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The Effects of Nonspecific Cation Blocker Gadolinium on Hypoxic Pulmonary
Vasoconstriction in the Isolated Rabbit Lung

Seong Deok Kim, M.D., Chong Sung Kim, M.D., Hee Soo Kim, M.D., Won Sik Ahn, M.D.
Ah Young Oh, M.D,, and 1l Young Cheong, M.D.*

Department of Anesthesiology, College of Medicine, Seoul National University
and *Kangwon University, Korea

Background: Hypoxic pulmonary vasoconstriction (HPV) is unique to pulmonary circulation. Recent
hypotheses have emerged indicating that O, levels per se can regulate ion channel activity. The
modulation of both cation channels differs according to the conduit or resistance pulmonary vessel type.
However, it is not yet studied that the cation channel blocker has the same effect in an animal
experimental model, which can exclude several factors that may influence on HPV. The purpose of
the present study was, therefore, to determine the effect of nonspecific cation blocker, Gadolinium, on
HPV in a rabbit model of isolated lung perfusion.

Methods: In adult white rabbits (n = 6), lungs were isolated and perfused with the constant pulmonary
perfusate flow. Acid-base status and electrolytes of perfusate also constantly maintained. Thirty minutes
after, baseline hypoxic pulmonary vasoconstriction (HPV) was measured as the difference of pulmonary
artery pressure between a period of 21% normoxic gas inhalation and that of 3% hypoxic gas inhalation.
After another thirty minutes, Gadolinium 50 ug were mixed to the perfusate, and then HPV were
measured three times. After then Gadolinium 100, 200, 400 ug were mixed to the perfusate and HPV
were measured.

Results: Gadolinium decreased the HPV response according to the dose. The EDsp of the response
was 143 1g/100 ml.

Conclusions: The regulation of HPV is based on the cation channel in the isolated rabbit lung.
(Korean J Anesthesiol 2001; 41; 222 ~228)

Key Words: Animals: rabbit. Antagonist, miscellaneous: cation channel bloker; gadolinium. Lung:
hypoxic pulmonary vasoconstriction.
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(1.17 mM), NaHCO; (22.61 mM), KH,PO4 (1.18 mM),
CaCl 3.2 mM)E T3l AelH g 8o 100 mlol)

insulin 20 IU, glucose 100 mg, bovine serum albumin

LA through left
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PA through right
ventriculostomy

el
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Fig. 1. Diagram of experimental design®” Perfusate in
reservoir was infused to pulmonary artery through air filter
and right ventriculostomy by roller pump. Perfusate from
pulmonary circulation was drained to Reservoir through
left ventriculostomy by gravity (From “Comparison of the
Effects of Nitroglycerin and Nitroprusside on Hypoxic
Pulmonary Vasoconstriction in the Isolated Rabbit Lung”
by Choi, Ik-Hyun, M.D. et al: Korean Journal of Anes-
thesiology 1999; 37: 144-52. Reprinted with permission).
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Fig. 2. Schematic experimental procedures. Normoxic (21% Oz) gas and hypoxic (3% O:) gas were
ventilated alternatively and each pulmonary artery pressure was measured. Sampling was done at | for
measuring perfusate gas, electrolyte and Hct. Gadolinium was mixed to reservoir at 1. PAP: pulmonary
artery pressure, }: AP, Hypoxic pulmonary vasoconstriction (HPV).
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Table 1. Hemodynamic Profile during Control State

ZAsglch 2 We Agsted G E 100, 200,
400 uM2] FEA HA4LA oH W3S FAHAUt

e 23 AN+ mean + SDE FAElow,
Aol ZAZ AL PC-SAS version 6.12
(Cary, USA) Z218g o] &gt #AlE4d 7=
g AHA 2%, ML FEE repeated measured
analysis of variance® A} &8t A 4haA] 4y ub
2.0] W3} probit analysisE o]-&sjed BAsiglr}.

<] I

Table 104 H& uie} o] A AYAARE T4
o AFHe] pHE 7.38-741, PCO,+ 40—41 mmHg
2 A4 4497 AaE fA8AG FFRHL PO
AL FYA] 115—122 mmHg, A AL 7hA F

and Gadolinium Induced Nonspecific Cation Chamnmel Block

State
Gd’" (ug)
Control
50 100 200 400
HPV (mmHg) 35 + 1.0 32 £ 10 2.6 + 0.6* 1.0 + 0.6* 08 * 0.4*
PIP (mmHg) 8§ £ 03 8 + 03 8 + 03 8 + 03 8 + 03
pH 741 + 0.03 7.39 + 0.02 7.41 + 0.02 7.38 + 0.02 7.41 * 0.02
PCO; (mmHg) 41 = 3 4] + 2 41 = 2 40 £ 2 41 + 2
PO, (mmHg)
Normoxic 120 + 13 118 + 12 122 + 14 118 + 12 115 = 15
Hypoxic 43 + 3 43 + 3 42 + 4 42 =3 41 = 3
N = 6. Values are mean * SD. HPV: hypoxic pulmonary vasoconstriction. PIP: peak inspiratory pressure. P <

0.05 vs Normal.

Table 2. Electrolytes and Hct Change during Control State and Gadoliniom Induced Nonspecific Cation Channel

Block State
Gd’" (ug)
Control
50 100 200 400
Sodium (mmol/L) 142 + 03 139 + 0.7 141 £ 05 141 + 0.6 140 = 05
Potassium (mmol/L) 423 £ 05 420 + 0.7 413 + 05 413 =+ 04 4.13 + 05
Tonized calcium (mmol/L) 143 + 04 143 + 03 141 = 03 1.40 £ 0.2 1.39 + 03
Hct (%) 10.8 = 06 10.8 = 0.7 104 + 0.8 10.8 = 0.5 104 = 0.7

N = 6. Values are mean * SD.
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Fig. 3. Dose-response relationship for hypoxic pulmonary
vasoconstriction (HPV) inhibited by Gd**. HPV response
(%) of the maximum response is plotted Gd’* con-

centration. EDso = 143 ug. *P < 0.05 compared with
control.
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n &

S5 FYTolN AEE AR o] AEE W
HA7E ARl Y AL 2l AL AAE 2
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& ek olFeld A e A8 A FRED

& A=ske 2704 A£FE A oiH 3
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Ak =A gkokel whEbA, "HAle Holx REx
o2E A4LFE BET AE FEA FH Ax
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A F(K,), Ca’"-activated K A F(Kc.), ATP-inhibited
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31 4ell(redox status), A|EZ} 2 (membrane-de-
limited regulation) £o] tEQ Ao} LH o)
2, AR prowon), ATPSH 2 MEW S48 F7
charged intermediate)2] H-E(fluctua-
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sensitivit)® 27H4% 4 Qlem Mg-ATPe] ofol 7t
&3t A44 Adle Ca’" 9t Agh(voltage)ell ik
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