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Fig. 2. Disc-gel electrophoresis of heavy
and light chains of type III and type VIII
antibodies. Each sample in the gel was
equivalent to the heavy and light chains
obtained from 200 ug of antibody.

order to exclude the possibility of ap-
preciable contamination of these pre-
cipitates with nonspecific y-globulin,
125]-Jabeled y-globulin was added to the
serum before precipitation. There was
less than 4 percent contamination of
the precipitate.

The antigen-antibody precipitate was
suspended in 1M tris chloride, pH 8.2,
and sufficient solid guanidine hydro-
chloride was added to give a final
concentration of 7M, whereupon the
precipitate dissolved. Reduction and
alkylation was carried out (12), the re-
action mixture was dialyzed overnight
against 1000 volumes of 8M urea, and,
after electrophoresis (3), the gels were
stained with Coomassie brilliant blue
(13). Both pneumococcal polysaccha-
rides, when treated in the same manner
as the antigen-antibody precipitate and
subjected to electrophoresis, did not
show any staining with the dye.

In the electrophoretic pattern of
heavy and light chains of the anti-
bodies, for which the binding analysis
was described above, the upper cluster
of bands represents the heavy chains
and the lower cluster represents the
light chains (Fig. 2). Considerable elec-
trophoretic heterogeneity is evident
throughout. The background stain be-
tween the bands probably represents un-
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resolved components of heavy and light
chains since this background stain was
also observed when one-fifth the quan-
tity of reduced and alkylated antibody
was applied.

Whereas the binding data indicate
functional homogeneity of the binding
site, the electrophoretic data show sub-
stantial structural heterogeneity of
these antibodies. This apparent discrep-
ancy may be reconciled in two ways.
There may be amino acid sequence
homogeneity in the region of the bind-
ing site, the electrophoretic heterogene-
ity observed being the result of amino
acid sequence heterogeneity in parts of
the molecule not essential to the struc-
ture of the binding site. The alternative
possibility is that the binding homo-
geneity is only apparent because of a
lack of sensitivity in the equilibrium
dialysis method. For example, if one
or two residues of the oligosaccharide
ligand were immunodominant, these
residues could make a major contribu-
tion to the binding energy (/4). Het-
erogeneity of binding energy attribut-
able to the other residues would not be
detected.

A choice between these two and
other possible explanations cannot be
made until the amino acid sequence in
the combining site region of an anti-
body is identified and the relation to
the sequence of the remainder of the
molecule is determined. It is, however,
apparent that binding homogeneity does
not necessarily indicate structural
homogeneity.

Jack H. PINcus
EDGAR HABER
Cardiac Unit, Massachusetts General
Hospital, and Harvard Medical
School, Boston, Massachusetts
MosHE KATz
A. M. PAPPENHEIMER, JR.
Biological Laboratories, Harvard
University, Cambridge, Massachusetts
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Selective Venting of Cigarette
Smoke in Dichotomous Ducts and
Preserved Human Bronchi

Abstract.. Mechanically generated
cigarette smoke and ambient air were
injected into dichotomous ducts and
geometrically preserved human bronchi
in a fashion simulating typical smoking
technique. When the air passages were
at ambient temperature, the smoke
settled into the lower branches. Smoke
which was injected into passages
warmed to body temperature rose to
the upper branches. The latter selective
distribution of the smoke resembled
the distribution of centrilobular em-
physema in the lungs.

The chemistry of cigarette smoke
has been studied extensively (I), but

~ little is known of its physical charac-

teristics. These characteristics could be
linked to the pathogenesis of disease,
for instance, emphysema.

In order to simulate the pathway of
smoke in the human lungs, the follow-
ing apparatus was used: (i) glass Y-
tubular couplings, or (ii) normal hu-
man lungs which were fume-fixed,
inflated, and hardened (2). A portion
of the cortex of the lungs, 5 cm wide
and 2 mm thick, was removed from the
frontal projection. This caused the air
passages, which were about 1 mm in
diameter, to be exposed from the apices
to the bases of the upper and lower
lobes.

To simulate the typical pattern fol-
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lowed by smoke from a cigarette,
mechanically generated smoke was in-
jected into the ducts and preserved
bronchi in 2-second puffs. The smoke
injection was followed by several hun-
dred cubic centimeters of ambient air.
The behavior of the smoke was visu-
ally assessed and recorded photograph-
ically (Figs. 1 and 2).

