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Drug delivery systems (DDS) using liposomes as drug carriers for targeting to macrophages have been developed
for the treatment of diseases that macrophages are related to their progress. Initially, DDS for the treatment of atheros-
clerosis are described. The influence of particle size on the drug delivery to atherosclerotic lesions that macrophages are
richly present and antiatherosclerotic effects following intravenous administration of liposomes containing dexametha-
sone (DXM-liposomes) was investigated in atherogenic mice. Both the drug delivery efficacy of DXM-liposomes (parti-
cle size, 200 nm) to atherosclerotic lesions and their antiatherosclerotic effects were greater than those of 70 and 500 nm.
These results indicate that there is an optimal particle size for drug delivery to atherosclerotic lesions. DDS for the treat-
ment of respiratory infections are then described. The influence of particle size and surface mannosylation on the drug
delivery to alveolar macrophages (AMs) and antibacterial effects following pulmonary administration of liposomes con-
taining ciprofloxacin (CPFX-liposomes) was investigated in rats. The drug delivery efficacy of CPFX-liposomes to AMs
was particle size-dependent over the range 100-1000 nm and then became constant at over 1000 nm. These results indi-
cate that the most effective size is 1000 nm. Both the drug delivery efficacy of mannosylated CPFX-liposomes (particle
size, 1000 nm) to AMs and their antibacterial effects were significantly greater than those of unmodified CPFX-lipo-
somes. These results indicate that the surface mannosylation is useful method for drug delivery to AMs. This review pro-
vides useful information to help in the development of novel pharmaceutical formulations aimed at drug targeting to
macrophages.
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Fig. 1. Progression of Atherosclerosis in Subendothelial Space
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Fig. 2. Time-course of Concentration of DXM in Serum after Intravenous Administration of DXM-liposomes (particle size: 70, 200

and 500 nm) to Normal Mice (A) and Atherogenic Mice (B)

DXM-liposomes were prepared with egg yolk phosphatidylcholine, cholesterol and dicetylphosphate in a lipid molar ratio of 7/2/1 by the hydration method
and then adjusted to three different particle sizes by extrusion method. The particle sizes of DXM-liposomes were 69 nm, 202 nm and 519 nm, respectively. DXM
concentration and DXM/lipid molar ratio in DXM-liposomes suspension were 1 mg DXM/ml and 0.134 mol DXM/mol total lipids, respectively. Atherogenic mice
were prepared by giving atherogenic diet (6 g/day) containing 10% linoleic acid, 1.5% cholesterol, 0.5% cholic acid, and 51.2% sucrose for 14 weeks. DXM-lipo-
somes or free DXM (2.5 mg DXM/kg) were intravenously administered to mice. At each time-point after administration, DXM in serum were determined and con-
centrations of DXM were calculated. Each value represents the mean+S.E. (n=4). Symbols: the particle size of DXM-liposomes are (ll): 70 nm, (A): 200 nm,

(@): 500 nm, respectively, (@): free DXM.
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Fig. 3. Delivery Efficacy of DXM and Liposomes in the Aorta at 1 h after Intravenous Administration of DXM-liposomes (particle
size: 70, 200 and 500 nm) to Normal Mice (A) and Atherogenic Mice (B)
DXM-liposomes or free DXM (2.5 mg DXM/kg) were intravenously administered to mice. At 1 h after administration, DXM and lipid marker in the aorta
were determined and delivery efficacy of DXM and liposomes were calculated. Each value represents the mean+S.E. (n=4). Column: (closeded), DXM: (open),
liposomes. Details about DXM-liposomes and atherogenic mice used in this experiment are the same as those in Fig. 2.
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Macrophages obtained from murine peritoneal cavity and foam cells induced from macrophages by incubation with oxidized low-density lipoprotein were used.
DXM-liposomes (25 nmol DXM/ml in medium) were added to cells, followed by incubation for 1 h at 37°C. After incubation, DXM and lipid marker in cells were
determined and uptake efficacy of DXM and liposomes were calculated. Each value represents the mean+S.E. (n=4). Column: (closeded), DXM; (open), lipo-
somes. Details about DXM-liposomes used in this experiment are the same as those in Fig. 2.
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Fig. 5. Relationship between the Pharmacokinetics and Antiatherosclerotic Effect of DXM in Atherogenic Mice

