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' (Adaptive Responses to Dysoxia)

ol A 9 o

=

A=A 5} shock o] 4:MeA A2 M vl A
E dgke] ol B THUUE AL oduE A9
v}, & gelAl wpel o] AlEE Abde AISe
oL 4Fo|stE ztAsls] A w7AAE AL v
438 A4E £25=0 29 Posb 20torr 3EY
W3] 2253 o] 9] ALgA Poy: 1torro]dleta
A2+ e,

28 2445 At Wi Adsb gy
FHasb Fams o) ejale]l 2¥d v ¥& PodlARE 4
ol ige}, vhd] watwl FAF ALAFd wAHE
4 E FA44EY 4422 E FAEHZ :YPdte
Helth 14l A of HBRMHKAL(tissue oxygena-
tion)&] &4te] o]k point oA deju=rHE dobd
E Aol BAlY HAlo] HAn 2uH242 Pog A
AHoe 24Y 4 Y7 Eol AFAXAE o8 respi-
ratory mass transport failure ¢} #5$fE¢] B4
ek

71 A= 4851 shock o]y AFLEH ol wixl F o]
EF 2AYE 2 sty 24 43 A aLEs
o 204 8 HEigl A RS o] 3 MM level
A gejv: Hg0e3 2y %d distd xt
8 4\ 23nx} gt

Circulatory Response to O, Depletion

AdF Ads" 274734 BRESY gL -
Fol o]l AgEtn Awdvo] FrbehAwt A4E
AL Y38, NEHAE A4S & 2
o &, a2 AEFFE FAAA T WA 4
AAHE AR FERE. ojd TRYPL 2=
A A= Aol ohzm [gEgl wel RAEAAY 4
44906 ¢tz YAo] o] Fol v} (oxygen dem-
and ). 2 71Ae MERITEHH FSsted 2
88 A&7 B He] BFZe] dgerd R T

-
—

=

]

7Hatel, &, WP X § microsphere ko & Bwl AL

47 ZPEH AL £ E AL AU 2N & Y=
¥ §7} shift sho] WA E27 delEd], oJR L I
&8 AETFTE 83 AA Ak ® (Vo) § A4
Ho2 FATE T Y3 E ool ELo] HArth,

Adachi 5¢& FAHA4AY o9 dHL2E A3
Ao, BE(5% 0.) ¥ AEG% 09 A4dbFd
A AR "Bt st WAl BRG] v
AEAALEFH A £ 37% 57, LEA] LS A & 285
%% 718 gtk HYFE d& SRR ¥
¥, &%, WA ¥ BIFFE g4dded ol 4
=3 ¥ BE-FE E/AESN A 2FoE shiftd)
271 HEd Aolrh

Index of Tissue Oxygenation

Ax level ol 4 ZA)AlL318 AR F Wutdhe
Aol AR Aol Ak, AN FAALEE FH
Aol 444 gria-Eol 8 whdel zu st

1. S9AL4Le+

Ca0,=1, 37 x Hb x Sa0,+0. 003 X Pa0,

AL (SF 20 Vol %) & vlebiEelal 8] FrF 44
Z3t A & ¢ 4 A :

2. Oxygen delivery or oxygen availability

Ay o] A Al4A$] mass transport 7} FRH LB
£A45d 2HALGE ARdoen AR X
Areh FAbdo] 48 =423 x 59448 F(QtxCa
022 et o] Ao} Az 246 s AE,
obul = fRffe] o] £5& Ab&S & Jekm, &3
AW A g9A] 54 performance 2] A X2, A2
2 EAA4A4SY] AER AL

3. Oxygen consumption(Vo,)

=oxygen in (CIxCa0,)-oxygen out (CIXCvOy)

=CI(Ca0;—CvOy)
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Fig. 1. Tissue cylinder model with c2ntral capi-
Hary. Pao, and Pvo, are partial pressures
of oxygen in arterial and tissue venous
blood, respectively. Pco,; mean capillary
Po,, Pto,; mean tissue Po,,

o714 Cl=cardiac index (A u}&7/4 X 4).

