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The results show clearly that maternal nicotine exposure
elevates pulmonary alveolar macrophage numbers'(PAM's) and

-ii-

Abstract.
The infants of women who smoke during pregnancy have a
lower birth mass than those born of women who abstain.
Animal studies reveal that reduced growth due to maternal
nicotine exposure during gestation is accompanied by lung
hypoplasia. Biochemical analysis suggests that these lungs
contain more cells which implies that lung damage occurs.

In this study we examined the in vivo effects of maternal
nicotine exposure (lmgjKgjday), the equivalent of 32
cigarettes per day, on the following parameters of fetal
and neonatal Wistar rat lung:

(i) the content and distribution of glycogen in fetal
and neonatal lung

(ii) the status of connective tissue in neonatal lung
(iii) the cell composition of the alveoli in neonatal

lung.

Fetal rat lungs of ages 17, 18, 19 and 20 days and neonatal
lungs of 1, 7, 14 and 21 day old pups were used. Light
microscope techniques and special stains were used to
investigate glycogen, connective tissue, macrophage numbers
and morphological status of the lungs. Transmission
electron microscope (TEM) techniques were employed to
investigate the characteristics and composition of the
alveolus.

https://etd.uwc.ac.za/
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lung glycogen levels. The quantity of elastic fibres in 1
day old neonates was significantly reduced but no changes
in the quantity of reticulin and collagen fibres
wasobserved. As a result of this change in connective
tissue status, emphysema-like lesions and alveolar collapse
was evident in the lungs of nicotine-exposed pups. TEM
investigations revealed that changes to the composition of
alveoli occurred. These included increased numbers of type
II pneumocytes with high numbers of lamellar bodies with
degenerative changes. Thickening of the blood-air barrier
was also observed.

The effect of maternal nicotine exposure has been
documented in this study. However, it has not been possible
to pinpoint the mechanisms involved but explanations have
been proposed.

Further research is required to elucidate the mechanisms by
which nicotine produces these effects. Information thus
obtained could help prevent the harmful effects to the
fetus and neonate caused by smoking during pregnancy.

https://etd.uwc.ac.za/



opsomming.
Suigelinge van vroue wat tydens swangerskap rook is in die

algemeen by geboorte ligter as die van nie-rokers. Studies

op diere toon dat die vermindering in groei as gevolg van

moederlike blootstelling aan nikotien tydens swangerskap

gepaard gaan met long hipertrofie. Biochemiese studies toon

dat hierdie longe meer selle bevat, wat impliseer dat

longskade voorkom.

In hierdie studie is die volgende aspekte ten opsigte van

die in vivo blootstelling van swanger en lakterende Wistar

wyfierotte aan nikotien (lmgjKgjdag), ondersoek:

(i) Die hoeveelheid en verspreiding van glikogeen in

fetale en pasgebore rot long

(ii) Die status van bindweefsel in pasgebore rot long

(iii) Die samestelling van die alveolêre selle in

pasgebore rot long.

-iv-

Longe van 17, 18, 19, en 20 dae oue rotfetusse en longe van

jong rotte van 1, 7, 14, en 21 dae oud is gebruik. Die

glikogeen, bindweefsel, makrofaagtellings en morfologiese

status van die longe is deur middel van ligmikroskopiese

tegnieke en spesiale kleurings ondersoek. Transmissie

elektronmikroskopiese (TEM) tegnieke is gebruik om die

samestelling en eienskappe van die selle van die alveolêre

membraan te ondersoek.

https://etd.uwc.ac.za/



-v-

Die resultate bewys duidelik dat moederlike blootstelling
aan nikotien alveolêre makrofage en long-glikogeen vlakke
verhoog. Die elastiese bindweefsel in die longe van 1 en 7
dae oue rotte was beduidend laer terwyl daar geen
beduidende vermindering in die hoeveelheid retikulêre en
kollageenvesel gevind is nie. As gevolg van die verandering
in bindweefselstatus, is emfiseem en alveolêre
ineenstorting duidelik sigbaar in die longe van jong rotte
wat aan moederlike nikotien blootgestel is. TEM ondersoeke
toon dat veranderinge in die alveolêr selsamestelling
plaasgevind het. Dit sluit die vermeerdering van tipe II
selle met plaatvormige liggaampies wat degeneratiewe
veranderinge aandui in. 'n Verdikking van die
respiratoriese membraan is ook opgemerk.

Die effek van moederlike blootstelling op neonatale
longontwikkeling is tydens hierdie studie gedokumente~r.
Dit is egter op hierdie stadium nie moontlik 'om die
presiese meganismes waarvolgens dit geskied aan te dui nie,
maar sekere voorstelle is gemaak om dit te ondersoek.

Verdere navorsing is nodig om die presiese meganismes aan
te dui. Informasie wat hieruit verkry word kan dalk gebruik
word om die newe-effekte van rook tydens swangerskap op die
fetus en suigeling te voorkom.

https://etd.uwc.ac.za/



CHAPTER 1

INTRODUCTION

Parental smoking is associated with a high incidence of
respiratory disease in their offspring (Cameron et al,
1969). This implies that the resistance of lung tissue of
children exposed to the contents of smoke during fetal and
neonatal life, via the placenta and mother's milk, is lower
than that of non-smoking parents. It has been demonstrated
in Swiss mice (Hanson et.al, 1986) that maternal nicotine
exposure during fetal life increased the perinatal
mortality rate and significantly shortened the gestation
period. In man, maternal smoking results in fetal growth
retardation (Philipp et aI, 1984). In rats, fetal growth
retardation accompanied by lung hypoplasia, has been
demonstrated (Collins et al, 1985; Maritz, 1988). If these
findings are applicable to man, then reduced lung growth in
children of smoking mothers may begin antenatally with
repercussions in later life.

In order to establish a background for the investigations
of lung tissue which follows, it is necessary therefore to
firstly describe the normal development of the lung in
phases, namely:

(a) Fetal lung development
(b) Postnatal lung development and

1
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(c) The consequences of smoking during pregnancy on
the fetus and the neonate.

Under (c),
the effect

the latest available research data concerning
of maternal smoking on fetal growth, lung

development, health and the cell components of the
alveol~s, will be discussed.

2

a) FETAL LUNG DEVELOPMENT.

1.1 PHASES OF DEVELOPMENT IN MAN:
In man, the lungs begin as an evagination of the ventral
aspect of the primitive foregut during the fourth week of
gestation. The respiratory anlage (laryngo-tracheal groove)
first appears as a median ventral groove in the floor of
the gut, caudal to the pharyngeal pouches, at approximately
24 days after ovulation (Spencer, 1978). The caudal end of
the trachea divides into two bronchial buds and each
proceeds to form the main (primary) bronchi. Further growth
is asymmetric, the right lung being larger as it grows
caudally and dorsally, while the left assumes a more
horizontal position (Spencer, 1978). Successive budding
occurs during the next 3 months so that by approximately 4
months of gestation, all the airways that the individual
will ever have, are formed. until the eighteenth week, the
lung consists only of branching bronchi surrounded by
mesenchyme and shows no differentiation into alveolar
tissue before about 20 weeks (Spencer, 1978).

https://etd.uwc.ac.za/



Fetal lung development in man has traditionally been

s~bdivided into the following stages (Wigglesworth, 1987):

1. Pseudoglandular stage. This is characterised by the

presence of low columnar epithelial tubules surrounded

by condensation of mesenchyme with loose mesenchymal

stroma.

2. Canalicular stage. The tubules become dilated and the

peripheral epithelium thins out to a simple cuboidal

form. Capillaries become intimately associated with

the epithelium to form the initial blood-air barriers

and elastin first appears in the airways.

3. Terminal sac stage. This stage is characterised by the

differentiation of the lining epithelium into type I

and type II pneumocytes with the consequent appearance

of surfactant in the airways. There is progressive

development of the blood-air barriers, condensations

of the tissue (elastic) increase in the walls o~ the

airways and appear at the tips of the developing

alveoli. From 32 weeks, alveoli can be recognised and

up to one third of the alveoli may be present at term

(Langston et aI, 1984; Histop, Wigglesworth and Desai,

1986). The alveoli at term are immature with a double

capillary network (Doran and Melsan, 1985).

(Wessels, 1970) . Reciprocal mesenchymal-epithelial

The initial branching processes referred to earlier have

long been known tb be induced by the surrounding mesenchyme

processes are considered to have an important influence in

3
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controlling lung development throughout the perinatal
period (Adamson and King, 1988).

During the canalicular stage, most of the distal air
passages end in clumps of cells which begin to cannulate to
form alveoli. After the canalicular stage, the terminal
bronchioles develop up to 4 generations of smooth,
non-alveolated bronchioles destined to become respiratory
bronchioles. The most distal respiratory bronchioles
terminate in two clusters of very thin-walled saccules
which are the precursors of immature forms of future
alveoli (Boyden, 1972). The distal respiratory bronchioles
are lined by flattened epithelium and were referred to by
Boyden (1976) as transitional ducts. The alveolar saccules
at the time of birth further subdivide into 4 lobules and
immature shallow depressions in their walls occur which are
primitive alveoli. Although the saccules at this stage are
very primitive structures, they suffice for adequate gas
exchange in many prematurely born infants. coincident with
the first appearance of the alveoli, the lung septa begin
to appear.

4

The development of the lung saccules (acini) is accompanied
by considerable vascular proliferation throughout the
growing lung and the newly formed alveoli are invaded by
capillaries. The developing alveolar epithelial lining
attenuates and appears partly disrupted by the underlying
capillaries. Further intrauterine development leads to

https://etd.uwc.ac.za/



further attenuation of the alveolar epithelium (Spencer,

1978) ..

Profound changes take place in the respiratory system prior

to and at birth which are essential for the adaptation of

the fetus to extrauterine life. The alveoli rapidly

multiply before and after birth. Recent evidence suggests

that alveolar multiplication is completed between 2 and 5

years of age. From then on, the lung volume increases due

to alveolar expansion (Wall, 1985). During fetal life, the

lungs serve no respiratory function. They produce a liquid

which fills the potential airways and air spaces and flows

out of the trachea. At approximately 2 days prior to birth,

the rate of tracheal fluid production decreases

significantly and apparently ceases at birth (Kitterman,

1979) .

1.1.1 Phases Of Development In Various Animals.
In different species of mammalian lung, the time of onset

of the developmental stages varies according to species

(Kauffman, 1980). The various stages for man have already

been outlined (Wigglesworth, 1987). In the rat (O'Hare and

Tournes, 1970), the pseudoglandular period onset is at 13

days (man: 7 weeks), the canalicular stage at 21 days (Man:

17 weeks) and the terminal sac stage begins the day prior

to birth (man: 24 weeks to term). The time of onset of

developmental stages for various other animals such as the

monkey (Boyden, 1976), the pig (Baskerville, 1976), and the

5
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rabbit (Kikawa et al, 1968) have also been recorded and
vary considerably.

The electron microscopic appearances and changes seen in
developing human fetal lungs have been described by
Campiche et al (1963). Wang et al (1973) described similar
changes in rabbit lung whilst the morphogenesis of albino
rat lung has been described extensively (O'Hare et al,
1985). In man, the columnar cell epithelium merges distally
with attenuated, flattened epithelium, lining the
developing saccules at about the 5th month. Underlying the
entire developing and future alveolar epithelium is a
membrane 30~m thick, destined to form the adult endothelial
basement membrane. The interstitial space lying between the
developing epithelial and endothelial basement membranes
contains fibrils which will, near full term, acquire the
characteristics of collagen (Spencer, 1978).

6

The electron microscopic studies done by 0' Hare et al
(1985) in albino rats, emphasized the acquisition of the
characteristics unique to the various definitive cell types
(type I, type II pulmonary epithelial cells and
interstitial pulmonary cells) found distal to the terminal
respiratory bronchioles. The developmental changes were
observed from day 16 (prenatal). On this day, the
endodermal branchings of the bronchial tree are lined by
columnar epithelial cells. A well developed Golgi complex,
mitochondria and rough endoplasmic reticulum are present in

https://etd.uwc.ac.za/



the cells. Structures which have made their appearances at
this stage are microvilli, tight junctional complexes and
a basement membrane, with subadjacent connective tissue
fibrils which separate the endodermal and mesodermal cells
of the fetal lung. Typical mesodermal cells on day 16 of
gestation contain numerous mitochondria and profiles of
rough endoplasmic reticulum. Lipids within these cells
serve to distinguish them from endodermal cells and remain
a distinguishing feature throughout development. The lipid
is present in droplet form, usually occurring in a
homogeneous, electron-opaque body. The Golgi complex is
elaborate, consisting of flattened sacs with associated
vacuoles. Glycogen is detectable in endodermal epithelial
cells as early as day 10 of gestation, frequently found as
pools in the basal aspect of the cells. Glycogen particles
are usually aggregated in rosette-like patterns (O'Hare et
al,1985).

7

1.2 PHASES OF DEVELOPMENT IN THE RAT:
In the rat, the lung on day 19 of gestation shows marked
epithelial cell attenuation. Some less mature areas may
still contain columnar epithelial cells which display tight
junctions at their apical borders, whilst more mature
regions display cuboidal, glycogen-rich cells. By day 19,
glycogen has increased markedly in the cytoplasm of these
cells and is diffusely scattered throughout the cytoplasm.
On day 20, low columnar and cuboidal epithelial cells still
predominate. By the 21st day of gestation, the type I and

https://etd.uwc.ac.za/



type II pulmonary epithelial cells are easily
differentiated. The blood-air barrier is well formed in
many areas two days prior to parturition. It consists of
type I cells, separated by a basement membrane from the
endothelial cell and its basement membrane. The epithelial
basement membrane, fully formed as early as day 16 of
gestation, is maintained throughout gestation and separates
the endodermal and mesodermal lung components during
cellular attenuation. It furthermore maintains a constant
distance from the epithelial cell plasma membrane and
consistently parallels the latter's infoidings and
tortuosities. Collagen fibrils are frequently associated
with this continuous basement membrane. Postnatally, this
membrane forms a continuous O,l~m layer and can be traced
all along the alveolar septum (O'Hare et aI, 1985).

junctions are present between these cell types.
continue to differentiate, their cytoplasmic

As they
glycogen

On day 21 of gestation, continued differentiation OT the
type II pulmonary cell is evident. Tight junctions are
present between adjacent epithelial cells. Cuboidal type II
cells often flanked by attenuating type I cells and tight

levels decrease. The alveolar epithelial cells appear to
regenerate from pre-existing alveolar epithelial cells by
amitotic cell division. The progenitor cell lacks the
features of either type I or type II cells but subsequently
develop into one or the other.

8
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9

The two types of alveolar epithelial cells (pneumocytes)
that have thus far been identified are (a) the flattened,
plate-like, surface-lining alveolar epithelial cell (type
I pneumocyte), and (b) a rounded, granular, alveolar
epithelial cell (type II pneumocyte) which is considered to
secrete the surfactant material that coats the alveolar
surface (O'Hare et aI, 1985).

Basally located, onion skin-like arrangements of membranes,
often with rather opaque, homogenous cores may be seen on
day 19 of gestation in endodermal epithelial cells. These
develop into lamellar bodies which from the 20th
gestational day may be found in future respiratory
passages. These lamellar bodies represent surfactant
material synthesized within the type II pneumocytes and are
secreted into the alveolar lumen as layers of membranes
arranged in a spherical granule (O'Hare et aI, 1985). 'To
perform its proposed function however, the lamellar body
material must be arranged on the surfaces of the alveoli to
form a phospholipid monolayer which is probably a
continuous sheet-like film. A second form of surfactant,
tubular myelin, is generated within the alveolar lumen from
lamellar bodies. Tubular myelin formation may therefor~ be
an intermediate step in monolayer formation (Williams,
1977). Pulmonary surfactant has been shown to increase
during the latter stages of gestation (Brumly et aI, 1967;
Kitterman et aI, 1981), and there is a similar increase in
the flux of surfactant in fetal tracheal fluid (Mescher et
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aI, 1975). These changes are particularly marked during the
few days just prior to birth. In the Wistar rat, which has
a normal gestation period of 22 days, surfactant changes
were most marked between 19,5 and 20,5 days of gestation.
Whole lung tissue phosphatidylcholine increases were
greatest between these days of gestation (Bourbon et aI,
1987) .

Lung growth is rapid shortly before birth and is due mainly
to an increase in cell number, as shown by the constant
concentration of DNA/gram of .Lunq tissue (Brumley et al,
1967).

1.3. FACTORS AFFECTING LUNG GROWTH:

1.3.1 Role Of Carbohydrates In Lung Growth.
Electron microscopic observations indicate that, in the
rat, glycogen reaches a peak in endodermal epi.t.heLi aI
cells, coincident with the increased mitotic rate on
approximately day 20 of gestation (O'Hare et aI, 1985). As
the mitotic rate decreases and the endodermal cells begin
to acquire features of either type I or type II pulmonary
epithelial cells, glycogen levels decrease. High glycogen
levels are not a postnatal feature of these cells. Various
suggestions have been made concerning the significance of
these massive accumulations of qlycoqeri in the budding
bronchial tree prior to cellular differentiation (Szendi,
1936; Suzuki, 1966). Sorokin (1960) emphasized the

10
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important role of anaerobic metabolism in supplying energy
for lung development. Epithelial glycogen may be important
in this regard. Bullough (1952) demonstrated that glycogen,
glucose, or their derivatives are necessary for epidermal
mitosis. Van't Hof (1968) found that carbohydrate
deprivation could stall cells in the G, phase of the mitotic
cycle. The close parallel of glycogen accumulation and
mitotic activity in developing lung leads the authors,
O'Hare et al (1985), to favour the view that glycogen is
important for the rapid cell proliferation seen in fetal
lung through at least the 20th day of gestation.
Concurrently with attenuation, a decrease in cytoplasmic
glycogen and an increase in apical microvilli, some of the
cuboidal endodermal cells begin to develop lamellar bodies.
These are characteristic of definitive type II cells as
described earlier (O'Hare et aI, 1985).

The rate of fetal rat lung growth is greater than that of
total body growth until day 19,5 of gestation, when an
abrupt change occurs that signals the onset of cellular
differentiation and the surge of surfactant production
(Bourbon et aI, 1987). DNA and protein measurements
indicate that the growth of fetal lung is probably
accompanied by a significant increase in cell density and
decreasing mean cell size, and this is in keeping with
morphological observations (Williams and Mason, 1977). In
rat fetuses, possibly as a result of maturation processes,
lung biochemical development appears to be relatively

11
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homogenous, with no detectable lobar differences and no
major influence of gender (Bourbon et aI, 1987). Results
based on amniotic fluid analysis in humans suggest that the
female lung maturity is advanced by about 2 weeks as
compared with male lung (Torday et aI, 1981). There does
not appear to be a significant difference between male and
female lung maturation rates for reasons mentioned earlier
on page 11. The rat, therefore, does not appear to be an
adequate model for the investigation of human lung
maturation with respect to sex differences (Bourbon et aI,
1987) .

1.3.2 The Role Of Gender In Lung Growth.
Adamson and King (1984) report significant sex-related
differences in cellular composition and surfactant
synthesis in developing fetal rat lungs of Sprague Dawley
rats. The levels of disaturated phosphatidylcholine (a
principle component of pulmonary surfactant), was reported
to be higher in female lungs on day 18 and day 19 of
gestation but on days 21 and 22, there were no significant
differences between male and female lung DSPC levels. These
findings agree with those values published by Bourbon et
al, (1987). Morphological evidence reported by the latter
authors indicates that in the female fetus, epithelial
cells differentiate sooner to produce functional
synthesizing and secreting cells as judged by lamellar body
synthesis and secretion. At full term, however, the males
had "caught up" and no sex-related differences based on

12
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morphological features were seen. Estrogens have been
reported to accelerate fetal lung maturation (Gross et aI,
1979; Khosla et aI, 1981) but in the rat this advance is
very transient and is unlikely to have any functional
consequences (Bourbon et al, 1987).

1.3.3 Physical Factors.
There is much evidence that physical factors significantly
influence lung growth (Liggins and Kitterman, 1981). The
factors referred to in this study were intra-thoracic
space, intrauterine space, fetal breathing movement and
"normal balance" of fluid volume and pressure within the
trachea and potential airspaces. Hypoplasia of the lungs
results from lesions which encroach upon the space normally
occupied by the lungs. This has been reported to occur in
congenital diaphragmatic hernia in human infants.
Intrauterine space is limited where there is a lack of
amniotic fluid (oligohydramnios). When this oligohydramnios
condition occurs, the infant usually dies shortly after
birth from respiratory insufficiency due to hypoplastic
lungs. Thomas and smith (1974) noted that pulmonary
hypoplasia occurs in other conditions such as obstructive
lesions of the urinary tract and rupture of the membranes
early in pregnancy. Similar associations have been reported
by Wigglesworth and Desai (1982). Bilateral phrenic nerve
section abolishes fetal breathing movements and causes
hypoplasia in the lungs (Alconn et aI, 1977; Ferell et aI,

13
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1981). Further supportive evidence for the importance of
fetal breathing movements for lung growth was provided in
a study by Maloney and Bowes (1983). The fetal sheep
studies of Alconn et al,(1977) clearly demonstrated that a
"normal balance" of fluid volume and pressure within the
potential airways and spaces is necessary for normal lung
growth and differentiation. Tracheal ligation caused
distention of the lungs with fluid under pressure. This
situation stimulated growth and maturation with larger
alveoli with thinner walls and decreased numbers of type II
pneumocytes which contained fewer lamellar bodies. Chronic
tracheal drainage to atmospheric pressure inhibited lung
growth. Thick alveolar walls were observed with small
potential air spaces. Increased alveolar type II
pneumocytes with many lamellar bodies were reported (Alconn
et al, 1977). The current evidence indicates therefore that
fetal lung growth is dependent on the interaction of
several physical factors, both intra- and extra-thoracic.

epinephrine
During the

and prostaglandins have
last few days of fetal

been investigated.
life, there is a

1.3.4 Hormonal Factors.
A great deal of research has been done concerning the role
of hormones in controlling prenatal surfactant metabolism
The role of hormonal factors such as cortisol, pituitary
hormones, thyroid hormones, insulin, testosterone,

progressive and significant rise in fetal plasma cortisol
concentration (Basset and Thorburn, 1969). During the same
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period there is a marked increase in the concentration of
surfactant in the lungs (Kitterman et al, 1981). These
findings provide circumstantial evidence for the theory
that endogenous cortisol is an important physiological
stimulus for fetal lung maturation. The exact role of
thyroid hormones in fetal lung maturation is apparently not
known at this stage. Insulin was demonstrated to abolish
the stimulatory effects of cortisol on lecithin synthesis
in fetal rabbit lung cells in vitro (Smith et aI, 1975).
The results of experiments done by other researchers
indicate that fetal insulin may inhibit formation and
release of pulmonary surfactant in the fetal lung (Hallman
et al, 1981; Warburton et al, 1983). Endogenous
testosterone may be a physiological inhibitor of maturation
of the surfactant system (Nielson et aI, 1982). Evidence
suggests that the adrenal medulla contributes to the
increased release of surfactant into the alveoli of the
fetus near term (Kitterman, 1984). The effect of córtisol
on the lung may result from a direct effect or may occur by
stimulation of epinephrine release. Prostaglandins may also
be involved in the prenatal control of surfactant. In late
gestation of fetal sheep, infusion of prostaglandin
synthase inhibitors decrease the flux of surfactant in the
tracheal fluid (Kitterman et aI, 1981). It seems therefore
possible that prostaglandins contribute to the increased
release of surfactant before parturition.

15
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saccules with few

Although it is clear that hormones influence the rate of
lung maturation, it has not been established that they are
responsible for initiating the process. A study by Gross
and Wilson (1983), concludes that the stimulus for the
initiation of fetal lung maturation is most likely located
in the lung tissue itself. These authors speculate that the
role of circulating hormones is probably the later
modulation of the maturation process. Bombesin, also known
as gastrin-releasing-peptide (GRP), may act as a lung
growth factor during the canalicular phase of lung
development (Motoyama et al, 1988).

b) POSTNATAL LUNG DEVELOPMENT.

1.1 GROWTH AND SEPTAL DEVELOPMENT:
At birth, the lung parenchyma of
consists of large, thick-walled

man and of rodents

recognisable alveoli (Thurlbeck, 1975). Virtually all of
the gas exchange surface of these lungs forms in a short
period of time during early postnatal life. In man,
approximately three hundred million alveoli develop during
the first 8 to 10 years of life, with little or no
alveolarization occurring after this time (Thurlbeck,
1975). Recent studies, however, indicate that most alveolar
formation and capillarisation occurs within the first
postnatal year, much sooner than previously thought
(Motoyama et aI, 1988). The mechanisms and regulators of
alveolar formation are unknown and the reason why alveoli

16
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cease to form at a particular time in life appears
unanswered (Vaccaro and Brody, 1978). Two patterns of lung
alveolarization have been described (Boyden, 1965; Emery,
1970). One involves evagination of gas exchange units from
the walls of terminal bronchioles, transforming these
conducting airways into respiratory airways. The second
mechanism involves the budding of new septa from the
saccule walls of immature lungs. Burri and Kauffman et al
(1974), detailed the morphological restructuring and
cellular proliferation associated with the latter type of
alveolar formation in the rat. They further noted that
there was a coincidence between the formation of new septa
and the proliferation of the interstitial fibroblast.
Elastin was observed to appear frequently at the tips of
newly formed septa. There appears to be little evidence
detailing the cellar cells which synthesize connective
tissue components in the growing lung and their role in
postnatal growth (Vaccaro and Brody, 1978). These authors
describe the ultrastructure of the developing alveoli of
the rat lung after birth during the periods birth to 4
days, 5 to 15 days and 21 to 28 days. These are outlined
below.

