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Effects of Metabolism Inhibited by Deoxyglucose on Hypoxic Pulmonary
Vasoconstriction in the Isolated Rabbit Lung

Wonsik Ahn, M.D., Seong Deok Kim, M.D,, and Jin Huh, M.D.*

Department of Anesthesiology, College of Medicine, Seoul National University, Seoul
and *Singal Gangnam Hospital, Yeongln, Korea

Background: Hypoxic pulmonary vasoconstriction (HPV) is a defense mechanism to maintain
adequate oxygenation. It has been reported that metabolism inhibition augments HPV. The purpose
of the present study was, therefore, to determine the effect of metabolism inhibition on HPV in a rabbit

model of isolated lung perfusion with exclusion of the influential factors on HPV.

Methods: In adult rabbits, lungs were isolated and perfused with a constant pulmonary perfusate
flow. Acid-base status and temperature of perfusate was also constantly maintained. Thirty minutes
after, the baseline hypoxic pressor response (HPR) was measured as the difference of pulmonary artery
pressure (PAP) between a period of 21% normoxic gas inhalation and that of 3% hypoxic gas inhalation.
After another thirty minutes, 2-deoxy-D-glucose 100 mg was mixed with the perfusate, and then HPR
was measured three times. After checking metabolism inhibition effects, D-glucose 300 mg was mixed

to the perfusate to reverse metabolism inhibition, and then HPR was measured three times again.

Results: Metabolism inhibition increased the basal PAP compared to the noninhibition state, but it
didn’t increase HPV response, so the peak PAP responding to hypoxic gas was the same as the non-
inhibition state. The absolute HPV response was decreased. After reversal of the inhibition state with
a large amount of glucose, the basal PAP decreased to the original value and the HPV response recovered

to the previous value.

Conclusions: Deoxyglucose-induced metabolism inhibition increased the PAP ventilated with 21%
0,, but it didn’t increase the PAP ventilated with 3% O,. As a result, the absolute HPV response was

decreased. (Korean J Anesthesiol 2001; 41: 748 ~757)
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s Be] HE ] AEFE0t FESE HAE A4
Z=F(alveolar hypoxia)ol] Whg3le] &3l #HAL
von Euler$} Liljestrandeil” ¢]3lod HSo 2 7145 9]
<dl ol2ldt AR FHEYS ALK HYD
“~Z(hypoxic pulmonary vasoconstriction, HPV)o]g}3t
B2 o HPVE Rt 252 in vive T2
29, agan AaH FEELAAY s
i), A4ad 8o FWE A4 Eotel B4
L2 FASHEE U0 & ¢ e =5 &
Z17F & olRojAL sIFNE HYR{7L AEES
HAEE FoAFE 4FA A=A GolriAe)
o0 B gata ekt AFolE BFskm HPY
£ frste A A obH7A gAY
BsA Faiglen,"” ofg] xR 243 ARG
HPVE =73ty e 7jdez dFsozsn ¢}
o' HPVe) tigh 4l d in vivo A¥ellAe
HPVoll dg-g njctn ¢42ia pH, HY9| o|43}
g4 B, dA"9RY 5 A olygn?
A= goll Qg viActn ¢ AITEH,
FFARANE, gy, g FALe w3
5 thekdt of] JHA wHge] FAlll wWiEs)el
HPVel| ulXl& AAHAR w g PFeog A4}
77 e P F, A4LeF SN
st HPVoll wxl& A gkl didt vlad
7+ HPVell 3¢ v o7 2958 A7
ARt el e B2 A7 AREA] Xk
A EE9) ZHeld 2 dsolated lung model)-g o]
$3lo] =g HeAA AYHez AEFH BRA
715 Adeld HPVE AFse W Ee] AZHA
B 4ol AF g5 o ghe} 0B

%, Stanbrook®} McMurtry=> # 2] 7 2]=lollA
WAt A44SR £5E FrHAUGR
Hastgd, ol Erlold FHs mu st
AFANE Erle] 8E Azisto] dgHoz =)
AFAIE AR o] 8stel HPVo
14 4 sl #HERF% AFY9 pH, o4t
ot AE DA FAE FelelA of
A Al deoxyglucose’} HPVoll %A o2 njx
of k-2 Fulslual 3}glul Stanbrookd McMu-
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1 &7 9 Azl A dA A7t HPVel ulx]& AT 749

riry®] A7+ Fel angiotensing H7FSlAl %5 &
S dlAgA] vhEg ARB iz Tx39 g4t
§ AAHoE AdAlsl deoxyglucosed HIHEE TF{
o2 HEH-E AWEE W HPV 24 7ol A
angiotensin®] A7} wiAE A Jauke] JE-&
PotRuA o] AFF AP}

