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ABSTRACT: We measured the pulmonary clearance of Inhaled "'"Tc·dl· 
ethylenetrlamlne penta-acetJc acid (DTPA), "'"Tc-sestamlbl and 99"'Tc-d1methyl· 
lmlnodlacetlc acid (HIDA) In normal rabbits, and rabbits with surfactant dysfunc· 
tion Induced by the detergent dloctyl sodium sulfosucclnate. The tracet·s differ 
widely In Upld/water partition coefficients, but have similar molecular r·adlus and 
weight .. Five animals In each group recclvcd the detergent In aerosol, and the other 
five a vehicle aerosol, before the administration of the tracer. Pulmonary clear· 
once of the tracers was measured with a gamma camera. 
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The haJr-Ure or -rc-DTPA was 94:t16 mln In normal lungs, and lO:tl m1n after 
detergent admlnlstratlon (p<O.OOl). The half-life for hTc-sestamlbl was 4S:t4 mln 
and 39:t4 mln, respectively, (p<O.OS). There was no slgnltlcant difference between 
the h.alf-Jife of 99•Tc-HIDA in nom1al lungs and l.n lungs with surfactant dysfunc
tion. The haJf.JJfe was 20±.3 mln and 17%2 ntin, respectively. 
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The results Indicate that the c.learance rate limiting factors for the alveolo· 

capillary transfer of water and Upid soluble substances are not the same. Surfactant 
dysfunction affects the transfer of water soluble substances ("-Tc-DTPA) but not 
of substances with high lipid solubility C""'Tc-HIDA). 
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The alveolo-capiUary barrier allows free diffusion of 
gases, but pennits only restricted passage of water and 
solutes, between alveoli and the blood. The barrier con
sists of the alveolar surfactant layer, the alveolar epithe
lium, the basement membrane, and the capillary endo· 
thelium. 

Clearance of inhaled radiolabelled tracer substances 
from the lungs has been used to study the function of 
the alveolo-capillary barrier, [1, 2]. The most frequently 
used tracer is technetium-labelled diethylene triamine 
penta-acetic acid, ~Tc·DTPA), a water soluble molecule 
with a molecular weight of 492 Da. This hydrophilic mol
ecule is generally considered to diffuse passively through 
intercellular pores. Increased rate of pulmonary clearance 
of 99"'Tc-DTPA has often been interpreted to represent in· 
jury to the alveolar epithelium [1]. Recent studies have, 
however, indicated that the alveolo-capillary transfer of 
99"'Tc-DTPA also depends on the functional integrity of 
the alveolar surfactant system. The pulmonary clearance 
of 99m'fc-DTPA increases in experimental models of sur· 
factant dysfunction (3-9], and is reduced if the alveolar 
surfactant content is experimentally increased (10] . 

Lipid soluble substances are known to have a faster 
alveolo-capillary transfer than water soluble substances, 
the rate of transfer being related to the lipid/water parti
tion coefficient [11- 13]. Nothing is known of the rela
tionship between the alveolo-capillary transfer of lipid 

soluble substances and the functional integrity of the al
veolar surfactant system. The purpose of this study was 
to examine the pulmonary clearance of tracers with simi
lar molecular weight, but differing in lipid and water solu
bility, both in nonnal lungs and in experimentally induced 
surfactant dysfunction. The tracers selected were 99"'Tc
DTPA, 99mTc-sestamibi and 99m'fc-dimethyl-iminodiacetic 
acid {_W"'Tc-HIDA). 

Material and methods 

Animal preparation 

We studied 30 adult rabbits, weighing 2.5-4.3 kg. The 
animals were anaesthetized with an intravenous bolus 
dose of thiopental sodium (30 mg·kg-1) followed by a 
continuous infusion to maintain anaesthesia. The animals 
were tracheotomized and ventilated with room air with a 
ServoVentilator 900C (Siemens Elema AB, Solna, 
Sweden). End-tidal carbon dioxide tension (Pco

1
) was 

monitored with a C01 analyser (Siemens Elema AB, 
Solna, Sweden). Pressure controlled ventilation was used, 
and the inspiratory pressure was adjusted to give a minute 
ventilation consistent with the end-tidal and arterial par
tial pressure of col within the physiological ranges. The 
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inspiratory time was 33% of the respiratory cycle, and 
the ventilation frequency was 40 breaths·min·1• A posi
tive end-expiratory pressure of 2 cmHP was applied. A 
femoral artery was cannulated for blood pressure moni
toring and blood sampling. 