of7t @ By 224,

Consumable oxygen=Qt X consumable CaO,

Consumable Ca0,=Ca0,— (Po,7} 20 torr o] 3} =}
o] A& ). 20 torr o] 3tei| A & AbHak& pH, Pco,,
Hb 358 THA YA 3L ¢332 o4& + 3
t}. Po,7} 20 torr of stell A 2uts & At4 e 23
W HAsA g Az BES R, ot I3
§ Po,7t 20torr o} st ol Ws] o] £45E A
4 F3gd A€ F2 gk

4. Mixed venous oxygen content

5. O, extraction ratio: At4¢] &7 (Voo =A%k
T3 vlged e TS 4oz el A+

0, Ext Ratio=_Ca0,—~Cv0,
0303

AN 2E AQEY £5¢ €4 FesE 274
shift & gLl =2 93 el ZAEAEAN o
A A o] AFE AEF oo AXE A
A4 E WA A deddhe AL Y.

O, delivery, consumable O, mixed venous Po,
8 427 3 dellE By 2AALLFTo2 H4H
o} x o], &3] shocke] 9lA} frank tissue anae-
robiosis(lactic acidosis)7} 91-& whojc}, O, delivery
1} consumable O;0] F4F F& & $3E 2
= 5t gletE 239 A g T ALY
4 gl 2o r AR FAA4HE JulAE Gt
2y £ 78l m consumable 0,9 ML 24t
27t Al Poel 7158 O, delivery Brl%E o &
zggelel sha]st e

D18 H4R 1985—

Oxygen 2

Content 3Cpn
(vor %) © TISSUE END-CAPILLARY 2
ol immHg}
6t / 2C
et
2t @, XCyg,) @exCe) + (QxCag, 3 A0
o 1.0 20 35 20
Qs
Q¢
Fig. 2. Effect of increasing arterial admixture

(Qs/Qc) on mixed venous and tissue end-
capillary Po, at constant rate of oxygen
delivery. With moderate arterial admixt-
ure, tissue-end capillary Po, decreases,
whereas mixed venous Po, remains consta-
nt. When oxygen consumption decreases
(large arrow) mixed venous Po, increases,
whereas tissue end-capillary Po, remains
at constant, low value [particular values
of tissue end-capillary Po, and Qs/Qc re-
flecting limitation of oxygen consumption
are estimates).

Assessment of Mixed Venous Po,

Krogh ] 234 %¢ WalAz] Tenney 2 model
(Fig. D¢ ol 438t HFN4bdEotsl HFEA44E
ob& Al A Erlelel 44w, W FF Y Hb
FE K% Ex SR ol4be]l el wuiAl: AlwiEt
AAE AEs @+ vk F, 2AA4LE4E zero
2y 23454 i3 R7AY [)Fez #Hea
23 Po,sb T3 =, Tenney & A4, HE
A%, BHRFE, Ud, =AdA3A54 YuldA A4
e AW PALBgte] 24 Po, & A Hdstn g
w], ojALe ZAA4SY WIsl 434 ¢ drtn
ah4l vt

