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RECENT ADV~NCES IN THE THERAPY OF ASTHMA 

The most widely accepted definition of asthma is that of the 
American Thoracic Society (1). "Asthma is a disease characterized 
by an increased responsiveness of the trachea and bronchi to various 
stimuli and manifested by a widespread narrowing of the ainvays that 
changes in severity either spontaneous ly or as a result of therapy." 
Although useful clinically, the def inition implies a unitary cause of 
this symptom complex. It is impo rtant to realize that such may not 
be the case. That is, not only may asthmatic attacks be precipitated 
by different triggers, but it may be that the underlying defect is 
not the same in all patients. Such was suggested years ago by the 
different iation of patients into the categories of extrinsic and 
instrinsic asthma (2). 

This concept has been refined by the clinical studies of the 
group at Scripps Clinic (3-6) who attempted to categorize the 
apparent mode of onset of asthma of 234 consecutive patients present
ing to them. It was found that in only 50% of patients could some 
specific mechanism even be suggested as a cause of asthma. In the 
remainder of their patients, the findings were too complex or too 
ill-defined to allow categorization. 

These clinical findings suggest that the three major theories of 
the mechanisms of asthma each may be correct for selected patients 
or that individual patients may have one or more of the postulated 
defects in varying combinations. However, in order to better under
stand the new modalities of therapy, the proposed mechanisms for 
asthma will be presented as distinct processes. 

MECHANISMS OF ASTHMA 

TABLE 1 

THEORETICAL MECHANISMS OF ASTHMA 

1. Mediator release 

2. Increased parasympathetic activity 

3. Abnormality of the adrenergic nervous system 
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The mediator release mechanism was first proposed in 1910 (7) 
and is frequently referred to as the 'Classic Theory ' of the cause 
of asthma. That in creased parasympathetic acti vity might be a major 
cause of asthma 1va s al so proposed in 1910 (U), but there vltlS litlle 
interest in or support for this mechanism until much more recently. 
An abnormality of the adrenergic nervous system in asthmatic persons 
was originally propo sed in 1968 (9). I shall briefly summarize each 
of these without recounting specific investigations. During the 
review it will be apparent that these mechanisms are by no means 
mutually exclusive. 

Mediator Release 

The role of IgE in asthma has been elucidated primarily by the 
Ishi zakas (10, 11). Recent studies on mediator release have been, 
in large part, carried out by Austen's group at Harvard (12, 13) an d 
Lichtenstein's group at Johns Hopkins (14). This summary is a com
posite view of these investiga tors . The references are recent review 
articles, the bibliographies of which contain specific investigations 
leading to the current theory . 

Figure 1. 

Eloctron micrograph of a basophil (left) . Thoso are the granules 
whtch contain histamine secreted as a result of o~~on antfgen·antfbody 
interac ti on ( X27 ,000 ) . A closa -up of the granu les ts seen above 
showing the actua l lg£ antibodies on the surface of the ce ll ( X77 500) 
(Lichtenste in , l awrence H.: "'cdfdtor release from basoph1ls. In' ' 
~· Charles £. Reed and Sheldon C. Siegel eds · HEOCOH Inc 
Hew 10rk, p. Jg.) ' ., ' · • 



• I 

3. 

In the lung the mediators of asthma are contained in mast cells, 
although circulating basophils also contain the same mediators and 
may play some role. Mast cells are ubiquitous in the lung and are 
found especially in connective tissue septa in the peribronchial and 
perivascular regions (25). Their dense, metachromatical ly staining, 
cytopla smic granules contain histamine, heparin, protease, and 
serotonin. Allergic and non-allergic persons have s in~l ar numbers of 
these cells. However, in persons with allergic asthma, lgE antibodies 
fix to the cell surface membranes and render the cells reactive to 
antigen. 

IgE antibodies are specific immunoglobulins formerly referred to 
as reaginic antibodies. They are produced by B lymphocytes ;vith help 
from T lymphocytes in response to specific antigens which are simple 
proteins. Although IgG may be formed against the same antigen, the 
two antibodies are evidently formed by different B cells. Circulating 
IgE in infants is only 10% of adult levels , but even in normal adults 
IgE is present only in nanogram amounts . In atopic individuals serum 
IgE levels may reach 20 times normal. In an allergic person up to 10% 
of all IgE may be dedicated to a single ant igen. 

Figure 2. 

A single mast cell may have up to 90,000 receptor sites for IgE 
antibodies on the cell membra ne. The lgE binds through its Fe portion 
in a reversible way to the cell, but this interaction is incompletely 
understood. Up to 40,000 IgE molecules may be attached to a single 
mast cell or basophil. When the antigen, or allergen, to which the 
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IgE i s dedicated comes in contact \vith the antibody coated cel l, it 
may bridge across and be bound to two IgE antibodies. The interac tion 
of t he two IgE molecules, the antigen·, and the mast cell act iva tes the 
ultimate generation and release of mediators of ast hma. Activation is 
poorly understood but apparentlY involve s activation of a proesterase (E) 
to an active se rine esterase (E). 

Once activation of the sensit ized mast cell has taken place two 
addit iona l , in terre la ted s t eps occur. These are 1) generation of at 
l eas t two med iatol'S by the cell and 2) the release of these newly 
formed mediators and of at l east three additiona l mediators which had 
been preformed and stored i n the cell. Both genera tion and release 
are energy dependent and, l ike other cellular secretory funct i ons, 
are modulated by t he intracellular concentration of cycl i c 3', 5 '
adenosine monophosphate (cyclic AMP). The higher the level of cyclic 
AMP, the less mediator release occurs. Cyc li c AMP i s formed from 
adenosinetriphosphate (AT P) by activat ion of adeny l cycla se and is 
broken down by phosphodiesterase. Thus, age nts which stimul ate adenyl 
cyclase, such a S adrenergic drugs, or which inhibit phosphodiesterase, 
such as methylxanthines, inhibit mediator re1ease. Conversely, agents 
which stimula te the a adrenergic system, such as norepinepherine, 
decrease cellu l ar levels of cyclic AMP and potentiate mediator release. 

In addit ion to the modulating effect of t he adrenergic system, 
release of mediators evident ly is partially controll ed by the 
cholinergic system. Stimulation of cholinergic receptors by acetyl
chol ine potentiates mediator release, but cyclic AMP is not involved . 
Acetylcholine acts to increase the intracellular level of cyc lic 
guanozine 3', 5'-monophosphate (cyclic GMP ) which enhances mediator 
re lease. 

