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1. Introduction 

Bronchial asthma, a disease referred to in the Hippocratic writings, was vividly 
described by Aretaeus in the second century. Galen thought of asthma as the result 
of the accumulation of thick secretions coming down from the brain via conduits 
to the upper and lower respiratory tracts. The vagal nervous system and heredity 
were implicated as etiological factors by Eberle's treatise on the practice of 
medicine published in 1830 in Philadelphia. Thereafter numerous authors thought 
of spasmodic asthma as the result of perverted innervation of the vagi based on 
experimental demonstration that stimulation of the vagus nerve produced contrac
tion of the bronchi. These reports and observations culminated in the hypothesis 
of Eppinger and Hess (1915) that asthma is due to functional imbalance of the 
autonomic nervous system resulting from vagotonia and excessive cholinergic 
activity and in the local "organ vagotonia" concept of Takino (1946). 

Although the symptoms of hay fever were described initially by Botallo in 
1565, it was not until Bostock's report in 1819 that catarrhus aestivus, conjunctiv
itis, and asthma were recognized as associated clinical manifestations. In 1831 
Elliotson presented the concept that hay fever was caused by emanation of pollen 
while Blackley in 1873 demonstrated, by scratch skin tests on the arm, that such 
patients were sensitive to the pollen. The role of immunological mechanisms in 
asthma was introduced by studies of anaphylaxis. In 1901 Richet conducted 
experiments with extracts of actinia from the sea anemone which led to a reaction, 
following a second injection into an experimental animal, termed "anaphylaxis," 
signifying loss of protection. Subsequently Von Pirquet in 1905 suggested that 
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418 "anaphylaxis" be replaced by the term "allergy" to reflect altered reactivity 
rather than a loss of protection. 

MICHAEL H. GRIECO This chapter will reexamine these historical concepts of the pathogenesis of 
bronchial asthma in the light of our current understanding of the immunological 
and nonimmunological mechanisms involved. 

2. Clinical Oassification and Pathology 

2.1. Oassification 

The essential feature of bronchial asthma is reversibility of obstruction. In 
contrast to "emphysema," which is defined by histological changes and chronic 
bronchitis by mucus production, the term "bronchial asthma" denotes a complex 
of symptoms characterized by paroxysmal wheezing and dyspnea due to bronchial 
obstruction resulting from bronchospasm, excessive mucoid production, and 
mucosal edema. A committee of the American Thoracic Society (1%2) has placed 
emphasis on the host factors in defining asthma as "a disease characterized by an 
increased responsiveness of the trachea and bronchi to various stimuli and 
manifested by widespread narrowing of the airways that change in severity either 
spontaneously or as the result of treatment." 

In 1918 Walker distinguished extrinsic and intrinsic factors involved in the 
causation of clinical symptoms. Today these terms are translated into "allergic" 
or "immunological" vs. "idiopathic" or "nonimmunological" asthma. Features 
characteristic of each are presented in Table 1. Allergic asthma is usually charac
terized by a family history of allergic diseases (eczema, rhinitis, or asthma) and 
provocation of symptoms by antigens believed to be acting by specific IgE-induced 
mast cell degranulation. A study (Stevenson et at., 1975) of 234 patients revealed 
that most asthmatics had at least one major and one or more minor provoking 
factors. Reagin-mediated mechanisms constituted the major provoking factor in 
25% of patients and were a minor factor in an additional 20%. Thus in only 45% 
were reaginic mechanisms responsible for some part of their asthmatic episodes. 
In the majority of patients nonimmunological mechanisms appear to predominate. 
Bronchial challenge with fungal, avian, and bacterial antigens implicated in the 
pathogenesis of hypersensitivity pneumonitis is associated with late responses 
believed to be mediated in large part by a precipitating antibody of the IgG class, 
although complement activation, cell-mediated immunity, and leukocyte histamine 
releasing factor(s) may be implicated. 

2.2. Pathology 

Both allergic and idiopathic asthma appear to produce similar anatomical 
changes in patients dying of status asthmaticus. Thus far the pathological obser
vations have not helped to clarify the pathogenetic mechanisms involved. At 
autopsy (Hayes, 1976) the distended lungs fill the pleural cavity and obscure the 
lateral aspect of the mediastinum and cover the pericardial bare area. The visceral 
pleura usually shows distinct outlines of rib indentations. Small zones of atelectasis 
are present involving one or more secondary lobules. Although asthma predomi-



nantly affects the second to sixth-order divisions distal to the carina, patency is 
normally maintained by cartilage plates. Smaller bronchi of 2.0-10 mm are easily 
obstructed by combined mucosal congestion, mucous plugs, and muscle spasm. 

2.2.1. Light Microscopy 

The most striking microscopic changes are found in the 2.0-10 mm diameter 
bronchi. The plugs consist of irregular, whorled strands of mucus containing 
embedded eosinophils, ciliated epithelial cells, macrophages, and variable numbers 
of Charcot-Leyden crystals. The mucus may assume whorled patterns in Cursch
mann spirals due to coiling up of mucous plugs which are incompletely expecto
rated. The bronchial mucosa reveals loss of the tall ciliated mucus-secreting 
columnar cells, which are shed into the bronchial lumen as clumps of cells called 
"Creola bodies." The basal or reserve cells remain firmly attached to the basement 
membrane and goblet cells are increased, especially in the small airways. Hayes 
(1976) has speculated that mucous cell hyperplasia may be a nonspecific reparative 
cell response subsequent to the primary lesion of ciliated cell death. The mechanism 
involved in goblet cell hyperplasia is unknown. 

The basement membrane has a characteristic eosinophilic hyaline thickening 

TABLE 1. Oassification of Asthma 

Age at onset 
Genetic influence 
Antigens 

Antibodies 

Immediate 
type 

Under 35 
Familial 
Animal dander 
Pollens 
Fungal 
IgE reagin 

IgG. reagin 

Aspirin sensitivity No 
Exercise induction Yes 
Bronchial provocation 

Antigen Yes 
Prevented by No 

corticosteroids 
Prevented by Yes 

cromolyn sodium 
Histamine Yes 
Methacholine Yes 

Allergic 

Nonimmediate 
type 

Adult 
No 
Fungal 
Avian 
Bacterial 

1. IgG precipita
ting antibody 
plus 
IgE and/or IgG. 
reagin 

2. C3 activation 
3. Cell-mediated immunity 
4. Histamine-releasing 

factor? 
PMN, Lym?, Mono? 
No 
Yes 

Yes 
Yes 

Yes 

Yes 
Yes 

Idiopathic 

Under 5, over 35 
More variable 
None 

None 

Yes 
Yes 

No 
No 

No 

Yes 
Yes 
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which is related to current activity and chronicity. The entire submucosa is 
congested and infiltrated with large numbers of eosinophils and lymphocytes, 
histiocytes, and plasma cells. Salvato (1968) and Connell (1971) have reported that 
mast cell depletion is present. Neutrophils are not characteristically present 
(Dunhill, 1960). Submucosal glands present in the lamina propria appear to be 
normal or mildly hypertrophied while the smooth muscle is prominent, suggesting 
true hyperplasia or apparent change due to contraction (Dunhill, 1960; Cardell, 
1959). 

2.2.2. Immunofluorescent and Electron Microscopy 

Callerame et al. (1971a) reported that thickened basement membranes stained 
positively for immunoglobulins in five of 11 biopsies and six of seven autopsy 
specimens. IgM was the immunoglobulin most frequently seen and C3 was 
identified in three cases. The biopsy specimens were from the main-stem bronchi 
and failed to reveal an increased incidence of IgE (Callerame et al. 1971a). 
However, the peripheral location of IgE was reported by Gerber et aI., (1971) in 
six of eight patients with asthma along the epithelial aspect of the bronchial 
basement membrane, in the respiratory epithelium of small bronchi and bron
chioles, and in the intrabronchial mucus of asthmatic lungs. The presence and 
distribution of IgA, IgG, IgM, complement, and fibrinogen did not differ from 
those in normal bronchi. This finding suggested that the bronchial mucosa might 
be a target tissue of IgE antibodies and site of an immunological reaction. 

However, the nature of the basement membrane thickening in asthma remains 
uncertain. The thick basement membrane seen by light microscopy is not the same 
as the delicate basal lamina seen by electron microscopy. One study in an asthmatic 
patient suggested that the basal lamina thickening is due to deposition of collagen 
in the superficial submucosa (McCarter and Vazquez, 1966). 

3. Normal Anatomy and Innervation 

Before the interaction of immunological and nervous system mechanisms in 
asthma is discussed, pertinent features of pulmonary anatomy and autonomic 
innervation will be reviewed. 

3.1. Cells of the Pulmonary Airways 

3.1.1. The Epithelium 

At least 13 cell types, 11 epithelial and two mesenchymal, are now recognized 
in the tracheobronchial epithelium (Breeze and Wheeldon, 1977). Scattered among 
these cells, from the trachea to the bronchioles, are intraepithelial corpuscles 
known as "neuroepithelial bodies." Only six cell types, the ciliated, brush, basal, 
K, Clara, and globule leukocyte, have been recorded in the bronchioles, where the 
epithelium is no longer pseudostratified. This discussion will be limited to cells 
which may participate in the pathogenesis of bronchial asthma. 



a. Ciliated Cell. The lining of the trachea and bronchi is pseudostratified 
columnar ciliated epithelium which contains numerous goblet cells. Ciliated cells 
are present in relatively greater concentrations than goblet cells with subsequent 
subdivisions of the airways; goblet cells are absent by the level of the terminal 
bronchiole, while ciliated cells persist until the level of the respiratory bronchiole. 
Ciliated cells are roughly columnar, approximately 20 I-tm long and 7 I-tm wide, 
tapering to 2 I-tm at the base, where they reach the basement membrane. An 
irregular intercellular space surrounds the cell, except at the luminal surface, 
where tight cell junctions are formed. Approximately 250 cilia, each 6l-tm long and 
0.3 JLm wide, are found on the luminal surface of each cell. Interspersed among 
these are one-half as many microvilli and fine cytoplasmic processes. The main 
function of ciliated cells is to propel the tracheobronchial secretions toward the 
pharynx. Another role may be in the regulation of the tracheobronchial secretions. 
Kilburn (1968) has pointed out that a considerable volume of these secretions must 
be absorbed between the periphery of the lung and the pharynx and proposed that 
the microvilli of ciliated cells might perform this function. 

b. Goblet Cell. In normal mucosa, the mean number of goblet cells is 68001 
mm2 , and this can increase to 1O,000/mm2 in case of chronic tracheobronchitis 
(Ellefson and Tos, 1972). The protein moiety of mucus is synthesized in the rough
surfaced endoplasmic reticulum and passes to the Golgi apparatus, where it is 
combined with carbohydrates and sulfated before release. Secretion is of the 
apocrine type and passes through defects in the luminal cell membrane that are 
readily seen in scanning electron micrographs. Rhodin (1966) assumed that each 
goblet cell was capable of completing two secretory cycles before being sloughed 
or ingested by macrophages, but pointed out that the true number was unknown. 

c. K Cell ("Kultschitzkylike"). K cells are found in normal lung among the 
exocrine bronchial mucous gland epithelium and contain "neurosecretory" gran
ules. They are presumed to give rise to human bronchial carcinoid and oat cell 
carcinomas. The K cells are usually found singly in the epithelium, although they 
may occur in clusters of three to five cells. Frohlich (1949) has noted intraepithelial 
nerve axons very closely applied to individual K cells, although confirmations 
have been inconsistent. Axons associated with individual or grouped K cells have 
been identified as sensory, cholinergic, or adrenergic (Frohlich, 1949). In adult 
human beings, the cells appear to have low concentrations of 5-hydroxytryptamine 
(5HT) and catecholamines but can be induced to store a number of arylalkylamines 
after in vitro loading with precursor amino acids such as 5 -hydroxy tryptophan 
(5HTP) and dihydroxyphenylalanine (L-dopa) (Hage et at., 1977). These procedures 
demonstrate a capacity for amine precursor uptake, decarboxylation, and storage 
in K cells. The ultrastructural and cytochemical characteristics of K cells are those 
of an "APUD" cell. The function of K cells is unknown. These cells might be 
involved in the regulation of the pulmonary circulation, smooth muscle tone in the 
bronchial wall, and the production of amines and kinins. 

d. Nonciliated Bronchiolar Secretory Cell (Clara Cell). The epithelium of 
terminal bronchioles is composed mainly of low ciliated and taller nonciliated cells. 
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Almost all of the nonciliated cells are Clara cells, but there are also scattered 
brush and K cells, globule leukocytes, and sparse basal cells. Clara cells are most 
abundant in the bronchioles. These cells secrete a material which is not mucoid 
but possibly a lipoprotein. Niden (1967) proposed the controversial hypothesis that 
Clara cells are the source of pulmonary surfactant. It is possible that nonciliated 
bronchiolar secretory cells provide a form of surface-active layer in the bronchioles 
or a watery medium for cilia in the bronchioles similar to that on which the mucus 
is carried in the large airways. 

e. Globule Leukocyte. Globule leukocytes have been noted in the tracheo
bronchial epithelium of rats, deer, cattle, and dogs but not in human airways 
(Breeze and Wheeldon, 1977). The globule leukocyte is an intraepithelial mono
nuclear cell filled with large, highly refractile, acidophilic granules that frequently 
indent the nucleus. It has been demonstrated that this cell is derived from the 
subepithelial mast cell, which it resembles ultrastructurally and histochemically. 
Globule leukocytes arise from subepithelial mast cells by migration through the 
basement membrane. 

f. Neuroepithelial Body. Each neuroepithelial body is composed of a number 
of tall, nonciliated cells arranged more or less in parallel and forming a cone
shaped or an oval or spherical corpuscle within the epithelium (Lauweryns and 
Goodeeris, 1975). Neuroepithelial bodies are found throughout the entire tracheo
bronchial and bronchiolar epithelium and are probably most numerous in the 
bronchioles. The fluorescence of rabbit neuroepithelial bodies has been measured 
micro spectrographically, and their spectra have been found to be identical with 
that of 5HT. Neuroepithelial bodies are well innervated by both afferent and 
efferent fibers. The axons originate in the lamina propria, where they are surround
ed by Schwann cells. This Schwann cell sheath is lost as the axon penetrates the 
basement membrane and ramifies among the cells of the neuroepithelial bodies. 
The function of neuroepithelial bodies is not known. It has been postulated that 
the secretory products reach the pulmonary vein directly and may be responsible 
for pulmonary vasoconstriction of hypoxia and for regulation of smooth muscle 
tone and mucosal secretions in the bronchi (Laros, 1971). 