BAgs 2249 4Po,8 AL FAAZG =
A3 Poyolvt, &7 Po,x= A FE F7HI71A Y,
By 2age] ¥FE AAEEY HF4ANE WA
shEA st A sten] Fa4¢ 35 2ARe] 4 (capi-”
llary density)§ ZztsteE Ae] 24 Po,8l A=k
24 Fa3el,
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EYAYL A4EIY g ety vl el
w) Foll RMTLED719} JAHET A4 8 Fxla 9
AELEFL o] Fol A how Friviviey] AYY Po,=
37 deiAlc. ARG E FRYWUY-L 20 mmHg,
B 35 mmHg, ® 60 mmHg 5228 #5344 o). B
dlAe] V/QRHE, dldl vla] AulAoz & Ffo]
e 491, 8- FAYYE, 71534l shunt ¥-4)
Sol st FYYPe] RAFE Aduld A=
ALE HEHA g A2 AYd F8 Eels =@
A Y shunt 4 3} F3+.e XA 4¢ arterial admi-
xture 7} 5 o] AF 2 Pvo, & 454, oi¥ &2
9| shunt 7} gl &+ (Fig. 2), 4brt 4% SYYel
22 A FolslAnt Aol Ve W 4L
£%%9) Y fo] 23 Po,& 4= Pvo, Cio,
£ oulzy 4AsA fA8c 28 shunt ¥ -F-3Fel
wo] st} 29 AAEFFE Fasn CEO,(tissue
end-capillary oxygen content)X zh4dv}. ofe}4
THANYY Po = F4elvetE 23 Po= 2
o}, 439 AgAA T2 shuntst gAY =
sk 24618 Y70t e AALFEe] F4
Erld g ALLR (Vo )k zHodch., Azddeoz
Vo,9] Wi3lel gAge] CeOx 4 A2 —%EfH
E #A¢. w4 $99 shunt £ Cvo & F7H4
7)1 Poy7b A45drt.

¥4, 7154 shunt 7} S 24 Fe] TAL A
E¢ANEY Poyyl Frbgeesd FA4LI} Hxd)
7l 34 4 glvh ol 24 Gram -4 T & F32}e
A Z¢ANY Po,7t Frhsle] glxink 44 anaerobi-
osis &} lactic acidosis & Xol= 7 $oltl. 27 WF
oy B nYYFel v A AMEF EEAAY
Po,7t duldl§H¢ w4 Bax g, A4Y Po,
o 27t & Aol AL AAFE Y 6ls)
ot A8 594 admixture 9] indicative & ¥ &
el elsie,

Dysoxia

Fad Tislv 4drt FEIAHE 2A A9 o
o] 3514 ¢4 = histotoxic anoxiazlE £o]
€ 2, 2AAdAY Aavie] REgol 2AEE
(histotoxic) 9] Atalzl b elelE WY 4 37l o
Foll qA2% FAe] A ZEyeh

Hypoxemia & #%F¢l 448-%& vy ZA 9
Abdo]-&5# 9] ol A& yveldlrl& oIy} Hypoxia

Ak zhd EBE b4 E BstAnt 249 4

L
=

CHEMIOSMOTIC COUPLING OF ATP GENERATION TO O, CONSUMPTION
L

H' EXTRA-MITOCHONDRION

%#Oy —= H' MITOCHONDRION

ADP + Pi + ENERGY s==AIP

MITOCHONORION

Fig. 3. Mitochondrial O, utilization is primarily
used to provide free energy to pump pro-
tons against an electrochemical gradient.
As the protons diffuse back along a favo-
rable electrochemical gradient, some of
this energy is made available to generate
ATP from ADP and inorganic phosphate
(Mitchell chemiosmotic process).

£o]§-¢ FF5E9 hypoxiacldx HAow o] Feof
A}

Robin - A4 Alkol 94 RHE THsle
E24 dysoxia gl Gl E AMgstgdeh. 2E oA
2 B2 S FAeE Al —FMd BEE 9
3 8 A3 HEsA Y& FAEE el A
3 &gleh

0, Metabolism Pathway

71 €Al X Abdo]BF o 80%L AFA Wl
A ol ReiAr}, AbdFalE ] 3 (substrates) E Hu]
o Zo] Wl TS} WgaA free energy & AFach
(Fig. 3). o] =Rz A543 gradient of
a4 A Algte 2 proton 3} thE o] £¥-& pump
vl AHgEEl gAY 48 ADPE al4b
#HAA ATP & =tevh. ATP & ¢ubAls] 4B
A A E Hae st 3Ry A3 R o
T el dRelx o]BA H4HR ATP & 2%¢
T4z AL AAS Kol BEsen] ol g3+l
Abd e b MTZAMel 7] o Foll kst o] $H
+ gon RIFRsiY o] FA=e] wirlch A4 A
2} ¥-2.2. electron transport chain e terminal
oxidase §] cytochrome(cy a ag)e}e] Alolej4 o] &

oA o] At AdE A VYA & A ol =
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Table 1, Causes of Hypoxic Dysoxia

1. Reduced Pulmonary O, Uptake
Reduced ambient PO,
Global alveolar hypoventilation.

Regional reduced ventilation,

perfusion
intact.

