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Investigation Synergism of Eunkyo-san, a Poly-herbal Formula and
Ciprofloxacin against Streptococcus pneumoniae Respiratory Infection

Sang Jun Lee, Kwi Ok Jeon, Kwang Kyu Song*, Hae Yun Choi, Jong Dae Kim

Division of Respiratory System, College of Oriental Medicine, Daegu Haany University

In order to evaluate the in vivo synergic effect of Eunkyo-san which was a traditional poly-herbal formula has
been used in the treatment of respiratory diseases in Korea, with quinolone antibiotics, ciprofloxacin (CPFX), the viable
bacterial number and histopathological changes were monitored after experimental respiratory infection with S.
pneumoniae ATCC 6303. The obtained results were as follows: In CPFX groups, the viable bacterial numbers were
significantly decreased compared to that of control group and these were more dramatically decreased compared to
that of single treatment with CPFX, respectively in concomitant treated groups with Eunkyo-san. In control group,

severe infiltration of inflammatory cells, hemorrhage

and hypertrophy of alveolar linings were demonstrated at

microscopical levels. However, these abnormal histopathological changes were significantly decreased compared to
that of control group in CPFX groups, and these were more dramatically decreased compared to that of single
treatment with CPFX, respectively in concomitant treated groups with Eunkyo-san. In CPFX groups, the LSA (luminal
surface of alveoli %) were significantly increased compared to that of control group and these were more dramatically
decreased compared to that of single treatment with CPFX, respectively in concomitant treated groups with
Eunkyo-san. According to these results, it is considered as the in vivo antibacterial activity of CPFX was dramatically
increased by concomitant use of Eunkyo-san against S. pneumoniae ATCC 6303 infection of respiratory tract.

Key words : Eunkyo-san, quinolone, Ciprofloxacin{CPFX), S. pneumoniae, infection of respiratory tract.
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Streptococcus pneumoniae (018} S. pneumonine)= 2 1A
&7] Ag E5] Wy AIFOE ¥edA QUL Gordon'E
preumoniaeZ} BIEY FNQ HEEoIA THE Eb] v
WAFOIZLL IR TIFolA &7 Ao A A9

A o EAC] AOIFOR Jedd Uy ES MY Hud s
Zol@? gl ol =olxgd? (facial cellilites)?] QIQIHOFE &gy
& lon, Zol= penicillineo] WEE HolE S. pneumoniae
* FAAA : £3T ATFA ST AS 165 TSRt RE tiTakatE
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JYE - BAS - HBTH - HHE - LEY

gram(-} Bl gram (+) Algtoll thdh YRS ehtedE Ve L
", zRARH0] £20mMY, Zejol] SoliE MEL ASEY A
gt £ gEHE 719 71F0|F]= Reference drug® 714 To] ALE
FloA 2 JATH*. TBiLk CPEX GA] A =40 widd
0] &3lo] BuEo] wigl I A8 28 ke 2 - 989 &
Zlo thEh WRHo] hFEET Uy

SusAL Aol thst AEHE & o F
SE8 EUE Ve 20T 42n, w3t AFE0 SHFE
| ZgkEo} Qe HsHE S ROE 4ugrt
0|9} 72 RIZkH o] thEl SHY AE S A ECH TFF oA
2y219] gteo] ABEY L AL, HAYUE =S
2EEIE SIArP . SaEEe  EmEEY) o 718
AU SE7E, B, HHE, Wy, £EF BT AHE, ¥
W B FIFES] 959 SOMNE THHO QOm, FHER ¥
HEEO WEEOE BRI BEEFSIALL B2 FlisIE)
RS HERES EEOE, WIERESIL F40] A6k
#7) #E 2 e, IREo) BES S4o) AT,
iZol BB b ORRY IES 206192 o Al8sHE A
GoE QUECr 5EVIAC AEH K d5Y ] 88
gojd gon, AEEA SUF 0] HWEA| &Aoo AF &
A ARRTS AZAL 4 UL AOE YTt s £8
#ol A8H dFEe A9 Y 4otk
TEh B @TolE QS 38714 28 53] 95y
Aol A8 FaE’ N tEH ABEA YA F
CPFXiQ HWEEGINE S. pneumonize ATCC 6303 FFZ 0|23}
SE712% mouse BYS Ed BAGILAL GIITH

4 9

1. A8
1) o

= (F)eHER1eE (Dacjon, KoreajollAl TG AH25}
Fom, FEHS RREH3D) o Z1AE AUOFE 184 B
242 Table 13} ZTHTable 1).