CHat 3 Wi

AFNFLe2E AMF 2.7-36 kgAteld 31 E7]
(New Zealand White Rabbit) 20u}2] &A1&t

ARFE2 494 &4 HeA0 ¥ ¢ A
FAE AIFIA % BHllA nH A Fof glo
ketamine 20 mg/kg® xylazine 4 mgkgs 738}
AE 2AA7 F Ao Fell 22 G EE F
W2 g rsln YeAds A4S AFs, T4
vhHslel]l Z1RAMNEE AlWste] W 3.0 mme] 7|
3R JIRAFEE Aetglcl. Vecuronium Imgg
AFste] ZHoI%E A ¥ FTEL UFEE7IHa-
rvard Apparatus 665, Harvard Apparatus, USA)E A&
o] A3 EFFL 10 mikg, FREFFT 4032
21% A% 5% olAdlelA wl F3¥ A A(balance
N7t E3rd 7he2 24588 Azdh

E7lollAl 300 WWkge] #stdlE A5 F F3AH
Meg AWt 12 F AF] 716l 2 (Wire-reinfo-
rced venous catheter, Stockert Instrumente, Germany)E-
SAAE AN "SEHel At o F 14
F AZFE  7}ulsl| 2 (Wire-reinforced venous catheter,
Stickert Instruments, Germany)E A48 Arlslod
Aol AR F "o 30 mlE FEAI7] ¥ U-tape
& ol AEU 5 JINEE Fol UHE
Aebsle] sled-g A AAA et
TR0 e AR z2AX](Ventricular Assist
Device)2] 9Z%<¢l Roller pump (Cobe, Stockert Instru-
ments, Germany)& AH-&3to] §%2 £ 30 mikge]
52 4AA [HAAG. AMLer Folew
FH42 zAugte] 0 mmHgrl HEF of-87)
(reservoin) & HXAIZ 2w FHo| o AR E
& cHFig. 1).

H-F-o4-2 NaCl (119 mM), KCl (4.7 mM), MgSO,
(1.17 mM), NaHCO; (22.61 mM), KH;PO, (1.18 mM),
CaCl; (3.2 mM)E X gl Ael® o -8-9 100 mie)
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Fig. 1. Diagram of experiment (From “Comparison of the
Effects of Nitroglycerin and Nitroprusside on Hypoxic Pu-
Imonary Vasoconstriction in the Isolated Rabbit Lung” by
Choi, Ik-Hyun, M.D. et al, Korean Journal of Anesthe-
siology 1999; 37: 144-152. Reprinted with permission).
The perfusate in the reservoir is circulated by roller pump
through the air filter to the pulmonary artery. After pu-
Imonary circulation, the perfusate in left atrium is drained
to the reservoir by gravity.

insulin 20 IU, glucose 40 mg, bovine serum albumin 3
gT Egsisich Aesdsdes 3L HE: B
F4L o] £ 70 mloll A7PEdRE 30 mlE 4o
A duleE=NEE o 10%E ¥HEe] AT
HFHoll Agsle 2l EBHFI oF-E7)(rese-
oingl E4g vlgl FAsl 33 Ten e
fFNel ofo] 100 ml7} HHA HulEIAEE 10%
£ AAHES stglov], B Folde o] 43
£ JEez Al Folsigich

719 AL, G of f-87lreservoinell 31
PBole] 2% E heated water bath® 37.5°CE
AR ezH FLENE FAEE 33, B9
M F4e AAArZ A F TP vdE
Yol #H9 $E& fAS: Hgd F& 2A
F7el £5F 385°CE FAAIF) HEAUstat T
zole 7} 9] side arm-E E3lo] R e (Datascope
2000, Datascope, USA)Z ZAsl3 ZE <8 FAHL

