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AT, ol g A= AA} FA FAHAY AA HE AYHIL, 5 AEA AATE TR o] 5o Fof
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aerosolization time))MA <= X 2 (cumulative particle count) vs.
HEE MA.
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47 1

shdE EES ke AT AAGTAE AA AdAA, A EE o2 FEY M WS H(mucosal
lining fluid) =¥ A2 YZ(mucosal lining)ol] T %= A$-o, &4 B E(loss tangent, Tan &), %W
A8, e AR o3 HoHE A9 US Jdo] 3H Hud EAS HTE AE BEHoR e AR

A7 190 QoA F&, 2
S

z= ,
18 A3 (dosage form)ollA A== A
AT 3

A 10 doAM, 7=, I, A 7|, o odY, <57 (oropharynx caivty) HEE H|Z(nasal
cavity)olA] AElE = oo Fojgor AZRIHE AL E St ARA AT AA.

A8 4

A7 10 9014, e AT ¢, o] &4 ANBAA, HAH ol SAE B mE A, o
= How &

A8 2, ol
A78 5

7 10 oA, A, WMA, BEEE, ohvet, Fr] BA, 7] BAM A9HE 2AES U8 §

frete 2le 5o she dxAd AAATA AA.

A3 6

AT 40 QlojA, dE FFES FAJUEF, ofNEAUYEF, FEVER, BV ER, SV EF, &
Hol2MUEF, olrm 2 HAUES, MIZAUEF, oAatUER, JAUEE, ol uESs, FAMUYE
B, B EE, daldd, bt g, oA EAZLE, FREEADE, QAL S, DAL S, AHolEALS, &
2uAZLE Sabdg ) Bantadg, bty g, agelaaAtul g, At v 4, eSS, 93
B, TAAEE, SAEE, FolEAE, oA EE, EXAEE, MRAEE, d3vidle, b, A3
B, F3A1FA, dEFAUYES, o5 ZFdA AEEEs g AS 5HoR e ARA AAFTA
A A

A3 7

A

4ol glolA, et d shetEe YEF ZHA Ao E(SDS), vhadlw ghe-d AdolE, Eelasw ol
20, ZEx2WolE 80, 1,2-t&Hled-sn-Ze| A 2-3-dx X Z EL|Z o] E(EDOPC), ¢4 E
Er s dess o] 24 ARG AE SHoR s g AT AA.

AT 10 AolA, Aet dSZES Fhete S EHoRE e AEAd AAHFA AA.

ATE 9

73 10l 9helAl, 5,000 nS/em 1] AEES ZE g 5EFHoR st ArA AAATA AlA.
A% 10

AT 9ol do1Al, 10,000 uS/em ©)e] AEHS Zte AS 5AHCR = ARA AAAFAY AA.
AT 11

A3 1001 AolAl, 20,000 pS/em o] o] MEES 2t e 5O dte A=A AT AA.
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ATE 12

A7 19 oA, §7F 457 o] 2 90° o3yt HEE Au WZo] AEA E(viscoelasticity)E HIIAZA
T AT RS EHoR e A AAHTAE AA.

T3 13

A 1ol dolA, 6707 ol B 457 o]yt HEE Hu T HEdEE WA 5 e AS 54
o7 st AwA AAAGA AAL

AT U4

AA Rl A 4=k 5718 FARAZIAY B4 AXZU 55 Z2aA7E S g, i gdES
frote AAARE AAe] adFs 7] JhAe] A Sl Folste dAE E3star, o7IA A7) AlAl=
Aot U3 18 A (solidity) S S7HA1713L, Tan §7F 1.0 °]3t7} Hes At yFo e EE ¥sA7]=
FHFoR Fors S 5O s W,

A78 15
AT 149 oA, AAE 5,000 pS/em o] g &S 2t AS 5o = st WY
2738 16

WA Well M okAl S5 S7HA 71 Bl 3lod

ATF 17

AT 1600 oA, AAE GEAE oS Fiete A 5HoR o= WY

A7 18

AT 1600 oA, A WA AA L] FololF Mt yFo] F WA AAE Folats dAVE 6 2§H L, o

=
A A AR BAE FRee A 5o s .

AT% 19

MANA HANA =8 F5E5Z(obstructive sleep apnea), A 3 ZA(irritable bowel syndrome) iz
A #H A4 #H 23 (chronic obstructive pulmonary disease, COPD), WA A&Z(cystic fibrosis), H¥ 9]
A (dysentery)2] WHAS HAEAZIAY ostE HHA 9lojA, ﬂﬂﬂ eSS FgAste A AR zﬂzﬂgl
aAFS A JAY WSl Foste HAE ¥t AS 5o e UH.

A3 20

BTG 14 0A 195 o= & Foll QolA, AAE fo2E YU Jwe] FolHt A% BO s W,

7% 21
ShofAd, 3wl AA= v, A, A, A, wa, Be F9 FoEe
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Properties of Mucosal Lining"e] $44<& F43ic).
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B oaye Mok gy o2 RE ¢z} wal(particle shedding)S EA181, kAl B9 WA TS5 35

(uptake kinetics)< §} 71 A AL Wyl #A S},

ok

Hl F 7] €

B A7l A A9 WS (nucosal lining)S EAat=tl, o9 AEEA SAS A4AQ 7s& 33t
Ag wag = ok, gekdk G383 7% &3 H(health effect)”} Y W9 EAw AA=EAY, 718, AN
2ol F7](exhalation) ¢ A7|% Hu WZE N(mucosal lining fluid, UAL) S 2H-¥ watd Axl7l &g
T v JEAG MToly vlelg s WMAA, AE EH, T35 v EF7] TFT(Severe Acute Respiratory
Syndrome, "SARS"), EFMNA, AL el FYS E3to] A AR FabE ¢ vk VALY BH
He HYgAd U F5ES S5 (obstructive sleep apnea syndrome)olA] UAe H&S sl Aoz vt

HJ

rlo o l‘ﬂ _153

ATk 1efaL, wholx/vwtol

Ztol 5o wet 454 &

gl 2] o} (mycobacteria)ol 2|3+ @ (intestinal tract)e] FHut =9 W3l
t(inflammatory bowel disease)& 23 4 Ath. Ao WF AEESTH
EFAE Wske olE A% a7 s afyom X5 /dqud ¢ EP FrtHow, A
olg|gt AEE A & WAA L okAl 2] AR F5ol dFE = 07wl WA
AP SEAY kAl 2 F5 /Al & EES JNdstE ol 5 xztol O]%% ‘F ATt

10
2

oo & i >
‘h 01)1' oX
(o]
ox
—1> %0
\I

Ll

71970 A3t (airborne transmission)= WA AP Fa HAZ F9 shtolr). ezt £ FEo| 71HEA
U 5% o, #Het 8% (nasal cavity)°ﬂ/\1 714 P—'C— AN BA (mucus droplet) o2 FA & do2F] A4
Ao}, o]& AA o ZZF(bioaerosol) S =& H A+ & T=o o3 &Y 016 | A& At HAAE

ATH. oo Yk, A7 EeA AdE ST HUAd BAANARELS A &l A-sFE o] ¢
< sk 24 74 (parenchymal infection 2

ro g
hy
B
i)

oy 2
L
g

Ao}, 2 ulo]#] 2 (corona
Eate] ATE = 5ol
Aol o8] dvhea A

=
= A I
% W& (epidemic proportion)oll F&8HAl =dsh=dl, =9 Hetal W ofstd koA AAEo] B EU.

ol AP QoA =3H A Fvh, FA| ulo] 2] A~ (Foot-and-mouth disease virus, FMDV)E
Hx &L g2 B4 F5E(cloven-footed anlmal)iﬂ Agkol A9 (foot-and-mouth disease, FMD)2] <
etiologic agent)o|t}. FMDE= A E &&9 3, =, A2, #dl(coronary band) F-i-oll X (vesicle)?]
o= 5“5}5“? 0131 E53 EAoR <t %‘7] vlolel e Al AAAA SR 7Y B2 AAAR]
s fry 3] 8y @A, HEFH dojR2Eel o3 dute] &
oo ?1'0‘}04, f?} T2 Yol A vF AA= ol RF gtk FEo] FMbel| A HT. 538, YEHE F5
o A3 47 el FMDVe] F7140 AES A% AA(food chain)g &3k o]9 T} =4
35 WAAZIY. B4 A ¥ (serotype) U T2l o} (subtype)o] WAl G539 AFAS "o
= = 9 FMDEHE 3 &5H FE5ANA BA(carrier)e A 714 /\Hi—% of-x-H ol
3 EAE AAAAN R A4 Aol daek AAA F4
S A2 e AFE SRAAAY. d5 FA GANA D A2 A& 29 —?1?_ o] ¥ gl&=dl,
A= AEIZE o] dell o] EASHAl U Aol A o A3 vpebubal it (Ferguson, et al., Nature 2001
414(6861):329). AW  Fik(disease spreading)® &4 X3 (dynamic model)olA 5% EF FHX
(parameter estimate)® o]#]8t AL W& 8 2712 EA 357 9ste] A4 A5 (culling) T2
o] BFAAE JF3H1! AR, o]k g 7A ] o] ofH Yol o] Hel o] &E= Aol 7] Aol

R
Fuoln dHoE il & Aee TP,

i
oft

lﬂ

[e=]
-
(outbreak)iﬂ Bl ol A A dols A Fa, ol

—‘}_LN

UALEHE d9A dojz2% HAdAe ‘HAl(shedding)'S &
6

of BE=YTH & il S (0SA) Ay <]
FATH 0SAE ¥ Bt S U= Wiwgt 1114419} A-44 % omlgttt. 0SAv &<t 1% (throat)
7 SA3 FEHEHEE e U-THE A5 (throat muscle)ol] 93] F2Ea, 53], F2 AF(HFAH, &
= FZF(swelling), AW % 53 22 5 a9ld 7D & 2= ’\}”01]71]"1 —Or"ﬂéwﬂ E]r‘rlu}. 5] 2~ BT
(antihistamine)d} #2 24 2 2

g 0SAE AA Qe e deelA wEE L, of
breathing)S dsl=t], o= 94 &% ol 12
s

] L
e B e § Al A, UALS] 13 A
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= essal, UALe 570l 05Ae] oAl AT JTdE FPL ThsAdol

(Kirkness, J. P. et al. J Physiol 2003, 547.2 pp. 603-611).

