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ABSTRACT

Beta adrenergic drugs are frequently prescribed as 
inhalational agents in the treatment of reversible obstruc
tive airway disease. Albuterol, isoetharine and metapro- 
terenol are three such drugs for which a direct clinical 
comparison has not been previously reported.

A double .blind, crossover, placebo controlled com
parison of albuterol, isoetharine and metaproterenol was 
conducted in a group of ten adult males with bronchospastic 
airway disease. The drugs were compared to each other and 
placebo on the bases of bronchodilator effect, adverse 
effects and cost.

All three drugs produced quantitatively greater 
bronchodilator responses than placebo. Albuterol and meta
proterenol produced an equivalent bronchodilator response 
which was superior to isoetharine. None of the drug or 
placebo treatments produced significant adverse effects.
On the basis of cost, metaproterenol was determined to be 
the preferred drug treatment.

The study demonstrates the importance of cost 
considerations when comparing drugs of similar pharmacologic 
potential. The methodology of the study, particularly with 
regard to statistical procedures and control for concomitant



xi
drug therapy, provides a useful framework for design of 
clinical comparisons of drugs from a variety of therapeutic 
categorieso



CHAPTER 1

INTRODUCTION

Asthma, chronic bronchitis and emphysema are general
ly considered to be obstructive respiratory diseases. These 
diseases are similar in that they are characterized by a 
slowing of expiratory flow with no change, or perhaps even 
an increase, in total lung capacity as a result of some 
obstruction to air flow, . While similar in this regard the 
diseases are indeed distinct with regard to etiology and 
prognosis (Powell 1978). Asthma and chronic bronchitis are 
often found to be at least partially reversible in that 
administration of bronchodilator drugs can cause objective 
and subjective improvement in pulmonary function. Pure 
emphysema is less likely to respond to bronchodilator therapy 
in that the disease is caused by morphological changes in 
air spaces and alveolar sacs which lie at the ends of the 
bronchial tree. Pure emphysema is rarely encountered and 
the obstructed patient is likely to have a reversible compo
nent to their disease and thus can benefit from broncho
dilator therapy (Ingram 1977),

Asthma afflicts approximately 2% of the population 
of the United States, Half of these cases develop before 
the age of 40, In childhood, male asthmatics outnumber

1



female asthmatics by a ratio of two to one but by age 30 the 
incidence of this disease is about equal in both sexes 
(McFadden and Austen 1977)„ Chronic bronchitis is also more 
prevalent in males and has been shown to be positively asso
ciated with a history of cigarette smoking (Ingram 1977)„ 
Accurate criteria for clinical diagnosis of emphysema are 
not available. As a result, the incidence data for this 
disease are acquired through post mortem surveys. On autopsy 
it is rare to find an adult lung which does not show some 
evidence of morphologic changes consistent with emphysema. 
Approximately two thirds of adult males and one third o f . 
adult females have well-defined emphysema on post mortem 
examination but very few of these persons had shown evidence 
of clinical illness or incapacitation (Ingram 1977).

Once any causative agents of these diseases (aller
gens, cigarette smoke, air pollutants, etc.) have been iden
tified and eliminated from the patient's environment, the 
focus of treatment is usually on bronchodilator drug therapy. 
In the United States sympathomimetic agents and methylxan- 
thine derivatives are the mainstays of bronchodilator 
therapy. In Europe anticholinergic agents such as ipratro
pium are also being employed. Histamine blockers and corti
costeroids are other treatment modalities available in this 
country but by strict pharmacologic definition are not 
considered to be bronchodilators (Costello and Murray 1978).



Bronchodilation is one of the many effects produced 
subsequent to administration of sympathomimetic (adrenergic) 
agents. This study focuses on three sympathomimetic agents 
which have shown a high degree of selectivity for broncho- 
dilator activity. The agents under study are isoetharine, 
metaproterenol and albuterol„

Statement of the Problem 
Inhalation is a very inexact mode of administration 

for any drug. When a tablet, capsule or liquid is swallowed 
or when an injection is given one can be reasonably sure of 
how much drug is available to exert an effect. In contrast, 
when a drug is inhaled a certain unknown fraction Of the 
drug actually does make it into the lungs while part of the 
inhaled dose is swallowed, deposited on the oropharynx or 
the teeth and some of the dose will be exhaled. In addition, 
when giving drugs by inhalation that also have demonstrated 
activity when given by mouth, it is difficult to determine 
how much of any induced pharmacologic response is due to 
inhaled drug and how much is due to swallowed drug. It has 
been estimated that only 10% to 25% of an administered 
inhaled dose is actually deposited in the lungs (Shenfield 
et al, 1973, Walker et al, 1972),

The amount of drug actually delivered to a patient 
is also dependent on the method of aerosolization employed.
It has been shown that significantly larger doses of drug



are required when drug solutions for delivery by intermit
tent positive pressure breathing machine or aerosol mist 
generators are employed than when pressure packed freon pro
pelled aerosols are used. In the case of freon propelled 
aerosols the precise dose administered is also dependent 
upon the subject's understanding of and facility with the 
proper technique of administration (Shenfield et al, 1973) .

Due to this imprecise nature of the dosing of inhaled 
agents it is very difficult for any investigator to confi
dently replicate the work of any other resear,cher. It then 
follows that a reviewer attempting to compare different 
studies in the literature cannot be confident of precise 
comparability of doses administered in separate studies even 
though the doses are nominally equivalent. The most valid 
comparisons are those made within the confines of one speci
fic study. Comparisons among different studies are at best 
tenuous. For this reason well-controlled comparative studies 
of drugs administered by inhalation are needed to establishi
the comparability of inhaled drugs.

The three beta-2 selective sympathomimetic agents 
employed in this investigation have all been subjected to 
various comparative analyses in the past. Many of these 
studies have compared these drugs to isoproterenol. Isopro
terenol is the prototype for beta adrenergic agents. It is, 
however, not selective for beta-2 activity. Therefore, com
parisons of drugs like isoetharine, metaproterehol and



albuterol with a high degree of beta-2 selectivity to a non- 
selective beta adrenergic agent like isoproterenol seem 
somewhat inappropriate, Many of the studies that do compare 
beta-2 selective drugs have been done in Europe Where a wider 
variety of these drugs are available. As a result, clinical 
comparisons found in the literature frequently involve agents 
such as rimiterol and terbutaline which are not approved for 
use as inhalational agents in this country. These studies 
are, therefore, of little practical value to practitioners 
in the United States.

Until recently, isoetharine was marketed as a nebu
lizer solution and metered dose aerosol in combination with 
phenylephrine. These products have recently been reformu
lated and now contain only isoetharine as a single entity. 
Clinical trials of isoetharine as a single entity are lacking.

Many of the studies in the literature have not been 
well controlled for the effects of other bronchodilator 
drugs the subject may be taking. Often oral theophylline 
is merely discontinued six or eight hours before a given 
testing session. Given a theophylline half life of from four 
to eight hours (Dasta, Mirtallo and Altman 1979) such a brief 
washout period seems rather inadequate. Due to the clinical 
difficulties presented by withdrawal of corticosteroids from 
patients Who have been on long term therapy, subjects receiv
ing corticosteroids are often permitted to continue therapy 
when involved in bronchodilator studies. There appears to



be a need for a comparative bronchodilator study which ade
quately controls for the effects of other drugs the patient 
may be taking.

The three drugs investigated in this study, iso- 
etharine, metaproterenol and albuterol, have never been 
directly compared in vivo. Such a comparison would provide 
clinicians with a more rational basis for the prescription 
of these drugs.

Purpose and Objectives 
The purpose of this investigation is to compare the 

clinical effectiveness of three beta-2 selective adrenergic 
agents used to treat reversible obstructive airway disease 
with each other and with placebo. The drugs to be considered 
are albuterol, isoetharine and metaproterenol administered 
by metered dose inhaler. The objective of the study is to 
compare these drugs with regard to the following character
istics:

1. Degree of bronchodilation achieved
2. Duration of bronchodilation achieved
3. Cost of chronic use of the drug
4. Incidence of adverse effects associated with 

drug use.

Importance of the Study 
Albuterol has only recently been approved for use 

in this country. Consequently, comparative trials against



other bronchodilator drugs commercially available in the 
United States are lacking. By comparing albuterol to other 
beta-2 selective agents commonly used in the United States 
this study provides practitioners with a basis for rational 
prescribing of these drugs. The recent reformulation of 
isoetharine as a single entity effectively makes this prepa
ration a new product available to clinicians. This study 
will help clinicians to decide what role the new isoetharine 
formulation has in the treatment of reversible airway disease.

As a result of careful design and data analysis this 
study controls for the effects of the subjects' concomitant 
drug therapy better than most similar studies previously 
reported. It is hoped that the design and methodology of 
this study will be adopted by other investigators in this 
area.

Direct in vivo comparison of these three commonly 
used drugs has never been reported. This study provides 
such a comparison which will be of value to clinicians who 
routinely prescribe these agents.

In addition to the clinical characteristics of these 
drugs this study also considers the economic costs of long 
term therapy. Determining which of these agents provides 
the best therapy at the least cost is of economic and thera
peutic importance to patients on long term therapy with these 
drugs.



Definition of Terms 
Asthma - A disease characterized by an increase in 

responsiveness of the trachea and bronchi to various stimuli 
and manifested by a widespread narrowing of the airways that 
changes in severity either spontaneously or as a result of 
therapy (American Thoracic Society 1962)„

Chronic bronchitis - A disease characterized by 
excessive mucous secretion in the bronchial tree and recur
rent, productive cough. These symptoms are present for a 
minimum of three months of the year and for not less than 
two successive years (American Thoracic Society 1962).

Clinical improvement of airway function - A 15% or 
greater increase in forced expiratory volume at one second.

Emphysema - An anatomic alteration of the lung char
acterized by an abnormal enlargement of the air spaces distal 
to the terminal nonrespiratory bronchioles, accompanied by 
destructive changes of the alveolar walls (American Thoracic 
Society 1962). >

Forced expiratory flow rate from 200 milliliters to 
1200 milliliters (FEF200-1200^ " The velocity at which a 
patient exhales air from their lungs during a forced exhala
tion and measured from after the first 200 milliliters of 
air have been exhaled until 1200 milliliters have been 
exhaled. This value is measured in liters per second.

Forced expiratory flow rate from 25% to 75% of vital 
capacity (FEF2 5 _ 7 5 ) ~ The velocity at which a patient exhales



air from their lungs during a forced exhalation and measured 
from 25% to 75% of the total volume of air exhaled. This 
value is measured in liters per second.

Forced expiratory volume at one second (FEV. n) -j. . u
The maximum volume of air which a subject can exhale in the 
first second of a forced exhalation. This value is measured 
in liters.

Forced vital capacity (FVC) - The total volume of 
air which a subject expels from their lungs during a forced 
exhalation. This value is measured in liters.

Metered dose inhaler/metered dose aerosol - A deliv
ery device for an aerosolized dose of drug which consists of 
the drug placed under pressure in a canister and designed to 
release a specific quantity of drug when the device is 
activated.

Obstructive lung (pulmonary) disease - Obstruction 
to air flow in the lung due to asthma, chronic bronchitis, 
emphysema, cystic fibrosis or bronchiectasis.

Pulmonary function tests - Objective measures of a 
patient’s respiratory capability.

Reversible airway disease - A respiratory disorder 
for which improvement of pulmonary function is.demonstrable 
following inhalation of a test dose of a symphathomimetic 
bronchodilator.
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Scope and Delimitations 
The sample included in this study consists of adult 

males with reversible airway disease and cannot be consid
ered representative of the entire population with reversible 
airway disease. These subjects are all currently being medi
cated with an inhaled bronchodilator and oral theophylline 
only. Other agents such as histamine blockers, cortico
steroids and atropine-like drugs are also used to.treat 
reversible airway disease. The effect which these types of 
drugs might have on response to the beta agonists being 
tested is not considered.

The drugs tested in this study are being given by 
metered dose, freon propelled inhaler. While this is the 
most common mode of administration for these drugs, espe
cially to outpatients, there are other modes of administra
tion such as aerosol mist generator or intermittent positive 
pressure breathing machine. The results of this study 
should be cautiously extrapolated, if at all, to clinical 
situations in which these drugs are given by alternative 
modes of drug delivery.



CHAPTER 2

REVIEW OF RELATED LITERATURE

The Biochemical Basis for the Mechanism of 
Action of Sympathomimetic Bronchodilators

The tone of bronchial smooth muscle in the human is 
known to be in part controlled by endogenous catecholamines. 
Human bronchial smooth muscle does not appear to be signifi
cantly innervated by the sympathetic nervous system; there
fore it is believed that the stimulation of bronchial smooth 
muscle results indirectly from circulating catecholamines. 
These catecholamines act upon the mast cell of connective 
tissue and the circulating basophil to cause release of the 
chemical mediators which are directly involved in regulating 
the tone of bronchial smooth muscle (Lichtenstein 1978, Reed 
1978).

The enzyme adenyl cyclase in the mast cells and baso
phils mediates the formation of cyclic-3'5 '-adenosine mono
phosphate (c’ -AMP) from adenosine triphosphate (ATP). As is 
shown in Figure 1, the level of c '-AMP is further controlled 
by the phosphodiesterase enzyme which catalyzes the conver
sion of c '-AMP to 5 '-adenosine monophosphate (Reed 1978).
Low levels of c '-AMP tend to cause enhanced release of the 
chemical mediators of bronchial smooth muscle tone from mast

ii
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Figure 1« Biochemical mechanisms occurring within the mast 
cell of lung connective tissue and responsible 
for maintaining bronchial smooth muscle tone in 
man.



cells and basophils. The most important chemical mediator 
released with regard to bronchial smooth muscle is histamine 
Other less active mediators include slow reacting substance 
of anaphylaxis (SRS-A) and the eosinophil chemotactic factor 
of anaphylaxis (ECF-A)„ The action of adrenergic agents in 
respiratory physiology, is found to result from their ability 
to either stimulate or inhibit adenyl cyclase and thus regu
late the level of c '-AMP in the mast cells and basophils.
The level of c'—AMP then determines the degree of mediator 
release (Lichenstein 1978).

Anything which increases the levels of c'-AMP will 
inhibit mediator release and relax the tone of bronchial 
smooth muscle„ Conversely, anything which decreases the c '- 
AMP level will result in increased mediator release and rela 
tive bronchoconstriction. The level of c 1-AMP can be 
increased by either stimulating the. adenyl cyclase enzyme 
as is done by adrenergic agents or inhibiting the phospho
diesterase enzyme as is done by methylxanthine derivatives 
like theophylline. Although methylxanthines do inhibit 
phosphodiesterase there is evidence to show that this mecha
nism may be of relatively minor importance to the broncho- 
dilator effect produced by theophylline. An alternative 
hypothesis asserts that methylxanthines act as inhibitors 
of adenosine. Adenosine has been postulated to be an 
autacoid that is in some way responsible for maintaining the 
tone of bronchial smooth muscle (Rail 1980)„
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Since the work of Alquist (1948) it has been known 
that there are two types of adrenergic receptors which he 
designated as alpha and beta = With regard to bronchial 
smooth muscle it was found that alpha adrenergic stimulation 
produced bronchoconstriction and beta adrenergic.stimulation 
produced bronchodilation„ Receptors for both alpha and beta 
adrenergic agents are found within the lung in the mast cell 
while the circulating basophil appears to have only beta 
receptors (Lichtenstein 1978)=

Lands (1967) further subdivided beta receptors into 
beta-1 and beta-2 receptors. Beta-2 receptors are found in 
the smooth muscles of the bronchial tree and vasculature. 
Stimulation of beta-2 receptors produces bronchodilation and 
vasodilation. Stimulation of beta-1 receptors is found to 
produce a relative tachycardia but has no effect on the tone 
of bronchial smooth muscle or vascular smooth muscle„

Alpha adrenergic.stimulation of the mast cells in 
bronchial smooth muscle will result in lowered c '-AMP levels 
with resultant mediator release and bronchoconstriction.
Beta adrenergic stimulation of the mast cell or basophil 
will result in increased c'-AMP levels and suppressed media
tor release with a relative dilation of the airways. The 
precise biochemical events resulting in decreased mediator 
release have been reviewed by Reed (1978). First the beta 
agonist binds to the receptor located in the cellular mem
brane of the mast cell. This agonist-receptor complex is
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responsible for the activation of adenyl cyclase resulting 
in the ' formation of c 11 -AMP which then causes suppression of 
the release of histamine and other mediators of broncho- 
constriction.

Two endogenous adrenergic agents are epinephrine and 
norepinephrine„ The former displays a mixture of alpha and 
beta activity while the latter is considered to be primarily 
an alpha agonist. Comparison of the chemical structures of 
these two compounds with that of isoproterenol which shows 
beta adrenergic selectivity provides a clue to the relation
ship of chemical structure to alpha and beta agonist activ
ity. In Figure 2 it can be seen that the only chemical 
differences between the three compounds is the size of groups 
attached to the terminal nitrogen of the basic catecholamine 
structure. The less bulky the group attached to the termi
nal nitrogen the greater the level of alpha adrenergic 
activity. As the bulkiness of the group increases the level 
of beta adrenergic activity increases (Leifer and Wittig 
1975). It has also been shown that as the size of the group 
attached near the terminal nitrogen is increased beyond that 
of the isopropyl group present in isoproterenol that greater 
beta-2 selectivity occurs (Jack 1971).

