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Protective Effect of Nitroglycerin on the Ischemia-Reperfusion
Model of the Isolated Rat Lung

Sanghoon Jheon, M.D.*, Sub Lee, M.D.*, Jong Hoon Lee*, Bok Kyoung Son*,
Gong Rae Cho, M.D.**, Jin Yong Chung, M.D.**, Soung Kyung Cho, M.D.**,
Bong Il Kim, M.D.**, Young Man Lee, M.D.***, Joong Haeng Choh, M.D.****

Background: Protection against ischemia-reperfusion injury is crucial for successful transplantation of the lung. It
has been known that nitric oxide has many favorable effects on the donor lungs but at the same time, has some
potential side effects of cytotoxicity. In this regards, we investigated whether the administration of nitroglycerin could
decrease ischemia-reperfusion injury in isolated rat lung reperfusion model for the confirmation of the effect of
nitroglycerin, a donor of nitric oxide, on lung transplantation. Material and Method: 35 Sprague-Dawley species
male white rats were used for this experiment. For nitroglycerin group (n=18), nitroglycerin was administered intra-
venously followed by mixed in flushing solution for preservation. As a control group (n=17), we used the same
amount of normal saline. To evaluate the effect of nitroglycerin on the lung, heart-lung block was obtained, weighed
and stored in University of Wisconsin Solution at 10°C for 24 hours. In each group of the isolated lungs, reper-
fusion was carried out with Krebs-Hensleit-diluted human blood for 60 minutes. As parameters of the state of the
isolated lung, peak inspiratory and pulmonary arterial pressures were continuously recorded. Oxygen and carbon
dioxide tension of reperfusing blood were measured before and after 30, 60 minutes of reperfusion. After sixty
minutes of reperfusion, protein content in bronchoalveolar lavage fluid was measured also for the evaluation of the
degree of alveolar flooding. Lung myeloperoxidase activity was determined to verify the accumulation of neutrophils.
Results: Although statistically significant differences were not noted in peak inspiratory and pulmonary arterial
pressure between control and nitroglycerin group, latter group showed lowering tendency of pulmonary arterial
pressure during the entire reperfusion period. Oxygen tension was higher (p<0.05) in nitroglycerin group compared
with that of the control group, in contrast, there were no differences in carbon dioxide tension, protein content in
bronchoalveolar lavage fluid and myeloperoxidase activity between the groups. In the examination of ultrastructural
changes, nitroglycerin denoted the protective effect on the pulmonary architecture compared with that of control
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group. Conclusion: Collectively, on the bases of these experimental results, prior treatment of donor lung with
nitroglycerin could result in better preservation of the lung. Consequently, these nitroglycerin preserved lungs are
thought to be more suitable for successful transplantation of the lung.

(Korean J Thorac Cardiovasc Surg 2003;36:894-903)
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Table 1. Composition of University of Wisconsin solution

Table 2. Composition of Krebs-Henseleit solution

Component Mmol/L Component Mmol/L
Potassium 125 NaCl 118.0
Sodium 30 KCl 4.70
Magnesium 5 CaCl, 2.52
Phosphate 25 MgSO, 1.66
Sulfate 5 KH,S04 1.18
Lactobionate 100 NaHCO» 24.88
Adenosine 5 Glucose 5.55
Allopurinol 1 PH (5 vol % CO») 7.4
o 38 6032 2Aslo] AFEL 35 7|Harvard rodent E By 4£FEL ¢lF3EU|Harvard rodent ventilator,
ventilator, model 683, UK)ol| C{i sto] Z1AIEZ &S A B} model 683, UK)-EE— A7Aste] A 3] & 35 ml, EGE
Atk $2 AsLE Wlsto] e AWE o] 24 6037 W, B 2 L9) Abd-ol Asleha Egvle
AlelA] A7 At ¢-& ¥ ¥ heparin (500 IUKg)& +9 Fe AZoh Z195E9) #H B9 4k

S19ieh NIGZolAE 39 BIE ol §elo] 1020] AA
0.05 mg| NTGS A2 4142 4ol | mE FAsig,
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U9 2 AFANEE AR FAL AAG
Qg Aokstel b A #7] et
FEXS HARGT $AA FEEE Feho] 2Ae)A
U 4R 92 UL Bol ATAIUE Ay
0