During the period between birth and day 4, large air
saccules represent the immature alveoli. The saccule walls
have an extensive capillary network, with loops present on
both alveolar surfaces, and a thick cellular interstitium.
Light microscopy reveals prominent nuclei and clear
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cytoplasmic vacuoles in the interstitial cells. Electron
microscopy reveals a thin capillary on either side of the
saccule walls. The thick interstitium consists of 3 to 4
loosely organised layers of cells. A typical interstitial
cell has an irregular contour, little basement membrane and
no well-defined shape. A prominent nucleus is centrally
located and occupies a large portion of the cell volume.
Nucleoli are common and chromatin clumping is slight.
Mitochondria, polysomes and fine ribosomes may be scattered
throughout the cytoplasm. Lipid vacuoles display
osmiophilia, lack a distinct membrane and have a homogenous
structure characteristic of lipid droplets.

Between days 5 and 15 after birth, saccule walls and
interstitial cells observed at birth undergo major
structural and functional changes. True alveoli with thin,
less cellular walls and a single capillary layer, begin to
appear. Interalveolar septa begin to appear in various
stages of development, from small outpouchings to long,
thin, well developed septa. Lipid-filled cells seem to
predominate in the interstitium of alveolar corners and at
the base of forming septa. Two distinct interstitial cell
populations are apparent with the developing septa. The
cytoplasm of one population of these cells show rough,

homogenous material. Numerous mitochondria
granular,
and fine

prominent endoplasmic reticulum filled with a

ribosomes are seen to pack the cytoplasm. Many cells
contain several Golgi complexes which abut multiple
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membrane-bound vesicles. These measure between 30 and 60nm
in diameter, may be filled or empty and are frequently
fused at the cell surface, opening into the extracellular
space. Nuclear changes include increased chromatin clumping
and surface indentations. Numerous cytoplasmic arms or
claws extend away from the cell body and are often found at
the septal tips, appearing to form bays in which
extracellular material accumulates. within these bays, two
ultrastructural components are consistently observed. One
resembles elastin and the other is tubular in configuration
and is found either on the periphery or intermixed with the
amorphous elastin. The tubular component is thought to
represent microfibrils which are associated with the
developing elastic fibre. These bundles of microfibrils are
found adjacent to and at times closely apposed to the
cytoplasmic claws. Other cytoplasmic filaments; arranged in
a linear array, pack the cytoplasmic claws and resemble
cytofilaments seen in other contractile cell types (Vaccaro
and Brody, 1978).

19

The second group of fibroblasts situated at the base of
newly formed septa are filled with a homogeneous
osmiophilic material which resembles lipid. This type has
few cytoplasmic organelles and does not appear in proximity
to connective tissue elements (Vaccaro and Brody, 1978).

By the period 21 to 28 days, the lung has an appearance
similar to that of the adult rat. The alveolar walls are
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now thin, less cellular with few apparent interstitial
cells. Those that are present appear similar in
ultrastructure to those at birth as described earlier. The
authors (Vaccaro and Brody,
interstitial fibroblasts which

1978) suggest that the
appear at the tips of

developing septa, playa role in septal elastogenesis. The
lipofibroblasts are thought to be senescent cells whilst
the fibroblasts which appear at the tips of newly formed
septa, have the characteristics of myofibroblasts and
appear engaged in the synthesis and secretion of elastin.
This speculation was supported by immunocytochemical
studies (Motoyama et al, 1988). These authors refer to
experimentation done in the adult rat lung where
degradation of lung elastin by pancreatic elastase was
followed by reformation of elastin in an aberrant fashion
so that normal elastic fibres were not constructed. This
may be a significant observation with regard to the
recovery from postnatal elastin degradatio"n and
alveolarization.

20

1.1.1 Factors which Influence Postnatal Lung Development.
The development of lung is regulated by the sequential and
well-orchestrated expression of specific gene products.
Relatively little is known about the influence of hormones
and growth factors on the regulation of other aspects of
lung growth. Epidermal growth factor (EGF) has been found
to play a role in the development of lung tissue,
specifically to enhance lung maturation. Studies have been
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described in which membrane-bound EGF levels in placenta
and lung was influenced by the level of maturation of these
organs. The fetuses of diabetic rats, which have a delayed
lung and placenta maturation, showed a marked decrease in
EGF binding. Conversely, fetuses with restricted growth due
to uterine artery ligation, showed increased EGF binding,
suggesting that different states of fetal nutrition have a
modulating effect on EGF binding and the balance between
tissue maturation and growth (Mo~oyama et al, 1988).

Fibroblast
produced

pneumocyte
by lung

factor is a
fibroblasts

lung growth
that

factor
confers

glucocorticosteroid sensitivity on alveolar type II cells.
Platelet derived growth factor (PDGF), EGF and insulin-like
growth factor 2 sequentially regulate the maturation,
maintenance, and expression respectively, of the function
of lung fibroblasts, which in turn produce fibroblast
pneumocyte factor (Motoyama et al, 1988).
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Four proteins have been described (Motoyama et al, 1988)
whose synthesis peaked and fell in concert with alveolar
formation in the early postnatal period in the rat. Both
the synthesis of these proteins and alveolar formation was
modulated by dexamethasone. Endogenous lung lectins'
appearance coincides with alveolarization and is produced
by and links to lung fibroblasts and endothelial cells. It
further binds to but is not produced by macrophages. Its
increase in concentration is associated with both
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activation and increased synthesis whilst its fall in
concentration after alveolarization is associated with
increased degradation. It may well be associated with
elastin formation (Motoyama et ai, 1988).

Elastogenesis has been studied in postnatal rat lung using
antibodies to elastin and to lysyl oxidase, the major
cross-linking enzyme associated with collagen and elastin.
The process was shown to occur both in the buds that form
new alveoli and in the alveolar wall. At birth, little
elastin is considered to be present in the alveoli
(Spencer, 1978). Once the elastin fibres have formed, there
appears to be little further synthesis of new elastin sin~e
little lysyl oxidase activity is observed (Motoyama et ai,
1988). It has been shown that, twelve days after birth,
elastin accumulates in rat lung and retards further lung
growth by blocking cross-linking (Kida et ai, 1980).

22

1.2 LUNG SEPTAL CELLS:

1.2.1 Type I Pneumocytes.
Although relatively few studies have been done on these
cells up to date, most investigators agree that they are
highly specialised for efficient gas exchange, since they
are flattened and contain few organelles (Leeson et al,
1985). These squamous cells exhibit selective permeability
and function in pinocytic transport and phagocytosis as
described by Schneeberger (1978). They furthermore show
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reduced metabolic activity and oxygen consumption and do

not proliferate (Kuhn, 1976). The histological features of

these cells which include thin, attenuated cytoplasmic

processes, flattened and extending great distances from the

nucleus, was described by Weibel, (1974). The number of

apical plates (surfaces facing the lumen) formed by these

cells in the rat could average five or more (Weibel et al,

1976).

1.2.2 Type II Pneumocytes.
Low (1952) demonstrated a continuous lining epithelium in

the alveolar wall. The alveolar surface is lined by the

cuboidal type II granular pneumocyte (type II cell) and is

differentiated to form the type I squamous cell. This type

II cell is recognised as the stern cell of the alveolar

surface (Adamson and Bowden, 1975) during postnatal growth

and during regeneration following pneumonectomy (Brody et

al, 1978). Further division and differentiation of type I

cells is not known to occur (Kauffman, 1980). The

heterogeneous population of the alveolar wall includes

alveolar epithelium, capillary endothelium, interstitial

cells, macrophages as well as circulating and migrating

leucocytes (Weibel and Gil, 1977; Schneeberger, 1978). The

type II cells which are the progenitors of the type I cells

display a variab1e numerical density, especially during the

rapid growth phase and reach their lowest values on day 21

(Kauffman, 1980). The ratio of the type II cells to the

23

https://etd.uwc.ac.za/



24

type I cells therefore reflects the balance between type II
cell proliferation and differentiation. The ratio of 3,4:1
(type II/type I) is quoted as the value at birth in the rat
which decreases to a ratio of 1,6:1 at 21 days (postnatal).
Adult values quoted by the author are 1,7:1. These values
do not agree with those quoted by Sage et al (1983), who
quote ratios of 1,5:2,1 (type II/type I cells
respectively). Crapo et al (1982) have quoted values of 8%
for type I epithelial cells and 16% for type II cells in
normal adult lungs. Richards et al (1987) provide the
figure of 14% for type II cells. Most, however, do agree
that the surface area covered by the type I cells are at
least 95% of the total alveolar surface area (Robbins and
Cottran, 1979; Atwal, 1988).

The type II epithelial cells are cuboidal, metabolically
active and capable of undergoing cell division. A
distinguishing feature of type II cells is the presence of
lamellar bodies, the cytoplasmic organelles that store
surfactant (Richards et aI, 1987; Mason, 1987; Faridy et
al, 1987; Eckenhof et al, 1988; Post et al, 1988). These
appear in the cell during late gestation in the rat (days
19 to 21) as the cell differentiates. During the late
gestational phase, glycogen is greatly depleted, the cell
size decreases as lamellar bodies appear in the cytoplasm
(Williams et aI, 1977). Numerous microvilli projections are
found on the surface and Golgi, rough endoplasmic reticulum
and many mitochondria, can be observed in the cytoplasm.
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The mean cell size measured in ultrathin sections of
postnatal rat lung is 35~m2, with the cell size/nucleus size
ration being 3:1 Woolward and Maritz, 1991). These values
are substantiated by Kliewer et al (1985), who quote a
value of 3:1 in their control male adult rats. Type II
cells can be readily identified in light microscopy
techniques by the presence of dark cytoplasmic inclusions
when stained with modified Papanicolaou stain (Mason et al,
1977). A three-dimensional image of the alveolar epithelium
type II cells has been constructed using a computer-based
system designed for reconstruction and quantitative
analysis of serially sectioned specimens. The reconstructed
cells appeared to represent a homogenous population having
fractional volumes of intracellular organelles similar to
those found by morphometric techniques (Young et al, 1985).
The alveolar type II epithelial cells of the lung play a
crucial role in the adaptation of the fetus to extrauteripe
life since they are the main producers of pulmonary
surfactant, the lipid-protein complex that prevents
alveolar collapse. Faridy et al (1987), reported that the
index of secretion of surfactant varies in the fetus and in
the newborn with time. The most dramatic increase in the
rate of surfactant release was noted during labour, but the
rate rapidly declined to fetal level within 15 minutes
after birth. The second increase in the rate of release
began at 30 minutes after birth and reached its lowest
level in 2 hours, declining steadily and reaching its
lowest level after 24 hours. The variation in lamellar
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level in 2 hours, declining steadily arid reaching its
lowest level after 24 hours. The variation in lamellar
bodies per cell followed a similar pattern and showed a
biphasic increase. The ratio of lamellar bodies/type II
cells in this study varied between 1,8 on prenatal day 20
to 4,5 at 15 minutes after birth. It has been assessed that
an unstimulated type II cell of an adult rat contains an
average of one hundred and fifty lamellar bodies (Young et
aI, 1985). This value is not known for fetal or newborn
rats. The lamellar body numbers quoted in transmission
electron microscopy studies are far lower than values for
the whole cell since only a 70nm thick section through the
cell is examined (Faridy and Thliveris, 1987; Woolward and
Maritz, 1991).

1.2.3 Type III Pneumocytes.
A third type of pneumocyte, an alveolar brush cell, has
been reported in rat lung (Meyrick et aI, 1968). Its
function may be absorptive or that of a stretch receptor or
chemoreceptor. structurally, transmission electron
micrographs show this cell to have blunt, squat microvilli
on its free edge with bundles of fine filaments throughout
its cytoplasm. The authors report that these cells are
found centrally and distally within the acinus and comprise
5-10% of the pneumocytes if the count is based on alveolar
lining cells.
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1.2.4 Macrophages.
Pulmonary lung alveolar macrophages, sometimes termed dust
cells, originate from blood monocytes (Pinkett et aI, 1966;
Brunstetter et aI, 1971; Godleski and Brain, 1972).

Macrophages are generally irregular shaped cells with
short, blunt processes. When stimulated, the plasma
membrane becomes pleated and exhibits numerous folds which
participate in spreading, phagocytosis and cell movement
(Leeson et aI, 1985). The nucleus is ovoid and sometimes
indented with inconspicuous nucleoli.

Macrophages are important agents of defence because of
their mobility and phagocytic ability. A phagocytosed
particle, once enclosed within the invaginated cell
membrane, becomes detached and moves into the cell
cytoplasm. This structure is known as a phagosome. The
ingested organic material is destroyed by the action of
intracellular proteolytic enzymes, derived from primary
lysosomes which fuse with the phagosomes to form secondary
phagosomes which eventually become residual bodies (Leeson
et al, 1985).

Alveolar macrophages are found in the interstitium of
interalveolar septa, free in alveolar spaces and in the
process of passing through the alveolar wall into alveolar
spaces (Leeson et aI, 1985).
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A controversy revolves around whether blood monocytes enter
the interstitium for a period of maturation before
migration into the alveolus (Bowden et aI, 1969), or
whether they enter the alveolus directly (Masse et al,
1977; Blusse and Furth, 1979). The latter interpretation
appears to be the most likely (Brain et aI, 1977). An 8 day
turnover of pulmonary macrophages was estimated on the
basis of colchicine. other estimates based on the rate of
influx of monocytes into the lung have given a much longer
turnover time of 27 days (Blusse and Furth, 1979). It has
been shown that stimulated alveolar macrophages secreted a
specific collagenase (Werb et aI, 1975). Purified
populations of mouse peritoneal macrophages when
unstimulated, secrete barely detectable levels of this
enzyme. stimulation occurred by phagocytosis of
indigestible latex particles. Wahl et al(1974) have
reported similar findings for guinea pigs. Werb ét al
(1975) have also reported elastase secretion by stimulated
alveolar macrophages of mice. This enzyme was reported to
lyse insoluble elastin fibrils. unstimulated alveolar
macrophages showed little enzyme secretion but were induced
to secrete higher levels of elastase by phagocytosis of
indigestible latex particles. The macrophage elastase is a
distinctive proteinase, differing from the elastase of
pancreas and granulocytes and is distinct from other
secreted proteinases of the alveolar macrophages such as
collagenase. It is inhibited by substances such as EDTA and
serum but its activity is not significantly affected by
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convensionalised by adding
microorganisms to their food

pure
and

cultures of various
drinking water. These

soybean trypsin inhibitor or chloromethyl ketones (Werb et
aI, 1975). It has further been speculated that the
excessive elastase secretion by stimulated macrophages
plays a major role in the pathogenesis of chronic
destructive pulmonary diseases (COPD) such as emphysema
(Werb et al, 1975). This may be based on the report of
elevated numbers of macrophages observed in pulmonary
emphysema and other chronic diseases associated with the
destruction of elastic tissue (Janoff, 1979). The lysosomal
enzyme activity of pulmonary alveolar macrophages is
enhanced in conventional rats when compared with germ free
animals (Starling and Balish, 1981). Germ free rats were

formed the control group. Macrophages were collected in
narcotised rats by lung lavage using a catheter and they
were separated from other cel~s in the lavage by
centrifugation. Cathepsin D and B-glucuronidase activity
was determined and was found to be significantly higher
than in the control group. Furthermore, germ free rats had
significantly fewer alveolar macrophages than the controls.
It was speculated that the elevated lysosomal activity
occurred as a result of an increase in endocytic activity
of the macrophage while inhaled infections and particulate
material is assumed to stimulate macrophage proliferation
and recruitment from the bone marrow (starling and Balish,
1981). This hypothesis seems to be supported by Ferin
(1982), who states that alveolar macraphages are considered
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essential in the clearance of particles. This research
illustrated that animals exposed to Ti02 aerosol inhalation
exhibited phagocytosis of the particles and this was
accomplished within hours of exposure. Furthermore, with
the aid of electron micrographs, he illustrated the
importance of the alveolar pores as passageways for the
macrophages. These pores of Kohn increase the effectiveness
of particle collection by shortening the distance between
the particles and the macrophages

The role of polypeptide growth factors in regulation of
lung cell proliferation has been reviewed by King et al
(1989). The interactions between macrophages and
fibroblasts were investigated and it was demonstrated that
macrophages produce mitogens which affect fibroblast
proliferation. Of these mitogens, transforming growth
factor (TGF), TGF-a and TGF-,8 can stimulate normal cell
growth in vitro in an agar medium, induce collagen and
fibronectin synthesis in fibroblasts and inhibit protease
degradation of the extracellular matrix.
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The number of alveolar macrophages per cubic centimetre is
relatively constant in rat and mouse lung in the steady
state. Values of 2 - 3 X 106 have been reported (Kauffman,
1974; Blusse and Furth, 1979). In addition to disease and
inflammation of the lung, influx of macrophages occurs in
relation to the secretion of pulmonary surfactant (Zeligs
et aI, 1977). It was speculated by Naimark (1973) that
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pulmonary surfactant is continually endocytosed and
subsequently degraded by alveolar macrophages. A series of
experiments utilizing radioactively labelled and unlabelled
surfactant have since been done to test this hypothesis.
Desai et al (1978) have shown that cultured alveolar
macrophages in vitro have a limited capacity to accumulate
components derived from pulmonary surfactant. Miles et al
(1988) have illustrated, using radioactive isotopes, that
the alveolar macrophages can degrade disaturated
phosphatidylcholines and may therefore be involved in
catabolism of pulmonary surfactant materials. It was not
possible from the results to determine the contribution
made by these cells to surfactant turnover in vivo.
However, transmission electron micrographs illustrate many
alveolar macrophages situated on the epithelial layer of
the blood-air barrier, close to sites of surfactant
synthesis by type II cells in rat lung (Maritz and
Woolward, 1990). These macrophages were seen to be
congested with surfactant material in various stages of
intracellular digestion and in many cases active
phagocytosis of surfactant can be clearly seen. Earlier
experiments undertaken by Hallman et al (1981), utilised
radioactive isotopes to analyse the clearance of lung
surfactant phospholipids in rabbits. It was shown that only
a small amount of phospholipid radioactivity was recovered
in the alveolar macrophage fraction, indicating that these
cells do not significantly contribute to surfactant
clearance. This agrees with the findings of Petlenazzo et
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al (1988) in which, under their experimental conditions,
less than 1% of the surfactants tested were associated with
macrophages. There is thus little evidence that the
alveolar macraphages play a major role in lung surfactant
clearance.

1.2.5 Endothelial Cells.
Pulmonary endothelial cells can do more than serve as part
of the physiological barrier between blood and air. These
cells conduct a number of metabolic reactions that have
little or no relationship to the exchange of gases.
Structural features that appear prominent in electron
micrographs are the abundant caveolae intracellulares
(pinocytic vesicles) as described by smith and Ryan (1970).
They appear extremely thin in places «O,Ol~m) and
relatively few organelles associated with secretory o~ high
metabolic activities are present. Scanning electron
microscopy has revealed a high density of caveolae on the
luminal surface of these endothelial cells (Ryan et al,
1977). These assist in increasing the surface area of the
lung surface to blood, one which is considered to be much
more than the frequently cited figure of 70m2 (Fishman et
al, 1974). The many non-respiratory functions involving
endothelial cells include clearance of emboli and thrombi
(Heinemann et al, 1969), metabolism of chylomicrons via
lipoprotein lipase (Schoelf et aI, 1968), activation of the
prohormone angiotensin 1, prostaglandin synthesis (Ryan et
aI, 1971), degradation of nucleotides (Ryan et aI, 1971)
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and clearance of norepinephrine (Vane, 1969) to mention a
few.

1.3. THE BLOOD-AIR BARRIER (ALVEOLAR-CAPILLARY MEMBRANE):
The structure of the alveolar-capillary membrane is
uniquely adapted to the rapid and efficient gas exchange.
This thin membrane has, for the following reasons, the
ability to protect the lung against being flooded by
proteins and interstitial fluid. These include:
(i) a pulmonary capillary pressure below the onchotic

pressure of serum proteins.
(ii) an interstitial pressure that is subatmospheric.
(iii) surfactant which reduces surface tension.
(iv) an efficient lymphatic drainage system.
(v) an effective structural barrier at the air-

blood interface (Schneeberger, 1977).

The pulmonary capillary endothelium is continuous and
nonfenestrated and contains pinocytic vesicles which are
thought to facilitate the passage of water-soluble
macromolecules in a bidirectional fashion (Brandt, 1967;
Bruns et al, 1968; Wissig, 1964). Pinocytic vesicles are
involved in protein uptake from·the alveolar lumen. Horse
radish peroxidase, when introduced into the trachea of
newborn mice, appeared in the epithelial cell pinocytic
vesicles. Results of intravenous injection of this
substance into adult mice illustrated that the enzyme was
transported across the blood-air barrier through the
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epithelial cells and into the alveolar lumen (Schneeberger,
1976). Birgon (1975) has shown by immunocytochemical
studies that pinocytic vesicles contain serum proteins
which are present in surfactant. The pinocytic vesicles may
therefore play a role in reabsorption of intra-alveolar
edema fluid as well as lung liquid during the newborn
period (Gonzalez-Crussi and Boston, 1972).
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In man, the thinnest portion of the alveolar-capillary
membrane, the interstitial space, is composed of fused
basement membranes which have a similar composition to that
of other organs (Majno, 1965), and are antigenically
closely related to that of the glomerular basement membrane
(Koffler et ai, 1969). The three chief layers which
comprise the alveolar-capillary membrane are the
endothelial cell layer, the basement membrane layers and
the epithelial layer comprising more than 95% of the
alveolar surface layer (Atwal, 1988). The total thickness
is approximately 0,35~m (Leeson et ai, 1985).

weibel (1964) has reported that the basal lamina (basement
membrane) in rats measures 50nm in thickness and is closely
apposed and even fused with the epithelial or endothelial
cells, preventing accumulation of interstitial material.
The minimal tissue barrier is thus composed of two
cytoplasmic sheets measuring about 0,1~m, with four cell
membranes and two fused basement membranes. The overall
thickness was reported as 0,2 to 0,3~m. Where cell nuclei,
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Lung surfactant is present in
extracellular and intracellular.

two major pools
Most of the analytical

organelles or interstitial elements are contained, the
barrier thickness may increase up to 5~m or more. DiMaio et
al (1989) report values ranging from 0,28 to O,53~m in the
rat while Maritz and Woolward (1990) have measured and
report values of 0,37 ± O,4~m in one day old rat pups.

1.4 .PULMONARY SURFACTANT:
The thin fluid film lining the alveoli contains surfactant
which is produced by the type II pneumocytes. This
detergent material mixes with water molecules to reduce
their cohesiveness, thus lowering the surface tension of
the alveolar fluid which in turn diminishes the force
required to inflate alveoli, thus facilitating breathing
(Leeson, et al, 1985).

data has been obtained on extracellular surfactant isolated
from the lung following secretion into the alveoli.
Intracellular surfactant, present as lamellar bodies in
type II pneumocytes, shows similar composition to that of
the alveolar material isolated from the same animal species
(Harwood, 1987). Both pools are rich in lipoproteins and
dominated by phosphatidylcholine with a high dipalmitoyl
content. Two non-serum proteins of molecular mass 10 000
and 35 000 occur in surfactant. The former protein is
thought to allow the generation of a very low, stable
surface tension by the surfactant whilst the 35 000
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molecular mass protein allows the rapid formation of

phospholipid surface films in the alveoli. The function of

a third maj or protein, serum albumin in surfactant, is

unknown (Harwood, 1987).

Isolated surfactant contains about 85 - 90% lipid, by mass,

of which up to 95% are phosphoglycerides with cholesterol

as the main neutral lipid component. Phophatidylcholine

accounts for 70 - 80% of the total lipid and up to 90% of

the total phospholipids. At least 70% of the total fatty

acids of phosphatidylcholine are saturated (Harwood, 1987).

A large number of studies both with whole lung tissue and

isolated type II cells have shown clearly that the CDP-

choline pathway is the only important route for

phosphatidylcholine formation which occurs in the cytoplasm

of the type II pneumocyte (Batenberg et al, 1979; Douglas

and Farrel 1976; Van Golde, 1976). This pathway results in

a mixture of phosphatidylcholine which includes dipalmitoyl

phosphat idyl choline in a low proportion which is increased

by a process which is known as re-modelling (Batenberg ,

1982; Batenberg, 1984).

The precise method of surfactant formation is not clear,

but several suggestions have been made. These include:

1. formation from mitochondria (Bergman, 1956)

2. formation from multivesicular bodies (Sorokin,

1967)
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3. formation from a major core with some pre-
lamellar material originating from the Golgi
area via Golgi vesicles (Stratton, 1984)

4. formation from absorption of pre-formed lipid
micelles or lamellated material (Stratton, 1984)

5. formation from matrix core and/or cytoplasmic
areas by their enclosure within smooth
endoplasmic reticulum or by elaborating material
absorbed by lamellar bodies (Batenberg, 1978;
Smith, 1979).

Once surfactant has been formed, it is stored in the
lamellar bodies of the type II cells before secretion
(Askin and Kuhn, 1971; Chevalier and Collet, 1972). It is
generally agreed that the lipid components are formed
outside of the lamellar bodies and are then moved into
these organelles by a mechanism which is not yet 'fully
understood (Harwood, 1987).

The various components of surfactant, packaged in lamellar
bodies, are secreted by exocytosis from the type II
pneumocyte (Ryan, 1975). Using SEM and TEM techniques,
Kliewer et aI, (1985) have illustrated that secretion of
surfactant occurs through cell-surface pores approximately
half the diameter of the lamellar bodies. The restriction
of the surface pores is thought to impose deformation on
the lamellar bodies. Observations by Tsilibary and Williams
(1983), suggest that actin is directly involved in the
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cellular events which accompany the extrusion of lamellar
bodies into the alveoli.