Modification of the ring hydroxyl groups of sympatho
mimetic s has added to the therapeutic utility of synthetic 
adrenergic compounds. The major pathways for metabolic 
degradation of catecholamines are mediated by
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catechol-o-methyl-transferase (COMT) found in the lung and 
sulfatase enzyme found in the wall of the gut. By manipula
ting the position of ring hydroxyls and substitution of 
other groups for the ring hydroxyls, chemicals have been 
developed which are relatively resistant to degradation by 
these two enzymes. The structures of albuterol and raeta- 
proterenol presented in Figure 2 are examples of such chemi
cal manipulation. As a result of their relative resistance 
to COMT these compounds have a prolonged duration of action. 
Resistance of these two drugs to the action of sulfatase 
enzyme makes these compounds.effective by the oral route.

In addition to their action on bronchial smooth 
muscle, beta-2 adrenergic agonists also relax the smooth 
muscles of the blood vessels and the uterus. Those beta 
agonists which show primarily beta-1 effects increase the 
force and rate of contraction of cardiac muscle (Jack 1971). 
Beta-2 specific sympathomimetics have the property of facil
itating neuromuscular transmission and producing a fine 
muscle tremor of peripheral origin (Reed 1978) . This muscle 
tremor is one of the most often reported side effects of 
beta-2 adrenergic agent use.

The effect of beta-2 agonists on dilation of vascu
lar smooth muscle has been credited for an occasionally 
observed transient fall in blood pressure following the use 
of these drugs. This effect on vascular smooth muscle also 
appears to be responsible for a transient fall in the oxygen



tension of arterial blood (PaC^). This paradoxical fall in 
oxygen tension has been described as an alteration of normal 
ventilation to perfusion ratios (Powell 1978)„ In the 
normal lung the hemoperfusion of alveoli is homeostatically 
matched to the degree of ventilation of the alveoli. In 
this way the better ventilated alveoli receive the greatest 
blood supply, thus maximizing oxygenation of the pulmonary 
circulation. Dilation of the pulmonary blood vessels by 
beta-2 adrenergic agents may shunt blood to less well venti
lated alveoli. As a result there is relatively more blood 
perfusing poorly ventilated alveoli, oxygen transfer becomes 
less efficient and the PaOg decreases.

The action of beta-2 agonists on the vasculature has 
led to speculation that the mild tachycardia sometimes 
observed after administration of beta-2 agonists may be due 
to a reflex mechanism initiated by a fall in peripheral 
blood pressure as opposed to some direct, beta-1 like, 
chronotropic effect on the heart (Webb-Johnson, Chir and 
Andrews 1977).

Aerosol Drug Administration
Sympathomimetic drugs are routinely administered by 

aerosol inhalation to treat reversible bronchospasm. In this 
way one can achieve direct topical application of the drug 
on bronchial smooth muscle. The drug then acts to increase
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c'-AMP levels in the bronchial smooth muscle with resultant 
bronchodllation.

The therapeutic and physical aspects of aerosol drug 
therapy have been extensively reviewed by Ziment (1978). An 
aerosol is a suspension of a liquid or solid in the form of 
fine particles dispersed in a gas„ The commonly used beta-2 
sympathomimetics are usually dispersions of liquids in a gas„ 
Though there are many devices which generate aerosols, for 
the purposes of this discussion, it will be beneficial to 
consider two broad categories of devices„ There are those 
devices which use a solution of the drug placed in some 
receptacle„ A stream of gas under pressure is passed over 
the drug solution and the drug is in this way nebulized into 
a fine aerosol spray or mist. Examples of such devices are 
intermittent positive pressure breathing machines, aerosol 
mist generators and hand-held nebulizers. The gases which 
have been used to accomplish this nebulization include room 
air, mixtures of room air and oxygen or helium. With the 
exception of the hand-held nebulizer, highly specialized 
equipment is necessary to administer drugs in this manner 
and as a result such devices are normally used for hospital
ized patients.

The second category of aerosol delivery devices is 
far more suitable for outpatient use. These devices are 
commonly referred to as metered dose inhalers or metered 
dose aerosols. They contain a solution of the drug
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packed under gas pressure in a canister. The gases most 
commonly employed are fluorocarbons. When the valve on such 
a canister is actuated an aerosolized mixture of fluorocarbon 
gas and drug is released which contains a specific amount of 
drug.

The optimal particle size for inhalation of drug is 
found to be between two and four microns. Large' particles 
on the order of 15 microns do not reach the distal lung and 
become trapped in the larger airways. Very small particles 
in the 0.5 micron range are capable of being immediately 
exhaled. Despite this exhalation of drug an aerosol of very 
small particle size will still produce an effect on the 
basis of the sheer number of particles generated from a 
given volume of solution. For example, one milliliter of 
liquid will yield about two billion particles of ten micron 
size. The same volume of liquid will produce one million 
times more particles of 0.1 micron size. It has been found 
that 100% retention of aerosolized particles occurs with 
particles of ten micron size with much of this being retained 
in the large upper airways. Only about 60% of 0.1 micron 
sized particles will be retained (Ziment 1978) .

Ziment (1978) cautions that the above data are based 
largely on theoretical considerations. Such data may or may 
not have practical application in the clinical situation. 
There are conditions other than aerosol particle size which 
influence the effectiveness of aerosol drug administration.
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Large amounts of mucous may plug the airways of chronic 
bronchitics and provide a physical barrier to penetration 
of drug into the smaller bronchioles. It has been shown 
that the large airways contribute more to total airway 
resistance than do the small airways (Macklem and Mead 1967) , 
This factor may diminish the amount of drug which enters the 
small airways particularly during pathological airways nar
rowing which may occur during exacerbations of obstructive 
pulmonary diseases.

There are also differences between aerosol delivery 
devices in the amount of drug a patient actually has the 
opportunity to inhale. Shenfield and co-workers (1973) 
studied five asthmatic inpatients with regard to the amount 
of nebulized albuterol that the patients actually inhaled.
By radioactively labelling the drug with tritium and employ
ing a device to collect expired air they were able to deter
mine the disposition of different doses of the drug following 
administration of drug solution from a compressed oxygen 
driven nebulizer. They found that 25% to 46% of the dose 
was recoverable from the nebulizer apparatus to include 
tubing, mask and drug reservoir. Another 24% to 50% of the 
dose was found in the air the subjects expired. On the 
average only 25.6% of the dose was available for inhalation 
by the patient. Walker et al. (1972) administered tritiated 
albuterol to twelve asthmatic patients via metered dose 
inhaler. They found that 78% to 97% of the administered
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amount of radioactivity was recoverable from the subjects' 
urine in a 72 hour period. They did not measure the amount 
of drug which actually made its way into the lungs» Since 
albuterol is absorbed orally, Newhouse and Ruffin (1978) 
speculate that this high degree of bioavailability may be 
due to inertial impaction of the drug delivered under pres
sure on the oropharynx with subsequent Systemic absorption 
from that site. It is, however, generally agreed that a 
ten fold increase in dose is required for a given drug 
delivered by mechanical nebulizer as compared to the same 
drug given by metered dose inhaler„ This increase in dose 
of drug is necessary to compensate for drug which is trapped 
in the nebulizer apparatus as well as that drug which is 
exhaled by the patient (Shenfield et al. 1973, Newhouse and 
Ruffin 1978, Beck 1980).

The use of a metered dose inhaler does require some 
degree of physical coorindation on the part of the patient„ 
The appropriate technique for use of the metered dose 
inhaler is described by Powell (1978). The patient first 
exhales to near residual volume. Subsequently the patient 
begins an inhalation to near vital capacity. Near the mid
point of this inhalation the patient expresses one dose from 
the metered dose inhaler. After the inhalation the patient 
holds their breath for several seconds and then repeats the 
entire procedure if necessary.
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Newman, Pavia and Clarke (1981) have recently 

studied the various mechanical aspects of metered dose 
aerosol inhalation. It was shown that the best responses 
to inhaled terbutaline were achieved when the inhalation 
from residual volume was performed slowly and deeply. They 
also showed that after inhalation of the drug better response 
was achieved when the subjects held their breath for ten 
seconds as opposed to four seconds. Interestingly, they also 
showed there was no difference in response when the subjects’ 
lips were clamped tightly around the mouthpiece of the 
metered dose inhaler as opposed to leaving the mouth open 
when the dose was expressed.

Shim and Williams (1980) studied 30 patients who had 
been chronically using a metered dose inhaler. Of these 30 
patients, 14 (47%) used incorrect technique. These 14 
patients were taught to use the device correctly by employ
ing a teaching aid that provided an audible sound when the 
device was used correctly. Some time later ten of these 
patients were retested and it was found that five of them 
had reverted to their previous incorrect technique for using 
the device. Some of the errors made included inhaling com
pletely before actuating the canister, squirting the drug 
into the mouth without inhaling and forcefully exhaling 
while actuating the canister. These investigators found 
that the ability to correctly use the metered dose inhaler
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was in no way related to the patient's age, sex or education 
level.

Thus one can see that administration Of drugs by 
aerosol inhalation is a very inexact affair and is dependent 
upon many variables which are often beyond the control of 
the clinician or experimenter. This fact should be borne in 
mind as the reader proceeds to the following sections of this 
literature review in which previous clinical studies of the . 
three drugs involved in this investigation are presented.

Isoetharine
The first beta agonist to demonstrate selectivity 

for beta-2 adrenergic effects was isoetharine. Thiringer, 
Bergh and Svedmyr (1971) related the potency of isoetharine 
to that of isoproterenol in vitro. Their experiments were 
done on segmented human bronchi of five millimeter diameter 
obtained from patients undergoing surgery for lung tumor.
By applying their test drugs to the bronchi in increasing 
doses and measuring the changes in muscle tension, they 
generated dose response curves. It was found that in vitro, 
isoproterenol was seven times more potent on a weight basis 
than isoetharine

These in vitro results do not coincide with a pre
vious in vivo study done by El-Shaboury (1964) . He tested 
60 patients who were diagnosed as having chronic asthma or 
bronchitis with metered dose aerosols of isoetharine and
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isoproterenol. The administered doses of isoetharine and 
isoproterenol were 1050 meg and 375 meg respectively„ On 
a weight basis this is a 2.8 fold greater dose of isoetha
rine. Based on the in vitro data of Thiringer et al. (1971) 
this would represent less than half the dose of isoetharine 
required to produce a response equivalent to that of iso
proterenol. On the contrary it was found that isoetharine 
produced a higher peak response than did the administered 
dose of isoproterenol and that the response was of longer 
duration.

Until recently isoetharine was only available com
mercially in combination with various other drugs. One of 
the first such combinations contained isoetharine, phenyl
ephrine (an alpha adrenergic agent) and thenyIdiamine (an 
antihistamine). The rationale for inclusion of the phenyl
ephrine was two fold. First, it was believed that the drug 
would produce some bronchodilation by decongesting the 
mucosal lining of the respiratory tract, and secondly that 
the local vasoconstriction produced by this sympathomimetic 
would prolong the effect.of isoetharine. The thenyldiamine 
was included because it was believed it would dry mucous 
secretions in the respiratory tract. Goldfarb and Romanoff 
(1962) clinically tested such a combination against the 
bronchodilator activity of the individual ingredients, 
various combinations of these ingredients and placebo. The 
doses used were isoetharine 350 meg, phenylephrine 70 meg



and thenyldiamine 30 meg. Table 1 shows the results of 
testing of FEV^ q done subsequent to drug administration. 
Though the authors indicate the tests were double blinded 
there is no mention of how many subjects were tested with 
each drug or drug combination or if a crossover design was 
employed. The authors claim that the three-drug combination 
was clinically superior to all other tested drugs and combi
nations but the statistical significance of the noted differ
ences was not ascertained.

Table 1. Comparison of the effect of isoetharine, phenyl
ephrine, thenyldiamine and their combinations on 
FEVi q (from Goldfarb and Romanoff 1962) .

Drug(s) Inhaled* Increase in FEV^ g (cc)

IE + PE + TH 315
IE 261
IE + TH 228
PE + TH 219
IE + PE 208
PE 200
TH 118
Placebo 60

*IE = Isoetharine 350 meg, PE = Phenylephrine 70 meg, 
TH = Thenyldiamine 30 meg.
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In a more recent study Specter, Hudson and Petty

(1977) compared an isoetharine and phenylephrine combination 
(Bronkosol ) to isoetharine and phenylephrine as single 
entities in the same concentrations as found in the combi-^ 
nation product. They gave the drugs via an air pressure 
nebulized system. They used FEV^ q, FVC and FEF2 g_7g as 
the measures of decrease in airway resistance. The drugs 
were given to a total of 36 patients in three different 
treatment centers. It was found that Bronkosol and iso
etharine produced significantly greater increases in all 
pulmonary function tests from 15 minutes to 240 minutes 
after administration than did phenylephrine. Bronkosol 
produced significant improvement over baseline airway func
tion for 240 minutes while plain isoetharine produced sig
nificant improvments only out to 180 minutes. However, the

(Fdifferences in airway function improvement between Bronkosol 
and isoetharine were not significant at any time. These 
authors conclude that contrary to the results Of Goldfarb 
and Romanoff (1962), phenylephrine does not produce even 
slight bronchodilation. Also they concluded that addition 
of phenylephrine did not significantly prolong the thera
peutic effect of isoetharine.

Maguire and Nair (1978) tested isoproterenol, iso
etharine with phenylephrine, phenylephrine alone and iso
etharine alone given by metered dose inhaler. The drugs 
were tested in nine patients with long-standing histories
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of asthma. A randomized, double blind crossover study was 
performed. Measurements of FEV^ q were taken and it was 
found that bronchodilation at 5 and 15 minutes after drug 
inhalation was significantly greater for plain isoetharine 
than for any of the other preparations including the 
isoethafine/phenylephrine combination. Phenylephrine alone 
produced a steady but nonsignificant decrease in FEV^ ^ .
The authors conclude that not only did phenylephrine not act

as a bronchodilator, its combination with isoetharine signif
icantly inhibited the ability of isoetharine to function as 
a bronchodilator.

The vasoconstrictor action of phenylephrine had been 
believed to help prevent the fall in arterial oxygen tension 
noted after administration of beta adrenergic agents by 
helping to maintain a better balance between alveolar venti
lation and hemoperfusion of the lung. Maguire and Nair
(1978) studied the fall in arterial oxygen tension following 
administration of plain isoetharine and the isoetharine/. 
phenylephrine combination. They found the decrease in PaOg 
following the combination preparation to be slightly less 
than that following single entity isoetharine. The differ
ences between the PaC^ changes produced by the two products 
were, however, not significant. The authors contend that 
these results did lend some degree of support to the concept 
of a diminished fall in PaOg resulting from the combination 
of phenylephrine with isoetharine. However, the evidence
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against phenylephrine providing any beneficial effect in

®bronchodilation has led to reformulation of the Bronkosol 
and Bronkometer products such that they now contain only 
isoetharine.

One of the advantages of aerosol administration of 
sympathomimetic bronchodilators is the rapidity with which 
bronchodilation can be achieved. Kaimal, Schwartz and 
Chester (1979) gave isoetharine, isoetharine/phenylephrine 
combination, isoproterenol and phenylephrine to 12 asthmatic 
patients. The subjects' FEV^  ̂ as percent of baseline mea
surement were recorded out to 180 minutes. Phenylephrine 
produced a nonsignificant decrease in FEV^ q . The other 
agents produced peak response at the first measurement time 
which was 15 minutes after drug administration. Isoetharine 
showed the greatest response, followed by isoproterenol and 
the isoetharine/phenylephrine combination. Both plain iso
etharine and the drug in combination with phenylephrine 
appeared to have a longer duration of activity than isopro
terenol but the differences in effect were not significant 
at any time during the three hour study period. Mattila and 
Muitarri (1966) found that the isoetharine/phenylephrine/ 
thenyldiamine combination produced peak response, as mea
sured by peak expiratory flow rate (PEFR), in 15 minutes. 
Freedman and Hill (1971) used precisely the same combination 
of drugs and demonstrated peak response as measured by FEV^ q 
to occur in five minutes. The results of Freeman and Hill
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(1971) are in agreement with those of Howard and Coleman
(1967) who also tested the same combination product and
found that maximal response as measured by FEV, n occurredJL o U
at five minutes after administration„ It seems reasonable 
to conclude that maximal response from isoetharine can be 
expected to occur within 15 minutes or less.

The rapidity with Which bronchodilation occurs is an 
important therapeutic consideration for patients experienc
ing an acute episode of bronchoconstriction such as occurs 
with extrinsic asthmatic patients whose disease has an aller
gic component and is seasonal in nature. For those patients 
who suffer chronic obstructive lung disease the duration of 
bronchodilator action becomes equally important. Isoetharine 
retains the basic structure of the catecholamines and is 
therefore subject to metabolic degradation by COMT in the 
lung. It is this metabolic event which is believed to limit 
the duration of action of isoetharine.