TABLE 2 

MAST CELL RECEPTORS DETERMINING 
MEDIATOR RELEASE 

Receptor Action Mediator Release ----

B adrenergic t CAMP -1-

a adrenergic t C AMP t 

Cholinerg ic t C GMP t 

Prostaglandins, E series t C AMP -1-

Prostaglandin F2 a t C AMP t 

Histamine t C AMP -1-

- · .. 
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·The mast cell has at least two additional receptors which modulate 
mediator release throHgh cyclic AMP cpncentration. The prostaglandins 
have conflicting effects on mediator release much like the adrenergic 
system. The E series increases cyclic AMP and hence inhibit release, 
while prostaglandin Fz a decreases cyclic AMP and thereby enhances 
release. 

A histamine Hz receptor has also been indentified on the mast cell. 
Histamine, one of the mediators released by the cell, may attach to 
this receptor,stimulateadenyl cyclase to increase cyclic AMP, and 
thereby inhibit further release of histamine. Thus, in allergic 
reactions, as in other biologic phenomena, an internal servomechanism 
feeds back to control the response. 

Primary 

Preformed 

Histamine 
ECF-A 
NCF-A 

Generated 

SRS-A 
PAF 
Kallikrein 

. Secondary 

Prostaglandins 
Bradykinin 

TABLE 3. 

MEDIATORS OF ASTHMA 

Action 

t airway resistance & vascular permeability 
attracts eosinophils 
attracts neutrophils 

t airway resistance & vascular permeability 
aggregates platelets 
forms bradykinin 

t or + airway resistance 
t airway resistance & vascular permeability 

There are at least six mediators released from mast cells by the 
process described. Three of these, histamine, eosinophil chemotactic 
factor of anaphylaxis, (ECF-A), and neutrophil chemotactic factor of 
anaphylaxis (NCF-A) are· stored in the cell before antigen activation. 
Two, slow reacting substance of anaphylaxis, SRS-A, and platelet 
activating factor, PAF, are generated and then released after cell 
activation. It is not known whether the sixth mediator, kallikrein, 
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is preformed or generated. Two additional potential mediators, 
prostaglandins and bradykinin, may be·secondarily generated in the 
tissues surrounding the mast cell following release of the primary 
mediators. 

Histamine, SRS-A, prostaglandin F2a , and bradykinin are all 
capable of increasing air1vays resistance by direct stimulation of 
the smooth muscle of the bronchi. Histamine, SRS-A, and bradykinin 
also increase the permeability of small blood vessels causing local 
edema. It is not clear which of these mediators may directly cause 
the third mechanism of airways obstruction, increased mucus produc
tion by bronchial glands. 

ECF-A attracts and holds eosinophils to the area of mediator 
release. The function of these cells has not been completely 
elucidated. Recent work (16) suggests that eosinophils may release 
a preformed inhibitor which blocks the degranulation of mast cells 
and basophils, thus decreasing the allergic reaction. Alternately, 
eosinophils have been shown to contain aryl sulfatase, an enzyme 
capable of inactivating SRS-A. Neutrophil chemotactic factor 
attracts neutrophils which may add to local inflammation. The rele
vance of platelet aggregating factor to the pathogenesis of asthma 
remains unclear, and kallikrein activates bradykinin. 

TABLE 4 

SUMMARY OF THE MEDIATOR RELEASE THEORY 

1. IgE +antigen+ mast cell cause release of 

preformed and newly generated mediators. 

2. Mediators lead directly to bronchospasm, 

mucosal edema, and mucus production. 

In summary, the mediator release theory postulates that cell 
attached IgE combines with specific antigens to activate mast cells 
and cause release of the preformed and newly generated mediators 
which have been enumerated. These mediators then act directly on 
the bronchial wall to lead to bronchospasm, mucosal edema, and 
excess mucus production. 
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Increased Parasympathetic Activity 

Early work concerning the role of the vagus nerves in anaphylaxis 
or asthma was controversial, an d reports of surgical denervation of 
the lungs of asthmatic -patients performed by a variety of techniques 
were, in general, poorly documented. More recently Hiddicombe and 
Nadel and their collaborators (17) have extensively studied the role 
of vagally mediated reflexes. Gold and his collaborators (18, 19) 
have extended these observations by experiments in asthmatic dogs and 
humans. The references are recent reviews of the concepts of these 
investigators, the bibliographies of which contain the specific work 
supporting their thesis. 

Figure 3. 

HEALTHY 
AIRWAY 

VAGAL AFFERENT VAGAL EFFERENT 
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IRRITANT + ~M'OOTH 
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:4T~iJPINE. 

Diagram of hypothesis of irritant- bronchoconstrictor reflex . Circular structures 
represent airways and inner dimensions indicate degree of airway tone. Arrows indicate 
vagal reflex pathway from irritan t receptor to central nervous system (CN SJ to airway 
smooth muscle. Number of plus signs indicates relative frequency of firing of nerves . Upper 
left : healthy subject in control state shows mild degree of bronchoconstriction assoc iated 
with slight nervous activit y. Upper right: healthy subject during stimulation of irritant re
ceptors shows increased bronchoconstriction compared to the control state associated with 
increased nervous activity. Lower left: patient with irritable airways during exposure to 
concentration of irritant simi lar to healthy subject shows more severe bronchoconstriction 
associated with i11arked stimulation of nervous pathways. Lower right: patient with irritable 
airways during stimulation of irritant receptors after atropine shows bronchodilatation in 
spite of continued nervous activity arising in irritant receptors. 

In normal humans and in experimental animals there is a mild 
degree of tone in airway smooth muscle maintained by vagal efferent 
nervous activity. Cutting the vagus nerve in animals or the adminis
tration of atropine to normal humans results in mild bronchodilatation. 
Stimulation of superficial airway receptors whose afferent and efferent 
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pathways are in the vag~s nerv~s ~ay reflexly alter airway smooth 
muscle tone. Stimulation of receptors in the l arynx and large airways 
evokes cough, while stimulation of receptors in more periphera l air
ways evokes sha ll ow breathing. Simultaneous stimulation results in 
bronchoconstriction which can be abo li shed by cutting the vagus nerves 
or by atropine su lfate. 

Asthmatic persons develop bronchoconstriction when exposed to 
many non-immunological st imuli in concentrations which evo ke no 
response in normal persons. These substances al l stimulate the irri
tant receptors. In the asthmatic person the bronchoconstriction can 
be prevented by the prior administration of atropine. 

