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Control of Pulmonary Absorption of Drugs by Various Pharmaceutical Excipients
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In general, drugs are well absorbed from the lung, and the pulmonary absorption of therapeutic protein and peptide
drugs, which are poorly absorbed from the gastrointestinal tract, was observed. However, locally acting drugs including
antiasthmatic agents, bronchodilators, and expectorants should be localized for a long period in the lung tissues. In this
study, the effects of various viscous vehicles on the absorption of theophylline and fluticasone propionate after intrapul-
monary administration were examined in rats. Carrageenans were effective in regulating the absorption rate of these
drugs. On the other hand, the bioavailability of therapeutic protein and peptide drugs with relatively high molecular
weights from the pulmonary route is still poor when compared with the parenteral route. Therefore we examined the
effects of chitosan and chitosan oligomers on the pulmonary absorption of interferon-o and salmon calcitonin in rats.
Chitosan oligomers were effective in improving the pulmonary absorption of these drugs, and chitosan hexamer ap-
peared to be markedly more effective than other oligomers. Furthermore, the present study indicated that chitosan
oligomers did not cause any membrane damage to rat pulmonary tissues. In conclusion, it is suggested that various phar-
maceutical excipients achieved the sustained pulmonary absorption of locally acting drugs and the improved pulmonary
bioavailability for therapeutic protein and peptide drugs.
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Fig. 1. Serum Concentration-time Profiles of Theophylline
after Intratracheal or Intravenous Administration without
Viscous Vehicles in Rats

Results are expressed as the mean=+S.E. of four rats. O : intratracheal
administration, A: intravenous administration.
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Fig. 2. Serum Concentration-time Profiles of Theophylline after Intratracheal Administration with Various Viscous Vehicles in Rats
Results are expressed as the mean+S.E. of four rats. O : control, l: 5% gelatin, @: 2% sodium alginate, A: 1% iota-carrageenan, <: 2% iota-carrageenan,

[O: 1% kappa-carrageenan.
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Table 1. Pharmacokinetic Parameters of Theophylline after Intratracheal Administration in the Presence of Various Viscous Vehi-

cles
Viscous vehicles Conan T AUCe MRT MAT BA
(ug/ml) (min) (ug + min/ml) (min) (min) (%)

Control 3.96+0.55 0.25+0 240.9+43.2 266.7£65.1 78.7 104.0
Gelatin 5% 3.16%+0.52 0.5£0.2 247.0£27.7 269.9+37.4 81.9 106.6
Iota-carrageenan 1% 1.594+0.04*** 1.4+£0.4 499,54 55.2°%%* 572.3+92.1%* 384.3 215.6
Iota-carrageenan 2% 0.63£0.03*** 33.8+9.4%HF 177.0+8.6 260.0+20.8 72.0 76.4
Kappa-carrageenan 1% 0.91£0.05*** 5.5+1.7 213.6+24.9 242.7+47.0 54.7 92.2
Sodium alginate 2% 0.99+£0.52°%*** 3.5+0.9 146.3£5.7 178.7+11.5 —9.3 63.2

Results are expressed as the mean=+S.E. of three to four rats. *

* p<0.01, compared with the control. *** p<{0.001, compared with the control.

Table 2. Pharmacokinetic Parameters of Fluticasone Propionate after Intratracheal Administration in the Presence of Carrageenans

. . Chnax Trnax AUCo MRT
Viscous vehicles (ng/ml) (min) (ng - min/ml) (min)
Control 3.12+0.45 52.5+£7.5 870.6+75.8 244.8+6.8
Iota-carrageenan 0.5% 2.84+0.31 93.8+26.3 953.3+92.4 283.2+26.8
Iota-carrageenan 1% 1.75+0.24* 210.0+71.4 676.8+136.0 298.8+52.5
Kappa-carrageenan 0.5% 3.62+0.09 225.0+56.8 1555.5+39.0%** 313.8+9.3**

Results are expressed as the mean=+S.E. of three to four rats. * p<{0.05, compared with the control. ** p<{0.01, compared with the control. *** p<{0.001,

compared with the control.

