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'.T.'LM. Inhaler Formulations of Salbutamol 
Measuring Bronchodilatory Effect in Patients with Asthma 

Héctor León-Molina,l Francisco J. Flores-Murrieta1,2 and Rocío Chapelal 

1 Instituto Nacional de Enfermedades Respiratorias, Secretaría de Salud, Mexico City 
2 Sección de Estudios de Posgrado e Investigación, Escuela Superior de Medicina, Instituto 

Politécnico Nacional, Mexico City 

Abstraet Objective: To compare the bioavailability of two metered-dose inhalers (MDIs) 
containing salbutamol (albuterol) by means of a spirometric evaluation of the 
time-course of bronchodilation in patients with moderate asthma. 

Design and patients: 25 asthmatic patients (12 males, 13 females) partieipated 
in the study. Study partieipants received salbutamol 200¡.tg (Ventolin®. 
GlaxoSmithKline Mexico City. Or Assal®, Salus SA de CV. Mexico City) on 
separate days according to a double-blind, crossover designo Spirometry was 
perforrned 30 minutes before and at selected times during the 8 hours following 
drug administration. The time-eourse of changes in forced expiratory volume in 
1 second (FEV 1) [transformed to individual percentage of maximal response] was 
used to compare the formulations. Pharmacodynamic paramelers. maximal effeet 
(Emaxl and area under the percentage of response-time curve (AUC) were ob
tained and compared by analysis of variance. and ratios of AUC and Emax and 
90% confidence Iimits were calculated. 

Results: Values obtained for Emax were 94.81 ± 2.19% and 84.45 ± 3.44'7c for 
Ventolin® and Assal®, respectively, whereas values for AUC were 25 278 ± 1873 
%emin and 18 155 ± 1806 %emin. respectively. Ratios were 89.1 and 71.8'7c Wilh 
90% confidence Iimits of 79.6 to 98.5% and 53.9 to 89.7% for Emax and AVe. 
respectively. Thc probability according to the two one-sidcd (-test of having val
ues lower than 80% was higher than 0.05 for both AUC and Emax. indicallng that 
the formulations tested are nol bioequivalcnt. 

Conclusions: 11 is concluded that this method is suitablc for comparing the bio
availability 01" MDI formulations of bronchodilatory agents and that the formu
lations tested were not bioequivalcnt. 
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It is widely accepted that the use of aerosol s in 
the short- and long-term treatment of asthma is 
preferred over other routes of administration, since 
the drug directly reaches the required receptors, 
minimising systemic dilution and the total drug 
amount needed. Additionally, systemic adverse 
effects are diminished and the onsel of action is 
faster. 

Among the different devices used, mete red
dose inhalers (MOIs) are recommended for 
bronchodilatory as well as anli-inflammalory 
medication in mosl situations; they are reliable and 
relatively inexpensive. Over the last few decades, 
many generic MOl bronchodilalors have become 
available around the world, especially with 
salbutamol, which is one of the most frequently 
used drugs for the treatment of asthma and other 
obstructive diseases.[ll 

Therefore, it is very important to have a suilable 
test to evaluate whether MOl formulations of 
bronchodilatory agents are interchangeable. 
Comparison of bioavailabilily in order to establish 
if two formulations are bioequivalenl has been 
widely evaluated by measuring Ihe plasma level 
time-course of the studied drug.l21 However, in the 
case of MOIs of bronchodilator agents, the plasma 
levels that are reached after a therapeutic dose are 
loo low to be accurately determinedPl Addition
ally, in order to avoid adverse effecls, il is desirablc 
lhal Ihe drug does not reach the systemic circula
tion.l41 

Previously, several tests ha ve been proposed for 
Ihe purpose of establishing whether salbutamol 
formulations are bioequivalent. One of them is the 
measurement of salbutamol excreted in urine 
during a period of 30 minutes.[51 This test has Iwo 
disadvanlages: Ihe firsl is thal under Ihese condi
tions il is nol possible lo evaluale the lime-course 
of salbutamol plasma levels or effecl, and secondly, 
Ihe measuremenl of drug in urine is an index of 
drug absorption from the lung, bul it is nOI rc
presentative of Ihe bronchodilatory effect-lime
course of the drug[61 Another pro po sed test is 
the evaluation of plasma levels of salbutamol over 
a short time period;[71 however, as with olher 
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mcthods, Ihis lesl has several disadvanlages: firsl. 
salbulamol concentration can only be evaluated in 
a limiled number of samples, and second, Ihe 
amounl Ihat has to be adminislered is 1200¡.¡g. 
which is very high considering that Ihe therapcutic 
dose of salbutamol is between 90 and 200~g. 