Thus, it has been postu l ated that the abnormality in asthma may 
be an increased sensitivity of the airway receptors. Various mechan
i sms could explain an increased receptor sensiti vity. Damage to the 
epithelium could partially depolarize the receptors and thereby 
decrease their threshold for firing. Alternately, histamine stimul ates 
irritant receptors and if released from mast cells within airway 
tissues cou l d decrease their firing threshold when other stimul i are 
introd uced . The work of Gold, et al, tn allergic dogs has strengthened 
the vagal theory by demonstrating that antigen induced asthma may be 
prevented by interruption of either vagal afferent or vaga l efferent 
innervat ion. 

AIRWAY 
RESISTANCE 

(% change) 

80 

40 

• 
·:·::::: 
I 
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Figure 4. 

CONTROL 

I I I 
10 20 30 

TIME (min) 

Inhibition of antigen-induced bronchoconstriction in five asthmatic patients by 
intravenous atropine su lfate given before antigen inhalation. Each point represents the 
mean ( ·) ± SE ( I ). (- --) Antigen aerosol alone (concentration was 1/10 that used when 
atropine was also given) (11 = 9). ( ·· ·)Control aerosol (n = 16) containing an antigen ex
tract to whic h the patient was unreac tive by hi•tory and skin test. (-) Antigen aerosol 
following atropine (11 = ?).,Ordinate: airway resistance (measured in a body plethysmograph) 

. is expressed as a percentage change from control. Abscissa : the time from the start of the 
aerosol inhalation (stippled bar). 
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Yu, Galant, and Gord (20) hav~ further investigated five asthmatic 
patients during antigen-induced bronchospasm. Following inhalation of 
an antigen aerosol there was a marked 'increase in airways resistance 
and the onset of clinical asthma.· Pretreatment 1vith 1.5- 2.5 mgm of 
atropine sulfate intravenously , as shown in Figure 4, prevented the 
antigen-induced increase in airways resistance . In other studies, 
atropine administered after the onset of bronchospasm reversed the 
process. Interes tingly, in two patients the IV atropine was not totally 
successful at blocking bronchospasm, but l arger doses were precluded by 
systemic side effects. In these two patients atropine aerosol prior to 
antigen aerosol challenge prevented airways resistance from increasing 
above control values. 

Figure 5. 

BRONCHIAL ASTHMA 

Mastcell Medio~ro ~ 
' 

0 0 Airway 
o 0 ° f -Smooth Antibody,~==>. o •: Muscle 

Antigen/ 

Va~us_ Nerve 
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~. 0 ~ 
0 0 0 
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CLASSICAL THEORY REFLEX THEORY 

The classical theory of asthma (left) suggests that antigen interacts with cell
fixed antibody to induce mediator release. The mediators of anaphylaxis, in tum. cause 
direct, local airway smooth muscle contraction. The concept cannot account for our re
sults in experimental canine ast hma nor the accumulating evidence from experiments in 
anaphylaxis as well as human as thma. The classical concept must be modified as indicated 
on the right. Antigen-antibody interaction may cause mediator release with direct, local 
contraction of the airway smooth muscle. But in the acute respo nse to inhaled antigen this 
component is minor compared to a vagally mediated reflex bronchoconstriction. This reflex 
may result from stimulation of irritant receptors by the mediators, stimulation of the re
ceptor by the antigen-antibody interac tion itself, or stimulation secondari ly after the 
mediators cause smooth mu scle spas m and deformation of the receptors. Whatever the 
mechanism, it is clear that the parasympathetic nervous system is of central importance in 
the acute bronchoconstrictor response to inhaled antigen . 

In sunmary, the classical theory suggests that antigen interacts 
with mast cells to cause mediator release. The mediators, in turn, 
cause direct, local airway smooth muscle contraction. The parasympathetic 
theory suggests that direct interaction bronchospasm is minor. Rather, 
the mediators mainly stimulate the mucosal irritant receptors which 
initiate a vagal reflex bronchoconstriction. 
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Abnormality of the Adrenergic Nervous System 

TABLE 5 

THE Bordetella pertussis ASTHMA MODEL 

1. Hypersensitivity to histamine, serotonin, 
and bradykinin. 

2. Hypersensitivity to non-specific stimuli 
1 ike co 1 d. 

3. Reduced sensitivity to catecholamines. 

4. Enhanced antibody (reagin) formation. 

5. Marked eosinophilia. 

During the 1960's Szentivanyi (9) and his collectgues worked with 
laboratory animals which had been injected with Bordetel la pertussis , 
an organism known to produce a histamin e-sensitizing factor (21). The 
principal features noted in their animals are indicated in Table 5. 

These animals demonstrated hypersensitivity not only to endogenously 
released or exogenously administered mediators, but al so to non-specific 
stimuli such as cold or respiratory irritants. In contrast, the animals 
had a reduced response to catecholamines. Additionally, there was a 
marked augmentation of antibody response to antigenic st imuli, and these 
antibodies had the properties of reagins. There was also a marked 
eosinophilia. Based on these experiments, Szentivanyi proposed that 
asthma is not an immunological disease but is a unique bronchial hyper
reactivity due to adrenergic imbalance. 
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Figure 6·. 

BRONCHODILATATION- BRONCHOCONSTRI<:TION 

' ' ' ' ' ' 

BRONCHIAL BRONCHIAL 
CONGESTION- VENOUS 

CONSTRICTION 

' ' ' 

PULMONARY 
VASOCONSTRICTION 

Hypotheti cal schema of nsthm a lic responses t o catecholamines under conditions of the 
postulated beta aurcncrg- ic blol'kaue. Note the loss of adrenergic bronchodilator act ivi ty 
with subsequ ent prevalcn<'e of bronc hi al and venous constriction leatling- to airway obstru c
tion. 

The critical component of the malfunctioning system i s viewed to 
be an inherited or acquired defect in beta adrenergic receptors. In 
this situation, the adrenergic neurotransmitters epinepherine and 
norepinephrine are released in the face of a relatively unavailable 
beta effector system and stimulate the unbalanced alpha adrenergic 
system causing bronchoconstriction and mucosal edema. 

Szentivanyi ~onsidered respiratory infections as a likely cause 
of the beta adrenergic blockade by saturating or damaging the receptor
binding sites. It was felt that infections also could trigger pro
longed firing of adrenergic neurons and thus precipitate overt clinical 
symptoms. The increasing evidence associating both the onset of asthma 
and the precipitation of attacks of asthma in children by viral infec
tions (22-29) may support this thesis, although infections could 
certainly interact with the other theories of the pathophysiology of 
asthma. 