3.1.2. The Lamina Propria 

a. Subepithelial Mast Cell. There is evidence of functional differences 
between subepithelial and connective tissue mast cells. Immunochemical study of 
rat subepithelial and globule leukocytes reveals IgE both intracellularly in the 
granule matrix and on the cell membrane (Stimson et al., 1977). The absence of 
IgE-synthesizing plasma cells from mucosal surfaces suggests that subepithelial 
mast cells and globule leukocytes may be responsible for transfer of IgE to the 
luminal surface secretions (Mayrhofer et al., 1976). Free cells of mast cell and 
basophiloid type were recovered from bronchial washings of normal monkeys and 
dogs and of dogs allergic to ragweed antigen (Patterson et al., 1974) and monkeys 
sensitized to Ascaris antigen (Is'ao et al., 1977). The cells are probably derived 
from globule leukocytes or subepithelial mast cells. Thus IgE-containing or 
-bearing cells capable of responding to specific antigen by release of biogenic 
amines are present on or in the respiratory epithelium. 



b. Bronchus-Associated Lymphoid Tissue. Lymphoid tissue is found in the 
walls of conducting airways from the nasopharynx to the alveolar ducts. Multiple 
nodules of lymphoid tissue are scattered within the bronchial mucosa down to the 
level of the small bronchioles, especially at points of bifurcation. These nodules 
are considered to be the pulmonary anolgue of the intestinal Peyer's patch and are 
referred to as "bronchus-associated lymphoid tissue." Lymphoid aggregates and 
infiltrates are less-well-organized accumulations in the peripheral airways. The 
concentration of nodules around bronchial orifices suggest a role in sampling 
inhalant antigens deposited by airflow turbulence (Bienenstock and Johnston, 
1976). Approximately 50% appear to be B cells, 20% T cells, and the remainder 
null cells. A direct role in antibody production is unlikely since immunization does 
not result in the formation of follicular immunoglobulins (Clancy and Bienenstock, 
1974). This tissue may provide B cells destined to produce IgA and IgE antibodies 
in the lamina propria and T cells involved in cell-mediated immunity. 

c. Plasma Cells. Immunoglobulin-containing plasma cells are abundant, 
especially around mucous gland acini and in the lamina propria. The concentration 
is highest in the main bronchus, moderate in the lobar bronchus and upper trachea, 
and sparse in the small bronchi and interalveolar septa. Approximately 70% stain 
for 19A and 10% for IgE (Soutar, 1976). Breeze and Wheeldon (1977) point out 
that a portion of the IgE-containing cells might well have been mast cells as 
described in the rat. 

d. Lymphocytes. Lymphocytes are found in the epithelium, lamina propria, 
and bronchus-associated lymphoid tissue and lymphoid aggregates of the airway 
mucosa. Bronchoalveolar cells obtained by lavage are believed to be derived from 
the mucosa but differ in having B-T cell ratios similar to peripheral blood, 
suggesting that a large portion may have originated from blood. 

e. Mucous Glands. Mucous glands of the tubuloacinar type are found in the 
lamina propria. It is not known why there are two components to the mucus
secreting apparatus, and separation of the two secretions has proved difficult. 
Estimation of the contribution to the total amount of respiratory mucus made by 
each of the two components, goblet cells and mucous glands, is based on an 
estimate by Reid (1960) that the mucous glands in man have a volume 40 times 
greater than that of the goblet cells. Branched secretory tubules contain mucous 
and serous cells and discharge their contents into large collecting and ultimately 
into ciliated ducts emptying through the bronchial mucosa. While the mucous cells 
secrete constituents of the mucous blanket, it appears that serous cells are involved 
in the transport of IgA across the epithelium and in the production of lysozyme. 

3.1.3. Smooth Muscle Cells 

Airway patency is maintained in the trachea arid large bronchi by cartilage 
plates and in the peripheral airways by the radial traction of elastic fibers within 
the lung parenchyma. The muscle bundles in the large airways are mainly 
.transverse in position, and contraction leads to circumferential narrowing. In the 
smaller bronchi and bronchioles the muscle bundles have a helical arrangement so 
that contraction results in both transverse narrowing and axial shortening. Smooth 
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muscle does not end in the terminal bronchioles but extends to the termination of 
the alveolar duct and forms a terminal sphincter around the opening of the alveolar 
sacs. 

3.2. Nerve Supply of the Lung 

3.2.1. The Hypothalamus 

The hypothalamus serves as an important integrating center between the brain 
stem-reticular system and the limbic forebrain structures (Figure 1). Ascending 
reticular input is conducted from the multisynaptic ascending pathways in the 
mesencephalic reticular nuclei via the medial forebrain bundle, dorsal longitudinal 
fasciculus, and mammillary peduncle. Output fibers from the lateral hypothalamic 
nuclei and paraventricular nuclei connect to the midbrain tegmentum and auto
nomic neurons in the brain stem and spinal cord. There are two reciprocally 
antagonistic divisions in the hypothalamus: the anterior hypothelamus, which 
mediates mainly cholinergic responses, and the posterior hypothalamus, the 
stimulation of which results largely in adrenergic responses. Hypothalamic imbal
ance can be produced reflexly or by direct chemical or electrical stimulation 
(Szentivanyi and Filipp, 1965). 

3.2.2. Brall1 Stem 

a. Control of Respiration. Lumsden (1923) concluded that three brain stem 
centers were associated with respiration, the pneumotaxic and apneustic centers 
in the pons and the medullary center. The medulla is composed of two dense 
bilateral aggregations of respiratory neurons, the dorsal and ventral respiratory 
groups. The dorsal respiratory group appears to constitute the initial intracranial 
processing station for many visceral reflexes affecting respiration and is the site of 
origin of the rhythmic respiratory drive to the central respiratory group and spinal 
inspiratory motoneurons (intercostal and phrenic nerves). The dorsal respiratory 
group is the site where vagal sensory information is first incorporated into the 
respiratory motor response. The ventral respiratory group contains vagal motor 
neurons in the nucleus ambiguous and spinal inspiratory and expiratory motoneu
rons in the nucleus retroambiguous. The major function of ventral respiratory 
group neurons is to project to distant sites and drive either spinal respiratory 
motoneurons (primarily intercostal and abdominal) or the auxiliary muscles of 
respiration innervated by the vagus nerves. Axons from the dorsal and ventral 
group of neurons cross the midline and descend in the ventrolateral columns of the 
cord to influence the rhythmic respiratory motor act. This complex subject has 
been concisely reviewed by Berger et al. (1977). 

It appears that both the cough reflex and hiccup arise from structures separate 
from the respiratory neuron groups and traverse independent pathways until 
integrated at the level of the spinal respiratory motoneurons. 

b. Bronchial Tone. The central nervous sites of origin of airway constrictor 
or dilator fibers are not known (Widdicombe, 1963). Vagal and glossopharyngeal 
reflexes influence airway size, supporting the presumption that constrictor fibers 
originate in the medulla in common with other vagal efferent nerves. It is unclear 



to what extent bronchomotor nervous activity is related to respiratory center 
discharge. 

3.2.3. Efferent Pathways 

a. Phrenic and Intercostal Nerves. In the somatic nervous system the 
efferent neuron is the ventral horn cell. Its axon leaves the central nervous system 
to innervate a skeletal muscle. The phrenic nerve arises from cervical roots 3-5 to 
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Figure 1. Afferent and efferent innervation of the lung. 
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innervate the diaphragm and the intercostal nerves from thoracic 1-11 to innervate 
the intercostal muscles. These somatic nerves effect coordinated respiration. 

b. Autonomic Nervous System. The autonomic nervous system is divided 
into parasympathetic and sympathetic systems and includes preganglionic and 
postganglionic neurons. Preganglionic neurons in the pons and medulla provide 
fibers which travel in cranial nerves III, VII, IX, and X. The dorsal motor nucleus 
of the vagus nerve provides preganglionic parasympathetic innervation of post
glanglionic neurons in several organs including the pharynx, larynx, and lungs. 
Sympathetic preganglionic fibers originate in the intermediolateral column in the 
spinal cord from T 1 to L2, exit in the white rami, and enter the paravertebral 
sympathetic ganglionic chain extending from the cervical to lumbar regions where 
nonmyelinated postganglionic fibers originate and exit via gray communicating 
rami to innervate visceral end organs. The ganglia of T r T 4 provide postganglionic 
fibers to the heart and lungs. Both the vagus nerve and the upper four thoracic 
sympathetic ganglia and possibly cervical ganglia contribute nonmyelinated fibers 
to the anterior and posterior pUlmonary plexuses at the roots of the lungs. As the 
bronchi, arteries, and veins enter the lungs at the hilum, they carry with them 
extensions of the plexus, the largest branches accompanying the bronchi and the 
smallest accompanying the veins. Unmyelinated efferent fibers, predominantly 
parasympathetic, directly innervate bronchial smooth muscle, blood vessles, 
mucous glands, K cells, and neuroepithelial bodies. Goblet cells do not receive 
direct innervation but may be indirectly responsive via K cells and neuroepithelial 
body secretions (Lauweryns and Goodeeris, 1975). 

By the use of histochemistry, electron microscopy, and pharmacological 
antagonists it has become possible to distinguish sympathetic and parasympathetic 
nerve endings in bronchial muscle. Three main types of synaptic vesicles or axonal 
varicosities have been seen (Burnstock, 1970; Burnstock et al., 1972). Parasym
pathetic cholinergic nerves contain agranular vesicles 250-600 A in size which 
store acetylcholine. The small granular vesicle accounts for over 80% of vesicles 
in sympathetic nerves, although 15% agranular vesicles and 5% large granular 
vesicles are observed as well. The dense core in the small granule vesicles is about 
150 A and the total vesicles vary in size from 250 to 600 A. Fluorescence 
histochemistry and radiolabeled uptake studies indicate that these vesicles contain 
norepinephrine. Axons with large granular vesicles varying in size from 700 to 
1600 A are believed to contain monamines such as serotonin and 5-hydroxy
dopamine and may represent nonadrenergic, noncholinergic inhibitory nerves 
(Burnstock et aI., 1972) releasing adenosine triphosphate (ATP) as a transmitter 
substance. Richardson and Bouchard (1975) have demonstrated the presence of a 
nonadrenergic inhibitory nervous system in the trachea of the guinea pig. The 
studies of Silva and Ross (1974) in cat tracheobronchial muscle indicate the 
presence at all levels of the tracheobronchial tree of dense adrenergic and 
cholinergic innervation. The role of adrenergic stimulation of the tracheobronchial 
tree is controversial. It appears that such stimulation will inhibit the bronchocon
striction induced by vagal nerve stimulation, presumably by inhibitory innervation 
of vagal postganglionic neurons. In addition, some investigators report broncho
dilatation following sympathetic stimulation. These effects are blocked by,B-receptor 
antagonists, suggesting that they are responsible for any vagal antagonism or 



bronchodilatation. Mter f3 blockade, physiological concentrations of norepineph
rine or methoxamine fail to induce bronchoconstriction, suggesting the lack of 
significant a-adrenergic receptor activity in the bronchial tree. Woolcock et al. 
(1969) measured the effect of f3-adrenergic blocking agents on airway resistance in 
dogs and demonstrated increased peripheral airway resistance and bronchocon
striction after vagal stimulation. While Nadel et al. (1971) found that vagal 
stimulation produces responses in proximal airways in dogs, Woodcock et al. 
(1969) have shown that sympathetic effects are more prominent in small airways. 
Resting bronchial tone appears to be principally cholinergic. Following vagal 
stimulation, and large bronchial contraction, it is likely that /3-adrenergic receptors 
in peripheral bronchi and bronchioles function to conteract the constrictive effect. 
f32""Adrenergic receptors appear to be responsible for bronchodilatation since 
selective f31-antagonists do not block this action of f3-agonists. Bronchodilatation 
may result from the reflex release of norepinephrine as a neurotransmitter or from 
circulating epinephrine. 

Recent studies suggest that a-receptors on smooth muscle are present and 
may playa physiological role in bronchial asthma. Adolphson et al. (1970) have 
demonstrated contraction of isolated tracheal and bronchial smooth muscle by 
epinephrine and norepinephrine after blockade by propranolol. Anthracite et al. 
(1971), using normal volunteers, showed a decrease in specific conductance by 
inhalation of methoxamine and antagonism by phentolamine. Additional support 
is provided by Simonsson et al. (1972), who demonstrated a decrease of specific 
conductance following inhalation of metaoxidrine, a specific a-adrenergic agent, in 
patients suffering from airway obstruction and pretreated with vagal and /3-receptor 
antagonists. 

Reflex bronchoconstriction clearly results from increased cholinergic and 
possible a-adrenergic receptor activation. 

The bronchodilator effects of sympathetic nervous acitvity may be due 
principally to an inhibitory influence at the level of the parasympathetic ganglion. 
Evidence for such an effect includes detection of sympathetic nerve endings in 
parasympathetic ganglia from a variety of mammals (Mann, 1971), sympathetic 
inhibition of ganglionic transmission in the cat and bullfrog (Saum and De Groat 
1972, Neshi 1970), and the protective effect of atropine against bronchoconstriction 
induced by propranolol in humans (Grieco and Pierson, 1971). 

