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The Mechanism of Stress-induced Activation of Defense System:
The ACTH-induced Elevation of Intracellular Glutathione Content

Makiko OGASAWARA
Department of Medicine II (Director: Prof. Hiroshi DEMURA)
Tokyo Women’s Medical College

The cellular defense systems protect the living body against stress exposure and raise its
resistance to harmful stress. The cellular mechanism of this stress-induced resistance, however,
remains unknown. The present study was conducted to clarify this mechanism. We found that
laparotomy, conducted two days before the subcutaneous administration of HgCl,, reduced the
extent of HgCl,-induced acute renal tubular necrosis (oxidative stress). Glutathione (GSH), the
most abundant and ubiquitous cellular antioxidant, was found to have increased in the kidneys,
but not in the adrenals or liver of rats two days after laparotomy. This finding suggests that
laparotomy-induced elevation of GSH content raises resistance against oxidative stress.

LLC-PK1 cells, i.e., porcine renal tubule-derived cells, were cultured with butionine salfox-
imine (BSO), a y-glutamylcysteine synthetase inhibitor, and cellular GSH contents were reduced.
Cells were then exposed to HgCl,. LDH leakage in the medium increased significantly in
BSO-pretreated cells, but not in nontreated cells. This in vitro finding confirmed the protective
role of GSH against oxidative stress.

We then examined the possible participation of the pituitary-adrenal axis in the laparotomy-
induced increase in renal GSH. Laparotomy stress activates the pituitary-adrenal axis as is
evidenced by the fact that rats undergoing laparotomy had significantly heavier adrenals than
those not undergoing it. Two days’ administration of ACTH increased renal and adrenal GSH
contents significantly in a dose-dependent manner, but not hepatic content. Pretreatment with
ACTH also prevented HgCl,-induced renal damage.

In conclusion, we demonstrated that laparotomy-induced resistance to oxidative stress may
be mediated by the activation of the pituitary-adrenal axis and the elevation of renal GSH
contents.
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LU, 1, 5uM @ HgCl, T 3 Refifiss,
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1. HegCLEEEIZ L 22 M4BT

HeCL#x 5 CaMEREEE S FAE L, M Cr
Fa > b e —VEE0.3mg/dl i EEE L0.93+£0.26
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TFE= AT, Y I p<0.0001,
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HgCLiEEI(Z & 2 imigpEE1E
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ZMZzZ5E, aviro— izl 5:M®
HgCL#% 58t Tl&, B LDH O#¥in %58 o
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8. BSO, HgClL#x5 Iz & 3 LLC-PKlI{ifa X
GSH €2
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PUADbH Y, GSHEENRAD T 22 L 3
HeCLAERIGHEIZTRD 57z, BSO R 5 L
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Hodniz e U7z LDH 3\ CRR LIz,

rEx 1 p<0.0001,

BIARGSH &2 (nmol / well )

HoCl2iBfE (M)
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B0
B 9ZH, * 1 p<0.05, ** 1 p<0.01, ***:p<0.001,

Zricky, HeCLE Sz & 2 BHAERE = 1388,
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peroxidation (LPO) Z#Z U % & 3 2 REEY
reactive oxygen intermediates (ROI) »3&H®L
T 39, oz, CAT, GSH-Px £wo 7231
BALBEROEES EH L, 7)== YW, D
T & ROI O#R 2 C OHEACEER O 2 L]H]
3 LB OKRERSE, HBESESETL T 57,
F 7z, HeCL#% 51z & 2 BREE L, Af#lcb DL
bbb Tw3®, RENHREERETFO—>T
»% GSH 1&, Z ® HeClL, OBl & OPRME, i
VWZEREEZIEL, BROEEEL2REL TL
Lrwphbihs?, fi, EMRMERIC GSH %
BiRE LT 2 gk, HegClic & % MifafE
ENER LI WO HREDH DO,

4 e, HeCLE &1z & 2 BEEF XL, fEA b
VAW XSS PEILREITKIE (redox
cycle) DEZHORELTL 2D 2SI
T57:8%, SENTBEMETH LETE VY
F4 > (GSH) w&HHL, BHEX M AEINZT
BROBMBEAGSH 222 HEL 72, BEMiEA
GSH & &L, av ru—nI v MR, BIEA
FrxEmzsE1HH, 2HEBEb I EFEFR
iz, DFD, BEEA M A LW X ML RN
L CEBROPHEBESEE L ¢, HiRILYE
GSH B ERULIzEWwz 5, GSH W EFR U 7-BfE
TUOEDIJEEIERA M A HeCl,bx &5 L7722
& T, GSH % HgClL,#&5» 5 < % ROl OiEMEI
Bz RL, BEECHELES LI Lm0
55, aviro—)L1HHIZHEL 2 HETE
GSHEEMNBAYTELWIFRIEOWTE, &
HERIZBWTHOHERENTED stz ZOED
oW TIRS% 3 HE, 4 HEORABZE 2TV
M A0LENRD S0, HEDEIAZOHAIZ
TEHTH 5.

