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Absorption of Insulin Delivered to
Rabbit Trachea Using Aerosol Dosage Form

Keyphrases O Insulin—aerosol dosage forms, tracheal administration,
absorption, rabbits @ Dosage forms, aerosol—insulin, tracheal admin-
istration, absorption, rabbits O Proteins—aerosol dosage forms, insulin,
tracheal administration, absorption, rabbits

To the Editor:

Insulin, an endogenous hormone used in treatment of
diabetes mellitus, has been administered parenterally
rather than orally because it readily decomposes in the GI
tract. However, some effective approaches have been de-
veloped for oral (1-3), nasal (4), and rectal and aerosol (5,
6) dosage forms. The aerosol dosage form has been re-
ceiving much attention because it can be used by diabetic
patients with little difficulty.

Wigley et al. (5) reported that insulin delivered to pa-
tients and volunteers by aerosol inhalation using a nebu-
lizer was absorbed through the respiratory tract epithelium
and was an effective therapeutic form for diabetes mellitus
(5). However, little has been mentioned about the phar-
maceutical factor that governs insulin absorption from
aerosol dosage forms.

The present study was undertaken to investigate the
bioavailability of powdered aerosol insulin when admin-
istered intratracheally to rabbits.
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Figure 1—Plasma concentration profiles of immunoreactive insulin
(IRI) and glucose after intravenous (A, 1 U/kg) or intratracheal (B, 2.5
U/kg)insulinadministration. Each point represents the mean £ SEM
of three experiments. Broken lines denote immunoreactive insulin and
glucose levels in sham-operated rabbits.

White male rabbits, 2.8-3.1 kg, were anesthetized with
pentobarbital sodium and maintained under anesthesia
for the entire experiment. After the animal was secured in
a supine position, insulin solution (1.0 U/kg) or physio-
logical saline (as the control) was injected into the ear
vein.

Blood samples were collected from the femoral vein at
timed intervals to monitor immunoreactive insulin and
glucose levels in plasma. Four hours after intravenous in-
sulin injection, the rabbit trachea was exposed and poly-
ethylene tubing was inserted through a tracheal incision.
Insulin aerosol was sprayed into the trachea 1 hr after
surgical treatment, and the appearance of immunoreactive
insulin and the blood glucose level then were determined
at timed intervals.

The insulin aerosol formulation was composed of: mo-
nocomponent porcine insulin!, 5 mg; lactose, 75 mg;
acetylglycerin monostearate, 50 mg; dichlorodifluo-
romethane, 3.6 g; and dichlorotetrafluoroethane, 2.4 g. A
metered aerosol valve was designed to release 0.058 mg (1.5
U) of insulin/delivery. The plasma glucose level was
measured by the method of Hyvirinen and Nikkila (7), and
immunoreactive insulin in plasma was determined by the
method of Desbuquois and Aurbach (8).

Figure 1 shows the time courses of immunoreactive in-
sulin and glucose concentrations in plasma after intrave-
nous injection and after intratracheal aerosol insulin ad-
ministration. After intravenous administration, there was
a sharp increase in plasma immunoreactive insulin and a
decrease in plasma glucose. The decline in plasma glucose
continued for about 3 hr, although the plasma immuno-

1 Crystals, lot 8 837301 (biological potency 26.6 1.U./mg), Novo Industry Co.,
Copenhagen, Denmark.
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reactive insulin was almost completely cleared within 1 hr.
After intratracheal insulin administered by aerosol, the
circulating plasma immunoreactive insulin showed a sig-
nificant rise and there was a sustained decline in the
plasma glucose level.

The bioavailability calculated from the area under the
plasma immunoreactive insulin curves after intratracheal
aerosol administration of about 2.5 U of insulin/kg was
almost the same as that after intravenous injection of 1
U/kg. Wigley et al. (5) reported that the plasma immu-
noreactive insulin area with aerosol delivery of about 3
U/kg was 7-16% of that after intravenous injection of 0.2
U/kg. This low bioavailability might depend on many
factors such as adherence to the glass nebulizer, the mouth,
and the throat. Our results indicated that most of the in-
sulin (~40%) delivered directly into the trachea in an
aerosol formulation is absorbed into the bloodstream
through the epithelial layer of the respiratory tract. Ac-
cordingly, if an aerosol formulation could be administered
directly into the trachea, it could be an effective tool for
clinical applications of proteins and peptides.
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REVIEWS