Atherogenic mice were maintained for 14 weeks on an atherogenic diet as described in Fig. 2. DXM-liposomes or free DXM (55 ug DXM/kg) were in-
travenously administered to atherogenic mice once a week from 8 to 14 weeks. After 14 weeks, cholesterol ester level in aorta was determined and percentage of
atherosclerotic inhibition was calculated. Mean residence time (MRT) and aortic uptake clearance (CL,,) of DXM were calculated from data shown in Fig. 2 and
3. Each value represents the mean+S.E. (percentage of atherosclerotic inhibition, n=6; MRT and CL,,, n=4). (A): MRT and antiatherosclerotic effect, (B):
CL,, and antiatherosclerotic effect. Symbols: the particle size of DXM-liposomes are (H): 70 nm, (A): 200 nm; (@): 500 nm, respectively, (4): free DXM.
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Fig. 6. Uptake Characteristics of CPFX-liposomes (particle size: 100-2000 nm) by NR8383 Cells in vitro (A) and AM in vivo (B)

CPFX-liposomes were prepared with hydrogenated soybean phosphatidylcholine, cholesterol and dicetylphosphate in a lipid molar ratio of 7/2/1 by the hydra-
tion method and then adjusted to five different particle sizes by extrusion method. The particle sizes of CPFX-liposomes were 93, 205, 405, 1094 and 2032 nm,
respectively. CPFX concentration and CPFX/lipid molar ratio in CPFX-liposomes suspension were 0.8 mg CPFX/ml and 0.1 mol CPFX/mol total lipids, respec-
tively. (A): Uptake profiles of CPFX by NR8383 cells after application of CPFX-liposomes. CPFX-liposomes or free CPFX (100 nmol CPFX/ml in medium) were
added to NR8383 cells, followed by incubation at 37°C. At each time-point after incubation, CPFX in NR8383 cells was determined and uptake efficacy of CPFX
was calculated. Each value represents the mean+S.E. (n=3-7). Symbols: the particle size of CPFX-liposomes are (@): 100 nm, (A): 200 nm, (H): 400 nm,
(@) : 1000 nm, (¥): 2000 nm, respectively, (O): free CPFX. (B): Concentrations of CPFX in AM at 2 h after pulmonary administration of CPFX-liposomes to
rats. CPFX-liposomes or free CPFX (0.2 mg CPFX/kg) were administered to rat lungs. At 2 h after administration, CPFX in AM was determined and concentra-

tion of CPFX was calculated. Each value represents the mean+S.E. (n=3-6).
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EVRY —LDRENMIT L THD, EYny
RY—LIHAINZEE AMICRDAENTY
% ENHER I N

JIRY —LIZED AM ADY =7 F 1 27 I121%
KL £ 1000 nm DR BINEHTHD, Y2/ —RA
BT DI ETIBIY =T T 1 RN ET
5 EMNMHESMN ER o= (Fig. 6 (B) U Fig. 7
(B)). LinL, VREMRCEOERGIEEZEET
2 51F, Wi 5%0 AM N T O S8 88 O Hl