Evalualion of the bronchodilatory effect may be 
a beUer method for the assessment of bioequival
en ce of MOl formulations of salbutamoU81 There
fore, the purpose of this study was to evaluate 
the usefulness of Ihe spirometrically dctermined 
bronchodilation in patients wilh moderate asthma 
for Ihe comparison of bioavailability of inhaled 
formulations of salbutamol. 

Patients and Methods 

Study Participants 

Twenty-five patients with moderate asthma 
(12 males, 13 females) with a mean age of 4\.4 ± 
3.3 years were enrolled for this study, which 
was carried out following Ihe recommendalions 
of Ihe Declaralion of Hclsinki. The prolOcol was 
approved by the Instilutional Bioethical and 
Scientific Commiuee, and in every case patients 
provided written informed consent. 

Diagnosis of moderale asthma was made ac
cording to Ihe guidelines of Ihe Global Iniliative 
for Aslhma,[91 based on c1inical hislory, frequency 
and severily of symptoms, and a spiromelric curve 
Ihal showed obslruction and reversibilily of forced 
expiratory volume in 1 second (FEV ¡) ofmore Ihan 
15%. Wc chose palienls wilh moderate asthma so 
that Ihey would have a measurable spiromelric 
change without risk, since it was required thal 
patients were free of any medication during lhe 
sludy. 

Exclusion criteria were: a history of life-lhreal
ening episodes of aSlhma; concomitanl syslemic 
diseases at the time oflhe study, according to med
ical history, medica! examination and appropriate 
laboratory lesls; use of any medicalion other than 
inhaled bronchodilalors; lack of response 10 

sa!butamol on more Ihan 15% of FEV I 24 hours 
before Ihe beginning of the slUdy. Additionallv. 

Clin Drug Inves 2002, 22 (7) 
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those patients who showed a difference of 20% or 
more in the baseline FEV l value between sessions 
were removed from the pharmacodynamic and 
statistical analyses. 

Study Design 

Patients arrived at the hospital 24 hours before 
the beginning of the study and were trained in the 
correet use of MDIs using a spacing chamber. For 
the 12 hours before the administration of the study 
drug, subjects did not use any drug (inc\uding 
bronchodilatory agents). Salbutamol (200¡¡g, two 
puffs of 100¡¡g), Ventolin®I, GlaxoSmithKline, 
Mexieo City, or Assal®, Salus SA de CV, Mexico 
City, was administered using a double-blind, cross
over design with a washout period of 12 hours. The 
MDIs used for both formulations were new and 
belonged lo the same batch; one was issued per 
palien\. Prior to Ihe firsl adminislration, all Ihe 
MDIs were primed by four discharges, and the se
quence of adminislration was estabtished ran
domly by mean s of a random numbers table. 

Spirometric measurements were performed 
using a Sensormedics® spirometer following 
American Thoracic Society guidelines.f IOJ Base
tine parameters were measured 30 minutes before 
drug administration at the start of each study day. 
The study proceeded only if the baseline FEV l was 
within 20% of that of the previous study day, as 
stated earlier, and spirometry was repeated at O, 5, 
15 and 30 minutes and 1, 1.5, 2, 4, 6 and 8 hours 
afterdrug administration. Additionally, symptoms, 
blood pressure, heart and brealhing rate were de
lermined at O, 0.5, 1, 2 and 8 hours after drug ad
ministration. 