Stimulation of the vagus causes immediate discharge of the contents of the 
mucous glands, but the response to sympathetic stimulation is more difficult to 
discern. Utilizing radioactively labeled glucose and threonine in an organ culture 
system, Sturgess and Reed (1972) have studied the secretory mechanisms in 
mucous and serous cells from human bronchial glands. Acetylcholine, pilocarpine, 
and carbachol in concentrations from 1 to 100 p.g/ml caused an increase in 
secretory activity blocked by atropine. Sympathomimetic and sympatholytic drugs 
had no effect on either mucous or serous cells. It is of further interest that 
bradykinin, histamine, and their antagonists did not affect bronchial secretions. 
Studies of nasal epithelium by Boat and Kleinerman (1975) shows no response of 
goblet cells to cholinergic stimulation. Although it is clear that cholinergic stimu
lation increases tracheobronchial gland secretion and may increase synthesis, the 
anatomical nervous pathways are poorly defined. Silva and Ross (1974) in their 
study of the innervation of cat bronchial structures have observed nerve fibers 
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428 between the epithelial cells of the bronchial glands as well as between the epithelial 
cells of the mucosa. The nerve axons contained both agranular and large dense-

MICHAEL H. GRIECO cored granular vesicles both in normal animals and in those treated with 6-
hydroxydopamine, a substance which produces selective degeneration of adrener
gic nerve fibers. Fluorescent catecholamine-containing nerve fibers were present 
near and between glands but not within. Although the anatomical presence of both 
cholinergic and adrenergic fibers is certain, the exact function remains controver
sial. It is still possible that sympathetic activity may limit the mucous output 
caused by cholinergic stimulation. 

Intraepithelial axons in airway epithelium are found in association with cells 
of all types but particularly adjacent to basal cells, brush cells, K cells, and 
neuroepithelial bodies. The proximity of fibers to K cells and neuroepithelial bodies 
has aroused a great deal of interest. They may function as sensory chemo- or 
mechanoreceptors and are candidates for a neuropharmacological role in the 
pathogenesis of bronchial asthma. In a quantitative study in rats (Jeffrey and Reed, 
1973), approximately 33% of nonmyelinated intraepithelial axons were classified as 
motor adrenergic, 17% as cholinergic, and 5Qo/c, as sensory. Nerve endings have 
also been discovered in intraalveolar septa in sites corresponding to the probable 
distribution of type J receptors. 

3.2.4. Afferent Pathways 

The upper airway and lungs possess several types of receptors that have 
significant effects on bronchial airways, respiration, and other visceral and somatic 
systems (Widdicombe, 1974; Pantal 1973) (Table 2). 

a. Upper Airways. Mechanoreceptors in the epipharynx transmit via afferent 
nerve fibers in the pharyngeal branch of the glossopharyngeal nerve and result in 
inspiration, bronchodilatation, and hypertension. Irritant receptors in the larynx 
transmit through afferent rapidly adapting myelinated, slowly adapting myelinated, 
and unmyelinated fibers in the internal branch of the superior laryngeal nerve to 
induce cough, slow breathing, bronchoconstriction, and hypertension. The trachea 
also possesses irritant receptors resulting in cough and bronchoconstriction. 

b. Lung Receptors. There are three major classes of lung receptors: irritant 
receptors, pulmonary stretch receptors, and type J receptors. It is generally 
accepted that all afferent nerve fibers to the central nervous system from the lungs 
travel in the vagus nerve. Irritant receptors are believed to lie between airway 
epithelial cells. They are called "rapidly adapting" because their activity markedly 
diminishes with sustained lung inflations or deflations. Their primary source of 
excitation is thought to be airway chemical irritants such as histamine and ammonia 
as well as mechanical irritants such as particulates. The reflex effects include 
bronchoconstriction, cough from central receptors, and hyperventilation from 
peripheral receptors. In the lung, these receptors are believed to be most abundant 
in 2-6 mm bronchi, especially at sites of bifurcation. This is still an area of 
controversy. Pantal (1973) concluded that lung irritant receptors do not have 
significant excitatory effects. The actual receptor sites are unknown but may be 
the free nonmyelinated nerve fibers in the epithelium attached to myelinated vagal 
nerve fibers. Slowly adapting pulmonary stretch receptors with myelinated nerves 



are found in the smooth muscle of bronchi, small airways, and trachea. Reflex 
responses include the classic Hering-Breuer inspiratory inhibition and bronchodi
latation. Both the lung irritant receptors and tonically active pulmonary stretch 
receptors may be involved in respiration. Type J receptors activate slowly 
conducting nonmyelinated vagal afferent fibers. They lie close to pUlmonary 
capillaries in the interstitium of the interalveolar septa. Pulmonary congestion may 
be the natural stimulus to these receptors, and it is likely that they also respond to 
edema, inflammation, emboli, and exercise. The main reflex effects are tachypnea, 
bradycardia, and laryngeal and bronchoconstriction. 

Thus irritant receptors in the epithelial of the larynx, trachea, and bronchi 
result in reflex cough and bronchospasm and J receptor stimulation in laryngeal 
and bronchial constriction while stimulation of the epipharynx receptors and 
slowly adapting pulmonary stretch receptors is associated with reflex bronchodi
latation. In addition, reflexes originating from the carotid bifurcation have opposite 

TABLE 2. Upper Airway and Lung Receptors 

Receptor Fiber type Stimulus Responses 

Upper airways Epipharynx Myelinated Mechanical Inspiration 
Bronchodilatation 
Hypertension 

Larynx Myelinated, Mechanical Cough 
both slow Chemical Deep breathing 
and rapidly Bronchoconstriction 
adapting Hypertension 

N onmyelinated 
Trachea Myelinated Mechanical Cough 

Chemical Bronchoconstriction 
Hypertension 

Lung receptors Irritant, Myelinated Mechanical Bronchoconstriction 
rapidly Chemical Cough, central 
adapting Hyperventilation, 

peripheral; of 
constriction larynx on 
expiration 

Stretch, Myelinated Mechanical Hering-Breuer 
slowly (distention) bronchodilatation 
adapting Increased heart rate 

Decreased peripheral 
vascular resistance 

Type J Nonmyelinated Mechanical Rapid shallow 
Chemical breathing 

Severe constriction 
of larynx 

Hypotension 
Bradycardia 
Spinal reflex inhibition 
Bronchoconstriction 

Carotid Carotid sinus Rise in Bronchoconstriction 
bifurcation baroreceptor blood pressure 

Carotid body Hypoxemia Bronchodilatation 
chemoreceptor 
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430 actions; carotid sinus baroreceptors effect bronchoconstriction while carotid body 
receptors produce bronchodilatation. Reflex constrictio,n results predominantly via 

MICHAEL H. GRIECO efferent vagal activation while hyperventilation may result from phrenic and 
intercostal nerve transmission. Reflex bronchodilatation occurs via mechanisms 
which are unclear but may involve inhibitory influences at the level of the 
parasympathetic ganglion. In addition, it is likely that efferent impulses from the 
carotid body chemoreceptors and pulmonary stretch receptors are integrated in 
the main stem to increase splanchnic nerve discharge of epinephrine from the 
adrenal medulla. This catecholamine may then act directly on /3radrenergic 
receptors to bronchodilate. The adrenal gland stores catecholamines as norepi
nephrine, and most of this is methylated to epinephrine at the time of release. 

3.3. Control Mechanisms 

3.3.1. Pharmacological Control of Antigen-Induced Release of Chemical 
Mediators 

The initial in vitro observation by Lichtenstein and Margolis (1968) that f3-
adrenergic agents and methylxanthines prevent antigen-induced release of hista
mine from human peripheral leukocytes was followed by confirmatory studies with 
human lung tissue. It is now well established in human lung that agents capable of 
stimulating adenylate cyclase such as f3-adrenergic agonists (Orange et ai., 1971), 
histamine (H-2 receptor as determined by the agonists dimaprit and 4-methylhis
tamine), and prostaglandins (Tauber et ai., 1973) (pGE1 and PGE2) increase tissue 
concentrations of cyclic AMP and inhibit mast cell mediator generation and/or 
release (Figure 2). These agonists interact with specific receptor sites on the 
surface of a variety of cells to induce the formation of cyclic AMP from adenosine 
triphosphate by activation of the membrane-bound enzyme adenylate cyclase 
(Sutherland et ai., 1%8). This same effect is produced by competitive inhibition of 
the enzyme phosphodiesterase with methylxanthines resulting in cyclic AMP 
increase as well as by direct action of dibutyryl cyclic AMP. The elaboration of 
prostaglandins as secondary chemical mediators and possible release by eosinophil 
phospholipase B may result in effective inhibition of primary mast cell degranula
tion (Hubscher, 1975). 

In contrast, a-adrenergic agonists, prostaglandin PGF2a, histamine (H-l recep
tor as determined by the agonists 2-methylhistamine and 2-pyridylethylamine), and 
cholinergic agonists result in enhancement of IgE-dependent release of chemical 
mediators. Both a-adrenergic agonists and low concentrations of PGF2a result in 
depletion of tissue levels of cyclic AMP (Tauber et ai., 1973; Kaliner et ai., 1972). 
Studies with the peripheral leukocytes suggest that a-adrenergic agonists may act 
by increasing intracellular levels of ATPase (Coffey et ai., 1971). Cholinergic 
stimulation of sensitized lung fragments with acetylcholine or carbamylcholine 
chloride results in enhancement of IgE-dependent release of chemical mediators. 
The enhancement of the immunological release of histamine and slow-reacting 
substance of anaphylaxis (SRS-A) in response to the introduction of physiological 
amounts of acetylcholine involves specific cholinergic receptor sites of the mus
carinic prototype since the action is blocked by atropine. This effect is independent 



of measureable changes in the tissue levels of cyclic AMP (Kaliner et al., 1972). 
Cholinergic stimulation results in an increase in tissue concentrations of cyclic 
GMP, and the addition of 8-bromo-cyclic GMP to human lung fragments effects a 
dose-dependent enhancement of histamine release and SRS-A generation. A 
difference in the sensitivity of steps involved in the release of histamine and the 
generation of SRS-A is indicated by the fact that low concentrations of carbamyl
choline chloride reverse the inhibition of histamine release from sensitized human 
lung fragment produced by isoproterenol but fail to inhibit SRS-A generation. In 
view of the sparse sympathetic innervation of the bronchial mucosa it is more 
likely that adrenergic modulation of mediator release is mediated by circulating 
catecholamines, possibly released secondary to carotid body and stretch receptor 
afferent impulses. In contrast, the rich cholinergic innervation of the bronchi is 
consistent with neural modulation of antigen-induced mediator release. 

3.3.2. Bronchomotor Modulation 

,8z-Adrenergic receptor stimulation as well as PGE1 and PGE2 results in 
bronchodilation in association with increased intracellular cyclic AMP (Figure 3). 
Resting bronchial tone is predominantly cholinergic since propranolol administra
tion to normal subjects has only a minimal effect (Guirgis and McNeill, 1969). 
Bronchoconstriction in asthmatics treated with propranolol may be the result of f3-
adrenergic blockade on bronchial smooth muscle and/or of the apparent sympa
thetic inhibitory influences at the level of the sympathetic ganglion. Cholinergic 
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431 

PATHOGENESIS OF 
BRONCHIAL 

ASTHMA 



432 stimulation of isolated human bronchial smooth muscle in vitro does result in 
marked bronchoconstriction, and the inhalation of such agonists will produce 

MICHAEL H. GRIECO bronchoconstriction in both normals and asthmatics, the latter with lower concen
trations (Grieco and Pierson, 1970). In view of the rich plexus of cholinergic fibers 
in bronchi, the direct neural release of acetylcholine is likely, with bronchocon
striction occurring in association with elevated cyclic GMP. Stimulation of H-l 
receptors by histamine in high concentrations does induce contraction. The fact 
that only part of the bronchoconstrictor effect of histamine injected directly into 
the bronchial artery of dogs is present after vagotomy suggests that histamine has 
both direct effects and indirect reflex action on bronchial smooth muscle (De Kock 
et al., 1966; Brocklehurst, 1968). Both SRS-A and PGF2a (Cuthbert, 1972) are 
potent bronchoconstrictors while kinins (Herxheimer and Stresemann, 1%1) are 
not very effective in causing acute bronchoconstriction in man. The presence of 
a-adrenergic receptors has been controversial, but several studies suggest their 
presence (Adolphson et ai, 1970; Anthraciteet al., 1971; Simons son et al., 1972). 

While goblet cells appear to be independent of adrenergic and cholinergic 
modulation, the secretions of subepithelial mucous glands are increased by 
parasympathomimetic agents (Sturgess and Reed, 1972) while bradykinin, hista
mine, and their antagonists exert no significant effect. 

3.4. Bronchial Airways 

3.4.1. Sites of Airway Obstruction 

In 1968, Hogg et al. utilized the retrograde catheter technique of Macklem to 
place a catheter into the lIth-order bronchus of 2 mm. Together with alveolar 
pressure and pleural pressure, the maneuver allowed the calculation of central and 
peripheral resistance in lungs obtained at autopsy. Peripheral resistance was 25% 
of the total in five normals while it was increased 4-40 times in seven emphysema 
patients. This demonstration that the peripheral resistance was poorly reflected by 
measurements of total airway resistance ignited an acute awareness of the 
importance of distinguishing large and small airway disease. The bronchial tree 
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Figure 3. Pharmacological modulation of bronchial smooth muscle contraction. 



consists of more than 30 orders of bronchi. Obstructive disorders may predominate 
in the trachea, large bronchi, small airways, and possibly the alveolar ducts. The 
cross-sectional diameter of the bronchial tree can be depicted as funnel shaped 
(Figure 4). Obstruction of bronchi of a specific cumulative diameter will have less 
effect on airway conduction when located in the peripheral airways. Tracheal 
obstruction is not detectable by measurements of airway resistance or residual 
volume. Hudgel et al. (1976) reported a patient with reversible decrease of static 
compliance and increase of elastic recoil suggestive of alveolar duct and sac 
constriction. 