MEELELLD, £z, BEHOREZEET 225
W, EYomhBiTHEEEET SLRENDD. £
T, CPFX-liposomes @ AM N Jx OMANE) B8 % 2E
AL, F8 T AM N TOHER K TF AW
A9 B RBG IR 2T L /2. RIERTSUI~Y >
J — ZfEHii L 7= CPFX-liposomes (fi 7% 1000 nm)
Z7 vy M5 (0.2mg/kg, HER#E DG 8D
1/50) L7=®b D AM Hi B O 3849 HERS %
Fig. 8 IZ/R 9. AM HEMEEIZINT D CPFX-
liposomes 12351\ T & Y B 512 FL R & Wil T
L7 (Fig. 8(A)). T, ¥/ —ZAEHICH
WTIE AR AM HUREE VIR B $ 5 D) 25 f5 &
WHE Tho/z (Fig. 8(A)). —F, IMHEYIREIX
NN DO CPFX-liposomes 1235 W\ T H Y Bl 5
IR NETHERE L 7= (Fig. 8(B)). URY —A
£92 2 ETEYOMPBITHENE T L2 &I,
G S P D EIE F O e <0 B3k 2 (4 % b THs CEH
BRZETHD, AMITEZED ABERAUMH T
HOERTOEREEZ S5NS. Figure 8(A)IZ/RL
7= AM HEEWREHERS & KRN T A —F XD
BONHRNR EFERITHT 22 7L 2R %
Table 1 J U Table 2 IZ/;R9. CPFX DX S75F /
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Fig. 7. Uptake Characteristics of Unmodified and Mannosylated CPFX-liposomes (particle size: 1000 nm) by NR8383 Cells in vitro
(A) and AM in vivo (B)

Unmodified and mannosylated CPFX-liposomes were prepared with hydrogenated soybean phosphatidylcholine, dioleoyl phosphatidylcholine, cholesterol,
dicetylphosphate and 4-aminophenyl-a-D-mannopyranoside in a lipid molar ratio of 3.5/3.5/2/1/0 or 3.5/3.5/2/1/1 by the hydration method and then adjusted to
particle size by extrusion method. The particle sizes of unmodified and mannosylated CPFX-liposomes were 1015 and 1005 nm, respectively. CPFX concentration
and CPFX/lipid molar ratio in unmodified or mannosylated CPFX-liposomes suspension were 0.8 mg CPFX/ml and 0.1 mol CPFX/mol total lipids, respectively.
(A): Uptake profiles of CPFX by NR8383 cells after application of unmodified and mannosylated CPFX-liposomes. Unmodified CPFX-liposomes, mannosylated
CPFX-liposomes or free CPFX (100 nmol CPFX/ml in medium) were added to NR8383 cells, followed by incubation at 37°C. At each time-point after incubation,
CPFX in NR8383 cells was determined and uptake efficacy of CPFX was calculated. Each value represents the mean+S.E. (n=4-5). Symbols: (A): unmodified,
() : mannosylated, (O): free CPFX. (B): Concentrations of CPFX and liposomes in AM at 2 h after pulmonary administration of unmodified and mannosylated
CPFX-liposomes to rats. Unmodified CPFX-liposomes, mannosylated CPFX-liposomes or free CPFX (0.2 mg CPFX/kg) were administered to rat lungs. At 2 h
after administration, CPFX and lipid marker in AM was determined and concentration of CPFX and liposomes was calculated. Each value represents the mean +
S.E. (n=4). Column: (closeded), CPFX: (open), liposomes. *p<(0.05, #p<0.05, significant difference from concentration of CPFX and liposomes on administra-
tion of unmodified CPFX-liposomes, respectively.
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Fig. 8. Time-course of Concentration of CPFX in AM (A) and Plasma (B) after Pulmonary Administration of Unmodified and
Mannosylated CPFX-liposomes (particle size: 1000 nm) to Rats
Unmodified CPFX-liposomes, mannosylated CPFX-liposomes or free CPFX (0.2 mg CPFX/kg) were administered to rat lungs. At each time-point after ad-
ministration, concentration of CPFX in AM and plasma was determined. Each value represents the mean =S.E. (n=4). Symbols: (A): unmodified, (<): man-
nosylated, (O): free CPFX. Details about unmodified and mannosylated CPFX-liposomes used in this experiment are the same as those in Fig. 7.

