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Vasomotor Regulation of the Pulmonary Circulation
— Focus on the Hypoxic Pulmonary Vasoconstriction —
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1. MAM =8 (Nervous Control)
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2. 2f2| 83 (Pharmacological Agents)

AAH o g EAE 2 FHY AR4 ANERE
(humoral agents)o] ¥l 43 £& &3 vl -2
dogleh, olFo] AT AAEL dFE FEAHAA
dojA Hojw, w3t chapd(e]d &3 AHgsle o
< Azol7] wlFel o] AuE AlgtollA ALt bl
Agdel vl FA4-SAZ¥E catecholamines, an-
giotensin, histamine, prostaglandin F,e, fibrinope-
ptide 5°] 4= 9z, YAIAAZ+ isoproter-
enol, prostacyclin, acetylcholine(n]2] %47 €3
o Aut 2-8-& vpebd el Fol 4R e,

1) gasEH

Norepinephrine# phenylephrine® 7#3 ¢ 4%
A AFAZA AYG 42¢ o) o  2FAAA
A5 A4l epinephrine® E3d4% 4% o 43ln 4
S0l welil e AL d o,

Angiotensin 11+ 8Qel= 24 AT Lol o3l o)
A AAEe] gubd e HYdsns dogd, 4
2(0.03 pg/kg/min) 2 2= AP Dol & J o] glo] o
TUGE 547 er FE

Histamine® #4 v ohokgh 4hg-& dozich, Fol
vhel, Agubgol] upe} Alols} gy sh chal 2 A4t
4237 AN E HY 34480 Aed g
&3, gele HAede 243E F8% T4 A
AR FES WE o} 2 85 gol a4y
50, HEdReEe Hi4gAd oA, dadge
H+¢42 FA5 0 44 i,

Serotonin® U E-Fo vt EelA wAHE ¥
ZB4-24 oluloltl, A2l enterochromaffin cell ol
A EPERo s L8 A Sk, ofF Ao feidl
serotoning thE-E 7toll4] cfAlE 5, o #-& HE e
Wl Az A Ael 43 AAHc), Histamined ¥
U3 Aol J £ FE A 2] serotonind A
Z A4 % (precapillary) 3t % A7)},

2) siehabakd|

3445 SFaAE ddny 27 A= (4
ZAe)o) 2] 9lch, Acetylcholine A4 #H 53 o
Ay s 197 glev, 30350} 208 A
Fole 2434 ¥383¢ Aoz (0.1mg/kg/

min : Z FARA]),

Bradykinin® angiotensin 1% [1.2 A&7 & 7
& Haol 9sle] v stEle AGBEggA ],
bradykinin®el ¢ 8¢ 24 3= g ddi+ L3
A3l prostaglandin 2 =jAEAE 82 doin
okeiR gl

3) §#34 Prostaglandin, Leukotrienes

o] BelAEAF A =30 EAs, 713 oo
 AEH 4¢ Ad AHEER 8 oleslEA
HAEL AEDA g chkg EHE Sl
Cyclooxygenase 2 &5 £38)4 A=+ prostaglan-
din 2 oA 43 HEg i 38 el
(PGE,, PGF,a, thromboxane A,), 34 #¥4 34
A2E PGE, PGL, PGE, (4319 sAd3e +354]7]
2, Aot A¥RL 7 A7) Fol deA glen

prostaglandin ¢] kallidin, histamine, isoproterenol

Soll & AgIAE B sl Eolzbe Aol ¥

o}, =3l prostaglandinel 28 =¥ @347 throm-
boxane A, 5ol 21 AL 45 FYo| A
o v A (713e)E AAsln o dvta Azt
o}, ¥Hdshd g9l sAAl 24lE prostaglan-
din® $2 % Ko 4 29 protaglandin thAbol] o 8k
Fok,