Emirgil, Dwyer and Sobol (1976) compared the dura
tion of action of an isoetharine/phenylephrine combination 
with that of metaproterenol. Metaproterenol, unlike iso
etharine or isoproterenol, is a resorcinol derivative and 
thus not subject to the action of COMT. The drugs were 
given by metered dose inhaler in a double blind crossover 
manner to 20 bronchial asthma patients. The inhalers
delivered either 680 meg of isoetharine combined with 140

@meg of phenylephrine (Bronkometer ) or 1300 meg of
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metaproterenol„ Both drugs produced a greater than 15%
increase in FEV^  ̂ at five minutes and the response to

O- *Bronkometer was significantly greater than the response
to metaproterenol (42% increase in FEV^ q versus 39%

®increase). The Bronkometer maintained a 15% or greater 
elevation of FEV^ q for about 23$ hours while metaproterenol 
continued to produce a greater than 15% elevation of FEV^ q 

at the termination of the study which was four hours. The
overall effect of metaproterenol was significantly greater

©than that of Bronkometer at the three and four hour time 
periods. Similar results were obtained for measures of FVC. 
Riker and Gacace (1980) performed a similar comparison of
these two drugs. They administered metaproterenol and an

©isoetharine/phenylephrine combination (Bronkosol ) by inter
mittent positive pressure breathing machine to 27 patients 
with reversible bronchospastic disease. Doses of 15 mg of 
metaproterenol and 5 mg of isoetharine in combination with 
1.25 mg of phenylephrine were used. Thus, on a weight basis 
Riker and Gacace (1980) used a dose of metaproterenol three 
times as large as isoetharine while Emirgil et al. (1976) 
used a dose less than twice as large. For all the measures 
of pulmonary function employed, metaproterenol showed

(R) ‘greater increase over baseline values than Bronkosol at all
measurement times out to six hours. A 15% or greater

©increase in FEV^ q was observed for Bronkosol for slightly 
less than two hours while metaproterenol showed this degree
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of elevation for nearly six hours„ It could thus be antici
pated that depending on the dose administered, the duration 
of clinically significant bronchodilator action produced by 
isoetharine is on the order of two to three hours.

Adverse reactions to isoetharine and its combinations 
are apparently very minimal. Neither Emirgil et al„ (1976) 
or Riker and Cacace (1980) observed any side effects from the 
administration of isoetharine. Of the few side effects that 
have been reported for isoetharine, increased heart rate, 
palpitation and tremor seem to occur with the greatest fre
quency (American Hospital Formulary Service 1979).

Metaproterenol 
Metaproterenol is a very close structural analog of 

isoproterenol. Metaproterenol has two hydroxyl groups 
attached to the benzene moiety in the meta positions as 
opposed to isoproterenol which has one hydroxyl group in the 
meta and one in the para position (see Figure 2). As a 
result metaproterenol is classified as a resorcinol deriva
tive and not a catecholamine. This structural difference 
renders metaproterenol resistant to the action of COMT and 
thus prolongs its therapeutic effect (Jack 1971).

Like isoetharine the onset of effect of metapro
terenol is found to be rapid. However, whereas the initially 
measured response to isoetharine is generally found to also 
be the peak response, the peak response to metaproterenol is
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somewhat delayed. Reilly, Rogers and Bickerman (1974) and 
Sobol and Reed (1974) performed similar studies of the onset 
of metaproterenol bronchodilator activity with strikingly 
similar results. Reilly et al. (1974) studied metaproterenol 
in a sample of 19 patients with reversible obstructive airway 
disease. The drug was given by metered dose inhaler in a 
dose of 1300 meg. Forced expiratory volume at one second 
was measured at one, three, six and fifteen minutes after 
metaproterenol. At the one minute measurement metaproterenol 
had produced an average 18.17% increase in FEV^ q . With a 
15% increase in FEV^ q as a generally accepted standard of 
measure for clinical improvement in airway function meta
proterenol was judged to be capable of producing an onset 
of bronchodilator effect within one minute after administra
tion. Sobol and Reed (1974) studied an identical 1300 meg 
dose of metaproterenol given by metered dose inhaler in 20 
subjects with reversible airway obstruction. They, like 
Reilly et al. (1974), measured percent change in FEV^ q at 
one, three, six and fifteen minutes. In this sample of 
patients a 21% increase in FEV^ q was recorded at one minute. 
These data show metaproterenol to produce a clinically sig
nificant response within one minute. Sobol and Reed (1974) 
also noted clinical improvement in FVC, maximum expiratory 
flow rate (MEFR) and maximal mid-expiratory flow rate (MMEFR). 
at the one minute measurement.



34
Mattila and Muitarri (1966) measured the changes in 

peak expiratory flow rate (PEFR) as a result of metaprofere- 
nol administration. Twelve asthmatics were given a 700 meg 
dose of metaprOterenol via metered dose inhaler. They then 
measured their subjects' PEFR out to two hours. The maximum 
increase in this pulmonary function measure was found to 
occur at thirty minutes after dosing. In contrast, the 
maximal responses to a 200 meg isoproterenol dose and 350 
meg dose of isoetharine in combination with phenylephrine 
and thenyldiamine occurred at five minutes and fifteen 
minutes respectively.

Howard and Coleman (1967) observed changes in FEV^ q , 
FVC and MEFR following a 1300 meg dose Of metaproterenol 
administered via metered dose inhaler. A total of 30 
patients with moderate to severe bronchial asthma were 
tested at five and thirty minutes after drug administration. 
All three pulmonary function measures showed the greater 
response to metaproterenol occured at the 30 minute measure
ment time. Given the limited time course of this study it 
is not possible to determine if the peak response occurred 
at 30 minutes or later. Emirgil et al. (1976) tested a 
1300 meg metered aerosol dose of metaproterenol in 20 
bronchial asthmatics. Both FEV^ q and FVC were measured 
out to 240 minutes after the drug administration. The peak 
response to both pulmonary function parameters was found to 
occur at 120 minutes after drug administration. It should
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be noted that the 120 minute peak response measured by 
Emirgil et al. (1976) appeared to differ only slightly from 
the response measured by these investigators at five minutes„

Holmes and Morgan (1968) tested a metered aerosol 
dose of metaproterenol which was five times larger than that 
employed by Howard and Coleman (1967) or Emirgil et al.
(1976). A dose of 4500 meg was given to 24 patients who 
suffered from airway obstruction which had a reversible 
component. Measurements of FEV^ g , FVC and MMEFR were taken 
over a period of six hours. All measures showed maximal 
improvement at the 60 minute time interval. The maximum 
percent increase in FEV^ q recorded with this large dose 
computes to be between 40% and 45%. The maximal percentage 
FEV^ q increase recorded by Emirgil et al. (1976) was 
slightly more than 42%. Bearing in mind the previously 
mentioned hazards of comparisons of different bronchodilator 
studies it seems reasonable to speculate from the results of 
Emirgil et al. (1976) and Holmes and Morgan (1968) that maxi
mal response to metered dose metaproterenol is achieved with 
a dose of around 1300 micrograms.

Beck (1980) studied metaproterenol nebulizer solu
tion given via intermittent positive pressure breathing 
machine. A total dose of 15 mg of metaproterenol was placed 
in the medication receptacle of the machine. Beck justifies 
the use of such a large dose on the basis of the work of 
Shenfield et al. (1973) which showed that with IPPB



administration of tritiated albuterol only 10% to 15% of the 
amount of drug by weight placed into the breathing head 
assembly actually reaches the patient. It should be noted 
that the metaproterenol nebulizer solution now marketed in 
this country is recommended by the manufacturer to be used 
in a 15 mg dose. The drug was administered to 22 adult 
patients with bronchospastie pulmonary disease. Peak FEV^ q 

response was not achieved until two hours after dosing. 
Measured as percent change in FEV^ q this dose of drug given 
via IPPB produced nearly a 50% increase in FEV^ q .

Thus while it seems reasonable to expect an onset of 
bronchodilatOr effect from metaproterenol inhalation within 
a very few minutes, the time until peak response occurs is 
much less well defined. From a practical, clinical stand
point the fact that metaproterenol is capable of producing 
very rapid, clinically significant response in the patient 
experiencing acute bronchospasm is of primary importance. 
Whether the peak response occurs in 30 minutes or two hours 
is really a secondary consideration for the treatment of 
acute bronchospasm.

The clinical considerations for the patient with 
chronic airway obstruction are somewhat different from the 
acute situation. How rapidly a response occurs is not as 
important as how long the response lasts. Swarts and Hyde
(1976) experimented with metaproterenol nebulizer solution 
in 27 patients with reversible airway obstruction. The drug
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was given in a dose which was stated to provide the subject 
with 1500 meg of drug via a hand bulb nebulizer„ Pulmonary 
function measures of FVC, FEV^ g and MEFR were taken at 
30 minutes and then hourly for six hours„ it was found that 
at the six hour termination point of this study the FEV^ g 
measurement was approximately 20% over baseline measurements„ 
With a 15% improvement generally considered to be indicative 
of clinically significant response it Can be stated that the 
duration of effect of metaproterenol was greater than six 
hours. Chervinsky (1977) tested identical doses in 28 
asthmatic patients. Measurements were conducted both before 
and after a 60 day outpatient trial of the drug. In both 
tests metaproterenol was found to maintain a 15% or greater 
increase in FEV^ g for slightly more than four hours.

Riker and Cacace (1980) tested metaproterenol solu
tion given by intermittent positive pressure breathing 
machine. A total of 15 mg of metaproterenol was placed into 
the machine and given to 27 patients. Using the estimation 
by Shenfield et al. (1973) that this mode of delivery only 
provides the patient with 10% to 15% of the dose employed 
it can be estimated that these subjects received doses quite 
Similar to the 1500 meg metered aerosol dose used in the 
studies by Ewarts and Hyde (1976) and Chervinsky (1977). 
Riker and Cacace (1980) found that a 15% or greater eleva
tion in FEV^ g persisted for nearly six hours. These 
results are substantially in agreement with those of a
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similar study done by Beck (1980). Beck observed a slightly 
greater than 15% increase in FEV^  ̂ to be present at the six 
hour termination point of testing.

Estimations of the duration of metaproterenol action 
following metered dose aerosol inhalation of the drug are 
somewhat more sparse in the literature than those studies 
which used the respirator solution dosage form. While many 
investigators have studied metered dose aerosol administra
tion of metaproterenol few have conducted testing beyond 
three hours after drug administration. Following a 1300 meg 
metered aerosol dose of metaproterenol Emirgil et al. (1976) 
observed an average 22% increase in FEV^  ̂ in 20 patients 
four hours after drug administration. Holmes and Morgan 
(.19 68) conducted pulmonary function testing of the effect of 
metaproterenol for six hours after drug administration. It 
will be recalled that, in this study an extraordinarily high 
dose of metaproterenol of 4500 meg by metered dose inhaler 
was employed. These investigators showed an average FEV^ q 

increase of approximately 20% after six hours in the 24 
patients tested. Racoveanu et al. (1971) administered 1500 
meg of metaproterenol to 22 patients who had been hospital
ized for bronchial asthma. A greater than 15% increase in 
FEV^ q was observed to persist for five hours following 
metered dose inhalation of the drug.

It seems possible from the data available to postu
late that the duration of action of metaproterenol is related
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to the dose administered. The precise nature of this rela
tionship to dose or mode of administration is at this time 
rather poorly defined. It does seem reasonable to ascribe 
to metaproterenol a duration of effect on the order of four 
to six hours.

The in vitro study done by Thiringer et al. (1971) 
on human segmented bronchi showed that isoproterenol is 
16 times more potent on a weight basis than metaproterenol.
A number of investigators have conducted in vivo clinical 
testing with these two closely related drugs. As has already 
been discussed with regard to isoetharine, the results of 
in vivo testing do not support the in vitro results of 
Thiringer and co-workers. Chervinsky (1977) and Swarts and 
Hyde (1976) compared these two drugs when given by hand bulb 
nebulizer to asthmatic patients. In both studies it was 
estimated that patients received 1.5 mg of metaproterenol 
and. 0.15 mg of isoproterenol. The studies also were similar 
in that comparative pulmonary function testing Of these two 
drugs was conducted both before and after 60 day open label 
crossover trials of the two drugs. Chervinsky reported that 
response to metaproterenol was significantly greater than 
response to isoproterenol out to three hours after drug 
administration before the 60 day trial and out to four hours 
following the 60 day trial, Swarts and Hyde reported that 
response to metaproterenol was significantly greater than 
isoproterenol out to four hours in the initial testing and
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out to six hours after the 60 day trial. In these studies, 
therefore, a metaproterenol dose which was ten times greater 
than the isoproterenol dose proved to be significantly more 
effective in producing bronchodilation. This is much less 
than the 16 fold difference Thiringer et al. (1971) predicted 
would be needed to achieve a bronchodilator response with 
metaproterenol equivalent to the response of isoproterenol.

Sobol and Reed (1974) compared isoproterenol and 
metaproterenol given as metered dose aerosols. Metapro
terenol 1300 meg and isoproterenol 150 meg were given to 
20 subjects with reversible bronchospasm. Pulmonary function 
testing was performed at one, three, six and fifteen minutes 
after drug administration. There were no differences found 
between the responses to the two drugs at any of these times. 
This eight fold weight difference in dose would, on the basis 
of the limited time course of the study, seem to represent 
equipotent doses of these two drugs. It must be remembered, 
however, that peak response to metaproterenol probably had 
not yet occurred within the 15 minute duration of this study 
while peak response to isoproterenol probably had occurred. 
Pelz (1967) did perform a longer duration comparative study 
of'these two drugs given by metered dose aerosol. Twenty-two 
subjects were administered 1300 meg of metaproterenol and 
150 meg of isoproterenol. These doses are identical to the 
doses employed by SObol and Reed (1974). Pelz took measure
ments of FEV^ Q, FVC and MEFR at 30 minutes, 60 minutes and
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two hours after drug administration» Metaproterenol was 
found to be superior to isoproterenol in every test except 
the 30 minute measurement of FVC„ These results would indi
cate that had Sobol and Reed proceeded with pulmonary func
tion testing for greater than 15 minutes they too would have 
found that these doses of metaproterenol and isoproterenol, 
are not equipotent.

Metaproterenol is a selective beta-2 agonist and as 
such it demonstrates the side effects previously described 
for isoetharine and other drugs of this class. The study 
conducted by Garra et al. (1977) comparing isoproterenol and 
metaproterenol in asthmatic children and adolescents con
sidered the adverse effects produced by both agents. Both 
metaproterenol and isoproterenol produced similar elevations 
of heart rate immediately following drug administration.
Heart rates occasionally approached 200 beats per minute for 
both drugs and recorded heart rate elevations persisted 
longer for metaproterenol than isoproterenol. The authors 
are uncertain whether the increased heart rate following 
metaproterenol administration was a function of direct beta-1 
cardiostimulation or was a reflex response to beta-2 induced 
vasodilation. The authors found no remarkable changes in 
systolic blood pressure for either drug. However, mean 
diastolic pressure in the metaproterenol treated group was 
lower. This fall in mean diastolic pressure may therefore 
have been the direct cause of the metaproterenol induced
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tachycardia. Similar decreases in mean respiratory rate were 
noted with both drugs. Contrary to what might be expected, 
Garra et al, (1977) reported a higher PaC^ for metaproterenol
at the one hour post drug measurement interval than at base
line measurement of this value, At no other time were 
changes in PaOg or other arterial gases recorded. This 
increased PaOg may be explained by the fact that the drugs 
were given via an oxygen driven nebulizer.

Freedman and Hill (1971) administered a 1000 meg 
dose of metaproterenol to 11 asthmatic patients and measured 
changes in cardiovascular parameters. Measures of heart 
rate, systolic pressure, diastolic pressure and pulse pres
sure showed no significant changes over the three hour study 
period. Electrocardiogram tracings likewise showed no 
significant changes in cardiac stress. Even the very large 
dose of metaproterenol (4500 meg) employed by Holmes and 
Morgan (1968) produced only mild changes in cardiac dynamics.

■ Adverse effects associated with metaproterenol 
administration are similar to those reported for isoetharine. 
Palpitations, nervousness, tremor and tachycardia have been 
observed and are considered to be dose related (Knoben, 
Andersen and Watanabe 1979) . These adverse reactions are 
most often reported subsequent to oral administration of the 
drug. When one considers the very low doses of metapro
terenol employed by the inhalation route it is not surprising
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that reports of adverse reactions pursuant to inhalation of 
metaproterenol are rare.

Albuterol
Albuterol has been used for over ten years in clini

cal practice in Great Britain and other European countries 
where it is known as salbutamol, It is, however, only 
recently available for use in the United States, The bron- 
chodilator effect of albuterol was initially demonstrated by 
in vivo studies in guinea pigs in which bronchospasm was 
induced by acetylcholine (Brittain et al, 1968). In later 
work, Brittain further defined the pharmacology of albuterol 
in animals. In addition to bronchodilator activity it was 
demonstrated that injection of the drug increased blood flow 
to muscles, produced a very modest increase in rate and 
force of cardiac contraction and induced a fine peripheral 
muscle tremor (Brittain 1971).

Simpson (1971) studied the pharmacology of albuterol 
in humans. The drug was given orally and by inhalation to 
six normal subjects. Radioactively labelled doses of 200 
meg or 400 meg by inhalation and radiolabelled oral doses 
of 4 mg to 8 mg were used. It was found that the drug was 
well absorbed orally but systemic absorption following its 
inhalation was insignificant. Measurements of airway con
ductance showed the oral dosage form to have a longer time 
to peak effect and a shorter duration of action than the
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inhaled dosage form. The authors theorize that the prolonged 
duration of action observed for inhaled albuterol was reflec
tive of slow mobilization of the drug from the respiratory 
tract.

