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ABSTRACT: The r espiratory epithelial clearance or "•Tc-(DTPA) 
dlethylenetrlamloe peota-acetate (RC-DTPA) was measured In rats be
fore and after sham or cigarette smoke exposures. RC-DTPA was In· 
creased by cigarette smoke exposure (p<O.OOl); the amount and duration 
or the exposure had no slgo1tlcant effect. In smoker animals, the 
number or bronchoalveolar macrophages was decreased art er one or nve 
smoke exposures a day for one day (p<O.OOl) and the number or 
bronchGalveolar neutropblls was Increased after five exposures a day for 
ten days (p<O.OOl). No abnormality was found In the lung parenchyma 
on light mlcroscopy. We conclude that In rats RC-DTPA Is Increased by 
exposure to tobacco smoke, whatever the amount and duration or 
exposure; however, no gross p arenchyma! hmg abnormaUty explains the 
Increase In RC-DTPA. 
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Based on the 99mTc-diethylenetriamine penta-acetate 
(DTPA) respiratory clearance (RC·DTPA) as an assess
ment of respiratory epithelial permeability [1-3], sev
eral studies have shown that epithelial permeability 
increases after cigarette smoke exposure in humans [4-
6] and in other animals (7-8]. Cessation of smoking 
results in a return toward normal in RC-DTPA within 
about 1-3 wks in humans [5-9]. RC-DTPA is acceler
ated in all lung fjelds (10]. The mechanism by which 
cigarette smoke increases RC-DTPA is not known. 
There may be a direct toxic effect on the epithelium 
due to one or more components of the smoke, or an 
indirect effect through activated cells, such as alveolar 
macrophages, or of oxidation of the Tc-DTPA complex. 

The present study was designed to determine whether 
the increase in RC-DTPA in rats is related to the 
amount and/or the duration of exposure to tobacco 
smoke, and whether the increase in RC-DTPA relates 
to changes in bronchoalveolar cells and/or morphological 
abnormalities. 

Material and methods 

Experimental Conditions 

Studies were carried out on 56 male Wistar rats (IFF A 
Credo, Lyon, France) weighing 250-300g. Two groups 
of 28 rats were studied. The animals in both groups 

were all exposed to tobacco smoke in the smoking group 
or to sham exposure in the control group. To test for the 
effects of amount and duration of exposure to tobacco 
smoke, four subgroups of seven animals per group were 
exposed once a day for one day or for ten days, or 
five times a day for one day or for ten days. RC-DTPA 
was measured before and 15 min after the last sham or 
cigarette smoke exposure. A few seconds before the 
second measurement of RC-DTPA, 1 ml of blood was 
obtained from the tail vein for carboxyhaemoglobin 
(COHb%) determination. After the second measurement 
of RC-DTPA, the animals w e re killed and 
bronchoalveolar lavage in the right lung and morpho
logical study on the left lung was performed. To 
investigate the possible in vivo unbinding of 
99m technetium from DTP A, we performed an additional 
set of experiments under the same experimental 
conditions on 14 rats; the clearance was measured with 
113111ln-DTPA instead of 9911'Tc-DTPA in seven 
additional rats before ·and after one day, and in seven 
other rats before and after five exposures for ten days. 

Tobacco smoke exposure 

Rats were exposed to cigarette smoke through a 
Hamburg ll smoking machine (Borgwaldt, Hamburg, 
RFA) consis ting of one smoking bead with 30 
automatically operated vacuum cigarette holders, and 
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which revolved at 1 rpm corresponding to 32 s puffs of 
smoke. Each puff, 35 m1 in volume, was diluted with 
250 ml of air in the 540 ml inhalation chamber. 

The cigarettes without filter (Caporal, SEITA. France) 
yielded 22.8 mg tar and 1.44 mg nicotine per cigarette. 
Rats were placed in conical holding plexiglass tubes 
with an opening for their snout at the narrow end. Each 
exposure lasted 8-9 min and the animals were allowed 
to breathe air for 30 min when they were exposed five 
times a day. Rats with COHb content >10% after 
exposure were considered to be smokers. 

Animal preparation 

Animals were anaesthetized with halothane (4%), N20 
(48%) and 0 2 (48%) before each measurement of RC
DTP A. The tail vein was catheterized, and atropine 
sulphate (2 mg·kg·t BW) was injected intravenously. 
Then intramuscular fentanyl (0.05 mg·kg-1 BW) and 
droperidol (5 mg·kg·1 BW) were injected. The trachea 
was intubated with a no. 10 catheter (Biotrol, Paris, 
France). Anaesthesia was reversed injecting 0.4 mg 
naloxone intramuscularly after the first RC-DTPA 
measurement. 