Conc. (ng/mL)

Time (hr)

Fig. 3. Serum Concentration-time Profiles after Intratracheal
Administration of Fluticasone Propionate with Carragee-
nans in Rats

Results are expressed as the mean =S.E. of four rats. O : control, A: 1

% iota-carrageenan, A: 0.5% iota-carrageenan, lM: 0.5% kappa- carragee-

nan.
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Fig. 4. Effect of Two Viscous Vehicles on the Remaining Per-

cent of Theophylline in the Lung Tissue at 60 Min after In-
tratracheal Administration
Results are expressed as the mean +S.E. of four rats. ***p<0.001, com-
pared with the control.
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Results are expressed as the mean+S.E. of four rats. *

*p<0.01, compared with the control.
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Fig. 6. Levels of Total Protein (a) and LDH Enzyme Activity (b) in Bronchoalveolar Lavage Fluid at 5 Hr or 24 Hr after Exposure
of PBS (Open Bars), Lambda- (Gray Bars), Iota- (Hatched Bars), Kappa- (Filled Bars) carrageenans Administered to Lung
Results are expressed as the mean=+S.E. of four rats. *p<{0.05 and **p<0.01, compared with the control.
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Table 3. Molecular Weight and Deacetylation Degree of
Chitosans and Chitosan Oligomers

Chitosans MW (Da) % Deacetylated
Dimer 340 100
Tetramer 663 100
Hexamer 985 100

WS 18002 n.d.”

CS 10 220009 909

EF 48000 969

CS 100 960004 879

a) Molecular weight determined from the peak retention time in GPC.
b) No data. ¢) Obtained from the manufacturer.
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Table 4. Pharmacokinetic Parameters of IFN after Intratracheal Administration with 0.5% Chitosan Oligomers and Polymers

Chitosans Chnax T max AUC, MRT Comparative Absolute
(IU/ml) (hr) (TU « hr/ml) (hr) BA? (%) BA? (%)
Control 375187 1.88+0.52 23731586 5.83+0.55 6.9 5.9
Dimer 817+ 75%* 1.50£0.29 4871£371* 5.75+£0.17 14.2 12.1
Tetramer 761+£55 1.63+0.38 3978 +538* 6.08+0.47 11.6 9.9
Hexamer 1006 & 80*** 2.00+0 6105+ 466** 5.12+0.16 17.8 15.1
WS 67090 2.75+0.75 5899+ 731** 7.37+0.65 17.2 14.6
EF 35672 3.13+1.39 28124906 5.99+0.71 8.2 7.0
CS 10 653119 2.00+0 3891+598 5.61+0.75 11.3 9.6
CS 100 513+105 2.75+0.25 2926+615 5.30+0.63 8.5 7.2

Results are expressed as the mean+S.E. of four rats. @) Compared to intramuscular injection. ) Calculated from serum concentration-time profile after in-
travenous administration of IFN in Ref. 39). * p<{0.05, compared with the control. ** p<{0.01, compared with the control. *** p<{0.001, compared with the

control.
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Fig. 7. Serum Concentration-time Profiles after Intratracheal
Administration of IFN with 0.5% Chitosan Oligomers in
Rats

Results are expressed as the mean+S.E. of four rats. @: control, H:
dimer, O : tetramer, <: hexamer, A: WS.

LTt zmofa, ZIEMENHA T, hex-
amer RN L 72356 &IFIEH Ui IFN JBE#EE
ZRUTz.

RIZ, B TEDF MY > THD EF, CS10 KT
CS100 O 0.5 % R&EWR Z iR U TRER ISR 5 %
fro7=. CS103fitNZ CS100 ZiRM L 7= A D i
IFN EEZ, a>bho—)LEkgl T kAL
7273, EF PFARFIZ IFN ORI ek 3550 I8 D
SN o7z (Fig. 8).

Figures 7 and 8 DFERMNSHH I N/ 4O F
oAV IY—WRIC3IFEDF R 284 0.5
WML THM# S5 L 2B O IFN @ PK para-
meters & Table4 [T F & O /=, IFN @ Cpax &
dimer & hexamer DFRIMZ LD, R KM E TO
i H R R - R AR T AR (AUCw) 139 XT
OF MY AV IT—ORMIEDI> ho—)L &
U THERICHE AL, KIZ hexamer OINIC
£D, IFN @ Cpox NN AUC, 1Za > bEa—)L &Lk
L THE A 2TIERO2.6 ZI12HK L, absolute
BAZ15.1% ¥ CESINL. —FH, BWSTEE
##D EF, CS10, CS100 DR TIX, IFN O #%fiii ik
IWHICEBREEEZ KT I Mo 20, Zhidh
S5F M ODRERTETDHD0/KITIFEAERE
LIBWZENHERTH D EEZ BN

33. Xy AYaAY—(C&BHYTALS b=
S ORMBRUEDOHZENR  IFN Off il BN e

Cone. (IU/mL)

Time (hr)

Fig. 8. Serum Concentration-time Profiles after Intratracheal

Administration of IFN with 0.5% Chitosan Polymers in Rats

Results are expressed as the mean+S.E. of four rats. @: control, A:
Cs10, O : EF, O: CS100.