Table 1. Compasition and Dosage of Eunkyo-san

BEY EEE AE
SRE Lonicerae Flos 40
=3 Forsythiae Frucus 40
L Platycodi Radix 24
SER Menthae Herba 24
HEF Arctil Fructus 24
HER Sojae Semen preparatum 20
SHE Glycyrrhiza Radix 20
R Lophatheri Herba 16
FI7iE Nepetae Spica 16
Total 9 types : 224

|k ATCC HE 301 Streptococcus pneumoniae ATCC
i=3

o~

ouse (Charles River, Japan)& AlE (&
S Z506] SS0oMEA A4 g4 154
H2Al7] & AMRBI9 e, cyclophosphamide (Sigma, USA)E

SE 4E fa 4 2 19 Ao B4 R Foold] Hdde
ol
-/

Mo
o
=
3

N

1) S&714EY 7

S. pneumonige ATCC 63035 & Aglo] ALESIH oM, oF
Z SHHHHA} (nutrient agar; Difco, Detroit, USA)OlA] 37°C £
oholl 18A17F Athigt & AHREYA|Q] nutrient broth (Difco,
Detroit, USA)ollA] 37°C 24 dlofl THA] 4A17HS0 wieelod, &

Alo} ZHgl Ml SEMH (bacteria suspension)& FH|3IICE 4

HEZ2 Ketamine S (ketamine : xylazine = 60 : 2.5mg/kg)
OF ulFe & 0|8 AlE BRRW 35uE HIRE Edl dHEAl
Ak vaE 8 Ad BERdY
(incisor teeth)Z 4
E) 2EE AL 2 dEod JEBE dee 17 x
10*/mouse0| Lt
2 dEzY P

| EQHEE CPFX (Merk, Darmstadt, Germany)& AME351%)
on, B4t (normal), 557174E S FRARR] thET (control)
1 SEVIAEE [t & RUEE 44 12 ¥ 60ng/ke (2
D 50i8 7, 5571702 9L TIS NAES 122 60
ng/ kg FOIS ClE SRS 27 100 B 200mg/kg @WHT)E F
o #9 & 87 FOE FEENCH, ZF 11E Y 5uigld A}
83l & 40ul2|E AHBSIS EA2 Table 20 712
19K Table 2).
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Table 2. Experimental Grouping Used in This Study

Group D TypeUsed QuinolonesD . Dosed?lfjgijerbal
Normal None None None
Control None None None
CPFX12 Ciprofloxacin 12mg/ kg None
C12T1 Ciprofloxacin 12mg/ ke 100mg/ ke
C1212 Ciprofloxacin 12mg/ ke 200me / ke
CPFX60 Ciprofloxacin 60me / ke None
C60T1 Ciprofloxacin 60mg/ ke 100me/ ke
C60T2 Ciprofloxacin 60me/ ke 200me/ ke

* Eunkyo-samHan kook shin yak, Daejeon, Korea) extracts were used in this study.
Normal: Non trsated normal group Control: Non treated after exposure to S
pneumoniae ATCC 6303 CPFX12 12mg/ke of CPFX was treated after exposure to S
preumoniae ATCC 6303 C12T1: 12mg/ke of CPFX and 100mg/ke Eunkyo-san was
treated after exposure to S pneumoniae ATCC 6308 C12T2: 12mg/ke of CPFX and 200
ng/kg Eunkyo-san was treated after exposure to S pneumoniae ATCC 6303 CPFXE0: 60
mg/ke Of CPFX was treated after exposure to S prieumoniae ATCC 6303 C60T1: 60me/
kg of CPFX and 100mg/ke Eunkyo-san was treated after exposure to S preumoniae
ATCC 6303 CB0T2 60me/ke of CPFX and 200me/ke Eunkyo-san was treated after
exposure 10 S pneumoniae ATCC 6303
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S EG} Ciprofloxacin®) HEF0{7} Streptococcus preumonice $&712H 0 vXe g

3) gaig) ZA
HEE 185 28 (224g)0 SAls= 20000 E 718 £ZESH &
FQl oSt Al S rotary vacuum evaporatorE 71} . &5

sl MAHY FEES A2 U2 programmable freeze dryer

2 156%)2 £&=

B R0 Kt & S PHOE 50
ZoE =5}t Normal it
R FolA] SUTH 4] g
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615}
&9
OIIJ