=31
2
i
o

Aow aobhgly

Auk o] T3 G9F8E FPs= U AA FA= YFAA (gastrointestinal system)o]th. A o3

“ = = ]
SABS)E & dolar, o] Zoldh olf & HAE & Ivh(shA R, A& AU opA LA AA ).
=i

2o 7499, IBSe AL o)yt Ao ek F-722% FH kA (genetic susceptibility)ol] 7]¢lsl= Aoz A
Zb5) 70 s ANk, H 2 Aol 54 npole s mi Aol Zo) AU WES WA S 9dar, A7ke] 84
wel ool WErE IBSe]  wles fid & e o= A= ATHA.D.AM.,  htt
p ://adam.aboutcom/reports/000069_1.htm, May 12, 2005). o] AFeAE oHoldA IBSY A7} Fo}7)
7, g8 54, 99 F7td W% Alole #HES B e, o FAZYeR FAHJY, A F9,
Ao yEo EAS WA 5 Jde e 7494 H9AE= g (Escherichia Coli(E. Coli))3} Apo] EvZ

2utel ¥ 2= (Cytomegalovirus, CMV)o]th. IBSOl ¥k & Aol A, Fofst Al & FollA 43% o] o] CMvel 7+

dE Bow HaEIT.

A 2 AAe] B2 F-ololA AgAe Hx 2329 WA YF(screening mechanism) o] L, {13 Aol
71% 49 = (underlying epithelial layer)©. &, 22]3 o]|2RE FE Ao o|gavE & &sl1, &
g WA 4 Erde SFE AWt fFad S5 Adste A (nucus) ] Eak AR #H WA F
25 (secretory immunoglobulin) A(IgA)QldH], o]& drlolejx, 4, 29, ddd=r] A4S e
(Williams, J. E., Alternative Medicine Review Vol. 8, Number 9, 2003). o)== HYA /I =27]Ho] A4 =
£ 3= AS sstH o E A3eta, oS ZH el JHEEd, o7l o5 L TFHLE, AV A&

& Fste Eei7tn AR ME(ciliated cell)® Z&& F3te] W, &

A I

o] AEET sty EA(E, dY B Ad(gelation) 7D AL WES ¥ oz AT HAA
TEHE F4 EE W ¢ dnk. A9 uls Wy wkge] FRES fog okAlZE A oa frelg soR
A2 o] At F THEFEH AR vhE Holvk, H vFo AEETH 549 Wzl USE& T8 oA
Aol T34 (permeability) & S7HAI71AL oFA] #2H0] F4E AT & Aok ASE T3 FF ¥ A
At FEHEE aHH o Hestr] st g HH/AA RYE L dvk. HEF 394 Ao ES S
o] &4 AW L odA tjolyl e Eglol | EXHEDTA) I 22 A o] Ed Al (chelating agent) ©]H &z}
o F FE SXe Aow wHAT. AEMHAE, olE B gFES AT fag Ao wHAT

(e}
o
003/092654(David Edwards et al.)ollA = AANAZRE 37& A= AW GA9} 22 245 A
F98 7Y s gyl WS Vlssth. olgd Ve #H oA Wil AMEdde] 3 =
2 594 548 ¥ 7Ia, mEpA AAdARE JAE 95 AA &V)sked 7 x%.

=

WO 2005/084638(Pulmatrix et al.)ollA & H|-AHEA LN 7] &3}

-
g Foldd, #H HT UE Aol ¥W FE(surface tension), EW

ch A A
(bulk viscosity)¢} 22 =84 A WAt o] et ooj2Estd 542 547 (isotonic) A5 &9,
ag/d (hypertonic) @< &9, = AR 24 =25 Fidhes e §9d = do. ol A= £E =
A Fols s, oM A W AWEAAS FYshs 9 EE AR 4R PdHes
TAEG. dR2ES &9, g, Axee], A%, 7], AF, dAF, Ee Ax 2Ed 5 v 9 E=e

c
£
oX,
oo
2
ot
ol
=
S
>
i
X,
o
rfo
Lot
i
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vhol g =A, FAA, A9A, A e Y= 22 sffol o] A} o2 gk AlA el MdEgHow x
= ¢ vk, ol g &A= AAS A FAHAY AA WE JAYPEIL, e AEd AATE TR ol %
of FolE k. Hut YF doll H&H= Ao, o)ge AAE F9 WS (mucosal lining)e] F7]/AA A
A A EA W AH(surface tension), ¥ X (surface viscosity), ¥W BHA (surface elasticity), A
A HE(bulk viscosity)9t 22 =84 S-S WA, o] g AA= IJ]J Ak U Fell A A&
E4E M B S8 dor FoET. olfg AAE Ay Aol HHoR Fojd 4 dnt: violy s
oF Mol A9 A, e EW, Izt SARS, QIEFAR, A3, RSV 2 -Er A A FE(cloven-footed
animal)ol Al 419 (hoof and mouth disease)2] FAHS FHAAIZIaL; F4 AL, ZA7)), A4, A 71&
A1 (chronic bronchitis), 71% (emphysema), 7133 g4F (bronchiectasis)<s BIES S5 “doljol 7|l 7]
T A=53 &Y (congestion)s €3stetal; HAIS IS st 53] F83%, F&(breathing), 713
(coughing), AA7](sneezing), == W8} (talking) &< YA FAd(particle formation)el 710161 ¥ 4
(ambient contamination)S HASIA71aL; #HH4d +H F35 &5 (obstructive sleep apnea) ¥ U4 A9 2
WA O S/3(irritable bowel syndrome)e] WAS THAAZIAY oWbelar; kAl Ex}eh %ﬂﬂ%%‘%@
St(uptake kinetics)S EA|3hc},

o] et 4y

thFet F2hgo] et e EAY AdEd. wabA, A UFe] AEEYTH 5SS WA= vES
Aol Az T it oS g A EToltt. AR, Hu ol tig AEETH 5o st
= A HEAY F54E FASEY ol&E F 3

A Y S2 538 B4z . A9 USdA A E wx-A4 wWAY S (cross-linking mechanism)-2
ol& g o THAA =3tel At B E(charge distribution)E WA o 2R WslE 5 Qo). o]E o],
ookt Ak oty X854 F93, 49 fE AEE#eE W3l 5 (breathing)/H3H(talking)/7]

(coughing)/A AN 7] (sneezing) &< AANAZE FAo AA (A, 7l &7 #EA 23, A=
W, A&FdA, SARS 9o #EiF Haxsb);, 34 AAOFE, #rD), A4, g 7
bronchitis), 7]% (emphysema), 7]3X] &%= (bronchiectasis)& H|E3 T8 Zofjo] 7|13 7

(congestion) €3}, kAl wAFe] FZ71E F4/AAol€a s, A9 WSS 3 HYA =

} 2] %3 (chronic

o[}lt

¥
lo
Y
o
=
H
%
kv

(3

Ao dFel dlg ARBALA 54, T 5U, dR4me v3 dEE AP 292 o
ek, AR A%, G AA SHAZRAD) A%, 63 7 A ERRA) A%, 6
AzA AR, olel g ARaAs ohdst 2ol EAE itk

(TR
=

~

il

G* =G +iG” or [G¥ =/(G')* +(G")?

384 D
o71M, Ge= 98t dy X (mechanical impedance)® 2# A & HeHA A9 (viscoelastic modulus)o] it
G'E ¥4 A4 (elastic modulus) =& AFeA A4=(storage modulus)e] L
G"t= HA A4 (viscous modulus) = £4EA 7A19=(loss modulus) o] Th.