dr

A EololA HE =

2E gAY FezFo] BUa 21% 44, 5%
ojistgt4s W FRALI ER AGALIMAE
FUAFIHA FF4e) 7pAE4, Al 55, 7
qol X FEE FAHA A 45 FH4A
athE Jidell £ pHE AFHANE FRAESF
=Rsta, o] ARYLEYE WF 24, X9
HEEL I 42 100 mgh7} HEF §A 3
v #Hes A1 & 30% At Aas) et
o]Fojzrin UAF o AFY k&, AR X,
AFY F TG FEE F3A, o] dg H5Y
g3 AdFige FH BLAE s chFig. 29
sampling 1). 2 ¥ Fig. 204 2t wle} o] 3%
Ak, 5% ol4tStRA, ALY ERH ALLEA
Ed7tAE A4R4s 2R SEY FYAA o
3Rl ALdLEA AFA dolR A =lFHekE
AL 8P £EA 9 HAFUGeR B, Y
Ad FAA%] HF5UHAP)E HPV HISX 2
stAch(Fig. 29] sampling 2). o HPV #kg-A] wjct
BHY ] Exgeg SN T3 HEE
uE APS WILE vla FREF 9t

3 % Fig. 2014 BE ulgl o] 21% AL A4
g MAG% olAdga, FRAL IFPHE AHE
H& $71A7194 ZFHel| 2-deoxy-D-glucose (Si-
gma-Aldrich, USA)(Fig. 3) 100 mgs E{lsle] 35
A7l g =2g F A Al GelelAe] A
AL HEF 7% U4 4EE s HPY 8
S AEt 3% AL9t 1% AL ERUEAE SEZ
4 2oz FYA7IE A HPVIE Jeld 3dR)
HPV urgA] Add 59 HAE oA Agsigict
(Fig. 22] sampline 3).

47 AA F 1% B4 A4 EIAE FUA
719 ZF-Holl D-glucose 300 mge H7hste] A
AE A7 F #HEgte] HEE w7t 7ok
¥ A FE ¥ 722 PHog HPV {2 A
He & F HAXNE 385 cHFig. 22 sampling 4).

RE 23 AFE mean + SDoEZ FAdlP o,
A¥ A 2] EAH AL PC-SAS version 6.12 (Cary,
USA) Z2adg o]fsie] #HEWY 7t 9 A
A ¥E, #FAF 59 FE, 4£ FE9 A
ApAA otH urgo] WL repeated measures of

ANOVAE olf2lo wlmsles, Aelst Qevtel
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Fig. 2. Schematic Experimental Procedures. The baseline hypoxic pressor response (HPR) was measured
as the difference of pulmonary artery pressure (PAP) between a period of 21% normoxic gas inhalation
and that of 3% hypoxic gas inhalation. After thirty minutes, 2-deoxy-D-glucose 100 mg was mixed with
the perfusate, and then HPR was measured three times. After checking metabolism inhibition effects,
D-glucose 300 mg was mixed to the perfusate to reverse metabolism inhibition, and then HPR was
measured three times again. During HPR measurements, perfusate sampling was done to check electro-
lyte, glucose, hematocrit and gas tension. PAP: pulmonary artery pressure, 1: AP, hypoxic pressor
response (HPR), 1: measuring sugar level, 1) — 4): measuring perfusate gas, electrolyte, glucose and

Hect.
CH,OH
- (o]
H CH,OH
HO OH 0
= H
2-Deoxyglucose HO OH
OH
Glucose

Fig. 3. Chemical structure of 2-deoxyglucose and glucose.
2-DG has no hydroxyl group on the second carbon
(arrow). This change in chemical structure prevents isome-
rization of 2-DG-6-phosphate to fructose-6-phosphate, the-
reby inhibiting glycolysis.

oJHle= M2 ZA 7Z1$HPdQl effect size 7] o
2 small effect o]4}Fel AL Aol7} Akt s e
o, trivial effectq] Z-& X}ol7} glckm Wgebgich®
AR YL 80% S M)

d s
Table 104 R wish o] A JHAYE T3l

o} FF-H9] pHE 7.38—7.41, PCOY: 40~41 mmHg 2
A A7l deE FAEs RG] PO A

Table 1. Hemodynamic Profile during Normal, Inhibited
and Resuming Metabolic State

Metabolism
Normal Inhibited  Resuming

PAP (mmHg)

Normoxic 11+£05 13+05% 11 +05*

Hypoxic 1505 1505 15+05
PIP (mmHg) 8§+03 8§+03 8+03
Glucose (mg/dl) 100 + 10 178 + 25* 350 & 35%7
pH 7.41 £ 0.03 7.41 £ 002 7.38 + 0.02
PCO; (mmHg) 41 +3 41 =2 40 + 2
PO; (mmHg)

Normoxic 120413 122+ 14 118 + 12

Hypoxic 43 +3 42 + 4 42 +3

N = 20. Values are mean + SD. PAP: pulmonary arterial
pressure, PIP: peak inspiratory pressure. *P < 0.05 vs
Normal, "P < 0.05 vs Inhibited.

