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Positron emission tomography (PET), known to be used for lung 
ventilation and perfusion studies , can also be used in 
pharmacology to obtain information that is otherwise not 
available. The lung takes up biologically active substances which 
can be inactivated or activated, and synthesises and releases 

others . Such information in man has been obtained from samples of 
3 4-6 

human lungs , or from in vivo first-pass studies, invasive or 
7 not , as well as from in vivo kinetic studies using external 

8 9 detection methods with scintillation cameras ' . PET provides now 
quantitative regional data in the human lung. 
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Uptake of basic amines 

Two basic amines, imipramine, a tricyclic antidepressant, and 
propranolol, a high affinity beta-adrenergic antagonist were 
labeled with carbon 11 ' and injected in nonsmoking subjects, 

in smoking patients with pulmonary centrilobular emphysema and in 
12-14 patients with pulmonary sarcoidosis 

In controls, the chest PET scans showed high pulmonary and 
low cardiovascular concentrations. The tissue-to-blood 
concentration ratio increased from the first to the 10th min and 
then leveled off, remaining between 80 and 150. Such a very high 
uptake is also found in in vitro studies on perfused isolated rat 
or rabbit lungs 1 5" 1 8. 

The lung activity versus time curves could be fitted with 

single decreasing monoexponential curves with a correlation 
coefficient greater than 0.85 (p<0.00l). Each curve was 
characterized by the initial value (uptake extrapolated at time of 
injection : U ) and by the efflux half-life (T). U was similar •• o o 
for all subjects (Mean : 22.9 ; Range : 8.5-38.6) and was 

expressed as 10~ % of the injected dose/g of lung. T (in min) was 

significantly different (p<0.025) when subjects with sarcoidosis 

(M : 236 ; R : 53-486) were compared to control subjects (M : 45 ; 

R : 20-68). In the group of patients with sarcoidosis, 

no linear correlation was found between the values of T and either 

the values of serum angiotensin converting enzyme or the 

percentage of lymphocytes in the brochoalveolar fluid. 

No change of slope was observed on the efflux curves after 

loading with an excess of unlabeled molecule although blood 
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pressure decreased by 20 I after chlorpromazine infusion and heart 

rate decreased by 20 % after propranolol infusion. 

The uptake of C iaipraaine and of C propranolol was 

therefore vainly non-specific since 1) the lung concentration as a 

function of time did not change after loading with 10 M unlabeled 

molecules, and 2) the aaine pulaonary concentration expressed as 

prnol/c, of lung was linearly related to the amount of injected 

amines. The huaan lung took up about 20 % of the intravenously 

injected amines (the uptake extrapolated at t - 0 corresponded to 

23 10 % of the injected dose per graa of lung and the entire 

lung weighed nearly 100O g). This non-specific rptake may be 

related to the high lipid solubility of imipramine and propranolol 

(the oil-to-water partition coefficient is 100 for imipramine and 

90 for propranolol) 1 5' 1 8 ' 1 9 . 

For imipramine and propranolol, a higher uptake (nearly 100%) 

was observed in first-pass studies in the isolated perfused rat 

lung , it was not inhibited by infusing unlabeled imipramine or 
— 4 chlorpromazine (10 M). A high chlorpromazine extraction (80 %) 

was also seen in in vivo human studies using the multiple 
indicator dilution technique (7). This extraction was not modified 

by an infusion of 10 M chlorpromazine just before the test. A 

similar high extraction was also seen with imipramine and 

propranolol (unpublished observations). In subjects taking 
propranolol regularly, Geddes reported that the propranolol 
first-pass extraction is lower than that observed in controls (6). 

This could suggest either the presence of specific fixation sites 
21 or a membrane modification by propranolol 
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From the results showing an extraction of 80 % during the 

first-pass and from our results showing an uptake (extrapolated at 

t - 0) of 20 I, we are led to suppose that the lung amine pool 

consists of two compartments : 3/4 of the total capacity could 

correspond to a pool of rapid efflux (half-life shorter than 1 

minute), non detectable with PET, and 1/4 to a slow effluxable 

pool (efflux half-life : 45 min), which can be observed with PET 

and which corresponds to a non-specific binding. These hypotheses 

are consistent with those suggested from studies in isolated rat 

and rabbit lung 1 5" 1 8. 

In 3 subjects, pulmonary blood pool volume was also measured 

by PET after injection of C-autologous red cells. 99 % of the 

molecules of imipramine were found in the extravascular 

compartment. The technique used in the other 6tudies provides 

information on the amount of amine present per gram of lung in 

both the extravascular and vascular compartments. When both 

compartments were considered together, the uptake per gram of lung 

was found to be similar in subjects with low lung density 

(emphysema), high density (sarcoidosis) and in control subjects. 

Patients with sarcoidosis had a 5-fold slower efflux than 

control subjects. Such a modification could not be related only to 

a lower rate of efflux but is probably also due to a change in the 

non-specific binding characteristics of the amines and of their 

extrapulmonary metabolites. This could be related to a 

modification of the cell membrane composition which might be 

specific to sarcoidosis. 
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Serotonin receptors in the human lung 

Serotonin receptors known to be present on the membrane of 

the pulmonary alveolar macrophages were identified after i;v. 

injection of C-ketanserin, a potent antagonist of S2 
22 receptors . After injection at high specific activity 

C-ketanserin was concentrated in the myocardium and the 

C-ketanserin pulmonary concentration was very low. However this 

pattern was observed only in nonsmokers. High concentrations of 

C-ketanserin were found in the lungs of smokers compared to 
23 11 

nonsmokers . The lung/heart ratio of C-ketanserin concentration 
was 0.64 + 0.04 (n-7) in the nonsmokers group and 1.40 ± 0.35 
(n-7) in the smokers group. The radioactive ligand concentration 
in the lungs of smokers was linearly correlated (r-0.901, n-7 
p<0.001) to the amount of the tobacco smoke absorption (expressed 
as a multiple of 20 cigarettes a day smoked regularly for one 
year). The very high C-ketanserin concentration in the lungs of 
smokers seems to reflect the increased cellularity induced by 
cigarette smoking. These results concord with the accumulation of 
alveolar macrophages previously described in vivo in bronchial 
lavage cell sediments. In similar circumstances studying brain and 
heart receptors, the ligand may become specifically bound to 
receptors in the lungs, since the injections are given I.V. 
Moreover, PET opens the way to noninvasive investigations of the 
effects of atmospheric pollution on human lungs. 

in many aspects of physiology and biochemistry the behavior 
of a system in vivo is often dramatically different from that 
observed in vitro. The studies of in vivo systems are more complex 
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because it is difficult to control the conditions of a particular 

experiment. Results obtained in in vivo studies of metabolic 

functions of the lung with PET suggest that the physiological data 

obtained in vitro on isolated perfused lungs are helpful for the 
24—26 understanding of results observed in clinical situations . An 

explanation of this adequation between in vitro and in vivo 

findings relies in the fact that radioligands are intravenously 

injected and that the lung is the organ where solute transfer from 

blood to tissue first occurs. The lungs thus acts both as a 

capacitor and as a site of enzymatic reactions. 
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