Albuterol, like metaproterenol, is a noncatechol 
adrenergic beta stimulant (see Figure 2)„ Albuterol, there
fore, will not serve as a substrate for COMT, thus prolong
ing its duration of action. Using tritiated albuterol 
Walker et al. (1972) demonstrated that albuterol is well 
metabolized on its first pass through the liver. The pharma
cokinetic profiles of inhaled and oral albuterol were found 
to be remarkably similar. For this reason Walker et al.
(1973) postulate that the majority of an inhaled dose is in 
fact swallowed. Serum concentrations of oral albuterol 
correlated closely with improvement in FEV^ ^ . However, 
inhaled albuterol exerted an effect before blood levels were 
measurable. Since the dose of inhaled drug was 1/100 the 
dose of oral drugs the authors contend that their data con
firm the topical action of the aerosol dosage form and the 
inability to relate plasma levels of inhaled drugs to pharma
cologic effect.

Larsson and Svedmyr (1977) conducted a dose response 
study of various albuterol dosage forms. In one phase of 
the study albuterol was administered by metered dose inhaler 
at increasing dosages every 30 minutes. It was shown that 
maximum bronchodilator response was registered after the
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first three doses of albuterol were given which represented 
a cumulative dose of 900 meg. Approximately a 25% elevation 
in FEV^ q was observed 15 minutes after inhalation of the 
lowest dose tested which was 100 meg. Bennis and Svedmyr
(1977) conducted a similar study with albuterol respirator 
solution. The drug was administered in increasing dosages 
which were given every 60 minutes. Maximum response as 
measured by FEV^ q was found to occur 30 minutes after inha
lation of a total cumulative dose of 12.5 mg.

Despite many years of successful use in Great Britain 
and other countries albuterol has only recently been approved 
for use in the United States. The U.S. Food and Drug Admini
stration had held up approval of the drug due to reports of 
mesovarian leiomyomas in selected strains of Sprague-Dawley 
rats subsequent to albuterol dosing. It was eventually 
shown that this leiomyoma was nonmalignant and that is occur
rence was unique to this particular strain of rat (Poynter, 
Harris and Jack 1978). In light of this information and the 
fact that the drug had been used for a decade in Great 
Britain without demonstrating any carcinogenicity, the FDA 
has approved this drug for clinical use.

As is the case with other beta adrenergic drugs the 
inhalation of albuterol is associated with a very rapid 
onset of bronchodilator activity. Jenkinson, Light and 
George (1977) administered a 200 meg dose of albuterol to 
18 bronchial asthmatics. The first spirometric measurements
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were taken 15 minutes after drug administration. It was 
found that albuterol, had produced a 25% increase in FEV^ g 
at the 15 minute post drug interval. Using the same metered 
aerosol dose of albuterol in 21 asthmatic patients, Riding, 
Dinda and Chatterjee (1970) showed onset of albuterol 
bronchodilator activity to occur one minute after drug admin
istration. A 26% increase in FEV^ g was recorded by these 
researchers at the one minute post drug interval. Caddie, 
Legge and Palmer (1973) administered a 200 meg dose of albu
terol by metered dose aerosol to ten bronchial asthmatics. 
Their first post drug administration spirometric measurement 
was taken at five minutes. At this time interval it was 
found that FEV^ g had increased slightly more than 19% over 
baseline measurement.

The studies cited indicate that therapeutic response 
to albuterol does occur very rapidly. The time to peak 
therapeutic response for albuterol is somewhat more pro
longed. Riding et al. (1970) found peak response as mea
sured by FEV^ g or FVC to occur at 60 minutes afer drug 
inhalation of 200 meg of albuterol. Caddie et al. (1973) 
used the same dose of drug but observed an earlier peak 
response. Maximum increases in FEV^ g and FVC occurred at 
15 minutes and 30 minutes respectively.

In two studies which employed lower doses of albu
terol it was found that time to peak response for the drug 
was somewhat delayed. Mahajan, Tomashefski and Huber (1977)
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administered 170 meg doses of albuterol by metered dose 
aerosol to 24 bronchial asthmatics. The maximal increase 
in FEV^ q was observed to occur at 60 minutes after drug 
administration. It will be noted that this is in agreement 
with the findings of Riding et al. (1970). However, maximal 
increase in FVG observed by Mahajan et al. (1977) did not 
occur until 90 minutes which is 30 minutes later than the 
time to peak response recorded by Riding et al. (1970) for 
this spirometric measure. Jenkinson et al. (1977) tested a 
160 meg dose of albuterol in 18 bronchial asthmatic patients. 
In this sample of patients maximal FEV^ q response did not 
occur until 120 minutes after drug administration.

The above studies indicate that maximal broncho- 
dilation subsequent to albuterol inhalation can occur any 
time from 15 minutes to 120 minutes after drug administra
tion. An important point to note is that in all of the 
cited studies which measured time to peak response the 
numerical differences in measurements of airway resistance 
Were small over the approximate time course of 15 minutes to 
120 minutes after drug inhalation. As previously mentioned, 
a therapeutic response to the drug can be expected within 
one to five minutes. Therefore, any arguments over whether 
peak response occurs at 15 minutes or 120 minutes are purely 
academic. This is especially true when one Considers that 
the absolute difference between measures of airway resistance 
at the 15 minute and 120 minute intervals are small.
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Studies which definitively describe the total dura

tion of effect of albuterol are difficult to locate in the 
literature. This is because bronchodilator studies are 
seldom conducted for more than a six hour post drug interval 
and it appears that the duration of therapeutic response to 
albuterol can be expected to persist somewhat longer than 
six hours.

For the purposes of this discussion a greater than 
15% increase in FEV^ q will again be used as a measure of
therapeutic response to the drug. Riding et al. (1970)
observed a duration of action for a 200 meg inhaled dose 
of albuterol of greater than six hours. At the six hour 
termination point of their study the increase in FEV^ q was 
17.7%. When Mahajan et al. (1977) administered a 170 meg
dose of drug the six hour increase in FEV^ q was measured
at slightly greater than 15%. Jenkinson et al. (1977) used 
a 160 meg dose of albuterol. In their study the increase in 
FEVi q fell below the 15% level at approximately 250 minutes 
after drug administration. It is tempting to suggest that 
the lower dose of Jenkinson et al. was the cause of a 
shortened duration of action for albuterol. The dose 
response studies of Bennis and Svedmyr (1977) and Larsson 
and Svedmyr (1977) have shown that the degree of airway 
dilation produced by albuterol is a dose related phenomenon. 
Presumably the same dose dependency would be found for dura
tion of bronchodiiation. However, before one concludes that
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any given dose reported in the literature is associated with 
a particular duration of response the method of response 
measurement used must be fully appreciated. Any percentage 
increase over baseline FEV^ q will be dependent to a large 
extent on the absolute value of the baseline measurement.
The patient who is only mildly bronchoconstricted (i.e., 
relatively bronchodilated) has a lower potential for an 
increase in FEV^ q measured as percent increase over base
line. Thus the shorter duration of action reported by 
Jenkinson et al. (1977) may have been as much a function of 
the degree of airway narrowing present in their subjects 
before drug administration as it was a function of the dose 
used. Unfortunately actual baseline FEV^ q values are not 
reported by Jenkinson et al. (1977). Despite this and other 
difficulties of bronchodilator study comparisons already 
mentioned it seems reasonable to ascribe to albuterol a 
duration of action of six hours or longer when administered 
by metered dose aerosol in a dose of 200 meg.

The study by Mahajan et al. (1977) compared albuterol 
to isoproterenol. Metered doses of 170 meg of albuterol and 
158 meg of isoproterenol were given. The peak effect for 
isoproterenol occurred at 15 minutes while that for albuterol 
occurred at 60 minutes. The six hour duration of the 
albuterol effect was much greater than the one to two hour 
duration seen with isoproterenol. Jenkinson et al. (1977) 
used smaller doses of the same two drugs (isoproterenol



130 meg, albuterol 160 meg). In this study isoproterenol 
induced peak response was recorded at 30 minutes with a dura
tion of less than 90 minutes. Albuterol’s time to peak 
response and duration of response were 120 minutes and 250 
minutes respectively. In a four hour comparative study 
Tattersfield and McNicol (1969) gave a 100 meg dose of 
albuterol and a 500 meg dose of isoproterenol to ten chronic 
asthmatic patients. Even though this study compared a 
rather low dose of albuterol to a rather high dose of iso
proterenol, results were similar to those of Jenkinson and 
co-workers (1977), Initial increases in FEV^ q for both 
drugs were similar but a 200 minute duration of action was 
recorded for albuterol while this very high dose of isopro
terenol produced bronchodilation for only about 120 minutes.

Chatterjee and Perry (1971) administered between one 
and two milliliters of 0.5% solutions of albuterol and iso
proterenol via ultrasonic nebulizer. The authors do not 
specify precise milligram doses of either drug but presume 
that the doses were equivalent on a weight basis. The drugs 
were tested in ten asthmatic patients. Similar peak 
responses were observed with both drugs. The therapeutic 
effect from isoproterenol persisted for approximately 200 
minutes while the increase in FEV^ q produced by albuterol 
was still at greater than 40% at the four hour termination 
point of this study.
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Tala, Kellomaki and Pylkas (1971) tested metapro- 

terenol and albuterol in 12 asthmatic patients. The drugs 
were given as metered dose aerosols in doses of 200 meg of 
albuterol and 1500 meg of metaproterenol„ Responses to the 
drugs were not statistically different. Although the study 
was conducted for only three hours after drug administration 
the authors postulate a longer duration of action for albu
terol on the basis of a slightly greater response measured 
at the three hour time interval. Choo-Kang, Simpson and 
Grant (1969) had previously tested the same doses of these 
two drugs. These investigators also found no significant 
differences between the responses to the two drugs over a 
five hour period of observation. These authors do note that 
patients expressed a subjective preference for albuterol and 
thus claim a. clinical advantage for this drug although no 
measurable therapeutic advantage over, metaproterenol was 
demonstrated.

A study of longer duration was done by Riding et al. 
(1970). As with the two studies just cited the doses used 
were 200 meg and 1500 meg for albuterol and metaproterenol 
respectively. In contrast to the results reported by Tala 
et al. (1971) and Choo-Kang et al. (1969) albuterol was 
found to produce a superior bronchodilation at all time 
intervals. In addition the response produced by metapro
terenol lasted only three hours while response to albuterol 
persisted for more than six hours.
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A metaproterenol dose of 3000 meg was tested against 

an albuterol dose of 400 meg both given by metered dose 
aerosol. The drugs were tested in a, sample of 13 patients 
suffering from chronic bronchitis or asthma. While no dif
ference was observed in peak effects the increase in FEV^ q 

at the three hour termination point of the study was slightly 
greater for metaproterenol. On the basis of this observation 
the author postulates a duration of action for metaproterenol 
which is longer than that of albuterol (Dano 1971).

A study done with respirator solutions of metapro
terenol and albuterol demonstrated no differences in response 
over the 150 minute study period. In this study 12 asthmatic 
children were exposed to 37.5 mg of metaproterenol and 7.5 
mg of albuterol (Milner and Ingram 1971). As is character
istic of studies done with respirator solutions the precise 
amount of either drug inhaled cannot be accurately estimated. 
On a milligram basis this is a five fold greater amount of 
metaproterenol than albuterol while most metered dose aerosol 
studies employ 6 to 7.5 times more metaproterenol than albu
terol on a weight basis.

Appraisal of the literature would seem to indicate 
that albuterol may possess a slight advantage over metapro
terenol. with regard to duration of effects and overall 
effect. On the basis of investigations done to date the 
noted differences between these two drugs appear to be 
equivocal at best.
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With regard to side effects albuterol, as expected, 

demonstrates side effects common to beta-2 sympathomimetic 
agents. Most commonly these are peripheral tremor, tachy
cardia and changes in blood pressure and PaOg. Measurements 
have shown no increase (Simpson 1971) or only slight 
increase (Caddie et al. 1973) in heart rate„ When compared 
to other sympathomimetic bronchodilators albuterol induced 
tachycardia is found to be less than isoproterenol (Riding, 
Chatterjee and Dinda 1969, Kennedy and Simpson 1969) and 
less than metaproterenol (Kennedy and Simpson 1969). Albu
terol has also been shown to cause less rise in systolic 
pressure and less fall in diastolic pressure than isopro
terenol or metaproterenol (Simpson 1971) . Chatterjee and 
Perry (1971) measured PaC>2 subsequent to albuterol admini
stration and found a nonsignificant decrease in PaC^ of 
1.1 milliliter of mercury. On the basis of subjective 
patient reports of tremor and other side effects Caddie et 
al. (1973) found that none were reported by ten subjects 
taking albuterol. Scherrer and Bachofen (1972) observed 
that subjective side effects for albuterol were reported 
less frequently than for metaproterenolThe data, there
fore, would indicate that albuterol produces a lower inci
dence of adverse reactions than other beta andrenergic 
agents. The fact that adverse reactions to any of the beta-2 
sympathomimetics are infrequent diminishes the clinical advan
tage of any decrease in adverse reactions related to albuterol.



CHAPTER 3

METHODOLOGY

Subject Characteristics 
The subjects for this study were ten paid volunteers. 

Names of potential subjects were obtained from the files of 
The Tucson Veterans Administration Medical Center Pulmonary 
Clinic. Subjects were paid a total of fifty dollars for 
their participation in the study. Informed written consent 
was obtained from each subject (see Appendix A). Approval 
to conduct the study was obtained from the Human Subjects 
Committee of The University of Arizona Health Sciences 
Center and the Research Committee of the Tucson Veterans 
Administration Medical Center. To be considered for inclu
sion in this study each subject was required to meet the 
following criteria:

1. Male
2. Age 45 to 70 years old
3. A history of reversible bronchospastic airway disease
4. A minimum three month duration of bronchodilator

therapy consisting exclusively of an inhaled sym- . 
pathomimetic and oral sustained release theophylline 
(Theo-Dur -Key Pharmaceuticals)

54
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5„ No clinical evidence of uncontrolled cardiac disease, 

hypertension or thyroid disease 
Subjects which met the above criteria were then tested as 
follows to verify the reversibility of their disease in 
response to inhalation of a sympathomimetic bronchodilator. 
The subject performed three expirations into an Ohio-800 
spirometer which was connected to a Hewlett-Packard graphic 
recording device„ The FEV^ q value for each expiration was 
measured and the best effort recorded. This FEV^ q value 
served subsequently as the prestudy baseline FEV^ q value.
The subject then inhaled 150 meg of isoproterenol from a 
metered dose aerosol in two supervised puffs of 75 meg 
spaced at a one minute interval. Only those subjects who 
demonstrated a 15% or greater improvement in any one of 
three FEV^ q measurements following inhalation of isopro
terenol were included in the study.

The following criteria were established to identify 
subjects to be excluded from the study:

1. Demonstration of a predrug test FEV^ q which was 20% 
greater or less than the prestudy baseline FEV^ q on 
three consecutive test days.

2. Institution of bronchodilator therapy with any drug 
other than an inhaled sympathomimetic and oral sus
tained release theophylline.

3. Development of uncontrolled hypertension, cardiac 
disease or thyroid disease.
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4„ Development of illness or scheduling difficulties 

such that the last testing session could not be 
completed within six weeks of the first testing 
session.

5. Request by the subject to be excluded from the study.

Assumptions
The following assumptions were made with regard to 

the methodology of this studys
1. The pulmonary function tests employed provide accu

rate and clinically useful measures of the degree of 
clinical improvement for a given patient.

2. The aerosol canisters used deliver the amount of 
drug per puff indicated by their respective manu-

 ̂ facturers.
3. Clinical improvement in airway function is accu

rately defined as a 15% or greater increase in

FEVi.cr
4. The doses employed in this investigation are the 

same as those used in the clinical setting.

Hypotheses
As previously stated, the purpose of conducting this 

study was to compare the clinical effectiveness of metered 
dose aerosol inhalation of albuterol, isoetharine and meta- 
proterenol with each other and with placebo. This purpose
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was addressed through the testing of the following null 
hypotheses;
Ho^a There is no difference in the effects produced by 

albuterol, isoetharine, metaproterenol or placebo 
on FEV^ q measured at 15 minutes, 30 minutes, 1 hour, 
2 hours, 4 hours, and 6 hours after dosing.

Bo^k There is no difference in the effects produced by
albuterol, isoetharine, metaproterenol or placebo 
on FEF2 5 _ 7 5  measured at 15 minutes, 30 minutes,
1 hour, 2 hours, 4 hours, and 6 hours after dosing. 

Ho^c There is no difference in the effects produced by
albuterol, isoetharine, metaproterenol or placebo 
on FVC measured at 15 minutes, 30 minutes, 1 hour,
2 hours, 4 hours, and 6 hours after dosing.

H02a There is no difference in the effects produced by
albuterol, isoetharine, metaproterenol or placebo 
on respiration measured at 15 minutes, 30 minutes,
1 hour, 2 hours, 4 hours, and 6 hours after dosing.

Ho 2 ^ There is no difference in the effects produced by
albuterol, isoetharine, metaproterenol or placebo 
on pulse rate measured at 15 minutes, 30 minutes,
1 hour, 2 hours, 4 hours, and 6 hours after dosing. 