3.4.2. In Vivo Effects of Humoral Mediators 

Drazen and Austen (1974b) have studied the effects of intravenous adminis
tration of SRS-A, histamine, bradykinin, and PGF2a on the mechanics of respiration 
in the unanesthetized guinea pig. Using conductance as a measure of large airway 
function and compliance as reflecting predominantly the small airways, SRS-A 
resulted in a pronounced decrease of small airways while PGF2a had an early 
preferential effect on large airways followed by a late equal effect on both. In 
contrast, both histamine and bradykinin have comparable effects on both compli
ance and conductance. Thus intravenously administered SRS-A alters pulmonary 
mechanics with a more peripheral effect than any of the other agents tested. 

Using partial expiratory flow-volume maneuvers with air and He02, Brown et 
al. (1977) reported that the response to histamine aerosol suggested that large 
airways were predominantly constricted in smokers and the small airways in 
nonsmokers. Although these observations could be interpreted to indicate differ
ences in smooth muscle reactivity, they speculated that the results reflected the 
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pattern on aerosol distribution demonstrated by Dolovich et al. (1976) so that the 
aerosol penetrated less into the small airways of smokers. 

3.4.3. Sites of Action of Bronchodilators 

Ingram et al. (1977) examined the tone of normal human airways and 
demonstrated that although both atropine and isoproterenol produced bronchodi
latation, atropine decreased density dependence while the latter was increased by 
isoproterenol. This suggested that atropine predominantly dilated large upstream 
airways and isoproterenol influenced small upstream airways. In a study of 17 
patients with obstructive lung disease, Wellman et al. (1976) reported that density 
dependence, using air and He02, was decreased with SchlOOO, a congener of 
atropine, and increased with isoproterenol, again suggesting that these agents differ 
in the predominant site of the airways that they effect. 

Thus parasympathomimetic reflexes appear to predominantly constrict the 
large airways while mast cell mediators act on both large and small airways. The 
predominant sympathomimetic effect appears to be on the small airways to induce 
bronchodilatation. 

4. Allergic Asthma (Extrinsic) 

Chapters 4, 5, and 7 have reviewed the current state of knowledge regarding 
the molecular definition of allergens, IgE antibodies, and mediators of immediate 
hypersensitivity. The discussion here will be limited to aspects of these subjects 
pertinent to bronchial hypersensitivity reactions. 

4.1. Immunological Basis 

Allergic respiratory diseases include bronchial asthma, pulmonary eosinophi
lia, and extrinsic alveolitis, the latter two comprising hypersensitivity pneumonitis. 
Bronchial provocation testing in humans allows classification of reactions into 
immediate, nonimmediate, and combinations of both (pepys, 1977). 

4.1.1. Immediate Asthmatic Reactions 

a. IgE Antibodies. The characteristic immunological feature of atopy is the 
genetically determined capacity to produce specific reagininc IgE antibodies to 
common environmental allergens via limited immunogenic challenge. Allergic 
asthma is generally characterized by a family history of allergic disease including 
eczema and rhinitis, positive prick and intradermal tests, increased levels of IgE 
in the serum, and positive immediate bronchial provocation tests with suspected 
allergens. The family history was reported by Cooke and Vander Veer (1916) to be 
positive in 48.4% of 504 allergic subjects compared with only 44.5% of a control 
group of 76 normal persons. Total basal serum IgE levels have been shown to be 
clearly under the control of an IgE-regulating gene, with high IgE levels inherited 
as a simple Mendelian recessive trait (Bazaral et al., 1974). The IgE-regulating 
gene can have a profound effect on specific IgE responses and mask the effects of 
HLA-linked Ir genes (Marsh et al., 1974). Marsh et al. (1973, 1974) noted the 



association of rye grass group II antigens with HL-A8 and Ra5 of ragweed with 
HLA 7 Crego The Ir gene for Ra5 appeared to control production of both IgG and 
IgE antibodies. In contrast, Levine et al. (1972) reported linkage of specific HLA 
haplotype of the propositus and specific IgE or IgG responsiveness to antigen E of 
ragweed in 7 families in which there was a clear segregation of sensitivity to 
antigen E within the members. In addition to these genetic studies concerned with 
total and allergen-specific IgE, the disorder of bronchial asthma has been linked to 
genetic factors. Rachelefsky et al. (1976) reported that 88% of 30 asthma patients 
had B lymphocyte group 2 antigens compared with 24% of 109 controls, but they 
failed to identify an HLA-associated gene. Brostoff et al. (1976) have reported 
homozygosity for HLA-W6 in 21 of 26 patients with intrinsic asthma, suggesting 
a genetic predisposition in patients with that disorder. 

As indicated in Table 1, immediate asthmatic reactions to provocation tests 
can be blocked by cromolyn sodium but not by corticosteroids and are effectively 
reversed by inhaled bronchodilators (Pepys and Hutchcroft, 1975). Such provoca
tions lead to a bronchoconstrictive reaction which is maximal at 10-15 min and 
lasts for 1-2 hr. It is likely that antigenic determinants bind specific IgE antibodies 
which have attached to Fc receptors on the surface of basophiloid cells in the 
airways and subepithelial mast cells to induce mediator release. The presence of 
IgE on the epithelial side of basement membranes in asthmatic lungs suggests that 
globular leukocytes, K cells, and neuroepithelial bodies may participate in the 
reaction. Allergic asthmatics as a group have elevated levels of IgE, and levels of 
5 times normal were found in greater than 50% (Johansson, 1967). 

b. IgE4 Antibodies. Reaginlike activity in humans has been associated with 
IgG class antibodies directed against horse proteins (Terr and Bentz, 1965); horse 
dander (Reid, 1970), milk proteins, avian antigens (Parish, 1974); and Dermato
phagoides sp. (Bryant et al., 1975). The heat-stable reaginic activity on passive 
transfer is short term and led to the designation by Parish (1970) as "short-term 
sensitizing IgG" (STS-IgG) antibody and subsequently associated with the IgG4 
subclass. Such STS-IgG appears to be less frequent and less potent in allergic 
mediator release. In nonatopic subjects these immunoglobulins may result in 
immediate skin test reactions and bronchial provocation and may act as an 
introductory mechanism for nonimmediate asthmatic reactions as seen in nonatopic 
pigeon fanciers (Pepys, 1977). Vijay and Perelmutter (1977) have demonstrated that 
leukocytes from 11 allergic individuals and from nine normal subjects sensitized 
with the serum of allergic patients were capable of releasing histamine with 
antihuman IgG4, antihuman IgE, and specific allergens. This suggests a broader 
role for IgG4 in immediate type I hypersensitivity reactions than has been 
considered previously. STS-IgG has been recorded as a familial trait and respon
sible for dual immediate and late (5-6 hr) skin reactions (Berry and Brighton, 
1977). In addition, both IgG2 and IgGa subclass antibodies cytophilic for circulating 
basophils have been detected in subjects with allergic bronchopulmonary aspergil
losis (Assem and Turner-Warwick, 1976). 

Bryant et al. (1975) studied 16 patients with asthma sensitive to Dermatopha
goides pteronyssimus. In seven, cromolyn sodium was ineffective as an inhibitor 
of bronchial immediate allergic reactions and reaginic IgG antibodies were predom
inant. The presence of STS-IgG antibodies may provide one explanation for 
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apparent failure of allergic asthmatic patients to respond to therapy with cromolyn 
sodium. 

4.1.2. Nonimmediate (Late) Asthmatic Reactions 

Nonimmediate asthmatic reactions to provocation tests are blocked by corti
costeroids and cromolyn sodium and marginally reversed by aerosol bronchodila
tors. Inhibition of this reaction by corticosteroids contrasts with their lack of effect 
on immediate reactions. Pepys (1977) has distinguished three types ofnonimmediate 
reactions: those maximal at 1 hr, those maximal at 3-4 hr, and those with recurrent 
nighttime exacerbations following a single aerosol provocation. The last responses 
have been elicited with aerosol avian antigens, gaseous formalin fumes, and 
chemical dusts such as ampicillin powder and interfere with the interpretation of 
the importance of causal exposures. The nonimmediate reactions might be consid
ered as extrinsic nonatopic asthma. Blockade by cromolyn sodium suggests that 
mast cell degranulation is involved while the effectiveness of corticosteroids may 
implicate the participation of inflammatory cells in the pathogenesis. The ineffec
tiveness of aerosol bronchodilators may be due to the greater involvement of the 
smaller airways in these reactions. In contrast to immediate reactions, late 
responses are often accompanied by malaise, fever, and leukocytosis. 

The pathogenesis of late nonimmediate airway responses has been controver
sial, as has been that involved in eosinophilic pneumonia and extrinsic allergic 
alveolitis. Insoluble immune complexes involving antigen and IgG precipitating 
antibody (type III hypersensitivity), activation of the alternative pathway of the 
complement system, and cell-mediated immunity have been implicated. Dual skin 
and inhalational test reactions with Aspergillus fumigatus and Candida albicans 
antigens have been attributed to IgE and IgG2•3•4 reaginic antibodies and IgG 
precipitating antibodies in subjects with allergic bronchopulmonary aspergillosis 
and candidiosis. Late and dual bronchial responses in extrinsic allergic alveolitis 
have been associated with IgG4 reaginic and precipitating antibodies in subjects 
sensitive to thermophylic actinomycetes and pigeon antigens. Presumable C3a and 
C5a act as anaphylatoxins to degranulate mast cells. Alternative pathway activac
tion with generation of C3a and C5a as well as macrophage activation has been 
suggested as a possible mechanism for disease induction by Micropolyspora faeni 
and other organic dusts (Schorlemmer et al., 1977). Fink et al. (1975) reported that 
complement-fixing antibodies may play a protective role while cell-mediated 
immunity, as reflected by release of macrophage inhibitory factor, appears to 
induce alveolitis in subjects sensitive to pigeon antigens. Animal models of 
hypersensitivity pneumonitis suggest a primary role for delayed hypersensitivity 
(Moore et al., 1975; Harris et al., 1976) (type IV hypersensitivity). A markedly 
greater effect of inhaled spore particles as against antigen solutions in eliciting 
granulomatous pneumonitis in animals has also been shown (Salvaggio et al., 
1975). The late bronchial response in these instances might result from mast cell 
active agents released from PMSs, monocytes, or lymphocytes. This remains 
speculative, although it is known that lysates of human leukocytes contain heat
labile histamine-releasing factor as well as an inhibitor of release (Kelly and White, 
1974). This releasing factor appears to be present in both lymphocytes and 
granulocytes. 



Whether late reactions involve antibody or alternative pathway complement 
activation or reflect some aspect of cell-mediated immunity, the effect of cromolyn 
sodium supports the belief that mast cell degranulation is the resultant effect 
responsible for bronchoconstriction. In atopic patients it appears that late cutaneous 
allergic reactions can occur with an isolated dependence on IgE antibody, and it 
remains to be determined whether pure IgE reactions may result in late as well as 
immediate bronchial responses in such subjects. The late reaction is inhibited by 
prednisone (Poothullil et al., 1976) and may result from the inflammatory response 
subsequent to mast cell mediator release. 

4.2. Allergens 

Protein and carbohydrates as well as low molecular weight chemicals acting 
as haptens may elicit allergic asthmatic responses. A partial list of major allergens 
and the types of bronchial reactions elicited is presented in Table 3. The size and 
number of antigenic determinants are important since they represent a minor 
component of the extrinsic agent. Ability to act as a hapten is critical for 
compounds such as complex salts of platinum. The 1-2 p.,m diameter size of 
Micropolyspora faeni allows penetration to the small airways while 10-12 p.,m 
spores of Aspergillus fumigatus are likely to lodge in the large bronchi. 

While inhalant allergens are likely to account for most of the allergic aspects 
of bronchial asthma, food allergens are capable of significant contribution, espe
cially in children. Measurement of specific IgE antibodies by RAST showed an 
extremely high correlation with the history of hypersensitivity in subjects allergic 
to peanut, bivalve mollusks, and cat (Hoffman and Haddad 1974). 

Inhalants may consist of particulates, aerosols, fumes, gases, or chemical 
dusts. Multivalent antigens with at least two active sites are believed to react with 
at least two antigen-specific IgE molecules attached to the Fc receptor of baso
philoid cells and epithelial mast cells and possibly on globular leukocytes, K cells, 
and neuroepithelial bodies and result in mast cell degranulation. Simani et al. 
(1974) have reported the penetration of intercellular spaces in the guinea pig 
bronchial epithelium by tracer materials after exposure to cigarette smoke. These 
dilated intercellular spaces and the opening of previously closed tight junctions 
may be the pathway for transfer of some inhaled noxious substances or allergenic 
macromolecules which impinge on the bronchial mucosa. 

Salvaggio et al. (1964) found that the intranasal administration of RNase and 
dextran produced larger and more promptly developing wheal and erythema skin 
test reactivity in atopic individuals than in nonatopic subjects. They advanced the 
hypothesis that there is a greater absorption of antigens through the nasal mucous 
membranes in atopic than in nonatopic individuals. In a subsequent study (Kontou
Karakitsos et al., 1975) that assessed mucosal absorption more directly, the atopic 
group failed to show greater or more rapid absorption of either RNase or peanut 
extract. The fact that tight junctions (zonula occludens) are found in the respiratory 
tract epithelia raises the question as to how high-molecular-weight antigens are 
able to get through the epithelial layer to the interstitium of the lung. In a study 
using the tracer protein horseradish peroxidase (40,000 daltons), sensitized guinea 
pigs developed significant bronchoconstriction but the antigen was superficial and 
did not appear to penetrate the epithelial cells, suggesting that the immunological 
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TABLE 3. Partial List of Major Allergens and the Bronchial Responses Elicited by 
Provocation 

I. Inhalant aerosols 
Ragweed 

Grasses 

AgE 
AgK 
Ra3 
Ra5 
BPA-R 

Group I 

Group II 

Antigen D 
Antigen B 

Animal dander, serum, secretions 
Dog 

Wood dusts 

Molds, fungi 

Insect 

Mites 

Cat 
Rat 
Mouse 
Guinea pig 
Rabbit 
Cow 
Horse 
Birds 
Pituitary snuff 
Fish meal 

Western red cedar 
Iroko 

Alternaria sp. 
Aspergillus sp. 
Micropoly-

spora/aeni 
Thremoactino

myces sp. 
Aureobasidium 

sp. 
Cryptostroma 

corticate 
Penicillium 

casei 
Candida sp. 