LENRNED 5 N 72 hexamer i VR — )L 2 )L e
L7ZWSIZE2H7r vy b= (sCT) D%tk
INSEERICOW TR 27072, 1YV TILT 2K
AT KDBERREET 7 v hZ2FREBRICEE L, BEEK
20um O3 X N &EFEHA S H 5 IA-1C MicroSprayer™
(Penn-Century, Inc.) DOEimz Q& NICEZEE AL
D%, 0.1ug/0.1 ml/rat O & THRMIHES L7z,
ZTORER, sCTIZXBMH IV LREKTE
AiE, Ihs220F M2 F U I —0ORMICEK
DREIND ZENHRIN, PDNNTA—F &H
Hdz&, 2200FYdXR—%KRMTBZEITX
0, ARV METEROERNED 507
(Fig. 9). ANFH—ZiR{RML /=X D Pharmacolog-
ical availability (PA) %1%, J> hO—)L &Lkl
TA43fFITWRL, AMEMERTF R THS sCT
BNWTHF M) I =12 & 2RIk
ENRNER I Nz (Table 5).

34. FMHA)IT—(C& BhkaEREEM
F Y23, ERICHL TREEREm N ENHTS
NTWDA, FikEICH T 2 Z2MEITDONTIIH S
nNTHwzh, £IT, MREICHTSF MY F Y
A —QREHITDODVWTHREETTS 20, F MY
RGO DOWT, SRELAR R 21T
o7z, Figure 10 IZF FH A1) I —KURY
NG 72 R QR ARG 2 R L7z, F
M OAFH Y- G5HOGES S E, flild~v O
Ty —UNEELTWEDR, 32 hao—)LO%ERY
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Fig. 9. Changes in Serum Ca2* Levels after Intratracheal Ad-

ministration of sCT with 0.5% Chitosan Oligomers in Rats

Results are expressed as the mean=+S.E. of four rats. @: control, O:
hexamer, A: ball-milled WS.

(A)

HLTWEY, FraEnm<RdEKIIHLTIEE
A ERRET, Filg, W, JN\IEEREDFREIC
BIRT 5. RRIIRINGCE R & FB 9 2 720 Ik
EREELRWFE M AU I3 A D %
EM2EELZEAICBWTHEARMME L TH
HThrEEZONT.

4. BHXRBRARTINA ZDBZ

RBIC, A REE 2 e MG T BRI, %
RESHNICEY ZRET DL AT LANBLETH
5. ZIZTIE, BAEBRFER OMERBARTNA X
WDOWTBIZHNT 5. ODPL > AT AM, X7
FROEHEICHELZH LWV ERRAS AT LTH
0, BIFEtk, BN AREREORMES
U, BifE#+t ODPI S ERICHB W THENED 5
NTWD, 404D —7F  Swinghaler® (Fig. 11) 1, Tfit

Table 5. Pharmacodynamic Parameters of sCT after In-
tratracheal Administration with 0.5% Chitosan Oligomers

Chitosan oligomers A% PA% Ratio
Control 1.19£0.38 2.14 —

5.13£0.96*%  9.24 4.3
4.37£0.78%* 7.87 3.7

Hexamer
WS (Ball-milled)

Results are expressed as the mean+S.E. of four rats. A%: Changes in
the serum calcium concentration, A% = (1 —AUC 360 min/100% X360
min) X 100, PA%: the percentage of pharmacological availability, PA %
= (A% puimonary/ A % iv.) X (Dose;,./DOSepumonary) s+ »<0.05, compared
with the control. ** p<{0.01, compared with the control.

(B)

(©)

(D)

Fig. 10. Histopathological Observation (100X Magnification) of Rat Lung Tissue at 72 Hr after the Exposure with Chitosan

Oligomers and Polymer

(A): Control, (B): 0.5% hexamer, (C): 0.5% WS, (D): 0.5% CS10 solution.
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Fig. 11. Swinghaler®
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Fig. 12. Effect of Inspiratory Flow Rate (IFR) at 100 Min af-
ter Reaching the 5 1/min on Plasma Concentration-time Pro-
files of Budesonide after Inhalation at a Dose of 800 ug in
Human

(A) : Pulmicort Turbuhaler, (B): Swinghaler. Results are expressed as
the mean+S.D.

SRR R AL B E WA, KE @
BIESCER NN SEPNCS SRS s €2k JaWEVN T
BURERRAIRF ST NVEEEFTEZIRD, £< O
REFIEHBLXT.
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