In this model the ultimate effector of the increased airway 
resistance of the asthmatic patient is postulated to be alpha adrenergic 
stimulation. The importance of alpha receptors in this regard is con
troversial with evidence for (30- 34) and against (35, 36) their playing 
a significant role . Since other mechanisms could effect bronchocon
striction in the presence of a beta blockade, some recent reviews have 
emphasized the evidence for the S receptor defect rather than a receptor 
stimulation (37, 38). 
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TABLE 6. 

In Vivo Response to Exogenously Administered 
S Stimulants 

t Blood glucose 

t Blood lactate 

t Serum free fatty acids 

t Urinary cyclic AMP 

t Heart rate 

t Cardiac output 

+ Peripheral vascular resistance 

Since the airways of normal persons respond very little to 
adrenergic stimulation, most studies assessing the S blockade 
theory in vivo have compared adrenergic responses between asthmatic 
and normal persons in extra pulmonary systems. Administration of a 
S stimulant should result in increases in blood glucose and lactate, 
serum free fatty acids and urinary cyclic AMP. Additionally, 
isoproteranol should increase the heart rate and cardiac output and 
decrease peripheral vascular resistance. Changes in the mean blood 
pressure depend on the magnitude of change of the other cardiovas
cular parameters. Several investigations of responses of these 
parameters to exogenously administered S stimulants have reported 
differing results (39-43). Some report that the response of 
asthmatic patients is less than normal, while others suggest it is 
normal. The resolution of these differences i s not clear. However, 
the recent observations of Nelson and his colleagues (44) may be of 
considerab le importance. They found that the response of normal 
persons to epinepherine infusions was significantly less following 
~week of ephedrine administration than it had been during control 
infusions. Since many of the asthmatic patients invest igated by 
others were surely taking sympathomimetric drugs at the time of 
study, the response to S stimulation may have been spur iously 
depressed. An alternate explanation for variable results may be 
that not all asthmatics have the same defect, and B adrenergic 
blockage is not part of the pathogenesis of asthma in at least some 
patients (45, 46). 
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TABLE 7. 

COMPARISON OF LEUKOCYTES OF ASTHMATIC 
TO NORMAL PERSONS 

Decreased levels of cyclic AMP 

Lesser increase of cyclic AMP by S agonists 

Response of cyclic AMP worse with severe asthma 

a adrenergic blocking agents augment response to S agonists 

Because of the vari ability of in vivo findings, in vitro systems 
have been used to assess the S blockade theory. The most frequently 
reported assay is the measurement of leukocyte, or purified lymphocyte, 
cyclic AMP, since the cellular concentration is partially a function of 
S activity. A summary of the data supporting a S blockade is indicated 
in Table 7 (47-54). 

Asthmatic patients have a decreased level of leukocyte cyclic AMP 
compared to normal persons, and there is a lesser increase in cyclic 
AMP when the cells are _exposed to S agonists. These findings are more 
marked in patients with severe asthma, and cells from patients in re
mission may respond normally. Alpha adrenergic blocking agents may 
augnEnt cellular response to S agonists. Although these data are 
considered definitive by proponents of the S blockade theory, a major 
problem not yet resolved is the effect of treatment of the asthmatic 
patients f~om whom the leukocytes are harvested. 

An additional detraction from the ·in vitro studies is the single 
· report (55) that the bronchi of asthmatic persons responded in vitro 
by a similar degree of relaxation as those of persons without asthma 
when each were exposed to isoproteranol. 
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TABLE 8. 

SUMMARY OF 8 BLOCKADE THEORY 

1. 8 adrenergic receptors of bronchial smooth 
muscle, vascular, and mast cells do not 
respond normally to endogenous or exogenous 
catecholamine stimulation. 

2. Stimulation of the a adrenergic system by 
endogenous catecholamines (or perhaps 
cholinergic system) leads to asthma. 

In summary, the 8 adrenergic blockade theory postulates that a 
congenital or acquired defect of S adrenergic receptors in bronchi 
causes them to not respond normally to endogenous or exogenous cata
cholamine stimulation. The unbalanced stimulation of the a adrenergic 
system by endogenous catecholamines, or perhaps the cholinergic system, 
leads to asthma. 

THERAPEUTIC AGENTS 

TABLE 9 

RECENT ADVANCES IN THE THERAPY OF ASTHMA 

Mediators Vagus a Block 

Clinically available 

Cromolyn I 
Theophylline I I 
Selective B agonists I I · 
Topical (inhaled) steroids ? ? ? 

Research only 

Atropine congeners I I 
a adrenergic blockers I I 
Prostaglandin E I I 
Vasoactive intestinal polypeptide I I 
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Many of the newer therapeutic · agents used in the treatment of 
asthma could exert their effects through changes in more than one 
of the proposed mechanisms of asthma.· Only cromolyn is known to have 
a single effect, blocking mediator release. Xanthines, old agents which 
are only recently being utilized to maximum effectiveness, and se lective 
8 agonists have traditionally been thought to act only on S receptors of 
smooth muscle and vascular ce ll s, but it is apparent that they al so 
could act by decreasing mediator release through raising mast ce ll 
cyclic AMP. The site of action of adenal corticosteroids i s not known, 
but theoretically they could affect any of the systems that have been 
discussed (55). Since these agents are now clinically ava ilabl e, each 
will be discussed separate ly. 

Additional agents are being actively investigated and may be 
available in the near future. One group of these, atropine and its 
congeners, has had a long history in the treatment of asthma. Atropine 
was introduced into England in 1802 (56) and evidently was widely used 
until about 1890 (57). For inapparent reasons it fell into disrepute, 
and it has been widely taught that atropine is contraindicated in asthma 
and chronic bronchitis because of its drying effects on bronc hial mucous 
secretions. Sporadic reports of its bronchodilating effect on a single 
dose basis have continued (56, 57). It has been suggested as an agent 
to separate allergic from other forms of asthma, since it was thought 
not to prevent ant igen or histamine induced bronchospasm (58) . This 
finding is now a matter of some controversy (20, 59, 60). The recent 
renewal of interest in the role of the vagus in asthma (17-19) has 
prompted new clin~cal trials of atropine in chronic bronchitis (61) and 
asthma (62), and favorable results may occur for up to three weeks. 
Additionally, newer congeners with fewer systemic side effects are 
under investigation. At present, however, insufficient evidence is 
available to use atropine in the clinical management of patients. 

Since a adrenergic stimulation decreases the concentration of 
cyclic AMP in both mast cells and bronchial smooth muscle, it may 
interact with at least two of the theories of asthma. The in vitro . 
effects of a stimulation result in potentially detrimental consequences, 
and hence a adrenergic blockade could be beneficial to the asthmatic 
patient. Since the in vivo experimental results to date have been 
contradictory (30-36), the use of a adrenergic blockers still must be 
considered experimental. 