Sitophilius 
granarius 

Dermatopha
goides sp. 

Acarus siro 

Allergen 

Nature 

Protein 
Protein 
Protein 
Peptide 
Protein 

Glyco-
protein 

Glyco-
protein 

Peptide 
Protein 

Albumin 
Albumin 
az-Globulin 
Prealbumin 
Prealbumin 
Albumin 
Albumin 
Albumin 

Glycoprotein 

Molecular 
weight 

37,800 
38,200 
15,000 
5,130 

28,000 

32,000 

10,000 

5,000 
10,500 

65,000 
30,000-60,000 
10,000-25,000 
10,000-25,000 
25,000 
18,000-38,000 

22,000-60,000 

High 

Bronchial response 

Immediate 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

Late 

+ occas. 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

(continued) 



TABLE 3. (Continued) 

Free-living amoebae 
Acanthamoeba

po/yphaga 
Acanthamoeba 

castellani 
II. Inhalant gaseous emanation, 

occupational 
Toluene diisocyanatea (TDI) 
Epoxy resins 

Phthalic acid anhydride 
Triethylene tetramine 
Trimellitic acid 

III. Inhalant chemical dusts, 
occupational 

Complex salts of platinum 
Antimicrobial drugs 

Ampicillin 
Salbutamol intermediate 

aNo direct immunological evidence. 

Nature 

Chemical 

Chemical 
Chemical 
Chemical 

Chemical 
Chemical 

Allergen 

Molecular 
weight 

Bronchial response 

Immediate 

+ 

+ 
+ 
+ 

+ 

Late 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

reaction occurred at this site (Richardson et aI., 1973) and that penetration to the 
subepithelial mast cells was not mandatory. 

Ragweed pollen grains are 20 J-tm in diameter and too large to penetrate to the 
bronchi. Although they are deposited in the upper airway, reflex bronchoconstric
tion does not occur from this site (Hoehne and Reed, 1971). Busse et al. (1972) 
demonstrated ragweed antigen in airborne particles less than 5 J-tm in diameter 
which could penetrate to the lower airways and initiate an allergic reaction. Animal 
studies support the belief that it is the antigen reaching the tracheobronchial tree 
which is important in inducing allergic bronchoconstriction. Presumably the rapidly 
released Ra5 and more slowly released Ra3 and antigen E are deposited on the 
tracheobronchial epithelial and bind to the IgE in the epithelium and on the 
subepithelial mast cells. 

4.2.1. Inhalant Aerosols 

Table 3 lists prototype allergens which result in immediate, late, or dual 
bronchial responses. Late responses may occur with isolated bronchial asthma or 
may be associated with pulmonary eosinophilia (Aspergillus fumigatus, Candida 
albicans) or extrinsic allergic alveolitis (bird fancier, fish meal, rodent urine, 
pituitary snuff, wood dusts, spores of thermophilic actinomycetes and fungi, mite 
antigens, insect antigens, and free-living amoebae in contaminated water aerosols). 
It is of interest that o:z-globulin in the male rat and a prealbumin in the male mouse 
serve to induce allergic sensitization which may be reduced with the use of female 
animals. 
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4.2.2. Inhalant Gaseous Allergens 

Toluene diisocyanate (TDI) use elicits both immediate and late bronchial 
responses, but as yet IgE antibodies have not been demonstrated. IgE antibodies 
have been associated with sensitivity to epoxy resins cured with phthalic acid 
anhydride, trimellitic acid, and triethylene tetramine. 

4.2.3. Inhalant Dust Allergens 

Immediate reactions occur with complex salts of platinum. Late reactions to 
chemical dusts are provided by workers with occupational asthma engaged in the 
manufacture of antimicrobial drugs including ampicillin and salbutamol due to a 
glycyl intermediary compound. Late reactions to chemical dusts, vapors, fumes, 
and ingested agents are not generally associated with systemic symptoms. 

4.2.4. Occupational Asthma 

Occupational asthma (Karr et al., 1978) has been estimated to have a 
worldwide prevalence of 2% and constitutes an important group where it is possible 
to determine an extrinsic etiolog y. Allergic pathogenesis is implicated with several 
of the allergens listed in Table 3 as well as with the castor bean, green coffee bean, 
papain, pancreatic extract, enzymes from Bacillus subtilis, hog trypsin, phenylgly
cine acid chloride, and sulfone chloramides. 

In other instances an irritant effect, as is the case with sulfur or nitrogen 
dioxide, or a pharmacological reaction, such as with byssinosis (cotton dust, direct 
mediator release) or TDI, may be responsible. TDI can alter the in vitro stimulation 
of lymphocyte cyclic AMP levels by isoproterenol and prostaglandin E1 but not by 
histamine (Davies et al., 1977). Recent dose-response studies with isoproterenol 
have shown that TDI may act as a partial antagonist of l3-adrenergic receptors. 
This mechanism would not lead to asthma in a normal subject but might induce 
bronchospasm in a subject with a subclinical asthmatic diathesis. 

4.3. Chemical Mediators 

Mast cells in the lung have been localized to both the bronchial mucosal 
surface (globular leukocytes) and the deeper connective tissue in a perivenular 
distribution. These cells contain Fc receptors which bind specifically to 19B. 
Bridging of pairs of receptors by specific polYValent antigen or anti-IgE initiates a 
series of intracellular events that results in the non cytotoxic release of the mast 
cell granule contents (Table 4). 

4.3.1. Preformed Mediators 

a. Histamine. The histamine associated with mast cells is found within the 
metachromatic granules as a histamine-protein-heparin complex (Unvas, 1968). 
Some of the established pharmacological actions of histamine relevant to its role 
in asthma include H-l receptor direct and reflex (Gold et al., 1972) induction of 
bronchoconstriction, possible mucous hypersecretion and increased vascular 



permeability as well as H-2 receptor dependent inhibition of IgE-mediated release 
of histamine (Lichtenstein and Gillespie, 1973). Histamine in low concentrations is 
weakly chemoattractive for eosinophils, but this effect is not clearly related to H
I or H-2 receptors. An inhibitory effect of higher concentrations of histamine on 
eosinophil chemotaxis is blocked by an H-2 antagonist (Lett-Brown and Leonard, 
1977). 

Inhalation of histamine provokes bronchospasm in asthmatics which can be 
prevented in part by atropine, suggesting that reflex cholinergic efferent pathways 
contribute to the bronchoconstriction (Nadel, 1968). The direct effect of histamine 

TABLE 4. Chemical Mediators Released from Human Lung During Allergen-IgE 
Hypersensitivity Reactions 

Category Mediator Structure Function 

Preformed Histamine Bimidazolylethylamine H-l receptor 
111 daltons a. Facilitate mediator release 

b. Stimulate vagal afferent fibers 
c. Bronchoconstriction 
d. PGF2a release 
H-2 receptor 
a. Inhibit mediator release 
b. Bronchodilatation 
c. PGE2 release 
Effect eosinophil migration 

ECF-A Vai/Ala-Gly-Ser-Glu a. Chemotaxis of eosinophils + 
PMNs 

360-390 daltons b. Deactivation of eosinophils + 
PMNs 

ECF-intermediate 1300-2500 daltons 
NCF Protein 

> 160,000 daltons 
Heparin Proteogiycan a. Antithrombin 

750,000 daltons b. Inhibit C3 amplification 
convertase 

Chymase Protein a. Proteolysis 
25,000 daltons 

N-Acetyl-~- 50,000 daltons 
glucosamidase 

Arylsulfatase A 15,000 daltons 
B 60,000 daltons 

Newly SRS-A Acidic lipid a. Direct bronchoconstriction 
generated 300-400 daltons and vascular permeability 

PAF Lipid a. Release of 5 -hydroxytryptamine 
700 daltons b. Platelet aggregation 

c. ? Platelet factor III 
Bronchoconstriction and fibrin 
deposition 

Lipid Chemo Lipid a. Chemotaxis of PMN s 
tactic factor 
for PMN 

Superoxide (02-) 32 daltons a. Microbial activity 
b. Tissue injury 
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442 on intrapulmonary rapidly adapting vagal atIerents appears to be mediated by H
I receptors. In addition, histamine mediates peripheral airway smooth muscle 

MICHAEL H. GRmCO constriction via H-l receptors while H-2 receptors, at low concentrations of 
histamine, may lead to bronchodilatation. In 1963 Beall reported that blood 
histamine levels are not elevated during an acute asthmatic attack. Bhat et al. 
(1976), Arroyave et al. (1977), and Stevenson et al. (1976) reported the transient 
elevation of plasma histamine and depression of complement components in 
venous samples taken from subjects experiencing a provoked asthmatic reaction 
with a skin test positive antigen or following oral challenge with aspirin in sensitive 
subjects. Elevated plasma histamine and fibrin split products and mildly reduced 
total hemolytic complement activity have been reported as well after methacholine 
aerosol challenge in asthmatics. Simon et al. (1977) demonstrated significantly 
elevated plasma histamine levels above 1.25 nglml in asthmatic patients with 
spontaneous severe exacerbations utilizing an enzymatic isotopic technique instead 
of the ftuorometric assay, but this finding has not been confirmed. These studies 
support the role of histamine as a mediator in bronchial asthma. 

b. Preformed Chemotactic Factors. Eosinophil chemotactic factor of ana
phylaxis (ECF-A) (Kay and Austen, 1971), eosinophil chemotactic factor oligopep
tides (ECF-oligopeptides) (Lewis and Austen, 1977), and neutrophil chemotactic 
factor of anaphylaxis (NCF-A) (Lewis and Austen, 1977) can be released from 
human lung fragments by IgE-dependent mechanisms. Each is chemotactic for 
eosinophils and neutrophils and acts to deactivate these cells. ECF-A extracted 
from human lung is composed of at least two tetrapeptides differing only in their 
N-terminal amino acid. Eosinophil chemotaxis to the tetrapeptides presumably 
involves binding of a hydrophobic domain of an eosinophil receptor with the N
terminal and activation of an ionic domain with the glutamic acid C-terminal. 

c. Heparin. Macromolecular heparin has recently been shown to be present 
in rat peritoneal mast cell granules and is released with the granule by IgE
dependent mechanisms (Lewis and Austen, 1977). Although heparin has been 
extracted from human lung, the identity of the metachromatically staining lung 
mast cell granule component as heparin is unproven. Heparin may act as well to 
inhibit the amplification C3 convertase of the alternative complement pathway and 
modify C3a and C5a mast cell degranulation. 

4.3.2. Newly Generated Mediators 

a. Slow-Reacting Substance of Anaphylaxis (SRS-A). SRS-A, an acidic 
sulfur-containing lipid, acts to directly constrict bronchial smooth muscle and 
increase vascular permeability largely independent of cholinergic reflex mecha
nisms (Drazen and Austen, 1974b). Immunological in vitro release of SRS-A has 
been produced by IgE-dependent reactions in tissue fragments of human nasal 
polyps and lung. SRS-A is inactivated by arylsulfatases of several sources including 
eosinophils and mast cell rich fractions. A small amount of preformed SRS-A-like 
activity is extractable from some human lung preparations, and cellular SRS-A has 
been described in cells after IgE-dependent immunological challenge. 

b. Platelet-Activating Factor (P AF). PAFs are a family of substances released 
by immunological activation of human lung (Bogart and Stechschulte, 1974). They 



release 5-hydroxytryptamine and secondarily aggregate homologous platelets and 
are inactivated by eosinophil phospholipase D. The elaboration of vasoactive 
amines and perhaps platelet factor III may result in contraction of bronchial 
smooth muscle and in fibrin deposition. 

c. Lipid Chemotactic Factor(s) of Anaphylaxis. Lipid mediators chemotactic 
for neutrophils are released from human lung by IgE-dependent reactions (Lewis 
and Austen, 1977). 

4.3.3. Secondary Mediators 

a. Serotonin (5-Hydroxytryptamine). 5HT is not readily implicated in the 
pathogenesis of bronchial asthma because the serotonin content of human lung 
tissue is negligible and the isolated human bronchial ring is resistant to serotonin 
(Brocklehurst, 1958) (Table 5). The potential role for platelet release following PAF 
action must be reexamined. 

b. Cellular Kallikrein. Antigen challenge of IgE-sensitized human lung 
fragments results in the release of mediators capable of hydrolyzing synthetic 
substrates such as tosyl-L-arginine methyl ester (TAMe) and cleaving bradykinin 
from its natural substrate, kininogen (Webster et al., 1974). Cellular kallikrein may 
implicate the kinins as mediators of immediate hypersensitivity. Evidence that the 
kinins may playa role in human asthma includes induction of bronchospasm by 
the inhalation of kinins in asthmatics but not in nonasthmatics (Cuthbert, 1972), 
the elevation of kinin levels by approximately tenfold in the serum of a patient 

TABLE 5. Chemical Mediators Secondarily Released from Human Lung Following 
Allergen-IgE Hypersensitivity Reactions 

Mediator 

Serotonin 

Kinins 
Bradykinin 

Lysylbradykinin 

Prostaglandins 

PGF2a 

(from lung parenchyma) 

PG endoperoxides (pGG2 and 
PGH2) 

TXA2 
PGE} and PGE2 

(from bronchi) 

Prostacyclin (PGI) 

Structure 

5 -Hydroxytryptamine 
176 daltons 
N onapeptide 

Decapeptide 
1000 daltons 
20-carbon fatty acids 

with cyc10pentane ring 

Function 

Increased vascular permeability 

Direct bronchoconstriction 
and increased vascular 
permeability 

a. Direct and reflex 
bronchoconstriction 

b. Facilitation of IgE-dependent 
mediator release 

a. Direct bronchodilatation 

b. Inhibition of IgE-dependent 
mediator release 
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444 during an acute asthmatic attack (Abe et aI., 1967), and the increased levels of 
components of the kinin-forming system during episodes of bronchospasm in 

MICHAEL H. GRIECO patients with the carcinoid syndrome (Oates et at., 1964). 

c. Prostaglandins. Aspects of the function of prostaglandins in the lung have 
been reviewed recently (Hyman et at., 1978; Mathe et at., 1977). In in vitro 
experiments both actively and passively sensitized mammalian lung release PGF2a, 
PGEh and PGE2, 15-keto-13,14-dihydro metabolites, and thromboxane B2 (TxB2 
and by inference TxA2). Small amounts of endoperoxides (PGG2 and PGH2) and 
12-hydroxy-5,8,IO-heptadecatrienoic acid (HHT) are detectable as well. TxA2, the 
rabbit aorta contracting substance, has a half-life of 30 sec and is converted to the 
weakly active TxB2. 