To perform its proposed function, lamellar body material
must be arranged upon the lung surfaces to form a
phospholipid monolayer. This rearrangement from lamellar
form to monolayer has not yet been directly visualized but
evidence suggests that a second form of tubular myelin is
generated within the alveolar lumen (Williams, 1977).
Tubular myelin is composed of numerous tightly packed
tubules whose walls have a trilaminate structure. In cross-
section, each tubule is a square with sides approximately
45 - 52nm in length. Groups cut in cross-section therefore
appear to be a lattice composed of square subunits (Weibel
et al, 1964). Gil (1985) describes tubular myelin as a
"liquid crystal", often appearing as a square lattice,
depending on the plane of section. This author further
reports that their findings illustrate that isolated
tubular myelin has a lipid composition characteristic of
surfactant but requires calcium ions to become a
recognizable entity. Tubular myelin apparently facilitates
the spreading of the lipid material in the alveolus (King
and Macbeth, 1981).
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Lamellar bodies have been reported in the lung pneumocytes
of human fetuses as early as 20 weeks of gestation
(Harwood, 1987). In rat lungs, lamellar bodies appear on
day 19 (Williams, 1977) and the surfactant content of lung
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doubles on the last five days before term (Tordett et aI,
1981). In man, surfactant levels increase from the thirty-
second week of gestation (Adams, 1970). Female human
fetuses develop surfactant more rapidly than males and are
about 1,2 - 2,5 weeks ahead of males (Naeyi et aI, 1974).
These findings correlate with the higher incidence of
respiratory distress syndrome in male infants (Robert et
aI, 1976). In rat fetuses, due perhaps to the rapidity of
the maturation process, no major influence of fetal gender
on surfactant levels has been observed (Bourbon et al,
1987) .

The control of surfactant secretion is not fully understood
(Batenberg, 1984), but may be influenced by a number of
factors such as alveolar CO2 (Chander et aI,
1983),ventilation (Nicholas and Barr, 1981) and
corticosteroids which act indirectly on type II pneumocy~es
by stimulating fibroblasts to produce fibroblast pneumocyte
factor which in turn stimulates type II cells to produce
surfactant (Post et aI, 1988). Cholinergic agents act only
on whole lungs, increasing the release of surfactant
(Walters, 1985). Labour and birth cause very high fetal
blood concentrations of catecholamines (Brown et aI, 1983),
which stimulate surfactant release. This may explain why
babies exposed to labour (Federick and Butler, 1972) have
a lower incidence of hyaline membrane disease than those
delivered by Caesarian section before labour. The rate of
surfactant secretion in fetal and newborn rat lung was
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measured by using the percentage of lamellar bodies in the
process of extrusion from type II cells as an index (Faridy
and Thliveris, 1987). Their results show that a dramatic
increase in surfactant secretion occurs during labour and
thirty minutes after birth, reaching a maximum after 2
hours and thereafter declining to its lowest level at 24
hours after birth. These authors speculate that the initial
high secretion in the rat is due to the change in
circulating hormone levels during labour and after birth as
a result of lung distension and ventilation.

The route for surfactant removal has received less study
than the pathways for synthesis and secretion (Fisher and
Chander, 1985). Alveolar macrophages have been considered
as a pathway for clearance of surfactant phospholipids
(Desai et al, 1978; Maritz and Woolward, 1990) but studies
by Hallman et al (1981), suggest that only a small
percentage is cleared by this mechanism. It has been
suggested that the alveolar epithelium is responsible for
surfactant clearance and indeed radioisotope studies
(Hallman et al, 1981) and TEM studies (Maritz and Woolward,
1990) support this hypothesis. The role of a protein
component to stimulate the uptake of lung lipids has been
described by Claypool et al (1984), but further studies are
required to delineate the role of this protein during in
vivo surfactant clearance.
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The importance of surface-active material in respiratory
distress syndrome of the newborn has been well established
(Mason, 1987). However, other functions have also been
attributed to surfactant, such as its role in defence in
the lung. Jorstrand (1984) states that the surfactant
enhances bacterial killing by macrophages. Surfactant also
suppresses T-lymphocyte functions, thereby decreasing the
inflammatory reactions, thus limiting lung injury due to
cell-mediated immunological reactions (Ansfield, 1980).
Lung surfactant can thus no longer be viewed as just a
system for lowering surface tension, but fulfils a
protective role, particularly with reference to inhalation
of noxious substances (Higgenbottam, 1989) which increase
surfactant secretion. Furthermore, a surface film of oily
hydrocarbon overlying the delicate alveolar epithelium, may
limit water loss from the alveolar epithelial surface and
protect the underlying layers against toxic particles and
noxious vapours (Higgenbottam, 1989). Alterations to the
composition and amount of this substance in the lung could
thus have serious health implications.

c) THE CONSEQUENCES OF SMOKING AND NICOTINE DURING PREGNANCY
ON THE FETUS AND THE NEONATE.

1.1 THE EFFECT OF SMOKING AND NICOTINE ON ASPECTS OF FETAL AND
NEONATAL GROWTH:
It is well documented that smoking during pregnancy results
in offspring with a lower than average birth mass (Simpson,
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1957; Underwood et al, 1965; Collins et al, 1972; Rush,
1974; Bassi et aI, 1984). This fetal growth retardation was
shown to correspond to a disproportionate type by Bassi et
al (1984), in which the brain mass of rat fetuses was not
affected nor its nucleic acid content whereas both the
liver and the lung showed significant decreases in nucleic
acid content and mass. It seems therefore that the lungs
are sensitive to substances in tobacco smoke during
gestation.

These authors also state that no placental growth
retardation occurs under their experimental conditions in
which all comparisons were done using a pair-fed group with
identical litter sizes to eliminate dietary factors. It is
speculated in the latter publication that since uterine
artery ligation in the rat causes fetal growth retardation
without retarding placental growth, reduced uterine 'blood
flow in the smoke-exposed animals, could be the cause of
low birth mass.
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This speculation is supported by Philipp et al (1984), who
measured uteroplacental blood flow in pregnant women using
indium-113m-transferrin. Smokers were found to have a
higher occurrence of poorer perfusion patterns than non-
smokers and the mean birth weight of the infants was 250g
lower than in the non-smoking control group. The impaired
blood flow is caused by the vasoconstrictive effect of
nicotine. This was demonstrated by Lehtovurta and Forss
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(1980), who measured a significant decrease in intervillous
blood flow, an effect which lasted for 15 minutes before
returning to normal after smoking a cigarette. This
impairment of placental inflow is considered central to the
development of placental insufficiency (Philipp et al,
1984). In an extensive study involving human subjects,
Mochizuki et al (1984) have also demonstrated impairment to
the uteroplacental circulation as a result of the
vasoconstrictive effect of nicotine. Microscopic placental
examination showed atrophic, hypovascular changes to the
placental villi. The authors suggest that the retarded
fetal growth observed as a result of smoking during
pregnancy is due directly to the effects of nicotine on the
uteroplacental circulation.
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To monitor the distribution and fate of nicotine in the rat
fetus, Mosier and Jansons (1972) injected 3H-nicotine into
pregnant Long-Evans rats via the exposed femoral vein.
Nicotine appeared in the fetus within 5 minutes of
administration and the fetal plasma levels of nicotine
exceeded that of the maternal plasma levels throughout the
20 hour observation period.This implies that the fetal rat
tissues are exposed to higher levels of nicotine than those
found in the maternal plasma. A later study by Luck and Nau
(1984), illustrated that the nicotine concentration in
amniotic fluid, placental tissue and fetal serum all exceed
corresponding maternal serum nicotine concentrations. This
was speculated to occur as a result of "ion trapping" of
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the alkaloid nicotine, since it is a weak alkaline drug
which is un-ionised and non-protein-bound and therefore
does not form part of the plasma protein reservoir in blood
plasma (Vorherr, 1974). After absorption, nicotine
accumulates in the respiratory tract (Szuts et aI, 1978).

Divers et al (1981), have illustrated, by use of a
radioenzymatic assay, that catecholamines are significantly
elevated in the amniotic fluid of pregnant women who smoke.
Since nicotine crosses the placenta rapidly, the fetal
adrenergic system may be activated. It seems presently
unknown whether this is harmful to the fetus. Changes to
regional blood flow and premature activation of the
adenocorticotropin system remain to be explored. Should
these events occur, it may help to explain deleterious
effects of smoking such as low birth mass and premature
labour (Low, 1959; Meyer and Tonascia, 1977).

The effect of smoking on fetal weight has serious
implications with regard to the outcome of pregnancy. Since
the incidence of low birth weight babies is higher amongst
smokers, perinatal mortality would be expected to be
greater (Pirani, 1978). This speculation is supported by
the findings of Rush and Kass (1972), whose survey of
12 388 perinatal deaths and abortions revealed that
perinatal loss amongst smokers was 34,4% higher than that
of non-smokers. Yerushalmy (1972) questioned the cause and
effect relationship of the findings, suggesting that the
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A study to determine whether the effect
fetal growth was related to maternal
metabolism was undertaken by Williams

of nicotine on
adipose tissue
and Kanagasabai

differences observed may be due to the smokers and not the
smoking. However, the weight of evidence suggests that
perinatal mortality is higher in smoking mothers.

(1982). These authors administered nicotine as nicotine
tartrate in the drinking water of their test rats. They did
not obtain significant weight losses in the 20 day old
fetuses but the total body fat content of the nicotine
group was significantly higher than that found in the
control group. It was furthermore illustrated that the rate
of lipolysis in the maternal adipose tissue as judged by
~moles glycerol released per gram of tissue per hour, was
significantly elevated in the nicotine treated group whilst
lipogenesis for bo~h the nicotine and control groups were
the same. This may explain the lower weight gains of
nicotine treated pregnant rats. It was speculated that the
increased adiposity of the offspring of nicotine-treated
mothers was due directly to the increased release and
transport of fatty acids from maternal adipose tissue to
the fetal circulation since in vitro studies of human
placentas have demonstrated that the maternal fetal
concentration gradient is the major factor determining the
rate of transport of fatty acids (Booth et aI, 1981).
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It has been shown that nicotine becomes located in the
brain within minutes of an intravenous injection where it
exerts its neuropharmacological effects due to persistent
depolarization of the cell membranes (Cope et aI, 1975).
Tjalve et al (1968) have found, whilst studying the
transfer of nicotine from the mother to the fetus in mice,
that there is a rapid concentration in fetal brain shortly
after intravenous injection to the mother. This may have
repercussions later in life since there is evidence
suggesting that smoking during pregnancy results in
slightly retarded reading ability (Cope et aI, 1975).

1.2 LUNG DEVELOPMENT:
Nicotine, when administered subcutaneously during the last
14 days of gestation in the rat at a dosage of 1mg/Kg/day,
resulted in significantly smaller lungs with a lower mass,
as determined on postnatal day 8. By the 21st day, no
significant difference in lung mass was evident when
compared with results from the control group (Maritz,
1988). The lower lung mass prior to postnatal day 21 was
attributed to a smaller cell size since there was a
significant increase in DNA content/gram lung tissue in the
experimental group. This indicates enhanced cellular
multiplication, or smaller cells, which, together with the
smaller lungs, has led to speculation that the number of
cells in these lungs was greater than that found in the
controls.
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Fetal lung hypoplasia associated with maternal smoking has
also been reported in rats by Collins et al (1985). The
authors used quantitative techniques to illustrate that
maternal smoking caused significant and adverse
modification of fetal lung growth at term (22 days). Lung
volume at term was reduced, saccules (fetal "alveoli") were
reduced to almost half the number found in the control
group. The internal surface area was decreased together
with a loss in parenchymal elastic tissue in the
hypoplastic lungs. Light microscope photographs of 5J..1.m
paraffin wax sections showed differences between the
controls and the smoke exposed group. In the latter,
smaller saccules together with their thicker and more
cellular interstitia, are clearly visible. Since
biochemical data (Maritz, 1988) show that nicotine causes
lung hypoplasia together with enhanced cellular
multiplication, it seems reasonable to speculate that the
adverse effects associated with maternal smoking as
reported by Collins et al (1985), are caused by the
nicotine component of the tobacco smoke.
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These findings are supported by and investigation by vidic
et al (1989), in which maternal exposure to cigarette smoke
resulted in alterations to postnatal morphogenesis of the
pulmonary interstitium in 15 day old neonatal rats. Their
results showed that the test animals had a significantly
diminished quantity of parenchymal tissue in their lungs
together with a greater cellular volume density and less
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extracellular matrix. Furthermore, the stroma of the
experimental group contained less elastin, collagen and
nonfibrillar ,amorphous matrix. Most of the interstitial
cells of this group contained numerous lipid globules, a
phenomenon which was only occasionally noted in the control
group.

If enhanced cellular multiplication· (Maritz, 1988) does
indeed occur, then the type II cell population is likely to
increase above normal resting values (Sage et aI, 1983),
since these cells are precursor cells for the type I
pneumocyte (Adamson and Bowden, 1975). It is therefore
envisaged that enhanced multiplication of alveolar
epithelial cells could alter the ratios.between these two
cells, thus the index of type II:type I cell ratio could
serve as an indicator of the above events. Kauffman (1980)
reports that interruption of the surface continuity of the
alveolar epithelium leads to a rapid entry of additional
cells into cycle which appear as cohorts of cells entering
DNA synthesis between 12 and 24 hours after injury.
Following division, the type II cell differentiates to form
a type I cell, thus type II to type I cell ratios increase
during lung damage (King et aI, 1989).

1.3 THE EFFECT OF SMOKING ON THE TYPE II CELLS:
It has further been shown that injury to the alveolar
epithelium leads to regeneration involving cell
proliferation and repair (Evans et aI, 1978b). These
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researchers demonstrated a general correlation between the
degree of surface injury in the alveolus and type II cell
labelling. A quantitative evaluation of the number of type
II cells in guinea pig lungs during prolonged exposure to
N02 demonstrated that an increased proportion of type II
cells occurred.

Le Mesurier et al (1981) have demonstrated that cigarette
smoke can cause injury to type II cells in the rat lung and
this was manifested in a decreased surfactant production.
These authors also describe the changes which occur in type
II pneumocytes due to smoking. These include hypertrophy
together with the formation of large numbers of lamellar
bodies which show degenerative changes such as clear
vacuoles or vacuoles containing irregular and condensed
lipid-like osmiophilic concretions.

Increased surfactant production such as that which occurs
after administration of isoprote~enol (Kliewer et al, 1985)
causes a lower lamellar body volume to cell ratio, implying
fewer lamellar bodies per stimulated cell, a situation
which occurs in the fetal lung shortly before birth (Faridy
et aI, 1987). The lamellar body number per type II
pneumocyte can therefore serve as a useful index to
indicate surfactant retention due possibly to cell injury.
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1.4 THE EFFECT OF SMOKING AND NICOTINE ON MACROPHAGES:
Macrophage numbers are elevated in the lung during
pathological states such as inflammation (Zeligs et aI,
1977). Chronic cigarette smoke inhalation in both young and
old mice produced perivascular and peritubular
accumulations of lymphocytes and macrophages whereas mice,
under the same experimental conditions, showed increased
macrophage numbers when treated simultaneously with
hydrocortisone (Matulionis, 1984). The same study further
revealed a reduction of alveolar space with a concomitant
increase in lung cellularity and thickened alveolar septa
as determined by quantitative morphometric procedures.
Harris et al (1970) have demonstrated that protein
synthesis is increased in the alveolar macrophages obtained
from the lungs of human smokers as determined by electron
microscopic examination. These results were later confirmed
by Holt et al (1973), who made use of cell cultures of
alveolar macrophages extracted from rabbit lungs. This
suggests that alveolar macrophages have the capacity to
adapt to toxic changes in their environment. Electron
micrographs by Matulionis (1984) indicate an accumulation
of intra-alveolar material to levels above normal in the
lungs of 18 month old smoke-exposed animals. This is
considered most likely as a result of impeded pulmonary
clearance by the macrophages. This assumption was based on
previous findings by Matulionis (1983) in which the use of
HCG to depress the alveolar macrophage population resulted
in the accumulation of surfactant-like material in the air
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spaces, thus suggesting a role for the alveolar macrophage
clearance of surfactant from the alveolar space. Taking
into account the various factors relating to macrophage
numbers, a macrophage count on lungs of pups exposed to
nicotine during gestation, may provide useful information,
since elevated macrophage numbers may contribute to the
elevated DNA values observed in the lungs of progeny of
rats exposed to nicotine during pregnancy (Maritz, 1988).
Schwartz (1976) has demonstrated that nicotine has a
vacuologenic effect on macrophages as well as inhibiting
endocytosis whilst stimulating exocytosis.

1.5 THE EFFECT OF SMOKING AND NICOTINE ON CONNECTIVE TISSUE:
The fact that maternal nicotine exposure results in smaller
lungs cannot be simply explained since on the one hand,
elevated DNA values are noted with increased cellularity
and hyperplasia, yet after maturity, a hypoplastic
condition is evident (Collins et al, 1985), although the
lungs do eventually attain the same mass as those of the
controls in the rat (Maritz, 1988). If tnese observations
are applicable to humans, then reduced lung growth in the
children of smoking mothers may begin antenatally. The
question has been posed concerning whether this condition
of prenatal hyperplasia and postnatal hypoplasia is due to
slower maturation or lung tissue damage (Maritz and
Woolward, 1990). In order to test which one of these
hypotheses is correct it may be useful to investigate:
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(i) type II:type I cell ratio and fibroblast status which,
if increased, indicates injury (Richardson et aI,
1987).

(ii) the status of the lung connective tissue.
This can be done using 5~m paraffin wax sections in
conjunction with specialised staining techniques to
demonstrate connective tissue such as ·collagen,elastic and
reticuli~ fibres in the lungs of the progeny of nicotine
treated rats. The postnatal development of rat lung
following retarded fetal lung growth has been investigated
by Adamson and King (1988). These authors induced smaller
lungs in neonatal rats by prenatal exposure to:
(i) glucocorticoids a~d
(ii) collagen synthesis inhibitors, which depressed DNA
synthesis and total DNA levels.
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Recovery occurred far more rapidly in the steroid-exposed
group although the collagen levels returned to normal only
after 3 weeks of age. By contrast, the second group showed
slower recovery as judged by increased lung mass and DNA
levels. This indicates that when inhibition of fibroblast
growth and collagen deposition takes place, rebound growth
in the lung is slow with inhibited growth and development
up to 3 weeks of age (Adamson and King, 1988).

The effect of cigarette smoke on the connective tissue has
been the subject of numerous studies. It has been
illustrated that cigarette smoke blocks cross-linking of
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simultaneously inhibits elastin repair by blocking

elastin in vitro (Laurent et aI, 1983). It has been
speculated by these authors that elastin degradation is
accelerated in smokers as a result of increased recruitment
of elastase-secreting cells such as the alveolar macrophage
(Hocking et al, 1979) as well as decreased functional
capacity of elastase inhibitors (Janoff et aI, 1979; Gadek
et aI, 1979; Carp et aI, 1982). This suggests that smoking

cross-link formation as well as accelerating degradation,
further aggravating abnormalities in elastic structure and
function. This may explain the alveolar destruction
observed in pulmonary emphysema. Thus,
status of elastic tissue of interest

not only is the
in the lungs of

maternally nicotine-exposed rats. The morphological
structure of the alveoli can provide indirect evidence of
connective tissue abnormalities. If the effects, as
described by Hocking et al(1979), Janoff et al (1979) and
Carp et al (1982), are also to be found in the lungs of
maternally nicotine-exposed progeny of rats, then the
effect is due mainly to the alkaloid, nicotine, which is
found in tobacco smoke. Emphysema, induced by elastase via
intratracheal administratio-n, is potentiated by cigarette
smoke in hamsters. This led to speculation that cigarette
smoke exposure may amplify protease-involved emphysema by
acute lung injury (Hoidal et aI, 1983). The role of
nicotine in the pathogenesis of pulmonary emphysema was
investigated by Kimmel et al (1984) and it was concluded
that the endotracheal instillation of a single dose of
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nicotine neither induces nor augments pulmonary emphysema
in the rat. This, however, does not mean that pathological
effects will not occur if nicotine is administered
chronically and it is envisaged in this study that the
effect of nicotine on the structure of the lung after
chronic administration, will be determined, by
investigating the status of the connective tissue fibres.

It has been established that many properties of collagen
fibres, such as solubility, decrease significantly with the
age of the animals (Rickert et al, 1972). There is
considerable evidence that exposure to cigarette smoke
results in accelerated aging since it causes the earlier
onset of most of the main age-associated diseases
(Gentleman et al, 1971). The former authors have
demonstrated structural changes occurring as a result of
the exposure of collagen to cigarette smoke. In a study to
investigate the rate of collagen synthesis, it was shown
that the maximum rate in rats occurred on day 1 (after
birth) and remained at this level for 14 days. By 3 weeks
of age, the rate of collagen synthesis had declined to
approximately 60% of the original rate of synthesis. At 8
weeks of age, synthesis was depressed by 90%. When lung was
exposed to tobacco smoke under in vitro conditions,
synthesis of collagen was almost completely depressed
(Garrett, 1978). The structural basis of the lung is
determined to a large extent by its connective tissue
components, collagen and elastin. The overall effectiveness
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of the lung is dependent upon its morphological properties
and structural stability, and hence dependent upon the
connective tissue. structural or functional abnormalities
of elastin or collagen may be part of the etiology of
diseases such as respiratory distress syndrome and
emphysema (Evans et al, 1972; Drodz et al, 1977). The most
important primary cause of generalised emphysema has been
reported to be due to the loss of mechanical stability of
the connective tissue framework of the lung parenchyma
(Laros et al, 1976). This emphasizes the importance of
evaluating the connective tissue status in the lungs of
test animals to determine their predisposition to emphysema
as judged by the available evidence.

1.6 THE EFFECT OF SMOKING AND NICOTINE ON THE BLOOD-AIR
BARRIER:
The effect of maternal smoking on the fetal cardiovascular
system has been investigated by Asmussen (1979). Studies of
the umbilical blood vessels and placental villi vessels
indicate severe damage as a result of maternal tobacco
smoking during pregnancy. Ultrastructural changes noted
were significant widening of the basement membranes. Edema
was evident in the endothelial cells and the subendothelial
space. Since the capillary side of the blood-air barrier
is composed of endothelial cells, these findings may be of
relevance in lung tissue, hence the necessity to measure
the endothelial part of the blood-air barrier in the lungs
of progeny exposed to nicotine during gestation as well as
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the basement membrane thickness. More recent evidence for
the effect of nicotine on endothelial cells was provided by
Zimmerman et al (1985). This study examined the effect of
nicotine on aortic endothelial cells in swiss mice.
Endothelial cell injury and increased mitotic activity were
noted. It was concluded that the rate of cell loss , or
cell turnover, was greater in nicotine-affected
endothelium. Since it has been documented that the status
of lung surfactant is affected by nicotine (King et al,
1989), the total thickness of the blood-air barrier appears
to be important. If it is thickened, this may add to an
already pathological condition of the lung. Endothelial
injury is characterised by features such as increased
mitotic activity and cell loss due to tissue response to an
injurious stimulus such as the development of intimal
lesions due to structural alterations in the endothelium
(zimmerman et aI, 1985). The status of the blood-air
barrier may thus provide evidence for damage to the lung
during gestation as a result of exposure to nicotine via
the placenta.

The status of alpha-glucosidase in fetal and neonatal lung
following maternal nicotine exposure may provide evidence
concerning either damage to lung tissue or retarded
maturation and help explain the effects observed due to
smoke and nicotine on lung development. The role of the
lysosomal enzyme was investigated in an in vitro system,
with the aid of an inhibitor, pseudosaccharide acarbose, on
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rat lung explants. These were cultivated for 48 hours from
gestational day 19,5 (Bourbon et al, 1987). The results
obtained suggest that alpha-glucosidase facilitates
glycogenolysis and may thus play a major role in lung
maturation since glycogen is necessary for surfactant
synthesis epithelial differentiation andand cell
proliferation. Since maternal nicotine exposure suppresses
glycogenolysis, it may therefore also adversely affect lung
growth and maturation.

1.7 THE EFFECT OF SMOKING AND NICOTINE ON SURFACTANT AND

HEALTH:

The nature of the surfactant layer may also provide
evidence for damage to lung tissue when the fetus is
exposed to nicotine during gestation. It has been
established that alveolar damage, due to smoking, results
not only in an increase in the ratio of type II ce~ls to
type I cells in the alveolus, but also alteration in the
composition of pulmonary surfactant. The disaturated
phophatidylcholine and phosphatidylglycerol components were
reduced, whilst the phosphatidylinositol component was
elevated (King et al, 1989).

The health of smokers' and non-smokers' children was the
subject of a large survey by Cameron et al (1969). This
survey illustrated that the children of smoking parents
were more frequently ill, the chief ailment being primarily
respiratory illness. Hanson et al (1986), demonstrated that
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Lung hypoplasia, which can be defined in terms of lung mass
relative to body mass, is a common finding in infants who
die at, or immediately after birth (Wigglesworth and Desai,
1982) .

maternal nicotine exposure increases perinatal mortality in
Swiss mice. When large doses were administered in the
second and third trimesters of gestation, a significant
shortening of gestation occurred.

Analysis of data from the ontario Perinatal Mortality Study
shows that perinatal mortality increases directly with the
level of maternal smoking during pregnancy. This results
from premature delivery, bleeding during pregnancy,
abruptio placentae, placenta previa and membrane rupture
(Meyer and Tonascia, 1977). A study by Hamosh et al (1979),
revealed that nicotine administered to pregnant rats at a
dosage of 1mg/Kg/day throughout gestation resulted in
smaller litter sizes and a higher incidence of stillbirth.