Prostaglandins of the E series stimulate adenyl cyclase through 
receptors different from the S receptors and could thereby cause 
decreased mediator release and bronchodilatation. The latter has been 
demonstrated in vivo (63-64). Prostaglandin Ez by inhalation, has approx
imately the same bronchodilating effect in asthmatic patients as 
isoproteranol. At present, however, preparations of PGE2 are extremely 
irritating to the pharynx and trachea and lead to coughing and mucus 
production. Whether prostaglandins will ever be useful clinically is 
not clear at present. 
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An additional potentially useful bronchodilator is the vasoactive 
intestinal polypeptide described by Dr. Sami I. Said (65). It is a 
potent stimulant of adenyl cyclase in several systems, but it has not 
yet been evaluated for clinical medicine. 

Cromol yn 

TABLE lO 

PHARMACOLOGY OF CROMOLYN 

~Jhite, crystalline powder of the chromone class. 

Not absorbed from gastrointestinal tract. 

Approximately 8% of inhaled dose absorbed. 

Excreted unchanged in urine and bile. 

Effectiv~ in prevention of mediator release. 

The most novel of the newer anti-asthma drugs is cromolyn sodium 
(disodium cromoglycate; Trade names, Intal and Aarane) which was syn
thesized by workers at Fisons Pharmaceuticals (66-68). It is a white, 
crystalline powder with a s lightly bitter taste which is of the 
chromone class of compounds. It is not metabolized in nor significantly 
absorbed from the gastrointestinal tract, and hence it is clinically 
useful only when administered by inhalation. Approximately 8% of an 
inhaled dose is absorbed _from the lungs with peak blood levels in about 
15 minutes. Ninety percent is excreted unchanged in urine and. bile 
within six hours. Cromolyn has no demonstrable effect on the sympathetic 
or parasympathetic nervous systems, tracheobronchial mucus flow, attach
ment of IgE to mast cells, or blocking of the effects of mediators if 
already released from mast cells (68-72). It is not a bronchodilator. 
Its action is to prevent mediator release. Cromolyn evidently prevents 
mediator release due to non-immunological as well as inununological causes, 
s i nee it may prevent exercise induced asthma v1hen given before the 
onset of exerc ise (73, 74) . 
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TABLE 11 

CLINICAL RESULTS FROM CROMOLYN 

Up to 80% favorable response. 

Respqnse only occasionally dramatic. 

Beneficial in all types of asthmatics. 

Better response in young patients. 

Toxicity minimal. 

Very extensive clinical trials involving thousands of patients 
have been carried out to evaluate the clinical efficacy of cromolyn 
(75-97). The measurement of the impact of any new treatment on this 
variable syndrome which usually must be treated with multiple drugs 
is difficult (98). and the clinical trials of cromolyn certainly 
reflect such prob.ems. Nevertheless, some general conclus ion may be 
drawn. 

Up to 80% of patients repo rt a favorable response to the drug in 
double blinded trials. The favorable results include stability or 
improvement of symptoms while using fewer other antiasthmatic drugs 
including steroids. Indeed, a major part of cromolyn's benefit is 
a reduction in steroid dosage. Many patients report increased 
exercise tolerance and decreased lability in their disease. However, 
only occasionally is the response to cromolyn dramatic enough to 
completely supres§ asthn~ without the use of other drugs. 

Most series report that cromolyn is mo st likely to be effective 
in allergic asthma of either the seasonal or perennial type. Further, 
a favorable response is most likely to occur in children and young 
adults. However, it is clear that some fraction of patients with no 
allergic component to their asthma and some fraction of elderly patients 
will respond, and it is recommended that it be evaluated by a clinical 
trial in all asthmatics. It should be emphasized that it is of no 
benefit to patients with chronic bronchitis who do not have a clear
cut asthmatic component to their disease. 

Side effects are minimal. Some patients complain of throat 
irritation, and an asthmatic attack may be precipitated by the inhalation 
of cromolyn in an occasional patient. The latter may be managed by pre
treatment with an inhaled bronchodilator. The only real toxicity of 
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which I am aware is the· report of two cases of pulmonary infiltrates 
with eosinophiliawhile t ak ing the drug (99, 100). Both patients re
covered promptly with discontinuance .of cromolyn and with steroid 
therapy. 

TABLE 12 

PRACTICAL ASPECTS OF CROMOLYN THERAPY 

Administered by special 'Spinhaler'. 

Standard dosage of 20 mg (1 cap) qid. 

Use for prophylaxis only. 

Results, if any, require 2-4 weeks. 

Adjunctive therapy, remove other drugs slowly. 

The drug must be administered as a powder in order to allow a 
large enough deposition by inhal ation within a reasonable treatment 
interval. Thus, it cannot be administered by standard nebulizers; a 
special powder dispensing 'Spinhaler' is required. A standard dose 
of 20 mg (one capsule) is inhaled four times a day irrespective of 
age or body size. 

It is important to emphasize that cromolyn is of benefit for 
prophyla xis only and is of no benefit in treatment of exi sting 
episodes of asthmaA It is recommended that it be started when the 
patient is as stable as po ssible, since tracheobronchial deposition 
is impaired if a large volume of mucus is present. If improvement 
occurs, it will usually do so within 2-4 weeks of therapy. It is 
probably not reasonable to persist for longer intervals if symptomatic 
improvement is not apparent. However, if improvement has occurred, 
results may become progres sively better over the next several months . 
Cromolyn should be viewed as adjunctive therapy , and other anti
asthmatic drugs, especially ste1·oids, should be decrea sed cautiously. 
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TABLE 13 

PHARMACOLOGY OF THEOPHYLLINE 

Anhydrous theophylline the active agent. 

Absorption probably similar for most patients. 

-Metabolism approximately 90% hepatic. 

Serum half-life exceedingly variable. 

Bronchodilator effect related to serum concentration. 

Toxicity related to serum concentration. 

Theophylline was introduced for the therapy of asthma in the 1930's, 
but the clinical pharmacology of the drug was not investigated thoroughly 
until the 1970's (101-106). It is now clear that, no matter which salt 
of theophylline is used, it is the free anhydrous theophylline that is 
the active agent. Absorption from the gastrointestinal tract is probably 
similar for most patients. The particular salt of theophylline adminis
tered does not affett the amount or rate of absorption, and peak plasma 
levels are reached in about one hour. Alcoholic and aqueous solutions 
probably allow more rapid absorption. More recently, microfine crystals 
of anhydrous theophylline have enabled more adequate solubilization for 
rapid absorption,, and special tablet compounding techniques have pro
vided slow release drug. Absorption is impeded by food in the gastro
intestinal tract, so the drug should be administered before rather than 
after meals. Rectal suppositories are no longer ad vi sed owing to 
exceedingly variable absorption. 