Absent regional ventilation, perfusion intact-
alveolar shunts.

Pulmonary intravascular shunts.
Intracardiac right to left shunts.

Reduced cardiac output with right to left
shunts.

m em® 9 Qwp

. Diffusion limitation—probably does not
exist. .

. Spurious hypoxemia related to altered
temperature.

T bl

J. Spurious hypoxemia related to leukocyte
larceny.

K. Decreased affinity of Hb for O,,
2. Reduced Blood O, Delivery
A. Reduced pulmonary O, transport.
B. Reduced effective Hb concentration.
a. Reduced erythrocyte mass.
b. Reduced hematocrit,
c. Increased carboxyhemoglobin.
d. Increased methemoglobin.
e. Cyanohemoglobin.,

C. Global hypoperfusion(reduced cardiac
output).

D. Regional hypoperfusion.
a. Maldistribution of cardiac output
b. Ischemia.
i. organic.
ii. functional.
c. Systemic arteriovenous shunts,
E. Abnormal rheologic properties of the blood.
a. Individual erythrocyte abnormalities.
i. reduced surface/volume,
ii. abnormal erythrocyte content.
. iii. stiff erythrocyte membranes.
b. Bulk erythrocyte changes: viscosity.
c. Leukocyte abnormalities.
i. leukocyte aggregates.
ii. bulk leukocyte changes: massive
increase in number.
F. Increased affinity of Hb for O,
3. Reduced Capillary O, Transport
A. Reduced capillary cross-sectional diameéter.
i. absolute reduction.
ii. relative reduction.
B. Thickened capillary walls.
4, Reduced Interstitial O, Transport

5. Reduced Transcellular or Intracellular 0,
Transport

E o] F&st Aol digt AHAe] ofF Fri(low
Km)t A44& Fuigen of g8 ALAaqge] 4A¢
w2k ol § ech

A Ak 20%FE - A A N
A9l ol 2tk AZAY e FAEA4Y
A4¢4, 28, A55 FA4AHL MES] 56 critical
%+ 7 Eoc}. o] 8%+ extramitochondrial reaction %
943, ojw neurotransmitter$] ALZAFAY A5
5, Abdel] W Asp4Yo) wmA go}A (high Km)
FEEY J4AYAE £4¢ Hevh AYALY 4
do]§-314 9 o] 4ol A3t el Yl gl FAE w0}
E goEd A4AYE 4A A2 o] AY ¢ U+

Classification of Dysoxia

Al4-o] 4+5-& normoxic, hypoxic W hyperoxic
dysoxia ] Al7}A2 W 4 et

Normoxic dysoxia & Ab&$] FF s $4-& H4le]
v ALES] Akdeo] fo] W HAA ] A 24, YA
7150l T2 WiBe Akds}t o] g5 Rstd Yol
Y& Aele). Endotoxin shock & A&l A]2] 7 %o] A
stsje} Vort Aot A2t &, AT Fo| 4
ASAE Vo,8| kst A4S Aol Vort AT
dell 8 EstAl HA gevt. o] normoxic dysoxia ¢
AL THolvt ¢Re MAdutonyE: F3Ex o
FE vl o2 4TS ofef ¢ Fofo]r}. Endotoxin
shock 9} septic shock ¢ Al & Vo,ztdo] 2§ MHelrh
2 gt

Hypoxic dysoxia &= Abd-¢] 24, EFo] 45 o]
A Eoll A Abdo] B-o] A5l 7 o]} (Table 1), WA
% multiorgan failure 7} Zejsd AdAetgy
Ao Abst G ol £4H8- ol hypoxic dysoxia &) & #
sl WAl =l