A4 Ata FYA 118—120 mmHg, AL 7tA ¥
YA 42-43 mmHgE FAPen, W HPE Fo
of Hoj F7igel 8 mmHgZ AR FAHRE
& A2l sk 34H 2ol veh) Fok.
BFA TEG BEE AY 4 Gl




752 oigolaiseksA A4 R A 65 2001

Table 2. Electrolytes and Hct Change during Normal, In-
hibited and Resuming Metabolic State

Metabolism
Normal Inhibited  Resuming
Sodium (mmol/L) 140 + 0.5 141 £ 05 140 £ 05

Potassium (mmol/L) 4.23 + 0.5 4.13 + 0.5 4.13 = 05
Calcium (mmol/L) 1.43 £ 0.3 141 + 03 1.39 £ 03
Hct (%) 10.8 £ 0.7 104 £ 0.7 104 + 0.7

N = 20. Values are mean + SD.

100 = 10 mg%ollsl, Azl A" FeelA e
178 + 25 mg%, A7k oAl HERA GeelA e
350 + 35 mg%E VERAQITHP < 0.05). 2-deoxy-D-
glucose 100 mg Fofoll 2}3t Ex v} g4 Adale A
A PAPE =] 11 + 05 mmHgell4 13 + 05
mmHg2 < HF 2 mmHg F7HAFH 2V A4
#H 7t& FUA slsgtel AF dA el k3
72 15 mmHgE JERHR7] afiiEoll HPV kg2
Ao g Z4sldckP < 0.05). L ¥ D-glucose
300 mg 512 A AAE EAT B FL o
A el #lENY FELR EEeHP <
005), HPV HHS 5 A4 ulA delgt 2L vFelfict

Table 2014 M vigh o] BFA WAL
A4 WAE fAsIMe Hae 104-108%8 +
A sk3] et

Fig. 4 A4, dA oA, oA 5 el
NEZale] Fxv} ZhiE(perfusate sugar decreasing
rate, PSDR)?} #4424 ¥R s3] Fxote] B
AE Ve F2 ek B4 A4 Aol 5
o X9 Z& 53z % A H4ALA e 3
mg%ol 3L, o] wWe] A4LA HER TF FR(a
P): 4 mmHgellt}t L ¥ 2-deoxy-D-glucose F-of
o 23 thAeAl dulelldE HPV HEE A HFY
o] Trg AL ¥ MY A4y whed 2
mg%E AAstgd e < 005), o] wjel HPV ¥k
AE(AP) 94 2 mmHgE Z&sidckP < 0.05).
ey D-glucose Fololl gl A AAZt 35"
AS BFNe TE AL S5 A4 355
gov® < 005), TAlo] HPV 4r5% F4333
P < 0.05).

6_
=~ 57
£ t
£ 4]
E 3
2
T 2 *
14
O..
—~ 51
3
g
4
8
L
z 3 !
Q
£
E 2 *
o
E
g
@
& 0 . T T 1
0 Normal Inhibited Resuming

Metabolism status

Fig. 4. Relationship between hypoxic pulmonary vaso-
constriction (HPV, AP) and perfusate sugar decreasing
rate (PSDR). Metabolism inhibition increased the basal
PAP compared to the noninhibition state, but it didn’t
increase HPV response, so the peak PAP responding to
hypoxic gas was the same as the noninhibition state. The
absolute HPV response was decreased. After reversal of
the inhibition state with a large amount of glucose, the
basal PAP decreased to the original value and the HPV
response recovered to the previous value. *P < 0.05 vs
normal metabolism, P < 0.05 vs inhibited meta-
bolism.
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HEW HJgToNA A4E AA o] AEE W
3171 1A didtk 7ML o8 7HA7L AAS 3

