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The Effect of Angiotensin II on Hypoxic Pulmonary Vasoconstriction in Isolated Rabbit Lung

Kum Suk Park, M.D., Won Sik Ahn, M.D., and Byung Moon Ham, M.D.
Department of Anesthesiology, Seoul National University College of Medicine, Seoul, Korea

Background: The isolated lung model is a very useful model in investigation of hypoxic pulmonary vasoconstriction (HPV),

and angiotensin II is extensively used in this model.

But the exact role of angiotensin II in HPV is not clear in the isolated

rabbit lung. Thus we were concerned about the role of angiotensin II in the blood-perfused rabbit lung.

Methods: New Zealand white rabbits (n =

acid-base status and temperature were maintained at constant levels.
deoxyglucose (AG-DOG group, n = 7), calcium (CA group, n = 7), angiotensin II and calcium (AG-CA group, n =

28) lungs were isolated and perfused with a constant pulmonary perfusate flow;

Deoxyglucose (DOG group, n = 7), angiotension II and

7) were

administered, and then hypoxic responses were measured. Three ratios were calculated and compared (Pg: ratio of hypoxic response

to pulmonary arterial pressure at normoxia, Ps: ratio of hypoxic response to baseline hypoxic response, Py: ratio of pulmonary

arterial pressure at hypoxia to pulmonary arterial pressure at baseline).

Results:

AG-CA groups (P < 0.05).

Angiotensin II increased the pulmonary arterial pressure by 14%, and increased HPV. Baseline pulmonary pressure
was increased in the AG-DOG group and in the AG-CA group (P < 0.05).
The first HPV increased but the second HPV decreased in the AG-DOG group (Pi: P < 0.05)

Py significantly increased in the AG-DOG and

and in the AG-CA group. Py showed no difference between groups.

Conclusions:

misinterpret this as an potentiation of HPV, but HPV was not changed by angiotensin II.
(Korean J Anesthesiol 2003; 45: 498~ 509)

angiotensin II in the isolated rabbit lung model.

Angiotensin II resulted in an increase of pulmonary arterial pressure in the isolated rabbit lung. One may

Therefore we deny the necessity for
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Fig. 2. Chemical structures of 2-deoxyglucose and glucose. 2-Deoxy-
glucose has no hydroxyl group on the second carbon (arrow). This
change in chemical structure prevents isomerization of 2-deoxyglu-
cose-6-phosphate to fructose-6-phosphate, thereby inhibiting glycolysis.
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Fig. 1. Diagram of the perfusion apparatus
in isolated rabbit lung (From “Compa-
rison of the effects of nitroglycerin and
nitroprusside on hypoxic pulmonary vaso-

L Reservoir
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constriction in the Isolated rabbit lung” by
Choi IH et al. Korean Jounal of Anes-
thesiology 1999; 37: 144-52. Reprinted
with permission). The perfusate in the
reservoir is re-circulated by rolled pump
through the air filter to the pulmonary
artery. After pulmonary circulation, the
perfusate in left atrium is drained to the
reservoir by gravity.
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A1F(DOG T): 2-deoxyglucose (Fig. 2, 3)

A27(AG-DOG ): 2-deoxyglucose with angiotensin 1I

A3 (CA T): calcium

A|4TF(AG-CA T): calcium with angiotension II

(H13) DOG T = 7): APnes T3 F, Al o3
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Fig. 3. Schematic diagram of the experimental process. In the
AG-DOG group deoxyglucose was added to reservoir after angiotensin
IT injected through the afferent cannula, and in the DOG group only
deoxyglucose was mixed into reservoir. In the AG-CA group calcium
was injected through afferent cannula after angiotensin II injection, and
in the CA group only calcium was administered. DOG: deoxyglucose,
CA: calcium, AG II: angiotensin II.
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Fig. 4. Calculation of ratios from measured pulmonary arterial
pressure. APy, calculated from the difference between black arrows.
AP of hypoxic response calculated from the difference between white
arrows. The lower black arrow means Py. P = AP x 100/Ppa at
P[} = APx IOO/APbase, Py, = Ppp at hypoxia/Po. Ppa:
pulmonary arterial pressure, AG II: angiotensin II, DOG: deoxy-
glucose.
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Fig. 5. Changes of Ppa from baseline according to dose of angiotensin
II. Pulmonary arterial pressure elevated after angiotensin II admini-
stration. There was no statistical difference between groups. Ppa:
pulmonary arterial pressure, AG II: angiotensin II.
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Fig. 6. Comparison of P, according to dose of angiotensin II. 4 and
8ug of angiotensin II augmented only the first HPV (P < 0.05). But
16pg of angiotensin II didn’t make any change. The arrow means
angiotensin II administration. P,: ratio of hypoxic response to
pulmonary arterial pressure at normoxia, HI: the first hypoxic
challenge after addition of angiotensin II, H2: the second hypoxic
challenge after addition of angiotensin II, H3: the third hypoxic
challenge after addition of angiotensin II, H4: the fourth hypoxic

challenge after addition of angiotensin II.
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Fig. 7. Changes of pulmonary arterial pressure from baseline in the
DOG and the AG-DOG group. After angiotensin II administration
(arrow), pulmonary arterial pressure increased (P < 0.05). Ppa:
pulmonary arterial pressure, DOG: deoxyglucose, AG: angiotensin II.
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157 —a— DOG group

—e— AG-DOG group
12+

P, (%)

Balse H1 H2
Fig. 8. Comparison of P, between the DOG and the AG-DOG group.
P, increased at H1 and decreased at H2 in both group. P, in the DOG
group was higher than in the AG-DOG group, but didn’t show
significant difference. Po: ratio of hypoxic response to pulmonary
arterial pressure at normoxia, HI: the first hypoxic challenge after
addition of deoxyglucose, H2: the second hypoxic challenge after
addition of deoxyglucose, DOG: deoxyglucose, AG: angiotensin II.