Approxi rna te ly 90% of the drug is metabolized by the liver while 10% 
is excreted unchanged in the urine. Thus, liver disease markedly pro
longs the serum half-life and necessitates adjustments in dosage. 
Hepatic metabolism is exceedingly variable. Although the mean serum half
life is around five hours, five-fold variability may be found in normal 
adults. Metabolism in children is usually faster than in adults, but 
considerable variability exists. It is now known what causes such 
variability, but it has been empirically observed that the plasma half
life of theophylline is shorter in cigarette smokers. The extreme 
variability in plasma half-lives among patients makes individualization 
of dosage of theophylline mandatory. Both the bronchodilating effect 
and toxicity are related to the serum concentration. 
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TABLE 14 

RELATION BETVIEEN PLASMA THEOPHYLLINE 
CONCENTRATIONS AND CLINICAL EFFECTS 

Concentration 
g/ml 

5 
} 

10 

20 

40 

60 

} 

Efficacy 

Minimal 

Optimal 

Toxicity 

Gastrointestinal upset 
and nervousness 

Arrhythmia 

Convulsions 

Minimal bronchodilatation may be seen at very low blood levels (107), 
but optimal effects are not observed until 10-20 ~g/ml levels are achieved . 
At higher plasma concentrations bronchodilation may be better, but pro
gressive side effects occur. Most commonly the first toxicity observed is 
gastrointestinal upset and nervousness with more serious toxicity such as 
arrhythmia s or convulsions only at greater concentrations . Rarely, however, 
the more serious side effects preceed nausea, and convulsions have occurred 
at a plasma concentration of 25 ~g/ml (108). 

TABLE 15 

INTRAVENOUS DOSES OF AMINOPHYLLINE 

Loading Maintenance Plasma Theophylline 
(mg/kg 1st 20 min) (mg/kg/hour) llg/ml 

Children 
Initial 6 1.10 10 ( 5-15) 
Second 3 1.65 15 (10-20) 

Adults 
Initial 6 0.90 10 ( 5-15) 
Second 3 1.35 15 (10-20) 
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For acutely ill asthmatics who do not respond to the aerosol ad
ministration of a B adrenergic agonist or perhaps to subcutaneous 
epinepherine administration, the intr~ve nous use of aminophylline is 
indicated. Reasonable intravenous doses have been suggested by Piafsky 
and Ogilvie (106); these recommendations agree closely with those of 
Jenne ( 105). 

A loading dose of 6 mg per kg of patient weight is administered 
over a 20 minute interval; in adults this is follO\-Jed by a continuous 
maintenance infusion of 0.9 mg/kg/hour and in children by 1.1 mg/kg/hr. 
If the patient does not respond to this therapy by a lessening of 
symptoms, and if no side effects exist, an additional loading dose of 
3 mg/kg is administered over 20 minutes, and the continuous infusion 
is increased to 1.35 mg/kg/hr in adults or 1.65 mg/kg/hr in children. 

It should be emphasized that these dosage schedules are helpful 
in achieving the desired plasma concentration, but they are estimates 
at best. It has been demonstrated that either inadequate blood levels 
or overdosage with toxicity may result (109). The only reliable guide 
to therapy is monitoring the plasma theophylline concentration. 

TABLE 16 

ADJUSTMENTS IN INTRAVENOUS DOSES OF AMINOPHILLINE 

Clinical Situation Loading Maintenance 

Previous oral theophylline ~ usual 

Congestive heart failure usual 2/3 

Severe li»er disease usual ~ 

An adjustment in dose is clearly indicated in some clinical 
situations. If the patient has taken oral theophylline, the loading 
dose is reduced in half, and the usual maintenance dose is administered. 
Since theophylline is inactivated by the liver, persons with an edematous 
liver from congestive heart failure should have the maintenance infusion 
reduced to 2/3 of the usual dose. Persons with severe liver disease 
should have the maintenance infusion reduced to 1/2 of the usual dose. 
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TABLE 1i 

AVAILABLE THEOPHYLLINE IN ORAL PREPARATIONS 

Salt of Theophylline 

Aminophylline 

Oxtriphylline 

Theophylline sodium glycinate 

Theophylline calcium salicylate 

Percent Anhydrous 
Theophylline 

85 

64.5 

50 

48 

Guidelines also are becoming available for oral theophylline 
therapy. In using these, however, it must be remembered that the 
active agent is tr2 free anhydrous theophylline. The percent of 
free drug varies considerably depending on which salt is being 
utilized (110). Thus the physician must know the type of sa lt of 
theophylline in the preparation dispensed in order to know the 
amount of effective drug that is being administered. Since there 
is no evidence that one salt of theophylline has an advantage over 
others, the use of the most active, least expensive aminophylline 
seems reasonable. 

TABLE 18 

ORAL DOSES OF AMINOPHYLLINE 

Subjects Aminophylline Plasma Theophylline 
mg/kg/6 hrs Maximum/Minimum 

l-19/ml 

Children 

Initial 5 7 ( 3-12) 2 (1- 6) 
Optimal 8 12 (9-25) 4 (2-10) 

Adults 

Initial 3 7 (. 4-12) 3 (1- 4) 
Optimal 6 14 (10-24) 6 ( 3-16) 
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Expected plasma levels resulting from oral theophylline are in
dicated in Table 18 (106). It is clear that the exceedingly variable 
half-lives of the drug from patient to patient result in markedly 
different plasma concentrations for the same dose of medicine. Thus, 
it is wise to begin with a relatively small dose that is unlikely to 
lead to toxicity and progressively increase the dose until beneficial 
or side effects occur. Plasma theophylline concentration measurements 
are desirable in difficult management problems, if possible. The drug 
should be administered on a six hourly basis instead of a routine four 
times a day. Adjustments in dose should be made only every 2-3 days 
to allow a new steady state to occur. 

It should be emphasized that the dose of theophylline must be 
individualized for each patient. Combination preparations that contain 
theophylline and ephedrine do not allow such individualization because 
of the side effects produced by the ephedrine. Thus, combination 
preparations usually are not warranted. 

Selective S Agonists 

TABLE 19 

CLASSIFICATION OF 8 ADRENERGIC RECEPTORS 

81 Receptors 

t force and rate of cardiac contraction. 
Dilation of coronary arteries. 
Relaxation of alimentary tract. 