Lipoxygenase 7 27} w4 % % lipoxygenase A}
ol AaaA A g2 FAEA olghe 74l A
71€a gow Be AgdTrt ol gk A=A A
Zog wqle]Al leukotrienee] TAHr}h, 59 4
2, 53 99&o2 39 leukotrieneo] I HET}, o
e AAAEY 5% ¢ ol 2ud H, £ 4
FHAME SBg5-& Goglchy,

3. 28142 9 pH
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e Aoyt At el Gake F4 x5
& AR A AEFo| AYR 758 243}
AT $ZEF L A #4298 ALEF
o A A5dA e A2} Aol Faof
AT AAaFo] gl L3 43 FE5AEol
%1;}12).
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Al BR45E W) - BF BAE 249 5
Y AR FAA)7E b Fad S| "ol g E
A olzghe vl o7l it ¥#7] Fishmane] #|7]
StEE FAE? — (1) AdkaFol FAFEHL dodle
1A (2 AdsFos $58 dosle AR ¥
Asr-F A

S AFL o]4£ "2 (micropuncture
technique) & AH&-3to] A2 A @3 29 (precapillary)
o HEgHoz A, Al AFe Falr] A3
e g ofd AlgRe ohga) Zohe,

® ol M xo|H

olA| 7R ¢} FF APolH ZE FoflA 11{*
3 5Fo] BaE 2 ok, Aol e HE
°] 60 mmHg ©]3}7} =% 5 FUte] A4 OP"% 1%+
gt AALFE FEAAESH FE AL Hsbe] 50
mmHg® A3ts AAFL oF 50% A= F7Hch?,

ol FEL HALZTo el 53] 43 vke-S Ho
£l coati mudis(F¢ 4F), ferret(wu)), <o}
7, AT 72H¥ w3-E ¥o|i, hamster: F

(rat) 2ehe B3] 9hgo] ofslehe, Fdol wE ol
B ohJzl FE9 o], Ad, U837 (HALZ 32
TAYAF | kEoN5) o Wt AAkaA HP R4

ol
5 J%e Bonz AYAAE v Aol F 5o}
k]

@ A4 M gosEo] 38 (Model)

AF o e AALFEA 3714 o AH{aerobic
metabolism) &] ¢3ko 2 ATP AAjo] 7tizlo] &
248 28, e AL e ddHo g o
A55E o717 wiol ATl o 429
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a A AAE °aLE’l?°i 211] %P_L} z
2o} Bohe 2] AsBgto] o] &ahA
A AF Aoz Bol AV AX-mAEH
(alveolar-capillary) %o &4 sle]z} A=}, of
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3 7, prostaglandm KCl, antiotensin II, Ca*+% &
HaaA AR5 FHIIAY 3 & e
o, o|Fe| Ay Aot dFgE F& AR T2
W], a7 25olA ¢ ?'{}*"— T A AR
oo}, ohat HakaA 3 s3] ol AkE £ o
83159 &3 (sum vector) o] A4 4 Ut ¢
T ASE AdA oz o& ARA A o
B4R ASE ol 4 A& Aol

27| (Transducer) : 7127]9F 237|7) L& 3l
F5bd Fz71 ohgtd (FhsAe] v 7MY o AR
£ Adsie A oA 2 HEv|7L B8
o}, Aaad ddsFol AL e s el T

£ Akkol oulgt AR ET] 5 9ol AF A}
B x4 obal BAIFR] ghrpreetan AL A P4
9 diAEAzAq 27 Fishmanol| ¢sted A|7|
Hul g, & (D iAEE 5L 2 A7 U=
Al Hojl EAjsior gt (2) HAHEES 242 F4 A

aFuol] 2 wifAle 44 =2 T 4 U=E AFE
Yo g|e daol Hete] ApA o2 (AR 3}ed) A A 3 oF
g}, (3) dAEAY E3E AV E i AEAE HE D
o ZgA A el AF wksA] FARSte oF get,
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Aol WE PLAHE HEA FAD EHE Jehiel
ek (6) Sk BRSOl A A AEAL AsNeAY
A7 ALA $5e e M ofof Fo,
A