Hyperoxic dysoxia =

Aol b4 HFo]
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Frts e A2 Abdo] fol R¥e] ZuS: A=
4 O, toxicity ¢ Yole]r},

Adaptations to Oxygen Depletion

s A A4 5 S FAALLESY & 248
7] $i8 Ab&FFs ¢ ¥ substrate FF9 A4,
2z AZd4e AR HstE dA A gukg
Eo] vebA 4bbFFe] ALY E HErF] A
AAoe 4YAER @) o] WEEL FEAY
At ¥ bhypoxic dysoxia g=jell 4 Fue] =g+

A formal classification of adaptive respones:

1. IMPROVED O, TRANSPORT/SUPPLY
. Increased alveolar ventilation.
Increased cardiac output.
Increased erythrocyte mass.
Altered hemoglobin affinity.
Increased myoglobin,
. O; conservation by arterial constriction.
I. IMPROVED SUBSTRATE SUPPLY
1. Increased substrate delivery.

2. Glucose conservation by arterial
constriction.

3. Substrate conservation by endocrine or
paracrine regulation.

1. DIRECT ADAPTATIONS OF CELL
METABOLISM

DN e WO e
Pab e

Dysoxia 9] Al A &= substrates 7} $7}13tE8% A
St delvienl 44 FFE AL A
hypoxic dysoxia 4|9l He]X glucoseed] =% &7}
<7Hd+

AZd Aol AP AgstE WBEL isolated cell
culture system o4&} o Fol w2m chfs FE A
280 FEYH.

1. BIOENERGETIC ADAPTATIONS
1. Oxidative phosphorylation.
2. Glycolysis.
3. Non-“classic” glycolysis.
4, Reduced energy requirements.
. NONBIOENERGETIC ADAPTATIONS
1. Neurotransmitter (catecholamine) biosyn-
thesis.

Dysoxia o] it A4l AMEY HZol gt dF

+ bioenergetics s} ATP o 419} processe] &4&

1O, AAHABILITY
ACUTE CHRONIC
[PASTEUR EFFECT)
ALLOSTIRIC REGULATION OF PFX .mmb BOSYNTHESS
195K ACTRATY DECREASED BIODEGRADATION
1 PyKi CONTENT
1+ ATP GENERATION FROM (2 + PFX CONTENT)
GAYCOLYSIS
\ 1 PyKi ACTMITY
1 PERACTIVITY

Fig. 4. Hypoxia increases the rate of glycolysis
acutely by the Pasteur effect, which is
mediated by alterations in low molecular
weight regulators. Chronic hypoxia incre-
ases the rate of biosynthesis or decreases
the rate of degradation of rate-limiting
enzymes in glycolysis, augmenting glyco-
lysis additionally, The net effect is to
normalize ATP availability, despite O,
depletion. ‘

i vt

Oxidative phosphorylation : @& eukaryotic 4| %
& —macrophage, fibroblasts, type I pneumocytes,
kidney cell 3—& @2 Pogl k&= Cy a a9
FFo] Aslsle] ME, ofutE Aj1HS Voyrt 3i4d
v}, o] E4Y FFe] AHE AL A ZEA, o
w slEol o Eike] SHA FoiE LEAE H4A
FRA R AL FE o] HL9 FFo] s Al
Wit ARAYE FFe] ohE YFEo FFYE ALEE
BEsA fvta 32, TFAL FAo] FAE
o] k& A ¥sAez Jeldet