Aerosol administration 

Dioctyl sodium sulfosuccinate (Sigma, St Louis, MO, 
USA) was prepared as a 1% solution of equal volumes 
of ethanol and physiological saline. The radioactive 
solutes were prepared from commercial kits ~c-DTPA, 
Pentetate II, Amersham International, Amersham, UK; 
99mTc-sestamibi, Du Pont de Nemours GmbH, Dreieich, 
Germany; 99mTc-HIDA, Solco Basle, Birsfelden, 
Switzerland). The solutions were nebulized with an air jet 
nebulizer (UltraVent, Mallinckrodt Diagnostica, Petten, 
The Netherlands), and administered via the ventilation 
circuit [14] for 5 min. Clearance of the tracers from the 
lungs was measured with a gamma camera (Portacamera, 
General Electric, Milwaukee, Wis, USA), placed in an an
terior view over the chest. Thirty sequential one minute 
frames were obtained and stored in a computer. 

Experimental protocol 

The pulmonary clearance of each aerosolized tracer was 
studied in 10 animals; in five animals surfactant dysfunc
tion was induced with dioctyl sodium sulfosuccinate, and 
five animals were used as controls. 

When the animals had reached a stable condition after 
the preparation, dioctyl sodium sulfosuccinate or vehicle 
aerosol was administered as described above. The radio
active aerosol was administrated immediately after the 
detergent, and the clearance measurement was started. 

At the end of the clearance measurement, a small bo
lus dose of the radioactive substance was injected intra
venously to enable a correction for recirculating tracer to 
be made [15]. Approximately 3 MBq of the tracer was 
injected after 25 min. Correction was also made for physi
cal decay. 

Readings of end-inspiratory airway pressure and expired 
tidal volume were made immediately before aerosol ad
ministration, and at the end of the experiment. Arterial 
blood was drawn at the same time as the readings of air
way pressure were made. The partial pressures for, arte
rial oxygen (Pa<0, and arterial carbon dioxide (PacoJ 
were measured immediately with an automatic blood gas 
analyser (ABL 300, Radiometer NS, Copenhagen, 
Denmark). 

When the experiment was completed, the animals were 
killed with a high dose of thiopental sodium. 

Data analysis 

A region of interest enclosing both lungs was chosen, 
and a background region was selected over the great 

vessels in the abdomen. Care was taken not to include 
the liver in the lung region in the studies of 99mTc
sestamibi and 99mTc-HIDA. Time-activity cutves repres
enting both regions were generated. Clearance of the 
tracers from the lungs was analysed with, as well as 
without, correction for recirculating tracer. A mono
exponential equation was fitted to the experimental data, 
and the half-life (t112) of the tracer in the lungs was cal
culated. 

The dynamic compliance of the respiratory system 
(Crs) was calculated as the expiratory tidal volume di
vided by the difference between end-inspiratory pressure 
and end-expiratory pressure. The Crs was normalized to 
body weight. 

Comparison of the rate of clearance of tracers from the 
lungs between groups was made with analysis of vari
ance (ANOV A). The effect of detergent treatment on the 
clearance of each tracer was assessed with Student's t-test 
for unpaired samples. Changes in blood gases and com
pliance with time was analysed with Student's t-test for 
paired samples. All values presented are means and stand
ard error of the means. 

Lipid and water solubility 

The lipid/water partition coefficients of the three radio
active solutes were determined. The solutes were diluted 
in equal volumes of octanol and distilled water, vigor
ously agitated, and then allowed to separate in water and 
lipid phases. After one hour, the radioactivity in the 
water and the lipid phase was measured. 

Results 

The lipid/water partition coefficient, molecular radius 
and molecular weight of the three solutes are listed in ta
ble 1. 99mTc-HIDA is the most lipid soluble tracer, fol· 
!owed by 99mTc-sestamibi. The molecular radius and the 
molecular weight of the tracers are rather similar. 