Pharmacodynamic and Statistical Analyses 

Several parameters were obtained from the 
spirometric curves: FEV 1, forced vital capacity 
(FVC), peak expiratory f10w rate (PEFR), 
FEVIIFVC ratio and forced expiratory f10w 25-
75% (FEF25.75). As FEV I is one ofthe most impor-

1 Tradenames are used for producI identificatíon on!y and 
do nol imply endorsemenI. 
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tant indices for the evaluation of respiralory func
tion in patients wilh asthma, this parameter was 
employed in the comparison of lhe formulations. 
In order to diminish interindividual variabililY, 
FEV l was con verted to percentage of response as 
stated in equation 1: 

FEV l(aflCr saJbll\.aInon - FEV I (haseline) 
% response x 100 

FEV 1 (maximum) - FEV I (bas(li1k..) 

where FEVI (baseline) was the value measured al 
the start of eaeh study day, FEV l (after salbutamol) 
was measured at the stated intervals after 
salbutamol administration and FEV l (maximurn) 
was the highest FEV l ever recorded for that patient 
during either study day. This method of expressing 
FEV l reflects the degree lo which a patient's expir
atory f10w returns towards maximal possible func
tion as a result of the drug therapy and allows com
parison of subjects independenl of their body size 
and airway obstruction. It emphasises differences 
when obstruclion is moderate, and there is there
fore les s capacity for improvement, and it adjusts 
for day-to-day differences in baseline pulmonary 
funclion.[IIJ Vsing the individual percentage ofre
sponse-time courses, pharmacodynamic para
meters were obtained. Maximal effect (Ero",) and 
time to reach this maximum (tma,) were directly 
obtained from the indi vidua1 plols. Area under 
the percentage of response-time curve (AVC) was 
calculated by the trapezoidal rule.f 12! 

In order to estabtish whether the formulaIions 
evaluated were bioequivalent, initially Ero .. and 
AUC were cornpared by analysis of variance for 
a crossover designo Then, the ratio for Ero .. and 
AVC [calculated by dividing values obtained 
with formulation A over formulation V (Assal®¡ 
Ventolin®)] and 90% confidence limits for both pa
rameters and both formulalions were calculated. 
Limits of acceptance for considering that the for
mulations tested are bioequivalent were fixcd at 80 
to 120%. Additionally, a Schuirmann's test (two 
one-sided t-test) was performed in order to calcu
late the probability of exceeding the Iimits of ac
ceptance.fI3! Bioequivalence was concluded when 

Clin Drug Invest 2002: 22 (7) 
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Fig. 1. Mean (± SEM) lorced expiratory volume in 1 second 
(FEV,) time-course obtained in 20 patients w~h mild persistent 
asthma alter administration 01 salbutamol 200~ 9 in two different 
metered-{jose inhaler lormulations. 
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Fig. 2. Percentage 01 response based on lorced expiralory 
volume in 1 second (FEV,) time-curve alter the administrabon 
01 200¡¡g 01 salbutamol in two metered-dose inhaler formula
tions to patients with mild persistent asthma. Data are ex
pressed as lhe mean 01 20 palients ± SEM. 

the p-value of exceeding the limits of acceptance 
was :50.05. 

Results 

Twenty-five patients participated in this study. 
One of them was removed from the study because 
he developed an asthmatic exacerbation in the 
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washout period between sessions. Four other 
subjects were removed from the analysis due to a 
change in their baseline FEV 1 between sessions 
greater than 20%. Therefore, pharmacodynamic 
and statistical analyses were carried out on 20 
study participants. Figure 1 shows FEV 1 time
curves obtained after administration of the two 
salbutamol forrnulations. It can be seen that 
Ventolin® showed higher values of FEV 1 than 
those obtained with Assal®. In order to establish if 
the forrnulations tested were bioequivalent, FEV 1 

was transforrned as a percentage of response, as 
described in equation l. Figure 2 shows the per
centage of response-time-course obtained with the 
two formulations. The pharmacodynamic para
meters obtained are shown in table l. It is clear that 
Ventolin® produced a greater bronchodilatory re
sponse than Assal®. 