Carboxyhaemoglobin 

COHb% in venous blood was measured by 
spectrometry. After haemolysis, the absorbance at 541, 
561, 577 nm of blood in NH.OH solution was deter
mined [11]. 

Respiratory clearance 

RC-DTPA was determined in the rats by the method 
of MINTY and RoYsToN (7], which we modified 
slightly. 

The radiolabelled tracer, molecule was introduced 
into the lungs as a 0.2 ml bolus of 20 J.!Ci 99mTc-DTPA 
(Oris, Saclay, France) or 40 J.!Ci mmrn-DTPA (Oris, 
Saclay, France) in saline via a fine catheter with a 
tip that extended 3 mm beyond the end of the en
dotracheal tube. The injection of the tracer was 
followed by 0.5 ml air to empty the catheter. As 
described by MINTY and RoYsTON [7], to ensure 
maximal alveolar deposition of the tracer, animals 
were held head-up during 1 min after instillation of the 
isotope. They were then connected to a ventilator 
(Harvard Apparatus Company Inc., Pleasant St, 
South Natik, MA) and mechanically ventilated at a 
tidal volume of 2.5 ml at 80 breaths·min·1, with a gas 
mixture containing 2% halothane, 49% N20 and 49% 
0 2• The animals were placed in the prone position 
and surrounded by a lead screen. Two probes connected 
to the analogue-digital converter of a microcomputer 
(Apple liE, Cupertino, California) recorded the radioac
tivity from the lungs and from the non-pulmonary 

vascular tissue through windows in the lead screen 
over the thorax (5x4cm) and under the legs. Cumulative 
radioactive counts from both detectors were recorded 
every 30 s over a period of 45 min. Lung radioactivity 
was corrected for increasing background activity in 
the vascular tissue within the counting field of the 
lung probe as described by BARROWCUFFB et al. [12]: 
the same radiolabelled molecule introduced into the lung 
(10 J.!Ci of 9981Tc-DTPA or 20 J.!Ci mmrn-DTPA) 
was injected into the tail vein about 20 min after 
intratracheal injection. This induced increases in radio
activity in the thorax as well as in the legs; from 
these increases a correction factor was derived 
which allowed subtraction of the re-circulating vascular 
tissue contribution from the activity recorded over 
the lungs. Pulmonary radioactivity corrected for the 
re-circulation effect was obtained by subtracting the 
radioactivity over the legs during every 30 s measure
ment period multiplied by the above correction 
factor from the recorded values of pulmonary radio
activity during each period. The corrected RC-DTPA 
is the negative slope of the regression line through 
the values of corrected pulmonary radioactivity, and 
is expressed in %·rnin·1• The equation for conveying 
%·min·1 to Tl/2 is; T1/2 (min) = 69.3/(%·min·1). 

Morphological study 

Morphological studies were performed on all lungs 
from rats in which RC-DTPA was determined with 
99mTc.nTPA. After bleeding the animal, the thoracic 
cavity was opened through the diaphragm to collapse 
the lungs. The left lung (one lobe) was fixed by 
intratracheal instillation of 3 ml of 10% fonnaldehyde 
at 2 kPa (20 cmH 0 pressure, and by immersion in 10% 
formaldehyde; 4~ h later, the whole lung was embed
ded in paraffin, cut in 5 J.lm slices, and stained with 
haematoxylin and eosin. 

Bronchoalveolar lavage BAL 

BAL was performed on the right lung with 24 ml 
of 0.15 M NaCl in 3 ml fractions. After homogenizing 
the recovered fluid, a small volume was removed for 
absolute and differential cell counts performed in a 
standard haemocytometer and on May-Grunwald Giemsa 
stain, respectively. 

Statistical analysis 

Results are expressed as means and standard de
viations mean (mean:t:so). Groups were compared by 
repeated and non-repeated measure with analyses of 
variance, and means by paired and non-paired Student's 
t-tests. 