HgCL#& 5 & 2 BligoMiakEE M & GSH ©
B %, AR KRR LLC-PKIMH R 2 F v
T in vitro O EERTHET L 7z, LDH O###E I3
NEDOBEEIC L2 HDTHY, RSO
EEMEFIY, LDH Oihlild, HeCLIZFHES
n2MEEE RO CHBEEL R P, £k,
HeCliz & 2 ffaEE N UBRZEE LB TEW»
b T3, Hg? i LDH OEM b HES
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BLMBEBINT VB, HrORWIHEER T
10eM L E D HgClL,TiE 7 v 2 A4 I FH D
72DT, invitro DFEERTIX5uM LT D HeCl, %
Bz,

1, 5uM T HgClL % it 5 U7, LDH O
Wil & o TIXBE & i fifgEEE OB K ITE S
Nigmpot:, #2T, GSH &R OEEREETH
% y-glutamylcysteine synthetase @ ff £ #) 1~
AR RETME TH S BSO 2#%5 1L, GSH ©
S E2HHE L TGSH 24 S ¥ TBWIREE
T, HgCL#% 5z & % fifafEEE o3 858 5 % »
B ERE Lz, ZORR, BSO TALET % Z &
& D5uM THIFIEE S AT 5 2 L BHER S
N7z, Z#id BSO TH#REE™, VY »oSERYT O
BMIEA NV ABEERZBKT S LOHEL—HT
3.

Ferix, BEA ML AKX 58O GSH #8Ein%x
in vitro THIR S ¥ 37:% GSH OFiEATH %
N-7xF V¥ AT A4 > (NAC)YZ2EL, HgCl,
R B M 2B L7, L L, NAC Bk
23, LDH o #lER e T#: L NAC #5112 X 2 g
BEEEDOBIFOBEEFMML 2 kol (75
FRER) . ¥, LLC-PKIERN® GSH &&
1%, HeCLIER S et L T 1, 5uM o HgCl#%5
HTII GSH £20ET 2R, Bl b
VALY GSH BSEE S NIz LBIRTE
%, U EXDY in vitro DEBRRTH, BIEA MV
A EVETIHEEERRET 2RFE L TH
B ty’E GSH W RE (5L Twa 2 L33 EE
Inz,

KIZHIBEATEEL Y AT A ERERA bV AR
JBRTHHHERTEH-TEE-BIBR L OB&ER R
SNU7z., BEX MU ATREIBEEENSEML Tw
2L, ZONDUMROEMILELIEZ S
5.9 v M z-ACTH THIE LEIE » o357 2
VFAATAYBRFMENTHWERERES 2.
HIRL:Z72Yy VT FI AV 25T 5L
SOD, CAT, GSH-Px & - /- i {tBERE D
FREA2HRET 22D, £, BIBDII-BEF O
FUY—VIREETHLAF IR ZHIRT v b
W54 3 LIEROMiTY—7 22N, AV
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YRGB R ORI T 2 Z LOPHE S
n, ZvazansFad N, HBtEEO L%
BHTBEUREMN D 5 Z E3HI SN TS, K
T, BBEED 2-ACTH 0 5B ICESKE
PN 7z 2 k5, z-ACTH #iliic £ 2 2
F AR T 0 W ORERIN % B 1 88nss%
Zohnd, z-ACTH TR T 2 C £ TEIBH, &
BRI O GSH it & i LA U7, BliEo GSH
B3 z-ACTH 10, 40ug/100g (A& Iz & h A&
FUGHNZZE L ighnk s Lz,

B2 z-ACTH 2Fi#5 LB 2 Lick b,
HeCLIC X 2 BEEFEOREZBW L 272, HE0
A bV AZHEE L THR TE- TRAE-BIB R DR
ELah b b, EEROPLEHBE L BRI EE L ¢,
AERBFEIRFDO—> GSH O # (€3 2 2 &
DRBEN/, APV, HbHWwiE ACTH #5112
X VEGSH &1L, 2 bV Ak %2 #ES
TEHIEXEDVTEHARENHD TTH 5,
ACTH®BESIZXI DA PV ATESTHETE 2 2
ERERICHOE TEWREV LD ERLIZE 2T
nw5,

Bl GSH & & I3, 1% g L &Ml
THDEHMEINTBYY, WL OMBEL—FKL
Tw3, Bz, BFEZ7y M CTHEELREIB2HET 2
ERTEIZBRIEA bV RIS 2 BHIRIR 255 &
WESNTHB,

BB Mo EIERBNTBIYE
(VitA, C, E, ZVvs 54 >) £7-, Wi {bES
(SOD, CAT, GSH-Px) DFH 7w LIS B
LTW3 ZERAISNT WSS B2 h L X,
ACTH &2 X 2 GSH B 0L H b &g
L DEEPITED S, A bV RICHT 2B
DPHERIC LV ER 2 2 LRI,

O

1. BEMcL 32X 225y MicERTIcE
2% &, HgCl, B{EA b L R)IC &k 2 BEEDR
BRSO 5N 3,

2. FBEA b AW XD BKO GSH & 8131
AUz, Vi twE GSH B A b v 2 DiEER
£ U % ROl 0% ERl- o fE#E, X b L 2wt
TAHMEOES 2 b6 Lz %2 5,

3. invitro (BFEFHHEML) < & #MkeN GSH
EEVPBEA MV AL AEECEEST ARFT
HBHZERHAS LT,

4, z-ACTH THI S % L B, BI% » GSH
SEIIMAL, £/, HeCLTHE I N 2 BfEE S
2 AOYAR

5. BAlE, ACTH &fific £ % GSH OZF &z ik
IR REN S SNz,

PLEE D SR TE-THRAE-BIBROBIE LI X
% GSH O&FEE, Zhick 22 bV ATIES
EBT 2RI LT,

WezsIchlzy, HEY, HEME2ELY 2L
EREZTEBMRFEEZAREHN 8%, B0
W, EEETEE R E F U ERR AT A
TZLET,
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