0O 2 RPIEE O HIE A R L DR E SUTIRE & #5E B 2EEU T URTIUL, Ho7ssR R

BEOBICIKET 50D T, ke iE/MIC i 5NN, 969 REMD CPFX-liposomes ¢ N3
(Cmax/MIC ; H#0E 12 L E) &L < ISR W B TIE—E DB ER I L T Cmax/MIC KON

HfR FHEAS/MIC b (AUC/MIC ; B%0i 125 h B4 AUC/MIC E#ELL N TH o /= (Table 1). —
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¥, <> ) — A{EH L 7= CPFX-liposomes {25\ T
X, WFNOEIZH L TH Cmax/MIC KT AUC/
MIC NENELL ETH O, THRFEENES
NBHZEMRENT (Tablel)., £7=, MICE®
INEWEREIZX L TiE, Cmax/MIC & AUC/
MIC WE#EEZRKREL ERI>THY, HEEE X
SIHERT 2 ZENARETH S D, WORRERIC
K DML, PiEEOREN MIC A ETH>T
HEHEGILRE (MPC) Z FEISZZHFITEID
5<, BEMHKEN MPC & MIC O OEERTH
% mutant selection window (&% & MPC>MIC)

ZliEmd SN EWSEICEOEBRENEKRT
5.7 5@, AR IEZ) ST mutant selection win-
dow Z i3 2D 24 BT % E &
(Tmswoaan s %) TERIN, ZOEIZ0%THSZ
EMMEE LW, WML E TIX Tysw ozan DED
MBI LT 17%, PiBEEICH L T34%TH

D, WTFNOFTFERMIIH L THERDOBEBHIEIRS
N7z (Table2). —75, REHHK/OT > —XEH
L 7= CPFX-liposomes (B W TIE, WINDEFARE
IR LU TH Tuswooun PEN 0% THD, +HoRE
FRG IRV RO 5Nz (Table 2).

PLED XSz, CPFX-liposomes D it G513 i
RO S TERIEOEMNS S, FEYHMELS
WHXRTHERATOD ZENRINE., REMHOD
CPFX-liposomes TlX—#BDEF AL E X U THLUEEE)
EnNEonhozn, v/ —ZEMIZED AM
NOEYDEY =T 4 THRMNIm EL, £<OH
FEIZKN U TEN TR R OZE BB IER R0 5
N5ZENHSMNERS T2, APFFEORRER, Ml
W& A IR R 9 2 s i SYE DIR 215109
FE 548 DDS ®AI O ELRICH AR ERE 72
HIDHD0THD, SHOBAMFEO B &2
EZEMFT 5.

Table 1. The Antibacterial Effects in AMs following Pulmonaly Administration of Free CPFX, Unmodified and Mannosylated

CPFX-liposomes to Rats

Organism (MIC) Dosage AUC/MIC (h) Cmax/ MIC
M. tuberculosis (0.5 ug/ml)® Mannosylated CPFX-liposomes 12808 1879
Unmodified CPFX-liposomes 8376 779
Free CPFX 546 79
M. avium (12.5 ug/ml)?» Mannosylated CPFX-liposomes 512 75
Unmodified CPFX-liposomes 335 31
Free CPFX 22(1) 3(1)
M. intracellulare (50 ug/ml)© Mannosylated CPFX-liposomes 128 19
Unmodified CPFX-liposomes 84(1|) 8(l)
Free CPFX 5(1) 1)
C. pneumoniae (2 ug/ml)® Mannosylated CPFX-liposomes 3202 470
Unmodified CPFX-liposomes 2094 195
Free CPFX 137 20
L. monocytogenes (1 ug/ml)? Mannosylated CPFX-liposomes 6404 940
Unmodified CPFX-liposomes 4188 389
Free CPFX 273 40
L. pneumophila (0.06 ug/ml)” Mannosylated CPFX-liposomes 106733 15658
Unmodified CPFX-liposomes 69800 6490
Free CPFX 4550 660
F. tularensis (0.015 ug/ml)® Mannosylated CPFX-liposomes 426933 62633
Unmodified CPFX-liposomes 279200 25960
Free CPFX 18200 2640
Rifampicin resistant M. tuberculosis (12.5 ug/ml)" Mannosylated CPFX-liposomes 512 75
Unmodified CPFX-liposomes 335 31
Free CPFX 22() 3(1)