Ho2 C There is no difference in the effects produced by
albuterol, isoetharine, metaproterenol or placebo 
on systolic blood pressure measured at 15 minutes.



30 minutes, 1 hour, 2 hours, 4 hours, and 6 hours 
after dosing.
There is no difference in the effects produced by 
albuterol, isoetharine, metaproterenol or placebo on 
diastolic blood pressure measured at 15 minutes,
30 minutes, 1 hour, 2 hours, 4 hours, and 6 hours 
after dosing.
There is ho difference in the overall bronchodilator 
effects produced by albuterol, isoetharine, metapro
terenol or placebo as measured by the area under the 
curve of percent change in FEV^ q versus time for 
each drug.
There is no difference in the overall bronchodilator 
effects produced by albuterol, isoetharine, metapro
terenol or placebo as measured by the area under the 
curve of percent change in FEPgg^g versus time for 
each drug.
There is no difference in the overall bronchodilator 
effects produced by albuterol, isoetharine, metapro
terenol or placebo as measured by the area under the 
curve of percent change in FVC versus time for each 
drug.
There is no difference in the peak FEV^ q response 
produced by albuterol, isoetharine, metaproterenol 
or placebo.
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Ho^k There is no difference in the peak FEF2,-_7g response
produced by albuterol, isoetharine, metaproterenol 
or placebo,

Ho^c There is no difference in the peak FVC response pro
duced by albuterol, isoetharine, metaproterenol or 
placebo.

Hog There is no difference in the duration of broncho-
dilator response produced by albuterol, isoetharine 
or metaproterenol as measured by the duration of 
time that a greater than 15% increase in FEV^ q is 
maintained.

Experimental Procedure 
Subjects were asked to abstain from the use of any 

inhaled bronchodilator for at least 12 hours prior to a 
given testing session and testing sessions were conducted no 
less than 24 hours apart. Subjects were also directed to 
take their morning theophylline dose at least two hours 
prior to the start of a test session and to take no more 
theophylline doses until after the test session was com
pleted. This dosing schedule was chosen to minimize the
total variation of theophylline serum levels over the six 
hour course of the study. Pharmacokinetic studies indicate
that for patients at steady state the total peak to trough 
variation in serum theophylline levels for Theo-Dur over 
an eight hour dosing interval is approximately 5 mcg/ml
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(Dasta et al„1979; Bell and Bigley 1978; Leung, Katsampes 
and Bell 1978)„ By testing two hours after theophylline 
administration the subjects' drug levels should be above 
trough values and approaching peak values and would likely 
not have returned to trough values by the time testing was 
terminated. Therefore the total variation in recorded 
theophylline levels is likely to be less than 5 mcg/ml.

When subjects arrived for testing an initial FEV^ g 
measurement was taken and compared to the prestudy baseline 
FEVi g mentioned above. Any subject for whom this measure
ment was less than 80% or greater than 120% of the prestudy

'
baseline value was hot tested until some later date when an 
appropriate FEV^ g could be demonstrated. The best effort 
of three FEV. _ measurements was recorded and served as thelot)
baseline value for that testing session. Likewise baseline 
values for F E F ^ ^ g  and FVC were determined by recording the 
best effort for these two pulmonary function measures 
resulting from the three forced expirations. As with the 
prestudy testing an Ohio-800 spirometer with Hewlett-Packard 
recording device was used for testing. It should be noted 
that all three pulmonary function measures can be obtained 
from a single forced expiration„

In addition to baseline pulmonary function values 
the baseline values for each subject's pulse, respiration 
and blood pressure were recorded. Subsequent to all of 
these baseline measurements an indwelling teflon or metal
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venous catheter was positioned in the hand or forearm of 
each subject and a three to five milliliter blood sample 
withdrawn for the purpose of serum theophylline determina
tion. One hundred to 200 units of heparin was then injected 
into the catheter to prevent clotting in the lumen or at the 
tip of the catheter needle. Whenever blood was drawn during 
the rest of the study one or two millilters was withdrawn 
through the catheter before taking the blood sample to avoid 
contaminating the blood sample with heparin. After the 
sample was taken heparin was again injected into the cathe
ter to avoid clotting prior to the next sampling.

After completion of the above procedures the subject 
inhaled two puffs, spaced at a one minute interval, of one 
pf the three test agents or placebo from a metered dose 
aerosol. Drugs and doses used were as follows:

Albuterol, 90 meg per puff (180 meg total)
Isoetharine, 340 meg per puff (680 meg total) 
Metaproterenol, 650 meg per puff (1300 meg total)- 
Placebo

The doses of medication used in this study are precisely the 
doses recommended by the respective drug manufacturers. The 
sequence of administration of these drugs was initially 
determined by a third party using a four by four Latin Square 
design. However, due to an error in this sequence of drug 
administration and the inability to acquire the 12 subjects 
needed to satisfy the Latin Square aspect of the design,



62
a Latin Square was not employed. The original sequencing of 
the drugs under the intended Latin Square design was retained 
and served as the basis of random assignment of treatment 
sequence„ The actual sequence of drug administration for 
each subject is presented in Appendix B.

Only one canister of each drug was used for testing 
all subjects with the mouthpiece of the metered dose aerosol 
device being washed in soap and water between uses. Labels 
were removed from the canisters but no attempt was made to 
conceal the different canister shapes. With one exception, 
the subjects of this study were using isoproterenol or meta- 
pro ter enol as part of their bronchodilator therapy. It was 
therefore unlikely that they would recognize the albuterol 
or isoetharine canister. The metaproterenol and placebo 
canisters were identical in appearance, thus effectively 
blinding the subjects on these two treatments. Whenever 
there was a suspicion that an individual subject might be 
able to identify the shape of a given canister the subject 
was directed to close his eyes prior to drug administration. 
All subjects were queried subsequent to their final test 
session with regards to their ability to identify the 
tested agents at the time of testing. All subjects indicated 
that they were not aware of which drug they were receiving 
at the time of testing. A third party selected and super
vised the administration of drugs so that the experimenter 
was blinded with regard to sequence of drug administration.
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Fifteen minutes after drug administration the three 

pulmonary function measures were again performed and, as 
done previously, the best effort of three forced expirations 
was recorded. The subject’s pulse, respiratory rate and 
blood pressure were also measured. All measurements were 
repeated at 30 minutes, 1 hour, 2 hours, 4 hours and 6 hours 
after drug administration.

Blood samples for theophylline serum level determina
tion were drawn at the 1 hour, 2 hour, 4 hour and 6 hour time 
intervals. Immediately after being drawn, each blood sample 
was centrifuged and the serum fraction recovered. The serum 
was then frozen and analyzed at a later time for theophylline 
concentration. Theophylline concentrations were determined 
by the EMIT enzyme immunoassay method.

After each testing session each subject completed 
a side effects questionnaire (see Appendix C).

Data Analysis
The data collection sheet for this study is presented 

in Appendix D. Pulmonary function values were recorded as 
percent change from the baseline value recorded on each test 
day. Values for pulse, respiration and blood pressure were 
recorded as absolute change from the baseline value recorded 
on each test day. The recorded changes in pulmonary func
tion and cardiopulmonary measures were analyzed by analysis 
of variance, repeated measures design (Winer 1971). All
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analyses of variance were performed by the Biomedical Data 
Program P2V (BMDP2V) for analysis of variance and covariance 
including repeated measures.

Analysis of variance (ANOVA) is a statistical tech
nique which partitions the total variation observed for 
experimental results into two components. First there is 
the variation which is inherent within the groups or individ
uals being tested. This is also known as the error varia
tion. The procedure also measures the variation in results 
that can be ascribed to the influence of different experi
mental treatments. The ratio of treatment variation to 
error variation is commonly known as the "F statistic."
The larger the value of the F statistic the greater is the
likelihood that observed variation is actually a result of 
the different treatments applied to the subjects. The cal
culated F statistic is then compared to tabulated values of
F. These tables provide an estimate of the mathematical
probability that an F statistic of a given magnitude that 
has been calculated from data provided by a given number of 
subjects has occurred by chance and not as a result of actual 
differences in the treatments applied (Minium 1978) . This 
statistical procedure is based on the following assumptions 
(Minium 1978):

1. That the population of scores from which the sample 
is taken are normally distributed.
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2. The error variation and treatment variations for

the sample selected are homogeneous with these
same variations in the population.

3. The scores for the subjects tested represent a
random sample of scores for the population.

4 . The scores which are being, compared for differences 
are the result of independent observations of the 
sample selected.

For any experimental design in which the same subjects are 
repetitively tested under two or more treatment conditions 
the assumption of independent observations necessary for 
simple ANOVA cannot be met. Such is the case with the cur
rent experiment. For such experimental designs the more 
sophisticated repeated measures ANOVA is appropriate (Winer 
1971).

The repeated measures ANOVA partitions total 
observed variation into variation between all subjects under 
a given treatment condition and variation within a given 
subject across all treatment conditions. This variation 
within subjects is then further partitioned into variation 
which results from the different treatments (i.e. , treatment 
effect) and the variation which a given subject inherently 
exhibits between repeated treatments regardless of the treat
ment applied. This last source of variation is referred to 
as residual variation. The partitioning of these variations 
is diagrammed in Figure 3. Under the conditions of repeated
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TOTAL
VARIATION

BETWEEN PEOPLE
VARIATION

VARIATION
BETWEEN TREATMENT

VARIATION

WITHIN PEOPLE 
VARIATION

Figure 3. Partitioning of total observed variation under 
repeated measures analysis of variance„
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measures ANOVA the F statistic becomes the ratio of the 
treatment variation to the residual variation (Winer 1971). 
It is because of the computation of residual variation that 
it is possible to compute an F statistic which estimates the 
variation due to differential treatment for a subject or 
group of subjects when repetitively tested under all treat
ment conditions. Thus the assumption of independent obser
vations necessary for simple ANOVA is not required for 
repeated measures ANOVA.

The logarithms of measured serum theophylline con
centrations were “employed as covariates in the analysis of 
pulmonary function measures. Covariance analysis is a 
statistical method for adjusting the influence which an 
otherwise uncontrolled independent variable might have on 
measurements of the dependent variable of interest. As a 
result of the analysis of covariance the mean values for the 
dependent variable are adjusted On the basis of differences 
in the values for the independent covariate. These adjusted 
mean values then represent the means which would be observed 
if all subjects had been selected so that values of the 
independent covariate were the same for all subjects. To 
conduct this analysis it is necessary to assume that the 
independent covariate is linearly related to the dependent 
variable of interest. In the current study it was recog
nized that serum theophylline concentration might have an 
effect on measured pulmonary function tests. For a drug
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such as theophylline it can be assumed that the logarithm 
of the serum concentration of the drug is linearly related 
to the pharmocologic effect produced (Levy 1966). Therefore, 
by including the logarithm of serum theophylline concentra
tions as a covariate of analysis, the recorded means for the 
pulmonary function measures were adjusted for differences 
between subjects in their serum theophylline concentrations.

The measured serum theophylline values were used for 
the 0, 1, 2, 4 and 6 hour time intervals. For the 15 minute 
and 30 minute intervals the serum theophylline levels were 
graphically interpolated between the baseline (time = 0) and 
1 hour determinations. No covariate was employed in the 
analysis of cardiopulmonary parameters as there is no prac
tical basis to assume that theophylline concentration would 
have an effect on these measures.

The areas under the curves of percent change in 
pulmonary function versus time for each subject under each 
treatment condition were determined for all three pulmonary 
function measures. The method of summation of trapezoids 
was.used to obtain these areas. Since this method of area 
under the curve determination does not easily allow for the 
negative data points recorded an adjustment was made to the 
data to ensure that no data points less than zero were 
encountered. This was done by increasing the values for 
all readings for a given pulmonary measure by the absolute 
value of the most negative reading recorded for that
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pulmonary function measure, In this way the lowest value 
encountered was zero. The totals area under each curve was 
increased proportionately for each drug treatment so that 
comparisons for these areas were still valid. The areas 
obtained for each pulmonary function measure were recorded 
for all treatments and compared by analysis of variance, 
repeated measures design.

The greatest increase in FEV^ q, FEF2 g_yg and FVC 
observed for each subject under each treatment was recorded. 
These peak changes for each drug for a given pulmonary func
tion measure were then compared by analysis of variance, 
repeated measures design.

The duration of time for which a subject maintained 
a 15% or greater improvement in FEV^ q was determined for 
each subject under the three drug conditions. This time 
period was considered to represent the duration of thera
peutic effect for each drug. If a subject's increase in
FEV. r\ fell below 15% and then rose above 15% at a later 1.0
time, the latest time at which FEV^ q response fell below 
a 15% improvement was recorded as duration of response. The 
placebo control was not included in this analysis because 
nearly all subjects failed to attain a 15% or greater 
increase in FEV^ q at any time during placebo testing. The 
durations of effect for the three drugs were then compared 
by analysis of variance, repeated measures design.
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Whenever significant differences among treatments 

were indicated by ANOVA the a posteriori test of Scheffe was 
employed to identify where specific differences existed. Of 
the several different a posteriori tests available the 
Scheffe test is the most conservative. That is, fewer sig
nificant differences are likely to be found by using this 
test. As a result the likelihood of committing a type I 
error (rejection of a true null hypothesis) is diminished 
(Winer 1971). This is a reasonable approach for clinical 
drug testing wherein one desires to minimize the possibility 
that observed differences in the clinical response to drug 
or placebo occurred by chance alone. For all statistical 
analyses employed a probability level of 0.05 or less was 
considered necessary to demonstrate an appropriate level of 
statistical significance.



CHAPTER 4

RESULTS

Testing and data collection for this study were 
begun on June 3, 1981 and were completed on August 8, 1981. 
All testing was done in the pulmonary physiology laboratory 
of the Tucson Veterans Administration Medical Center. Test 
sessions began between 8;00 A.M. and 9:30 A.M. and were 
completed between 2:00 P.M. and 3:30 P.M. the same day.

Subjects
A total of 11 subjects were tested for this study.

The data of one subject were excluded because the subject 
was not taking a sustained release form of theophylline 
which constituted a protocol violation. The ten remaining 
subjects were patients of the Pulmonary Clinic of the Tucson 
Veterans Administration Medical Center and met all of the 
previously stated inclusion criteria. All subjects had a 
diagnosis of chronic obstructive pulmonary disease with a 
reversible component.

The average age of the subjects was 59.5 years and 
ranged from 50 years to 65 years of age. The mean percentage 
increase in FEV^ q in response to isoproterenol challenge 
for these subjects was 23.4% and ranged from 19.3% to 32.1%.

71
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At the time of the study, and for at least three 

months prior, all subjects were being treated with Theo-Dur® 
and an inhaled beta adrenergic bronchodilator. The inhaled 
bronchodilatofs being used were isoproterenol (4 subjects), 
metaproterenol (5 subjects) and albuterol (1 subject).

All subjects were familiar with use of the Ohio-800 
spirometer used in the pulmonary function testing. This 
familiarity had been acquired through a combination of prior 
clinical evaluations and previous participation in clinical 
drug studies.

Effect of Theophylline Covariate 
On Pulmonary Function Testing

Serum theophylline level assays were conducted in 
the clinical laboratory service of the Tucson Veterans 
Administration Medical Center. The EMIT immunoassay method 
was employed. Due to this particular laboratory's favorable 
record of reliability of assayed theophylline serum values 
the decision was made not to run the samples in duplicate. 
Nine times during the assay of the 200 serum samples stan
dard curves were generated using six known control theo
phylline solutions ranging in concentration from 0.00 mcg/ml

2to 40.00 mcg/ml. Coefficients of determination (r ) values 
were calculated for each of these nine standard curves. The 
mean r value obtained was 0.9999448 with a range of 
0.9997515 to 0.9999986. These large r^ values indicate that 
less than 0.01% of the differences between assayed and actual
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theophylline concentration in the standard theophylline 
solutions was due to error variance of the assay procedure. 
This implies that the values obtained for serum theophylline 
concentration were reliable and accurate.

Table 2 shows the mean serum theophylline levels 
obtained for the ten subjects under each treatment condition 
and at each time interval. These data indicate that the 
serum theophylline concentrations, and presumably the 
bronchodilator effect of theophylline, were remarkably con
stant over the course of the study. It should be noted that 
the relatively larger standard errors for the mean serum 
theophylline level under the metaproterenol and placebo 
treatment conditions are due primarily to the results from 
one subject. This subject registered a serum theophylline 
concentration of zero on both of these test days. This also 
explains why the mean serum theophylline concentrations for 
metaproterenol and placebo appear to be lower than those for 
albuterol and isoetharine„

The mean percent change in pulmonary function for 
the ten subjects in response to albuterol, isoetharine, meta
proterenol and placebo are presented in Tables 3, 4, 5 and 6 
respectively. The effect of adjusting these means on the 
basis of the logarithm of theophylline serum concentration 
is also presented in these tables. The pulmonary function 
values for albuterol and isoetharine are consistently 
corrected downward while those for metaproterenol and



Table 2. Mean serum theophylline levels (mcg/ml) ± standard error of the mean.

Time after Drug
Administration . Albuterol  Isoetharine Metaproterenol. . . . Placebo .