A7
Aodzt oA FFe WAFAe] Fuz T
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Lr-«r“

giotensinll, ¥ #4%4] prostaglandin 5& 2 A4S
A4 B,

E27] (Effector) | ¥2|¥ w25 Aot H
F(ring) & AbAEgto] Asis]d osh=et, 2ol #
2R AL o] &3slo] AAaFol HHe HIZTAE
o) Azut & TS 2esle Aol dFh =8 45
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FHA AL FUE AHA BRAeR Y HYZL
o #&3 Ad2= €F85¢ 28y, ojgAr} Catt
At 24 Asfabe g FHHGRE, ol2 A 3}
W] A a4 7] 9 Adr| 2 2488 4 ke
7ol &9 HRAe, 2t oleidt 43 eg A4daFel
A FZ2o) A7 FLeeA, AAELE W=
erhe B sk Rk,

@ MuLN HEBSTE 7182 JHME

A AL e ofh dExz L Fold 55
42 Eao| ¢2l=te Aolch, Rubanyi®t Van-
houtte7} AA£FA] Bz UsALe Yy 3
&A1 FElE B sgont o A4 dsiMe &
ST of A Zle] gloh,

78 & 434 4549 endothelin® A 4454 F4
o] 7t HAE ¢ 2 AEA|7ke] a A37t o8 A
S5 o] Aad YhRg-Fo] A43 velta A&
3 245 AA DA gol 7H5Ad o] ofF A w
hE P AAkdFol He ofw Axz ¥ HEFY
FAEAY K& AANA AAHoz AR5 S
Yozl Zojch, AT dPNAATNA FulEE
WA 2-7]490 23 E 4 (endothelium-derived relax-
ing factor, EDRF)o| AAl4A daldZol Bojdehe
337} %ol glow, EDRF] #A1& AdiAA Atk
4 AYRr-HE HIAL 5 U Aol vz Hgled
B2 AT A s gleranze,

HAERE A = 98 e Y A E
¢ Aoz s GAES ASFEAE o E F A
ZE YREAAE Lrsled Al FY o A
Age] AAgHe Aolr), A AR Fu=lE
prostaglandin® leukotriene o} 2 2.3 A7 slg
o0} of &4 B,

A2 FEo ofw 5] wiAMEAY 84 2A7}
glonz, FHOE AAaLFo] AP P 3
AR d¥o 2 AYPE $5Y 754 MR A
ook F 4bk 2A e FFR b Ao HHE
Az AlsH4 )43} (oxidative phosphorylation) 7}
AL ol2ld FAgHol & 4 Urte sHAolr,
a8 ATP 59 Zae AdadeSs) Fadae
AlFojrz o] HA] TAs} 3utslel, AFule] Ahazt
Zk712 cytochrome P 4509 H&to] A7islrx sl e
v} o] 4A] AR E da glehe,

¥ 8 ¥
A% AR E AEBe) A 2 2275 T4
Agagol S8 AYR 458 YoslE AL $¥
dae, 2o b4 9449 98 HE AR 3
ZAFHAAE v152 Aol sl 45l BT 271
AY Q7] AMez HEE4EE YolE AR

< Ho] FHER ok ERRAARY T=, V5
o] of ¥ Az 5 AR E /A T Aol
i rite g

REFERENCES

1) Murray J: The Normal Lung, p 159, 2nd Ed,
Philadelphia, WB Saunders Co, 1986

2) Fishman AP: Vasomotor regulation of the pulmo-
nary circulation. Annu Rev Physiol 42:211, 1980

3) Rodman DM, Yamaguchi T, (/Brien RF, McMurtry
IF: Hypoxic contraction of isolated rat pumonray
artery. ] Pharmacol Exp Ther 248:952, 1989

4) Von Euler US, Liljestrand G: Observation on the
pulmonary arteria blood pressure in the cat. Acta
Physiol Scan 12:301, 1946

5) Robin ED; Some basic and clinical challenges in the
pulmonary circulation. Chest 81:357, 1982