In animals given vehicle, there were significant differ
ences (p<O.OOl, ANOVA) in the rate of clearance of the 
three tracers. The mean half-life of 99m'fc-DTPA was ap· 
proximately twice the mean half-life of 99m'fc-sestamibi, 
which was in turn approximately twice the mean half-life 
of 99raTc-HIDA (table 2). As expected, the half-lifes were 
shorter when correction for recirculating tracer was 
applied (table 2). The differences were, however, small. 

Table 1. - Lipid/Water partition coefficients, molecular 
radius and molecular weight of the three solutes 

Lipid/water partition Molecular Molecular 
coefficient radius weight 

n=lO• nm Da 

-Tc-DTPA 0.00028:t0.00002 0.6 492 
-r'c-sestamibi 4.1:t0.3 0.7 778 
99mTc-HIDA 80:t0.3 1.0 764 

•: values are presented as mean and standard errors of the 
means. DTPA: diethylene triamine penta-acetic acid; HIDA: 
dimethyl-iminodiacetic acid. 
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Table 2. - The half-life (t112), with and without correc
tion for recirculatlng tracer, for eemTc-DTPA, eemTc
sestamibi and ~mTc-HIDA after vehicle or detergent 
aerosol administration 

99n!Tc-DTPA 99n!Tc-sestamibi 99mTc-lllDA 

Uncorrected tll'l mln 
Vehicle 107:t19 55:4.1 21:t2.9 
Detergent 14:tl.S' 48:t4.3 19:t2.3 

Corrected tll'l mln 
Vehicle 94:t16 45:t4.2 20:t2.9 
Detergent lO:t0.6· 39:t4.1• 17:t2.2 

All values are presented as means and standard errors of the 
means. •: p<O.OS compared to vehicle; ': p<O.Ol compared to 
vehicle; •: p<O.OOl compared to vehicle. For abbreviations see 
legend to table 1. 

Table 3. - Arterial blood gases and dynamic compli
ance in animals given vehicle (n=15) and detergent 
(n=15) 

Before aerosol After 30 min 

Pao kPa 
Vehicle ll.S:t0.6 11.6:1:0.7 
Detergent 12.0:t0.4 11.8:t0.5 

Pacoh kPa 
Ve icle 3.9:1:0.2 3.9:1:0.3 
Detergent 3.7:t0.2 3.7:t0.1 

Crs ml·cmHp·1·kg4 

Controls l.Ol:tO.OS 0.96:t0.05 
Detergent l.OO:t0.03 0.99:t0.03 

All values are means and standard errors of the means. Pao1: 

arterial oxygen tension; Paco
1

: arterial carbon dioxide tension; 
Crs: compliance of the respiratory system. 

Detergent treatment caused a substantial reduction in 
the rate of clearance of 99mTc-DTPA (table 2). The ef
fect of detergent treatment on the clearance of 99mTc
sestamibi was considerably less, and was statistically 
significant only when a correction for recirculating tracer 
was applied. There was little effect of detergent treatment 
on the clearance of 99mTc-HIDA. The administration of 
the detergent had no significant effect on Pao2, Paco2 and 
Crs in all groups (table 3). 

Discussion 

The alveolo-capillary barrier is very permeable to wa
ter, most gases, and lipophilic substances. Lipid soluble 
molecules are thought to diffuse through the cell mem
branes, whereas diffusion of water soluble molecules is 
considered to be restricted to aqueous membrane pores. 
The rate of the alveolo-capillary transfer of lipid soluble 
molecules has been shown to be correlated to its lipid/ 
water partition coefficient (11-13). The rate of absorption 
of hydrophilic molecules is inversely related to the size 
of the molecule (16). The major barrier against the 
absorption of hydrophilic solutes has been considered to 
be the alveolar epithelium (1]. 