ot w3y ¥R YA bk $4 Hii) #H
o HYZo| APHog zgsl=ik EE HHA
F(endothelium)ol] ZH-gsto] wiANEFDS FulAA &
# F£E fst=us AA g3 Y Wiy
AEolA Hu=le WANEAZ 7HsAel e Ao
2% leukotrienes,” endothelin-1,""
S0 AT A o] -2 HPV 7]H 9 el
ok ShedelAu Beelz) gethe s A7AR
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7} sl EdF EAbeF 30002] heat-insensitive  sub-
stance7} EAcle QAT AAE g2 PAAE
9 AAZ Afdel dE db-Ze] FUEAE
2,7 GBI s dFARI) 9o HPVE &
ubst7] faAe a2 Qo] Fasitie A
€ A= Yok asg Feld sHERe A44
o] &l o]A+A <=2 (biphasic constriction)}2 UFERY
o' olaf W AES) Aol HAUX gkov] HPVIE
1st phase (rapid onset, transient)o]i} 2nd phase (slow
sustained)e]u} -2 H¢E AohtE B84 ¥y
] HPVE @58 #Fo| oivx dHlEw HEIw
W) E Ae)o) Btah 432Gl 2] glol W
A Ee] QafiAgt fiEE AL ohn] WEAE
o A& A 71" gt At A4t oigt #H
Y W= AXe AZigetd dFE glo] A
A As ge Aot

AFHAA Y AFAAE FEH 2H 37EA AHde]
EAE el AA, A4EF Al ol HA =3
a7t Hulslo] A,FHo] Poludde A, E
A, e AE =3 71" 2tk A, AA, o

GLUCOSE

D279 Aol A AL HPV =) X)&

3 753

22 X HHHA 3ol ¥ HE &
g Ak olFolA A AL oJF X FREA
€ Adsle 2704 AA2FE APAT R
HPVZ} & doldr] wfoll Feislm & wsje 7
+E 4F IHJMIE fe 9% 23 EZE g

AR BEHoz: HojsiAt AHQ HPVY
Ak 57 %,M webd, Al FHole HyH

L 2F AALFE HUT AE FF04 AA AA
3 FFo] dolid Aeletn Azbeli Yt

w3 E719 AHeldl 2Rl e 4719 371A] 7}
Aol FAloll Pold ¢ Q& HHAo|=g, HEdHA)
Yol gl BE ATl g v|Xe oW 4EE
FoslA} gl AEoA 9 o] FEE A
EAFAEYE LA FFo] 4F4gate] vt
o2 dofd F e AYA, o & HHE
BREE 9, dAGADNA dolvte=r] F& A
Asle Aol MAHE Folsta Ao it on] P
A% & AHolth wekA thAA Al Y AnE
FERYAA AASN & Ao] o] Aol

o] ATl ZHHEAE o]fsle] HPVel o

.|.4

zero glucose, 2-Deoxyglucose

Glucose-s-phosphate — Pe"‘°se — » NADPH

LACTATE oy F'YRUVATE

AMINO

PROTEINS &= ACIDS

Iodoaoeta:f‘ GLYCEROL PHOSPHATE
PHOSPHATIDIC ACID
ACYLGLYCEROLS

ey ACETYL COA f==s FATTY ACIDS

PHOSPHOLIPIDS
KETONES

ACETOACETYL—C A
STEROIDS

OXIDATIVE

CITRIC
Malonate ACID |—» NADH —»
CYCLE, PHOSPHORYLATION

4

co,

Fig. 5. Diagram of major pathways of glucose metabolism and primary site of inhibition by no glucose, iodoacetate,
2-deoxyglucose and malonate. The agent, 2-deoxyglucose, inhibits the transformation from glucose to glucose-6-pho-

sphate, therefore metabolism inhibitions is induced.
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& vjd ¢ e ST, FFYe pH, o4k}
g4 B¢ AleS dANAl fAT oA oA
A A)Q) 2-deoxy-D-glucose (Fig. 3, 5)7} sl
Z@H ez oW AFE Yodm HPV yhgels o
H GEg v XA gotrgir)

Chandramouli®} Carter'=>? 2-deoxy-D-glucose®] A
Z o chAe] gl disl AFshe] Rusgch of
Eoll 93P, 2-deoxy-D-glucose & Foisil A Eujjol
2-deoxyglucose-6-phosphate”} -7 goll niz} ATP Al
Aol FAsA Radted =X 25% x| £F
€ FAsA $rt. 2-Deoxy-D-glucose®] X9 tiA
oqAe 7|AL a7tAR PzsloiAt. A, TEF
9] AFEJRS] o]lFE HH JAlEla, A, hexo-
kinaseol] 2|3} ExF QI4t3te] FAH A Fig. 5),
AlA), phosphohexose isomerase?] <A, wiA|zto
AE W 2-DG-6-phosphate”} £X 32| A|FEUz 9] o]
& dAze FEe] AUx Ao g 4 AUdh