82 Receptors 

Dilation of bronchi, blood vessels, and uterus. 
Skeletal muscle tremor. 

Additional progress has been made in the treatment of asthmatic 
patients by the availability of new, synthetic 8 adrenerg ic agonists 
which are more potent bronchodilators than cardiac stimu lants . Lands 
and his colleagues first synthesized isoetherine and found it to be at 
least ten times more active on bronchial muscle than on heart muscle in 
in vitro preparations (111-114 ). This work was supported by observations 
in humans ( 115). These investigations led the Lands' group to propose 
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that there are two types of B receptors which they called B1 and B
2

• 
Although the original evidence for this hypothesis was not altogether 
convincing, it has now been accepted in whole or part by most clinical 
pharmacologists ( 116-121). According to this theory, stimulation of 
61, receptors results in an increase in the force and rate of cardiac 
contraction, dilation of the coronary arteries, and rel axat ion of the 
alimentary tract. Stimulation of B2 receptors results in dilation of 
bronchi, blood vesse ls, and the uterus and decreased twitch tension of 
skeletal muscle which may lead to muscle tremor. Thus, it is poten
tially possible to cause bronchodilatation, a 62 function, without 
cardiac stimulation, a B1 function. 

In applying this concept to the treatment of asthmatic patients 
certain precautions are necessary. First, no agonist yet synthesized 
is a pure B2 stimulant. Although the newer bronchodilators have less 
potential for cardiac stimulation, al l thus far described produce 
tachycardia and presumably changes in myoca rdi a.l contractility. 
Second, B2 stimulants may cause a decrease in peripheral vascular 
resistance and thereby alter myocardial function reflexly. Third, 
effects in humans are not always predictable from in vi tro studies; 
the results of clinical trials are more significant for clinicians. 

TABLE 20 

BETA ADRENERGIC AGONISTS 

Generic Name (British) 

Epi nepheri ne 
Isoproterano l (Isoprenaline) 
I soetha ri ne 

Metaproteranol (Orciprenaline) 
Terbutaline 
Fenoterol 

Salbutamol, Albuterol 

U.S. Trade Name 

Many 
Many 
Bronkosol 

Alupent, Metaprel 
Brethine, Bricanyl 
Berotec 

Proventil, Ventolin 

The B agonists which are currently, or soon will become, commer
cially avai lable in this country are indicated in Table 20 . Of the 
two established bronchodilators, isoproteranol is generally considered 
more potent than the only naturally occurring catecholamine broncho
dilator epi nepherine (122). 
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Isoproterenol stim~lates both B1 and B2 receptors equally and thus 
has appreciable cardiovascular effects. Since it is absorbed from the 
lung when given by inhalation, it may. produce tachycardia or arrhythmias 
at bronchodilating doses. However, this potential probably has been 
over-emphasized, and it is not likely to cause serious difficulty in 
this regard (123, 124), especially at the small doses necessary to 
achieve maximal bronchodilatation (125). Isoproteranol is rapidly 
metabolized by bronchial cells causing it to have a short duration of 
action, on the order of two hours. Its tendency to be absorbed from 
the lung also decreases its duration of action, and some preparations 
contain a vasoconstrictor such as phenylephrine to delay absorption. 
This may (126) or may not (127) be clinically useful. Isoproteranol is 
rapidly metabolized in the stomach, and hence oral preparations are of 
no benefit. 

Isoetharine, the first congener of isoproteranol, was the drug on 
which the B1 , B2 hypothesis v1as based and showed significant selectivity 
of stimulation in animal studies. Although some clinical studies have 
suggested an in vivo advantage of isoetharine (128, 129), others have 
not been able to demonstrate such (130, 131). It is likely that to get 
an equal 9ronchodilating dose to that of isoproteranol results in an 
equal cardiac stimulation, although the duration of bronchodilatation 
is somewhat longer. 

The first synthetic to depart from the catechol ring was a 
resorcinol derivative of isoproteranol, metaproteranol. This molecular 
change not only impedes metabolism and hence prolongs action in the 
lungs, but it also prevents metabolism in the stomach allowing the drug 
to be given orally. Metaproteranol demonstrates greater B2 selectivity 
than previous drugs (122). It has on the order of 10-20 times less 
cardiac stimulation compared to isoproteranol (132, 133). When used by 
inhalation at a 1.5 mg dose it gives approximately equal early broncho
dilatation as 1.0 mg of isoproteranol at a fract4on of the increase in 
heart rate produced by the latter. Moreover, the effects are more 
prolonged, on the order of 3 to 4 hours. When given orally in 10 or 
20 mg dosage, it has greater bronchodilating effects than 25 mg of 
ephedrine with fewer toxic effects (134). Its peak action orally is 
about 2 hours, and bronchodilation is maintained for at least 4 hours. 

There have been two further modifications of the resorcinol 
structure, terbutaline and fenoterol. Terbutaline is available 
con]nercially at present while fenoterol has not yet cleared the FDA 
requirements. It is clear that these are more selective B2 stimulants 
than isoproteranol and evidently more selective than metaproteranol, 
although like all B agonists thus far some cardiac stimulation occurs 
(135). Terbutaline by inhalation at 0.25 and 0.50 mg doses gives 
slightly less and slightly greater early bronchodilatation, respectively, 
than metaproteranol (136), and hence it is roughly equivalent to isopro
teranol; it is still near maximal effectiveness at 5 hours. At this 
dose there is virtually no tachycardia. Terbutaline given by mouth has 
been shown to be an excellent drug with greater and longer lastin~ 
bronchodilatation than metaproteranol (137) or ephedrine (138-140). A 
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5 mg dose has an onset of action in 30 minutes and a duration of action 
of at least 7 hours; a higher dose produces more bronchodil tation but 
is associated with greater side effecis (141). It has been administered 
in 5 mg three times a day dosage for up to one year without a decrease 
in effectiveness (142, 143). At this dose terbutaline causes a very 
slight increase in heart rate and a decrease in diastolic blood pressure. 
However, the most frequent and significant side effect is muscular tremor, 
especially in the hands. Tremor may be severe enough to prevent using the 
drug . However, the tremor tends to diminish with prolonged use, while 
bronchodilatation continues unchanged. 

Salbutamol differs from the cathcholamines and resorcinol broncho
dil ators by being .a sal igenin derivative. Its properties are similar 
to ther.esorcinols in metabolism in the lung and stomach, so that it is 
long l asting when given by inhalation and may be given by mouth. It is 
approximately as active as isoproteranol as a bronchodilator but has 
only one-tenth the cardiac stimulating effect (144-146). 