PGF2a, 15,8-PGF2a, PG endoperoxides, and TxA2 are potent human broncho
constrictive agents acting on smooth muscle via a PG receptor. This direct action 
is antagonized by the bronchodilator PGEs. As aerosols, PGE1 and PGE2 are about 
10 times more potent bronchodilators than isoproterenol. In vitro studies indicate 
that .B2-adrenergic antagonists potentiate while atropine diminishes the response to 
PGF2a, suggesting the role of parasympathetically mediated reflexes (Mathe et at., 
1977). 

Histamine and SRS-A both act to liberate prostaglandins. Antagonism of H-l 
receptors by pyrilamine diminishes the subsequent response to histamine, predom
inantly decreasing the flow of PGF2a from the lung parenchyma. In contrast, 
antagonism of H-2 receptors by metiamide reduces the subsequent flow of PGE2 
from sensitized airways. The observation that eicosatetraenoic acid inhibits pros
taglandin formation but does not affect SRS-A release whereas cromolyn sodium 
inhibits the release of SRS-A and prostaglandins supports the view that prosta
glandins are not formed by a pathway common to the primary mediators (Dawson 
and Tomlinson, 1974). However, it has recently been suggested that SRS-A may 
be formed from arachidonic acid via the activity of a lip oxygenase acting at a step 
proximal to cycloxygenase. 

The secondarily released prostaglandins can influence the IgE-dependent 
release of mediators from human lung fragments. PGs of the E type increase cyclic 
AMP and inhibit release while very low concentrations of both PGE and PGF2a 
have been found to decrease the level of cyclic AMP and enhance anaphylactic 
release (Tauber et at., 1973). 

In asthmatic patients an increase in the plasma level of the main metabolite. of 
PGF2a has been found after an attack (Green et al., 1974), although the level of 
PGF2a is not significantly altered (Okazaki et at., 1976). There is a remarkable 
difference in the sensitivity of asthmatic and control subjects to aerosol PGF2a• 

The dose eliciting a 50% decrease in conductance ranged from 4 to 1024 ng in 
asthmatic patients while 128,000-1,024,000 ng was required in control subjects 
(Mathe and Hedquist, 1975). While in healthy and asthmatic subjects PGE1 and 
PGE2 produce bronchodilatation, in some PGE2 may bronchoconstrict. This 
constrictive response might reflect a cholinergically mediated reflex, conversion of 
PGE2 to PGF2a, or release of PGF2a, histamine, or acetylcholine. While the effect 
of PGs on the basal tone of airways and the hyperreactivity to PGF2a in asthma 
imply participation in allergic asthma, their role remains uncertain. The relative 
amounts of prostaglandins and not the actual concentration of any single compound 



derived from arachidonic acid may be determinative. Mathe et al. (1977) speculate 
that PGF20 could be bound to tissue or plasma proteins and hence protected from 
degradation by 15PGDH. Mter an acute episode of asthma there might be gradual 
dissociation of bound PGF2o: to account for prolonged bronchoconstriction. The 
fact that indomethacin does not prevent or ameliorate asthmatic attacks in man 
may be due to the activity of PGF2o: in nanogram amounts produced by the 
remaining capacity for synthesis. Szczeklik et al. (1975) has proposed that 
aspirinlike drugs may induce an asthmatic attack by inhibiting PG synthesis in 
patients dependent on PGE bronchodilatation. Recently (Moncada et al., 1976) a 
new product of PG endoperoxides called "prostacyclin" (pGI) has been detected. 
It is a potent inhibitor of platelet aggregation and a bronchodilator. Only small 
quantities appear in the lung, but its role in IgE-dependent mediator release has 
not been determined. 

4.3.4. Recruibnent of Cells and Plasma Effector Systems 

Eosinophils, platelets, and neutrophils are recruited by the preformed and 
generated chemical mediators. Eosinophils are rich in histaminase, which destroys 
histamine, arysulfatase B, which is capable of inactivating SRS-A, phospholipase 
D, which inactivates PAF, and phospholipase B, which leads to the production of 
PGEl> the eosinophil-derived inhibitor of mast cell degranulation (Hubscher, 1975). 
This antimediator role of eosinophils is presumed to account for their recruitment 
at sites of IgE-dependent reactions and presence in bronchial asthma and eosino
philic pneumonias. Platelets may contribute to pathogenesis by elaborating vaso
active amines and platelet factor III, which may result in bronchoconstriction and 
fibrin deposition (Austen and Orange, 1975). The plasma protein effector systems 
including clotting (platelet factor III), fibrinolysis, and kinin generation (cellular 
kallikrein) may participate in the persisting inflammatory reaction to alter bronchial 
reactivity to nonimmunological stimuli long after subsidence of an acute IgE
dependent allergic reaction. 

It was noted above that late cutaneous allergic reactions can occur with an 
isolated dependence on IgE antibody. The initial cutaneous wheal-and-flare re
sponse reflects altered vascular permeability, whereas the later erythematous, 
warm, and painful reaction is accompanied by an intense cellular infiltration. 
Immunochemical studies have not revealed deposition of immune complexes or 
complement components during this late inflammatory phase (Lewis and Austen, 
1977). Elicitation of both inflammatory phases by injection not only of specific 
antigen but also of anti-IgE indicates that mast cell activation can contribute to 
both acute and chronic processes. The dual response of airways to inhaled antigen 
has a time course compatible with that of the biphasic cutaneous response to IgE
dependent mast cell degranulation. While late bronchial response may be IgE 
induced, other mechanisms enumerated above may be responsible as well. 

4.3.5. Pulmonary Endothelial Cells 

Pulmonary endothelial cells have numerous metabolic functions beyond the 
scope of this chapter. It may be relevant to the pathogenesis of bronchial asthma 
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synthesized while some mediators such as norepinephrine, bradykinin, serotonin, 

MICHAEL H. GRIECO and prostaglandins of the PGE and PGF series are inactivated (Ryan and Ryan, 
1977). In addition, both ATP and cyclic AMP are metabolized during passage 
through the lungs. Alteration of pulmonary endothelial metabolic function might 
be significant in contributing to a basic defect in chronic bronchial asthma. 

4.3.6. Non-IgE-Mediated Mast Cell Degranulation 

Studies with peripheral leukocytes indicated that IgG reagin (Petersson, 1975), 
activation of either the alternative or classical pathway of complement (Grant et 
al., 1977; Peters son et al., 1975; Siraganian and Hook, 1976) and leukocyte lysates 
can release histamine and presumably the other chemical mediators. C5a is far 
more potent than C3a and accounts for the majority of classical anaphylatoxin. 
Activated complement releases histamine from both nonallergic and allergic 
individuals and is not restricted to atopics. A second pathway for initiating 
inflammation, not dependent on the presence of antibody, is via the 5000-dalton 
human leukocyte factor of Kelly and White (1974). Either or both mechanisms for 
mast cell degranulation may explain some late bronchial responses and may 
participate in the pathogenesis of nonallergic bronchial asthma. 

4.4. Cholinergic Reflex Pathways 

Aerosol or parenteral atropine is an antagonist of muscarinic parasympathetic 
receptors and partially (Itkin and Anand, 1970) or totally (Yu et al., 1972) prevents 
airway obstruction after antigen inhalation in susceptible asthmatics, suggesting 
that the antigen-induced mediators may be acting to stimulate afferent epithelial 
irritant receptors. Gold et al. (1972) used dogs allergic to known antigens, exposing 
them to these by inhalation. A sharp rise in airway resistance was thus induced; 
this was eliminated by vagal blockade, both afferent and efferent. Furthermore, 
unilateral challenge of one lung with antigen resulted in bronchoconstriction which 
was bilateral; this was inhibited by vagal blockade on the challenged side. The 
difficulty of clinical studies based on atropine antagonism is that pretreatment often 
results in bronchodilatation and an altered baseline. Fish et al. (1977), in a study 
of six asthmatic subjects sensitive to ragweed, reported that atropine pretreatment 
improved pulmonary function parameters but did not prevent the response to 
antigen; it maintained a better level of function only compared to when antigen 
was given alone. There was a suggestion that there might be a cholinergic effect 
of antigen at low doses. Ruffin et al. (1978) demonstrated that a 132-adrenergic 
agonist, such as fenoterol, was more effective than cholinergic antagonists, such 
as SchIOOO, in preventing the early asthmatic response induced by inhaled antigen 
in ten subjects. These two studies cast doubt on a major role for the parasympa
thetic system on the allergen-induced early asthmatic response. The fact that 
recent studies of the canine model of allergic asthma with Ascaris suum antigen 
indicate that unilateral blockade of the vagus nerve is effective in preventing 
respiratory distress (Zimmerman et al., 1976) while atropine is not (Krell et al., 
1976) suggests that vagal afferent irritant receptors may still be stimulated but that 
the efferent response is not susceptible to pharmacological antagonism. 

There is evidence to support the participation of reflex cholinergic pathways 



in the bronchoconstriction resulting from histamine (Breeze and Wheeldon, 1977) 
and serotonin in dogs and histamine (Nadel, 1%8) and PGF2a (Patel, 1975) in 
humans. As with antigen-induced bronchoconstriction, J32-adrenergic agonists are 
more effective than atropine in protecting against histamine-induced asthma 
(Cockcroft et al., 1977; Casterline et al., 1976), but atropine does appear to exert 
a moderate protective effect which is more detectable in ragweed-sensitive asth
matics than in hay fever subjects. 

With both antigen- and histamine-induced bronchospasm, the direct effect 
appears to outweigh the indirect influence on the efferent cholinergic reflexes. The 
potential role of the vagus may be important in the early stages of an attack or 
when the asthma is not severe but is probably less so as the lung is burdened with 
secretions and edema, and contains high levels of directly acting mediators. 

An alternate hypothesis is that of interaction of constricting agents such as 
histamine with smooth muscle receptor sites for cholinergic and adrenergic 
influences. Bouhuys (1976) suggests that under physiological conditions low-level 
J3-adrenergic and cholinergic stimuli, insufficient to affect airway caliber by 
themselves, impinge on airway smooth muscle and influence its response to other 
contractile agents. The observation that histamine exerted a direct effect in an 
experimental model after 5-10 sec while firing of vagal efferents occurred only 
after a latency of at least 30 sec suggested that the vagal afferent firing might be 
the result rather than the cause of the response to histamine and account for the 
diminished histamine response with atropine and hexamethonium. Nonetheless, 
cholinergic reflex mechanisms do appear to be operative, as cause or result of the 
histamine response. The existence of such a reflex was clearly demonstrated by 
De Kock et al. (1966) in animals since atropine prevented the effects of histamine 
not only in the airways where histamine was delivered but also in a bypassed 
tracheal segment whose nerve supply was intact but which received no histamine. 

5. Idiopathic Asthma (Intrinsic) 

In the majority of patients with chronic bronchial asthma the symptom 
complex does not appear to be the result of immune mechanisms. Several defects 
have been proposed as basic in pharmacogenesis but the evidence supporting each 
remains inconclusive. These defects have been presented to explain the adverse 
responses in both allergic and idiopathic asthmatic patients to airway irritants, 
histamine, methacholine, PGF2a, exercise, infection, and emotional factors. 

5.1. Hyperresponsive Cholinergic Receptors 

The possibility that hyperresponsive vagal afferent receptors or smooth muscle 
muscarinic cholinergic receptors might play a significant role in pathogenesis is 
suggested by the dense cholinergic innervation of airway smooth muscle, the 
canine asthma model, and the effects of aerosolized methacholine and atropine in 
human asthmatics. 