MIC: minimum inhibitory concentration, AUC/MIC: area under the drug concentration-time curve/MIC ratio, Cp,,,/MIC: maximum drug concentration/
MIC ratio. The time-course of drug concentration shown in Fig. 8 (A) and MIC values were used for calcuration of AUC/MIC and C,,,,/MIC. The MIC values
were taken from the literature. a) : Ref. 66, b) : Ref. 67, ¢) Ref. 67, d): Ref. 68, e): Ref. 69, /) : Ref.70, g), Ref. 71, k) : Ref. 67. Arrows are shown less than effec-

tive value.
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Table 2. The Mutant Prevention Effects in AMs following Pulmonaly Administration of Free
CPFX, Unmodified and Mannosylated CPFX-liposomes to Rats
Organism (MIC, MPC) Dosage TMS(VX/D‘?Z‘“‘

M. tuberculosis (0.5 ug/ml®, 2 ug/ml?) Mannosylated CPFX-liposomes 0
Unmodified CPFX-liposomes 0
Free CPFX 17

M. avium (12.5 ug/ml®, 40 ug/ml?) Mannosylated CPFX-liposomes 0
Unmodified CPFX-liposomes 0
Free CPFX 34

MIC: minimum inhibitory concentration, MPC: mutant prevention concentration, Tysw o—241: percentage of the
time when drug concentrations are inside the mutant selection window during a 24 h period. The time-course of drug
concentration shown in Fig. 8 (A), MIC and MPC values were used for calcuration of Tysw o—241. The MIC and MPC
values were taken from the literature. a): Ref. 66, b): Ref. 73, ¢): Ref. 67, d); Ref. 74.

4. HEE

AR TIE, BHIREEALIE B O I g R G iE O 15
ML~ 07 7 —2%FEMET % DDS O
HLIZOWT, RIvTF¥xUT7ELTURY—L%E
AW RORREERIBR L7z, BIREE(LIE DR E %
fgm L 7= DDS fFZ2IC B W T, ERE(LEAD
Y—T4 2TIIR T v T F U 7 ORFRICE
YA ANFEET DI ENHSNERD, THITEH)
IREE(L AN DIEYEL D AA T )T T > X Z&HlTHd 2
Z&T, iBiRELIERZREETH S5 Z EAH
ShETRo . BIREE(LEE OEEEIZ DDS 2 L
FRZENI I NE TIZAR L, TOHF A2 EZRIIC
MR L2 Z LIFHEICET 5 EEX TS, —7,
FH el PN 27 2R B RS (R0 5 I R B G E OD Y5 98 % i 1)
L7 DDS ffgIcB W TIX, ¥ >/ — 2y R
V—ADNiHEGEICED AM ANOEBYDY —47 5 1
SUEMEEL, £< OB@EICH L TENZPIE
SRR OB RBG IRV RG 5N D 2 ENHS M ETR
o7z, WPIREREAYE D5 %I DDS Z ikl L 725
FlEZNFETIZNLS DNME SN TNBN, K5
FTINETRIFEAEHSNIZER D TRV AM
Z&BURY —LOWOAHRREDHIRST, Miifk
HEWSH LWikG)L— ~ OF A2 ZBRIICHERR
L7 iICHlifiEn s 5. G#%OBEE LTI, BiiREE
{LAE & N0 g8 BE G E DR 2 F5 179 % #7181 DDS #
KIOERISAIEHEAAD T &, FHREBORIERE
RO OT 7 — TN DRIEICE G T D EEDHEEN
@ DDS DS ZER ENET 6N, EFESOT
=T TRBHEZ NS O EEIICERL T
%.