The effect of exposure to maternal smoking was found to
persist into later life (Butler et al, 1972). In a study
conducted in Britain, over 90% of the surviving British
children who partook in the investigation, were re-examined
at 7 years of age. It was established that children of
mothers who had smoked during pregnancy were, on average,
shorter than their counterparts from non-smoking mothers
and were found to suffer some educational retardation.
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These findings were confirmed after allowing for a number
of mediating factors such as educational, social and
financial status (Goldstein, 1971).

d) MOTIVATION FOR THIS INVESTIGATION.

Since tobacco was introduced to Columbus in 1492 by the
Indian inhabitants of the island of San Salvidor, it has
occupied an important place in the social customs of the
Western world (Cope et aI, 1975). The economic investments
of the tobacco industry in the Republic of South Africa is
considerable. In the U.S.A., 4,4 million dollars of tax
money was raised in one year by taxation on the sale of
cigarettes (1975). Despite the overwhelming evidence of the
harmful effects of smoking (Cope et aI, 1975; Kelly et aI,
1984; Mochizuki et aI, 1984), relatively little is done
about it. More evidence of the harmful effects, especial,ly
to the unborn fetus, may give more momentum to the anti-
smoking campaign.

Chemical analysis of condensates of tobacco smoke reveal
that the chief pharmacological constituent is the alkaloid
nicotine. cotinine is also present in low quantities. It
is, however, nicotine which accumulates in amniotic fluid,
placental tissue and fetal serum to exceed the
corresponding maternal serum concentrations as a result of
maternal smoking. This occurs due to "ion-trapping" since
nicotine is a base and is un-ionized in the fetal tissues.
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cotinine, on the other hand, is a weak base and does not
accumulate in gestational fluids and tissues (Luck and Nau,
1984).

Previous biochemical studies (Maritz, 1988) show that
maternal nicotine exposure during gestation, causes lung
hypoplasia at birth. However, higher DNA levels were
obtained per gram of lung tissue when compared with the
corresponding controls. This led the author to speculate
that these lungs may contain smaller but greater numbers of
cells. It was further speculated that maternal nicotine
exposure caused damage to the type I pneumocytes which in
turn served as a stimulus for type II cell proliferation
(King et al, 1989), which could explain the greater number
of cells. Damage to the lung tissue may cause an influx of
macrophages which could also contribute to the greater
cellularity observed in these lungs and may, since they
produce proteolytic enzymes like elastase, cause further
damage to the lung tissue, especially the connective
tissue. It was demonstrated that maternal nicotine exposure
retarded glycogenolysis in the fetal lung and may thus have
an effect on the functional development of the lung
(Maritz, 1986).
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To investigate the various hypotheses the following
investigations will be undertaken.
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To determine whether nicotine affects lung development and
stability, the connective tissue status will be
investigated. Connective tissue components such as elastic,
collagen and reticular fibres will be microscopically
checked by means of special staining techniques.

Histological characteristics will be examined by using 5~m
paraffin wax sections of lung from the nicotine treated and
the control group. Qualitative data can be obtained
concerning general architecture, overall cellularity and
cell size. Quantitative data may be obtained by use of TEM
micrographs in conjunction with computer assisted analyzers
such as an image analyzer or graphics tablet system. Data
such as cell size, nucleus size and ratios of cell size to
nucleus in both the test and control group could yield
useful information as could counts of numbers of cells/unit
area in light microscopy ..

If lung damage indeed occurs in the fetus due to maternal
nicotine exposure, then the ratios of type II to type I
cells will increase, since this is a common response to
lung damage (King et aI, 1989). Thus l~m "plastic" sections
will be made of the lung to enhance the resolution for
identification and differential counts of the pneumocytes.
The control group will be of the same age since these
values vary with age (Kauffman, 1980).
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The blood-air barrier dimensions will be measured to
determine whether damage to the lung has occurred by
thickening of the epithelial and endothelial layers. The
lamellar body counts of the type II pneumocytes could serve
as useful index to indicate the status of surfactant
secretion. This will be done by preparing TEM photographs
of ultrathin (70nm) sections of the type II pneumocytes. If
sufficient fields containing cells are examined,
statistically significant data will be obtained for
lamellar body numbers in these pneumocytes. Should damage
have occurred in the treated animals, macrophages may
migrate to the areas of the lung in question. A macrophage
count on the lung tissue would therefore provide useful
evidence.

The results so obtained may contribute to our knowledge
about the role of nicotine in abnormal lung development and
in its mechanism of action. Once its mechanism of action is
known, research can be directed towards methods to prevent
the harmful effects of nicotine on the fetus and infant due
to maternal smoking during pregnancy and lactation.
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CHAPTER 2

THE EFFECT OF MATERNAL NICOTINE EXPOSURE ON THE CONTENT AND
DISTRIBUTION OF GLYCOGEN IN FETAL AND NEONATAL LUNG

2.1 INTRODUCTION:
The glycogen content in the lungs of wistar rat fetuses
increases between days 17 and 19 of gestation (Maritz,
1986) and electron microscopic observations indicate that
it reaches a peak in the endodermal epithelial cells on
approximately the 20th day of gestation (O'Hare and
Tournes, 1968). Glycogen is associated with surfactant
synthesis during late gestation (Bourbon et aI, 1987) and
it has been shown that surfactant phospholipid biosynthesis
depends on glycolytic activity (Rinaudo et aI, 1981).

Biochemical studies have demonstrated (Maritz, 1986) that
maternal nicotine exposure during the last 2 weeks of
gestation results in a significantly lower glycogen content
in the lung tissue of the 19 day old fetus but higher
levels on day 22 are evident. After birth, the lung
glycogen levels of the nicotine exposed animals remained
significantly higher than the controls due to a marked
decrease in the activity of both total and active
phosphorylase (Maritz, 1986).

Carbohydrates are considered essential for energy supply in
the lung tissue of well-fed animals (O'Neill and Tierney,
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1974) and interference with their metabolism may have an
effect on lung growth and maturation and the maintenance of
the lungs' normal biochemical characteristics (Maritz,
1986). Studies by the same author (1988) indicated that
nicotine exposure during gestation not only interferes with
glycogen metabolism but also resulted in lower lung mass.

!
Glycogen occurs at the sites of rapid epithelial cell
division (O'Hare and Sheridan, 1985). Administration of
glucocorticoids results in a reduction in lung size but
increased surfactant secretion. This implies that this
steroid increases surfactant secretion at the expense of
lung growth (Adamson and King, 1988). The hypothesis is
that the glucocorticoids act at nuclear level via a
receptor-mediated mechanism to trigger the synthesis of a
specific ribonucleic acid (RNA) that codes for particular
proteins. These proteins may be enzymes involved in t.he
biosynthesis of surface active phospholipids or enzymes in
the breakdown of glycogen. Glycogen may also provide the
energy or material for cell proliferation, accounting for
its presence in the areas of rapid cell multiplication. It
seems that the steroid probably diverts biochemical
activity, derived from glycogen, from lung cell
multiplication to surfactant secretion.

The aim of this investigation was therefore to determine,
by histochemical and biochemical techniques, whether
differences in glycogen content and distribution occur
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between lungs of fetuses and 1 day old rats from mothers
exposed to nicotine and those born to mothers no exposed to
nicotine (controls). This may help to determine whether the
observed effects of nicotine on neonatal lung glycogen
metabolism also influence lung cell characteristics.

2.2 MATERIALS AND METHODS:

2.2.1 Experimental Animals.

wistar rats, bred in the laboratory animal unit of the
department of Physiological Sciences, University of the
Western Cape, were used. All the animals appeared normal
and showed no visible signs of ill health. Their diet
consisted entirely of dried cubes obtained from a
commercial supplier (Epol). Water-bottles were filled with
tap water, which was changed daily. Epol rat cubes were
provided in excess to allow "ad-libitum" feeding.

The room temperature was regulated at 25°C by means of an
air-conditioner and the day-night cycle was regulated to
give exactly 12 hours light and 12 hours darkness by means
of a relay switch. The light cycle was set at 07HOO to
19HOO.

Litters· were obtained by allowing mating to take place
overnight (12 hours) and removing the sire the following
morning. Thereafter, the females were randomly assigned to
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experimental and control groups. It was possible to detect
successful mating by checking for mating plugs and for
sperm in vaginal smears. The day of appearance of the
vaginal plug was designated day o. The rats were weighed on
a daily basis and by day 7, a significant increase in body
mass was noted if the animals were pregnant. These animals
were placed alone in cages from day 7 and treatment was
given from this day till birth of the litter. The
experimental group received subcutaneous injections of a
1mg/ml nicotine solution, diluted in sterile saline. A
single dose of 1mg nicotine/kg body mass/day was
administered between 09HOO and 10HOO. Thus a 500g rat would
receive O,5ml of nicotine solution. This dose was decided
upon because, according to Armitage et al (1974), smokers
inhale between 1,83 and 2,62 mg nicotine per cigarette
smoked. Thus if an adult with a mass of 70 kg smokes an
average of 32 cigarettes per day, he would inhale 71,2 mg
of nicotine which is approximately the equivalent of 1
mg/kg body mass.

The control group received placebo treatment in the form of
subcutaneous injections of sterile saline (0,9% Nael). An
amount of lml/Kg body mass was used in order to maintain
the same volume of injection in both the nicotine and
control group.
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sterile l,Oml "Tuberculin" syringes were used with 23 gauge
needles. These were of the disposable type, pre-sterilised
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by gamma radiation and used only once. At all times,
aseptic procedures were used to prevent conditions such as
infection developing as a result of the daily injections.
The loose skin at the dorsal aspect of the neck was in most
cases, the most suitable site for injection. At all times,
care was taken not to unduly excite the rats, to handle
them carefully and not to cause undue pain. The injections
were always executed as rapidly as possible.

All the rats were monitored on a daily basis for mass
increase. Those that showed pseudopregnancy were removed
from the cages. Samples of fetus or neonates were taken at
predetermined days from both the experimental and the
control group. Prenatal lung samples were collected on days
17, 18, and 20 and postnatal samples on days 1, 7, 14 and
21 for both light and electron microscopic investigation.
Three litters were used from each age group for both the
control and the nicotine exposed group. A minimum of 3 pups
were randomly selected from each litter.

2.2.2 Lung Tissue preparation.
Fetal lung material was obtained by decapitating the
pregnant female rat and removal of the fetuses from the
uterus by Caesarian section. Neonatal material was obtained
by decapitation of neonates. In both cases, the lung
material was obtained by an incision in the thorax to
expose the lungs.
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The middle lobe of the right lung (Figure 2:1) was located
and cut free at the medial basal aspect and placed into the
fixative. Care was taken not to touch the lobe at the
terminal aspect.

Inf"rlor lob"

l1ed ial
basal
,..speet

Superior lobe

l1iddle lobe

Figure 2:1.Anterior view of the
right lung.

For light microscopic investigation, buffered formalin was
used as a fixative. In the case of electron microscopic
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investigation, the fixative used was 2% glutaraldehyde
buffered with 0,2M sodium phosphate (pH 7,2).

The lung was fixed in formaldehyde for 24 hours, wherêafter
it was washed in running tap water for 30 minutes and
placed in plastic cassettes which were labelled and placed
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in the tissue processing rack of the automatic tissue
processor. A Shandon automatic processor was used and
programmed to carry out the following dehydration and wax
impregnation procedure:

lo 70% ethanol 1 hour
2. 90% ethanol 30 minutes
3. 95% ethanol 30 minutes
4. 100% ethanol - 1 hour
5. 100% ethanol - 1 hour
6. Xylene 1 hour
7. Wax bath 1 hour
8. Wax bath 1 hour
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All the containers were filled with fresh reagent prior to
startup:

Startup time: 09HOO
Cycle complete: 16HOO
Total duration: 7 hours

Embedding was done in paraplast wax using an embedding
system. This was completed on the same day as commencement
of the processing cycle. Before cutting sections, wax
embedded samples were refrigerated for a minimum of 3 hours
at 4°C to ensure evenly cut sections.

A rotary microtome was used for cutting sections from the
wax blocks which were trimmed with a dissection knife
before placing in the chuck of the microtome.
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Thick sections (10~m) were initially cut to get rapidly to

the tissue plane. Once the correct plane was reached, 5~m

sections were cut in ribbons consisting of 3 to 4 sections

per ribbon. These were flattened out in a waterbath at 45°C

and picked up on clean, standard size microslides and fixed

overnight in a 37°C incubator. These were then placed in a

slide retaining box and stored for staining. All cassettes

were stored in a cool, dry cupboard for later use.

When staining was required, the slides were removed from

storage, labelled on the frosted end with a graphite pencil

and placed in a hot-air oven at 80°C for 20 minutes to fix

the tissue onto the slide and to melt the wax.

2.2.3 Glycogen stain. (McManus, 1946)

a) Principle
Periodic oxidativeacid cleavage of thecauses

carbon-to-carbon bond in 1,2-glycols or their amino or

alkyl amino derivatives, to form di-aldehydes. These

aldehydes react with fuchsin-sulphurous acid, which

combines with the basic para-rosaniline to form a

magenta-coloured compound (Stoward, 1967). The compound has

been shown to be alkyl sulphonate in type (Nettleton and

Carpenter, 1977).
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b) Reagents
1) Alcohol, absolute ethanol. Dilute to the appropriate

concentrations with distilled water.

2) Mayer's haemalum. Dissolve 1 gram of haematoxylin in

1 litre of distilled water. Add 50 grams of ammonium

alum and shake to dissolve fully. Then add 0,2 grams

of sodium iodate, 1,0 gram of citric acid and 50 grams

of chloral hydrate.

3) Periodic acid. Dissolve 1 gram in 100 ml of

distilled water.

4) de Thomasi Schiff reagent. Dissolve 1 gram of

basic fuchsin in 200 ml of boiling distilled

water in a stoppered 1 litre flask. Shake for 5

minutes and cool to 50°C and filter through

Whatman No. 1 filter paper. Add 20 ml of 1N

hydrochloric acid to the filtrate and cool to

25°C. Add 19 of activated charcoal and shake for

1 minute. Filter through Whatman No. 1 filter

paper and store in the dark at 0 - 4°C.

5) Xylene. Use as supplied by manufacturer.

6) DPX. Use as described by manufacturer.

71

https://etd.uwc.ac.za/



7) Formaldehyde. Buffered neutral formaldehyde is
prepared by adding 100mlof 40% formaldehyde to aOOml
distilled water. Dissolve 4 grams of sodium dihydrogen
phosphate and 6,5 grams of disodium hydrogen phosphate
in this solution and make up to one liter with
distilled water in a volumetric flask.

c) Procedure
1) Fix the sections to the glass slides by placing in a

hot air oven at aooc for 20 minutes.

2) Dewax by dipping the slides in xylene for 2 minutes,
then hydrate by placing the sections for 30 seconds in
each of 100%, aO% and 70%, in that order.

3) Fully hydrate and remove all traces of alcohol by
placing the sections in running tap water for 1
minute. Mark sections for controls and digestion.
Controls are prepared by digesting the sections in
a-amylase (12 000 mw units/ml in distilled water) for
30 minutes at 37°C.

4) Oxidize by placing the slides in periodic acid for a
minutes (test and controls).

5) Wash in running water for 5 minutes, then rinse in
distilled water for 1 minute.
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6) Place the sections in a Coplin jar and add Schiff's
reagent to react for 10 minutes.

7) Wash in running tap water for 10 minutes.

8) Counterstain in haematoxylin for 1 minute.

9) Dehydrate through graded alcohols of 70%, 80% and 100%
respectively with a 10 seconds exposure in 70% alcohol
and 30 seconds exposure in the remaining alcohols.

10) Dip the sections in Xylene to clear, use two changes
for 30 seconds, then mount in DPX.

d) Interpretation of Results
P.A.S. positive substances (Glycogen, mucin, cerebrosides,
unsaturated lipids) appear bright red in colour. The nuclei
stain blue whilst other tissues stain yellow.

To ensure that the bright red substances are indeed
glycogen, a corresponding section is used as a control and
digested as described with a-amylase. The test and control
are then compared and if the control shows clear areas
where the test is red, the substance is indeed glycogen
since the enzyme is specific for glycogen.
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2.2.4 Glycogen Determination (Lo et al, 1970).

a) principle
In this assay procedure, glycogen is converted to an orange

colour complex through a series of reactions. The

absorbance is measured in a spectrophotometer. The standard

is treated in the same way as the sample and glycogen is

quantified by directly comparing the absorbance values of

the samples with that of the standard.

Glycogen + phenol + H2S04 ~ Orange coloured complex

The intensity of the colour of the complex is directly

proportional to the amount of glycogen hydrolysed.

b) Reagents
1) Glycogen standard (Merck oyster glycogen). Prepare py

dissolving 10mg in 100mlof distilled water. Make up to

the mark in a volumetric flask.

2) Phenol, 5% (Merck). Dissolve 5 grams in 100ml distilled

water.

3) Potassium hydroxide, 30%. Dissolve 30 grams in 100ml

distilled water. Add Na2S04 slowly whilst stirring

until saturation point is reached.
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4) Ethanol, 95%. Add 5 ml of distilled water to 95 ml of

absolute ethanol.

5) (Merck). Use concentrated.Sulphuric acid

6) Distilled water.

c) Procedure
1) Weigh out accurately 5 mg of sample into a test tube

and add 0,1 ml of cold (4°C) KOH reagent.

2) Place the tubes in a boiling water bath until the

tissue is dissolved (± 10 minutes).

3) Cool the tubes on ice for 5 minutes.

4) Add 2,0 ml of ethanol to each tube and leave on ice for

30 minutes.

5) Centrifuge at 1 250 X g for 20 minutes and carefully

separate the supernatant from the glycogen precipitate.

6) Dissolve the glycogen precipitate in 3,0 ml of

distilled water. Of this, 1,0 ml is used to determine

glycogen. Dilution may be required.
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7) Follow the procedure as set out below:

Reagent Blank (ml) Standard (ml) Sample (ml)
.... ,.

Glycogen sample ° ° 1,0

Glycogen standard ° 1,0 °
Distilled water 1,0 ° °

Phenol 1,0 1,0 1,0

Sulphuric acid 5,0 5,0 5,0

8) Cool for 10 minutes in a 25°C water bath after addition

of the sulphuric acid.

9) Mix well and measure the absorbances in a

spectrophotometer at 490nm.

d) Calculation

milligram of glycogen/gram tissue = A490/S490X 0,1 X Y

M

A490 = sample absorbance

5490 = standard absorbance

0,1 = mg/ml concentration of the standard

Y = sample dilution

M = sample mass in grams.

Results are reported as mg glycogen/gram lung tissue (wet mass) .
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2.2.5 Slide Photography.

1. The film cartridge is loaded into the cartridge
chamber of the automatic camera, the cassette back
closed and the film is advanced until the number 1
appears in the frame counter.
Laboratory Equipment, no. 14).

(See Appendix,

2. The camera dials are set for the film type, artifical
or daylight, positive or negative film and ASA, DIN
settings.

3. The cassette transport key of the camera is slotted
into the driving cam of the film transport and the
camera is clamped securely into position with the
clamping lever.

4. The ASA, DIN is set on the control unit, the frame
button is depressed which activates the automatic
focussing device which displays the concentric circles
in the fields of vision. In order to get the field in
focus for the camera these circles are sharply
focussed by rotating each eyepiece individually.

5. The beam splitter is then swung into place, allowing
80% of the light into the camera path. The slide to be
photographed must be clearly focussed with the coarse
and fine adjustment knobs before splitting the beam.
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6. with colour film, the red filter was used with the
lOOX oil immersion objective in position. The substage
condensor was cranked up to a maximum position and its
turret set to correspond with the lOOX objective.

7. By depressing the start exposure button, a photograph
is taken. The exposure t.Lme is automatically
calculated and effected by the control unit.

8. At the end of the film (red dot appears), the film is
rewound into the cartridge before the camera is opened
to remove the film cartridge.

9. All colour film was processed and printed on standard
postcard size gloss paper by Pro-colour Laboratories
(33 Bree Street, Cape Town) .

2.3 RESULTS:
The PAS positive staining substances (bright red) in the
cytoplasm of tubular epithelium of the rat lung is glycogen
(Figure 2:2). This is demonstrated by the a-amylase
digested control which shows an absence of PAS positive
staining substances (clear areas) in the cytoplasm of these
cells (Figure 2:3). Other PAS positive substances include
mucin, cerebrosides and unsaturated lipids. None of these
substances however, are digested by a-amylase and will
therefore not show up as clear areas when comparing with
the corresponding control.
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Figure 2:2. Glycogen (bright red substances) can be clearly seen
in the cytoplasm of the epithelial cells (c) of the tubules (T).
The above PAS stained section was obtained from· the lung of a 17
day old fetus. Magnification = 1 OOOX.

Figure 2:3. The control above is an a-amylase digested section
prior to PAS staining. The cytoplasm (c) of the tubular
epithelial cells of the tubule (T) are devoid of glycogen.
Magnification = 1 OOOX.
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On day 17 of gestation, during the pseudoglandular stage,
rat lung consists of tubules of glycogen-laden epithelial
cells surrounded by a cellular, loosely arranged mesenchyme
(Figs. 2:4, 2:5, 2:6 and 2:7). These light micrographs
reveal that the controls have a greater quantity of better
developed mesenchyme than the nicotine group. However, the
glycogen levels of the columnar, tubular epithelial cells
in the nicotine group (Figure 2:8) appear much higher
whilst more secretions are noted in the lumen of the
developing tubules (Figs. 2:8 and 2:9).
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On day 18 of gestation, the developing fetal lungs of both
the control and the nicotine group contain more tubules
than on day 17. However, the lung from the nicotine group
contains more tubules than the control with a less dense
mesenchyme between these tubules (Figs. 2:10 and 2:11). In
both groups, the glycogen content of the tubular epithelial
cells appears lower than that observed on day 17, but
distribution differences occur. Glycogen in the control
group appears evenly distributed throughout the lung as can
be seen by the intense red colouration due to the PAS
reaction whereas in the nicotine group higher glycogen
levels are noted in the tubules with lower quantities
distributed in the looser mesenchyme tissue.

The lung glycogen level at day 20 of gestation still
appears higher in the nicotine group but the distribution
differs from that of the control group (Figs. 2:12 and
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Figure 2:4. A 17 day old fetal lunq of the control qroup. The
qlycoqen-laden tubules (T) are situated in the mesenchyme (M).
Maqnification = 100X.

Figure 2:5. This 17 day old fetal lunq from the nicotine qroup
illustrates the lower density of the mesenchyme (M) between the
tubules (T). Maqnification = 100X.
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Figure 2:6. The tubules (T) are situated in a well developed
mesenchyme (M). The columnar epithelial cells (E) of the tubules
in this 17 day old fetal control contains glycogen.
Magnification = 400X.

Figure 2:7. The lower density mesenchyme (M) between the
developing tubules (T) is clearly illustrated in this 17 day old
fetal lung from a nicotine exposed group. Magnification = 400X.
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Figure 2:8. This high magnification (1 OOOX) of a tubule (T) in
the lung of a 17 day old fetus exposed to nicotine illustrates
the high glycogen content (bright red) of the epithelial cells
(E). Secretions are also evident in the lumen" (L).

Figure 2:9. The tubules (T) of the corresponding control lung
illustrates that less glycogen is present in the tubular
epithelial cells (E).
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Figure 2:10. The day 18 fetal lung of the control above shows a
denser mesenchyme (M), larger numbers of tubules (T) and lower
glycogen levels than on day 17. Magnification = 100X.
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Figure 2: 11. The glycogen level of this 18 day old nicotine
exposed lung appears higher than the control together with more
tubules (T) in which the glycogen is concentrated. Magnification
= 100X.
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2:13). In the latter group, it seems that more glycogen
occurs in the cytoplasm of the cells surrounding the
developing airways (Figs. 2:12 and 2:13) compared to that
of maternal nicotine exposed lungs. However, due to higher
glycogen levels in the nicotine group, more red PAS
staining substances occur in the mesenchyme between
tubules, thus showing a more even distribution of glycogen
in the lung. On these slides, primitive air-sacs in both
groups, appear more expanded than on the previous slides.

Both groups show a significant drop in lung glycogen on
postnatal day 1. It is, however, not possible with the
histochemical techniques employed to judge whether there
are quantitative differences between the 2 groups (Figs.
2:14 and 2:15).

On days 17 and 18 the glycogen levels, judged by the colour
intensity of the stain, were higher in the nicotine exposed
lung than the control lung. Biochemical determinations of
glycogen levels of pre- and postnatal lungs using the
method of Lo et al (1970), revealed lower glycogen levels
in the nicotine exposed group on prenatal day 19. However,
from prenatal day 20 and after birth, the lung glycogen
remained higher in the nicotine exposed lungs (Figure
2:16). Also, from day 19 of gestation till day 1 after
birth, there was a rapid breakdown of the lung glycogen
stores. After day 1, the rate of glycogenolysis was
significantly slower.
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Figure 2:12. A 20 day old fetal control (magnification = 100X).
The glycogen levels are lower than on day 18 and concentrated in
the tubules (T).

Figure 2:13. This 20 day old nicotine exposed fetal lung
illustrates a slightly higher glycogen level than the
corresponding control. Primitive air-sacs (A) have begun to
expand. Magnification = 100X.
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Figure 2: 14 • The above PAS stained section of a 1 day old
neonatal control lung illustrates that low glycogen levels occur
at this stage. Magnification = 100X.