A p value of 0.05 or less was considered significant. 
[13]. 
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Table 1. - Respiratory clearance of ""'Tc-DTPA (l~~·mln·1) in control 
and smoker rats before and after one or five SHAM or smoke 
exposures for one day or ten days (seven animals In each repeated 
study, 56 animals total) 

Exposure for 1 day Exposure for 10 days 

1 a day 5 a day 1 a day 5 a day 

Control group 

Before 0.37:t0.21 0.31:t0.15 0.39:t0.30 0.33:t0.25 
After 0.53:t0.25 0.30:t0.17 0.27:t0.20 0.37:t0.32 

Smoker group 

Before 0.37:t0.25 0.42:t0.17 0.35:t0.18 0.43:t0.29 
After 3.12:t1.44 3.26:t1.24 2.28:t1 .27 3.33:t1.96 

Results are given as mean:tso. DTPA: diethylenetriamine penta-acetate. 

Table 2. - eemTc-DTPA and 113mtn-DTPA respiratory 
clearances (%·min·1) In smoker groups before and after 
one exposure and five exposures a day for ten days 

One exposure a day Five exposures a day 
for 1 day for 10 days 

Before After Before After 

99o1Tc-DTPA 0.37:t0.19 3.12:t1.44 0.43:t0.29 3.33:t1.96 

113"'In-DTPA 0.35:0.15 1.93:t1.73 0.51:t0.22 2.99:t1.33 

Results are given as mean:tso. DTPA: diethylenetriamine 
penta-acetate. 
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Results 

Respiratory clearance 

Means and standard deviations of RC-DTP A before 
and after exposures in each subgroup are shown in table 
1. RC-DTPA was increased in smokers after exposure 
(p<O.OOl ); the amount and duration of exposure did 
not have a significant effect. RC-DTPA obtained with 
99mTc-DTP A did not differ from RC-DTP A obtained with 
mmln-DTPA (table 2). No correlation was found 
between COHb% and RC-DTP A in smoker animals. 
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Fig 1. - Individual values and means (horizontal bar) of the total number of bronchoalveolar macrophage& in control (squares) and smoker 
(circles) aroups exposed once a day or five times a day for one or ten days. 
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Fig 2. - Individual values and means (horizontal bar) of the total number of bronchoalveolar neutropbils in control (squares) and smoker 
(circles) groups exposed once a day or five times a day for one or ten days. 

Bronchoalveolar lavage 

Figures 1 and 2 show the number of bronchoalveolar 
macrophages and the number of bronchoalveolar 
neutrophils in all animals in each subgroup. 

The number of bronchoalveolar macrophages was 
lower in the subgroup of animals exposed to tobacco 
smoke for one day than in other subgroups (p<0.001). 
The number of bronchoalveolar neutrophils was higher 
in the subgroup of rats exposed five times a day to 
tobacco smoke for ten days than in the other subgroups 
(p<0.001). No difference in the number of broncbo
alveolar lymphocytes and eosinophils was observed 
between groups and between subgroups. 

Pathological study 

No abnormalities were seen jn the lung interstitium, 
respiratory and bronchial epithelium and pleura in any 
of the rats in either group. 

Discussion 

Our study showed that in rats RC-DTPA was increased 
by exposure to topacco smoke, independent of the 
amount a,nd the duration of exposure; no parenchyma! 
lung abnormality was seen; bronchoalveolar macrophage 
count was initially decreased and bronchoalveolar 
neutrophil count increased later on. 

Before interpreting our findings, an evaluation of the 
possible sources of error related to the methods used is 
necessary. Unbinding between Tc and DTPA would 
modify the measured value of 99mTc-DTPA clearance; 
free pertechnetate is liposoluble and crosses the respi
ratory membrane very rapidly. However, we found no 
difference between RC-DTP A determined with 99mTc and 
with 113"'1n, which binds more strongly; than 99mTc to 
DTP A. This is in contrast to the results of NoLOP et al. 
[14) who suggested that in human smokers there is an 
in vivo release of free 99mTc from the 99mTc-DTPA 
complex. Unbinding, which has also reported during 
aerosolization, probably did not occur in our study be
cause the 99mTc-DTPA solution was not aerosolized 
but delivered as a bolus. A methodological drawback 
was that rats learned to hold their breath for 15 s in 
the course of several puffs [11]. However, we used 
COHb% as a criterion for smoke exposure and it was 
never lower than 10%. Another methodological problem 
is the distribution of the isotope as a bolus, as opposed 
to an aerosol. The intratracheal injection technique may 
lead to an uneven distribution of solute among the lung 
lobes and the conducting airways; that may lead to a 
measurement of clearance only within a portion of the 
total surface area of the lung (15] and to assessment of 
the respiratory clearance in the conducting airways where 
the clearance has been slower (16]. We believe that 
with the technique used to deliver the isotope to the 
lungs, most of the isotope reached the terminal respi
ratory unit, as shown by the lung scan (fig. 3) obtained 
after giving the bolus of isotope in the airways; there is 
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an homogeneous distribution among the various lung 
lobes, with no activity in the conducting airways [17]. 