Glycolysis : At} F48 ¥ = glycolysis
rate 7} $715 &= 4§ Pasteur effectzlz givf, 1
mol 8] glucose 7} -$-# =" 2mole ATP .} ¥ A4S
o] Atdst ARHAE ATP F3& /A A dAcf =
48] 7% Pasteur effect 9}= we| phosphofructo-
kinase 9} pyruvate kinase 8] 5 F4:(rate-limiting
enzyme)7} Po7l W&w] o8 Yejs] A4 551
8tod o] &o| glycoltic capacity & F7HAlald. & +F
A A &S ¢ Pasteur effect 9] Az ATP A&
F7HA 2, 49 AE 48 ZLEY Ye4Aold
2 glycolysis § FH 3t ATP(energy)s] ¢]§-
+ A Fis. 4). GAEE d8HA B 4R
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Aol A9 dt-go] AR gt E e A4
o] 2 ¢#A glek. A== aerobic glycolysis 8]
high rate & 7}A 2 gl F3#] Pasteur effect = X
oA gfon EEY Add] FHE JAATEG
o]-$ wlzkgr AR}, & fibrosarcoma 4] X+ Hela
A) 2% hypoxic incubation #| = Cy a ays} 34314
v} phosphofructokinase #--& pyruvate kinase -5
o] F743kA GErh

Nonclassic glycolysis : 3] 7] 4 $o] 1} & 5] 550l
A glucose 1mol & 6~7mole] ATPE 4le] of
F A7 AAdLEASAAE Y EGH

Reduced energy requirements: &8 7}A FE 4
oA LAFE FrPE WY oA oTHe T,
mammalian fetusel] 49 w] %3 513, barbiturate
2 H3eEAd 233 = s E, o]YofEe] prolo-
nged near drowning ol £ £ 3= A 54 71A
< & 2 JAE 4 Yt

Neurotransmitter biosynthesis: Nonmitochondrial
O,-requiring pathway 24 catecholamine 4 43 9]
A kA 4l tyrosine¢] DOPA 2 AR & Ao 4l4
7} W.a8.35s tyrosine hydroxilasesl: F4 o] 23
iyl e}

Tyrosineﬁqﬁ——aDi(hgg?X;;' phenylalanine

TH & A48 A4l ulaA yro}4] (Po, 13 torr,
high Km)F554] AL AN E o] 4h-§-& A e

I3y o] 4k-$-& rate-limiting step o]ej 4], Ab4&
Aol ©l Ade] == Fig. 54 Z& FF L= tyro-
sine hydroxylase &] #%¢] S5 7 wj¥fo] DOPA
8} A are] A AFEE T catecholamine 8] YA E 4
2R}, B2 Tetralogy of Fallot 8 7-¢ A&t A
A& FdkAat LIRSS d8 A gEdes

HYPOXIA

CHRONIC

|

Increased TH activity

ACUTE

substrate (Og) limitation
Decreased TH activity

Normal DOPA biosyn-

Decreased DOPA biosyn-
thesis

thesis

Normal catechols Decreased catechols

Fig. 5. Suggested sequence for a chronic adaptive
response to O; depletion. Acute hypoxia
depresses catecholamine biosynthesis by
limiting O, availability. During chronic
hypoxia, increased tyrosine hydroxylase
activity normalized the production of DO-
PA, and thus, catecholamine biosynthesis.

NORMAL Q. STORES NCRMAL, O, METABOLISM NORMAL
MItD O, O, STORES REDUCED, Oy METABOLISM NORMAL
DPLETION High Km Extra-
Mitochendgnal Crechne
Reactions iImpoited Fhosphate
Glycowsis Reduced
Increosed
inciganic
MODERATE Reduced Inraceliular "~ Phosphate
O, DEPLETION Glycolysis Lachc Acidosis Increased
Y
Reduced Negatve a AP Stores T
Charge on Normal
Intracelluiar Proteins I
SEVIRE
O. DEPLETION Phosphotructokinase l
inhtbiled .
Progressive AIP Stotes
Reduction in Extra- Faling
Maochondnal Reachons
\Fmglesswe Regiuction l
LIFE-THREATENING ! Negative Charges
O DEPLETION on intraceliular Protens AIP Stores
Appicach
lrreversibie Changes 4 tAnimal Volues
' Death

Fig. 6. Suggested sequence for the development of irreversibility and death during severe O; depletion.
Ultimately, this occursbecause of (a) progressive loss of extramitochondrial O, consuming rea-

ctions, (b) intracellular acidosis altering the
tein function, and (c) loss of energy sources.