Figure 2:15. A lung section of a 1 day old nicotine exposed rat.
Low glycogen levels are evident from the lack of the bright red
staining PAS positive substances. Magnification = 100X.
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2.4 DISCUSSION:
It has been demonstrated by using quantitative biochemical
techniques (Maritz, 1986) that fetal lung glycogen levels
are very high in the rat three days before birth and
thereafter decline rapidly to low levels (Figure 2:6). The
decrease in lung glycogen content agrees with the findings
of other researchers, who have aLao measured whole lung
glycogen content by using biochemical techniques (Maritz,
1988; Engel et al, 1987; Bourbon and Jost, 1982; Daston,
1982). The results obtained in the present investigation on
17, 18, and 20 day old fetal lung confirms their results
(Figs. 2:4, 2:5, 2:6, 2:7, 2:8 and 2:9). From prenatal day
19 to postnatal day 1 the lung glycogen levels showed a
marked decrease (Figs. 2:10, 2:11 compared to Figs. 2:12
and 2:13). The rapid decline in the lung glycogen mentioned
above illustrates the importance of lung glycogen in
preparing the lung for birth and for its role after ~irth.

Glycogen is the major storage polysaccharide of the animal
body (Ganong, 1983, page 228). The liver contains more
glycogen per gram tissue than any other tissue (Ganong,
1983, page 229). The high level of glycogen in the liver
plays an important role in the maintenance of the blood
glucose concentration (Ganong, 1983, page 232). This is
demonstrated by the rapid decrease in liver glycogen
content during fasting (Ganong, 1983, page 284).
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The importance of glycogen in developing lung is further
illustrated in the difference in the control of glycogen
metabolism between neonatal and adult lung. Glycogen in
neonatal lung was reported to be more readily available for
utilization than in the adult lung (Maritz, 1988). Any
interference with glycogen metabolism, in particular
glycogenolysis, will therefore also interfere with those
aspects of lung function and development which are
dependent on the availability of glycogen.

Factors associated with glycogen metabolism in lung
include:

(a) Supply of glucose-6-phosphate. The latter
substrate is necessary for ATP.production via the
glycolytic pathway (Sorokin, 1961).

(b) Cell multiplication and lung growth (O'Hare and
Sheridan, 1970; Thurlbeck, 1975).

(c) Supply of precursors for surfactant synthesis
(Rinaudo et al, 1976).

The findings reported in this thesis, fit in with the
observations of Maritz (1986) that glycogenolysis in the
lungs of nicotine exposed animals was slower than that of
control rat pups. This latter finding corresponds with the
observations of Maritz (1986). According to Maritz (1986)
maternal nicotine exposure during pregnancy and lactation
resulted in suppression of glycogenolysis by inhibiting
glycogen phosphorylase. This latter enzyme is the rate-
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limiting enzyme of glycogenolysis
647). This implies that less

(Lehninger, 1975, page
glucose-6-phosphate is

released via this pathway for further utilization via the
glycolytic pathway and thus for ATP production. This
inhibition of both glycogenolysis and glycolysis may have
serious implications for the developing fetal and neonatal
lung because glycolysis is associated with:

(a) .maintenance of cell membrane integrity (Higgins
et al, 1981; Opie, 1979; Opie, 1974) and

(b) maintenance of type I cell integrity (Massaro,
1975).

The high degree of inhibition of glycolysis in neonatal
lung exposed to nicotine via the placenta and mother's milk
(Maritz, 1986), may therefore result in type I cell damage.
Type I cell damage serves as a trigger for type II cell
proliferation and differentiation to replace the damaged
type I cell (Wijnands, 1987). Increased DNA levels on
nicotine exposure suggests cell proliferation (Maritz,
1988) which could perhaps be an indication of type I cell
damage. If maternal nicotine exposure indeed results in
type I cell damage, one can expect that the alveolar cell
composition will change. Less type I cells and more type II
cells can then be expected to occur, resulting in an
increase in the type I:type II cell ratio. Changes in type
I cell integrity and alveolar cell composition will also
affect the blood-air barrier. Further research to
investigate the effect of maternal nicotine exposure on

91

https://etd.uwc.ac.za/



alveolar cell development is therefore necessary.
Information gained can help to determine the mechanism of
action of nicotine and thus the consequences it may have on
lung function.

92

The decrease in lung glycogen about the time of increased
surfactant production led to speculation that glycogen
might provide precursors for phospholipid synthesis in the
fetal lung (Farrell and Bourbon, 1986; Bourbon et al,
1987). To explore the proposed relationship between lung
glycogen and the synthesis of surfactant phospholipids,
Bouz bon "and co-workers (1987) injected fetal rats with
[14C] -glucose on day 18,5 of gestation. They established
explant cultures of the lung 24 hours later and reported
that as glycogen content and radioactivity decreased, the
radioactivity of phosphatidylcholine increased. From this
information they deduce that glycogen supplied the
precursor of surfactant phospholipids. These experiments,
however, do not prove a precursor-product relationship but
rather confirms the temporal relationship observed in vivo.
since essentially all organic cellular components are
potentially labelled from [14C]-glucose and there is no
precursor that is exclusively incorporated into glycogen,
it is impossible to determine if glycogen is a direct
phospholipid precursor in such experiments. In fact, data
obtained by other researchers argue against a direct
relationship between glycogen depletion and phospholipid
synthesis in fetal lung (Rooney,1985). Research by Maritz
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(1986) indeed showed that although nicotine exposure
resulted in severe inhibition of 'glycogenolysis and
glycolysis, the total lung surfactant was higher in the
lungs of nicotine exposed rats. However, despite the fact
that nicotine exposure will not reduce total lung
surfactant, it may, via its effect on cell metabolism and
morphology, change the distribution thereof in the lung and
thus affect alveolar stability. Tobacco smoke causes a
change in the distribution of surfactant resulting in
accumulation of surfactant in the type II cell with smaller
amounts being released into the alveoli (Le Mesurier,
1981). Since nicotine influences lung cell metabolism, it
may induce the changes observed in smokers independent of
its effect on glycogenolysis and glycolysis.

since maternal nicotine exposure interferes with the energy
metabolism of the lung cell (Maritz, 1983) it is also
possible that it will have a widespread effect on the
synthetic processes that are energy dependent, such as the
activation step of protein synthesis in the cytoplasm.
Research by Maritz (1988) illustrated lower protein content
in neonatal lung after maternal nicotine exposure. Although
no evidence exists to support this, it is very tempting to
speculate that lung collagen, elastin and reticulin content
will also be less in nicotine exposed neonatal lungs. If
this is the case, the connective tissue structure may be
weakened, rendering the lungs more susceptible to injury.
However, despite the fact that glycolysis was severely
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suppressed as a result of maternal nicotine exposure
(Maritz, 1986), the latter exposure had no effect on the in
vitro oxygen consumption of the neonatal lung tissue
(Maritz, 1986). This implies that mitochondrial function
and thus ATP production via the respiratory chain was not
affected. Although it cannot be ruled out completely, it is
highly unlikely that the ATP dependent processes of protein
synthesis will be affected by the inhibition of
glycogenolysis and glycolysis. This is further supported by
the fact that glycogen occurs almost exclusively in the
epithelial cells of the tubules of the fetal lung and not
in the mesenchymal component. It is therefore also highly
unlikely that inhibition of these two processes as observed
in this project, will influence the formation of the
connective tissue structure of the developing lung.

The information gained in this experiment so far, has'shown
that high glycogen levels at approximately 20 days
gestation fall rapidly at birth. This effect is less in
nicotine exposed animals than controls. The literature
indicates that glycogen plays an important role in lung
development. There is, however, uncertainty as to what the
exact role of glycogen is in lung development. It appears
as if glycogen plays its major role before birth,
especially between days 19 and 21 of gestation. During this
phase it appears to be the major energy substrate playing
a role in preparing the lung for birth and for its
structural and functional development after birth. It may
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also serve
immediately

as a
after

major
birth.

energy substrate during and
Interference with glycogen

metabolism at this phase of lung development, as observed
in this project, may therefore also affect lung
development. However, the role of glycogen becomes less
important after birth as indicated by the much slower
decrease in glycogen levels of the lungs. For the first two
weeks after birth, the rat pups depend almost entirely on
mother's milk. Since mother's milk contains high
concentrations of fatty acids, the lung tissue at this
stage of development most probably depends more on fatty
acids for energy and for precursors
synthesis than on glucose and glycogen.

for surfactant
This is further
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supported by the findings that free fatty acids suppress
glycolysis in neonatal rat lung (Maritz, 1988).

In summary, evaluation of the data on glycogen levels could
suggest that glycogenolysis was retarded in fetal and
neonatal lung of rat pups exposed to nicotine via the
placenta and mother's milk. The status of the glycogen
stores during the various phases of lung development,
however, follows the same trend as the controls. The change
in the glycogen status of nicotine exposed fetal and
neonatal lung is not in line with the belief that it serves
as a source of precursors for surfactant synthesis. The
difference in fetal lung glycogen distribution observed may
result in uneven growth and develeopment of the alveoli
since tubules which give rise to saccules (wigglesworth ,

https://etd.uwc.ac.za/



96

1987) require glygogen for growth and development.
Furthermore, it appears clear that although suppression of
glycogenolysis and glycolysis will in all likelihood result
in membrane and type I cell damage and in this way
facilitate type II cell proliferation, it is unlikely that
it will influence synthesis of the connective tissue
components via its effect on glycogenolysis and glycolysis.

The aim of the next two chapters is to investigate the
effect of maternal nicotine exposure during pregnancy
and lactation on:

(a) the connective tissue status of neonatal lung and
the possible consequences thereof and

(b) the alveolar wall composition and the blood-air
barrier status of the neonatal lung in order to
determine whether it is indeed affected by
maternal nicotine exposure.
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CHAPTER 3

THE EFFECT OF MATERNAL NICOTINE EXPOSURE ON THE
CONNECTIVE TISSUE STATUS OF NEONATAL LUNG

3.1 INTRODUCTION:
Connective tissue comprises approximately 25% of the adult
human lung and is an intimate part of all lung structures
(Hance and Crystal, 1975). The interalveolar septae which
must resist the pressure of air in the alveoli, are
supported in the main by a framework of elastic and
reticular fibres with only a small quantity of collagen.
(Leeson et al, 1985, page 398). The tissue space of the
septae contain unit fibrils of collagen which is the most
abundant protein in adult mammalian lung. This substance
plays a fundamental role in defining lung structure and
function and is found in septae dividing lung segments,
major airways and larger branches of the pulmonary vascular
tree (Kilburn, 1971).

Collagen, reticular and elastic fibres traverse the lung
parenchyma in association with branching airways and
vascular structures. These fibrous intercellular substances
are all complex proteins formed by polypeptide chains and
are distinguishable by their appearance and chemical
reactions. Collagen fibres become smaller and reticular
fibres more prominent in the smaller subdivisions of lung
structure (Krahl,1964). A fibrous continuum exists which
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interconnects all lung elements and may be important for
distributing pressure changes throughout the parenchyma.
The loss of fibres at any level of organization would break
this continuum and could result in significant alteration
in the distribution of pressure changes (Hance and Crystal,
1976, page 238). Within the connective tissue framework,
three major systems can be defined:

a) a collagen-ground substance
responsible for the shape and

system which is
stability of the

alveolar structures
b) an elastin-collagen system which enables the lungs
to function like a bellows
c) a non-fibrillar ground substance system which acts
as a cementing substance in the interaction and
interdependence of the two fibre types (Laros and
Kuyper, 1976).

3.1.1 Collagen
Collagen represents 60 - 70% of the total connective tissue
mass and its fundamental unit is the tropocollagen molecule
(Hance and Crystal, 1975). Five types of collagen exist
which differ in the primary structure of their constituent
polypeptide chains (Leeson et aI, 1985, page 102).
Immunological techniques are required to identify the
various types in situ (Leeson et al, 1985, page 102).
Collagen fibres vary from 1 - l2~m in diameter. Several may
be collected together in a bundle within which the fibres
are held together by a small amount of amorphous cement
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substance. In tissue sections, collagenous fibres are
eosinophil and may branch and recombine owing to the
interchange of clusters of fibrils between one fibre and
another. The finest strand visible by light microscopy is
the fibril which measures 0,3 - 0,5~m in diameter (Leeson
et al, 1985, page 100).

3.1.2 Elastin
Elastic fibres appear as long, thin, cylindrical threads or
flat ribbons, ranging in diameter from less than l~m to
4~m. Their presence in lung was demonstrated more than 70
years ago. In contrast to collagen, they are not striated
and appear homogenous. Furthermore, they stain erratically
with eosin but can be selectively stained with orcein-iron
haematoxylin (Verhoeff) and will appear blue-purple in
colour (Leeson et aI, 1985, page 105).
In lung, elastic fibres occur in the parenchyma as a
continuum, complexly intertwined with collagen and ground
substance elements (Hance and crystal, 1976, page 671).
Electron microscopic observations illustrate that these
fibres are heterogenous with amorphous and fibrillar
components, the latter being 10 - 12nm in diameter with a
tubular appearance because of their denser periphery.
Elastic fibres are produced with the aid of mesenchymal
cells which first produce long beaded structures known as
microfibrils and then later tropoelastin chains which, due
to lysyl oxidase activity, are converted to cross-linked
elastin. Elastic fibres are formed from both elastin and
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microfibrils . The ratio of these 2 components have been
shown to change with age (Hance and Crystal, 1976, page
677) .

3.1.3 Reticular Fibres
Reticular fibres are extremely fine with a diameter
comparable to that of the collagen' fibrils and are not
visible in haematoxylin and eosin preparations. They are
strongly PAS positive and can be demonstrated by
impregnation with silver salts. These fibres are called
argyrophyllic because of their affinity for silver salts.
When impregnated they appear black. The argyrophyllic and
PAS positive reaction of reticular fibres can be explained
on the basis of their high hexose content (6 - 12%) as
opposed to the 1% in collagen. The configuration of the
macromolecular architecture of glycoproteins makes the end
groups available to bind dyes.

Reticular fibres are mainly composed of the protein
collagen. The thin microfibrils present a 64nm periodicity,
which is characteristic of collagen fibres, but reticular
fibres have a smaller diameter. Reticular fibres are
particularly abundant in the framework of hematopoietic
organs and constitute a network around the cells of
epithelial organs.

During embryogenesis, most connective tissues have an
abundance of reticular fibres, but these are subsequently
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replaced by regular collagen fibres (Junquira and Carneiro,
1980, page 95). In most epithelia, reticular fibres
complexed with amorphous protein-polysaccharides constitute
another layer beneath the basal lamina called the fibrous
or reticular layer (Leeson et aI, 1985, page 104). Dense
fibrillar material also occurs in the basement membrane of
lung (Hance and crystal, 1976, page Z36).

In the previous chapter it was illustrated that although
glycogen plays an important role in lung development,
especially before birth, it is unlikely that its role is
very important in the formation of the connective tissue
framework of the lung. Fibroblasts, which are responsible
for the formation of connective tissue fibres, most
probably obtain their energy from lipid metabolism. It was
however pointed out that it may play an important role in
the growth and development of the tubules in fetal lung
where the latter gives rise to the formation ·of air
saccules (Wigglesworth, 1987). The latter develop into
alveoli after birth (Kauffman et aI, 1974).
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It is therefore possible that interference with glycogen
metabolism in the fetal stage may initiate a sequence of
events which may result in abnormal lung structure. Since
lung structure and stability also largely depend on the
connective tissue framework of the lung (Laros and Kuyper,
1976) and since elastic tissue plays an important role in
alveolarisation (Brody and Vacarro, 1977), the aim of this
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chapter was to investigate the effect of maternal nicotine

exposure on neonatal lung connective tissue status.

3.2 MATERIALS AND METHODS:

3.2.1 Elastic Fibre stain. (Verhoef, 1908)

a) principle
Verhoef's stains tissue black.all thereagent

Differentiation with ferric chloride removes the excess

stain from the tissues, leaving the elastic fibres black to

contrast against a paler staining background. Van Giesen's

stain, an anionic dye, is then used to further enhance the

background and stain the collagen red so as to

differentiate clearly between the two connective tissue

fibres. Hydrogen bonding is considered important in elastic

tissue staining (Goldstein, 1962), since the addition of a

strong hydrogen bonding agent such as urea reduces or may

even abolish the staining properties of these fibres.

b) Reagents
1) Alcohol, as described under section 2.2.3, Materials

and Methods.

2) Ferric chloride 2% aqueous solution. Dissolve 2 grams

in 100 ml of distilled water.

102

https://etd.uwc.ac.za/



3) Van Gieson's stain. Prepare by adding 10 ml of an
aqueous 1% solution of acid fuchsin to 100 ml of
saturated picric acid (± 2% in distilled water) .

4) Verhoef's stain. Add 5 ml of 5% alcoholic haematoxylin
to 5 ml absolute alcohol. Add 4 ml of 10% ferric
chloride to 4 ml of Lugol's iodine.

5) Alcoholic haematoxylin. Dissolve 5 grams
haematoxylin in 100 ml of absolute alcohol.

of

6) Ferric chloride. Dissolve 10 grams of ferric chloride
in 100 ml of distilled water.

7) Lugol's iodine solution. Dissolve 1 gram of iodine and
2 grams of potassium iodide in 100 ml of distilled
water.

c) Procedure
1) Fix, dewax and hydrate the sections as described

under section 2.2.3, Materials and Methods.

2) stain with Verhoef's stain for 20 minutes.

3) Differentiate in ferric chloride for 1 minute. Check
that the elastic fibres contrast against a pale
background.
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4) Rinse off with distilled water. Differentiate further
if necessary.

5) Wash in running tap water for 5 minutes.

6) Place in alcohol for 5 minutes to remove the iodine.

7) Wash in tap water for 5 minutes.

8) Counterstain with van Gieson's stain for 5 minutes.

9) Wash in tap water for 1 minute then dehydrate, clear
and mount as described under 2.2.3, Materials and
Methods.

d) Interpretation of Results
The cytoplasm and muscle stain yellow, collagen red whilst
the elastic fibres stain black.

3.2.2 Collagen stain. (Van Gieson, 1899)

a) principle
Iron haematoxylin is used to stain the nuclei of tissue
regressively, after which differentiation in acid alcohol
removes some of the stain. Collagen fibres stain strongly
with anionic dyes, hence the use of acid fuchsin/picric
acid to stain the connective tissue after differentiation.
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picric acid however, removes haemalum, thus necessitating
the use of iron haematoxylin.

b) Reagents
1) Alcohol, as described under section 2.2.3, Materials

and Methods.

2) Acid alcohol, 1%. Prepare by adding 10 ml of
concentrated hydrochloric acid to 990 ml 70% ethanol.

3) Giemsa's stain. Prepare by making up
saturated picric acid solution (± 1%)
water and add 10 ml of a 1% aqueous
solution.

100 ml of a
in distilled
acid fuchsin

4) Weigert's iron haematoxylin. Dissolve 1 gram of
haematoxylin in 100 ml absolute alcohol (solution A) .
Add 4 ml of 30% aqueous ferric chloride and 1 ml of
concentrated hydrochloric acid to 100 ml of distilled
water (solution B). Mix equal parts of solution A~and
B immediately before use.

c) Procedure
1) Fix, dewax and hydrate as described under section

2.2.3, Materials and Methods.

2) stain with haematoxylin for 40 minutes.
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3) Wash in tap water for 30 seconds.

4) Differentiate in acid alcohol for 1 minute.

5) Wash in tap water for 30 seconds.

6) stain with Giemsa's stain for 3 ~inutes.

7) Wash in tap water for 30 seconds.

8) Dehydrate, clear and mount as described under section
2.2.3, Materials and Methods.

d) Interpretation of Results
The nuclei stain blue-black while the cytoplasm of muscle
and red blood cells stain yellow. The collagen can be
identified by its bright red appearance.

3.2.3 Reticulin Fibre stain. (Gomori, 1937)

a) principle
This metal impregnation technique makes use of silver in a
form which is readily able to precipitate as metallic
silver. Reticulin fibres have little natural affinity for
silver solutions, thus a reducing agent such as formalin is
required to produce sensitized sites on the fibres where
silver deposition can be initiated. Excess silver in the
tissue is removed by treatment with a sodium thiosulphate
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solution. Toning with a gold salt solution renders the
preparation permanent and produces a neutral black colour
of high intensity.

b) Reagents
1) Formalin. A 10% aqueous solution is prepared by adding

300 ml of distilled water to 100 ml of a 40%
formaldehyde solution.

2) Gold chloride. Prepare a 0,2% solution by dissolving
200 mg of gold chloride in 100 ml of distilled water.

3) Hypo. Dissolve 5 grams of sodium thiosulphate in 100
ml of distilled water to prepare a 5% solution.

4) Mordant. Dissolve 2 grams of ferric iron alum in 100
ml of distilled water. Filter through Whatman No. 1
filter paper before use.

5) Neutral red. Dissolve 1 gram in 100 ml of distilled
water.

6) Oxalic acid. Dissolve 5 grams of oxalic acid in 100ml
of distilled water.

7) Potassium permanganate. Dissolve 0,5 grams of
potassium permanganate in 100 ml of distilled water.
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8) Wilder's silver nitrate solution. To 10 ml of a 10%
silver nitrate solution, add 2 ml of a 10% potassium
hydroxide solution. Rinse the precipitate 3 times with
distilled water and pour off the supernatant with each
rinse, except the last where 10 ml of
precipitate/supernatant is retained. Add concentrated
ammonia solution drop by drop until all the
precipitate has dissolved. Then make up to the 100 ml
mark with distilled water.

c) Procedure
1) Fix, dewax and hydrate as described under section

2.2.3, Materials and Methods.

2) Oxidize by placing in potassium permanganate for 5
minutes.

3) Wash well in distilled water for 2 minutes.

4) Bleach until white by placing the slides in oxalic
acid for 3 minutes.

5) Wash using 2 changes of distilled water, 1 minute per
wash.

6) Flood the slides with mordant and allow to react for
2 minutes.
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7) Wash 3 times with distilled water, 1 minute per wash.

8) Impregnate by placing the slides in wilder's silver
nitrate solution for 3 minutes.

9) Rinse with distilled water for 1 minute.

10) Reduce by placing the sections in formalin for 3
minutes.

11) Rinse with distilled water for 1 minute.

12) Tone by placing in gold chloride for 3 to 5 minutes.

13) Rinse in distilled water for 1 minute.

14) Rinse with hypo for 1 minute.

15) Rinse well in distilled water for 3 minutes.

16) stain with neutral red for 40 seconds.

17) Rinse with distilled water for 1 minute.

18) Dehydrate, clear and mount sections as described under
section 2.2~3, Materials and Methods.
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c) Interpretation of Results
The reticulin fibres stain black, collagen fibres red and
the nuclei of the cells various shades of grey.

3.2.4 Haematoxylin and Eosin stain. (Mayer's formulation)

a) principle
Haematoxylin is oxidized to the natural dye haematin by
sodium iodate. To increase its affinity for tissue, a
mordant in the form of aluminium salt is added during the
preparation of the stain. This stain (haemalin) combines
with the acidic nuclei by means of covalent bonding and van
der Waal's forces, the latter being the most important due
to the molecular size of the mordant-dye complex. staining
is allowed to take place progressively, whereafter the
material is counterstained with eosin to stain the
cytoplasm. Blueing in Scott's water serves to enhance the
staining of the nuclei.

b) Reagents
1) Alcohol, as described under section 2.2.3, Materials

and Methods.

2) Eosin. Dissolve 5,0 grams in 1 litre of distilled
water.

3) Mayer's haemalum, as described under section 2.2.3,
Materials and Methods.

110

https://etd.uwc.ac.za/



4) Scott's water . Dissolve 4 grams of potassium
bicarbonate and 40 grams of magnesium sulphate in 2
litres of distilled water.

5) Xylene, as described under section 2.2.3, Materials
and Methods.

6) DPX, as described under section 2.2.3, Materials and
Methods.

c) Procedure
1) Fix the sections to the glass slide by placing in a

hot air oven at 80°C for 20 minutes.

2) Dewax in xylol for 2 minutes, then hydrate by placing
the sections for 30 seconds in each of 100%, 80% and
70% alcohol, in that order.

3) Fully hydrate and remove all traces of alcohol by
placing the sections in running tap water for 1
minute.

4) stain in Haemalin for 10 minutes.

5) Blue in Scott's water for 1 minute and wash in tap
water for 30 seconds.

6) stain in Eosin for 1 minute.
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7) Wash in tap water for 30 seconds.

8) Dehydrate, clear and mount sections as described under

section 2.2.3, Materials and Methods.

d) Interpretation of Results
The nuclei of the cells stain blue whilst the cytoplasm

stains red to pink. The red blood cells appear yellow to

red in colour.

3.3 RESULTS:

3.3.1 Mesenchymal Status Of Fetal Lung.
Lung tissue samples were obtained from nicotine exposed rat

pups and controls. For the postnatal age group (1, 7, 14

and 21 days), 3 litters were used and from each litter 3

pups were randomly selected for connective tissue and lung

morphology analysis. The same selection procedure was used

to obtain fetal lung samples from pups on prenatal days 17,

18 and 20.

Figures 3:1 and 3:2 illustrate clearly that on prenatal day

17, the lungs of the control group have a greater quantity

of better developed mesenchyme between the developing

tubules than the nicotine exposed group. This condition is

still evident on prenatal day 18 (Figs. 2:10 and 2:11).

However, on prenatal day 20, the lungs have developed to
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Figure 3: 1. A 17 day old fetal control lung. Well developed
mesenchymal tissue (M) is visible between the developing tubules .•
Magnification = 100X.

Figure 3:2. This 17 day old nicotine exposed fetal lung shows
lower quanti ties of mesenchyme (M)between the developing tubules
(T). Magnification = 100X.
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the terminal sac stage and mesenchymal tissue is no longer
visible (Figs. 2.12 and 2.13).