BE AWEOMRRIR, JLiEEER KK R
LR, A -FBEROZHEED FIiTbh/
HDTYT., ZZITLrsDE#MERL BT ET. A
L DOZRITITER L, M8 S HEEZR O £ L2
OHRBR G KFIEAR AR LHIERD,
B (RIGHEEU% (bl SRR 2 KB 3 22 7R
WM NCHNFEEZ L @HFER) ITHEA TREHOR
ZRLUET. £/, ERCCHHEESELEAHA
BB HEERICES BILHL LIFEd. &
B, AKHFEO—HIL, FHEMIFEEM S, BOLERE
A R R B [ 75 B k4 e DN gl SRR 7 21
BNARSICLOEBINZHDTHS Z L&A
FEWALET.

REFERENCES

1) Allen T. M., Mumbengegwi D. R., Charrois
G. J., Clin. Cancer Res., 11, 3567-3573
(2005) .

2) Chono S., Tauchi Y., Morimoto K., Drug
Metab. Pharmacokinet., 21, 37-44 (2006) .

3) Chono S., Tauchi Y., Morimoto K., Drug
Dev. Ind. Pharm., 32, 125-135 (2006) .

4) Hitzman C. J., Wattenberg L. W., Wiedmann
T. S., J. Pharm. Sci., 95, 1196-1211 (2006) .

5) Tauchi Y., Takase M., Zushida I., Chono S.,
Sato J., Ito K., Morimoto K., J. Pharm. Sci.,
88, 709-714 (1999).

6) Hitzman C. J., Elmquist W. F., Wiedmann T.
S., J. Pharm. Sci., 95, 1127-1143 (2006) .

7) Hosseinkhani H., Hosseinkhani M., Khadem-
hosseini A., Kobayashi H., Tabata Y.,
Biomaterials, 27, 5836-5844 (2006) .

8) Kasper F. K., Kushibiki T., Kimura Y., Mikos



No.

1429

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

A. G., Tabata Y., J. Control. Release, 107,
547-561 (2005) .

Morimoto K., Chono S., Kosai T., Seki T.,
Tabata Y., J. Pharm. Pharmacol., 57, 839-
844, (2005).

Wang J., Tabata Y., Morimoto K., J. Con-
trol. Release, 113, 31-37, (2006) .

Marttin E., Verhoef J. C., Cullander C.,
Romeijn S. G., Nagelkerke J. F., Merkus F.
W., Pharm. Res., 14, 631-637 (1997).

Seki T., Kanbayashi H., Chono S., Tabata Y.,
Morimoto K., Int. J. Pharm. (in press).
Seki T., Wang A., Yuan D., Saso Y., Hosoya
O., Chono S., Morimoto K., J. Control.
Release, 100, 181-189 (2004) .

Seki T., Kanbayashi H., Nagao T., Chono S.,
Tabata Y., Morimoto K., J. Pharm. Sci., 95,
1393-1401 (2006) .

Yamamoto A., Yamada K., Muramatsu H.,
Nishinaka A., Okumura S., Okada N., Fujita
T., Muranishi S., Int. J. Pharm., 282, 141-149
(2004) .

Chono S., Morimoto K., J. Pharm. Phar-
macol., 58, 1219-1225 (2006) .

Asai T., Oku N., Methods Enzymol., 391, 163
-176 (2005) .

Nguyen L.T., Atobe K., Barichello J.M., Ishi-
daT.,Kiwada H., Biol. Pharm. Bull., 30, 751—
757 (2007).

Chono S., Tauchi Y., Morimoto K., J. Drug
Target., 13, 407-414 (2005) .

Chesnoy S., Durand D., Doucet J., Stolz
D.B., Huang L., Pharm. Res., 18, 1480-1484
(2001) .

Yokoyama M., Opanasopit P., Okano T.,
Kawano K., Maitani Y., J. Drug Target., 12,
373-384 (2004).

Kushibiki T., Tomoshige R., Iwanaga K.,
Kakemi M., Tabata Y., J. Biomater. Sci. Po-
lym. Ed., 17, 645-658 (2006) .