Salbutamol 0.2 mg by inhalation is a motne potent bronchodilator 
than 1.5 mg of metaproteranol, and bronchodilatation remains maximal 
after 5 hours (147-149). At this dose there is virtually no cardiac 
stimulation. Orally, 5 mg of salbutamol has been shown to be comparable 
to 5 mg of terbutaline in every way (150). The maximal effect is in 2 
to 6 hours and is sustained for at least 5 hours, the duration of the 
study. This dose produces very mild tachycardia. However, tremor is 
the most common complaint. Thus, salbutamol and terbuta line are 
appat·ently interchangeable drugs by inhalation or orally. It has been 
noted that in particular patients one drug may produce tremor while 
the other does not. If tremor i s bothersome, it is reasonable to change 
drugs to determine if this side effect is less. 

I am aware of no studies comparing the effects of the new 82 
agonists and oral theophylline. I also am not aware of studies to 
determine the potential synergistic effects of these drugs, although 
some patients have been maintained on full therapeut ic dos es of each 
without additive toxicity (151). 

TopicaZ InhaZed Steroids 

TABLE 21 

INHALED STEROIDS 

Generic Name 

Beclomethasone dipropionate 
Triamcinolone acetonide 
Betamethasone valerate 

U. S. Trade Name 

Vanceril 
Aristocort ? 
Valisone ? 
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Probably the most dramatic advance in the treatment of asthma has 
been the introduction of topically active, inhaled steroids. The use 
of a variety of inhal ed steroid preparations had been attempted for 20 
years, but absorption from the lung at doses necessary to prevent as thma 
had led to side effects similar to those observed with orally admini ste red 
drugs. More recently beclomethasone, triamcinolone, and betamethasone 
have been demon strated to be active locally at doses that do not cause 
sufficient absorption for systemic effects. Betamethasone and bec lo
methasone evidently produce similar effects at the same dose (152). 
On average, triamcinolone is used at a slightly higher dose (153-155), 
but experience with this more recent drug is limited. Only beclo
methasone is presently available comercially. 

TABLE 22 

CLINICAL RESULTS FROM BECLOMETHASONE 

Pituitary-adrenal suppression not present 
at doses lower than 1.6 mg daily. 

Cessation or decrease in systemic steroids 
in approximately 80% of patients. 

Young patients evidently respond better. 

Beginning dose 2 inhalations (0.1 mg) 3 
or 4 times a day. 

Beclomethasone does not produce suppressionof the pituitary
adrenal axis or systemic effects of steroids at do ses below 1.6 mg 
daily (156-158Y, but doses above 1.0 mg in adults are not recommended. 
Approximately 80% of asthmatic patients who have been dependent on 
oral steroids can have cessation or decrease in systemic steroids 
(152, 159-166) . Young patients evidently respond better than older 
patients . In those patients who do not respond, it has been suggested 
that large amounts of airway mucus prevents deposition on the muco sa. 
It also is likely that a poor response occurs in some patients because 
uhey do not use the freon powered inhalers properly. Observations of 
patients taking inhaled bronchodilators from metered freon dispensers 
indicate that a significant fraction cannot coordinate inhalation and 
hand action. 

The usual beginning dose of beclomethasone in adults is 0.1 mg, 
2 inhal at ions, 3 or 4 times a day. In children the beginning dose is 
approximate ly one- half of this amount. The dose is adjusted upward 
or dm•mv1ard slowly as necessary. 
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TABLE 23 

PRECAUTIONS FOR INHALED STEROID THERAPY 

Ineffective in status asthmaticus. 

Sometimes necessary to initiate steroid 
therapy with oral or ~arenteral 
preparations. 

Sometimes necessary to temporarily ad
minister oral steroids during exacer
bations. 

Patients must be carefully instructed 
in use of metered, freon inhaler. 

It must be emphasized that inhaled steroids should not replace 
parenteral or oral steroids for the acutely ill asthmatic. Deposi
tion of the drug uniformly in the tracheobronchial tree may not be 
possible owing to poor distribution of ventilation. Similarly, it 
is sometimes necessary to initiate steroid therapy with oral or 
parenteral preparations even in less severely ill patients. In 
patients who are well controlled by inhaled steroids, it is some
times necessary to temporarily administer oral steroids during an 
acute exacerbation while continuing the inhaled dose at a constant 
level. 

All patients must be carefully instructed in the use of the 
metered, freon inhaler and should be observed while using it to 
insure compliance. The patient should breathe out toward residual 
volume. The dispenser is placed before a widely opened mouth and 
inspiration is started. The aerosol is activated just after the 
onset of inspiration, and the patient must continue to breathe in 
toward total lung capacity. The patient pauses at the end of in
spiration for several seconds before exhaling. If the prescribed 
dose is more than one inhalation, such can be carried out after a 
few normal tidal volumes. 
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TABLE 24 

COMPLICATIONS OF INHALED STEROID THERAPY 

Up to 13% incidence of pharyngeal or 
laryngeal thrush. 

Emergence of other allergies when syste
mic steroids discontinued . 

. Adrenal insufficiency. 

A bothersome complication of inhaled steroid therapy in up to 13% 
of cases has been pharyngeal or laryngeal thrush. To my kn01vledge, no 
pulmonary or systemic candida infections have been reported. Thrush 
is dose related. It may respond to lowering the inhaled dose, but 
more frequently amphotericin lozenges have been successful. It may be 
necessary to reduce the dose of steroid in addition to the antifungal 
agent. 

Another bothersome complication has been the emergence of other 
allergies when oral steroids are discontinued, despite adequate control 
of asthma. Such has been sufficiently severe in some patients to cause 
a return to oral therapy. 

The final complication, adrenal insufficiency, cannot be over
emphasi zed. Patients who have been on oral steroids will have suppression 
of the pituitary-adrenal axis which may require up to a year to recover 
(167). Since, the inhaled drug gives no measurable steroid blood level, 
the patient whose oral preparation is stopped abruptly may have iatro
genic adrenal insufficiency. Typical withdrawal symptoms are fatigue, 
weakness, arthralgias, anorexia, nausea, desquamation of the skin, 
orthostatic dizziness, fainting, and hypoglycemia (168). During inter
vals of stress more serious cardiovascular manifestations may occur, 
and deaths have been reported from discontinuing oral drugs too 
precipitously in patients placed on inhaled steroids. Prolonged adrenal 
suppression may occur with as little as 15 mg of prednisone daily for 
two weeks or larger doses for shorter intervals (169). 
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