A} A1 (phase lag)?e] B E (tangent)( 6§ & 7| AE)+= HA A
o g3}, o= BAHoR, “$4 EAlE(loss tangent)” Wi "Tan §"E X]%Jﬂ
]

©d BAEE olel@ A|Zuel 2 (damping)®] AEZA o SHTh e AT AE, 00 < b <900 .
Ol WEe AS, § > 45 %6 > 6. vead BE AS, 5 <45 %6 > 6. A, Tan 57F 68
955, 67 6ol Hake] 0% EU o€l ol R, AA0 ¥4 RS UAE AR & AE o
Dawth 9 Bl DA, Tan 6 09 ASRENE, 6 > ¢1). B9 Aed SHL 245 skl
Abels}t 23 (sinusoidal stress)O] AL 53 AT 3 (sinusoidal response) (W3 )o] TAATG(SHS ¢A
Fom AANF)(AA 4 =), ojedt wEI A A7) BF S4E ¢ L, ol SAHAAZNH '
6''7h 28R 4 2
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P

¥ A ® A A (lung mucociliary clearance)‘:* Z|E7F ol5S 9 e A BE(liquid film) o] &
JAZFE] FA3A FAEES stz A mAYEF . 37| HdE T2 (conducting airway)oll= &
S FF(larynx) WIFOZ o] FA|A, 24/\]7}501' HA AR JYoRHE ol TRE MIA = AR

iliated epithelium)7} W& o)F 1 drth. AA ZEY(fluid coating) S &, &, Tz g
FAHEG. o]l 7% A3 (airway epithelium)@} =8} (submucosal gland) 14101]/‘1 AT, A3, A,
Y ¥ 1(guinea pig)ollA o]E 3 F9 FAE 7]|&(trachea) WeolA 4 wlo]=ZE(micron) WA =&t 7]
(distal airway) WolA tigF 1 mlo]m Eo|t},

3

ox 12T

&L oo 2

A

i)

=4

N

H

A5 LA FA8H7] A F HAR Fad vMAYFS 95 Bk AN F® (mucus coating) & f53F
E I EEE &5 % A9 (nomentum transfer)ell &J3tl. 7]F L o8l S5 AGS F7MA7| o, AelA
g AAg AAE Bxsted ol &8, o B2 3 A (disease states)et AE A HH]J’P‘ﬂr(mucus
hypersecretion)o]l A #EA3}+= Ay} o], HMo] AR 1% (ciliary beating) ol —Jﬁﬁ A3 AAE
NE Ao Festh. FAFA 71FH FF 200 m/s AL L F3(air speed)o] A& %W.ﬂ%%@
oA HAZo| A BorAF ALelu}l W (sinusoidal disturbance)e] Aol BFE A, ]Hﬂiﬁﬁ%%ﬂEE
B daoz 7sle 5% AEs fusta, A2xdoz, JAZ5E HY AA(nucus clearance)2] =& 7h4
AT, AgH o=, o)Yg WS FEol HE ](fllm thickness), X9 &9, Fx9o &5 48 <
AX (critical value)E ZIshE Ao AlZEE 2oz ¥sHth(M. Gad-El-Hak, R.F. Blackwelder, JJ.
Riley. J. Fluid Mech. (1984) 140:257-280). ©] &% all% 2 A -FAL BES o] &3 A= # elA
o

g5 ¥ (wave disturbance)s& WA= YA FHE(critical speed)”} 5-30 m/s HY el ASS
Al ST},

Papineni® Rosenthal(J. Aerosol Med., 1997, 10(2): 105-116)S & ¥ 3 3F <, T=E= 713 FoF,
2440 AzF AT A A WA G o] Hd BAGOIRE AHE U]staL, TU]H AAdO]RE A
o] g7t 1 vlolaERY A2 A4S BAdteE AS Y4Fsdt. 71HS HuF5Y 4AE A= e

S A7 AR, G 5719 G A7)E 1 vela e 4 At o5 A divkeE it &
dE HhARY Ay, tA] Zebd, 150 nmE v vk, 7FE, dF A0 F9E HAAE ok WY uel

A EAAHC 7S zk=r: A8 1,000-5,000 nm; AZFAMAF, 80-120 nm; &<, 100-250 nm; G5 (chicken
pox), 120-200 nm; FMD, 27-30 nm.

=

I. A=A

X

a4
éé

Ned AAE d9 s
Ast, A W
ity)E Z7MA7]1= Ao

o
ox
il
il
Au)
%
2
Bl
o,

MEA 7l BRI, o5 B4R dzA,
£9 By, A UEe A8 AR Ebulk
o BBBYLA 54 WEAT = A A

4 (liquid conductivity)S E-F3l= AT,

i
o

= &
b =

2

o

S

o3l
i
i)

P

2.
(@}
®
o
(/J
ko
oot
e
=
5
I
2 ®

x4
g
ﬁi =
gL
OF
H o
o,
oft
H
=i
o,
o
=)
gl
12
ox
o
I‘H of =
,\ ol
12 Jg o
l:,
i)

AANE AmgQ) S ot Ae(eld, A=A AA” ol EFAT. 44 A= AAE A
FA5kAIE, 10,000 uS/cm o], H% wEAEAE, 20,000 uS/cn o] o]
‘1E3 zre=nh, akA g A A, AAE FFE G5 vA é%(speciflc conductivity) ©]A+¢]
£S5 2=t o5 AAE YA BB AAEY] 9t A FouEE A 9o B3] f85Th. &9

L, 5%, olsx9 jtEolth(27HA] FA= AlA e Aol A A
Ah). Pl Feje) o] & AR (Lol A, Folen, Er FHo|eA)o] o] gd F Y}, oF AEA
A=A, AN Yol A wx-AF A (cross-1linking agent) 24 7 *ﬂoiﬂﬂme’Eﬂg ﬁﬂﬂq
7145 AA ol A ]‘2 o]% HEL A 7|7

2w o jo m
o *
U'l
O
o
o
=
g
3
_04
ox
=

we |o

o X k1 &L R
oﬁoﬁfﬁmﬁhﬂrﬁﬂrﬁoﬂ’

Mo~
x5
A O
[¢
=
=
-
-
)
(e
=
@
]
o
=
o
=
(e
D“
)
=1
=
(e}
o
12}
e
i

= 482 7%= WS e F7)/qA x| %ﬂ] 1
S F3, §} o 233*(hydrogen bondlng) A A3 28 (hydrophobic interaction), AA7Z A3z
% (electrostatic interaction)& H]E3 T H-Ff Jazgol 7|dst E=4 93 (physical
entanglement) o] EAlo] UA|H e &S Fcri(Dawson, M., et al., The Journal of Biological Chemistry.

Vol. 278, No. 50, pp. 50393-50401 (2003)).

; ol
o X

N 2
ih)
e N
nlo
jl
o
ox
oft
o
=
i)
;;
-|~
fol
2
. o
e
g
jl

Aed oz AA+= HAEAA (mucoactive agent) T H AL A (mucolytic agent), <& &, MUCSACS}
MUC5B M M (mucin), DNA, N-oFxME&A]~HSI(NAC), A|~H|¢l(cysteine), YA ~E & (nacystelyn), EE%ﬂOL
9} (dornase alfa), A<&H(gelsolin), 3|3 (heparin), 3|3H A+ (heparin sulfate), P2Y2 XA (715,
UTP, INS365), W ==Z 2% YE#H (nedocromil sodium)E &3k},
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ﬂﬂ%Eﬁi%@%$ﬁW4§ﬂ%%=%ﬂ.%$ AN, AAE Aok Ee AAol vg FASES 3
ul

oM, AAE A NES aAA G AARES ) 9%

2

olr

2} 2 FA
Aut ge] FoEn, 7k, WA %—’F% HagstAY 4AF 2715 277 A5k, AAE A9 WS
184 (solidity) S F7HAIIES, ThA] &8, §7) 45° o8/l HeE AARG (Y] A4 2 Fx). dx
Ho g oFA| &4 (drug uptake)E F7HA1717] fste], AA= B9 WE9 f5H(liquidity) S 771 =5,
Al walH, §7F 457 ool HEE MAAEGCEY] WA 2 Fx).
a. A% 2ZEA(conductive agent)

AAE FAolv F4d &4 FAAA GAl o] 3= EH(0]SF, “HAEA ZE&A” ), dF W, ¢, o
AALAAA, AE ol shdE @A £ HEE T sAE B (Yol 24 J

24)E gt AEe dee 94 YEE, ZFE, vtodlE, e, &5 E,

ElebE (titanium), ¥FE (vanadium), =& (chromium), ZLE(cobalt), YA, 7, 43+, o}
gk dao] o] o P xFET. Aol AFUEF, oMMEAYEF, FEHAUESR, ©
UYEE, ZHoEANYEF, of~52H JUrEtT HEAUES, oY EE, <
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>
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o,
e
oot
i,
e
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=

o s

m o

> :

o

=

5
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22
B

e (g
Tl
oX,
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o
s
T
(m
=
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=
>
il
S,
o,
o |
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(e}
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©
;z Jm N