6) Robin ED, Theodore J, Burke CM, Oesterle SN,
Fowler MB, Jamieson SW, Baldwin JC, Morris AJ,
Hunt SA, Vankessel A, Stinson EB, Shumway NE:
Hypoxic pulmonary vasoconstriction persists in the
human transplanted lung. Clin Scien 72:283, 1987

7) Fishman A: The normal pulmonary circulation. In
Fishman A (Ed) Pumonary diseases and disorders,
2nd Ed. p 975, New York, Mc Graw-Hill, 1988

8) Widdicombe JG and Sterling GM: The autonomic
nervous system and breathing. Arch Intern Med 126:
311, 1970

9) Fishman AP: Hypoxia on the pumonary circulation:
How and where it acts Circ Res 38:221, 1976

10) Tuker A, Weir EK, Reeves JT, Grover RF: Failure
of histamine antagonists to prevent hypoxic pulmo-
nary vasoconstriction in dogs. ] Appl Physiol 40:496,
1976
11) Voelkel NF, Stenmark KR, Reeves JT, Mathiasmm,

Murphy RC: Leukotriene C, causes pulmonary
hypertension and edema in the lung. J Appl Pysiol

- 302 —



57.860, 1984

12) Rudolf AM and Ynan S: Response of the pulmonary
vasculature to hypoxia and H* ion concentrations
changes. J Clin Invest 45:399, 1966

13) Nagasaka Y, Bhatta charya F, Nanjo S, Gropper
MA, Staub NC: Micropuncture Measurement of
lung microvascular pressure profile during hypoxia
in cats. Circ Res 54:90, 1984

14) Voelkel NF: State of Art: Mechanisms of hypoxic
pulmonary vasoconstriction Am Res Resp Dis 133:
1186, 1986

15) Harris P, Heath D: The human pulmonary circula-
tion, p 456, 2nd Ed, Edinburgh, Churchill Livingston,
1977

16) Peake MD, Harabin AL, Brennan NJ, Sylvester JT:
Steady-state vascular responses to graded hypoxia
in isolated lungs of five species. J Appl Physiol 51:
1214, 1981

17) Archer SL, Weir EK, McMurtry IF: Mechanism of
acute hypoxic and hyperoxic changes in pulmonary
vascular reactivity. In Weir EK, Reeves JT, Eds,
Pulmonary vascular physiology and patho-
physiology, New York, Marcel Dekker, 1989

18) Harder DR, Madden JA, Dawson C. A membrane
electrical mechanism for hypoxic vasoconstriction
of small pulmonary arteries from cat. Chest 88:2335,

1985

19) Rubanyi GM and Vanhoutte PM: Hypoxia releases
a vasoconstrictor substance from the canine vascu-
lar endothelium. J Physiol London 364:45, 1985

20) Yanagisawa M, Kurihara H, Kimura S, Tomobe Y,
Kobayashi M, Mitsui Y, Yazakiy, Goto Y, Masadki
T: A novel potent vasoconstrictor peptide produced
by vascular endothelial cells. Nature 332:411, 1988

21) 91%3%, 778, #43: Endothelin-10] #z2 7|
B HIFZ £Fof miAE 9, HAPAAE A 42
630, 1991

22) Brashers VL, Peach MJ, Rose E Jr: Augmentation
of hypoxic pulmonary vasoconstriction in the iso-
lated perfused rat lung by in vitro antagonist of
endothelium-dependent relaxation. J Clin Invest 82:
1495, 1988 ‘

23) Johns RA, Linden JM, Peach MJ: Endothelium-
dependent relaxation and cyclic GMP accummula-
tion in rabbit pulmonary artery are selectively
impaired by moderate hypoxia. Circ Res 65:1508,
1989

24) Lin 8, Crawley DE, Barnes PJ, Evans TW:
Endothelium-derived relaxing factor inhibits hypox-
ic pulmonary vasoconstriction in Rats. Am Rev
Resp Dis 143:32, 1991

- 303 —