HAYFFa JF87(eservoin)e] Fol sHlFwgt
o] g vxeg F =A=ojopgt 4t HYF
Fo] Frlala #HFwste]l FAHA FohR o=
FFol dolrlel HPV whgo] ¢ Yojupr|xE %
o = o} 47 (reservoing] o)t YF Yowd
HA ol 3<te] HHA slFigte] Holx L, HPV
e X off Al JeEhtAY A9 JehiA g
AE Holu2 HAWE JFeR T xoldl 9
2 AA okgtolut S4to] ¢ HEF A E =A3 o
obghe

ol <« Fol|lA] 2-deoxy-D-glucose® -4t tfA o]
A A A4 #HFete] 749k HPYV WA xS 7
A% (Table 1, Fig. 4), A4 A A] HPV whg-o} F7}
Hrhe Stanbrooks] AetE? Juisly ANE B

£, Zol7l JehdE ol f Foll shie g% o
A A angiotensing] AHE §FY Aog Aztzich
Stanbrook:= HPVY] ul-&-& Z71A1717] ¢ angio-
tensing Agsigl ot o]2 Qi HEgE AL FY
of g A Al FelellAe) wbEEoE angio-
tensino] 7lElol Qi Aeloll A2l HAHA Hkge
2 vkl Aoz yzed.

g 2] Abiol disle] HEE AEvE wdde
Aol eAHA® JYZ Aol A4 A AA
o] gl Aol olvuky: o] MASYS ARt
9] Wi FHAslE ZlAe K Afjehes dAF A

7k £4HAQETP olRAL W FFH FYE A
¥9] vt ¢ (membrane potential)9} FH-L ZAsle
d K* §271 B8] sl 7hsAe]l 2 M4
ok, 53] 3¥<EAl(carotid body)e] 1% Al E(type
1 cel)y= Abdoll 7 K™ AFE Zar glon] A
714218y Ao g AiLel 93l =HFY B
T AT diFe] 298D KT B2 A4
¥ HPVE Z7MA91a K7 2 MA@ A)e
HPVE Aot 2oty 2771 Ik

ol2ldt <ol {slol =T HIT AXe A7
Aty EAo] #A2 o] FHA HFH HY
2 AlFE e voltage-activated delayed rectifying K™
AE(K,), Ca’'-activated K* HE(Kc,), ATP-inhibited
K" AFEKare) 5ol EAce Ado) Wz
2y SlEY HEDE AFAA A4£E FAEE X
o] AU KW FEU7te A R Un
Ca**-activated 91%] Ca’”-inactivated ¢1#] &2 & ¢}
FesteAe =20l AR YA ALL7} ojF Al
Folld K™ AFe g4 s dAE §EALct
€ Bavt ek 2y 299 dFellA AHiae A
e - 20~+ 60 mVelly 7 BAdsz HFY
B AlE #4]7] Hesting potential)l — 50~
- 40 mvolldE FAE A YA wiaha
Aol At Hbgo g 4v] AAEZAV} HEFY
g AE 8T U] HE AL 2Fe] A
A Ak aet J@E AE] 4 A E(input
resistance)o] ekl 7] wWlEol 478 JteAe
A F gdx 238 A7 HAAeA d2 9L
€ K 52 Ko B2 Sl g AT 23]A 5o
dolud AfFY z=a9k Witz : F¥Fol §5
T & Aelrt