17} 23k, Ak shdE oy
2, Al z=HQl, EjZAle] xFET).
= = éﬂ‘@ﬂE,éE%ahamwthmh ERF
(troponin) C7} E£gHt}. 3dE XA, A= 54, 2 d-sn- FYAR-3-EEAET T ELZY
O]E(EDOPC) 9} &7 x~xFY EHA~E7} o] &E ATH. FoZ HE X HeE LAFEHO| A E
(phosphatidylinositol), X23E]dA] ¥ (phosphatidylserine), X23E]d 22 4]E (phosphatidylglycerol)®}
¥ 2~ 3}E] = A (phosphatide acid), ZrT)&@#A(cardiolipin), Y<7tx=d ZAFdEd ZFE 42 (dialkanoyl
phosphatidyl glycerol)(tZn|Ed EA9EY 2|4 E(dipalmitoyl phosphatidyl glycerol)3d} fjr|g]~EY
EZ2vEdY 28 A S (dimyristoyl phosphatidyl glycerol)), E2IE|HO| A5 4-F 2~ o] E(PIP), Eu}E]
do| Al E 4, 5-RH]|E2AH o] E(PIP2), E23lE]Y o gk2-0o}W (phosphatidylethanolamine)o] Estgt). o=z 3}
AE AxHoEs feHed EgWEdrys ZZ3(dioleoyl trimethylammonium propane), 3EZ3E]ZAF
(phosphatidic acid)9] d2H 2718, vZu|EY E A€ =Ak(dipalmitoylphosphatidic acid), o}r]=dx&
(aminoalcohol)#}¢] t©] ~Ho}2 - AT} E]=AH(distearoyl-phosphatidic acid)(7}8, slo]=E Al €@l t]o}rl
(hydroxyethylenediamine)o] 3+ t},

5

2 opx oo
e o
2 A
QLo o

w2,

L-oh=7]d, 8 ~eg, =E
e I ﬂ

o
—|—’

o
il

1

4
;

23 AAE dS dfats A, d2 59, 950015 M NaCl =+ 0.9%) &9, CaCl, &9, A5 &N
970 CaCl,, T o] &4 AWEAA, o2 59, SDS E+= SLSE IF8ts A godoln). npgzl g 74 oo
A, AAE 95 S99 CaCl,Z FHav. & £ g2 AxA/edd 338 448 v WY U
0.01% WA whef 20%( A g e shdE sshEe] FZF/AA] dA F2), vEAs A=, 0.1% WA ui=f
106(A=4 =% e a5Ee SF/AA A2 T2F), M stgdsiAE, 0.1 WA (A=A £ s
¥ e FH/AA AA FE)olvh. wpgAd fFAdA, AAE G AF NS, THOE 0.9%

oz golo ZFol Ay A, o= B9, HE XA (beta agonist), IEEFIX
(corticosteroid), E¥ FAAl(antibiotic)®} Al #l2 Fr|dox HALwrt. 7k, VENTOLING ¢
K)2 "3 ¢o-Fxd 71324 F3(bronchospasm symptom)o] &7] X &:e] o] &5 = E%ﬂ%-ﬁ4%
(albuterol sulfate) &<ojt}, ¥ (nebulization)® VENTOLINZ#& 1.25-2.5 mge] <&

0.5 mo] FE&HAA)S T T Al &3t 3 mee] ﬁﬂ*ﬁﬂUMMme@%'%@§3§%1ﬂ§%

ﬂw

fHﬂﬂﬂ—%m B AlZk(nebulization time)o] 5% WA 158 ol Wa 4= 9171 3}x 9k, VENTOLINE

Fol ot 49 HE M e FAES #FHA gt A5 B, 5718 fFEs] fste 9
?ﬂxﬁﬂ' Yoz Hagdh. HREHA, ol& A 9L IFY(FHFLE 0.9% o, TF, THLE 559 A3t
EF vo)ola, ¢gitdo=z Hy 20% ¢ dEHT
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b. &Y ¥&

B A Tl AAls vEFd f7] B 5] 23, 539, 28 A A, dE =9, FAAE 05
Sufol e ~A 9} A, )~} A (antihistamine), 7]3A 3 A (bronchodilator), 713 A Al (cough
suppressant), A% A|(anti-inflanmatories), W21, o]FFW E(adjuvant), 714l (expectorant)e] M-S 913
dojol Ar= o]gd g k. Ao A did oy fAH=, diol AR, DNASH RNA 4
b 8 A mA, ﬂ&”‘“‘ﬂq%g““’QLﬂ%J?VHWFEaQW.ﬂﬁ%VP%:vdﬂ,ﬁ@%ﬂ
a3t 98kl AR A DNAo| AgstE otEl Al E 2} (antisense molecule), ] H A (ribozyme)o] EgtE T}, v}

AT A= f'f} folef A, zeRoel=, 7]dA g, A, Ho Ak A=, Walon.

gul

wdA g FA A, BAAAY vE HYE FFoR e 0.01% WA 20%0]th. T v FA A, &
= HYE 0.1% WX di=F 10%°] T},

:\9

AAE &, dge, 2xzgo], A%, % (foam), A, 7], AH, dA, T Ax FY O, HFA F
F =

(€]
&7l (metered dose inhaler), H|-HFA FAAE HFse G2

XA (propellant) S HF3lE %i?%fﬂ

B7), EF7)(nebulizer), 7} M (pressurized can), T A% A3Z g o]o|(continuous sprayer)S o]&
sto) 2 Agd ¢ v, gAE 9 =5 dgd(dy AADE T3 FAE A% &4 £ dA(HE B A
ANE T3 FoE g FAZ F2E F 9

A. rojst HuF FHo] EojE 95t A& (dosage form)

7% el A el FolE flate], AAlE dABH oz, S, A T Az i Fejolth. HddH
=, AAE dozZstdnt. AAE doz2E HAY], dF 5SH, Az B2 Z7(DP1), BE7) £E 7gE
A FA71(DDE Skl &8 4 vk, 2 HAA A, “oo2E” & AP H 2R 10 who] AR o]t
A7BE Ze QAo wAg Ao Qoo Axes duidrt. £4 AA ARE dxtel tie wpEA g
27 (mean diameter) thEF 5 wlo] A2, oS W, 0.1 WA 30 vlo]=2E, dS npd4siAE, 0.5 WA 20
vlol 2, 7h v s AlE, 0.5 WA 10 vle] o]t}

R A2 (buccal mucosa)S H|EF 7 A2 (oral mucosa)dl FAE 95+, AAE Yo FojolE gajun
2/mE A 29 A& (adhesion)HE LA RA, Ei= AA2A FA" F 9l

~
o
e o

2 A" (vaginal mucosa)el Fol& flste], AA= 7ha4, HA Sdoly dge, A e, i, AH,
T Fofo] Yok, Aeldor AAE AdE A, dE 59, A 3¢ (vaginal ring) Wel wix=

24, =]
F= A

2174 Huh(gastrointestinal mucosa)dl FAE fI3tod, AAE APHoz, g AN 38 AP, 7Y
' Ee A, Be dx 220 deeln. dud e, AlAl= B3 A (bioadhesive)olal, dhubol/de] B
24 Z=3HA (bioadhesive polymer) 3 TFE H& A (excipient)E 3H-3Ht}.

B. o AA]

71Zo A mAe] LS 93 o] Fo] MEHATY(HZ: Adjei, A. and Garren, J. Pharm. Res., 7: 565-
569 (1990); Zanen, P. and Lamm, J.-W. J. Int. J. Pharm., 114: 111-115 (1995). o]&< 2453X4C>§2 27
5 E3te] e FEA FY7I('WIN) 9] o] 88 Fe oE st & e dgds ERFoaEx JYAdEH.

C. Az 22 A

7129 71eterd wjde w WoellA kAl HAak(drug dispersal)e] & FHolt}, ¥ S o B2, 9=
E9, WX JAE LI AAE Ak, A F(deposition)?] 37FA 7] 2H <l WA YZ] &A%} 2
o

\I

A (impaction), *7(sedimentation), B.&}2 &% (Brownian motion)(J.M. Padfield. 1987. In: D. Ganderton

& T. Jones eds. Drug Delivery to the Respiratory Tract, Ellis Harwood, Chicherster, U.K.). 7<)
(impaction)2 UA7}F £3], 7= EX|(airway branch)olA] 7]F(air stream) ol HEH A& F ¢+ A5
of WAgth, o]52 7]#A H(bronchial wall)S& Y i HIFTor Fiyxu, HIMdn &
(mucocilliary action)ol &&] HAHT. AL F=2, A4 5 mm o]Fe] YApelA el 0= 22 4z}
(<5 )= 715 o M523 7 Jo A5 2 =52 5 vk, JA3L2 7[F(airflow)7F 9% =9 3 557]
Al(lower respiratory system)ollAl && depdtl. w9 2& YA(<0.6 m)= B 5 o8] e 5
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ek, oleld A mEAA @ed, 7 olfi Aol A(alveolDE EAD F 971 HEOITH(N.
Worakul & J.R. Robinson. 2002. In: Polymeric Biomaterials, 2n ed. S. Dumitriu ed. Marcel Dekker. New
York).