0 12.54 ± 1.67 13.11 ± 1.67 11.50 ± 2.21 11.33 ± 2.14
15 minutes 12.58 ± 1.64 13.05 ± 1.61 11.62 ± 2.21 11.27 ± 2.09
30 minutes 12.62 ± 1.60 13.01 ± 1.56 11.73 ± 2.22 11.26 ± 2.07
60 minutes 12.44 ± 1.60 12.89 ± 1.49 11.95 ±2.25 11.18 ± 2.10

120 minutes 12.18 ± 1.42 12.84 ± 1.40 12.41 ± 2.09 - 11.85 ±2.14
240 minutes 11.50 ±1.37 12.37 ± 1.33 12.43 ± 1.95 11.77 ± 1.96
360 minutes 10.73 ±1.41 11.80 ± 1.44 11.32 ± 1.65 10.19 ±1.73



Table 3. . Comparison of mean percent change in pulmonary function measures in
response to albuterol after adjustment for theophylline covariate (A)
and without adjustment for theophylline covariate (B).

Pulmonary Time of Mean Percent Change Net Effect of
Function Measurement Adjusted Unadjusted Theophylline
Measure (Minutes) (A) (B) Adjustment (A)-(B)

FEV1.0 15 22.28 22.50 -0.22
30 22.11 22.35 -0.24
60 27.57 27.80 -0.23

120 29.13 29.36 -0.23
240 28.33 28.51 -0.18
360 18.18 18.28 -0.10

FEF25-75 15
30

28.65
26.25

29.44 
27.10

-0.79
-0.85

60 27.08 27.91 -0.83
120 32.09 32.91 -0.82
240 23.94 24.58 —0 .64
360 17.23 17.59 -0.36

FVC 15 36.37 36.61 -0.24
30 31.92 32.18 -0.74
60 34.93 35.18 -0.75

120 40.29 40.54 -0.25
240 27.58 27.75 -0.17
360 22.07 22.18 -0.11

V i



Table 4. Comparison of mean percent change in pulmonary function measures in
response to isoetharine after adjustment for theophylline covariate (A)
and without adjustment for theophylline covariate (B).

Pulmonary Time of Mean Percent Change Net Effect of
Function Measurement Adjusted Unadjusted Theophylline
Measure (Minutes) (A) (B) Adjustment (A)-(B)

FEV1.0 15 21.92 22.22 -0.30
30 20.61 20.91 -0.30
60 21.83 22.13 -0.30

120 18.90 19.20 -0.30
240 ' 11.49 11.75 -0.26
360 12.04 12.24 -0.20

FEF25-75 15
30

16.48
27.32

17.56
28.41

-1.08
-1.09

60 21.67 22.76 -1.09
120 14.12 15.20 -1.08
240 8.37 9.31 -0.94
360 11.21 11.92 -0.71

FVC 1 15 28.40 28.73 —0 .33
30 27.83 28.16 -0.33
60 29.03 29.37 -0.34

120 26.23 26.56 -0.33
240 20.34 20.62 -0.28
360 19.05 19.26 —0 .21

--j
CTV



Table 5. Comparison of mean percent change in pulmonary function measures in
response to metaproterenol after adjustment for theophylline covariate
(A) and without adjustment for theophylline covariate (B)„

Pulmonary Time of Mean Percent Change Net Effect of
Function Measurement Adjusted Unadjusted Theophylline
Measure (Minutes) (A) (B) .... . Adjustment (A)-(B)

FEV1.0 15 21.26 20.89 +0.27
30 24.27 24.02 +0.25
60 27.90 27.67 +0.23

120 27.77 27.64 +0.13
240 29.68 29.57 +0.11
360 19.42 19.24 +0.18

FEF25-75 15
30

13.63
16.55

12.65
15.62

+0.98
+0.93

60 16.42 15.59 +0.83
120 18.78 18.30 +0.4 8
240 19.08 18.68 +0.40
360 14.52 13.87 +0.65

FVC 15 32.14 31.84 +0.30
30 36.18 35.90 +0.28
60 38.48 38.23 +0.25

120 40.10 39.96 +0.14
240 37.80 27.86 +0.12
360 24.63 24.43 +0.20

-j



Table 6. Comparison of mean percent change in pulmonary function measures in
response to placebo after adjustment for theophylline covariate (A)
and without adjustment for theophylline covariate (B)„

Pulmonary Time of Mean Percent Change Net Effect of
Function
Measure

Measurement
(Minutes)

Adjusted
(A)

Unadjusted
.'(B).

Theophylline 
Adjustment (A)-(B)

FEV1,0 15
30
60

120
240
360

4.25
3.21 
5.62
8.22 
8.20 
5.43

3.85
2.87
5.40
8.01
8.03
5.12

+0.40 
+0.34. 
+0.22 
+0.21 
+0.17 
+0.31

FEF25-75 15
30
60

120
240
360

3.17
1.97
8.72
7.73 
9.46 
3.63

1.70
0.73
7.89
6.96
8.84
2.51

+1.47 
+1.24 

' +0.92 
+0.77 
+0.62 
+1.12

FVC 15
30
60

120
240
360

8.65
10.98
11.26
19.69
18.30
12.48

8.21
10.60
11.01
19.46
18.11
12.14

+0.44
+0.38
+0.25
+0.23
+0.19
+0.34

' jCO
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placebo are consistently corrected upward. However, the net 
effect of adjusting these means is, in almost all cases, 
less than one percentage point change in pulmonary function 
and the maximum change recorded was only +1.47%. Since, the 
use of the logarithm of serum theophylline concentration as 
a covariate of the analysis of pulmonary function measures 
resulted in such minimal change in the means for these 
measures the decision was made to eliminate the covariate 
from the data analysis.

Drug Effects on Pulmonary Function 
Measures at Specific Times of Measurement

Figures 4, 5 and 6 present graphic representations 
of the percent change from baseline recorded for FEV^ q, 
FEF2 g_yg and FVC at each time interval for all treatments. 
These figures indicate a sharp improvement following drug 
administration with a gradual decline in effect thereafter. 
The only exception to this pattern is a rather curious 
decline in pulmonary function from the 15 minute to 30 
minute time interval for several of these measures. Tables 
7, 8 and 9 show the results of the repeated measures analy
sis of variance for the three pulmonary function measures. 
The analyses were performed using two trial factors across 
which measurements were repeated. These factors were 
"Drug" with four levels of measurement and "Time" with 
six levels of measurement.
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Table 7. Results for repeated measures analysis of variance of mean percent change
in FEV^ q over time in response to albuterol, isoetharine, metaproterenol
and placebo.

Source
Sum of 
Squares

Degrees of 
Freedom

Mean
Square Probability

Drug
Error

14861.82
12451.85

3
27

4953.94
461.18

10.74 ,0001

Time
Error

1494.67
7878.81

5
45

298.93
175.09

1.71 .1524

Drug/Time
Error

1732.12
9 4 28 . 4 8

15
135

115.48
69 .8 4

1.65 0679



Table 8„ Results for repeated measures analysis of variance of mean percent change
in fef2 5 - 7 5  over time in response to albuterol, isoetharine, metaproterenbl 
and placebo.

Source
Sum of 

. Squares
Degrees of 
Freedom

Mean
Square . F. . Probability

Drug 14427.15 3 4809.05 4.07 .0166
Error 31912.40 27 1181.94

Time 1478.99 5 295.80 1.26 .2978
Error 10565.18 45 234.78

Drug/Time 3276.23 15 218.42 1.45 .1334
Error 20342.35 135 150.68

CO



Table 9. Results for repeated measures analysis of variance of mean percent change
in FVC over time in response to albuterol, isoetharine, metaproterenol
and placebo.

Sum of Degrees of Mean
Source Squares Freedom......... Square........ F........ Probability

Drug 16692.78 3 5564.26 4.68 .0093
Error 32103.65 27 1189.02

Time 3173.45 5 634.69 2.54 .0415
Error 11243.53 45 249.86

Drug/Time 2617.87 15 174.52 1.79 .0418
Error 13150.29 135 97.41
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The first F statistic reported in each table repre
sents the overall effects of drugs for all times of measure
ment and was found to be statistically significant for each 
of the pulmonary function measures. This statistic can be 
thought of as a comparison of the area under the curve for 
mean percent change in pulmonary function versus time for 
each drug. This parameter will be discussed specifically 
later in this chapter.

The second F statistic in each table represents the 
overall effects of time for each of the four levels of the 
drug treatment measurements. This measure may be conceptual
ized as a comparison of the mean percent change in pulmonary 
function versus drug curve for each of the six time periods. 
This is a rather awkward parameter to interpret and adds no 
information to the comparisons of interest and therefore will 
not be discussed further.

■ The last F statistic is of interest for the testing 
of null hypotheses Ho^^, Hoib an<̂  Holc° These hypotheses 
speak to the differences in pulmonary function measures for 
specific drugs at specific times of measurement. This F 
statistic represents the combined effects of the two trial 
factors of drug and time of measurement on the dependent 
pulmonary function variable. It can be seen from Table 7 
that the FEV^ q variable approaches but does not achieve a 
statistically significant difference and only the FVC vari
able achieves a statistically significant difference.
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The a posteriori test of Scheffe was applied to the 

FVC data at the 95% confidence level„ This test indicates 
that albuterol, metaproterenol and isoetharine were all 
different from placebo at 15 minutes, 30 minutes and 1 hour. 
At two hours albuterol and metaproterenol were significantly 
different from placebo and isoetharine„ At four hours meta
proterenol was significantly different from isoetharine and 
placebo. At six hours none of the treatments were signifi
cantly different from each other or placebo. The failure to 
find statistically significant differences among albuterol, 
isoetharine, metaproterenol and placebo at specific times on 
measures of FEV^ q and FEF2 g_^g indicates that null hypo
theses Ho^a and Ho^^ should be retained. Significant dif
ferences were found for FVC measurement and therefore Ho^c 
is rejected.

Tables 10, 11 and 12 list the mean percentage 
increases over baseline for the three pulmonary function 
measures under each level of drug treatment and time of 
measurement. It will be noted that the standard errors for 
these means are rather large. This is indicative of a large 
intersubject variability in these response measures.

Drug Induced Adverse Effects
Repeated measures analyses of variance were performed 

for measures of respiratory rate, pulse rate, systolic 
blood pressure and diastolic blood pressure. As with the



Table 10. Mean percent change in FEV^ q ± standard error of the mean at each time 
of measurement after administration of albuterol, isoetharine, metapro- 
terenol and placebo.

Time (min) Albuterol Isoetharine Metaproterenol Placebo

15 22.50 ± 5.54 22.22 + 5.11 20.89 + 3 i 30 3.85 + 2.29
30 22.35 ± 5.04 20.91 + 4.59 24.02 4.27 2.87 + 2.40
60 27.80 ± 6.54 - 22.13 + 3.52 27.67 ± 4.29 5.40 + 2.08

120 29.36 ± 7.56 19.20 + 5.10 27.64 ± 8.30 8.01 + 6.82
240 28.51 ±11.58 11.75 ± 8.40 29.57 ± 5.40 8.03 ± 7.03
360 18.28 ± 7.59 12.24 + 5.44 19.24 ± 4.34 5.12 ± 7.80

GO00



Table 11. Mean percent change in FEF2 5 - 7 5  ± standard error of the mean at each time 
of measurement after administration of albuterol, isoetharine, metapro- 
terenol and placebo.

Time (min) Albuterol Isoetharine Metaproterenol Placebo

15 29.44 ± 7.85 17.56 ± 5.33 12.65 ± 6.30 1.70 ± 4.06
30 27.10 ± 8.36 28.41 + 8.07 15.62 ± 5.63 0.73 ± 4.41
60 27.91 ± 7.66 22.76 + 8.60 15.59 ±7.50 7.89 ± 6.00

120 32.91 ± 9.41 15.20 + 8.19 18.30 ± 12.53 6.96 + 5.47
240 24 .58 ± 11.03 9.31 ± 9.64 18.68 ± 7.97 8.84 + 6.44
360 17.59 ± 9.46 11.92 + •7.66 13.87 ± 8.13 2.51 + 3.89

cokO



Table 12. Mean percent change in FVC ± standard error of the mean at each tiiae of
measurement after administration of albuterol, isoetharine, metaproterenol 
and placebo.

Time (min) Albuterol Isoetharine Metaproterenol Placebo

15 36.61 ± 10.92 28.73 ±5.69 31.84 ± 8.02 8.21 ± 4.66
30 32.18 ± 9.67 28.16 ±8.01 35.90 ± 11.32 10.60 ±5.36
60 35.18 ± 11.18 29.37 ± 6.95 38.23 ±11.41 11.01 ± 6.75

120 40.54 ± 12.67 26.56 ± 7.72 39.96 ± 14.09 19.46 ± 9.31
240 27.75 ± 11.69 20.62 ± 9.16 37.68 ±12.60 18.11 ±9.58
360 22.18 ± 8.41 19.26 ± 7.80 24.43 ± 8.78 12.14 ±9.84
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analyses of the pulmonary function variables the two trial 
factors of repeated measures on drug and time were employed. 
Tables 13, 14, 15 and 16 list the mean absolute changes from 
pre-drug baseline measurements for these cariopulmonary 
measures. Tables 17, 18, 19 and 20 are the repeated mea
sures AtJOVA source tables for these cardiopulmonary measures. 
As with the pulmonary function vairables it is the drug by 
time portion of the table which is of interest. While none 
of the differences observed achieved statistical signifi
cance there are some noteworthy observations. From Table 14 
it can be seen that there was a consistent decrease in pulse 
rate from baseline at all times for all Of the drug treat
ments. The placebo treatment showed a similar pattern of 
decrease except for the last two measurement times. Tables 
15 and 16 show albuterol to produce a rather consistent ele
vation of both systolic and diastolic blood pressure which 
was not observed under the other treatment conditions.

The null hypotheses Ho2 a ' ^^b' ^°2c anĉ  Ho2d are 
retained. That is, this study indicates that there are no 
significant differences between albuterol, isoetharine, 
metaproterenol and placebo with regard to induced changes 
in pulse rate, respiratory rate or blood pressure.

The results of the side effects questionnaire are 
compiled in Table 21. Though no hypothesis was proposed 
regarding subjective side effects part of the purpose of 
this study was to compare albuterol, isoetharine,



92
Table 13. Mean change in respiration per minute at each 

time of measurement after administration of 
albuterol, isoetharine, metaproterenol and 
placebo.

Time (min) Albuterol Isoetharine Metaproterenol Placebo

15 +0.40 -2.00 -1.50 -0.90
30 +0.90 -1.50 -1.00 -1.30
60 —0.20 -0.60 -2.10 -0.30

120 -0.40 -0.50 -0.70 +1.10
240 +1.10 +0 .40 -2.30 . +1.20
360 +1.20 +0.60 -0.50 +0.20

Table 14. Mean change in pulse rate per minute at each 
time of measurement after administration of 
albuterol, isoetharine, metaproterenol and 
placebo.

Time (min) Albuterol Isoetharine Metaproterenol Placebo

15 OoCM1 -3.20 om00l —1.90
30 -4.30 -3.70 -6.90 o1

60 o001 oO1 oin0001 -5.00
120 -6.20 1 cn o oo1 -3.70
240 1 H CO O -2.90 -2.20 +2.50
360 -6.30 1 <y\ o -6.50 +3.60
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Table 15. Mean change in systolic blood pressure at each 

time of measurement after administration of 
albuterol, isoetharine, metaproterenol and 
placebo.

Time (min) Albuterol Isoetharine Metaproterenol. Placebo

15 +3,40 O001 -4,50 . -1.60
30 +0.80 1 £* 00 O —1,10 -2.20
60 +3.40 -6.20 O00CO1 1 U> 00 o

120 oGOCO4- -2.40 -1.70 -4.20
240 oCOo1 ooCO1 -1.10 1 to o o

360 -1.00 -2,40 +2.30 -2.40

Table 16. Mean change in diastolic blood pressure at each 
time of measurement after administration of 
albuterol, isoetharine, metaproterenol and 
placebo.

Time (min) Albuterol Isoetharine Metaprote renol Placebo

15 +2.20 -3.90 +0.70 -0.60
30 +1.00 -3.20 +0 .40 +1.00
60 +4.60 —4 .60 —2.80 -0.40

120 +4.00 -3.60 -1.20 -1.10
240 +2.40 -2.40 -0.40 -3.00
360 +3.30 -4.00 +1.60 —2 ,20



Table 17» Results for repeated measures analysis of variance of mean change in
respiration over time in response to albuterol, isoetharine, meta-
proterenol and placebo.

Source
Sum of 
Squares

Degrees of 
Freedom

Mean
Square Probability

Drug
Error

114.41.
591.13

3
27

38.14
21.89

1.74 .1821

Time
Error

61.74
22.522

5
45

12.35 
• 5.00

2.47 .0466

Drug/Time
Error

94.01
828.20

15
135

6.27
6.13

1.02 ,4370



Table 18« Results for repeated measures analysis of variance of mean change in
pulse rate over time in response to albuterol, isoetharine, metapro-
terenol and placebo.