Statistical comparison by analysis of variance 
indicated that the formulations evaluated wert:: 

Table l. Pharmacodynamic parameters obtained after!he admin
istration 01 salbutamol 2OO~g in two MOl formulations. Ventol,n" 
(formulalion V) and Assal" (Iormulation A). Data correspond to!he 
mean 01 20 patients ± SEM 

Parameter Fonnulation V Formulation A 
Ema;c (%) 94.8t ± 2.19 84.45 ±3.44 

,-,(min) 72 ± 22.91 43 ± 8.43 

AUe ('/oomin) 25 278.3 ± 1872.5 18155.4 ± 1806.3 

AUC = area under (he percentage of response-time curve: 
Emax = maximal effeet; MOl = metered-dose inhaler; tn.x = time to 
reach Emax. 

Table 11. Statistical companson by analysis 01 variance ot pharma
codynamic parameters, AUC and Emax, obtained after administra
tion 01 salbutamol 200~g in two MDI lormulations. Ventolin" and 
Assa~. using a crossover design 

Parameter Effect F Probability 

AUe Sequence 3.08 0.0963 

AUe Subject (sequence) 0.92 0.5724 

AUe Penod 0.12 0.7351 

Aue Formulation 7.43 0.0138 

E~ Sequence 0.27 0.607 

E~ Subject (sequence) 0.31 0.9915 

E~ Period 0.01 0.915 

Ema>< Formulation 4.05 0.0594 

AUC ::: area under the percentage of response-time curve; 
Emax - maximal eHeet; MOl - metered-dose inhaler. 

Clin Drug Invest 2002: 22 (7) 
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Table 111. Statistical anatysis 01 Emu and AUC in order to establish bioequivalence or bioinequivalence of the salbutamol formulatioos, Ventolin~ 
(Iormulation V) and Assal" (Iormulation Al 

Parameter Ratio AN ("!.) 90% confidence limits p < 8(YJ¡(¡ 

E""", 

AUC 
89.1 

71.8 

79.6-98.5 

53.9-89.7 

0.056 

0.780 

0.007 

0.000 

AUC - area under!he percentage 01 response-time curve; Errax _ maximal effeet. 

different, since a statistical differenee was ob
served in AUe (table II). Moreover, when ratios 
between forrnulations for Emax and AUe, as well 
as confidence limits were calculated, it was ob
served thal values exeeeded the limits of accep
tance. Additionally, when probabilities of exceed
ing the limits of acceptance were calculated we 
observed that probabilities of having confidenee 
limits lower than 80% in both AUe and Emax were 
higher than 0.05 (table 1Il), indicating that the 
forrnulations were bioinequivalent. 

Figure 3 shows a comparison of FEF2s.7s , a test 
that measures small airway resistance, obtained 
afler the administration of Ihe two formulations. 
It can be seen that this parameter is more variable 
than FEV 1, as has been previously stated.[14) 
However, il is c\ear that a similar profile to Ihal 
observed with FEV 1 is shown (Ventolin® shows a 
grealer effeet Ihan that observed wilh Assal®). AI
though Venlolin® produeed ~ greater response in 
FEV 1 and FEF25-7S, no statistieal differenees were 
observed in raw dala due to wide variabilily. There
fore, in order to adequately evaluate if the forrnu
lations were bioequivalent, we deeided to trans
forro the data aecording lo equation I to diminish 
interindividual variability. Using this transforrna
tion, we were able to observe an importanl differ
ence between forrnulations (see figure 2). 

Both trealments were well IOleraled, and ex
¡J<Xled adverse effecls such as Iremor, palpitalions 
or nervousness were not reported. No importanl 
ehanges in blood pressure, respiratory and heart 
rales or additional symptoms wen: found. Furlher
more, when palients were asked blindly aboul 
efficacy oftreatment, 14 of20 showed a preference 
for Ventolin® aclion. 

te Aot$ Intemat0nal Umited_ AII rights reserved 

Discussion 

In recent years, the treatment of asthma has re
Iied mainly on the use of MDI forroulations of 
medications. Therefore, it is very important lo 
have methods for evalualion of generic MDI 
forrnulations of bronehodilatory and anlÍ-inflam
matory drugs. Unfortunately, there is not an aecu
rately predictive model to relate ill vitro charac
leristics wilh efficacy and IOlerability i'l ,'ivo. [151 

