
Aerodynammic behaviour of admixtures of nebulizer

solutions has hardly been studied. According to our

literature research, only in one study [29] an admixture of

budesonide (PulmicortR 0.25 or 0.50 mg/2 mL) and

albuterol (0.5 mL ProventilR solution for inhalation 0.5%

in 2.5 mL sterile saline or 3 mL albuterol sulfate, USP

inhalation solution, 0.083%) was nebulized. The authors

describe an increase of budesonide delivery and nebuliza-

tion time with increasing volume of nebulizer charge.

4. Discussion

Our own experience, together with inquiries among

colleagues and patients, revealed considerable demand for

information about the compatibility of drug solutions and

suspensions for oral inhalation (which we have described as

‘‘inhalation solutions’’). However, the available data are

limited and inconsistent.

The well-known handbook on drug compatibility,

‘‘Handbook of Injectable Drugs [5]’’, considers injectable

drugs only. No information is given about the compatibility

of inhalation solution admixtures. In prescribing informa-

tion for licensed inhalation solutions, there is no consistent

standard regarding information about compatibility of

admixtures. Moreover, few studies on the physical and

chemical stability of inhalation solution admixtures have

been published and the quality of studies and reviews

[20,21] varies. In some cases, the compatibility of inhalation

solutions is stated without any supporting experimental data

[22,23]. In summary, the problem of compatibility of

inhalation solution admixtures receives little attention at

present and has not been comprehensively researched at all.

Strictly speaking, compatibility demonstrated in experi-

mental studies can only be accepted for the concentrations

and volumes tested. In addition, transferring results of

experimental studies from one drug product to another is

difficult as preservatives and other excipients can vary and

cause incompatibilities. For example the preservative BAC

causes cloudiness in admixtures containing cromolyn

[12,13,21] or colistin [10]. The cloudiness is due to an

oily, non-crystalline complex [12,13,21] and increases with

increasing concentrations of BAC [13,21]. The influence of

complex formation on the aerodynamic behaviour of the

admixtures has not been studied [21].

Furthermore, it is questionable whether the quantitative

analysis of drug substances in samples taken from the

admixture containers is adequate, or whether the drug

content needs to be determined in the aerosols. Owsley et

al. [24] questioned the reported compatibility of admix-

tures containing cromolyn [11,14]. Using a filtration

method (USP method for analyzing particulates in large

volume parenterals [25]), 22 admixtures of various

inhalation solutions were analyzed in samples taken 0, 5,

10, 20 min and 24 h after mixing. With a maximum

allowed particle load of 50 particles �10 Am diameter or 5

particles �25 Am diameter per mL admixture, 19 of 22

admixtures were classified as incompatible, including all

admixtures containing cromolyn. The authors [24] postu-

lated that the mobile phase used in HPLC experiments

may solve invisible precipitates, leading to erroneous

results of unchanged drug content and an incorrect

conclusion about compatibility. However, for inhalation

solutions, the chosen limits of particle diameters of �10

Am and �25 Am may not be adequate. The portion of

particles with a diameter >5 Am might have been even

more relevant.

In the European and the US pharmacopoeia [25,26]

analytical methods to determine the proportion of droplets

and particles <5 Am in diameter are described. The US

Table 5

Admixture advices for commonly used drug solutions/suspensions in nebulizers

Bu

Po

Po

Po
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 Albuterol Ipratropium Cromolyn

Albuterol  Possible Possible

Ipratropium Possible  Possible

Cromolyn Possible Possible  

Budesonide Possible Possible Possible
ns (n

Tobramycin Possible Possible
Not
recommended

No
rec

No

No
rec
Possible Mixtures are compatible, if preservative-free solutio

Not applicable.

Colistin Possible No information No information

Dornase alfa
Not
recommended

Not
recommended

Not
recommended
o benzalkonium choride) are used.

desonide Tobramycin Colistin Dornase alfa

ssible Possible Possible
Not
recommended

ssible Possible No information
Not
recommended

ssible
Not

recommended No information
Not

recommended

Not

recommended No information
Not

recommended

t
ommended  Not reasonable

Not
recommended

 information Not reasonable  

Not
recommended

t
ommended

Not
recommended

Not
recommended  
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