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Carrageenans can regulate the pulmonary absorption of
antiasthmatic drugs and their retention in the rat
lung tissues without any membrane damage
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Abstract

Effects of various viscous vehicles on pulmonary absorption of antiasthmatic drugs were examined by an in situ pulmonary
absorption experiment. Theophylline and fluticasone propionate were used as antiasthmatic drugs. The serum concentration—time
profile of theophylline without viscous vehicles was similar to that following the intravenous injection, indicating that pulmonary
absorption of theophylline was rapid and absolute. The serum concentration of theophylline was not controlled in the presence
of 5% gelatin or 2% sodium alginate. However, 1% iota-carrageenan could control and regulate the serum concentration of
theophylline. In the pharmacokinetic analysis, (Bg.x values of theophylline significantly decreased, andTjg, values
increased in the presence of 1% and 2% iota-carrageenan, 1% kappa-carrageenan, and 2% sodium alginate compared witt
the control. The MRT and MAT values of theophylline with 1% iota-carrageenan were significantly higher than those without
viscous vehicles. The local concentration of theophylline in the lung at 1 h after intratracheal administration increased five-fold
with 1% iota-carrageenan compared with the control. On the other hand, the pulmonary absorption of fluticasone propionate
was controlled and regulated in the presence of 0.5% kappa-carrageenan. Additionally, the pulmonary inflammation after the
exposure of carrageenans administered to the lung was evaluated in rats. lota- and kappa-carrageenans did not cause local seriot
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damage and inflammation to the pulmonary tissue. Therefore, these findings indicated that the carrageenans were effective t
regulate the absorption rate of antiasthmatic drugs including theophylline and fluticasone propionate.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction an in situ pulmonary absorption experiment. Conse-
quently, viscous vehicles, especially 5% gelatin and 1%
The large surface area of the alveolar epithelium and PVA, were effective to control the pulmonary absorp-
the short distance of the air-blood pathway are unique tion of CF, a water-soluble drug with low molecular
features of the lung that can facilitate systemic deliv- weight and they might be useful to increase the local
ery alternative for delivering therapeutic proteins and concentration of drugs in the lunygmamoto et al.,
peptides ©Q’Hagan and lllum, 1990; Agu et al., 2001 2004.
Actually, pulmonary absorption of these proteins and  Carrageenan is a generic term for naturally occur-
peptide drugs which are poorly absorbed from the gas- ring polysaccharides that fill the void spaces in the cel-
trointestinal tract, was observeBr(na and Schanker, lulose backbone structures in certain species of red sea-
1972a; Wigley et al., 1991 Moreover, the bioavail-  weed. The use of carrageenan extends back to ancient
ability of these drugs was significantly improved by times and carrageenans are widely utilized due to their
co-administration with various adjuvants such as ab- excellent physical functional properties such as thick-
sorption enhancers and protease inhibit@kymura ening, gelling, and stabilizing abilities in the current
et al., 1992; Komada et al., 1994; Kobayashi et al., food industry (keda, 2003. Moreover, carrageenans
1994: Morita et al., 1994; Yamamoto et al., 1994, 1997, are used as an excipient for the pharmaceutical formu-
2001; Todo et al., 20Q1However, rapid pulmonary ab-  lation. However, few studies have been reported the
sorption of these peptides, especially insulin may cause effect of carrageenans on the control and regulation
hypoglycemic events and other serious side effects. of pulmonary absorption of drugs, especially antiasth-
Consequently, the control of pulmonary absorption rate matic drugs.
of drugs is very important for therapeutic effects and In this study, theophylline and fluticasone propi-
safety of the drugs. onate were chosen as antiasthmatic drugs, and the ef-
On the other hand, recently, chronic obstructive pul- fects of various viscous vehicles including gelatin, iota-
monary disease (COPD) is a major public health prob- , kappa-carrageenan, sodium alginate on the absorption
lem and itis the fourth leading cause of chronic morbid- of the drugs after intrapulmonary administration were
ity and mortality throughout the world{HO, 2000. examined in rats. Additionally, the pulmonary inflam-
Moreover, nocturnal and early morning wheezing is mation after the exposure of carrageenans administered
very common in asthmatics. The clinical importance of to the lung was evaluated in rats.
this symptom is underlined by the fact that the majority
of deaths from asthma and many episodes of ventila-
tory arrest occurred in the early mornirigg(rnes et al., 2. Materials and methods
1980; Kiyokawa et al., 1999Therefore, the local act-
ing drugs including antiasthmatic agents, bronchodila- 2.1. Materials
tors and expectorants should be localized for a long pe-
riod in the lung tissues. Nevertheless, few studies have  Theophylline was purchased from Shiratori Phar-
been examined to control and regulate the absorption maceutical Co. (Chiba, Japan). Fluticasone propionate
rate of such drugs after intrapulmonary administration was purchased from Sicor S.p.A. (Perugia, Italia).
(Morimoto et al., 2001 Gelatin and sodium alginate were obtained from
In a previous study, effect of various viscous ve- Nacalai Tesque Inc. (Kyoto, Japan) and Wako Pure
hicles on the pulmonary absorption of water-soluble Chemical Industries, Ltd. (Osaka, Japan), respectively.
drug, 5(6)-carboxyfluorescein (CF) was examined by lota-, lambda- and kappa-carrageenans were purchased
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