3.3.2 Elastic Fibres.
Light micrographs illustrate that on postnatal day 1, an
abundance of elastic tissue is evident in the lungs of
control rat pups that were not exposed to nicotine via the
placenta and mother's milk (Figs. 3:3 and 3:5). Black
elastic tissue fibres are clearly visible at the air-tissue
interface and in the lung septa of control rats.
corresponding areas in the lung lobes of rat pups exposed
to nicotine during pregnancy and lactation were almost
devoid of elastic tissue fibres in the parenchyma (Figs.
3:4 and 3:6). The lung tissue of the nicotine exposed
neonatal lung of 1 day old rats also displays a higher
degree of collapse of the air saccules (Figure 3:4) while
no collapse occurs in the control lung (Figure 3:3f. The
same elastic tissue status exists on postnatal day 7 (Figs.
3:7 and 3:8). However, on postnatal days 14 and 21, there
appear to be no visible differences in elastic tissue
content between control and nicotine exposed neonates
(Figs. 3:9, 3:10, 3:11 and 3:12) but the elastic fibres in
the latter appear thicker. It is furthermore clear from the
light micrographs of the slides that elastic tissue is
present in the vasculature even though absent from the
airways and alveoli (Figure 3:4).
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3.3.3 Reticular Fibres.
An evaluation of the slides illustrates that on gestational
day 20, more reticulin fibres occur in nicotine exposed
lungs than in the control lungs of animals of the same age.
Distributions of the fibres also differ with fibres in the
latter group appearing thicker and specifically surrounding
the air saccules. In the nicotine exposed group the fibres
are distributed throughout the parenchyma and less
organised than in the controls. Furthermore, the fibres
around each developing tubule appear well-developed and
complete in the controls. Nicotine exposed lungs have
denser fibres around the tubules. These fibres are
interrupted in places (Figs. 3:13 and 3:14).

A similar status is seen on postnatal day 1 with the
quantity of reticular fibres as judged visually being of
the same order in both groups. In the controls,the
reticular fibres appear thinner with more extensive
branching and cross-linking (Figure 3:15) than in the
nicotine exposed lungs (Figure 3:16).

3.3.4 collagen Fibres.
No visible difference in the quantity of collagen is
apparent when comparing the treated group with the controls
(Figs. 3:17 and 3:18). However, there appears to be a
structural difference. Fibres in the control lung are fine
with abundant cross-linking. In the case of the treated
group, lung collagen fibres appear larger, denser and
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Figure 3:3. Elastic fibre stain of a 1 day old control lung. The
black elastic fibres are visible at the air-tissue interface (A),
the lung parenchyma (P) and blood vessels (B). Mag. = 4QOX.

Figure 3:4. Elastic fibre stain of a 1 day old nicotine exposed
lung. Absence of elastic fibres is noted at the air-tissue
interface (A) as well as in the parenchymal tissue (P). The blood
vessels (B) on either side of the airways (AR) appear unaffected.
Magniffcation.. = 400X.
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Figure 3:S.Elastic fibre stain of a 1 day old control lung. The
black elastic fibres are visible at the air-tissue ~nterface (A)
and in the lung parenchyma (P). The septa (S) between adjacent
alveoli (AL) are thin. Magnification = 1 OOOX.

Figure 3:6. Elastic fibre stain of a 1 day old nicotine exposed
lung. An absence of elastic fibres is noted at the air-tissue
interface (A) as well as in the lung parenchyma (P).
Magnification = 1 OOOX.
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Figure 3:7. Elastic fibre stain of a 7 day old control lung.
Black elastic fibres are clearly visible at the air-tissue
interface (A) and in the septa (8) between adjacent alveoli (AL)~
Magnification = 1 OOOX.

Figure 3:8. Elastic fibre stain of a 7 day old nicotine exposed
lung. An absence and at best poorly developed elastic fibres are
noted at the air-tissue interface. No elastic fibres can be seen
in the septa (8) between adjacent alveoli (AL). Mag. = 1 OOOX.
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Figure 3:9. Elastic fibre stain of a
Black elastic fibres can be seen at the
and in the septa (8) separating
Magnification = 1 OOOX.

14 day old control lung.
air-tissue interfaces (A)
adjacent alveoli (AL).

Figure 3:10. Elastic fibre stain of a 14 day old nicotine exposed
lung. Although elastogenesis has taken place, the fibres appear
structurally different from the control. Magnification = 1 OOOX.
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Figure 3:11. Elastic fibre stain of a 21 day old control lung.
Black elastic fibres can be seen at the air-tissue interface (A)
and in the septa (8) separating adjoining alveoli (AL).
Magnification = 1000X.

Figure 3:12. Elastic fibre stain of a 21 day old nicotine exposed
lung. Although elastogenesis has taken place, the fibres appear
stru6turally different from the control. Magnification = 1000X.
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Figure 3:13. Reticular fibre stain of a 20 day old fetal control
lung. Black reticular fibres occur as a fine network around the
airway (A), the blood vessels (B) and the tubules (T).
Magnification = 400X.

Figure 3:14. Reticular fibre stain of a 20 day old fetal lung
exposed to nicotine. There appears to be a greater quantity of
thicker fibres surrounding the airways (A) and blood vessels (B)
as well as in the parenchyma (P). Magnification = 400X.
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Fiaure 3:15. Reticular fibre- stain of a 1 day old neonatal
control lung. A fibre network (N) of extensively branching black
reticular fibres is visible in the space (Sp) surrounding the
airway (A). Magnification = 1000X.

Figure 3:16. Reticular fibre stain of a 1 day old neonatal lung
exposed to nicotine. The network (N) surrounding the airway (A)
is not as extensively branched and appears to be thicker than
those of the control above. Magnifica~ion = 1 OOOX.
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exhibit less crosslinking . Collagen is also more evenly
distributed in the control lung septa (Figure 3:17) than in
the lungs of the nicotine exposed rat pups of the same age.

3.3.5 Morphological status Of The Neonatal Lung.
Evaluation of the Hand E slides show that on postnatal day
1, the lung lobe is smaller with thicker septa when
compared with the controls (Figs. 3:19 and 3:20 ). In the
lungs of 1 day old nicotine exposed rat pups, regions of
under developed or collapsed air saccules occur (Figure
3:19). Collapse was not evident in the control lung (Figure
3:20). On postnatal day 7, the Hand E light micrographs
illustrate structural differences between nicotine exposed
and control lung. The alveoli appear larger and in many
areas the septae are missing (Figs. 3:21 and 3:22). On day
14 after birth, ruptured alveolar septae occur. Enlarged
air sacs occur which resembles emphysematous lesions
(Figure 3:23). No such structural disturbances occur in the
lungs of the control rat pups of the same age (Figure
3:24). The same structural disturbances occur in the lungs
of the 21 day old nicotine exposed rat pups (Figure 3:25)
while the control lung appears normal (Figure 3:26).
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Figure 3:17. Collagen fibre stain of a 17 day old control lung.
A fine, pink coloured network of fibres (F) surround the blood
vessel (B) and occur in the septa (8). Magnification = 1 OOOX.

Figure 3:18. Collagen fibre stain of a 1 day old neonatal lung
exposed to nicotine. The pink collagen fibres (F) surrounding the
blood vessel (B) are denser with less branching than those of the
control above. Magnification = 1 OOOX.
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Figure 3:19. Lung lobe of a 1 day old rat exposed to maternal
nicotine. The lung appears to have smaller alveoli (A) and
thicker septa (8) than the control below. Magnification = 400X.

Figure 3:20. Lung lobe of a 1 day old control rat. The alveoli
(A) and the septa (8) are clearly visible. Magnification = 400X.
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Figure 3:21. Lung lobe of a 7 day old rat exposed to maternal
nicotine. The alveoli (A) appear larger than the control in areas
where septa (S) should be located. Magnification = 100X.

Figure 3:22. A 7 day old control rat lung shows normal septal
development (S) and numerous alveoli (A). Magnification = 100X.
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Figure 3:23. Lung lobe of a 14 day old rat exposed to maternal
nicotine. The alveoli (A) appear larger in places where septa
(S) should be located. Emphysema-like lesions (E) are apparent.
Magnification = 100X.

Figure 3:24. A 14 day old control rat lung showing normal septal
development (S) and numerous alveoli (A). A terminal bronchiole
(TB) can be seen. Magnification = '100X.
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Figure 3:25. Lung lobe of a 21 day old rat exposed to maternal
nicotine. The alveoli (A) appear larger in places where septa (8)
should be located. Emphysema-like lesions (E) are apparent.
Magnification = 100X.

Figure 3:26. A 21 day control rat lung showing normal septal
development (8) and numerous alveoli (A). A large terminal
bronchiole (TB) can be seen. Magnification = 100X.
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3.4 DISCUSSION:
A stable connective tissue framework is essential for the
stability of the lung structure. The stability of the
connective tissue framework depends on:
1. the quality of the connective tissue components, viz.

collagen, elastin and reticulin fibres (Laros et aI,
1972).

2. the substance responsible for cementing the connective
tissue fibres together (Laros and Kuyper, 1976).

since optimal stability of this framework is dependent on
the status of each of the components (Laros et al, 1972),
it implies that interference with any of them will also
result in a weakening of the connective tissue framework.
As a consequence the stability of the lung and thus
function thereof will be impaired. The affected lung will
also be more susceptible to stress injury.

since the connective tissue elements also play an important
role in alveolarisation (Brody and Vacarro, 1977),
interference with the development thereof during the fetal
and neonatal stage will also affect normal development and
maturation of the lung.

The results clearly illustrate that maternal nicotine
exposure during pregnancy and lactation resulted in a less
densely developed mesenchymal component of the fetal lung
(Figs. 3:1 and 3:2). The mesenchymal cells differentiate
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into fibroblasts. These fibroblasts produce connective
tissue for the formation of a stable connective tissue
framework (Laros et al, 1972). The relatively poor
development of the mesenchyme of nicotine exposed fetal
lung compared to that of control fetal lung implies that
maternal nicotine exposure during pregnancy may interfere
with the normal process of fibroblast generation and
eventual connective tissue metabolism.

The results obtained from 1 and 7 day old rat lung
demonstrated that maternal nicotine 'exposure indeed
interfered with the formation of the components of the
connective tissue framework. On days 1 and 7 after birth
there was virtually no elastic tissue in the lungs of the
nicotine exposed rat pups (Figs. 3:3, 3:4, 3:5, 3:6, 3:7,
and 3:8).
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Maternal nicotine exposure therefore seems to interfere
with elastogenesis which is a function of the fibroblasts.
The differentiation of the interstitial fibroblasts is
intimately associated with alveolar formation and the
synthesis and secretion of connective tissue elements,
particularly elastin, play an important role in this
process (Brody and Vacarro, 1977). The appearance of these
elastic fibres precede alveolar development and they are
constantly located at the entrances of the alveoli (Amy et
aI, 1977). Interference with the synthesis of elastic
tissue will therefore adversely affect alveolar formation
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(Kida and Thurlbeck, 1980). The development of a stable
connective tissue framework is important for mechanical
stability and the loss thereof is considered to be an
important primary cause of generalized emphysema (Laros and
Kuyper, 1976).

since maturation of lung involves thinning of the septa,
the thicker septa on postnatal day 1 in the nicotine lungs
are probably less mature than the controls. Maturation also
involves alveolarization which in the rat lung occurs
between days 4 and 13 after birth. This corresponds to the
period of low elastic tissue in the lung parenchyma of the
nicotine exposed rat pups. This implies that
alveolarization may be permanently adversely affected due
to a lack of elastic tissue at a critical developmental
stage. support for this was shown in the develepment of
emphysema-like lesions despite the return of the elastic
tissue levels to those found in the controls. It is
possible that these lesions occur because of the poorly
developed connective tissue framework and thus its
inability to support either development of the alveoli or
the stress on the septa during respiration.

The changes thus far described in the lungs of 1 and 7 day
old neonates following maternal nicotine exposure, were
most likely initiated during fetal development, since
significantly less mesenchymal tissue was noted on prenatal
days 17, 18 and 20 in maternally nicotine exposed lung.
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Emphysema is not always connected with a decrease in the
quantity of connective tissue in the lungs (Kuhn et aI,
1976). It may also occur with a decline in the quality of
the elements of the connective tissue framework (Laros et
aI, 1972). Results in this thesis show that, in spite of
the presence of larger quantities of elastic tissue 2 and

This mesenchymal tissue is responsible for the production
of the "fibroblast-pneumocyte" factor which is required for
fibroblast activity and cytodifferentiation of the type II
pneumocytes (Motoyama et aI, 1988). Mesenchyme tissue forms
connective tissue and is responsible for the production of
elastin and microfibrils which form elastic tissue in the
lung (Hance and Crystal, 1976). This may therefore explain
the lack of elastic tissue fibres in 1 and 7 day old
neonatal lung following maternal nicotine exposure.
Furthermore , results presented in this thesis indicate
that the blood vessels are relatively unaffected and appear
to contain almost as much elastic tissue as the controls.
This may be explained by the fact that, in man, elastic
tissue is laid down in the blood vessels in the first
trimester of fetal lung growth (Thurlbeck, 1975) and in the
airways during the second and third trimesters. Our rats
received nicotine daily from day 7 till term at day 22.
This roughly corresponds to the second and third trimester
in man and the elastic tissue components of the blood
vessels in the rat fetus may thus have already been
developed prior to nicotine exposure.
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3 weeks after birth (Figs. 3:9, 3:10,3:11 and 3:12),
rupturing of the alveolar septa occured in the experimental
group. This implies that the elastic tissue in this group
was not as strong as in the controls. If 25cm of water
pressure was used to inflate and perfuse the lungs with
fixative as described by Weibel (1971), then far more
prominent lesions and lung damage may result.

A possible explanation of these results could be:
(i) low levels of elastic tissue in lung could be
caused by nicotine's effect on the activity of the
fibroblasts inhibiting mesenchymal growth,

connective tissue imbalance during a critical
(ii) the emphysematous lesions could be due to a

developmental stage,

(iii) the lesions persist even when the connective
tissue quantities return to normal levels,

(iv) the lung damage is possibly permanent and the
condition will most likely deteriorate as the animals
age.

(v) the lower prenatal .mesenchymal tissue levels
observed could affect the development and
differentiation of the alveolar wall since it has been
pointed out by Masters (1976), that greater amounts of
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mesenchyme are
differentiation

necessary for type II
cell

cell
wallthan for bronchiolar

differentiation. It would thus be prudent to
investigate the status of the components of the
alveolar wall to determine whether this is indeed the
case.

The rate of lung collagen synthesis is highest in 1 day old
rat pups and decreases after 14 days. It has been shown by
Rickert and Forbes (1972) that cigarette smoke exposure in
lung causes extreme structural changes to collagen, some of
which resembles changes due to aging. In general, collagen
fibrils increase in size with age (Verzar, 1964). This
condition is only observed in the interstitium of lung late
in life (Stephens et ai, 1971).

The synthesis of collagen as well as non-collagen protein
was almost completely inhibited in lung exposed to
cigarette smoke in vitro (Garrett, 1978). This author
negates the role of nicotine in the inhibition since both
high and low nicotine-containing cigarettes produced the
same amount of inhibition. However, these tests were done
on minced lung in an incubation medium attached to a
smoking machine for 3 hours. During this time, the minced
lungs were only exposed to cigarette smoke for 15 seconds
per minute for 1 hour. Clearly, the experimental conditions
differ considerably from those reported in this thesis
where fetuses were exposed in vivo to nicotine on a daily
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basis for the last two thirds of their gestation period
i.e. 15 days. Furthermore, fetal lung also accumulates
nicotine which implies that the developing fetal lung cells
are virtually constantly exposed to nicotine due to
maternal nicotine exposure (Mosier and Jansens, 1972).
Nicotine may therefore interfere with normal cell
development such as mesenchymal cell development, and thus
with normal lung development.

It has been well established that the lung fibroblast is
responsible for collagen formation (Hance and Crystal,
1975). Later researchers refer to two types of fibroblasts,
the myofibroblast which is essential for elastin synthesis
and the lipofibroblast (Vacarro and Brody, 1978). Branislaw
et al (1989), have reported that the lungs of 15 day old
rat pups exposed to whole cigarette smoke during gestation,
contain less elastin. Furthermore, the quantitative ratio
of collagen to elastin increased in the treated group from
4,2 to 6,3. This may be as a result of a decrease in
elastic tissue or an increase in collagen at a crucial
stage of lung development. Since a decrease in elastic
tissue as a result of nicotine exposure was observed in the
study reported in this thesis, it can be deduced that the
observations of Branislaw are probably due to the nicotine
in the smoke. Thus, smoking during pregnancy and lactation
and consequent exposure of the fetus and neonate to the
smoke may interfere with the connective tissue framework
stability at a critical stage of lung development. This may
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have long term repercussions for the individual. In the
previous section, it was pointed out that although glycogen
levels were elevated, after maternal nicotine exposure,
possibly due to decreased glycogenolysis via inhibition of
glycogen phosphorylase, 02 consumption of the lung tissue
was not depressed. It is therefore unlikely that inhibition
of glycogenolysis results in the changes in connective
tissue described in this chapter. It can thus, from this
evidence, be speculated that the changes in collagen
structure occur as a result of nicotine's interference with
protein synthesis of the fibroblast and not as a result of
inhibition of glycogenolysis or the ability to produce ATP
energy. It is however possible that nicotine suppresses the
ability of the lungs to use the available ATP effectively.
The mechanism whereby nicotine interferes with the
formation of elastic tissue and other proteins is therefore
not clear.
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In the study reported here, emphysema-like lesions were
observed in neonates (14 days) after maternal nicotine
exposure. This may be, in part, due to the structural and
functional abnormalities of the connective tissue of the
lungs of the nicotine exposed rats. Furthermore, these
abnormalities of connective tissue may be part of the
etiology of diseases such as emphysema and respiratory
distress syndrome (Drodz et aI, 1977).
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Evidence suggests that exposure of the fetus and neonate to
nicotine, an important component of tobacco smoke,
adversely affects the development of the connective tissue
framework of the lung. The most likely explanation for this
is that nicotine, in some way or another, interferes with
the fibroblast responsible for protein synthesis. However,
it is also possible that damage to the cells of the
alveolar septa may expose the underlying connective tissue
and thereby make them more susceptible to damage by
proteolytic enzymes from alveolar macrophages. It is
therefore necessary t~ investigate the cellular integrity
of the alveolar septa of rats exposed to nicotine via the
placenta and mother's milk during pregnancy and lactation.
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CHAPTER 4

THE EFFECT OF MATERNAL NICOTINE EXPOSURE ON
THE CELL COMPOSITION OF THE ALVEOLUS

4.1 INTRODUCTION:
The interalveolar septum comprises 3 ~ain cell types:

a) the squamous epithelial (type I) cell

b) the type II septal cells

c) the endothelial cells

In the connective tissue space (interstitium), cell types

include fibroblasts, leucocytes and macrophages (Leeson et

al, 1985, page 399). The presence of a third type of

epithelial cell, the type III cell, has been reported to

occur occasionally (Meyrick and Reid, 1968). Type I cells

cover more than 93% of the alveolar surface (Crapo et aI,

1982). Type II cells are dispersed throughout the alveolar

septum between type I cells (Evans et aI, 1975). The"blood-

air barrier (alveolar-respiratory membrane) is composed of

the type I cell epithelium, its basemerit;membrane, the

basement membrane of the endothelial cell as well as the

endothelial cell itself which occurs on the capillary lumen

side of the barrier. The stability of this membrane depends

on its connective tissue status.

Macrophages are generally irregular shaped cells with

short, blunt processes and an ovoid nucleus, sometimes

indented with nucleoli which are not conspicuous. When
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active, the plasma membrane exhibits numerous folds and the

cells become larger. The cytoplasm stains darkly and may

contain vacuoles (Leeson et al, 1985, page 110).

The alveolar macrophage (dust cell), or pulmonary alveolar

macrophage (PAM), shows the features of macrophages found

elsewhere (Leeson et al, 1985, page 403). It is a central

figure in the protection of the respiratory membrane. Their

numbers, localization and appearance are affected by

factors such as particle inhalation (Ferin, 1982),

microorganisms (Green, et al, 1977) and drugs such as

nicotine and amines (Schwartz, 1976). It was therefore, in

the light of its important role in lung defence and the

documented effects that various factors have on the PAM

population, deemed necessary to investigate the effect of

maternal nicotine exposure on the macrophage population of

the neonatal lung.

Damage to the lung parenchyma, characterised by the

destruction of type I epithelial cells, is followed by the

proliferation of the type II cell and the transformation of

one of the sister cells into squamous type I epithelial

cells to replace the damaged cells (Evans et aI, 1975;

Bowden, 1981). This response to injury has been described

in mammals exposed to nitrogen dioxide (Evans et al, 1975)

and high concentrations of oxygen (Kapanci et al, 1969).

139

https://etd.uwc.ac.za/



Pulmonary responses to atmospheric pollutants such as
petrol vapour have been described by Lykke et al (1979).
Degeneration of tissue fibroblasts and endothelial cells
oc~urred followed by hypertrophy of type II cells. Since
the endothelial cell forms an integral part of the blood-
air barrier, it is likely that petrol vapour will also
affect the dimensions of the blood-air barrier.

The effect of maternal cadmium administration on rat
alveolar epithelium has been reported by Daston (1981). A
delayed epithelial cell differentiation was noted together
with decreased numbers of lamellar bodies in type II cells
and diminished pulmonary surfactant lecithin content in the
lung.

Cigarette smoke has been reported to cause injury to type
II cells in 6 to 8 week old wistar rats exposed daily to
cigarette smoke in a closed system (Le Mesurier et al,
1981). After 15 days, the pulmonary surfactant levels
obtained by endobronchial lavage were 50% lower than that
of controls. After 25 days of daily exposure, morphological
changes were observed in the type II cells. These included
hypertrophy and copious intracytoplasmic, intensely
osmiophilic lamellar bodies. The latter, after 40 days,
showed degenerative changes such as distended vacuoles and
nonlamellated, irregular osmiophilic concentrations.
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The effect of maternal nicotine exposure on in vivo lung
growth of neonatal rats was investigated by Maritz (1988).
It was established that the nicotine exposure resulted in
lung hypoplasia in the neonate together with elevated DNA
levels. It was speculated that the higher cell numbers in
lung tissue reflected by elevated DNA levels was caused by
a response to injury as described earlier (Kauffman, 1980).
It has also been established that maternal nicotine
exposure results in significant inhibition of glycolysis,
the latter which is essential for type I cell integrity
(Massaro et aI, 1975). At this point, it is only
speculative that maternal nicotine exposure affects type I

cell integrity and type II cell proliferation and thus the
cellular composition of the alveolar epithelium, since no
direct evidence is available to support these proposals.
However, should nicotine indeed affect type I cell
integrity and type II cell proliferation, one may expect
the following changes to the alveolar cell composition and
morphology which can serve as direct evidence to support
the abovementioned speculation:

(a) an increase in the numbers of type II cells and
thus a change in the ratio of type I to type II

cells in the alveolus.
(b) a change in the morphology of type II

pneumocytes.
(c) a chan~e in the numbers of lamellar bodies found

in the cytoplasm of the type II cells with
possible changes to their structure.
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(d) a change in the characteristics of the blood-air
barrier and thus of the characteristics of this
membrane.

(e) the endothelial cells may be affected.

(f) the population of alveolar macrophages may be
affected since damaged tissue may trigger the
chemotactic response, resulting in elevated
numbers of alveolar macrophages in lung tissue.

It was therefore decided to make use of light and electron
microscopic techniques to investigate these factors (a -
f). TEM studies will be used to investigate the
characteristics of individual alveolar .membrane cells as
well as possible changes in the morphology and
characteristics of the blood-air barrier.

4.2. MATERIALS AND METHODS:

4.2.1 Electron Microscope Techniques.

1. Fixation and embedding of lung tissue for transmission
electron microscopy (TEM).

a) Principle
In order to study biological material with a transmission
electron microscope, small portions of the tissue are
fixed, dehydrated and embedded. Fixation preserves the
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structure and is done by drop on and immersion techniques.

This is to fix the tissue as soon as possible after death,

since changes in fine structure begin immediately after the

isolation of the tissue from the blood supply. Some cell

components are, however, stable for several hours after

death (Nunn, 1970).

Embedding media are used to penetrate the tissue to provide

mechanical support during microtomy. A plastic embedding

medium is generally used since traditional wax embedding

medium cannot withstand the high temperature in the

microscope column or provide sufficient mechanical support

for ultrathin sections.

b) Reagents
1) Acetone is used concentrated or diluted to the

appropriate concentrations with distilled water where

required.

2) Buffer A. 0,2M phosphate buffer at pH 7,2 is prepared

by dissolving 15,601 grams of NaH2P04 in distilled

water and diluting with distilled water to a final

volume of 500 ml. 35,61 grams of Na2HP04 is dissolved

in distilled water and diluted to a final volume of

1000 ml. 720 ml of the alkali component was added to

500 ml of the acid component of the buffer to achieve

a final pH of 7,2. Minor adjustments in the volumes of

143

https://etd.uwc.ac.za/



both buffer components may be required to attain the

correct pH.

3) Glutaraldehyde fixative is prepared by the combinatIon

of the components listed below:

0,2M phosphate buffer, pH 7,2

distilled water

100 ml

100 ml

2M sucrose solution

0,5% caCl2 solution

25% glutaraldehyde

22,5 ml

7,0 ml

20 ml

Warm the components by placing in a 37°C waterbath for

15 minutes. A precipitate will form which is filtered

through a Whatman No. 1 paper. The fixative is stored

at 4°C but warmed to 37°C immediately before use.