E@g TEE U= ﬁéoé'; Ao dod dElkldSe
(distilled saline}Z 0]23l] homogenized ¢t THZ 10w 3]415}
o] KA WRA] (nutrient agar; Difco, Detroit, USA)ollA] 37T &7
Sloll 24A17F wHFSE & YA e 48 EUil g
ZEsl gdE e HIKIN

Ol

BES ¥ L5YE Bouindol] 24A[7F 04} 1A,
g teE AR ol ZohE AAISHL,
2, Hematoxylin-eosin @4 &

Alsle] #, 53] 718 - 718A FH s 2 Holl FHE A

A7 - Helst HelE #HABIIr B HE W

B7¥el] ok JE go] 3 FA ARskE

| Luminal surface of alveolar (LSA)E At FAE

A1&A]  (analysis image processing; Soft Image System,

Germany)Z 0|&3dl =3I

7y EAAE
’%“E‘L 4+ 1logCFU (colony forming unit) 2 A4S Thz

UBlEE fo] WE it + TEFXE ARKGKICE #Egis

%ﬂ T HESHA 2 g Frlol] flolkd, Z7t9] Rk

E os Boed vlaskd,

YV E BESIUTY. SAXE]= SPSS for Windows (Release

IGch el 2R W HT

it

r

percentage

H

Mann-Whitney Wilcoxon’s testZ

6.1.2, SPSS Inc., USA)E AR5
= +t++ (S 218k Marked), +++ (218}, Severe), ++ (ESE,
Moderated), + (A%, a few), + (Zu|g, Rare) U - (BE ¢HF,
not detect)®] 671X EHOE FEFIGCE

2 3

1. 849 w3l

1) CPFX 12mg/ke 51 B

Control Fol|lA19] Mi4E 9.07 + 145 logwCFUE a0} A
& PEEX] ¢A2 normal ol HIGlY] EAE Wt It}
OIFEIUE). CPFX12 ol At 6.90 + 0.91 logCFUR ko]

control ol HIgl 3N (p<0.05) & Yrrd Zart 91F
Frk CI2T1 FolAlE 585 + 046 logCFUE HEE o]
CPEX12 3+ Y control o visld /a4 (p<0.05) U&= Wt
9 Zavt QIEEOn, EE CI2T2 ZollAE 407 + 1.01
logioCFURE #2aksjo] CPEX12 & % control ol HI5H] 94
(p<0.01) U= WF5] 27} AFFHUCHFg. 1).

Viable Bacterial Numbe

[ Normal @ Control B CPFX12 m C12T1 m C12T2]

Fig. 1. Changes of viable bacterial numbers after CPFX 12mg/kg and
their concomitant treatment with Eunkyo-san (Mean + S. D,
logoCFU). Group ID was listed in Table 2 * p<0.05 compared to that of Controk
* p¢0.01 compared to that of Control # p<005 compared to that of CPFX12; ##
p{0.01 compared to that of CPFX12

2) CPFX 60mg/kg S0 A)

Control Tol|A]Q] e 9.07 + 145 logCFUR THET

o] F5] BEFA &2 normal ol HIGIH EAT Wit &
717} QIR ATE. CPEX60 ol A= 4.95 + 0.78 logiCFUR FHar
=0 control ol HIBIA |24 (p<0.01) A= Y=o 24T}
QIR EIRCE C60T13} C60T2 FollAl= 712t 3.82 + 0.373) 2.80 +
042 logwCFURE #&EF] o] CPFX60 T+ ¥ control THoll B3k &
Q& = ATHFig. 2).

A (p<0.01) A= Gt gt Q

Jur -
[o0] o n

Viable Bacterial Number
o

0 ‘Aw

{0 Nomral B Cortrol & CPFX60 0 C50T1 W 08012

Fig. 2. Changes of viable bacterial numbers after CPFX 60mg/kg and
their concomitant treatment with Eunkyo-san (Mean + S. D,
log1oCFU). Group ID was listed in Table 2 ** p<0.01 compared to that of Control:
## p(0.01 compared to that of CPFX60
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olYE - HAS -