Analysis of Drugs and Metabolites by Gas Chromatography-Mass
Spectrometry. Vol. 1: Respiratory Gases, Volatile Anesthetics,
Ethyl Alcohol, and Related Toxicological Materials; Vol. 2:
Hypnotics, Anticonvulsants, and Sedatives; Vol. 3: Antipsychetic,
Antiemetic, and Antidepressant Drugs; Vol. 4: Central Nervous
System Stimulants; Vol. 5: Analgesics, Local Anesthetics, and
Antibiotics. By BENJAMIN J. GUDZINOWICZ and MICHAEL J.
GUDZINOWICZ. Dekker, 270 Madison Avenue, New York, NY 10016,
Vol. 1: 1977, 223 pp., 15 X 23 cm, Price $23.75; Vol. 2: 1977, 493 pp., 15
X 23 cm, Price $45.00; Vol. 3: 1977, 268 pp., 15 X 23 cm, Price $29.75;
Vol. 4: 1978, 458 pp., 15 X 23 ¢m, Price $45.00; Vol. 5: 1978, 541 pp., 15
X 23 cm, Price $55.00.

The above titles are the first five volumes in what the publisher
promises to be a continuing series. Indeed, the flyleaf of Volume 5 states
that Volume 6 will cover cardiovascular, antihypertensive, hypoglycemic,
and thyroid-related agents. The stated purposes of this series are: to
provide a chronological literature compilation of the GLC and GLC-mass
spectrometry procedures for the analysis of specific drugs and their
metabolites; to provide qualitative and quantitative procedures in such
detail that they might be reproduced “faithfully” in the reader’s labo-
ratory; to present the results, precision, accuracy, and limits of detection
achieved by a given procedure; and to indicate, wherever possible, the
procedure’s applicability to pharmacokinetic studies.

Each volume has a separate author and subject index. These indexes
are not cumuiative, but that is not necessary since each volume is self-
contained. The authors assume that the reader is familiar with GLC and
GLC-mass spectrometry. No pages are wasted on cursory introductory
chapters, although the authors do include a few sketches of special in-
strument modifications such as sampling traps and injection ports. Where
appropriate, the chemistry of a chemical class is described in an expanded
discussion, which usually contains the structures and sometimes the
biotransformations. Each chapter contains representative GLC tracings

and tabulated retention data. Some mass spectra or printouts of mass
fragment values are presented.

A logical question is: Does this series duplicate or overlap Analytical
Profiles? To a limited extent, the answer is yes, only because GLC and
mass spectra analyses are found in Analytical Profiles. Whereas the latter
deals more with the pure drug, Analysis of Drugs and Metabolites by Gas
Chromatography-Mass Spectrometry emphasizes the analysis of mix-
tures that include the specific drugs under discussion. The two series
complement each other, and the volumes covered in this review discuss
a much larger group of compounds.

Volume 1 consists of two chapters of about equal length. The first
chapter discusses respiratory gases, volatile anesthetics, and related
toxicological materials. The second includes sterilizing agents, common
organic solvents found in blood, and riot-control aerosol irritants. The
second chapter also features ethanol and volatile trace components in
breath, body fluids, and body tissues. The term *‘volatile” may be a little
misleading, because the discussion on urine includes screening of urinary
steroids and acids plus other chemicals.

The topics become more pharmaceutically oriented in the remaining
volumes. About half of Volume 2 is devoted to barbiturates. One-third
of the volume is a chapter that includes chloral derivatives, tertiary
acetylenic alcohols, cyclic ethers, carbamates and ureides, piperdi-
nediones, quinazalones, benzodiazepines, and carbamazepine. The third
and final chapter makes up about 20 percent of the book and covers the
traditional anticonvulsants including hydantoins, succinimides, primi-
done, paramethadione and trimethadione, and some miscellaneous
anticonvulsants,

Volume 3 has two chapters of about equal length. Chapter 1 covers
phenothazines, butyrophenones, and thioxanthines; Chapter 2 includes
a moderate discussion on monoamine oxidase inhibitors and a rather
complete coverage of the tricyclic antidepressants.

Volume 4 also contains two chapters of about equal length. Most of
Chapter 1 is devoted to the amphetamines and related compounds, with
the remainder including the xanthines and pentylenetetrazol. Chapter
2 mainly covers the phenylethylamine-related compounds, with the
balance devoted to tryptamine- and propranolol-related compounds.
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