Tauchi Y., Zushida I., Yokota M., Chono S.,
Sato J., Ito K., Morimoto K., Biol. Pharm.
Bull., 23, 466-471 (2000) .

Chen J., Corbin I. R., Li H., Cao W., Glick-
son J. D., Zheng G., J. Am. Chem. Soc. (in
press) .

Chono S., Tanino T., Seki T., Morimoto K.,
J. Drug Target., 14, 557-566 (2006) .

Oku N., Nojima S., Inoue K., Biochim.

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

Biophys. Acta, 595, 277-290 (1980) .
Adler-Moore J., Proffitt R.T., J. Antimicrob.
Chemother., 49, 21-30 (2002).

Harashima H., Houng T. M., Ishida T.,
Manabe Y., Matsuo H., Kiwada H., Pharm.
Res., 13, 1704-1709 (1996) .

Chono S., Tanino T., Seki T., Morimoto K.,
J. Pharm. Pharmacol., 59, 75-80 (2007).
Maruyama K., Takahashi N., Tagawa T.,
Nagaike K., Iwatsuru M., FEBS Lett., 413,
177-180 (1997) .

Kikuchi H., Pharm. Tech. Jpn., 19, 99-110
(2003) .

Futaki S., Masui Y., Nakase I., Sugiura Y.,
Nakamura T., Kogure K., Harashima H., J.
Gene Med., 7, 1450-1458 (2005).

Khalil I.A., Kogure K., Futaki S., Harashima
H., J. Biol. Chem., 281, 3544-3551 (2006) .
Li S. D., Huang L., Ann. N. Y. Acad. Sci.,
1082, 1-8 (2006) .

Hodge-Bell K. C., Lee K. M., Renne R. A.,
Gideon K. M., Harbo S. J., McKinney W. J.,
Inhal. Toxicol., 19, 361-376 (2007).

Roberts R. A., Ganey P. E., Ju C., Kamendu-
lis L. M., Rusyn I., Klaunig J. E., Toxicol.
Sci., 2-15 (2007).

Ross R., N. Engl. J. Med., 340, 115-126
(1990) .

McKinney J. D., Honer zu Bentrup K.,
Munoz-Elias E. J., Miczak A., Chen B., Chan
W.T., Swenson D., Sacchettini J. C., Jacobs
Jr. W. R., Nature, 406, 735-738 (2000).
Chono S., Tauchi Y., Sato J., Ito K., Suzuki
M., Morimoto K., Drug Deliv. Syst., 14, 511—
515 (1999).

Tauchi Y., Zushida I., Chono S., Sato J., Ito
K., Morimoto K., Biol. Pharm. Bull., 24, 925—
929 (2001).

Tauchi Y., Chono S., Morimoto K., J. Drug
Target., 11, 163-168 (2003).

Chono S., Tauchi Y., Deguchi Y., Morimoto
K., J. Drug Target., 13, 267-276 (2005).
Chono S., Tanino T., Seki T., Morimoto K.,
Drug Metab. Pharmacokinet., 22, 88-95
(2007) .

Makheja A. N., Bloom S., Muesing R., Simon
T. M., Bailey J. M., Atherosclerosis, 76, 155—
161 (1989).

Ross R., N. Engl. J. Med., 340, 115-126



1430

Vol. 127 (2007)

46)

47)

48)

49)

50)

51)

52)

53)
54)

55)

56)

57)

58)

59)

(1999) .

Perry D. G., Wisniowski P., Daugherty G. L.,
Downing J., Martin W. J., Am. J. Respir. Cell
Mol. Biol., 17, 462-470 (1997).

Ferrari G., Langen H., Naito M., Pieters J.,
Cell, 14, 435-447 (1999).

Harb O. S., Gao L.Y., Abu Kwaik Y., Envi-
ron. Microbiol., 2, 251-265 (2000) .
McKinney J. D., Honerzu Bentrup K.,
Munoz-Elias E. J., Miczak A., Chen B., Chan
W. T., Swenson D., Sacchettini J. C., Jacobs
Jr. W. R., Russell D. G., Nature, 406, 735-738
(2000) .