In this paper we compared lhe bioavailability of 
two MDI formulations of salbutamol by compar
ing the lime-course of the bronchodilator response 
in asthmatic patients. Several tests have been pro
po sed in order to establish whether MDI forrnula
tions of bronchodilalory agents are bioequivalent, 
such as measuremenl of the partic\e size of suspen
sion,[ 161 evaluation of salbutamol plasma levels 
afler a high dose of the drug,f11 and the amounl of 
salbulamol excreled in urine during a short lime 
period.fS) However, none of these tests provided 
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Fig. 3. Forced expiratory Ilow rate 25-75% (FEF",.7S) time
course oblained atter administration of two metered-dose in
haler lormulations 01 salbutamol to 20 patients wilh moderate 
perslstent asthma. Data are expressed as mean ± SEM. 
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information about the therapeutic effect of the 
drug. It is important to note that salbutamol pro
duces its effect directly in the bronchi, therefore, 
the drug concentration in this si te is more important 
than that in the systemic circulation. Moreover, 
most of the adverse effects produced by salbutamol 
are a eonsequence ofthe absorption of the drug into 
the systemic circulation; it is therefore desirable 
that there is no absorption of the drug into the sys
temic circulation. In this study we evaluated the 
bronchodilatory effect-time-course of salbutamol 
by spirometry. Data were transformed into a per
centage of individual response in order to minimise 
the intersubject variability as well as that between 
study days, as described by Blake et al.!II] This 
transformation has been shown to be useful in the 
evaluation of bronchodilatory drugs, allowing the 
quantitative characterisation of the bronehodilator 
activity of different ~-adrenergic agonists.!17] 

In order to be able to reaeh an adequate conc1u
sion on the bioequivalence of bronehodilatory 
drugs using this data transformation, it is necessary 
to demonstrate that the bronchodilator effeet is not 
at its maximum with the dose used. Therefore. we 
evaluated the percentage of predicted maximum 
achieved during this study, as described by Mitch
ell et aI.!18] It can be c1early seen in figure 4 that the 
predicted maximum reached during the study is 
about 60%, suggesting that a comparison offormu
lations using this method is adequate. 

Asthma affects airways of all sizes, and small 
airways account for a large pan of the overall ob
struction; unfortunately, FEF25.75. which tests 
their function. has a variability of over 30%. On 
the other hand. FEV l reflects the sum of airways 
airflow, and with a 10% variability it is the best 
spirometric para meter for the evaluation of 
bronchodilatory effect.!14] FEF25.75 and FEV1 
curves showed similar profiles: a higher effeet for 
Ventolin® than that observed with Assal®. 

Pharmacodynamic parameters were calculated 
in order to compare them by statistical analysis as 
described by Schuirmann.! 131 Limits of acceptance 
were fixed at 80 to 120% for both EmaJ< and AUe. 
These Iimits have been commonly used in 
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Fig. 4. Bronchodilalory response [expressed as % ~cted 
maximum lorced expiralory volume in 1 second (FEV,J time
curve after adminislralion 01 salbutamol 200,.9 in two .... renl 
formulations lo 20 palienls w~h moderale as1hma. o.a are 
expressed as mean ± SEM. 

bioequivalence studies; however, when clanges 
versus baseline are considered, as was the aISe in 
this study, wider limits of acceptance (67 to 150'7c) 
have been suggested.!19] Ifwe had consideredlhese 
limits of acceptance for conc1uding bioeqmval
ence. the conc1usion would be similar: the fonnu
lations were not bioequivalent. since confidi:nce 
limits for AUe were much lower than 670/<, v.ihich 
means that the effect of Ventolin® is highe.- Ihan 
that observed with Assal®. 

Both formulations contained the same quantity 
of salbutamol; however. Assal® produced a Iower 
effect than that observed with Ventolin@. This 
difference may be due tu pharmaceutical fJICtors 
that we did not evaluate in this study. 511th as 
partic1e size. 

Conclusion 

In conc1usion. the evaluation of the time-cOlJrSe 
of spirometry in patients with moderate aslhma 
is an accurate, well tolerated. easy to pedorm 
and inexpensive method for the establishment 
of bioequivalence of MDI formulations for 
bronchodilatory agents. The formulations tesled in 
this study were bioinequivalent and they cannot be 
considered interchangeable. 

Clin Drug Inves1 2002: 22 (7) 
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