During the last decade there has been great interest in 
the rate of alveolo-capillary transfer of small hydrophilic 
solutes, especially using 99m'fc·DTPA as a probe. The ma
jor rate limiting factor for the alveolo-capillary transfer 
of 99m'fc-DTPA has generally been considered to be the 
alveolar epithelium, but a growing body of evidence sug
gests that the alveolar surfactant system is also important. 
The pulmonary clearance of 99mTc-DTPA has been stud
ied in different experimental models of surfactant dysfunc
tion. EvANDER and eo-workers [3] showed clearance of 
99mTc-DTPA to increase after surfactant depletion by lung 
lavage, and demonstrated that the effect could be partly 
reversed by surfactant replacement. Clearance of 99m'fc
DTP A has also been studied after administration of the 
synthetic detergent dioctyl sodium sulfosuccinate. This 
experimental model of surfactant dysfunction was intro
duced by NmMAN and BREDENBERG (17], who demon
strated a loss of surface activity of lung extracts after 
administration of detergent in aerosol form. The detergent 
thus interferes with the alveolar phospholipids, and causes 
alveolar instability. Structural examination of lungs after 
detergent administration has not shown any evidence of 
damage to the alveolar cells [6, 17]. Detergent treatment 
does not result in increased pulmonary microvascular 
membrane permeability to macromolecules (18). Pulmo
nary clearance of 99mTc-DTPA increases after administra
tion of very low doses of detergent, before there is any 
lung function impairment and whilst there is little water 
accumulation in the lungs [5, 8]. The effect of detergent 
treatment of the pulmonary clearance of 99m'fc-DTPA can 
be partly reversed by tracheal instillation of surfactant (8]. 

The pulmonary clearance of 99m'fc-DTPA has also been 
studied in experimental models of increased alveolar sur
factant content. Bos et al. (10] demonstrated that treat
ment with ambroxol, which stimulates the synthesis and 
release of surfactant phospholipids, as well as tracheal 
instillation of surfactant in rabbits, reduces the rate of 
99mTc-DTP A clearance. 

The purpose of this study was to examine the pulmo
nary clearance of tracers with different lipid solubility in 
relation to surfactant function. We selected three tracers 
with similar molecular size, but widely different lipid 
solubility. 99m'fc-HIDA is generally used for imaging of 
the biliary system. After intravenous injection, the sub
stance is avidly extracted in the hepatocytes, and subse
quently excreted in the bile. 99111Tc-sestamibi is a recently 
developed tracer for myocardial blood flow imaging. After 
intravenous injection, the compound is distributed mainly 
to the liver, the kidneys, and cardiac and skeletal muscle 
(19]. There is no evidence that either 99mTc-HIDA or 
99mTc-sestamibi is actively extracted in the lungs. 

In the control animals, we found the pulmonary clear
ance of 99m'fc-HIDA to be considerably faster than the 
clearance of 99111Tc-sestamibi, which was considerably 
faster than the clearance of 991!tfc-DTPA. The rank order 
of clearance rates was, thus, the same as the rank order 
of lipid/water partition coefficients. This finding is in 
agreement with previous studies [11-13). 

The pulmonary clearance of 99m'fc-DTPA was greatly 
increased by detergent administration. There was a 
small, but statistically significant increase in the rate of 
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clearance of 99atfc-sestamibi after detergent administration, 
whereas no effect was seen on the clearance of 99m'fc
HIDA. The rank order of the detergent effect was, thus, 
inversely related to the rank order of lipid/water partition 
coefficients. 

The mechanism whereby the rate of alveolo-capillary 
transfer of 99atfc-DTPA is increased is not known, but 
there are a number of possibilities (12]. Surfactant 
phospholipids could, for instance, limit the access of 
99mTc-DTPA to intercellular junctions by in~erfering with 
the mixing of 99mTc-DTPA in the aqueous hypophase, or 
by directly obstructing the pores. The action of detergent 
might be to make the intercellular junctions available for 
diffusion. This mechanism could explain why the effect 
of detergent appears to be limited to hydrophilic solutes. 
The diffusion pathways potentially available to small hy
drophilic molecules are considerable, as shown by the fact 
that the rate of alveolo-capillary transfer of 9901Tc-DTPA 
in detergent-treated animals is higher than the rate of 
transfer of the lipophilic substance, 99mTc-HIDA. 

In summary, this study has shown that the rate of pul
monary clearance is faster for very lipid soluble sub
stances than for water soluble substances with similar 
molecular radius and weight. We have also shown that 
the clearance rate of very lipid soluble tracers is not, or 
is only slightly, affected by the surfactant dysfunction. 
Thus, the surfactant system seems to affe.ct the transfer 
of small water soluble molecules but not the transfer of 
substances with high lipid solubility. 
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