= 5 WA 30 wholAE, 7Y vtEA A=, 3 WA 7 rle]A o}, olE Xt A AF EE AUIES S
71Z9] AEE ooz 4 HAES % Ads 52, W A&7 (surface roughness), 27, ¥ WXx(tap
density) & ZEF Axd 4 Utk 71, g% 52 4% B 0L & 427 7% dgdd o] &H. A
SHAl, g WMo TR A Aold FFE BASH] fst, T8 Adold A 5ATE AT A7) Aol s
AR £FEo] Fod F= 9T},

2 HAA A, “FrgegH oz hE JdA” & dEF 0.4 g/or 0] H HE EE § AEE e A
E ousitt. A2 B2 YA ¥ dEe 2 USP § 2% SHo= 35" . § dre oy A% |
%=(envelope mass density)®] FEF Holth. A dA9] ¢¥] A diee dAE 28 + As A4 T
913 €2 (minimun sphere envelope volume) 22 UFold ga Aoz Ao, & o wizo] ¢9ojo] g
v 984 EA(feature)oll= 712 ¥ A7 (surface texture)d tha4d Fx27F LgHT.

g8 <z AVE Ze dAx B AAC DPF” )+ Y% AL $F(aggregation)(Visser, J., Powder
Technology 58: 1-10 (1989)), T]% &o|3t oo]2Z£3}l, AAH oz B & A A F 28 (phagocytosis)# 2+
2> MHE FEd(flowability) 54 B f-gkc}d, Rudt, S. and R. H. Muller, J. Controlled Release, 22:
263-272 (1992); Tabata, Y., and Y. Ikada, J. Biomed Mater. Res., 22: 837-858 (1983). &% £
(inhalation therapy)s 913 X &% o2& d¥td o= F& 5 nfo]aE o|3 W99 H AAES
L& AAEAR, bR WleE 371984 HAdA 1 A 10 whe]a&eo|th. Ganderton, D.,

Biopharmaceutical Sciences, 3:101-105 (1992); Gonda, I. "Physico-Chemical Principles in Aerosol

TN R

Delivery," in Topics in Pharmaceutical Sciences 1991, Crommelin, D. J. and K. K. Midha, Eds., Medpharm
Scientific Publishers, Stuttgart, pp. 95-115 (1992). ti& “FA” YAH(A] TFslA )= a7
g ool Tl maFHA oojmEstE DA e HEsy] fste] AR dol2Ed SA-AE Y.
French, D. L., Edwards, D. A. and Niven, R. W., J. Aerosol ScL, 27: 769-783 (1996). % WA F7/1<L
He o ol HE AIE 2t JAE 7S g9E Uyoz AT AxE 5 ).
g4 wEom mi ofAl, guloleladl, BFA, FAA, ANDAA, wAA, A=, F
o8 4" F Ak, dEAR] AWGAA = L-¢3 -2 23 HEEH Y E
g ZAE0PPG), 1,2-t1 2P Ed-sn-F A &-3-E 2 X-L-A - (DPPS), 1,2-Tt] 27|
H(DSPC), 1,2-t]2H|ol2 U-sn—F 2| A Z-3-E 2~ F | &5 oWl (DSPE), 1-FW|EA-

(e

Gl
CEE 2
( “DPPC” ), tIE2
2 2

l-sn—= 2] Al

o=

=

- AEXATEDZA(POPC), AW 4FE, ZESAAEA-9-g$-E o2, ¥ A4 AW, A20E E
2] &g o] E(sorbitan trioleate)(Span 85), =@ ZZFdo]E(glycocholate), A&E(surfactin), ZEF4

(poloxomer), AEH|EF 292k o ~H| 2 (sorbitan fatty acid ester), ©@&FAFE(tyloxapol), 1A, &7std
Fol x3ET. TFAE ol Ze JA EAE HAA Y] Aste] BEE F Avk: 1) dEo|lF kAl ¢
Astet A4 BRES AT AT, dEEE A TFA Abold] AL i) TFHA 3 = E ol
w2 okA WE L2 (drug release profile); iii) W 5% 9 3184 W (chemical modification)S %
g FA3st 59 iv) YA vhEk(particle porosity). THA YA ddely olF odEd &A ST
(emulsion solvent evaporation), % Z1Z(spray drying), &4 FZ(solvent extraction), &4 S
(solvent evaporation), 73 2] (phase separation), ©dhAL H3e FolA 2w o] d (coacervation), AW

Z3%3t(interfacial polymerization) 2 Q@A A de] 3449 t& WHE o] &3t AxE & U, A=
FEoko| FA]% wlol| I E - (microsphere) T wlo]l I Z W& (microcapsule) S A X3t HHES o] &3] Az
2 g . A Az e 5 X (spray drying) 9t ¥E & (freeze drying)dl, ol dx=A/A

02 o gata, 7] §AL /14 gl BRae] Aek 2719 AHS A, $AF

3 B4 gHehe

AAs = FA S st

III. A=A AA &£

oo 7143k ARo 93 AdS te] AU Huah fFo HEEDTSH 5L U = Jde AA7
MEERAE, o)EL oy Aoldt HHoz o]gd 4 gty AAA d3(ulolgxet Ad), A5 &9, Q3

o
>
w
=
=
©w
rO
e
u
=
=
i
18

RSV % A=A HE&E(cloven-footed animal)olA A% (hoof and mouth

_11_
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disease)® gits FA4A71a; FA4 9O, #71), A2, " 718#A QD (chronic bronchitis), 71%
(emphysema), 7]3#] 273 (bronchiectasis)S H|E3 && Foflol 7|23 7= A3} 28 (congestion) S <
slata; HA3 FHE Yste] 53 23, & (breathing), 713 (coughing), A A7) (sneezing), L& th3}
(talking) &< YA A (particle formation)ol 71918 ¥ 2 ¢ (ambient contamination)= & 23}A|7]aL
7 Z(obstructive sleep apnea), 44 Atdle] #}wA th FA(irritable bowel syndrome),
v #Hdd = ZE(C0PD), FEA RS, olde LTS PAAIAY dWetar; oFA Bxlet HAA] 5
598 (uptake kinetics)S EA| 3},

A oA dg A AL Fef

rﬂ

& AN, A=A AAE oAl R AA Y Fof FejolA e HadEs STV A% AEE de
E5 Bt oRAZE A=A oFAel Y, = AAVE At A=A 2EAE . HATe] AeEe
A EA4S WAL Ve Az el oAl ddnt EAbE FEa7]7] fste], 71 aA] A AF5e] $ 7]/ AA
ARS Fsgets A=A AA7E Y9 F5to] T k. dide g, AAe e J9 x2ud s
|317] flste] vAF, A, A, F, B A4, BE H FZH(ocular space) 2.2 9] Fojo o Fojd
FE Ao

A% AdelAl, Fe el AR dndAe] He 4 £45S FEsh 2o #sl Ak (Sanders,
N.N., De Smedt, S. C, Rompaey, E.V., Simoens, P., De Baets, F. & Demeester, J. (2000) Am J Respir Crit
Care Med. 162, 1905-1911.). o€ o] =, o5 AA= S7HE FAl F5E5 ko] E7]/dA AHOZEH A
¥Z gslo] A FZ(net driving) B3 T FHIE SAYAIIT

B. okd] A8 d-H2 A Fof

AT AA = A A2 “HA-H 2 (pre- treatment)” 24 o] &= 4= v}, 3 FA| oA, AEA A|A|7F 3
el AL E L, o] oFA| A A7} Fatel] MgE Tt oFAlE= F-wiolel A, siRNA AA, FEF AAE ¥ XS
AL WY kAd & Avk. ARA AATF FHE F3t] FAHE B9, A=A AAE A= A
wE s F7F e AR Ve S de g AW AEEDA 54 WEAA F£EH oA
Ads MAs =S AAE. dtez, AAsE & A9 294 Fszgsr] gste] 4T, 45, A4,
A EE 4, BE A Fit(ocular space) 029 Fold o3 FojE Fi Q. Ay AlEAA, AEEE
g2 54 (EH 2o]'e—ﬂ.jﬂL 54 )Oﬂ’ﬂ o Fuje] {§=7} mlo] A E0]5) Teflon YAMS] & W e %o

A E

o T

= Ao 93 H}(Im Hof, V., Gehr, P., Gerber, V., Lee, M.M. & Schurch, S.
(1997) Respir. Physiol. 109, 81-93.; Schurch, S., Gehr, P., Im Hof, V., Geiser, M. & Green, F. (1990)
Respir Physiol. 80, 17-32.).