Vazquez-Boland J. A., Kuhn M., Berche P.,
Chakraborty T., Dominguez-Bernal G., Goe-
bel W., Gonzalez-Zorn B., Wehland J., Kreft
J., Clin. Microbiol. Rev., 14, 584—-640 (2001) .
Greub G., Raoult D., Clin. Microbiol. Rev.,
17, 413-433 (2004).

Yee D., Valiquette C., Pelletier M., Parisien
I., Rocher 1., Menzies D., Am. J. Respir. Crit.
Care Med., 167, 1472-1477 (2003).
Fehrenbach H., Respir. Res, 2, 33—46 (2001).
Poelma D. L., Zimmermann L. J., Scholten
H. H., Lachmann B., van Iwaarden J. F.,
Am. J. Physiol. Lung Cell Mol. Physiol., 283,
648-654 (2002).

Harashima H., Sakata K., Funato K., Kiwada
H., Pharm. Res., 11, 402-406 (1994) .

Lane K. B., Egan B., Vick S., Abdolrasulnia
R., Shepherd V. L., J. Leukoc. Biol., 64, 345—
350 (1998).

Chroneos Z. C., Abdolrasulnia R., Whitsett J.
A., Rice W. R., Shepherd V. L., J. Biol.
Chem., 271, 1637516383 (1996) .

Gronlund J., Vitved L., Lausen M., Skjodt
K., Holmskov U., J. Immunol., 165, 6406—
6415 (2000) .

Forrest A., Nix D. E., Ballow C. H., Goss T.
F., Birmingham M. C., Schentag J. J.,

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

74)

Chemotherapy, 37, 1073-1081 (1993).
Preston S. L., Drusano G. L., Berman A. L.,
Fowler C. L., Chow A. T., Dornseif B., Reichl
V., Natarajan J., Corrado M., JAMA, 279,
125-129 (1998).

Blaser J., Stone B. B., Groner M. C., Zinner
S. H., Antimicrob. Agents Chemother., 31,
1054-1060 (1987).

Craig W. A., Diagn. Microbiol. Infect. Dis.,
22, 89-96 (1995).

Hyatt J. M., McKinnon P. S., Zimmer G. S.,
Schentag J. J, Clin. Pharmacokinet., 28, 143—
160 (1995).

Moore R. D., Lietman P. S., Smith C. R., J.
Infect. Dis., 155, 93-99 (2005) .

Toutain P. L., del Castillo J. R., Bousquet-
Melou A., Res. Vet. Sci., 73, 105-114 (2002) .
Onodera Y., Tanaka M., Sato K., J. An-
timicrob. Chemother., 47, 447-450 (2001) .
Tomioka H., Sato K., Kajitani H., Akaki T.,
Shishido S., Antimicrob. Agents Chemother.,
44, 283-286 (2000) .

Harnett S. J., Fraise A. P., Andrews J. M.,
Jevons G., Brenwald N. P., Wise R., J. An-
timicrob. Chemother., 53, 783-792 (2004) .
Safdar A., Armstrong D., J. Clin. Microbiol.,
41, 483-485 (2003).

Dubois J., St-Pierre C., J. Antimicrob.
Chemother., 45, 41-46 (2000) .

Ikaheimo 1., Syrjala H., Karhukorpi J.,
Schildt R., Koskela M., J. Antimicrob.
Chemother., 46, 287-290 (2000) .

Drlica K., J. Antimicrob. Chemother., 52, 11—
17 (2003).

Rodriguez J. C., Cebrian L., Lopez M., Ruiz
M., Jimenez I., Royo G., J. Antimicrob.
Chemother., 53, 441-444 (2004) .

Rodriguez J. C., Cebrian L., Lopez M., Ruiz
M., Royo G., Int. J. Antimicrob. Agents, 25,
221-225 (2005).