5.1.1. Canine Asthma Model 

In the anesthetized, natively allergic dog, aerosols of specific antigen (buffered 
aqueous extracts of mixed grass pollen, Toxocara canis, or Ascaris suum cause 
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increased airflow resistance and moderately decreased static lung compliance. 
Studies in the intact animal suggest that indirect, neural reflex mechanisms, in 
addition to direct mediator effects, are involved in the initiation and modulation of 
IgE-mediated airway reactions. It is unlikely that vagal reflexes are responsible for 
the entire sequence of reactions induced by antigen, because under appropriate 
conditions bronchoconstriction is evident in these dogs despite complete blockade 
of cholinergic mechanisms (Cotton et al., 1977; Kessler et al., 1973). Interaction 
between antigen and IgE antibody is essential to initiate the reaction sequence 
since neither methacholine or electrical stimulation of the vagus nerves alone 
causes degranulation of mast cells or release of histamine. In studies of anaphylaxis, 
Mills et al. (1%9; Mills and Widdicombe, 1970) showed that antigen-induced 
bronchoconstriction in sensitized guinea pigs and rabbits depended on stimulation 
of rapidly adapting vagal sensory endings and resulted in reflex airway constriction. 
In allergic dogs, the airway reaction induced by antigen is abolished by vagotomy 
and by atropine adIninistered either intravenously or by aerosol, indicating that 
vagal efferent pathways are involved. Under these experimental conditions, when 
isoproterenol was administered after atropine, only a small additional airway 
dilation occurred. When the vagus nerves were cooled to 7_lOoC, conduction of 
action potentials from the rapidly adapting vagal sensory receptors in the airways 
was blocked, but efferent pathways remained intact, as indicated by the presence 
of a bronchoconstrictor response to asphyxia. This cold block inhibited the reflex 
bronchoconstriction induced by histaInine aerosols and antigen-induced broncho
constriction, indicating that afferent pathways in the vagus nerve were involved in 
the airway reaction to antigen (Gold et al., 1972). Bilateral bronchoconstriction 
induced by unilateral antigen administration was blocked as well by cooling the 
ipsilateral nerve to O°C. Subsequently Vidruk et al. (1976) showed that antigen as 
well as histaInine aerosols stimulate rapidly adapting vagal sensory receptors even 
in the presence of large doses of isoproterenol, suggesting that mediators released 
by antigen can stimulate afferent nerve endings directly rather than indirectly by 
airway smooth muscle deformation. Pulmonary arterial infusion of histaInine, 
acetylcholine, and antigen into vagotoInized dogs during propranolol infusion 
resulted in alveolar duct constriction and increased tissue levels of cyclic AMP 
and cyclic GMP. The changes in smooth muscle tone appeared to precede the 
cyclic nucleotide changes, suggesting that the latter were triggered by the muscle 
contraction rather than causing it (Gold, 1977). 

These studies appear to establish the role of vagal reflexes in antigen- and 
mediator-induced bronchoconstriction but do not provide any information regard
ing a basic defect applicable to bronchial asthma in humans. Studies in humans 
indicate that the reflex-induced bronchoconstriction secondary to an allergen is 
less important than the direct end-organ effect. 

5.1.2. Hyperresponsiveness to Aerosol Methacholine 

Humans with bronchial asthma are hyperreactive to a variety of pharmaco
logical agents, including methacholine. Studies published by Dautrebande and 
Philpott in 1941 and Tiffeneau in 1945 demonstrated bronchoconstriction with 
aerosol cholinergic agonists. The failure to produce significant sensitivity to 
methacholine with intravenous (Zaid and Beall, 1%6) or aerosol (Townley et al., 
1976) propranolol suggests that ,82-adrenergic blockade is an unlikely explanation 



for the methacholine response. In contrast, asthmatic patients show a marked 
increased sensitivity to methacholine after propranolol but not after practolol (Ryo 
and Toronley, 1976). Only 1 mg of propranolol in asymptomatic asthmatic subjects 
produced a marked increase of bronchial sensitivity to methacholine. Fifteen
minute aerosol of methacholine results in significant bronchoconstriction in normal 
subjects (Grieco and Pierson, 1970), but the effect of concomitant propranolol has 
not been investigated. 

While both hay fever and asthmatic subjects demonstrate reduction of specific 
conductance following aerosol methacholine, Fish et al. (1976) reported that only 
asthmatics were likely to experience FEV 1 reduction. They concluded that there 
is hypersensitivity of both central and peripheral airways in asthmatics and in the 
larger central airways of nonasthmatic allergic subjects. 

Allen et al. (1977) reported that histamine was elevated in plasma of six of 
seven asthmatic patients between 1 and 10 min after aerosol challenge while plasma 
complement hemolytic activity (CH50) was reduced, suggesting activation of 
mediator systems. 

Aerosol methacholine sensitivity appears to be increased after influenza 
vaccine (Ouellette and Reed, 1965; Anand et al., 1968), endotoxin (Ouellette et al., 
1967), corticosteroid therapy (Arkins et al., 1968), and respiratory tract infections 
(Parker and Bilbo, 1965). 

5.1.3. Atropine Blockade 

Hyperirritability of the airways is a descriptive characteristic of asthma whose 
mechanism is unknown. It could be due to prior bronchoconstriction, increased 
airway smooth muscle, biochemical abnormalities in airway smooth muscle, or 
reflex stimulation via rapidly adapting sensory receptors in the airways. Nadel 
(1977) has proposed that a decreased threshold of sensory receptors in the airway 
epithelium exists in these patients. This could explain not only bronchoconstriction 
but also cough and hyperventilation responses. The principal evidence in favor of 
this hypothesis is the blocking effect of atropine on the bronchoconstrictive effects 
of aerosols of histamine (Simonsson et al., 1967), methacholine (Grieco and 
Pierson, 1970), citric acid, cold air, prostaglandin PGF2a, particulate dusts, hypox
emia (Astin and Penman, 1967), placebo allergens (Luparello et al., 1970), pro
pranolol (Grieco and Pierson, 1971), some cases of exercise-induced asthma 
(Ingram et al., 1977), viral infection (Empey et al., 1976), and influenza vaccine 
(Laitinen et al., 1976) effect on histamine challenge in healthy subjects. Damage to 
epithelium might explain why bronchial hyperreactivity occurs during recovery 
from acute viral respiratory infection. 

A similar blocking effect of efferent responses occurs with hexamethonium 
while lidocaine may interrupt neural afferent receptors (Weiss and Patwardhan, 
1977). 

The fact that vagal interruptions and glomectomy (Segal and Dulfano, 1965) 
have not proved to be efficacious in the management of bronchial asthma is 
probably due to reinnervation of vagal efferent pathways. Since cholinergic ganglia 
are located in the bronchial airways, this procedure interrupts preganglionic nerves. 
Regenerating fibers probably need to grow only a few centimers to contact 
cholinergic ganglia. Using NaCN response as a measure of carotid body sensitivity 
and pressure as a measure of carotid sinus sensitivity, Takino and Takino (1968) 
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claimed to be able to select patients with reversible "pulmonary vagotonia" likely 
to benefit from glomectomy. 

5.1.4. Eccrine Sweat Responses 

Human eccrine sweat glands are innervated by cholinergic fibers traveling in 
the sympathetic thoracolumbar chain. Kaliner (1976) reported that 90 patients with 
allergic rhinitis and/or asthma demonstrated statistically significant increases in 
sweat responses to essentially all concentrations of methacholine examined. There 
was no difference in the sweat responses of patients with allergic rhinitis alone as 
compared to those with both rhinitis and asthma. 

5.2. Partial ,8-Adrenergic Blockade 

In 1%3 Szentivanyi proposed that the increased irritability of the airways in 
asthma might be due to diminished response to ,8-adrenergic stimulation. The 
injection of Bordetella pertussis organisms increases the normal sensitivity of 
certain strains of mice and rats but not rabbits and guinea pigs to histamine in the 
order of 30- to 300-fold and to serotonin about 20- to 50-fold. This histamine 
sensitivity is associated with diminished response to ,8-stimulation and enhanced 
response to a-stimulation. Partially purified histamine-sensitizing factor (HSF) 
appears to be a lipoprotein of about 90,000 daltons which also contains leukocy
tosis-promoting activity and adjuvant activity for hemagglutinating and reaginic 
antibodies (Lehrer et al., 1974). Increased histamine sensitivity and decreased ,8-
adrenergic responsiveness appear to accompany pertussis vaccination in humans 
(Sen et aI., 1974). Despite the fact that propranolol does not significantly affect the 
response of normal persons to histamine or cholinergic aerosols, suggesting that,8-
blockade is not the primary defect in asthmatics, numerous studies in vivo and in 
vitro do appear to demonstrate reduced beta adrenergic responsiveness. 

5.2.1. Cardiovascular and Metabolic Responses 

In 1%3 Cookson and Reed reported diminished hyperglycemia and peripheral 
vasodilatation but normal cardiac responses to ,8-adrenergic stimulation. Asthmatic 
persons have a diminished rise in blood sugar and lactate (Middleton et al., 1%8) 
as well as a decreased eosinopenic response. The cardiac responses are normal 
(Grieco et al., 1968), and most observers reported normal rise in free fatty acids. 
Nelson et al. (1975) noted reduced responses to epinephrine infusions in seven 
normal individuals induced by 1 week of oral ephedrine and interpreted this as an 
adaptive response to prolonged excessive stimulation. While Morris et al. (1972) 
recorded normal increase of urinary epinephrine and norepinephrine with stress in 
chronic asthma, Mathe and Knapp (1969) demonstrated decreased plasma free 
fatty acids and urinary epinephrine excretion. Urinary excretion of vanillyl 
mandelic acid has been reported as low in asthmatic children. Selective ,82-
adrenergic blockade was suggested but not established by these in vivo studies. 

5.2.2. Plasma and Urinary Cyclic AMP 

Apold and Aknes (1977) reported a correlation between increased bronchial 
responsiveness to histamine and diminished plasma cyclic AMP response after 



epinephrine in asthmatic children. The defect appears to be permanent since it 
persists during asymptomatic periods. Urinary cyclic AMP levels are decreased in 
asthmatic children and normalized by glucocorticoids, suggestive of restoration of 
,B-adrenergic responsiveness (Coffey et al., 1974). Both extrinsic and intrinsic 
asthmatic patients studied by Jenne et al. (1977a) had a significant reduction of 
urinary cyclic AMP/creatinine ratio and responses of eosinophils, plasma lactate, 
blood sugar, and plasma cyclic AMP to oral terbutaline, a relatively selective f3r 
adrenergic agonist. The f32-dysfunction was noted even in patients with minimal 
inhaler use, suggesting a primary defect rather than one induced by therapy. 

5.2.3. Leukocyte Cyclic AMP Response 

Parker and Smith (1973) showed that leukocytes from asthmatics, when 
incubated with isoproterenol in the presence of theophylline, generated deficient 
amounts of cyclic AMP. This phenomenon was not shared by appropriate stimu
lation of prostaglandin PGE1 receptors. This leukocyte subresponsiveness has been 
confirmed by Alston et al. (1974), Gillespie et al. (1974), and Logsdon et al. (1972). 
The response of leukocytes of asthmatics is impaired, and the degree of impairment 
appears to vary with the severity of asthma. Recent studies suggest that previous 
or concurrent sympathomimetic therapy may produce tolerance of the /3-receptor, 
as has been demonstrated in vitro by Lefkowitz (1976). Terbutaline has been 
shown to affect in vitro leukocyte cyclic AMP responses tested 24 hr following its 
discontinuation (SpaUlding et al., 1975). Morris et al. (1974) have shown that the 
in vitro cyclic AMP responses of peripheral leukocytes are markedly impaired 
within 120 min of subcutaneous injection. They have recently extended this 
observation to chronic ephedrine administration, and even more strikingly follow
ing terbutaline or carbuterol treatment (Morris et al., 1977). Jenne et al. (1977b) 
reported moderate tolerance induced by oral terbutaline maintenance in the 
response of plasma lactate, blood sugar, eosinophils, and plasma and urine cyclic 
AMP with return to normal within a week of discontinuing the drug. Even 
excessive inhaler use must be considered since large doses of inhaled isoproterenol 
may confer some tolerance on myocardial rate receptors (Paterson et al., 1968), 
and data by Comolly and Greenacre (1976) suggest that large doses of inhaled 
adrenergic agents will suppress in vitro lymphocyte cyclic AMP responses. When 
these inhaled agents were replaced by inhaled beclomethasone and cromolyn 
sodium, lymphocyte responses were said to return to normal. However, the 
asthmatics had lower baseline cyclic AMP values and subnormal absolute increas
es, suggestive of a persistent defect. It is clear that leukocyte cyclic AMP responses 
to f3radrenergic agonists are blunted in asthma. Whether this is a primary defect 
or solely due to tolerance induction remains to be settled. 

5.2.4. Human Asthmatic Bronchial Muscle 

The in vitro data on human asthmatic bronchial muscle are sparse. Svedmyr 
et al. (1976) found no alteration of the dose-response curve for isoproterenol 
relaxation in three intrinsic asthmatics. Normal smooth muscle f3-responses would 
not preclude an impairment of homeostatic control mediated through sympathetic 
receptors. 
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5.2.5. Leukocyte Catecholamine Receptors 

Leukocyte epinephrine receptors were compared by Sokol and Beall (1975) in 
ten asthmatics and nine normal individuals and found not to be substantially 
different in number (1.0 x 106 ) or binding affinity. However, decreased 
[3Hldihydroalprenolol binding to lymphocytes in asthmatics has been reported by 
Kariman and Lefkowitz (1977). This decrease was apparent in patients not 
receiving adrenergic bronchodilators. 

5.2.6. T-Lymphocyte E-Rosette Formation 

A study with peripheral lymphocyte active E-rosette formation in 19 asthmat
ics demonstrated diminished isoproterenol inhibition and carbamylcholine augmen
tation, suggesting hyporesponsiveness of the function of both receptors. Eight of 
the patients had been off all medications for at least 3 weeks, and yet the /3-
response was significantly abnormal (Lang et al., 1978). 

5.2.7. Platelet Aggregation 

Epinephrine-induced aggregation of platelets was reportedly reduced in asth
matic subjects (Solinger et al., 1973), but results have been conflicting. A study 
(Maccia et al., 1977) of second-wave platelet aggregation revealed abnormal 
responses to epinephrine, ADP, collagen, and thrombin in patients with allergic 
asthma and high serum IgE levels as compared to those in nonimmunological 
asthmatics and controls, suggesting that the allergic state may affect platelet 
membrane responsiveness to mUltiple aggregating agents. 

5.2.8. Lysosomal Enzyme Release 

Isoproterenol inhibits zymoson-stimulated release of lysosomal enzymes from 
granulocytes. Busse (1977) noted significantly decreased response to isoproterenol 
in patients with mild asthma who had not taken bronchodilators for 2 weeks before 
study and also in patients with severe asthma requiring bronchodilators and 
corticosteroids. During viral respiratory infections the granulocyte response to 
isoproterenol was further decreased, suggesting alteration of /3-receptor function. 
Decreased isoproterenol responsiveness has been noted as well in volunteers 
following symptomatic rhinovirus 16 infection, further supporting this as a possible 
mechanism for virus-induced asthma. 