The temperature of the glass ductal
systems and bronchi was crucial. At
ambient temperature (approximately
26°C), smoke injected into passages
would settle predominantly into lower
routes (Figs. 1A and 2A). In contrast,
smoke blown into passages heated to
body temperature (37°C) would ascend
into upper routes with considerable
regularity (Figs. 1B and 2B).

The smoke bolus in the clear tubing
tended to stay separate from surround-
ing or accompanying air even though
it was changing in shape. In keeping
with Liouville’s theorem (3), inhaled
cigarette smoke should act as a body
until thermal transfer has brought it
into temperature equilibrium with its
attendant air.

With almost every rate of smoke
injection into the warmed passages, the
smoke went predominantly into the

Fig. 1. Routing of mechanically genera-
ted smoke (via a fuel pump actuated by
a cam driven off an electric motor) in
dichotomous ducts. After a 2-second puff
from the cigarette, ambient air was pumped
through the unoccluded lower arm of
Y branch holding cigarette. (A) With
tubing at ambient temperature of 26°C,
smoke sought the lower route; (B) in
tubing heated to 37°C with a coil of
circulating warm water, smoke traveled
almost exclusively into upper arm.
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upper passages. This was most evident
when the influx was very slow. How-
ever, with extremely vigorous injection,
the impetus of the smoke overcame its
relative buoyancy, and it was distrib-
uted fairly evenly to all channels. Since
the total cross-sectional area of the air
passages in the human lung increases
through progressive branchings (4),
flow rates decrease progressively to-
ward the distal lung areas. This could
enhance superior venting of smoke in
man.

The behavior of residual smoke after
injection into the systems warmed to
body temperature was also of interest.
During convection and gas phase dif-
fusion (corresponding to the resting
volume of human lungs during quiet
tidal exchange), the smoke that had
originally rested in the lower areas of
the test apparatus promptly took a re-
verse upward drift. It may be men-
tioned here with pertinence that sub-
stantial amounts of smoke remain
within the residual air of human lungs.

Centrilobular emphysema occurs pre-
dominantly in the upper lobes and the
apices (5), and it has also been found
most frequently in smokers (6-8). By
contrast, panacinar emphysema is dis-
tributed unselectively and relatively dif-
fusely (within lobules and lobes or
lungs) (5, 8) and occurs with random
frequency in both smokers and non-
smokers.

Selective distribution of a lesion
(such as centrilobular pulmonary em-
physema) in an organ, theoretically
might result from (i) local tissue weak-
ness or (ii) selective impact. The gen-
erally even distribution of panacinar
emphysema is evidence against the
former explanation of local tissue pre-
disposition with respect to emphysema.
Predilection of dependent lung areas to
aspiration pneumonia is an uncontested
example of the latter concept of dis-
ease developing from selective expo-
sure. In aspiration pneumonia, patho-
gens heavier than inhaled air settle in
the lungs. In centrilobular emphysema,
injurious agents more buoyant than in-
haled air, for example, warm cigarette
smoke, might be selectively vented to
upper lung reaches. Moreover, the rela-
tive density of cigarette smoke to in-
haled air may be only one of the mech-
anisms in any presumed “clouding”
phenomenon. Studies with radioactive
xenon have shown selective flow of that
agent to apical lung zones. This uneven
flow could be a consequence of (i)
regional differences in pleural pressure
brought about by gravitational forces

Fig. 2. Routing of mechanically genera-
ted cigarette smoke in geometrically pre-
served bronchi in hardened, expanded,
fume-fixed lungs (outer 1 to 2 mm de-

corticated in 5-cm frontal projection;
distance between cigarette butt and
origin of mainstem bronchus in this prepa-
ration was 25 cm, with a turn of 90°
about 10 cm from butt, corresponding
roughly to circuit in man). (A) With
bronchopulmonary structures at 26°C,
smoke settled predominantly into lower
air passages; (B) immediately after being
warmed to 37°C, practically all of the
smoke traveled upper routes.

(9) and (ii) variations in elastic prop-
erties between apical and basilar areas
(10). Other factors, for example, com-
parative bronchial diameters and angles,
may also contribute.
A. E. ANDERSON, JR.
Jose A. FURLANETO
ALVAN G. FORAKER
Research Laboratory, Baptist Memorial
Hospital, Jacksonville, Florida 32207
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