C. WA +=&I F7& WIA7]7] flete] d=y AAe] Fof

e FAdelA, dEA AAE A BAA F¢ 593 A% e FaAT7] 98k A7) AA G
ol F-9eA @ SAES S7H7IAY Al d3sk vl (charge gradient)S W3HA7]17] 917 A Ed d=&
S Btk 45 AbeelA, oid g2 e f=7F vAE WA (nicrobial agent)] FEI HAE A
(= Gol dberg, S, et al, J Bacteriology 172, 5650-5654 (1990))3}aL, wlole]~ XY (virus entry)S H3}

(Davis, H.E., et al, Biophys J, 86, 1234-1242 (2004)AZA 4 Y& Aoz v AT},

ol A=A A= sk Aol wet @S SUF B gaAReEN 7= s ol tiE A A=
T A

1
=
(charge interaction)< W

Aot B4 ARAIAY, BE A% YF G/vw 24 AndA el 45 a4e

A7 =% AARG. A o|gd EHE 2] el Foles EE: Soleq BAE THT & A

Ast FulolA oleld Wake A%el, AEUelA WA Faoh £5 AW EE AQAT ALY, B B

B 9ade] Axe Frow WES AaAA Ao, tgtow, oled s Fult WgAe 423 v
x =

%0
_ﬂ r&

R , Y Bole] Foldr). AR, AAE thE d9 &
AT, AT, A%, A, B T4, BE O T (ocular space) &2 9] Fofol o3

D. 719 YA &S #FA2AT7] A% A=Y AA 9 Fo

o2 Aol A, AEA Al 171 R/%E+= th3}(talking) St AA NN ZE AR FEES <
Al B A7) skl 7] AlAe] o F-elelA Aute] e s FIHAYIV] HE A4 deEgs B
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<82>

<83>

<84>

<85>

<86>

Sttt AAstA =, AAE @ 729 (pulmonary infection), E3], vfole]x EE A 7o 2 &8 &=
Aro ol BAS A wE AFE] 9ol A EE ulolgl Xz & 7w i ol shAd FolH
o, oigte g2 AAE AlAel 93 HAdAe] 55 dW T AaAZ7] f8te, A A, B WY <k
std A Fojd = 9t

715 3719 /(blood stream) ARoJollAl 7h2~ ulgtel] #ofste Fxoltt, #HE 74 wdte] MYy e HE
7} 2ol $X8ki= 7FA] F+ZF(branching structure)o]th. X X F-9l(surface area)= Z 7|7 UlellA
tholar, oFAl F57F Aadnt. HEres AR T 9 Gl (blanket) 7t §li= 9k ddol o8] EeiMo]a,
HEA S 9%}, J.S. Patton & R.M. Platz. 1992. Adv. Drug Del. Rev. 8:179-196.

71%=% <A (oropharynx)9} FF(larynx)E H|E3F A7) Z(upper airway) 2 713X (bronchus)$} Al7] 3]
(bronchioli)® ¥7]% & 7]#(trachea)S W E3F 37| = (lower airway) S X3, A7 d7|2e F7]HA
2 % Z(conducting airway) 2 EHTh, ¥o A7|#A = o] F, &5 M7|#XA|(respiratory bronchioli)® ¥
Hi, ol FF4R I35 Y (respiratory zone), HXE EE #H AFE olojXit}t. #H AF Ee HAExe WA

o APS A% FAH AR AolEo Fa BAol,

N

AAE dFgAem, F7ImodA dHeld Ao =24 54, d5 59, 39 483 Jes ¥siAA #H=9
AL A3eta L/EE 7|2 S JAst L/EE HR25E 2A(clearance) E MA 3L a3S AdEstr] 9
sto] JjAlel] Foldnt. a5 obdol VwE vpeh 2 A AHE ol &dte] SAE 5 dvk. 7HE, dae B
AAlel 1 gram®] &Aom Fold = Q. o]F, Qe Wikl SAHAY. 1 v, &% (dose)H YA
(particle number)7} HAstHEF Hdo] HAsidct

AA= A FA71CMDIY), 2571, e AE 2T FUVIE o8kl FoE 5 du. AEd AA= A4
2~

Hoz Folyl=slar, e 3 A V)

Aol =% F%F(dosage), Az A A|2=®lS |24, Gonda, I. "Aerosols for delivery of therapeutic and
diagnostic agents to the respiratory tract," in Critical Reviews in Therapeutic Drug Carrier Systems,
6:273-313, 1990; Moren, "Aerosol dosage forms and formulations," in: Aerosols in Medicine, Principles,
Diagnosis and Therapy, Moren, et al., Eds. Esevier, Amsterdam, 1985¢] 7]&¥ ule} o] A3 X8 4 &

& #sto] dgd 5 o,

=AY F97), 29, JhekE A, s3]0 ol §FoEM e, HE, i
BE ARAlY AxE BRe §AS EFAL, oF ol BFY 4 vk, vI-RTH $L ol §3te] Fof
F(dosage adninistered)& ZA3m AL 7bed 4L dss oGS wgAst. Ly
(nebulization) °IF, ool 2%& 7hista 4% FU710DDE Fatel o] & Foleh A% rhsaich. L7

B g mi detdonny wA ARE A=Y
A} % ) ]

|, ol& 3tAkddl 93] FYdErt. U.S. Patent No.
5,709,202(Lloyd, et al.)ol 7]&® X7} o] &2 = Jth. W= APFH o= wE WE (meter valve) 7} &
A 7}orsEl E(pressurized canister)S E-FslEd], o714 A7) B8 gl = el 0 =242 Y A},
SA AATF FAAZA 7153AY, = 2 E0] A, d& =W, FREON(E. 1. Du Pont De Nemours and

=
Co. Corp.)ot &g = vk, 2AHES o4F ol YE= QAsto]

gl [
3 CRNE WEHE A, WAF Aol
o FAAS §AE Y i ddste] A it RRAo Fu

b FAAANA, A BFGA o Ei= 2 4
Al AFA, FHHFAD) YREAY Bholth. AP PPA = HAED, GO, WEo| ¥
s,

25E AAE 499 Aol 9 AA, dleles mx ATOR FgE A
W ofsh $A w7 A A sk AA Fol T

sto a2y dAHET. A
7E(chute) &= = (pens)E FH3le] dojd w oA 4 ,
FoF A8 v 8 7] (crop dusting type airplane) 258 At} A4=A2 X517 Yste] A
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o]of(battery powered sprayer)’} AAldo]2% A L/ A F
iﬂaﬂ~%4@°E%%@%ﬁ%%ﬂﬂ]$@4%ﬂ*Q%&E%7K5§4‘%q.
3}

Al 1

= =

A F9 4 o)yt F9 oo foé% QPw ?Oﬂ OWH ]

sk Wb Q¥Et, oAl ek, A t‘d&H Ay 4 Z2E (symptom

OREL AYS HHIY] Y5t o ,
expression) Atolell S 7S xSl Fod 5 9l

AA= #HE 28] ART vbE T2 713F St I =l 0153P74LP iﬂ%ﬂ—t— T
r 1= Iz
. o

W oQl7F

AT},

H| S ) Foo #3le] F2 757 A, & dHe AAs SU4S 8t ¥AF, A7, A%, 4 =
T4 Fool o3, = g T Foe o] ME FE EE Qe F4E = 9

IV. 2 YF A AsE H3gAI = UE 94y

A Y Zo AEETH 54 ®¥ste uohdd wHoez gAdd S vy, 3 71 WHes, A=
(electrode) T+ X (patch)7} X EFH = WAL AAA vz = a1, A7 (electric field)o] TAACT, o]
= AT UF9 dal YA, ol T & ol HEE H3AIA, o9 AEEHSY EAS WH3AIY.

2 A3y ofge] F-Agd AAAE FxsH oL WEsla olsd el

a4 d

Alad a7l A A AR W
ol ZgA] A

King et al, Nurs Res. 31(6):324-9 (1982)o] 7|&¥ AEI} HFAEHA, UYEHF HEZEAS
(NagB,07) (J.T.Baker) 0.2 nAASH ZAXAE F Z(locust bean gum, LBG)(Fluka BioChemika) &8 o]-&3}

ﬁ7hhhhlﬂﬂ4°AW % (rheological) A& 2te ofe S84 AL A xSk, 2% wt/volol A LBG
T oBE Milli-Q S/l &3AAT. Milli-Q SFFAA, 5549 52 EﬂEE‘r%*}oﬂ £Ns ZﬂZOP ATH.
BG%ﬂ%Q%Qi%QNLﬂi L] YEF HEZGZAYE 98 F 3] 3]
AA AT (o] 5, “HY A (mucus mimetic)” ). o], H]EH(specific volume)2] 3] &
ﬂg‘”gﬂ%ﬁ]]Eiﬁﬁm%M)”ﬂ$4]W1E147bﬁwiﬂ@ﬂ ES-

hE SAAAT. AH A & AP Ao Alzhe] ehA] 1583F wAAFAZ Y. YEF HEZA

HE sk Me= 1-3 mio] .

lo,
i

o2
3

& 2Akel7) S1ate] ool Al
qd 7IH(ERZ)A HEstar 1583t

Pierrot, S Vaquez—Glrod E. Puchelle, Biorheology (1989) 26:737-745)° <]3k ‘7]%1’ 71 A1e] W)
Astitt. Umﬂ#v”ﬁﬂﬂkﬁﬁﬂE7?&]§§§%mewﬂmywmﬂ°IF%EEE%
Ak(el= 71 ol AAZF QoA 35S Bosiglth). & 12 o5 ATl o/ &% K9 &F 7|A Ns

> r2 & El 2 ox

o

o 7}alx A (shearing)2 7]F ol X1 stFZ Nt = d2E Jxte] FAFE X319
A} Al4=7](optical particle counter, OPC)(&= 14 20%¥1)(CLiMET Instruments, Redlands, CA)ZE
bl wjA|Ee], AFEE dlo2E YAE AME ol YA AVIE FAEsi.