QtOLL, control FollAlE ASH (++++) BEMEY FF0] 7|H
o NEBA FY W HE HollA] BEEATE

olBiEt EEMEY AE ~PE CPFX12 ToAE
ool vlgle] AZEoU oHE] 4 HEE BaE
th I}, C12Ti CI2T2 FollAe 242 A% (He groist
(2) B2 Baxo] control & % CPEX12 0] H5kd 3IA13]
QT ESE CPEX60 Zoll A S control ol H)&}] ZAE]
++) 8 PHEFE diHE, CE0T1x C60T2 TolAjs 2+t
(2)5HH TR o] control T % CPFX60 7ol Wil &
| ZAEACt (Table 3, 4)
2) £€44

Normal FollAE = Huto] @A Ed4H0] JFHA &
2 (-) ¥HH control TollAYE TR AT (++++) FEo| 3] Frlof
ZAA QAEHYCE olEet 58 A2 CPFX12 FojlAlE control
ol Blglel AZEACU M8 FER (H+HE SEEHULE 2
i}, C12T13 CI2T2 A& %oé 5:7301 QAIFA got (),

control

NSk (++4)

1

N
»

=
=]

il

o

o 2
Pl

— Of

N

Ol
o)

CPFX60 oA control ——rLOﬂ vl &
T (HE BEY ¥, C0T1 ZollAls B (2)5H BRI,
C60T2 FolAlE &8 4ol QFEXA Qot (), control T H
CPFX60 T-off nlsld SAF] ZAHUC} (Table 3, 4)

Table 3. Changes of Abnormal Histological index after CPFX 12mg/
kg and Their Concomitant Treatment with Eunkyo-san

Abnormal histological changes
Group 1D

ooy s Pemornage RPN
Normal +
Control ++++ +++ + + 4+ +
CPFX12 +++ + 4+ 4+
c1em + +
C1212 +

Group ID was listed in Table 2 ++++ (Marked), +++ (Severe), ++ (Moderated),
+ (a few), + (Rare) and - (not detected)

Table 4. Changes of Abnormal Histological Index after CPFX 60mg/
kg and Their Concomitant Treatment with Eunkyo-san

Abnormal histological changes

Group ID —
et e RS
Normal +
Control +4+ 44 4+ 4+
CPFX60 ++ + ++
C60TH t t +
C60T2 t

Group 1D was fisted in Table 2 ++++ (Marked), +++ (Severe), ++ (Moderated),
+ (a few),  (Rare) and - (not detected)

3) FE WY ul%

Normal ZollA1= 7} Hilo] A% FZ o] ol4 ul% 27

& - Hol - AEN

0] QIAHA L2 (-) BHH control TollA e TS ASE (++++) T
= ¥l HIT7P H AR, B3] 713, 71BA 9] HEAA 1 F
HJAch ol Bl E 4 H|S A7 CPFX12 Foil4}& control

ol Hisled BRI } 3] et (+++) AT E HEHU
o} I}, CL2T1oAE 2l (1)8F Sz ¥F7 AF A

1, C12T2 ol A= liﬂu H]Z7} QIR TR o}, control &
2 CPEX12 4ol H]8led A ZAadTh E8k CPFX60 ol
A& control ol BISHY AXERLOL GIHs] B8R (+H)=E
THEE BHHE, C60TL FollMeE BE (1)F HEERL, C60T2 T
oAl HME Y HIFI) AFHA 2ot (), control T

" CPFX60 7ol Higte] #X3] LAFATt (Table 3, 4)

3. LSA (luminal surface of alveolar)Q] ¥&}
1) -CPFX 12mg/kg B Al

Control Tol|A]Q] LSAE- 24.01 + 6.53% 2 WalT|o}, 83.24 +
8.79% = W& normal ol HIGl] FO4 (p<0.01) U= LSAL]
Zh b QIAE QA CPEX12 FollAE 4022 + 2.63% % BET] 0]
control Tol] B3l 8914 (p<0.01) Y& LSAS S717} QEH
Yt CL2T1a C12T2 FollAls 7hzh 51.83 + 9.799} 54.01 =+
5.04% 2 AT ocontrol Toll Bl FO4 (p<0.01) A& LSA
9] Z7171 QAR O, CL2T1 FolAlE CPEX12 T Hlgld &
94 (p<0.05) U= LSAY F7iet Cl12T2 FollAje CPFX12 &
Hl5la] S04 (p<0.01) Y= LSASY F717} QIEFAUCHFig. 3).

