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: Cross section of the insulated bath and airway preparation
The whole specimen is 'bathed in Krebs-Henseleit solution which acts as an
extracellular fluid. The temperature of the Krebs solution is controlled by passage
through an heat exchanger before entering the bath, where the coolant solution

acts as an additional control.
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Figure 2 : Diagram of mucus in normal airways

A schematic representation of the distribution of the various particles of mucus
i.e. droplets, flakes and plaques throughout the tracheobronchial tree in SPF rats.
TB = terminal bronchiole; PTB = preterminal bronchiole; SB = side bronchus;
MILB = main intralobar bronchus; HLB = heart lobe bronchus;

RMB = right main bronchus; T = trachea.
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Figure 3 : Metachronal fields in a normal animal

Schematic representation of metachronal fields. The clear areas represent ciliated
zones. The arrows within the stippled boundaries indicate the direction of the
effective stroke of ciliary beat in those fields. These groups of cilia are metachronally
synchronised in the individual fields. The grey zones are areas of goblet cells. The

arrow on the right represents the overall direction of mucus transport cranially.
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Figure 4 : Location dependence of mucus transport

Location dependence of velocity of mucus transport depicted in the airways of the
right medial inferior lobe. Figures indicate the velocity of transport in mm per min

at a particular site at 379C. Diagram constructed through a drawing tube. X 10.

(After Iravani and van As, 1972.)
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Figure 5§ : Deposition of charcoal in airways

Intralobar airways of a SPF rat exposed to a charcoal dust cloud (1 g/m3)
for 5 h and examined 19 h later. Deposition of charcoal occurred mainly at

bifurcations.

Diagram éonstructed through a drawing tube. x 12 (After Iravani and van As 1972.)












Figure 6 : Pathology of chronic respiratory disease

Cross section of the right main bronchus taken from a non-SPF rat. The area
selected had bronchial wall thickening and exhibited abnormal ciliary activity and
impaired mucus transport. A lymphocytic infiltrate is present, and the ciliary

epithelium is abnormal in places. Haematoxylin and eosin. X 275
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Bronchitis

Figure 7 : Metachronal fields in a “bronchitic animal

Diagrammatic representation of metachronal fields in a ‘‘bronchitic”” area. The fields
are separated by dotted lines. The grey areas are zones of goblet cells. The black
areas represent zones of abnormal ciliary beat, ciliary inactivity and squamous
metaplasia. The large arrow indicates the cranial direction. The small arrows show
the direction of the effective stroke of ciliary beat in individual metachronal

fields. In many areas this direction is retrograde and it can be seen how whirlpool

formation occurs in mucus transport.
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Figure 8 : Diagram of mucus in “bronchitic” airways

Schematic representation of the distribution of mucus particles in the tracheobronchial
tree of non-SPF rats with “bronchitis”. A similar distribution was observed in two
normal animals with mucus hypersecretion. The principal difference between normal

and “‘bronchitic” rats as regards mucus secretion is a quantitative one.

(See figure 2 for abbreviations)



Figure 9 : Charcoal labelled mucus transport

Airway preparation after exposure of a non-SPF rat to charcoal dust particles for 2 h

at a concentration of 200 mg/m3. The individual photographs were taken 5—8 sec apart
while the temperature of the preparation was raised and mucus transport recommenced.
The specimen is viewed through the membranous trachea. The right hand lower arrow

in (a) shows a “bronchitic”” area with retention of the marker throughout the duration

of the experiment. The right hand upper arrow shows a labelled stream which is transported
completely during the period of observation. Similarly the left hand arrows (a—i) show the
formation of a stream which is transported normally. The other static patches of charcoal
in the region of the tracheal bifurcation are also “‘bronchitic’’ areas.
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est particles of mucus secreted and are presumably derived from goblet cells. The
larger ones may be secreted as such from mucous glands or more probably are built

up from a large number of smaller particles.

On the specimens of trachea examined, mucus particles were usually grouped together
leaving large areas of intervening mucosa free of significant amounts of mucus. Mucus
particles observed on these bare areas were usually smaller than 5 um in diameter.

On the entire surface of the segments of trachea scanned, only one other area had a -
significant collection of mucus. A portion of this collection of mucus is shown in

Fig. 14. Many small particles of various diameters are present as well as one larger

one, made up of numerous droplets.

The surface morphology illustrated in Figs 10 — 14 does not show cilia clearly. This
is thought to be due to the fact that the freeze-drying technique used caused shrink-
age of the tissues, and the surface tension forces during the drying process resulted
in clumping or aggregation of the cilia. Thus, after the specimen had been studied, it
was embedded in an epoxy resin and 60 sections each 2 um thick were cut. The
tissue was stained with haematoxylin and eosin. Inspection of the ciliary surface with
a light microscope under oil immersion at a magnification of x1000 showed that the
most distal portions of the cilia were folded and enmeshed in each other, giving the
appearance of a solid layer, which could be mistaken for a mucous blanket. Above
the cilia no evidence for a mucous blanket was found. Due to the fact that the
mucus was so sparse, the plaques seen on the surface scanning views could not be

found on the cross-sections.

Figs 15 — 18 illustrate the results obtaiﬁed with Method II utilizing a SPF rat. The
ciliary detail is clearly seen together with the surfaces of goblet cells and intercellular
divisions. Collections of mucus and individual particles were found easily but not in
as large a quantity as illustrated by preparation of the tissue by Method I. This may

be due to the fact that SPF animals secrete less mucus than non-SPF animals.

5.6 SUMMARY

The principal difference between normal and“bronchitic” rats as regards mucus secre«
tion is a quantitative one. In acute and “chronic bronchitis’ there is an increase in the

number of mucus particles in distal airways. However, even under conditions of mucus
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Figure 10 : SEM — overall view of mucus

Collections of mucus particles constitute several plaques. Particles of mucus are

visible on an otherwise bare ciliary surface. Freeze-dried specimen. X 1500.
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Figure 11 : SEM - view of two plaques

View of two plaques seen on the left side of figure 10.X 2 500
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Figure 12 : SEM — view of one plaque

View of plaque on right hand side of figure 10. X 3,000
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Figure 13 : SEM — composition of mucus particles

‘The composition of a plaque is shown. Droplets (well seen in the foreground)
appear to be aggregated together to form the larger flakes. The plaque is then

constituted by these larger and smaller mucus particles gathering together. X 8 500
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Figure. 14 : SEM — droplets of mucus and a flake

A portion of the only other area of trachea depicted in figures 10 — 13 showing

mucus droplets and flakes. X 5,000
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Figure 15 : The morphology of cilia and mucus

A particle of mucus on the ciliary epithelium. The grouping of ciliated cells

and mucous cells is demonstrated. Critical point dried preparation. X 3 000
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Figure 16 : SEM — Relationship of mucus to cilia

A small particle of mucus in an area adjacent to that in Figure 15. The relationship

of the particle to the tips of the cilia is demonstrated. X 10,000
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Figure 17 : SEM — Relationship of ciliated to non-ciliated cells

Mucus particle on tracheal epithelium. Cilia are relatively sparse in this area in

comparison to the numbers of goblet ¢ells. X 3,300



Figure 18 : SEM — Quartz particle attached to mucus

Mucus particles aggregated together on a tuft of cilia. Emmeshed in the mucus

particles is a quartz particle. A large number of goblet cells are present in this
area. X 3 000
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