On light microscopy, we found no histological change 
in the lungs of smoker animals which could have ex
plained the increase in RC-DTPA in smoker animals, 
whatever the amount and duration of cigarette smoke 
exposure. This is in contrast with the results of other 
studies. NIEWOEHNER et al. [18] found, in human smoker 
bronchioles, an increase of mural inflammatory cells, a 
denuded epithelium and clusters of pigmented alveolar 
macrophages. On electron microscopy, SIMANI et al. (19] 
showed penetration of horseradish peroxidase across the 
intercellular junction of the respiratory epithelial 
membrane in guinea-pigs after prolonged exposure to 
cigarette smoke. However, in a study on rabbits exposed 
to cigarette smoke, the increase in RC-DTPA was not 
accompanied by abnormalities on the light and elec
tronic microscopy [8]. Those findings together with ours 
suggest that the increase in RC-DTPA is not solely 
related to a ruptured epithelium. 

... 

Scm 

Fig 3. - Pulmonary scintigraphy pedormed on a rat, after injection 
into the airway or ""'Tc- DTP A. The radioactive solute distributes 
mainly in the lung periphery. [17]. DTPA: diethylenetriamine penta
acetate. 

If bronchoalveolar cell populations are altered by 
smoking according to the intensity and duration of ex
posure, it seems hardly possible that concurrent 
changes in RC-DTPA result from it. We observed an 
increase in RC-DTPA and a decrease in the number 
of bronchoalveolar macrophages after one or five 
exposu res to tobacco smoke as of the first day of 
exposure. This confirms the find ings of RYLANDER who 
explains this phenomenon by a change in the properties 
of the membranous surface of macrophages, which 
causes increased adherence of macrophages to the lung 
surface, and reduces the probability of this cell being 
mobilized through bronchoalveolar lavage. In effect, 

recent studies in rats have shown a reduction in plasma 
fluidity of macrophages owing to cigarette smoke com
ponents, even following a short period of exposure to 
tobacco smoke [21] . We also observed an increase in 
RC-DTPA and in a number of bronchoalveolar 
neutrophils in animals exposed to tobacco smoke five 
times per day for ten days. During chronic exposure to 
tobacco smoke, chemotactic factors are secreted that 
recruit inflammatory cells; such is the case for 
neutrophils responsible for releasing proteolytic enzymes 
which alter the lung tissue structure, curb the activity of 
protease inhibitors through macrophage-released free 
radicals, and prevent synthesis of lung elastin [22, 23]. 

We conclude from this study that the increase in RC
DTP A is not related to the quantity and/or duration of 
exposure to smoke, and is not coupled with any al
terations of the respiratory epithelium visible on light 
microscopy. 

Cell populations recovered by bronchoalveolar lav
age are altered by smoking but there seems to be no 
obvious links between these alterations and the increase 
in RC-DTPA. 
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Effets de la fumee de tabac sur la clairance du DTPA par 
!'epithelium respiratoire et sur /'histologie pulmonaire du rat. 
M. Mordelet-Dambrine, G. Leguern-Stanislas, T. C. Chinet, 
L. Barritault, J . Chretien, G. J. Huchon. 
RESUME: La clairance epitheliale respiratoire du 99mTc-DTPA 
(RC-DTPA) a ete mesuree chez le rat avant et apres inhala
tion factice ou reelle de fumee de cigarette. RC-DTP A a 
augmente par )'exposition ~ la fumee de cigarette (p<0.001). 
Le nombre et la duree des exposition n'ont pas eu d'effet 
significatif. Chez les animaux fumeurs, le nombre de 
macrophages bronchoalveolaires etait diminue apres 1 ou 5 
expositions~ la fumee de cigarette le premier jour d'exposition 
(p<O.OOl) et le nombre de polynucleaires neutrophiles etaint 
augmente apres 5 expositions quotidiennes pendant 10 jours 
(p<0.001). Aucune anomalie n'a ete retrouvee dans le 
parenchyme pulmonaire au microscope optique. Nous 
concluons que chez le rat, RC-DTP A est augmentee par suite 
de !'inhalation de la fumee de tabac quelque soient le nombre 
et la duree des expositions, bien qu'il n'a ete retrouve aucune 
anomalie due parenchyme pulmonaire qui pourrait expliquer 
!'augmentation de RC-DTPA. 
Eur Respir J., 1991, 4, 839-844. 