Source
Sum of 
Squares

Degrees of 
Freedom

Mean
Square . . . F Probability

Drug 647.71 3 ' 215.90 0.82 .4941
Error 7107.83 27 264.25

Time 489.14 5 97.83 1.46 .2227
Error 3021.15 45 67.14

Drug/Time 725 .61 15 48.37 1.41 .1519
Error 4637.60 135 34.35
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Table 19= Results for repeated measures analysis of variance of mean change in
systolic blood pressure over time in response to albuterol, isoetharine,
metaproterenol and placebo=

Source
Sum of 
Squares

Degrees of 
Freedom

Mean
Square Probability

Drug
Error

1045.63
5242.62

3
27

348.54
194.17

1.80 .1719

Time
Error

74.50
1736.92

5
45

14.90
38.60

0.39 .8558

Drug/Time
Error

615.07
3625.18

15
135

41.00
26.85

1.53 ,1039



Table 20. Results for repeated measures analysis of variance of mean change in
diastolic blood pressure over time in response to albuterol, isoetharine, 
metaproterenol and placebo.

Source
Sum of 
Squares

Degrees of 
Freedom

. Mean 
Square Probability

Drug
Error

1095.58
4113.92

3
27

365.53
152.37

2.40 .0899

Time
Error

53.93
850.23

5
45

10.79
18.89

0.57 ,7218

Drug/Time
Error

362.27
2928.23

15
135

24.15
21.69

1.11 3503



Table 21. Number of subjects reporting side effects secondary to drug administration.

- Albuterol 
0* 1* 2* 3*

Isoetharine 
0 1 2  3

Metaproterenol 
0. . 1 2 3 0

Placebc
1 2

>
3

Rapid heart 
rate

10 0 0 0 9 1 0 0 9 1 0 0 9 1 0 0

Irregular 
heart rate

10 0 0 . 0 9 1 0 0 9 1 0 0 10 0 0 0

Headache 10 0 0 0 9 1 0 0 9 1 0 0 10 0 0 0
Dizziness 9 1 0 0 9 1 0 o 8 1 1 0 9 1 0 0
Blurred
vision

10 0 0 0 9 1 0 0 10 0 0 0 • 9 1 0 0

Upset
Stomach

10 0 0 0 .10 0 0 0 10 0 0 0 10 0 0 0

Tremor 9 1 0 0 8 2 0 0 8 2 0 0 9 1 0 0

Other: Two subjectsi complained of a disagreeable taste for isoetharine °

*Note: 0 -none, 1 =mild, 2 = moderate, 3 = severe.
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metaproterenol and placebo on the basis of side effects„
The results of the questionnaire show that the participants 
in this study experienced very few subjective side effects 
and that those side effects which were experienced were 
mostly of only mild severity.

Drug Effects on Overall 
Pulmonary Function Response

In the methodology chapter of this thesis the method 
for calculating the areas under the curves of mean percent 
change in pulmonary function versus time for each subject 
was described. These measurements are construed to be an 
indicator of overall response to a given bronchodilator.
A repeated measures analysis of variance was again employed 
for each pulmonary function measure for these analyses ? how
ever e the only repeated measure trial factor necessary was 
the drug factor. Results of these analyses are presented as 
ANOVA source tables in Table 22. Significant F statistics 
were computed for all three pulmonary function measures. 
Therefore, albuterol, isoetharine, metaproterenol and placebo 
do not produce the same overall response in these pulmonary 
function measures and thus H o ^ ,  H o ^  and H o ^  are rejected.

' Table 22 shows a highly significant difference 
between the treatments with regard to FEV^ q measurement.
The a posteriori test of Scheffe was again used to identify 
specific differences. Metaproterenol showed the largest 
absolute value for this measure and was significantly



Table 22. Results for repeated measures analysis of variance of area under the 
curve of mean percent change in measured pulmonary function variables 
versus time for albuterol, isoetharine, metaproterenol and placebo.

Source Sum of 
Squares

Degrees of 
Freedom

Mean
Square F , Probability

FEV1.0
Drug 98214.04 3 32708.01 10.16 .0001
Error 86946.19 27 3220.23

FBF25-75
Drug 67620.26 3 22540.09 3.25 .0372
Error 187205.09 27 6933.52

FVC
Drug 83252.33 3 27751.11 3.85 .0205
Error 194603.58 27 7207.54

100
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different from placebo but not from the other drug treat
ments „ Albuterol had an absolute value only slightly less 
than metaproterenol and was also found to be significantly 
different from placebo, Isoetharine did not prove to be 
significantly different from placebo on this pulmonary 
function measure although the absolute value for this mea
sure was greater than that for placebo.

A significant F statistic was also shown for the 
FEF2 g_^g measure. On a posteriori testing the only differ
ence found was between albuterol and placebo. All drugs, 
however, did produce an effect that was numerically superior 
to placebo.

As was observed with measures of FEV. n and FEF0[- nT.1.0 25-75
all drugs produced an overall FVC response which was numeri
cally superior to placebo. Table 22 indicates that at least 
some of these differences were also statistically signifi
cant. A posteriori testing revealed that only the effect 
produced by metaproterenol was statistically superior to 
placebo. Once again all three drug treatments were not 
significantly different from each other.

Drug Effects on Peak 
Pulmonary Function Response

The peak response to the three pulmonary function 
measures for each subject under each level of treatment was 
recorded and subjected to a repeated measures analysis of 
variance. Table 23 lists the mean values obtained for these



Table 23. Results of repeated measures analysis of variance of mean maximum percent
increase in measured pulmonary function variables in response to albuterol,
isoetharine, metaproterenol and placebo.

Source
Sum of 
Squares

Degrees of 
Freedom

Mean
Square . F . Probability

FEV1.0
Drug
Error

2945.85
2263.23

3
27

982.28
83.82

11.72 .0000

FEV25-75
Drug
Error

FVC

3222.59
8376.61

3
27

1074.20
310.25

3.46 .0300

Drug 2395.00 3 798.33 3.63 .0256
Error 5945.91 27 220.22

102
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measures„ Table 24 lists the ANOVA source tables for 
measurement of FEV^ q , FEF2 g_^g and FVC peak responses 
respectively. The F statistics calculated for all three 
pulmonary function measures are significant. Therefore, 
null hypotheses Ho^a > Ho^^ and Ho^c are not retained.

A posteriori testing on peak FEV^ g responses showed 
all three drugs different from placebo but not different 
from each other.

For FEF25-75 onl-Y albuterol produced a peak response 
which was significantly different from placebo. These 
results are in accord with those previously cited for over
all changes in FEF2 g_^g produced by the three drug treat
ments. Once again there were no significant differences 
among drug treatments with regard to this response variable.

The mean values for peak FVC measurement in response 
to albuterol and metaproterenol are numerically very similar. 
The peak FVC response measure for both these drugs was found 
to be statistically different from placebo. While isoetha- 
rine was numerically superior to placebo it was not statisti
cally different from the placebo response. Neither was it 
statistically different from metaproterenol or albuterol.

Duration Of Response to Drugs 
To determine duration of response, each subject’s 

FEVf g was examined for the three drug treatments. The time 
at which response fell below a 15% elevation of FEV^ g after



Table 24. Mean maximum percent increase ± standard error of the mean from baseline 
of FEV^ q, FEF2 5 — 7 5  and FVC in response to albuterol, isoetharine, meta- 
proterenol and placebo.

Drug
Peak FEVi^o 

Response ± SEM
P eak FEV2 5 — 7 5  
Response ±. SEM

Peak FVC 
Response ±. SEM

Albuterol 37.78 ± 9.32 45.00 ± 7.08 42.77 ± 11.02
Isoetharine 29.98 ± 6.20 35.01 ± 9.04 37.67 ± 8.39
Metaproterenol 35.69 ± 6.95 30.11 ±11.29 46.10 ± 13.28
Placebo 15.79 ± 6.37 20.09 ±6.06 25.71 ± 9.92

104
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inhalation was then defined as duration of response for that 
subject. For some subjects the FEV^ q response fell below 
15% and then rose above 15% at a later time of measurement,
For these subjects the time at which response dropped below 
15% without again rising above 15% prior to the last time of 
measurement was recorded as duration of response„ Subjects 
which did not achieve a 15% increase in FEV^ q were assigned 
a duration of 0 minutes and those who did not drop below 15% 
over the course of the study were assigned a duration of 360 
minutes. Placebo was not included in this analysis because' 
nearly all subjects failed to demonstrate a 15% or greater 
increase in FEV^ q in reponse to placebo.

The mean durations,of response for albuterol, meta- 
pro ter enol and isoetharine were 308 minutes, 299 minutes and 
160 minutes respectively. These differences were found to be 
statistically significant by repeated measures analysis of 
variance (p =.0228) . A posteriori testing showed that the 
duration of effect for albuterol and metaproterenol were 
significantly different from isoetharine but not from each 
other. Therefore, null hypothesis Ho^ is rejected. This 
means that there are differences in the duration of clinical 
response produced by albuterol„ isoetharine and metaproterenol.

Cost of Drug Therapy
When comparing costs of drugs supplied in metered 

dose aerosols one must consider the number of doses each



106
canister contains„ The albuterol inhaler provides 200 
metered doses and'metaproterenol provides 300 metered doses. 
Isoetharine is commercially available in two sizes which 
contain either 200 or 400 metered doses of drug. The costs 
of one metered dose aerosol of albuterol, metaproterenol and 
400 dose isoetharine are $6.35, $4.38 and $5.87 respectively. 
Therefore, on a case per dose basis albuterol costs $0,032, 
metaproterenol costs $0,014 and isoetharine costs $0,015. 
These costs represent average wholesale prices for these 
drugs. The actual cost to the patient will be somewhat 
higher.

Discussion
The data of Tables 10, 11 and 12 indicate that large 

standard errors relative to the mean percent change in pul
monary function response variables were encountered. This 
fact suggests that there were some sources of uncontrolled 
error variance. Part of this would be the random error 
expected to occur in any experimental study. In addition 
it will be recalled that the inclusion criteria of this 
study required the subjects to have reversibility of airway 
disease to a minimum degree (15% increase in FEV^ q ) but not 
to some specific, uniform degree. Therefore, some of the 
error variance encountered could be due to the possibility 
that some subjects may have been capable of improving airway 
function more than the 15% criteria while others might have
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reached near maximum improvement at the 15% level. Part of 
the variation in response may also be due to normal diurnal 
changes in airway function which occur in obstructive pulmon
ary diseases. Connolly (1979) has defined diurnal rhythms 
associated with airways obstruction. The patterns of these 
rhythms are not sufficiently consistent to allow accurate 
prediction of the type of pattern a particular obstructed 
patient might exhibit. It has been shown that bronchodila- 
tors will decrease the magnitude of these diurnal changes 
but may not completely obliterate them (Connolly 1981). As 
was already mentioned, any previous bronchodilator studies 
have been of relatively short duration (less than four 
hours). Studies such as the current one which use a longer 
observation period would of course be more likely to encoun
ter uncontrolled variation due to diurnal patterns of airway 
obstruction.

Proper use of a metered dose inhaler requires a 
minimal degree of understanding and physical coordination 
on the part of the patient (Shim and Williams 1980) . The 
possibility that some of the subjects of this study did not 
use the inhalers correctly cannot be excluded even though 
the inhalation procedure was supervised. Any difference 
between subjects in their use of the inhaler would be 
expected to add to the variability of the pulmonary function 
response variables.
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Another source of variability in pulmonary function 

response could arise from the pulmonary function testing 
itself,, It will be recalled that these measures result from 
effort dependent exhalations. Day to day variations in a 
subject’s emotional or physical well being plus inherent 
intersubject variations in these factors would likely 
influence the effort expended during a forced expiration 
and contribute to variability in the pulmonary response 
measures.

The variability in the data of this study contributed 
to the failure, in the case of several pulmonary function 
response measures, to find statistically significant differ
ences where apparently large nominal differences existed.
The degree of variability encountered represents a limitation 
to this study and discussion of the study results will pro
ceed with this limitation in mind.

As has already been described, the Scheffe a 
posteriori test is very conservative. This means that 
larger absolute differences must exist between measured 
responses in order to ascribe statistically significant 
differences than would be necessary with less conservative 
a posterior tests. The reaons for using a conservative 
statistical test were presented in the previous chapter.
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Effect of Theophylline as a
Statistical Covariate

It is not surprising on the basis of theophylline 
levels that the pulmonary function measures for metapro- 
terenol and placebo were consistently corrected upward while 
those for albuterol and isoetharine were corrected downward„ 
The lower overall serum theophylline levels were recorded 
for metaproterenol and placebo„ The effect of the theo- ' 
phylline covariate corrected for these.differences. This 
indicates that serum theophylline level did have the effect 
on pulmonary function measures which one would expect. In 
this particular study the magnitude of these differences 
was small enough relative to the unadjusted means observed 
that the correction could be ignored.

Pulmonary Function Measures
There is evidence which suggests that FEF2 g_^^ mea

surements may be a more sensitive indicator of small (peri
pheral) airway disease while measurements such as FEV1 q may 
be more reflective of large (central) airway resistance 
(McFadden and Linden 1972; MCFadden, Kiser and DeGroot 1973). 
In vitro studies suggest that primary disease of the peri
pheral airways may be common to a variety of chronic 
obstructive lung diseases (Hogg, Macklem and Thurlbeck 1968) . 
The results of the current study could be used to argue for 
the clinical superiority of albuterol in chronic obstructive 
lung diseases due to the statistically superior performance



110
of albuterol on measures of FEFgg.yg? Such arguments must 
be tempered by the fact that small airway disease is a patho
logical and not a clinical diagnosis and indeed the sensi
tivity of FEF2 5 _ 7 5  as a measure of small airway resistance 
has been questioned (Black, Offord and Hyatt 1974) „ The 
advantages of dilating small airways in chronic obstructive 
lung disease is as yet unproven. Furthermore, the small 
airways are estimated to provide only 20% to 30% of total 
airway resistance (Macklem and Mead 1967),

A possible explanation for the decrease in mean 
pulmonary function response from 15 to 30 minutes may be a 
kind of carry-over effect from the forced expiration maneuver 
at the 15 minute measurement time. The time intervals of 
this study represented elapsed time from when the treatment 
was administered. In the case of the 15 minute measurement 
this means the baseline forced expirations were performed 
more than 15 minutes prior to the 15 minute expirations.
For the 30 minute measurement only 15 minutes had elapsed 
since the previous forced expiratory maneuver. Thus the 15 
to 30 minute time interval of the study was the shortest of 
all the time intervals of measurement. The subjects may 
have experienced some residual effect of the previous forced 
expiration, A study done in asthmatics has shown a small 
but statistically significant decrease in FEV^ q values for 
the second of a pair of forced expirations taken 60 seconds
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apart (MacKay, Mutschin and Sterling 1980) . The degree of 
this decrease was blunted by prior inhalation of albuterol.

The fact that in this study this decrease was not a 
universal phenomenon for all treatments and all pulmonary 
function measures may be a reflection of the ability of the 
different drugs to block this effect and the sensitivity of 
the pulmonary function measures to influence by this effect. 
MacKay et al. (1980) only measured out to a 60 second time 
interval? therefore there is no evidence as to how long 
beyond 60 seconds this effect may have persisted. The fact 
that in this subject sample the effect persisted for at 
least 15 minutes may be a reflection of the age of the sub
jects and the chronic nature of their disease.

Measures of Pulse Rate and Blood Pressure
It is reasonable to postulate that prior to testing 

subjects were anxious both because of their testing and the 
fact that they had not used their inhalers for at least the 
previous 12 hours. Once testing began this anxiety may have 
been alleviated somewhat, resulting in a relative decrease 
in pulse rate. This may acount for the slight decrease in 
pulse rate observed for drug treatments. The slight increase 
in pulse observed for placebo at the four and six hour 
measurements may have been secondary to a prolonged and 
modest respiratory distress occurring as a result of not 
having used an inhaler for at least 16 to 18 hours.
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It will be recalled that albuterol produced a rather 

consistent elevation of both systolic and diastolic blood 
pressure which was not observed under the other treatment 
conditions, It is difficult to generalize regarding this 
finding due to a lack of statistical significance and the 
small sample size of this study, Simpson (1971) has reported 
that inhaled albuterol produced less effect on blood pres
sure than did metaproterenol, His studies, however, were 
done in only six normal subjects- In addition, while he 
used a dose of albuterol similar to the one used in this 
study, he used a much larger dose of metaproterenol (2400 
meg vs. 1300 meg).

It can be argued that the use of different statis
tical procedures for testing adverse effects and clinical 
drug effects might be appropriate. Whereas for the clinical 
effects o.f drugs one desires to avoid claiming a difference 
between drugs which does not exist (Type I error), for 
adverse effects it may be desirable to avoid failing to 
demonstrate a difference between drugs which does exist 
(Type II error). For the sake of uniformity and on the 
basis of statistical convention an alpha level of 0.05 and 
the same a posteriori test were used throughout this study.
A higher alpha level and different a posteriori test may 
have revealed statistically significant differences among 
the studied drugs for respiratory rate, pulse rate and 
blood pressure, On a practical level, however, the
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differences in these parameters appeared to be small. 
Therefore, while statistical manipulations may have shown 
statistically significant differences such differences would 
likely be of little clinical importance.



CHAPTER 5

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary
The objective of this study was to compare three 

beta adrenergic bronchodilators and placebo on the basis of 
bronchodilator effectiveness, adverse effects and cost.
This objective was addressed in the formulation of a number 
of hypotheses of no difference between the tested agents 
with regard to effect and adverse effects. A double blind 
crossover study was devised to test the hypotheses.