charge on intracellular proteins and affecting pro-
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L% V5L A ALALE HASE AR oY
FEEM DB EES ROl "

Cellular Response to O, Depletion

gA A o8 AbdFFe] ;FHe A W YA4Y ¢
e LY ¢FEE 29 69 vehRgle

A47F ®|A5HA] mgsEw creatine phosphate &
EEE 4 ATP= &3 st inorganic

phosphate ¢} ADP FE ¥ F7etevl, ¢l &Y 712 .

glycolysis ¢] <571 %= =85 o] (Pasteur effect)
ATP A Aol #AXcl. glycolytic rated] Fr71&
two-edged sword 24, ATP L4 & F7HA7& 4l
o e AEWASS WAAA
Ht++Proteinate-——H Protein

9] W-g4) wlz} net negative charge 7} t&sch, 4
E Aol A Fel=tel ARAARY Abddl At
A =YY we Sy WO Aol M
vlol4 Aga st @Al S, wstdAes wals

o] glycolytic rate & o]zl creatine phosphate

Table 2, Some Approaches to Monitoring Dysoxia

Neural event monitoring (NEM).
Nuclear magnetic resonance(NMR).
Microelectrodes for intracellular pH.

Ll o

Noninvasive monitoring of oxidation-
reduction state of Cy aa,,

Tissue Po, electrodes.

W
.

. Pyrene butyric acid Po, activities.

7. Nuclear imaging of intracellular pH using
labeled tertiary amine selenium.

8. Combined intracellular O, —K* electrode.
9. NADH—-flavoprotein fluorometer.

10. Flying spot scanner for flavoproteins.

11. Positron imaging for deoxyglucose,

12. Rhodamine dyes to examine mitochondrial
transmembrane potential.

gase] ATPFEE HelH4 i F8 of
-,

g o

Direct Measurements of Intracellular
Changes with O, Depletion

ol 44 0.2 =9 oxygenation ¢ Adl§ ¥tk

ol & Po; ¥l ohulg} Fro.0, content (Hb %X, 4Ab4
sl F4), 42 Aql shunt, ABPA ) R, AbLo]
SEgo] ook feh. vk Ab&AT o) A XM
o] FolsEolekxl A2 events§ 2y monitor ¢
T elok & Ao}, Y AT A4LAHA A X
HellA deivde o871 4H3Es JY 248 4+
¥ B A5 SHEE AA S (Table 2).
o] ALHAA AF sl ¥ WY bAXNE £
A&k

Neural event monitoring & 417 =) &F kel A
AR wimd 22 dalelch, fxelA HEE 5
¢l = external monitoring &2 FE41 7 o A5 wH
SA7AA e 99 neural axis § BRY 4 sld
Hypoxic dysoxia 7} &el= & =] SJFoll4 FHo]
7Hed SHE 9EEg ue whEe] dysoxiadl 13+
o2 AAALY W3t fiute}l S Aol HHol,
Nuclear magnetic resonance & {L88d| A =] A&
== A48% wye]v}. Phosphorus nuclear magn-
etic resonance &+ ADP, ATP, Creatine phosphate,
inorganic phosphate ¥ 4l ¥u pH% &9 23 F
4 M| 24 Folu} organ system LE|lx FE3 RAE
A ASHEE Sx ok

Axy pHE A3 2438l microelectrodes = 3
2ol FA8 WA o fdoluiel FabgelA
A-go] 7H5stA 2 Aol

daden 4% Pgosd Cy aad] ALY
T+ uAgd ez A FAY T+ AE el A
AlEa vt '

28] velA S EE A3y Wslel gl
SR E WPEAle Aolg dHH F & A& A
ot

34 2047 YHALFRel A4AARA Y 44
A¥RARA ABel T WAL AAfgRO] ATAY
9 AHE Y T A A2g AEEe] AMEHd
dA e Ao el B BREDREEE ZA o
Fo] & Zolvh
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