20071 s pog group
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150
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Fig. 9. Comparison of Py between the DOG and the AG-DOG group.
Py increased at H1 and decreased at H2 in both group. But there was
no difference between groups. Pp: ratio of hypoxic response to
baseline hypoxic response, H1: the first hypoxic challenge after
addition of deoxyglucose, H2: the second hypoxic challenge after
addition of deoxyglucose, DOG: deoxyglucose, AG: angiotensin II.
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Fig. 10. Comparison of Py between the DOG and the AG-DOG group.
Py increased at H1 in the AG-DOG group (P < 0.05). Py: ratio of
pulmonary arterial pressure at hypoxia to baseline pulmonary arterial
pressure, HI1: the first hypoxic challenge after addition of
deoxyglucose, H2: the second hypoxic challenge after addition of
deoxyglucose, DOG: deoxyglucose, AG: angiotensin II.
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Fig. 11. Changes of Ppa from baseline according at different dose of
angiotensin II in the AG-DOG group. It shows that increase of
angiotensin II from 4pg to 16pg results in decrease of the changes
of Ppa. But there was no significant difference between groups. Ppa:
pulmonary arterial pressure, AG II: angiotensin II, DOG: deoxyglucose.
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Fig. 12. Comparison of P, at different dose of angiotensin in the
AG-DOG group. Angiotensin II augmented the first hypoxic response
in 4pg and 16pg groups, but attenuated hypoxic response after then
in all groups. However there was no significant difference between
groups. The arrow indicates the administration of angiotensin II and
deoxyglucose. Pq: ratio of hypoxic response to pulmonary arterial
pressure at normoxia, H1: the first hypoxic challenge after addition of
deoxyglucose, H2: the second hypoxic challenge after addition of
deoxyglucose, H3: the third hypoxic challenge after addition of
deoxyglucose, H4: the fourth hypoxic challenge after addition of

deoxyglucose.
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Fig. 13. Changes of pulmonary arterial pressure from baseline in the
CA and the AG-CA group. Pulmonary arterial pressure increased after
administration of calcium. In the AG-CA group, the increase of
pulmonary arterial pressure was greater than the CA group (P < 0.05).
The arrow means administration of angiotensin II. Ppa: pulmonary
arterial pressure, CA: calcium, AG: angiotensin II.
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Fig. 14. Comparison of P, between the CA and the AG-CA group.
P, increased at H1 and decreased at H2 in the AG-CA group. There
was no difference between groups. Pq: ratio of hypoxic response to
pulmonary arterial pressure at normoxia, HI1: the first hypoxic
challenge after addition of calcium, H2: the second hypoxic challenge
after addition of calcium, CA: calcium, AG: angiotensin II.
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FEOZ FAFA Wes Ho CA TAANET Pt
Ao 2 VeGP < 0.05, Fig. 13).

P, (M&t 50 HO PpaOf CHSH APl H|S):
o A9 APpeed Pz CA TolAE= 91 + 0.8%, AG-CA
TNME 82 £ 0.6%F 2, calcium T T R WA HPV
X2l Pi= CA TFIAAME 108 + 1.0%, AG-CA ToME
1.1 + 09%93, ¥ WA HPVIAMY PE CA TollH=
72 t 04%, AG-CA TolAHE= 60 £ 05%= A WA HPV
X8 Poll vl ZHAastHon, 5 i 2+ Fog Ao|vt
A (Fig. 14).

Py (AP0l CHSH APQ| H|Z): A WA HPVX9 Py
£ CA FoAE 1807  152%, AG-CA ToME 160.7 =
9.9% 2 AP HIB Z718lFoH (P = 0.02), T WA HPV
NX Y P CA TIAME 659 + 58%, AG-CA TolAE
910 t 52%% A WA HPVIMET AP <
0.05. 28U F & ol BAA fFgde HolA &ttt
(Fig. 15).
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0.01, AG-CA TolA+=



) 3m 3 38k3E] 2] A 45 A A 452003

2509 o CA group
—e— AG-CA group

200

~ 150 1

PB (%

100

50 1

T
Base H1 H2

Fig. 15. Comparison of Ps between the CA and the AG-CA groups.
Py increased at H1 and decreased at H2 in both group. But there was
no difference between groups. Pp: ratio of hypoxic response to
baseline hypoxic response, H1: the first hypoxic challenge after
addition of calcium, H2: the second hypoxic challenge after addition
of calcium, CA: calcium, AG: angiotensin II.
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Fig. 16. Comparison of Py between the CA and the AG-CA groups.
Py increased at H1 in both group, and was greater in the AG-CA
group (P < 0.05). Py: ratio of pulmonary arterial pressure at hypoxia
to baseline pulmonary arterial pressure, H1: the first hypoxic challenge
after addition of calcium, H2: the second hypoxic challenge after
addition of calcium, CA: calcium, AG: angiotensin II.
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t}(Fig. 16).
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Fig. 17. Changes of pulmonary arterial pressure after glucose addition
in the DOG and the AG-DOG group. Pulmonary arterial pressure
decreased after glucose addition during hypoxic challenge (P < 0.05).
It demonstrates that hypoxic response is inhibited by glucose, and
isolated lung model is viable. There was no difference between groups.

Ppa: pulmonary arterial pressure, DOG: deoxyglucose, AG: angiotensin II.
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