_IE_—'I_
A AP GA A = Lo £ARG, FAesE okdgt Bk
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2. o9 =4 A (pressure regulator)

3. 10 nm Teflon o WE - F7|7F A2g o Boj7}rlo] eb A& 4x 5 Frsr] 9ste], 455 37)
£ o7t

4. Wlo]# wlo] -FE (baker bio~hood) - F7|2HE Pzt F715 o),

5. ¢k F7] WS W B (safety air relief valve) - A]2~8¢] o} oJo+S oHtsir),

6. dalE 6.2L 7FtE &7 - Tk TV Alz2"e R FAE WES AT AGAEE 5

(capacitance function)S HW3ic}).
7. LED &3 Alo]A

8. Asco A& &¥:ol= WH(solenoid valve) 7I4®E 3719 ERx o ALE BAshs AA7A 29X

(electromechanical switch)
9. £¥zol= WH gt ER/2Y =9

10. Fleisch No. 4 & &7 (pneumotachograph) <+2 W37] (pressure transducer)® 337 (laminar air
flow) S A3},

11. Validyne DP45 ¢t2 WH37] - S E5R/FAS F3lo] 428 3l (pressure drop) S FH

rob

=

12. Pall Conserve TE - &#xo]l= WHO 7|A % ZF&(mechanical action)oZ A E YA/} Alxdlog
SoeE AS AW,

13. Validyne CD15 213 E=7)(demodulator)/Z&Z 7] (amplifier) - Hlo]E & A|2ES 95te] obe W37

- bl
2HE HeH d7] AZ(electrical signal)E FZF3t),

4. ¢ 7|3 (ERZ) - 7] (trachea)S 2317] Yale] o) 30 emx 1.6 emx 1.6 em(L x Wx DHE &
of A REET}.
2

15. 247Fs

16. =¥ E3(drip trap) - A 2Ao] I3 22 < (bulk movement)o] &4 FHZE Eo7}= AL oAt

18. wjZ(baffle) - &9 AW <] Fr}-oJ ¢ (over—pressurization)S o sl7] 98kl A28 oA ¢t& x}o]
=2 A3},

19. €9 A (Holding chamber) OPColl <3+ =44

HO

2

A

20. CLiMET 500 OPC - #o]# 3]&(laser diffraction)S Edte] oo]&2ZE MA 49 0|59 Eg% 77]

g Z3ac.

Jol2E Ao Fr|Re| o]dg o).

=
Qe F4 8 o5 B4 272 WAsh=d ol gHn.

A 2 SEH, o]F doJ2F AH oA stFE HE I FU A4S 95t EEX 9 Eo) ulX]

H ZHE o83l FHHE A" YeYdAE ol &3t ity WHol o]8d 4 gtk

s AAE ZAS A9 YS9 AEEDEY B4, o 5W, 3 ded = 11 FEHo| gd o=

25 SAsS. 72 AAE AES o2 Es WS o83t o]# st AAE dAZREZIJATOZH A

o7 woggrt., f/HedNo] Ao Aeroneb Go 7] (Aerogen, Mountain View, CA)7} o] &= it
Qon

o

o

oo -
E 2 ooy Lo

G S o2 ZE3IA] 7= AF WALERZF 7]%(vibrating mesh technology)2
o BE bl A olo] ZE3) AlfH(aerosolization time)& 202 HAA AT HAE EZ2Z| ¢

%3, 719 (air pressure) & 713 @AE 2Htelr] Yote] 3 psiE AAEHJT. o) FAS REbA Y WH

ot
=
€]
=
]
=
@
o
[*p]
o
S
4
)
e
Of
JO
il

2
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A E#;(liquid trap) 229 &9 2 thzF ZHHA| (bulk mimetic)e) EEX W o 29 ¥ F](splashing) S
iﬂOV] fete] A7) o= EA oA Yebhe H43E eHHlE (optimized tangent)$F 4724 -5 (normal
stress)ell 7] z3lo] A H ST},

AAd 10 f4A =9 FA g Aol AAY aFe] #F, SRM FAE o]-&%% AFEHAW AT

47FA] A A= %A 71EH SR FAE o] §sto] Al AU A ZASEAL, Fal(reference) 24 o] &% H Bk
Al (mucus mimetic) THE(E9])o| diste] vluslgint. ojggh o kA ik L kA 7]&H SRM WHo] 7
Ao ol &= A}, ofgfe] AAZF o] &HATH: (1) 0.9% TZAAH I, (2) 0.9% S2A A4 g0 ga=
1.29% 9324 (CaCly), (3) 0.9% 584 A4 &qo &3lE 0.1% HEF =l A o]E(SDS), (4) 0.9% &
A A4 gdo galE 19 9AE"”. EZX(trough)ol] 7FIA= 2o Al (mimetic height)2 EE
A A, 2 m(6.4 m¢ AA 2o R3] (total mimetic volume))d] VA Eol& FXHAL. Ar] B = 158
P wx-AgE A, 4 AAE o5, FHALe] 9k 28 F9F Aeroneb Go(Aerogen, Mountain View, CA)S o]-&
sto] kA Y2 oo 2 E3H S, 4 HAle Hol® 33 wHEslal, Hy 734 YA F(average cumulative
particle count)®} ¥+ HA(standard deviation) X & 2HA3}HAT. o5 A= & 2004 Y T2 =AH
=

= 20 A wpep o], ZF AAE 1 o)A A7) A¥F(order of magnitude)ol YA A (particle
suppression) & H AT, CaCl,E FF3te 534 A 94L& Hd 4A dA, Al E3pd, 3 27] ARG
A7 E Wl

Ao 2: SRM FHE o8 AFAU ZHAA, TVE ddERE YAY Fad Ui AA(EF
FEA ) a3}

olglst Ak dAle 7x7F He WAUSE g5 oldllstr] f13te, AAE dol=3td (D) &3 94 EFA

Az, o]g)dk A mukA A W kA 7]<wE SRM W o] ZF A3 o] o] &Fgit). EiE(trough)oﬂ 7}
A= E Z(mimetic height)< z A mm mé AA Ee] FI(total mimetic volume

B2 2o Al7g( height)2 EE ZAAlA, 2 m(6.4 me A T2 H3( 1 mimeti lume)) ¢
A7 EoR FAHAG. 7] BAE 158N wA-AREHA, ZF AAE o]F, HAiAbel dA 28 T

Aeroneb Go(Aerogen, Mountain View, CA)E o] &3}o] BHIA U= ofoj2Z£3H A}, 2 AAlE Holx 33
B3la, He ¥4 YA 4(average cumulative particle count)®} ¥ ¥ x}(standard deviation) FX=
AT, olE A & 304 agZE mAET.

e

L 3 mAlE upeh o]l A g A Ao o] & fgTt Hol2stE (D) =2 HAHE Ao, A7 AAe] o
2l oA 52 (particle suppression performance)©] #A3Hth. CaClye] 9o, E7F DI &2 thA=d JAF
FAAE AAet= AA] sHo] o sk, DI & B CaCl,® sl A9 AA & 27 99 d5RY
dab Al o5 @A olrt. shA Nk, SDS E= ‘iﬂéE%% st AlAle] B9, 9571 DI B2 tAH
oA o] musiHt. o5 A= F(NaCly} CaCly)el dAF dA9 Aol A Fel Jas S=3)3r}
= e dAET

AAd 30 Fold AAY AEE FA R SR AAE o]8F AFAW SAAA, T JA ol @ AA A

AR B AAlol gk AA e dat/HAE&e] a5 A3t Hsted, dolg AAe] AE&S 5A ’5‘}
A ez} o et T EA ZAsgtt. ofgie] 107FA AAZE o] &H AT (1) D¢ 0.45%, (2) 53
0.9%, (3) @ 1.45%, (4) T&A Aol CaCly(1.29%), (5) DI =04 CaCly(1.29%), (6) DI Eoll A
CaCly(1.87%), (7) 5734 Aol A] SDS(0.1%), (8) DI EolA SDS(0.1%), (9) T AgolA Id2EH(1%),
(10) DI &EellA H2=EZH(1%). 7 Aolgh AA 2 o HkAo] gk Hie
o] Z(zetasizer)(Brookhaven Instruments, Holtsville, NY)& o]&3} AT, A7 AAE WA, A=
< St (R "7 (electric field) o A=E AA37] Hste]), o] F &M olF = (mobility)E %
Hog Aoz AAT LM/AAe] At (zetapotential ) S ZHAH 3T}, o] d AE=&LS AlEl A9
el JRA o]l BuEEH, ol F£XE X 1o AAET. HEE&S dAHT HE dY] A
(electrical resistance)®] t-&Eo|iL, W& WolA date] Ae/s% B A3t o5 kol &g}, 7]313H4]
B A Al (geometrical correction factor)((cell) HolE A= W9 (electrode area)® UFoZH 54T
=74 A ‘4 (measurement cell constant))7} F-71= =0, o= AE W H(centimeter)d