4) Osmium tetroxide. Prepare a stock veronal buffer

solution by adding 2,88 grams of 5,5-diethylbarbituric

acid and 1,15 grams of anhydrous sodium acetate to

approximately 80 ml of distilled water in a 100 ml

volumetric flask. Shake well to dissolve, then make up

the volume to 100 ml with distilled water.
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Prepare a working buffer solution by adding 8,0 ml of

O,IM HCI to 10 ml of stock solution. Then add 4,0 ml

of distilled water. Adj ust the pH to 7,4 with the

remaining HCI and add distilled water to bring the

volume to 25 ml in a volumetric flask.
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concentration of 2~o • This must be done in a fume

Prepare the osmium tetroxide fixative by opening the
ampoule and adding distilled water to give a final

cupboard whilst wearing gloves. Extreme care must be
taken since osmium tetroxide is volatile and toxic. A
working solution of the fixative is prepared by adding
2 ml of the working solution of veronal buffer to 6,0
ml of the 2% osmium tetroxide.

5) 0,1M Hel is prepared by carefully adding 8,6 ml of
concentrated Hel, to 600 ml of distilled water in
a 1 000 ml volumetric flask. Add distilled water up
to the mark.

6) Resin. Spurr's resin is prepared by adding the
following components to a clean 100 ml erlenmeyer
flask. All work is done in a fume cupboard since many
of the chemicals are toxic.

ERL 4,5 ml
DER 2,6 ml
NSA 13,0 ml
SI catalyst 0,22 ml

This unpolymerised resin mixture may be stored for up
to 48 hours at 4°e.

7) 2M Sucrose. Prepare by dissolving 136,92 grams of
sucrose in approximately 150 ml of distilled water in
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a 200 ml volumetric flask. Add distilled water up to
the mark.

8) 0,5% CaCI2• Dissolve 0,6623 grams of calcium chloride
in approximately 50 ml of distilled water in a

•volumetric flask. Add distilled water up to the mark.

9) 1% Uranyl acetate. Prepare by dissolving 1,0 gram of
uranyl acetate in approximately 80 ml in a 100 ml
volumetric flask. Add distilled water up to the mark.

10) Tolluidine blue. Dissolve 1 gram of tolluidine blue in
100mlof distilled water.

c) Procedure
1) Fix the entire portion of the lobe in glutaraldehyde

at 37°C and allow to cool to room temperature 1
hour.

2) Cut up fixed tissue into 1mm3 portions, leave in
fixative 30 minutes.

3) Rinse in phosphate buffer 3 times, allow to stand in
the last buffer rinse 10 minutes.

4) Fix in the osmium tetroxide solution, then place in 4°C
refrigerator, allow to remain there overnight (12
hours) .
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5) Rinse twice in cold, distilled water at 4°C, allow to
stand in the last rinse - 10 minutes.

6) Add 1% uranyl acetate, allow to stand at OOC on ice -
15 minutes.

7) Remove water, add 50% acetone, allow to stand on ice
15 minutes.

8) Remove acetone, add 70% acetone, allow to stand on ice
15 minutes.

9) Remove acetone, add 96% acetone, allow to warm to room
temperature 15 minutes.

10) Remove acetone, rinse twice with 100% acetone 15
minutes each.

11) Remove acetone, add Spurr/acetone mixture (prepared by
adding 10 ml of Spurr's resin to 10 ml of 100%
acetone) 2 hours.

12) Remove, add fresh Spurr resin
hours) .

overnight (12

13) Add fresh Spurr resin, place in a vacuum desiccator
under vacuum 4 hours.
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14) Place in oven at 60°C 1 hour.

15) Embed in capsules, orientate the tissue carefully and
place in the oven for polymerization at 60°C
overnight (12 hours).

2. ultramicrotomy.

a) Principle
The thickness of a resin section is a major factor in
determining the resolution obtainable in an electron
microscope. It is therefore critical to obtain ultrathin
sections, of the order of 70nm thick. This is achieved by
embedding the tissue in a resin which is polymerized after
being allowed to penetrate the tissue. This will provide
sufficient support during the subsequent ultrathin
sectioning.

b) Reagents
1) Aluminium tape, O,5cm width.

2) Detergent Hibiscrub antiseptic solution.

3) Dental wax.

4) Distilled water.
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c) Procedure

The preparation of glass knives.

These are prepared from precleaned, glass strips which are

treated with detergent and hot water followed by a

distilled water rinse. Care must be taken not to handle the

strips on the narrow edges.

Figure 4:1. Glass square
after breaking.

These strips are cut into 25mm squares by using a

knifemaker machine. By adjusting the score selector lever,

a score mark at 45° is made on each of the squares and 2

knives can be made from each square. The foot piece of each

knife must not exceed 1,Omm (Figure 4:1). The knife edge

must be checked and should appear as illustrated in Figure
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4:2. Part B is used for trimming and part A for ultrathin

sections.

150

Figure 4:2: Knife edge.

A floating out trough is prepared using the aluminium tape

and sealed with dental wax to provide a water tight trough

(Figure 4:3).
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Figure 4:3. Knife and
trough.

b) Trimming and obtaining sections
Remove the polymerized block from the beam capsule by
carefully cutting open the beam capsule with a razor blade
and place the specimen in the specimen holder of the
ultramicrotome. Tighten and place the holder in the
specimen trimming mount. Use a razor blade to form a
four-sided pyramid with a flat top (Figure 4:4).

Figure 4:4. Pyramid.
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is orientated parallel to the knife edge in both the
By using reflected light from the fibre optics, the block

horizontal and the vertical plane in the block-holder of
the ultramicrotome.

The ultramicrotome is set to section automatically at 600nm
until the tissue in the resin is exposed. Initial
observations are made by lifting sections from the
waterbath, placing on a microscope slide and staining with
tolluidine blue for 1 minute. By observing the sections
under the light micro~cope, the area of interest can be
located and a smaller pyramid is formed in this area on the
initial pyramid by again trimming with a razor blade. The
top of the pyramid is formed into a trapezium and
orientated so that the wide portion of the trapezium will
make initial contact with the knife (Figure 4:5).

Figure 4:5.
formation.

Trapezium
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The ultramicrotome is then set to section silver-grey
sections at 70nm which are floated out into the trough
which contains distilled water. This is flattened with
chloroform vapour from a saturated piece of blotting paper.
The sections are carefully lifted onto the dull side of a
precleaned 400 mesh size grid and placed on clean, dry
filter paper in petri dishes. The petri dishes are labelled
and sealed with tape until ready for staining.

3. staining procedure.

a) principle
Unstained, ultrathin sections of biological material
examined in the transmission electron microscope lack
contrast because their ability to scatter electrons is low.
Staining increases contrast by increasing the ability of
the section to deflect electrons. This is achieved Py
depositing metals of high atomic number onto the structures
of the section. The salts of many metals have been used but
lead and uranium compounds are the most widely used.
section thickness, accelerating voltage and the size of the
aperture in the objective all play a part in determining
the final overall contrast of the image.

b) Reagents
1) Reynold's lead citrate. Prepare by dissolving 1,33

grams of lead nitrate in 15 ml of distilled water in
a 50 ml erlenmeyer flask. In a separate flask,

153

https://etd.uwc.ac.za/



dissolve 1,76 grams of sodium citrate in 15 ml of

distilled water. Add both these solutions to a 50 ml

volumetric flask, shake well for 30 minutes. Add 8 ml

of 1M sodium hydroxide and make up to the mark with

distilled water.

2) Saturated uranyl acetate solutiori. Dissolve 9,0 grams

of uranyl acetate in 100 ml of 50% ethanol. Allow to

stand overnight and filter through Whatman No. 1

filter paper to remove all precipitate.

3) Distilled water.

4) 1M NaOH. Prepare by dissolving 4,0 grams in 80 ml

distilled water in a 100 ml volumetric flask. Make up

to the mark with distilled water.

5) 0,02M NaOH. Prepare by adding 2,0 ml of 1,OM NaOH to

a 100 ml volumetric flask and make up to the mark with

distilled water.

c) Procedure
1) Wash by dipping the grid vertically, whilst grasped

with a forceps, 10 times into a beaker full of

distilled water.
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2) Place the grid on a drop of saturated uranyl acetate,
section side downwards (dull side), then place for 20
minutes at 55°C in a hot-air incubator.

3) Wash in distilled water as in (1) above.

4) Rinse with 0,02M sodium hydroxide 3 times using a
pasteur pipette and grasping the grid with a forceps.

5) Place in Reynold's solution for 20 minutes at room
temperature in a sealed, glass petri dish containing
anhydrous sodium hydroxide pellets.

6) Wash with distilled water as in (a) above.

7) Place the grids on dry blotting paper in petri dishes,
sections facing upwards and seal the petri dishes with
tape.

4. Hitachi model H-800: transmission electron microscope.

operation
1) Switch on column and vacuum switches on the right hand

panel.

2) Allow 30 minutes for vacuum to attain required
reading.
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3) Check left hand panel controls of the instrument i.e.

the illuminated switches labelled Gun, Column, Sec,

Camera. Their green lights will be on when ready for

operation.

4) The specimen on the grid is loaded into the specimen

holder. At 1st position, with the specimen holder in

the column, the evac switch is put on. When the vacuum

light goes off, the specimen holder is turned

clockwise into the 2nd position.

5) The accelerating voltage is set at 75kV.

6) The current is turned up slowly, until the beam

appears on the screen.

7) Turn the specimen holder in clockwise into the cólumn.
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8) Set magnification at 1 OOOX for initial focus.

9) Move fields with control and use the focus button to

obtain sharp focus.

10) Increase the magnification using controls on left hand

panel, use bias control knob to spread beam evenly.

11) For photography, panel lamps are set on dim and the

brightness of the CRT screen is set to minimum.

https://etd.uwc.ac.za/



5. Printing of T.E.M. negatives.
1) The TEM negative is placed in a plate with the correct

window size and put into a slot in the enlarger.

2) The enlarger is focused to the required print size.

3) The number 5 Agfa filter is placed in the enlarger.

4) The photographic paper is placed on the easel and an
exposure time of 20 seconds is used. This may be
varied, together, with illumination intensity, to
improve contrast.

5) The photographic paper is then placed in the tray of
developer.

6) Remove when the picture has developed sufficiently and
place immediately in the tray of stop bath for 30
seconds.

7) Thereafter, remove and place in the bath of fixer for
2 minutes.

8) Remove, place in a bath of running water (tap) for 5
minutes.

9) Place on a drying rack and allow to air dry.
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10) All steps (4 - 9) are done in the dark room with only
red light as an illumination source.

4.2.2 Blood-air Barrier Determination.

a) Principle
Large numbers of fields on various grids are examined.
Photographs are taken of fields which contain capillaries.
After development of these photographs, the thickness of
the capillary endothelial cells is measured together with
the basal laminae space and epithelial type I pneumocytes,
thus the total thickness of the blood-air barrier can be
computed.

b) Reagents
The reagents used in the specimen preparation are described
under section 4.2.1.

c) Procedure
1) Follow the operating instructions for the TEM as

detailed in section 4.2.1.

2) Set the magnification at 10 OOOX.

3) Photograph at least 10 random fields from each grid
containing lung capillaries at the above set
magnification.
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4) Print the negatives as described under section 4.2.A,

taking care to adjust the enlarger so that the print

is exactly the same size as the original negative.

5) After selecting the prints to be measured, make

photocopies of these prints.

6) Make use of the print photocopy to randomly select 3

points on the blood-air barrier for measurements. Draw

a line through, and at right angles to the barrier at

each selected poipt (Figure 4:6).
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Figure 4:6 Blood-air barrier measurement.
1, 2 and 3 represent the points of
measurement. B is the basal lamina space
between the endothelial cell (E) and the
type I pneumocyte (T). The dark area in
the capillary lumen (L) represents a
portion of a red blood cell.
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7) At a magnification of 10 OOOX, each ~m is magnified
10000 times and will therefore equal lcm, hence 1mm
on the print = O,l~m in actual size.

8) The various components and the total blood-air barrier
of the samples are measured by using a set of
dividers, a stereomicroscope and a graticule. Using
this technique, it is possible to measure accurately
O,lmm, which is equivalent to O,Ol~m.

4.2.3 Type II Pneumocyte Characteristics.

1. Lamellar body counts of type II pneumocytes.

a) Principle
Ten random fields from each grid are examined. Photographs
are taken of fields which contain type II pneumocytes.
After development of these photographs, the number of
lamellar bodies found in each cell are counted and
recorded. These cytoplasmic organelles are recognized by
their typical circular structure comprising concentric,
electron dense layers in cross-section.

b) Reagents
The reagents used in the specimen preparation are described
under section 4.2.1 for fixation, and embedding,
ultramicrotomy and staining respectively.
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c) Procedure
1) Follow the operating instructions for the TEM as

detailed in section 4.2.1.

2) Set the magnification at 10 OOOX.

3) Photograph at least 10 random fields from each grid
containing the type II pneumocytes. At the
magnification of 10 OOOX, one pneumocyte almost fills
the entire field of view. The field adjustment
controls must be manipulated to ensure that the entire
cell is positioned in the field before photographing.

4) Print the negatives as described under section 4.2.1,
taking care to ensure that the print is exactly the
same size as the original negative.

5) After random selection of the prints to be examined,
make photocopies of these prints.

6) Count the number of lamellar bodies per type II

pneumocyte and record the values for control and
nicotine samples.
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2. The determination of total cell and nucleus area in the
type II pneumocyte.

a) principle
A photocopy of a TEM print containing an entire type II

pneumocyte is attached to the overlay on the graphics
tablet of an Apple Graphics Tablet computer system. When
tracing the outline of the cell and its nucleus with the
indicator pen, the drawing appears on the monitor screen.
The area of this drawing can be automatically calculated by
selecting the command "area" of the tablet menu.

b) Reagents
The reagents used in the specimen preparation are described
under sections 4.2.1 for fixation, embedding,
ultramicrotomy and staining respectively.

c) Procedure
1) Switch on the power at the switch located at the back

of the computer and "boot" the diskette (Apple
Graphics Tablet Software diskette).

2) Once the Graphics Tablet logo is displayed, press the
Esc key. This will cause the "Hello Menu" to be
displayed after loading the program from the disk.
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3) Follow the "Menu Alignment" program to attach the menu

overlay to the Graphics Tablet. Tape it down firmly to

the tablet when positioned correctly.

4) Use the indicator pen to select the command

"calibrate" on the Tablet menu.

5) The commands "starting point" and "end point" are

displayed on the screen. These points must be

indicated on the tablet with the indicator pen. In the

case of our prints at 10 OOOX magnification, l~m = 1

cm. The starting point and end point were positioned

exactly lcm apart and the units entered are 1 ~m.

6) The calibration is checked as follows. Select the

command "distance" with the indicator pen, then trace

a distance of exactly 1 cm. Do this in triplicate a~d

likewise for distances of 5 cm and 10 cm. In each case

the value calculated by the computer must be exactly

correct. If not, recal ibrate and check as outl ined

under points 3, 4, 5 and 6 above.
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7) Tape a photocopy of the print to be evaluated securely

onto the menu overlay on the tablet and then select

the command "area" with the indicator pen.

8) To determine the total cell area, trace along the edge

of the cytoplasm of the cell, taking care not to
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a)

4.2.4

accidentally lift the pen off before the trace is
complete.

9) Once the pen is lifted at the end of the trace, the
computer calculates the area and the value is
displayed on the monitor.

10) Follow the same procedure for determination of the
cell nucleus area.

11) Record all the data for controls and nicotine samples
in the appropriate columns. Calculate the ratio of
cell area to nucleus area for each sample.

Pneumocyte Differential Counts.

Principle
The lung tissue,
Spurr's resin, is

after being processed and embedded
sectioned with an ultramicrotome

in
as

described Microscopesectionunder 4.2.A, Electron
Techniques. Thin 0,11-Lm "plastic sections" are used to
improve the resolution to enable one to clearly
differentiate between type I and type II pneumocytes at the
light microscope level. Type II pneumocytes are
characterized by a round nucleus and a typical granular
cytoplasm comprising approximately two thirds of the cell
volume. Type I pneumocytes are characterized by a flattened
nucleus and a large, attenuated cytoplasm which follows the
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alveolar contour for distances many times the length of its

nucleus. Fields containing alveoli are photographed and the

cells counted with the aid of a stereomicroscope. Large

numbers of cells are counted in the various alveoli and the

ratios of these two cell types calculated for each sample.

b) Reagents
1) Tolluidine blue. Dissolve 1 gram in 100 ml of

distilled water.

2) DPX clear mounting solution.

3) All the reagents used in the procedure which follows,

are described under section 4.2.1, Electron Microscope

Techniques.

c) Procedure
1) Remove the block from the Beem capsule and place in

the specimen holder, trim the capsule to form a

pyramid and proceed to cut O,l~m sections as described

under section 4.2.1, Electron Microscope Techniques.

2) Lift the sections from the water bath by means of a

bacteriological loop and place on a clean glass slide.

3) Heat fix the slide by gently heating with an alcohol

burner until all the moisture has evaporated.
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paper. This processing
Laboratories, Cape Town.

was done by Procolor

4) Add tolluidine blue stain with a pasteur pipette and
allow to react for 1 minute, then rinse off gently
with distilled water.

5) Heat gently with an alcohol burner until all the
moisture has evaporated, then allow to cool and mount
in DPX.

6) Fields containing alveoli are selected and
photographed under the 100X objective as described
under section 2.2,.5,Slide Photography. In selecting
the fields, care was taken to choose similar fields in
all slides.

7) The film was developed and printed on 90 X 125mm gloss

8) The prints were randomly selected for counting and are
identified as controls or treated samples only after
the results have been recorded.

9) To count, the selected prints are placed on a clean,
white surface and with the aid of a stereomicroscope,
the number of cells per individual alveolus are
counted in duplicate, once clockwise and once in the
counter-clockwise direction. The totals are recorded.
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10) Type I and type II pneumocytes are counted in the
manner described above and the total of each type
recorded. A large number of alveoli are counted in
this manner so that the final total number of
pneumocytes totals at least 100 for a particular
sample.

Il) From the above recorded data, the type I to type II
pneumocyte ratios are calculated.

4.2.5 Pulmonary Alveolar Macrophage Counts.

a) Principle
Pulmonary alveolar macrophages (PAMS), are recognized by
their rough nucleus, typical shape and granular cytoplasm.
They are readily observable using haematoxylin and eosin,
glycogen, mucin and elastic fibre stains. The glycogen
stain yielded the best contrast for counting these cells
which occur as free cells, not in association with other
cells. Only PAMS which occur in the alveolar sacs and
spaces were counted since it was not always possible to
identify them when they were situated within clusters of
cells in the interstitium. By counting the number of PAMS
in the various fields and calculating the area of these
fields, the number of PAMS per mm2 of lung tissue is
computed.
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b) Reagents
The slides were prepared as described for the glycogen

stain under section 2.2.3.

c) Procedure
1) The area of the microscopic field is calculated as

follows: with the 100X objective in position, measure

the field diameter with a gratieuie. Then calculate

the area of the field using the formula 'ITT2. The

microscopic factor (MF), which refers to the number of

fields/mm2, is calculated by dividing the area/field

into 1,0. The number of cells/mm2 is thus the product

of the number of cells/field and the MF.

The following data was relevant for the Nikon 2E light

microscope, using the 100X objective. The field

diameter which was measured with the stage qrat.LcuLe

= 0,18mm.

Area of field = ~r2 = 0,025449mm2

MF = I/area = 39,29

therefore:

1 cell/field = 39,29 cells/mm2 of lung tissue

2) The following counting technique" was used:

i) The distal aspect of the lobe, up to and including

the pleura, was examined and PAMS in each field

counted and recorded.
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ii) New fields were located in this area by using a

criss-cross technique so as not to duplicate the same

field.

iii) The fine focus was extensively used when

searching in each field for PAMS. Since they are

unattached, these cells may be at different focal

planes and thus not appear in the immediate field of

vision.

iv) A total of 1Q fields were carefully examined and

the PAMS were counted. For each

counts were done giving a total

slide,

of 40

4 separate

fields per

slide. These were recorded in 4 separate columns.

v) Only after completion of the counts were the slides

identified and the columns labelled. This was done to

avoid any bias which could influence the results.

vi) To compute the number of PAMS/mm2, the mean of the

number of cells in 40 fields was multiplied by the MF.

4.2.6 statistical Analysis.
This was done by employing the student t-test for unpaired

data. The results were expressed as the mean ± the standard

error of the mean (SEM). A probability level of p < 0,05

was considered as significant. The analysis was performed

on a PC using the "stat Graphics Program 2.6".
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4.3 RESULTS:

4.3.1 The Blood-air Barrier.
The electron micrographs (Figs. 4:7 and 4:8) illustrate
that the blood-air barrier (respiratory membrane) of 1 day
old neonatal rats, which were exposed to nicotine during
gestation, is thicker than that of the controls.
Measurement of the blood-air barrier and its components as
described under section 4.2.2, revealed a significant
difference in thickness between the 2 groups. These values
are presented in Table,4:1.
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The results show that the average blood-air barrier
thickness of nicotine exposed lungs was 0,64 ± 0,04 ~m and
that of controls 0,37 ± 0,01 ~m (P < 0,001) (Table 4:1).
Quantitative analysis of the components of the blood-air
barrier show that type 1 cells of the nicotine exposed
neonatal lung were 120,81% thicker than that of control
lungs (P < 0,001), whilst the surface of these cells are
rather irregular when compared with controls (Figs. 4:7 and
4:8). The endothelial cells of the nicotine exposed
neonatal lungs were 66,42% (P < 0,01) thicker than those of
the control lung whilst the basal lamina space did not
differ significantly between the test and control groups.
Membrane blebs also occur (Figure 4:8) indicating damage to
the type I cell membrane.
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Figure 4:7. Capillary in the lung of a 1 day old control rat. The
blood-air barrier (B) and its components, are clearly visible
between the alveolus (A) and the red blood cell (R) in the
capillary.

Figure 4:8. capillary in the lung of a 1 day old nicotine exposed
rat. The blood-air barrier (B) is clearly visible. Thickening of
the epithelium (X) is evident and membrane blebs (b) are visiQle.
(N) indicates the nucleus of the type I pneumocyte.
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TABLE 4:1. THE EFFECT OF MATERNAL NICOTINE EXPOSURE ON THE
BLOOD-AIR BARRIER THICKNESS IN THE LUNGS OF 1 DAY OLD
NEONATES (um ± SEM)

Control Nicotine 9.<0

(n=12) (n=10) Difference

0,223 + 0,02
Endothelium 0,134 + 0,01 + 66,42

P < 0,001

0,329 + 0,03
Epithelium 0,149 + 0,01 + 120,81

P < 0,001

Basal
0,085 ± 0,006

lamina
0,087 + 0,05 P < 0,05 °space

Total 0,64 + 0,04
0,37 + 0,01 + 72,97

thickness P < 0,001
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n = number of ani.maLs used. Rat pups from 4 different
litters were used. The values are the mean measured
thickness in micrometres (~m) ± the standard error of the
mean (SEM). D = percentage increase in thickness. P <

0,001: Highly significant difference.
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4.3.2 Type II Pneumocyte Characteristics.
The type II pneumocytes on the electron micrographs of the

lungs of 1 day old neonatal rats exposed to nicotine during

gestation (Figs. 4:9 and 4:10) appear similar in size to

those of the control group (Figs. 4:11 and 4:12). However,

there appear to be many more and larger lamellar bodies in

the cytoplasm of the pneumocytes of the nicotine exposed

group (Figs. 4:9 and 4:10) compared with the control group

(Figure 4:12).

Quantitative measurements of the cell and nuclear areas

confirmed nicotinethat maternal hadexposure no

significant influence on the size of the type II

pneumocytes in the lungs of 1 day old rat pups. However,

there was indeed a significant increase in the number and

size of lamellar bodies as a result of maternal nicotine

exposure. These results are presented in Table 4:2.

4.3.3 Pneumocyte Differential Counts.
In the light microscope photographs (Figs. 4:13 and 4:14)

of the 1 ~m sections of 1 day old neonatal rat lung, the

alveoli of the nicotine exposed group contain more type II

pneumocytes than the control group.

Enumeration of the pneumocytes reveals that maternal

nicotine exposure during pregnancy resulted in a change in

the cellular composition of the neonatal rat lung at birth.

The type I cell count of the lungs of the 1 day old
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Figure 4:9. A type II pneumocyte in the lung of a 1 day old
nicotine exposed rat. Large numbers of lamellar bodies (LB) are
evident in the cytoplasm.

Figure 4:10. A type II pneumocyte in the lung of a 1 day old
nicotine exposed rat. Large numbers of lamellar bodies (LB) are
evident in the cytoplasm. Many of the organelles appear as clear
vacuoles (V) whilst others show irregular, condensed, osmiophilic
degenerative changes.
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Figure 4:11. A type II pneumocyte in the lung of a 1 day old
control rat. The lamellar bodies (LB) and mitochondria (M) are
clearly visible in the cytoplasm of the cell. Some surfactant
material (S) can be seen in the lumen of the alveolus (A).

Figure 4:12. A type II pneumocyte in the lungs of a 1 day old
control rat on the edge of the section. (N) is the nucleus of the
cell and (LB) represents a lamellar body in the cytoplasm.
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TABLE 4:2. THE INFLUENCE OF MATERNAL NICOTINE EXPOSURE ON
1 DAY OLD NEONATAL LUNG TYPE II PNEUMOCYTE CHARACTERISTICS

I I

Control

I

Nicotine

I
(n = 4) (n = 4)

36,82 ± 3,24
Total area 34,04 + 1,72

P > 0,05

12,3 ± 0,77
Nuclear area 13,8 + 0,63

P > 0,05

24,4 ± 0,17
Cytoplasm area 20,93 + 1,22

P > 0,05

2,83 ± 0,17
Cell/nucleus ratio 2,52 + 0,08

P > 0,05
-

9,4 ± 0,85
Lamellar bodies 3,83 + 0,42

P < 0,001

n = number of animals used. Rat pups from 4 different
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litters were used. The values are the mean measured areas

in square micrometres (J..Lm2) ± the standard error of the mean

(SEM). P < 0,001 : Highly significant difference. A total

of 24 cells were measured, 3 randomly selected from each of

4 lungs for both the control and the nicotine group.
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Figure ,,:13. A 11.&m"plastic" section of alveoli stained with
tolluidine blue from a 1 day old control lung. (R) represents red
cells. (I) is a type I pneumocyte with its attenuated cytoplasm
(C). (II) is a type II pneumocyte. Magnification = 1 OOOX.