Metered dose aerosols of all agents were used. The 
agents tested were albuterol 180 meg, isoetharine 680 meg, 
metaproterenol 1300 meg and placebo. The subjects for this 
study were ten adult male patients of the pulmonary clinic 
of the Tucson Veterans Administration Medical Center. All 
subjects were between the ages of 45 and 70 with a clinical 
history of reversible obstructive airway disease. Broncho
dilator medications for all subjects consisted of an inhaled 
beta adrenergic agent and oral sustained release theophyl- 
line (Theo-Dur ). Reversibility of each subject’s airway 
disease was verified by measurement of pulmonary function 
response to a challenge dose of isoproterenol by inhalation.

114
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Each subject was tested with all four treatments in 

a random sequence on four different days. Subjects were 
asked to abstain from use of their inhaled bronchodilators 
for at least 12 hours prior to testing. Subjects were asked 
to take their theophylline dose two hours prior to testing. 
The theophylline regimen was otherwise unchanged. On each 
test day baseline measurements of the subject’s FEV^ q, 
FEF2 5 _ 7 5 f FVG, pulse, respiratory rate and blood pressure 
were made. In addition a blood sample was drawn for the 
purpose of determining serum theophylline concentration. 
After baseline measurements were complete the subject in
haled one of the four test agents. All pulmonary function 
and cardiopulmonary measures were repeated at 15 minutes,
30 minutes, 1 hour, 2 hours, 4 hours and 6 hours after drug 
administration. At the end of each test day the subjects 
completed a side effects questionnaire. Blood samples for 
theophylline were drawn at the .1 hour, 2 hour, 4 hour and 
6 hour time intervals.

The data collected from the pulmonary function tests 
were analyzed by repeated measures analysis of variance with 
the serum theophylline levels serving as a cpvariate of the 
analysis. The cardiopulmonary data were also analyzed by 
repeated measures analysis of variance but no covariate was 
used in these analyses. The results of the side effects 
questionnaire were collected and tabulated but not subjected 
to statistical testing.
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The pulmonary function response to each treatment 

was analyzed on the basis of mean percent change in pulmonary 
function produced for each measurement time, mean maximum 
percent improvement in pulmonary function, duration of 
improvement in pulmonary function and overall effect on 
pulmonary function. Cardiopulmonary response to each drug 
was measured as mean absolute change from baseline measure
ments .

It was found that the use of serum theophylline level 
as a covariate of the analysis did cause adjustment to the 
mean pulmonary function response variables. This adjustment 
was numerically small and clinically unimportant. For these 
reasons the theophylline covariate was deleted from further 
analysis.

Albuterol and metaproterenol produced nearly equiva
lent pulmonary function responses with regard to both magni
tude and duration of response. The only exception was the 
measure for FEF2 g_^g where albuterol produced nominally 
superior responses. Isoetharine produced pulmonary function 
responses which were of a small magnitude and shorter dura
tion than those produced by albuterol and metaproterenol. 
Isoetharine did produce responses which were at least 
qualitatively superior to placebo.

Changes in pulse, respiratory rate and blood pres
sure were minimal for all drug and placebo treatments. None 
of these were of statistical significance. Subjective
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indications of adverse effects, as determined by a side 
effects questionnaire, were reported only infrequently and 
were of minor severity„

Conclusions
The great similarity of pulmonary function response 

Variables for albuterol and metaproterenol indicate that 
under these study conditions these two drugs are indistin
guishable from the standpoint of magnitude or duration of 
therapeutic effect. Isoetharine appears to produce a lesser 
response which is of shorter duration, The response to 
isoetharine is, however, superior to that of placebo.

The therapeutic comparability of albuterol and meta
proterenol as bronchodilators has been reported by several 
investigators (Tala et al. 1971, Choo-Kang et al. 1969, 
Milner and Ingram 1971). Riding et al. (1970) compared 
albuterol and metaproterenol and concluded that albuterol 
produced a greater degree of bronchodilation which persisted 
for a longer period of time. The study by Riding et al.
(1970) was conducted with a sample of young asthmatics which 
is of course a different sample in character than that of 
the current study. In addition Riding et al. (1970) did not
control for other bronchodilator medications being taken by 
their subjects. On the basis of duration of response Tala 
et al. (1971) found metaproterenol to be superior to albu
terol while Dano (1971) reported albuterol as having a
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longer duration of effect than metaproterenol„ Both of 
these studies were only conducted out to a three hour post 
drug time interval and therefore could only estimate the 
potential duration of effect.

The shorter duration of effect found in the study 
for isoetharine when compared to metaproterenol is supported 
by the prior reports of Emirgil et al. (1976) and Riker and 
Cacace (1980). There do not appear to be any previous 
reports of in vivo comparisons of albuterol and isoetharine.

Under the conditions of this study all three drugs 
appeared to be relatively free of adverse effects by both 
objective, and subjective determinations. On the basis of 
these drugs' selectivity for beta-2 adrenergic receptors and 
the low doses used by the inhalational route such a conclu
sion is not surprising.

The cost comparison of interest is that between meta
proterenol and albuterol inasmuch as these drugs proved 
equivalent on a therapeutic basis. The curreht average 
wholesale price of an albuterol metered dose inhaler with 
oral adaptor is $6.35 and that for metaproterenol with oral 
adaptor is $4.28. An additional consideration is that the 
albuterol canister contains only 200 metered doses of medi
cation while the metaproterenol canister contains 300 metered 
doses. Each inhalation of metaproterenol therefore costs 
$0,014 and each inhalation of albuterol costs $0,032.
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Since the recommended dose and regimen for these two drugs 
are the same the chronic use of albuterol costs approxi
mately 2„3 times as much as chronic use of metaproterenol„

Recommendations 
On the basis of therapeutic effect and side effects 

there appears to be no difference between albuterol and meta
proterenol . Metaproterenol at present wholesale cost 
possesses a significant cost advantage. Therefore, under 
the conditions of this study, metaproterenol appears to be 
the preferred bronchodilator. The reader, however, is 
cautioned to recognize that the results of this investigation 
apply only to the population sampled which consists of adult 
males with chronic pulmonary obstruction. Extrapolation of 
the results of this study to other populations such as young 
extrinsic asthmatics must be made with a thorough understand
ing of the difference in etiologies of the diseases and in 
the desired therapeutic endpoints for treatment of each 
disease. The reader must also interpret the relative 
effects of the drugs tested with reference to the methodol
ogy of the current study. Chronic use of these drugs was 
not investigated. Therefore, one cannot confidently pre
dict that repetitive dosing of these drugs would necessarily 
produce results similar to those observed with the single 
dose methodology of this study. Chervinsky (1977) and 
Swarts and Hyde (1976) conducted 60 day crossover comparisons
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of isoproterenol and metaproterenol„ A study of similar 
methodology involving albuterol and metaproterenol would 
seem to be desirable.

All three drugs, tested have a rather broad thera
peutic range when given by inhalation. The current study 
tested fixed doses of all three drugs. While the doses 
tested are those recommended by the manufacturers of the 
drugs there does not appear to be any information in the 
literature that these doses are necessarily the most effi
cacious. Except for the dose-response study of albuterol 
done by Larsson and Svedmyr (1977) little experimental 
effort has been expended to establish maximum tolerable 
doses for these drugs. Dose-response studies of inhaled 
beta adrenergic agents would be a worthy area of concentra
tion for future investigators. A comparative study wherein 
the dose-response characteristics of several of these drugs 
were determined in a crossover design using a common subject 
sample would be especially valuable.

The current study should be repeated with some modi
fications to verify the clinical equivalence of albuterol 
and metaproterenol. One modification suggested is to use 
percent of predicted pulmonary function as both an inclusion 
criterion and measure of pulmonary response. This would 
tend to decrease the variability in pulmonary response 
measures encountered in this study by helping to equalize 
the potential reversibility of each subject's airway disease.
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Variability would also be decreased by use of a sample 
larger than ten subjects. A sample size of 30 is recom
mended. The results of a study in a larger sample would 
be more readily and confidently interpretable with regard
to the true differences among the tested drugs.

' .
The use of the statistical technique of analysis

of covariance to control for effects of other drugs a sub
ject might be taking appears to be of merit and worthy of 
further study. While in this study the influence of a drug 
cdvariate was negligible, the adjustment of means by the 
covariate appear to be in agreement with what one would 
expect such adjustments to be. This technique has advan
tages over merely having subjects abstain from the taking 
of drugs which interfere with clinical testing procedures. 
First, it permits more reliable control for the effects of 
the drug and secondly removes some of the artificiality from 
clinical tests where subjects are required to alter normal 
therapeutic regimens. This type of analysis is possible for 
any situation where some measure of the drug concentration 
can be assumed to be linearly related to the response varia
ble being measured.

The observed fall in pulmonary function measures 
from the 15 minute to 30 minute time interval does not 
appear to have been reported by any previous investigators 
except for the report of Mackay et al. (1980). Essentially, 
a definitive study needs to be done on the effect of serial
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forced expirations on pulmonary function measures. Such a 
study would not appear to be of great clinical import except 
in infrequent cases where serial forced expirations are con
ducted as part of clinical evaluation.

The modest rise in blood pressure produced by albu
terol in this study does not appear to be of clinical 
importance even if it could be proven to be a predictable 
side effect of the drug. A study of the specific phenomenon 
would, however, add to our knowledge of the pharmacology of 
albuterol and perhaps other beta agonists.

More research is needed to determine the clinical 
significance of the narrowing of small airways. If this 
phenomenon can be proven to be of significant clinical 
importance then one would have to question the conclusion 
of this study that metaproterenol and albuterol are thera
peutically equivalent. Measurements of pulmonary function 
which are more sensitive indicators of small airway disease 
than the FEF2 g_yg measures used in this study should be 
employed in future research in this area. The particle size 
of the drug solution delivered would also have an impact on 
ability to penetrate into small airways and should also be 
a consideration of future research.

The current study is the first reported clinical 
comparison of albuterol, isoetharine and metaproterenol.
Such direct comparisons provide the most reliable informa
tion of the relative advantages and disadvantages of
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pharmacologic agents which demonstrate similar clinical 
activity. One of the bases of comparison of this study 
was drug cost. Cost of therapy should be a component of 
any clinical drug comparisons. In this way the clinician 
can make his or her own decision as to whether any differ
ences in economic costs of drug therapy are justified by 
virtue of experimentally demonstrated therapeutic advantage.
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SUBJECT'S CONSENT
A Comparative Study of Xsoetharine, Albuterol,

f̂etfproterenol and Placebo Given by Aerosol Inhalation
You are being asked to participate in a drug study at the Tucson Veterans 

Medical Center designed to compare the effectiveness and side effects of 
isoetharine, albuterol, and metaprotereno 1» These drugs are widely used in 
the treatment of asthma and other breathing disorders» You have been selected 
for this study because you have a type of breathing problem which can be 
treated with one of these drugs o

The major goals of this study are to compare how well these drugs work and 
how long they work* As part of the study you will also be asked what side 
effects, if any you experience as a result of these drugs* All of these drugs 
have been routinely used to treat breathing disorders but they have never been 
directly compared to determine which drug might work best with the fewest side 
effects and at the lowest cost*

The plan of the study is to have you come to the Tucson Veterans Medical 
Center on four different days to be tested with each of the three drugs and a 
placebo (a solution containing no drug)*. You will not be hospitalized for the 
tests but you will be required to remain at the hospital for the full six to
eight hours that each of the four tests will last. If you are currently using
any prescription or nonprescription drugs that you inhale for relief of your 
breathing problems you will be asked to try not to use these drugs for at 
least 12 hours before each test session* If for seme reason you must use your 
inhaler, please notify the investigators and your test session will be 
rescheduled. During each test session the following things will be done:

1* Your pulse and blood pressure and breathing rate will be taken.
2* You will blow very hard into a machine that will measure how much air 

you can exhale and how fast you can exhale.
3* A needle with a plastic tube attached (catheter) will be inserted in 

your arm and a blood sample will be taken. The catheter will remain
in your arm until the end of the six hour testing session.

4e After the above tests are completed you will take two puffs from an 
aerosol cannister which contains either drug or placebo*

5o After you breathe in the drug you will take the breathing test again
15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours and 6 hours later. 
Your pulse, blood pressure and breathing rate will also be taken at 
these times. Additional blood samples will only be taken at the 1 
hour, 2 hour, 4 hour and 6 hour time intervals* About ore 
teaspoonful of blood will be taken for each blood sample*

6* After each test session you will be asked to fill out a questionnaire 
which asks about any side effects you might have experienced.

Of possible benefit to you will be that one of these medications may prove 
to be better for you than one you are currently using* Another possible 
benefit might be that you could be switched to a less expensive medication or
a medication which does not have to be used as often.
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We are asking you to provide your own transportation to and from TVAMC and 
to provide for any meals you might* consune during the test periods- Costs 
clearly related to your routine medical care and not directly connected with 
this study will renain your responsibility- Upon completion of each testing 
session you will be given $5.00 and after completing all four testing sessions 
you will be given an additional $30-00 for a total of $50-00-

Side effects from these medications given in this manner are very rare, 
and when they do occur are mild and of short duration. Sane of these side 
effects are: headache, tremor, palpitations, rapid heart beat, a temporary
rise in blood pressure and nervousness. When the catheter is inserted in your 
arm you might find the procedure itself a little uncomfortable and the 
procedure may result in a bruise which may last from 2 to 14 days. Although 
the chances of any serious side effect, occur!ng are extremely small, in the 
event of physical injury resulting from the research procedures or 
medications, financial compensation for wages or time lost is not available; 
but medical treatment for acute, immediate and essential medical care, is 
available at the Tucson Veterans Medical Center: providing you are eligible
for treatment at this center. No medical treatment will be provided if you 
are not eligible for treatment at the Tucson Veterans Medical Center. The 
project director will provide further information upon request.

All records of this study will be kept strictly confidential. Your name 
will be known only to the investigators directly involved with this study. 
Any reports which are published as a result of this study will not reveal your 
identity in any way.

The nature, denands, risks and benefits of the project have been explained 
to me as well as the type of treatment as known arid available. I understand 
what my participation involves. Furthermore, I understand that I am free to 
ask questions and withdraw from the proj ect at any time without affecting my
medical care. I also understand that this consent form will be filed in an
area designated by the Hunan Subjects Committee with access restricted to the 
principle investigator or authorized representatives of the particular 
department. 1 am aware that a copy of this consent form is available to me 
upon request.

Subject̂  signature * """""""" ™ r Date

Signature of Parent or legal representative Date
I have carefully explained to the subject the nature of the above project I
hereby certify that to the best of my knowledge the subject signing this 
consent form understands clearly the nature, demands, benefits and risks 
involved in this study. A medical problem or language or educational barrier 
does not preclude a clear understanding of his/her involvement in this project.

"investigator's, signature Date
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Sequence of Drug Administration
Subject Day 1 Day 2 Day 3 Day 4
R.Sa. Metaproterenol Albuterol Isoetharine Placebo
T.P. Albuterol Metaproterenol Placebo Isoetharine
R.Sp. Placebo Metaproterenol Albuterol Isoetharine
J'.G. Metaproterenol Placebo Albuterol Isoetharine
J.H. Albuterol Isoetharine Placebo Metaproterenol
R.P. Placebo Albuterol Isoetharine Metaprotereonl
J.W. Placebo Metaproterenol Albuterol Isoetharine
L.C. Isoetharine Albuterol Metaproterenol Placebo
M.K. Albuterol Isoetharine Placebo Metaproterenol
J.M. Albuterol Isoetharine Placebo Metaproterenol



APPENDIX C

SIDE EFFECTS QUESTIONNAIRE

BRDNCHODILATOR STUDY SIDE EFFECTS QUESTIONNAIRE
Name_____    ,
Drug Code It _______   - - - .
Date  . __________

Please indicate below if you experienced any unpleasant effects during today's 
testing session. Circle the number that most closely describes the severity 
of the effect. If no unpleasant effects were experienced please note that ■ 
fact also.

None Mild Moderate Severe
Rapid heart beat 0 1 2 3
Irregular heart beat 0 1 2 3
Headache 0 2 3
Dizziness 0 1 2 3
Blurred vision 0 1 2 3
Upset stomach 0 1 2 3
Tremor (shakiness
Other
fully)

0 1
(please

2 3
describe
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APPENDIX D

Subject̂
Date

DATA COLLECTION SHEET

A Comparative Study of Isoetharine, Albuterol, 
Metsprotereml and Placebo Given by Aerosol Inhalation 
__________ ' Age_____________

Drug Code_ Presttdy FEV]̂oq_

BASELINE MEASUREMENTS
Pulse
Blood Pressurê 
Resp. Rate

^LCL_
PEp25-75_
EVC

L/seco
L.

Serum Theophylline Cone mcg/ml, FE7i.0/FVC_
Ar/ rArxiArAArAiArArA"AiArAiAiAr

MEASUREMENTS AFTER DRUG ADMINISTRATION

PuIsT
l5nino 3Qnin. Ihr. 2hr %r. O l T e

Blood Pressure

Resp. Rate 

FEV i=o (W

FEF25-75 (L/sec.)

EVC (L.)

FEVi.o/FVC

Serum Theophylline 
Cone, (mcg/ml)

xxxxxxxx xxxxxxxx 
xxxxxxxx xxxxxxxx 
xxxxxxxx xxxxxxxx

NOTES:
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