4=*]+= Brookhaven ZetaPALS A€}

_11)1' mio
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<132>

<133>

<134>

<135>

<136>

<137>

<138>

=2 E 3 10-2008-0018872
(micro-Siemens)?] W92, HAEEZA HAFE AEES AEsT),

x 1

107FA AlA 8L Ao Aol =g

BE H A =& (pnS/em)
% ol 528
A 0.45% 12,232
T34 95 0.9% 23,829
A4 1.45% 33,989
CaCl, 1.29%(5734d |5 37,586
CaCly 1.29%(DI &) 24,931
CaCl, 1.87%(DI &) 30,187
SDS 0.1%CsFA 45 24,045
SDS 0.1%(DI &) 103
g92EH %(5FY 25) 20,689
g ~Eg 14Dl &) 60

SRM HAAF 2 A Tls® A kA Aiko] o] Ao o] &FH AT, EEE(trough)ell 7haAE Ko

< BE AAA, 2 m(6.4 m DA 2 FI](total mimetic volume))o] €A Hol=
Torx]ﬂoqq 7] BHA = 7 AA-AEE A Z+ A A= o5, ZHAel kA 28 <t Aeroneb
Go(Aerogen, Mountain View, CA)E o] &3} E"ﬂhﬂ ﬂ%i o2 Z£3tE A}, 2 AARE FHolx 33 wrEEta
Hd 74 YA (average cumulative particle count)®} ¥ HAF(standard deviation) x5 2F43FSiH.
T AE A7 AAY AEE vs. Z7] AA digh 7" 4A (A A SRM HAAFERE) S Tejzoelrt,

ZF(mimetic height)

o]

T 4ol mAJE mheh o], g 37" dAb g Abelells A AudATE SR, v wekd, deg
of &S, Al dAF F7F Yol mEA, HE £ JEES e AAde HE 22 do2E 94 A
3]

AA 4 ARE FX &2 BAEY v (AH &3 fFA (interfacial stress rheometer)d] <3 A

G', G", G+, Tan &l gt =x+= AW 2 FFA(interfacial stress rheometer, ISR)E ©]&3}e], HH
A 2 oode] AA(E &HE 0.9% NaCl(5dAd d=7), d=rel &a® 1.29% CaCl,, f<rel &% 0.1%
SDS, @<l &3E 1.0% YEERN) FolA st THo R doj2EstE A diste] g5t A
ISR 22 A7 o] Zo] Hl&(diameter to length ratio)S 2zt A4 Yol (magnetized rod)E o] &3 (Al
Holl Al Hlo|HE 533 Y4 a3 (bulk effect)E HAstal7] f138te]). 47 ddie &3 EEZZ o =
@%§¥%4Jﬂ*Mﬂ%ﬂﬂﬁq.@%%ﬁ%ﬂ%aoiﬁ%ﬁiﬂﬂﬂmeMU@m@mﬁcfwwﬂi;
A=3t7] Aste] 0.25 Hzol s BA)S 7hste] 7] =izt do] B3E welA olsat=s Festqlvt. #
g Jbelet(optical camera)® ol ¥ A S FHSL, o|mA] A AZES|o](image recognition
software) & ©]-&3to] ¥h3-& AHAGATH(ofrt o] 53 Ag], e WEH). ofF, 4V AHEFH G', (", Gx,
&2 BHHE (Tan §)2 =459

10 2

5—t— ZE AA ] & FAHE vs. &S HolF
E

H] -

9 AAH AAUZS GA B oo 2EsE A myA FHoR 48
7K A R S Ak S 4G Setel, 4] el g
A) 1= ] ?§|

A 5: 4 psidlA AEEHE A, 4A R A AFE Fold AEE FAE 2= Aol AAY &
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<140>

<141>

<142>

<17>

<18>

<19>

<20>

<21>

<22>

ZIHS3d 10-2008-0018872

Agolgk A A A PAF A de AE&/As aFE gL FESH7] 15k, SRM AHAl o] &5 += ¢E
A 4 psi® FIAAZAT. AFA AA, T A7, T84 Aol &l® 1.29% CaCly, DI &4 &3®
CaCly, 1.8% 95 §do] o]& AALd o] &HATE. 47FA] AA| Q] A=g& 2= 7 20 2 HTt. 7 Aol A
Aol 3t AE=HE FX= 7] AAld 39 7]&¥ Hvle} o] Brookhaven ZetaPALS A|EFA}o]Z=(Brookhaven
Instruments, Holtsville, NY)& o] &3} FA 3% ).

¥ 2
AALE AAY A= F3]
AE H A =S (pS/cm)
A4 0.9% 23,829
A 1.8% 42,201
CaCl, 1.29%(5444 94 37,586
CaCl, 1.29%(DI &) 24,931

Al A sk @ kA Z]sE SRM ol ZF AFol o] &E Uk, ERE(trough)ell ZhEAl= B

A A (mimetic height)S& EE ZAAMONA, 2 m(6.4 m¢ DA 2 B3] (total mimetic volume))e U4A Zo]=
FAHATE. 7] BAE 15687 wA-AFE A, ZF AA= o], A oA 2% 5 Aeroneb
Go(Aerogen, Mountain View, CA)ES o] &3}o] BHbA] Y2 oo 23 E A, 7 AAE FHojx 33 ¥b&Esla
¥ A kA e v udte] Ht %131 A A} ﬁl verage cumulative particle count)®} ¢ A H] & (percent
suppression)< AHAsta 7h7} Boll

F

H
2
42

T 6A9} 6Bol Z=AIE wie} o], AAe ATE AV U =855 YA A T (particle suppression
capability)o] B =kr}.

H
o
£
2
=2
(]

185 = 2o &5 7]AI(SRM) A o] 7] e =oltt.

= 2% SRM FA (3 psi 71t (air pressure), 2 mm 2 A (mimetic height)(6.4 mé AA 2o ¥ (total

mimetic volume)), 15 A=A ZA AlZF(cross-linking time), 23 AA oo =2ZE3} A]7P(formulat10n
&3 AT SAHNA, A B FollA AFoldt oo]2E3) AlAe] Foo]F

A2+ 4= (cumulative particle count)(>300 nm)e] =iz T o},

aerosolization time))Z ©]

)

2 SRM A (E3 G501 4)(3 psi 7I(air pressure), 2 mn =9 217 (mimetic height)(6.4 ml A &
53] (total mimetic volume)), 2% A|A| o2 ZE3} AlZH(formulation aerosolization time), 154 RLAp-<A
A7 (cross—linking time))E o]&g A@TAY SAHA, He Bk FollA &3 Aol §3 doldh oo =
Z3} AA e FoJolFE +7 A F(cumulative particle count)(>300 nm)¢] oL} o]},

i 1o H

= 4% ZetaPALS A|E}A}o] Z(Brookhaven Instruments Corp, Holtsville, NY)o oJ&] A= AA A=
(conductivity)(puS/cm) vs. SRM FXE o] &35l AldAY FSAHE F4 YA 42(>300 nm) ] o},

= 5= AW W fF3FA(Interfacial Surface Rheometer)ell 2ls] SAH¥® W £2 BAlE(loss tangent,
"Tan §") vs. SRM FAE o]&ste] Aga SAH 74 dA 5(>300 nm)94 e zolnt,

T 6AE SRM X (4 psi 71 (air pressure), 2 mm 59 A& (mimetic height)(6.4 m¢ AA & F3(total
mimetic volume)), 2% AA| ol 2ZF3} AlZH(formulation aerosolization time), 15% 2b-<A

linking time))E o] &3k A @Il SHAA, A B Fol A Aolgh oo 2&E3} A A FofolF F4 U=
F*(cumulative particle count)?] ez Zojt}, = 6B % A ZAlE vle} U3 =
Aol ek M EA] e o REbA 9 vuste] IR} o A H[ & wrrjaEfzEe|t),
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(2]

57
N 18 20
8 1_2 12 14 16 Al
6 = [ |
11 19 13
== /
_ 7
orp/ 1E]
g 13
i, s XE A 11. Validyne DP45 &3 BI& |
g e
=31 2. Ultra Zero =& ZJ/€3 12, Pall Conserve EH
1/4" HY
oF mi i AlS 88X prage
<91 240101 3. 10 nm Teflon & ZH 13. Validyne CD15 A& 8XI|/EE|
4, HI0IH YA Z2| HIOIQ-BE 14, EEZX/TH JH
5. Otd ZJ| iz ¥#e 15, X&EIs AHS
6. JtgteEl 2| 16. B E&H(mucus trap)
7. LED &= HOIX 17. QI0IH ESE PC
8. Asco ZE £ L0E HE 18. HiZE(baffle)
9. /=8 A=A 19. OIHZE &4 EH
10. Fleisch No. 4 SEREH 20. CLiMET 500 OPC

_19_



k1

N

F1

(g,

ZIHS3d 10-2008-0018872

1000000
<
R E
ol £
RT8
I+ 2

CaCl2 SDS0.1% Dexdran 1%
Saline'0.8%  1.29%

24

[l

3 psi Jle(air pressure), 2 mm PO A (mimetic height)(6.4 me
M 29 2I(total mimetic volume)), 158 WX-CIZ AP
(cross-linking  time), 2% WX HoiEZEst  Al2H(formulation
aerosolization time))MA = X 2(cumulative particle count) vs.
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