &
Tt HEdH AdS AR FAske] dahu]A=
o] &/ RIS WAE, A= HRFY HAS oA
sh= Aoz e 3, AMPK O] 244 3k= EGCG
oA controlztofl Wsl fostAl = e o u NACTE

carboxamide-1-D-ribofuranoside S 0]

m{o r
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o A= control @@} Zfol7h LA rske.

CAV-1& AM|3Eo] 132 UPOﬂ Z2Y3}= caveolaeS & A
ot oA, 1z thiAR A 75wt ohel, cav-
colaeol] ZAS1E A5 AT B E A5 B E 3
Kato] T ma0] WAo] Bolgtozm AT ) As A
ot 7 2 (signaling pathway) oA &= Q3+ IT-2 =33t
t}. Young 5(35) 9] A2 o]-&3F AaloflAl, CAV-1
o] superoxide2] EH|E Z7}A]7]2L eNOSE 2l A|5}o] NO
9] Bu|E ZFAA]7]+= protein kinase CE 2} A|gHo 2 4
IRI o] %0 WAlsls 557 A3 Aol /)% Ase
A A Ik sHgich E3L Patel 5(36)2 84 A%
= A ) A%oIA Sree} CAV-19] lAlsl} RIS
O:‘:T_LOﬂk]‘C‘ caveolin-19] & AHA|=

UL}, CAV-19] QIAa} A rmof A
Lo ntol—T’-Oﬂkl 7}2 11, NACEo] ThE o H|gl 79
ulalAl B9k Eal EGCGRANE $AH R fofet
Tzl o|2A = gk o controlwtol BIE| Qlitel A
7t =4 el A2 B o, NACSF EGCG7} CAV-19]
ArtekE AAeksle 9EE she Alos A4E I 1
2Ll F ol CAV-19] oy} QIAkSL Hert Evhy
T A| 2o} | FF 2] = 9+ 2a=
of A& REIL Qo] Ae| Aol Fo|7} dasitt
(37,38).
5 04%4 AL .5 =Sheut S8 A 1
S CREEl =434 opoka, A
ow% ARSA] gk % IRI 2]l Holt). Wey
dry H]L} LIS score 5] Z2]5H4] H]1Lof| A EGCGL} NAC
L5 controlwt 2} H|wste] Fogt Aats Aglonh, AA|
Aol ] 7150] BoH= 7 Ael aEel o Fash
A 3E) wlgel grom 37 7S Fato] o2 )
540l S¥w Bohlolol & Row AZHT B A

o)

A o] 4o AL RI o] ol &= e WHg-& mFe ofe] o}
o 4 7140] 917 Rl B IR Belo] 4 £
ABE YA o4 HgAFlE GA} ek

2 E

B AollA NACS] CAV-1 2litsl ab £3 EGCG
o] AMPK QIike} I7g o] £31& F8lf EGCG2F NACS] A
A7 wol WAk IRIZRE 9] 22|5H2 Q] 42
Folm HHEe) WAL ks BikE WA

EGCG2} NAC7} # 9] IRl A % 2|5+
2 7o) 715S G4 B S A ole BE

136 JKST

A7} AR 04 Tofe A& o T 9| =% Tt
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=2z
271 A7 2o Aoz AyZbECH

Al 2
B oo AAdfsta ozbest 20099 & A wd
THfel| ofste] o] o1 H5(6-2009-0109).
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