AE FEZ AX K AFHE 248 F U+
o g #A3 F7¢E(charged intermediate), 43}-
319 Arell(redox status), M| E9}F ZZ(membrane-deli-
mited regulation) So] HEH Folth? 4 o)L,
%A AHproton), ATPSt ZH2 AE o A3} FHE
(intracellular charged intermediate)] - g-(fluctuation)
o] K' 529 254l 4% viHdE AL A
atziA ok ATPHl 93t zAsE KW 2%
ATP-inhibited K™ $Z(Kare)9} Mg-ATPZ ¥4 35}5]
£ Keearr?b 9tk Mg-ATPol] 23t #lF9Y Ko T2
9] ¢l A3Hphosphorylationy= o] F2E Ca**oll thal
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2 (sensitize) A 7] i o] A& A w7HE (voltage sen-
sitivity)& F7HAE 4 9ler] Mg-ATPY] o] 74
e AL Alol: Ca’'9k A H(voltage)ol] ot
Koo 29 RlZE(sensitivity)7} 74" 4 glov
HEW AT FE58A dAsle F4L opd
A Zrk Kare S22 #l6Y HE2 AT =hA g
£ 2Fse J8e gk 2y olFle] AL
Hw aHESo] YojuhA|rt o] A2 HYZ G0
otzt ojghE Yo7]Y] wiFell HPV Alolle o] %
2 v AdE fAEdof gk ATPL
delayed rectifier K* Z2olA % v|&3l g2 3
o] $EZi& HPVSH U¥ Qo] & AT Co
59 Zrtel o) AT Aiiel wEolA
AE Ca’ 9} ATP FE9| Wil Z7}ste] ATl
pHe| #3tE K* 2 ZAd| #oJ&d” a2y
AE W pHE W3 LANLGE zAEE A
se WAeZ Ka $29 #4385 zAse=Ae
Z 28

Aol el g0 2 Q8 HEW HYT AT
o] Ash-2k9] Aell(redox status)®] H3st KT 2
g zAstedl BAY F YoM A8hAoxidizing
agen)& K* B2 ¥AHEE F/HI7IZ #UA:
K" 32 45§ 471 A% den Az
A=A A o aAl(electron transport chain inhibitor,
rotenone and antimycin A)7} HlEwgl-8 F7}A17) L
voltage-activated, ATP-independent K™ RAFE A3}
t Ae® Mo} A3%-34 el HPV F< K™ 3
AR zAd Jolsle A 2 F Aaar} =w
K' 22 A& doyl: GSH/GSSG u]le Z=71&
£l $E Y A4 527 (oxygen free radical)
7} EaAflghel, e AAbdell i3k qhgol4 o]
g Wik obF ¥ AA] Fdla ok

K' 22 947} AEq £ (membrane-delimited
pathway) & Fslo] 4bdoll o3t FAIR 7lsAel
gom® ol 13 3rgA AT delayed recti-
fying K* E2oll A wA"® a2y 13 3etg
A AEoh} Heol AAAE  Ff2(neuroepithelial
bodies)7} AtA A 7)(oxygen sensonZ FH-E¥ T
Qg+ by cytochromed ¥-F3ti e AlEgted 2
4%l (membrane-bound) NADPH oxidase® ZES 9+
AAY Ko o}F] AF wAlo|n FAE HME
a} % E(cell-free membrane patches)E o}838F WY

& A5E e AAeldh

ol&¢t w7 slollA] 2T Bae 5L E7)9 HE
HYZ ¥ w6l Ca’'-activated K* E-2 9}
AR ofel e 27} Bt vlEE FHUIA
% = oz Ikle Z F(background inward
current)?] F4-2 K*, Ca’*, Na*, Li"e|glen o|&
9] EFA|9(permeability ratio)y= Z}7] 1.7:13:10:
0924 vlAddYH ofelg Af(nsc)olor E&8F
AFE Knse® S0 o) $83d." w=g 27
£ A&std He3inte A2AA BHYY A,
#AFF 9 Ve eAEA FAATIL A4 3
71 A HPVE A7 Zels) 22 A o o
old & Sl& 7 71X ZE A E&E A% WAl
o HP3te IS 1R A FFE 5 U
AY 224 on] o]RAg olfste] FUupH MY
3 gashgAldl wE HPVe H3HE okostyo
2 4% v et '

o] dFollA] A ALl f{iitoll 93t ATP A4
Z4aE ¥Rt Acks widlk AFAGMg) oz, ATP-
inhibited K™ % ZKarv), Mg-ATPE #4351 Kaarr,
delayed rectifier K™ $2 Eo] Qe o]F Foll4
o= At igo] glo} ol AT T AR b
gE7he & O A7} BaskAs.

o] AFollA 2-deoxy-D-glucoseol] 218+ WA < A
€ A4 #AsadE ST, 4444 =Y
2 dAEe Aoz Jelgen oy 444
HYP FHoll £2F AT o} ATPE EJHE
Exgd dAEe] dF st S-S veblE gl
o} o] ATP A4 742 Q¥ K™ 29 AF o
37} HPVell 98-8 £ F ULSS dAB &% o]
off gt |7} Fukx]ojol & Aolrh.
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