Figure -4:1-4.A 11-'m"plastic" section stained with tolluidine blue
from a 1 day old nicotine exposed rat lung. Red cells (R) are
evident in the capillaries. Numerous type II pneumocytes (II) are
evident along the air-tissue interphase. Magnification = 1 OOOX.
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nicotine exposed rat pups was 70,5% lower than that of the
control lungs (Table 4:3). However, the type II cell count
in the nicotine exposed lungs was 110% higher than that of
the controls which resulted in a change in the type I:type
II cell ratio. The value for control lung was 1,56:1
whereas nicotine exposed rat pups show a ratio of 0,22:1.

4.3.4 Pulmonary Alveolar Macrophage Counts.
Light micrographs of the alveoli of neonatal rats exposed
to nicotine during gestation appear to contain more
macrophages than the controls (Figs. 4:15 and 4:16). The
microscopic counts support this observation since
administration of nicotine during gestation results in
significantly elevated numbers of macrophages in the lungs
of the neonates (Table 4:4; Figure 4:16a). On postnatal day
1, the average macrophage count in the nicotine group is
141,7% higher than the controls. One week later, the co~nt
is 55% higher and on postnatal days 14 and 21, the counts
are elevated by 58,6% and 84,5% respectively. The
macrophages from the nicotine group also appear larger and
contain more vacuoles than the controls (Figs. 4:17 and
4:18). Macrophages are often found at the site of large
concentrations of surfactant which serves as a chemotactic
substance for these cells. They phagocytose the surfactant
and thus playa role in the recycling of this substance.
This is evident from the electron micrograph provided
(Figure 4:19).
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TABLE 4:3. THE INFLUENCE OF MATERNAL NICOTINE
EXPOSURE ON THE ALVEOLAR EPITHELIUM COMPOSITION OF 1
DAY OLD NEONATES

I I
CONTROL

I
NICOTINE

I
Total number of

alveolar epithelial
130 134

cells counted

Type I Cells 78 (60%) 23 (17,2%)

Type II Cells 50 (38,15%) 105 (78,4%)

Type I/Type II ratio 1,56 : 1 0,22 : 1

Unidentified cells 2 6
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Figure 4:15. A 5~m paraffin wax, PAS stained section from the
lung of a 1 day old control rat. The macrophage (M) is clearly
visible in the alveolus (A). Red blood cells (R) and a polymorph
(P) are present. Magnification = lOOOX.

Figure 4:16. In this PAS stained section of a 1 day old rat pup
exposed to maternal nicotine, large numbers of macrophages (M)
are evident in the alveolar spaces (A). Magnification = 1 ooox.
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TABLE 4: 4. THE EFFECT OF MATERNAL NICOTINE ON THE

PULMONARY ALVEOLAR MACROPHAGE (PAM) COUNT OF NEONATAL

RAT LUNG

I I

CONTROL

I

NICOTINE

I
AGE

(n = 5) (n = 8)

DAY 1 11,79 + 0 28,5 + 1,89

DAY 7 23,6 + 1,24 36,6 + 3,25

DAY 14 22,0 + 4,04 34,9 + 2,92 ,

DAY 21 18,1 + 1,57 33,4 + 2,46
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The data represents the mean and standard error of the

mean (SEM). Ten fields/sample were counted. The number

of rat pups used is represented by n, randomly

selected , each from a different litter. PAM's are

expressed in numbers/mm2 of lung tissue.
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Figure 4:17. This 1 day old control lung shows macrophages (M)
in the alveolar spaces (A). Magnification = 1 ooox.

Figure 4:18. The macrophages CM) in the lung of a 1 day old
nicotine exposed rat appear larger and contain more vacuoles than
those of the controls (Figs. 4:17 and 4:15). Magnification =
1 ooox.
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Figure 4:19. An alveolar macrophage positioned on the blood-air
barrier (B), is actively ingesting surfactant (8). Phagosomes (P)
are evident in the cytoplasm of the macrophage. The tubular
myelin (T) appears not to be ingested by the macrophage.
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4.4 DISCUSSION:

4.4.1 The Blood-air Barrier.
A study by Lykke et al (1979), shows that atmospheric
pollutants such as petrol vapours rapidly induce lesions in
the rat lung. After 12 weeks exposure to petrol vapour at
a concentration of 100 parts per million, diffuse fibrosing
alveolitis could be seen by light microscopy and hydropic
degeneration of the endothelium with extensive swelling
occurred. The type I cells appeared unaffected by the
exposure to the air pollutants. Although no measurements
were conducted, it is clear from the electron micrographs
presented by these researchers that the blood-air barrier
thickness in these animals was significantly increased.

The average thickness of 0,37~m obtained for the blood-air
barrier of 1 day old neonates (Table 4:1) corresponds with
the values of 0,31 - 0,51~m quoted for 19 - 26 week old
human fetuses (Di Maio et al, 1989). Other researchers
quote values for the blood-air barrier thickness as 0,2 -
0,3~m (Weibel, 1971) and 0,35 ± 0,01~m (Mathien et al,
1978) in the adult rat. The latter values agree well with
the results reported in this thesis (Table 4:1).

Results show that maternal nicotine exposure causes
thickening of both the endothelial and epithelial cells of
the blood-air barrier (Table 4:1). Evidence of loss of type
I cell membrane integrity is illustrated by the severe
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swelling of these cells and their highly irregular alveolar
membrane surface when compared with that of the control
(Figs. 4:7 and 4:8). It could be speculated that nicotine
exposure during gestation causes membrane damage because
glycolysis, which is required to maintain type I cell
integrity (Massaro, 1975), is 44,8% lower than in control
tissue (Maritz, 1986). Glycolysis Occurs in association
with cell membranes and may playa role in maintaining the
membranes (Bolin et al, 1988). Should nicotine affect the
epithelial membranes of the respiratory membrane, then the
endothelium may also be affected. The data obtained (Table
4:1) indeed support the speculation.

One cannot, however, exclude the possibility that the
morphological changes observed may be caused by slower
maturation of these cells (Maritz and Woolward, 1990). It
has already been well documented that maternal niéotine
exposure causes hypoplasia of the lung (Maritz, 1988; Bassi
et al, 1984), with the hypoplasia condition still evident
on postnatal day 8 but not evident on day 21 in rat pups
(Maritz, 1988). Wigglesworth (1987), has reported that
undersize lungs show normal lobation and the problem is one
of lung growth in the fetal period rather than a true
defect in organogenesis. In most cases there is a reduction
in the radial alveolar count indicating a failure of
alveolar development within the tubules (Thibeault et al,
1985) .
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developmental processes
production of
stromal elastin

are strongly dependent on the

Impairment of epithelial maturation was noted to occur with
the persistence of cuboidal epithelium and lack of elastic
tissue development (Wigglesworth, 1987). The normal
sequence of septagenesis and alveolar proliferation has
been extensively studied (Caduff et aI, 1986). The

optimal quantitative representation of
and collagen moieties and volumetric

remodelling of the lung during maturation is considered to
be a consequence of two functional requirements (Vidic et
al, 1989):
(i) expansion of alveolar surface area for gas exchange;
(ii) reduction of the diameter of the blood-air barrier for
more efficient gas exchange (Burri et aI, 1974).

Interference with the maturation of the blood-air barrier
can also affect the efficiency of gas exchange. In 1988,
vicci et al reported that a slower pace of secondary septal
growth occurs in the lungs of rat pups exposed to whole
cigarette smoke during gestation. In the present study,
maternal nicotine exposure during gestation and lactation
resulted in a thickening of the blood-air barrier.
Furthermore, little elastic tissue occurred in the alveolar
septa of the 1 and 7 day old rats. Elastic tissue only
appeared after postnatal day 8 in the alveolar septa of the
lungs of the nicotine exposed rat pups. This difference in
the thickness could be attributed to slower lung
maturation. However, the appearance of membrane blebs is an
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indication rather of damage of the type I cells than of
slower maturation. This is further supported by the fact
that the type I:type II cell ratio is 0,22:1 which is the
usual response to type I cell damage (Bowden, 1981; Evans
et aI, 1975). The increase in thickness would seem to be
due to the larger number of type II cells in the blood-air
barrier and to swelling of the type I cells.
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To determine whether the morphological changes observed are
due to cell membrane damage or slower maturation, further
investigation is requi~ed. Special membrane stains can be
used to examine the membranes in detail with the
transmission electron microscope. A longitudinal study
could be undertaken to determine whether slower maturation
occurs. Blood-air barrier dimensions in the lungs of pups
exposed to nicotine during gestation could be determined at
ages 7, 14, 21 and 28 days to determine whether the valu~s
return to normal at a later period as a result of slower
maturation. The possibility exists that the changes
observed occur as a result of both slower maturation and
cell membrane damage. If the membrane damage is due to low
glycolytic activity as proposed by Maritz (1988), it can be
expected to be irreversible because the inhibition of
glycolysis due to maternal nicotine exposure was not
reversible (Maritz, 1986). More research into the
relationship between glycolysis and membrane integrity in
the lung is thus warranted in order to establish whether
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nicotine exerts its effect on type I cell membranes via
glycolysis or not.

4.4.2 Type II Pneumocytes.
The type II pneumocyte characteristics were evaluated using
the Apple Graphics Software Tablet. A mean total area of
34,04 ± ~m2 was obtained for the controls and 36,82 ± 3,24
~m2 for the nicotine group (P > 0,05). These values are
considerably smaller than the 123~m2 for rat type II

pneumocytes and 183 ~m2 for human lung pneumocytes quoted by
Crapo et al (1982). This difference between the values
reported here and those of Crapo et al can be explained on
the following basis. The electron micrographs (Figure 1) in
the publication of Crapo et al (1982), show that type II

pneumocytes and erythrocytes in human lungtheir
preparation are of approximately the same size. Human red
cells in sectioned material have a diameter of 7 ~m (Leeson
and Leeson, 1977), thus an area of 38,48 ~m2. Rat
erythrocytes are smaller than human erythrocytes (± 6 ~m),
thus an area of 28,27 ~m2 is estimated. These values are
closer to the results obtained in this study (Table 4:2).
Type II pneumocytes are approximately 10% larger than the
erythrocyte and have numerous villi-like projections on
their surface which may add a further estimated 10% to the
total surface area. Thus a type II pneumocyte with a
surface of is fairconsidered33,92 aarea
approximation. These values do not agree with those quoted
by the abovementioned authors but in the light of
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comparisons made with the red blood cell dimensions as a
reference, the values quoted in Table 4:2 would appear to
be closer to the expected values.

In this study, it was illustrated that although maternal
nicotine exposure did not affect type II pneumocyte
morphology, there was a significant increase in the number
of lamellar bodies in these cells. Since the lamellar
bodies represent the intracellular storage sites for lung
surfactant (Fisher and Chander, 1985), this implies that
maternal nicotine expo~ure during pregnancy and lactation
interferes with the ability of these cells to release
surfactant into the alveoli by exocytosis. Adult rats
exposed to cigarette smoke also show a significant increase
in lamellar bodies in the type II pneumocyte cytoplasm (Le
Mesurier et aI, 1981). Since the rats in this study
received only nicotine, it could be deduced that at least
a large proportion of the effect is due to exposure to this
alkaloid. Interference with surfactant secretion is also
considered as representative of interference with type II
cell function. The accumulation of lamellar bodies is thus
an indication of interference with type II cell function by
nicotine. Whether this accumulation is due to an increased
rate of synthesis or suppression of release is not clear.
Evidence exists that it is suppression of release because
the surfactant layer in control lungs is more prominent
than in the nicotine exposed lungs (Figs. 4:20 and 4:21).
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Figure 4:20. A 1 day old control rat lung. This TEM section
illustrates the surfactant (8) lining the alveolar epithelium (E)
on the alveolus side (AL) of the blood-air barrier (B).
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Figure 4:21: A one day old nicotine exposed rat lung. This TEM
section shows an absence of surfactant at the alveolar epithelium
(E) which is significantly thickened and contains blebs (b).
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The drop-on and immersion technique was used to fix the
lungs. In this technique, the surfactant is trapped and
fixed in the alveoli and airways and hence prominent for
observation. There are at least three alternative methods
for lung fixation viz. physical fixation, such as rapid
freezing (Mazzone et al, 1978) and chemical fixationsuch as
vascular perfusion (Atwal, 1988)· and intratracheal
instillation of the fixative (Weibel, 1971). The lungs of
pups exposed to nicotine during gestation were found in
this study to be fragile and perfusion pressure could cause
changes which are not directly due to the effect of
nicotine, hence the immersion technique was chosen.

The ultrastructure of lamellar bodies. of the nicotine
exposed group differs from that of the controls. In the
former group, many of these organelles appeared as
distended, clear vacuoles while others contained lipid-
like, condensed, irregular, osmiophilic concentrations.
These changes are similar to the degenerative changes
described by Le Mesurier et al (1981).
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It has been proposed that the secretion of surfactant
involves the microtubular system (Sato and Akino, 1982) and
several studies have suggested that cytoskeletal proteins
may be involved in the secretory process (Fisher and
Chander, 1985). Actin, a protein component of the
cytoskeleton, has been demonstrated near the lamellar
bodies and plasma membrane and may thus be involved with
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exocytosis of lamellar bodies (Tsilibary and williams,
1983). Although no data exists to support this, it is
possible that the retention of lamellar bodies may result
from the effect of the alkaloid nicotine directly on the
plasma membrane since it is highly soluble in lipids and
its vacuologenic effect on macrophages due to its effect on
membranes has been recorded (Schwart~, 1976). It is also
possible that nicotine interferes with the synthesis of the
actin in the same way as it interferes with elastic tissue
synthesis.

complex which decreases surface tension, may cause

Two enzymes, cytochalasin Band cytochalasin 0, have been
reported to inhibit the depletion of lamellar bodies in
lung type II pneumocytes (Fisher and Chander, 1985), the
latter by disrupting actin microfilaments. The effect of
nicotine on these enzymes warrants further investigation
since it may provide information to assist in understand~ng
the underlying mechanism by which nicotine affects the
lamellar bodies.

Inhibition of lamellar body exocytosis in type II
pneumocytes may result in a lack of free lung surfactant.
A severe loss, at birth, of this surface tension 1ipid

respiratory distress syndrome in which alveoli collapse,
alveolar ducts dilate and a hyaline membrane forms
(Manktelow, 1967).
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Results presented in this thesis show that the surfactant

is not as well spread on the alveolar surface of maternal

nicotine exposed rat pups as in controls. The lamellar body

secretions in the nicotine exposed group appear mostly as

groups of lamellar bodies in the alveolar space (Figure

4:22). The controls show mostly type II secretions in the

form of tubular myelin (Figure 4:23). In many places, the

electron micrographs of the control group show the typical

tubular myelin in both lattice-like cross-section and tube-

like longitudinal section as described by Williams (1977)

and Gil (1985). The$e changes may have pathological

consequences.

4.4.3 Type I Pneumocytes.
Pneumocyte differential counts have been reported as 53,3%

for type I cells and 41,9% for type II cells (Sage et al,

1983). These values agree well with the control values

obtained in this study (Table 4:3). The results in this

study also show a significant loss of type 1 pneumocytes

together with an equally significant increase in the number

of type II pneumocytes in the lungs of maternal nicotine

exposed rat pups (Table 4:2).

The glycolytic pathway is required to maintain type I cell

integrity (Massaro, 1975). It has however been illustrated

that maternal nicotine exposure resul~s in inhibition of

glycolysis in lung tissue (Maritz, 1988). Furthermore,

these cells are highly susceptible to injury by a variety
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Figure 4:22. A 1 day old nicotine exposed rat lung. This TEM
section illustrates the lamellar body formations (L) found in the
alveolar space (A).

A

vn n ' • ,

Figure 4:23. A 1 day old control rat lung. This TEM section
illustrates the lamellar bodies which have formed tubular myelin
(T) in the alveolar space (A).
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of agents (Bowden, 1981) and glycolysis which occurs in
association with cell membranes, may play a role in
maintenance of the membranes (Bolin et al, 1988). It could
be deduced that nicotine exposure during gestation re~ults
in damage to the type I pneumocyte membranes. This is
supported by the finding that the total LOR in the alveolar
fluid of these neonates is 35% higher than in the control
lungs (Morkel and Maritz, 1991).

When type I pneumocytes are damaged, mitosis of the type II
cells occurs and these in turn differentiate to maintain
the alveolar respiratory membrane (Bowden, 1981). Damage to
the lung parenchyma, causeing type I cells to be destroyed,
is followed by the proliferation of type II cells and the
transformation of one of the sister cells into a type I,
squamous epithelial cell to replace the damaged cells
(Evans et al, 1975). This response has also been document.ed
for mammals exposed to nitrogen dioxide (Evans et al,
1975), high concentrations of oxygen (Kapanci et aI, 1969)
and cigarette smoke (Le Mesurier et al, 1981).
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The decrease in the type I cell count observed could thus
be attributed to cell damage as' aresul t of maternal
nicotine exposure. This damage may serve as a trigger for
type II cell proliferation, thus increasing the type II
cell count (Table 1). Direct evidence for membrane damage
can be obtained by morphometric analysis of these cells
using electron microscope techniques. This analysis was
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done and the results, which indirectly confirm a loss of
membrane integrity, are documented under section 4.3.1,
Results.

4.4.4 Pulmonary Alveolar Macrophages.
The pulmonary alveolar macrophage (PAM) is the first line
of defence against inhaled infections and mineral dust
particles. It is a primary processor of inhaled antigens
and an important effector of mononuclear cell inflammation
in the lungs (Green et al, 1977). These cells are descended
from the bone marrow monocytes (Godletski and Brain, 1972)
and their role in the clearance of foreign particles from
the lung has been well documented (Ferin, 1982).

It has been reported that macrophages are responsible for
the production of a number of polypeptide growth factors
which stimulate cellular proliferation but may have
differing actions on different cells (Sporn and Roberts,
1988). For example, epidermal growth factor (EGF) is a
progression factor on mesenchymal cells but transforming
growth factor f3 (TGF-f3),may act as a growth inhibitor
(King et al, 1989). Thus, the homeostasis of lung cell
populations may be influenced by both growth-stimulating
and growth-inhibiting substances produced by the various
lung cells, including PAMs. Disturbances of one cell
population may influence this homeostasis of the various
lung cell populations.
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The macrophages observed in the lungs of maternal nicotine
exposed rat pups appeared larger and contained more
vacuoles than the controls (Figs. 4:17 and 4.18). It is
therefore possible that the increase
macrophages from the lungs of smokers,

in size of the
as reported by

Harris et al (1970), is due to the nicotine in the inhaled
cigarette smoke. Apart from its effect on macrophage size,
in vitro tests have shown that nicotine inhibits
endocytosis and is vacuologenic for PAMs. The results
reported in this thesis, of the effects of nicotine in
vivo, support the findings of Harris et al (1970).
According to Schwartz (1976), this may be attributed to
nicotine's effect on the cell membrane, causing collap~e
and thus vesicle formation. However, observation of high
magnification electron micrographs such as (Figure 4:19) of
the macrophage,
cytoplasm. This

shows large numbers of phagosomes in the
may be the cause of the vacuologenic
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appearance noted in the PAMs found in nicotine exposed
lungs (Figs. 4:17 and 4:18) using light microscope
techniques.

Apart from affecting the histologic characteristics of
pulmonary macrophages, maternal nicotine exposure resulted
in a significant increase in the number of PAMs in the
lungs of these rat pups (Table 4:4; Figure 4:20). These
findings seem to agree with those reported by Green et al
(1977), in which the lung lavage of smokers contained
significantly higher numbers of macrophages than the
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controls. The higher macrophage count was attributed to the
inhalation of foreign particles which stimulate macrophage
accumulation in an effort to remove foreign material. The
present findings illustrate that in addition to foreign
particles, nicotine also stimulates an influx of new
macraphages by serving perhaps as a chemotactic substance.
The finding that the PAM count remained elevated even at
day 21, cannot be simply explained. However, it could be an
indication of the high sensitivity of the lung to the
presence of nicotine since the level of nicotine intake via
mother's milk at this stage of the neonate's life is very
low. Another explanation for the high counts observed could
be membrane damage as a result of nicotine exposure during
gestation. Damaged tissue may serve to trigger the
chemotactic response, resulting in the elevated PAMs
observed in lung tissue from maternal nicotine exposed
neonates.

The role of macraphages in elastin degradation has been
studied by Werb and Gordon (1975) and it was established
that activated macraphages secrete high levels of the
enzyme elastase. This may have serious repercussions on the
developing lungs and indeed results in this thesis have
shown a serious loss in the quantity of elastic fibres on
postnatal days 1 and 7 together with emphysema-like
lesions. The previously mentioned authors consider the role
of macraphages and elastase secretion to be a major factor
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in the pathogenesis of chronic destructive pulmonary
diseases such as emphysema.

In conclusion, it is clear that maternal nicotine
significantly affects the cell composition of the alveolus.
Type I:type II pneumocyte ratios are altered, the blood-air
barrier (respiratory membrane) is thickened, elevated
numbers of pulmonary alveolar macrophages occur together
with changes to the type II pneumocytes. The cells have
significantly increased numbers of lamellar bodies, many of
which show degeneratjve characteristics as described
earlier. These factors may playa role in the etiology of
respiratory illnesses reported to occur in the children of
mothers who have smoked during pregnancy (Cameron et ai,
1969).
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APPENDIX

Laboratory Equipment:
1. Automatic tissue processor:

Histokinette.
Shandon. Model

2. Balance: For determining animal mass. Berkel Model
2008/M15. S.A. number 911. For determining reagent
mass. Four figure chemical balance. Sartorius type
2842.

3. Butterdishes (staining dishes) clear glass (90mm X
110mm).

4. Cassettes: Embedding cassettes, with stainless steel
lid (Ames).

5. Coverslides: Microscope glass cover slips 22 X 26mm,
22 X 40mm (Chance).

6. Embedding centre Ames, Model - Tissue-tek II.

7. Electrothermal floating waterbath Mtt850.

8. Glass strips (25 X 6, 35 X 400) S-161.25 Bromma lo

Sweden. LKB make.

9. Guillotine. Manufactured in the UWC workshop.
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10. Graticules Tonebridge make. 1mm = 1 X 100.

14. Photomicroscope with miniature camera module

Il. Knifemaker LKB model Bromma 7800.

12. Microscope: Nikon model 2E.

13. Oven/incubator: Memmert Model NO. 760582.

containing 35mm camera. Make: Reichert-Jung Polyvar
widefield microscope.

15. Refrigerator: Fuchsware, domestic type.

16. Rotary microtome: American Optical 820.

17. Rotary microtome knife: Reichert-Jung, plane wedge C,
16cm.

18. Sharpener: Knife sharpener, Shandon make. Model:
Southern Autosharp IV.

19. Slides: Microscope slides Superior make, 76mm X
26mm double frosted, precleaned.

20. Syringes, needles: B-D, 1,Ocm3 volume.

21. Ultra Microtome: Sorvall MT500.
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Laboratory Chemicals:
1. Acid fuchsin. Merck Art. 7629.

2. Alcohol. Alchemist, absolute, dehydrated, B.P.

3. Aluminium hydroxide. Merck Cat. No. 1091.

4. Ammonia. Meck Art. 5432.

5. Ammonium aluminium sulphate. Merck Cat. No. 1031.

6. Ammonium iron sulphate. Merck Cat. No. 3776.

7. Basic fuchsin. BOH Cl 42510.

8. Carmine. Merck Cat. No. 15933.

9. Charcoal (activated). Merck Cat. No. 2186.

10. Chloroauric acid. BOH product No. 27686.

Il. citric acid. Merck Cat. No. 24.

12. OPX. Neutral mounting medium Aldrich Cat. No. 31761-6.

13. Ferric chloride. May and Baker (Lab. chern.grade).

14. Formaldehyde. Merck Cat. No. 4003.
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15. Haematoxylin. Marck Cat. No. 4305.

16. Hydrochloric acid. Merck Cat. No. 317.

17. Magnesium sulphate. Merck Cat. No. 5882.

18. Neutral red. Merck Cat. No. 1369.

19. Oxalic acid. B. 0 Jones (Reagent grade).

20. Periodic acid. Merck Cat. No. 524.

21. picric acid. Merck Cat. No. 620.

22. Potassium bicarbonate. Merck Cat. No. 4852.

23. Potassium hydroxide. N.T. Lab. Supplies (pty)Ltd.

(Analytical reagent).

24. Potassium iodate. Merck Cat. No. 5043.

25. Potassium metabisulphate. Merck Cat. No. 5057.

26. Potassium permanganate. Merck Cat. No. 5080.

27. Silver nitrate. Merck Cat. No. 1512.

28. Sodium chloride. Merck Cat. No. 6404.
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29. Sodium dihydrogen phosphate. Merck Cat.No. 6346.

30. Sodium (disod.) hydrogen phosphate. Merck Cat. No.
6586.

31. Sodium iodate. T + C Co. Cat no. 6252.

32. Sodium thiosulphate.
grade) .

Analar (Analytical reagent

33. Wax. Paraplast, m.p. of 56°C, supplied by Merck Co.

34. Xylene. Merck Cat. No. 8681.
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