4°CE YWZHA & I-F H-University of Wlsconsin Solution
(UW Solution) 20 mloﬂ NTGZL 0.1 mg/mle] NTGZ 49}
oko) PEAul L8199t 20 cm
$uoz 29, BReEA 249,
FA Z A o](left atrial auricle)E ATk}l wdzF Az
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Fig. 1. Changes of peak inspiratory pressure after reperfusion
(mean £SD). p=0.752 versus control group. PIP of NTG group
at 30 minutes and 60 minutes are 22.139 and 24.050 ¢mH-0.
PIP of control group at 30 and 60 minutes are 21.853 and
22.993 cmH;O respectively. PIP=Peak inspiratory pressure; NTG=
Nitroglycerin.
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Fig. 2. Changes of pulmonary artery pressure after reperfusion
(mean = 8D). p=0.218 versus control group. PAP of NTG group
at 30 minutes and 60 minutes are 19.239 and 20.894 mmHg.
PAP of control group at 30 and 60 minutes are 24.483 and
23670 mmHg respectively. PAP=Pulmonary artery pressure;
NTG=Nitroglycerin.
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Fig. 3. Changes of oxygen tension after reperfusion (mean-+
SD). Oxygen tension of NTG group at 30 minutes and 60
minutes are 162.444 and 161.667 mmHg. Oxygen tension of
control group at 30 and 60 minutes are 114.000 and 141.778
mmHg respectively. *: p=0.049 versus control group. NTG=
Nitroglycerin.

93t} (p=0.000)(Fig. 4).
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Fig. 4. Changes of carbon dioxide tension after reperfusion
(mean+8D). p=0.180 versus control group. Carbon dioxide ten-
sion of NTG group at 30 minutes and 60 minutes are 15.444
and 11.744 mmHg. Oxygen tension of control group at 30 and
60 minutes are 18.056 and 12.533 mmHg respectively. NTG=
Nitroglycerin.
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Fig. 5. Comparison of protein content in BAL fluid (mean=+
SD). p=0.569 versus control group. Protein content in NTG
group and control group after reperfusion were 1.772 and 1.588
mg respectively. BAL=Bronchoalveolar lavage; NTG=Nitroglycerin.
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Fig. 6. Comparison of myeloperoxidase activity (mean=+SD).
p=0.723 versus control group. MPO activity in NTG group and
control group after reperfusion were 0.144 and 0.113
respectively. MPO=Myeloperoxidase; NTG=Nitroglycerin.

Fig. 7. Control group. Transmission electron micrograph shows
alveolar collapse (arrows) and interstitial edema. The alveoli
show marked epithelial swelling and destruction (black arrows),
and endothelial papillary projection (small arrows). AS=alveolar
space; AC=Alveolar capillary; 1S=Interstitium. Uranyl acetate and
lead citrate, original magnification < 5,000.

(Fig. 6).
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Fig. 8. Nitroglycerin group. Transmission electron micrograph
shows less severe alveolar collapse and interstitial edema
{arrows), and alveolar epithelial cell injury. The alveolar
endothelial cell shows edematous swelling (small arrow), but
not prominent papillary luminar projection. An alveolar macro-
phage shows active phagocytosis with some destroyed cell
organelle. AS=Alveolar space, AC=Alveolar capillary; 1S=inter-
stiium; AM=Alveolar macrophage. Uranyl acetate and lead cit-
rate, original magnification < 4,000.

Y A E'%J_(surfactant)v— Eé}
lamellated osmiophilic bodies)2] =] Z LHE L& £H A
5 Em BAZAo] vlo] Y= =y
HMW HzTdllA HE Feleksict ;ﬂg‘; E'J]C’**H a

42 NTGoll v]3HA] thzgollA Hrt % TR, &
AFF 2 NIAE AEAY] §574 =Z(papillary
projection)®} F7go] Mot A st HE 4] ALl A
© AEA 43 N A 9 AgiAe g aelx
AE s g& AT sde] wAE e, Haddt v
ssto] NTGZellA 2 ¥3h7}h v RBulsigich. HE 4
o] A e BEA vl ek Aud oknd AHE B
on] NTGTol|A L 47| vhik Zu|stdckFig. 9, 10).

l~>
Y
mio
?R

K
fizk

o4} welstel WAls} 13y F7le) AR A o)A

— 899 —



HEAX
2003;36:894-903

Fig. 9. Control group. Transmission electron micrograph shows
marked edematous swelling of type | epithelia cells and inter-
stitum. A type || epithelial cell shows nearly vacant surfactant
granules, and blunting or loss of surface microvilli (arrow).
AS=Alveolar space; | C=Type | epithelial celi; Il C= Type Il epi-
thelial cell; 1S=Interstitium. Uranyl acetate and lead citrate, orig-
inal magnification < 4,000.
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Fig. 10. Nitroglycerin group. Transmission electron micrograph
shows some alveolar epithelial cell debris (arrow) and luminar
papillary projection of the endothelial cells (small arrow). A type
Il epithelial cell shows relatively preservedsurfactant granules,
and partially loss of surface microvilli (black arrow). AS=
alveolar space; AC=Alveolar capillary; Il C=Type Il epithelial
cell; 1S=interstitium. Uranyl acetate and lead citrate, original
magnification x4,000.
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