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Effect of Thyroid Hormone on the Ischemia—Reperfusion
Injury in the Canine Lung

Young Tae Kim, M.D.*, Sook-Whan Sung, M.D.*

Backgroud: Ischemia-reperfusion injury is one of the major contributing causes of early graft
failure in lung transplantation. It has been suggested that triiodothyronine (T3) may ameliorate
ischemia-reperfusion injury to various organs in vivo and in vitro. Predicting its beneficial
effect for ischemic lung injury, we set out to demonstrate it by administering T3 into the in
situ canine ischemia-reperfusion model. Material and Method: Sixteen adult mongrel dogs
were randomly allocated into group A and B. T3 (3.6 s g/kg) was administered before the
initiation of single lung ischemia in group B, whereas the same amount of saline was
administered in group A. Ischemia was induced in the left lung by clamping the left hilum
for 100 minutes. After reperfusion, various hemodynamic parameters and blood gases were
analyzed for 4 hours while intermittently clamping the right hilum in order to allow
observation of the injured left lung function. Result: Arterial oxygen partial pressure (PaO;)
decreased 30 minutes after reperfusion and recovered gradually thereafter in both groups. In
group B the decrease of PaO, was less marked than in group A. The recovery of PaO, was
faster in group B than in group A. The differences between the two groups were statistically
significant from 30 minutes after reperfusion (125£34 mmHg and 252+44 mmHg, p<0.05)
until the end of the experiment (178+42 mmHg and 330%*37 mmHg, p<0.05). The
differences in the arterial carbon dioxide pressure, airway pressure and lung compliance
showed no statistical significance. The malondialdehyde (MDA) level, measured from the
tissue obtained 240 minutes after reperfusion, was lower in group B (0.40*0.04 £ M) than in
group A (0.531£0.054M, p<0.05). The ATP level of group B (0.6910.07 #M/g) was
significantly higher than that of group A (0.48£0.07 # M/g, p<0.05). The microscopic exami-
nation revealed varying degrees of injury such as perivascular neutrophil infiltration, capillary
hemorrhage and interstitial congestion. There were no differences in the microscopic findings
between the two groups. Conclusion: T3 has beneficial effects on the ischemic canine lung
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injury including preservation of oxygenation capacity, less production of lipid peroxidation
products and a higher level of tissue ATP. These results suggest that T3 is ‘effective in

pulmonary allograft preservation.

(Korean J Thorac Cardiovasc Surg 1999;32:637-47)
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5-minutes occlusion of right hilum to measure blood
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Fig. 1. Experimental protocol. The left lung was inﬂatej with 100% nitrogen during a 100-min period of warm ischemia.
Triiodothyronine (3.6 w1g/kg) was treated before the initiation of single lung ischemia in group B, whereas the same amount of

saline was administrated in group A.
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Table 1. Assessment of Blood Gas Analyses

Time after reperfusion (min)

Parameter Group TL OL
) 30 60 120 180 240

Pa0, A 318+37 304129 12534+ 142 +32% 147 £35* 174 £ 39* 178 £42*
(mmHg) B 340t22 373£29 252444 300+ 48* 349 +37% 361 £26* 330+ 37*
Pa/AYO: A 060%0.07 058£005 024+006* 02620.06* 029%0.07* 034+0.07* 0.3410.08*

B 0641004 071005 048+0.08* 0.58%=0.09* 0.67+0.07* 0.69+£0.05* 0.63:£0.07*
PaCO; A 338%3.1 38.2£2.4 439+29 47.1+43 49.5+4.1 45.4%27 483153
(mmHg) B 328%*23 342%£2.6 38.3%+3.5 40.0+3.5 39.9+3.8 383+3.7 36339

TL; two lung ventilation, OL; left one lung ventilation and perfusion, PaO,; arterial oxygen partial pressure,

P(a/A)Oy; arterial-alveolar ratio of oxygen partial pressure, PaCO»; arterial carbon dioxide partial pressure.
(Group A: control group; Group B: experiment group; *p<0.05: significant intergroup differences in each time)

500 =0 Group A
—e— Group B
400
?
£ 300
E
S 200
o
100

30 60 120 180 240

Time after reperfusion{min)

Fig. 2. Changes in arterial oxygen partial pressure(PaOy).
Significant differences between two groups were noted
throughout the reperfusion period(Group A: control group;
Group B: experiment group; TL: two lung ventilation; OL: left
one lung ventilation and perfusion; *p<0.05 vs Group A).
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Table 2. Assessment of Cardiopuimonary Functions

Parametert Group L OL ; ~Time _after reperfusion (min) »

o B 60 120 180 240

co A 214+023 159+026 1194011 123+0.10 121+015 106£0.16 091+0.17
(L/min) B 193x0.15 1.15+008 1.13*0.18 1.06X0.09 1.05+0.10 1.02+0.13  1.03+0.03 -
PVR A 385%50 12154282 1067221  1191%£209 1301182  1424F167 1658290
(dyne - sec - em”) B 380£37°  2114+419 1310131  1408%239 1392232 12192200  1195-:201
PIP A 11.1£0.7 15.6+0.4 160t 1.4 16313 169+ 1.4 169+1.7 183+1.7
(cm H20) B 11.8=0.8 15311 14.6+1.1 149+1.1 14810 154+ 1.1 15.8+1.2
Cst A 468%4.1 19.6£1.0 212+1.7 19.8£2.0 188+ 1.8 18.8+2.0 177119
(ml/cmH,0) B 42.1%36 224132 22719 -  214*15 213+1.4 203+12 21.6+2.8
Cdyn A 393%34 18.0%0.8 197 1.6 18618 17717 18019 16.6+1.8
(ml/fcmH,0) B  36.1%29 19.6+2.2 204+ 1.4 19.9+15 19712 18.6*1.0 19322

TL; two lung vennlatlon OL; left one lung ventllatlonJ‘and perfusion, CO; cardiac output, PVR; pulmonary vascular resistance,

PIP; peak inspiratory pressure, Cst; static lung comiplia

ce, Cdyn; dynamic lung compliance

(Group A: control group; Group B: experiment group; [*Intergroup differences were not statistically significant)
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Fig. 3. Lung water contents 240 min after reperfusion. The
difference between two groups showed no statistical signifi-
cance(Group A: control group; Group B: experiment group).

6. ATP

AT 24020 FAZ o 24 1 gF ATPES HETof
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Al 3t (p<0.05, Fig. 5).
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Fig. 4. Tissue malondialdehyde(MDA) level 240 min after
reperfusion. The MDA level of group B was lower than that
of group A(Group A: control group; Group B: experiment
group; *p<0.05).
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Fig. 5. Tissue ATP leyel 240 min after réperfusion. The ATP

level of group B was higher than that of group A(Group A:
control group; Group B: experiment group; *p<0.05).
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Fig. 6. Comparison of the degree of lung injury scored after
fight microscopic examination. The difference between two
groups showed no statistical significance (Group A: control
group; Group B: experiment group).
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Fig. 7. Photomicrographs taken at the same magnification
(x200) show damaged lung tissue(A: Group A; B: Group B),
Note perivascular infiltration of neutrophils, capillary hemor-
rhage and interstitial congestion in both groups.
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