5.3. Hyperresponsive a-Adrenergic Receptors 

Increased a-adrenergic responsiveness, possibly in concert with reduced /3-
adrenergic function, is a plausible possibility as well. Ahlquist (1948) had proposed 
the concept of a- and /3-adrenergic receptors to account for the opposing actions 
of sympathetic agents in various organs. However, the existence and potency of 
the a-adrenergic receptors in the bronchi have been questioned. 

5.3.1. Effects of a-Adrenergic Agonists and Antagonists on 
Bronchoconstriction 

Stimulation of the thoracic sympathetic nerves after /3-adrenergic blockade 
did not narrow airways, suggesting that insignificant a-adrenergic receptors are 



present (Cabezas et al., 1971). In vivo, Anthracite et al. (1971) did report a 
decrease in specific conductance with phentolamine. In asthmatics Simonson et al. 
(1972) demonstrated a decrease in conductance on inhalation of metaoxidrine, an 
a-adrenergic agonist, following pretreatment with cholinergic and ~adrenergic 
antagonists. The use of a-adrenergic antagonists may be confused by the fact that 
this group of drugs acts not only to block a-adrenergic receptors but also to 
prevent the reuptake of catecholamines which could potentiate bronchodilator 
effects. Patel and Kerr (1975) showed that allergen-induced bronchospasm in ten 
patients was significantly inhibited by the a-receptor blocking drug thymoxamine 
given intravenously in all and as an aerosol in two. 

5.3.2. Isolated Bronchial Smooth Muscle 

Several studies with normal isolated smooth muscle have provided evidence 
for the existence of a-adrenergic receptors, but human asthmatic bronchial muscle 
has not been examined. Contraction of isolated tracheal and bronchial smooth 
muscle has been elevated by epinephrine and epinephrine after blockade of ~ 
receptors by propranolol (Mathe et al., 1971). 

5.3.3. Effect of Agonists and Antagonists on Leukocytes 

a. Adenylate Cyclase. In acute asthma it has been shown that diminished 
leukocyte adenylate cyclase responses to isoproterenol can be restored toward 
normal by a-receptor blocking drugs, phentolamine and thymoxamine, suggesting 
an enhanced adrenergic response. Lodgsdon et at. (1973) and Alston et al. (1974) 
reported that in vitro phentolamine or thymoxamine permitted an enhanced 
stimulation of adenylate cyclase by isoproterenol in leukocytes of asthmatics so 
that the latter effect reached the range seen with nonasthmatics. In these studies 
it was not clear whether these drugs acted to unblock ~receptors or to block 
hypersensitive a-receptors. 

b. ATPase. Divalent cation-dependent ATPase activity appears to be stimu
lated by a-adrenergic activity and blocked by an a-antagonist and may represent 
the enzyme for a-adrenergic modulation (Coffey et al., 1971). Studies in non
steroid-treated asthmatic children reveal significantly elevated magnesium- and 
calcium-dependent ATPase activity in the particulate and soluble fractions of 
leukocytes and platelets (Coffey et al., 1974; Coffey and Middleton, 1975). 
Glucocorticosteroid treatment is associated with partial restoration of normal ~ 
adrenergic responsiveness and a reduction of ATPase activities in these cells. 
These data have supported the hypothesis that an adrenergic imbalance in asthma 
may result in part from imbalance in the activities and sensitivities of two 
adrenergically responsive membrane enzymes-adenylate cyclase and ATPase. 

c. Guanylate Cyclase. Lymphocyte guanylate cyclase is reported to rise in 
normals in response to in vitro norepinephrine plus propranolol in normal subjects 
but not in active asthmatics (Haddock et al., 1975), suggesting a diminished a
adrenergic response. Our own studies with lymphocyte E-rosette formation fail to 
reveal a significant increase of phenylephrine responsiveness (Lang et al., 1978). 

These in vitro studies and the reports of clinical efficacy of phentolamine 
(Marcelle et al., 1968; Gross et al., 1974), thymoxamine (Griffin et al., 1972), and 
dibenzamine (Klotz and Berstein, 1950) support continued examination of this 
hypothesis. 
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5.4. Alternative Hypotheses 

5.4.1. Cyclic Nucleotide Interaction 

In several mammalian tissues the increase in cyclic AMP following isoproter
enol is associated with an attenuated response of cyclic GMP to acetylcholine 
while the increase in cyclic GMP following a cholinergic agonist is associated with 
an attenuated response of cyclic AMP to a l3-adrenergic agonist (Lee et al., 1972; 
Gallin et al., 1978). The interaction between cyclic nucleotides is complex as 
evidenced by the observations that low concentrations of cyclic GMP stimulate 
phosphodiesterase hydrolysis of cyclic AMP whereas with higher concentrations 
of the former there is inhibition of cyclic AMP hydrolysis (Beavo et al., 1971). 

5.4.2. Defective Nonadrenergic Inhibitory Nervous System 

The nonadrenergic inhibitory nervous system, which has been demonstrated 
in the guinea pig trachea (Richardson and Bouchard, 1975), may playa role in the 
pathogenesis of the hyperreactive airways in asthma, although the existence of 
this system in human bronchi remains to be documented. 

5.4.3. The Prostaglandin Hypothesis 

The effects of several prostaglandins on human lungs have been reviewed in 
a previous section. A number of mechanisms, alone or in combination, could 
account for the hyperreactivity of airways to PGF2a• The failure of pretreatment 
with indomethacin to ameliorate asthmatic attacks in man might be due to residual 
PGF2JPGE synthesis. At present the exact role of the prostaglandins is uncertain. 

5.4.4. Hyporesponsive Histamine-2 Receptors 

Increased bronchial sensitivity to inhaled histamine in asthma is well known 
and involves, in part, H-l receptors on bronchial smooth muscle and bronchial 
mast cells. Busse and Sosman (1977) studied cyclic AMP and lysosomal enzyme 
release from peripheral leukocytes of asthmatic subjects and showed diminished 
H-2 receptor response to histamine. They suggested that decrease of H-2 receptor 
responsiveness in the lung could enhance the H-l bronchoconstrictor effect of 
histamine as well as hinder the H-2 receptor inhibition of both mast cell degranu
lation and PMN lysosomal enzyme release. 

5.5. Aspirin Sensitivity 

Adverse reactions to aspirin are frequently associated with nasal polyps and 
sinusitis, occurring in 2()o% of severely ill adult asthmatics (Farr, 1970) and from 
3% to 8% of un selected asthmatic popUlations (Stevenson et at., 1976). There are 
a predominance of female and middle-aged patients, usually an absence of reaginic 
antibody, and normal serum IgE levels, but eosinophilia is frequent. The problem 
is further complicated by the fact that nonsteroidal antiinflammatory drugs such as 
indomethacin as well as aminopyrine and tartrazine induce asthma in aspirin
intolerant patients. Thus far, only analgesics which inhibit prostaglandin synthesis, 



such as diclofac and naproxen, produce bronchospasm in aspirin-sensitive patients 
(Szczeklik et al., 1977). In aspirin-sensitive patients it may be that PGE is 
preferentially inhibited, leaving the effects of endogenous bronchoconstrictors 
unopposed. The action of SRS-A, which may be generated from arachidonic acid, 
would also be unopposed. The lack of PGEs would promote the release of 
histamine and might explain the observations of Stevenson et al. (1976) that aspirin 
challenge leads to a significant rise in plasma histamine. Cromolyn sodium may 
protect against or reduce the response to aspirin (Szczeklik et al., 1977). Okazaki 
et al. (1977) report a positive correlation between in vitro leukocyte PGE basal 
level inhibition and antigen-induced histamine release enhancement following 
incubation with aspirin, supporting the regulatory role of PGE. Histamine may 
well be one of the mediators of bronchospasm precipitated by inhibitors of PGE 
biosynthesis in aspirin-sensitive patients with bronchial asthma. 

5.6. Exercise-Induced Asthma 

U sing density dependence of maximal expiratory flow rates during bronchos
pasm in 12 subjects, McFadden et al. (1977) distinguished patients in whom there 
was predominantly large airway obstruction and others in whom the response was 
principally in the small airways. In the five subjects in the large airways group, 
pharmacological vagal efferent blockade totally abolished the bronchospastic 
response to exercise. In the seven in the small airways group, anticholinergic drugs 
produced marked bronchodilatation but did not alter the response to exercise; yet 
this response was blunted after mediator release was inhibited by cromolyn 
sodium. Cromolyn sodium has clearly been shown to be effective in ameliorating 
the effects of exercise-induced bronchospasm in some children and adults (Wallace 
and Grieco, 1976), suggesting the role of mast cell degranulation. The protective 
effect of atropine and Sch 1000 has been demonstrated in selected patients 
(Kiviloog, 1975; Chan-Yeung, 1977) as well, supporting the role of vagal reflexes. 
This variation in responsiveness appears to reflect differences in mechanism and 
predominant site of bronchoconstriction. Improvement of the understanding of 
pathogenesis is likely to lead to more effective specific therapy. Lactic acidemia 
does not appear to be the cause of exercise-induced asthma (Strauss et al., 1977). 
In addition, no significant changes in peripheral blood PGE and PGF2a levels have 
been detected (Field et al., 1976). 

5.7. Viral Infections Inducing Asthma 

Respiratory infections are potent provocative agents of asthmatic attacks and 
may be predominant in more than 25% of patients (Stevenson et al., 1975). There 
appears to be no association between recovery of bacteria, pathogenic or other
wise, from the respiratory tract of asthmatic patients and exacerbation of asthmatic 
symptoms (McIntosh et al., 1973). Several studies have detected viral respiratory 
infections in children and in some adults (Berman et al., 1975; Berkovitz et al., 
1970; Mitchell et al., 1976). In a study from Denver (McIntosh et al., 1973) 42% of 
all wheezing episodes in 32 hospitalized children were associated with viruses, 
with an increase to 85% during periods of community prevalence of viral infections. 
Minor et al. (1974) studied a group of 16 outpatient asthmatic children and noted 
exacerbations of asthma associated with 5Wo of viral infections. Implicated viral 
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MICHAEL H. GRIECO and the adenovirus group. RSV appears to be a prominent cause of infectious 
asthma in children of preschool age, particularly in those under the age of 3 years, 
whereas rhinoviruses apparently account for the majority of attacks in children 
between the ages of 3 and 12 years. In adults, rhinoviruses and influenza A appear 
to be the most common viral pathogens identified (Minor et al., 1976). 

The mechanism(s) by which viral infections cause exacerbation of asthma is 
unclear. There is no published evidence that an IgE response to viral antigens is 
involved, although this possibility has not been excluded. Several lines of evidence 
support the hypothesis that nonimmunological mechanisms are operative. 

5.7.1. Induction of Bronchial Hyperreactivity and Small Airways Disease 

The detrimental effects of viral respiratory tract disease on small airway 
function are well established in normal individuals with rhinovirus, influenza, and 
common cold infections (Johanson et al., 1969; Cate et al., 1973; Picken et al., 
1972; Hall et al., 1976; Blair et al., 1976). The adverse effects of viral infection in 
asthmatic subjects are most likely due to an exaggeration of this response seen in 
normals. Because viral respiratory tract infections cause transient damage to the 
airway epithelium, Empey et al. (1976) studied the effect of inhalation of histamine 
aerosol on airway resistance in otherwise healthy subjects with colds. Inhalation 
of histamine aerosol produced a greater increase in airway resistance in subjects 
with colds while atropine sulfate aerosol reversed or prevented these exaggerated 
bronchomotor responses, implicating postganglionic cholinergic pathways. Airway 
epithelial damage induced by infection presumably sensitizes the rapidly adapting 
airway receptors to inhaled irritants, causing increased bronchoconstriction via a 
vagal reflex. Aerosol live attenuated influenza A and B virus administered to 
nonimmune healthy subjects resulted in aerosol histamine hypersensitivity. The 
bronchial reactivity was maximal on the second day, disappeared by the ninth day, 
and was prevented and reversed by atropine sulfate aerosol (Laitinen et al., 1976). 

Bronchial hypersensitivity to methacholine has been shown to be increased in 
asthmatic subjects after administration of killed influenza vaccine and live measles 
vaccine (Anand et al., 1968; Kumar and Newcomb, 1970). 

5.7.2. Enhancement of IgE-Mediated Histamine Release 

Ida et al. (1977) have reported enhancement of IgE-mediated histamine release 
from virus-treated human basophils. Herpes simplex type 1, influenza A and 
adenovirus-l were incubated with peripheral leukocytes from patients allergic to 
ragweed and enhanced both ragweed antigen E and anti-IgE histamine release. 
Examination of the culture fluids revealed that the enhancement of histamine 
release was associated with a soluble factor that had the properties of interferon, 
a substance shown to directly enhance histamine release. 

5.7.3. Leukocyte /3-Adrenergic and Histamine-2 Receptor Hypofunction 

During viral respiratory infections, granulocyte responsiveness to isoproter
enol has been reported to be diminished (Busse, 1977) and suggests alteration of 



~2""receptor function. Induction of symptomatic rhinovirus 16 infection appears to 
reduce granulocyte ~adrenergic and histamine-2 receptor function while influenza 
and rhinovirus in vitro may have the same effects (Busse et al., 1978). 

5.8. Emotions and Bronchial Asthma 

The putative roles of the parasympathetic nervous system and of the sympa
thetic nerves and adrenergic receptor responses to circulating catecholamines in 
the pathogenesis of bronchial asthma may well underlie the physiological expres
sion of emotions in this disorder. It has been shown that suggestion accompanying 
administration of a diluent can precipitate either bronchoconstriction or broncho
dilatation (Luparello et al., 1970). Subsequently, suggestion has been shown to 
have a greater effect on large airways, implying a role for the vagus (Spector et 
al., 1976). A great deal remains to be learned about this important provocative 
factor of asthma exacerbation. 
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