100
80 I
80
70 Lok
60

40
30

20 o
10 ' \
0

[0 Nomel T Contiol @ CPFX12 I CI2T1 MCI2T2 |

Luminal Surface of Alveoli %
8

Fig. 3. Changes of LSA after CPFX 12mg/kg and their concomitant
treatment with Eunkyo-san (Mean + S. D., %) Group ID was listed in
Table 2 $$ p<0.01 compared to that of Normal: ™ p¢0.01 compared to that of
Control # p<0.05 compared to that of CPFX12 ## p¢0.01 compared to that of
CPFX12

2) CPFX 60mg/keg ] A

Control Fo)A4]9] LSAL 24.01 * 6.53% 2 TalE|o], 8324 +
8.79% 2 A normal o Hidld F4 (p<0.01) U&= LSA
9] 47t QEEIUCE. CPEX60 wollAlE 5232 + 6.2% % &4&
o] control ol Bk §94 (p<0.01) 1= LSAY £7171 €1
AE QT C60TLH C60T2 ol Al ZH2t 61.97 + 5.661% 72.46 +
9.00% 2 & 0] control ol HIGK F24 (p<0.01) U= LSA
9] Z717} QAT O, C60T1 oAl CPFX60 o B3l &
ol (p<0.05) U= LSAY 719 C60T2 FollAl= CPFX60 T
Hlglel 894 (p<0.01) A LSASY E717t QI E ArHFig. 4).
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BEE s Ciprofloxacin®] W&FG 7} Streptococcus pneumoniae S&7]7F

100

80
80 1
70
60

40
30
20
10

Luminal Surface of Alveoli %
g

|0 ol @ Control @ CPPXG0 @ CH0T1 M C50T2

Fig. 4. Changes of LSA after CPFX 60mg/kg and their concomitant
treatment with Eunkyo-san (Mean + S. D., %). Group ID was listed in
Table 2; $% p<0.01 compared to that of Normal ™ p<0.01 compared 1o that of
Control: # p<0.05 compared to that of CPFX60: ## p<0.01 compared to that of
CPFX60

1 i

S. preumoniae= oIt 71X &7 A& Eo] HEHY dAA
Z UEA I, 0)9JolE Givner EV2 ¢ EOEIY (facial
cellilites)?] QQ17FOF HIUFII O, Gordon”2 s, preumoniae
7huldEe wele] AEaRiolA 7ta 261 WA E s Heldolgh
B, n=olA E&7] Yol st Aol e] 71EF thEE
wedd Qub. mEk AT Hekadn Soj@f)
TOE Ut e, A Zole penicillined] WHE HoJ
preumoniged] St S Q] Fuito] F&E) BT e
h:}"’). HEE ZUM7IER9] ARIRC] SEMYIBX, HE
Fe W HEE THE HAE0 gE02A FE g, 7
AL AAe HEHE Bole S84¢E ¢3on
Slele] 1“ ‘IR, RIS, B RIS W 1
HEE e GEEEEEY) o 71E Huo
M, T, W, BT, REN, AHE, R 7‘<] FFFRES] 9
9] ooz FHEo] JIon, BiKSl BEERIE & BTt Al
HE BISINE W AIgsks ARYoR Qs 5§71
14 e gE5d dEd SEFA fout 48 o
9] gle Adolrt
ZHEER BEAMES BT BRI BamErsvt
E2 Fiols REolI HERESH EEOE, EREESHL
HRo] Aok HEV HH E2 o, lkgol B 5
wwuﬁ”“ J‘ﬂ-’ﬁ F 24ES} HEE MRt 256l
BREEASIL B FES MBEHRA7IS G280 Ao EES
X Eale BEoO| ﬂl WSt £ 7 Bl BAS THEAIA
WRE mhehe Zhg S4A17)1 g MEEE u1S 3
WSt ok=olL} kol vl u& FIEsh] 18ske #SHA ffot &
I} ol ERMEEAT S S BESke E#ol =M, 11
=2 ML BESK AHAIT| I BRUERASIL B2 MK
% FHRAIA IERZAIRSIA SHEE Lol T3 HEE #HHEE
HISIEE FEOR 3191, ofsn] /Y uiElixlo] FIEmEK
o}E e GA Bk,
LEIEI] o4t BHEA| Yol Bl 713 & BRHoR

o> e e o i:l
B o 2 o
J

é

N
o)
0101'

o o

rr te

oy

uu

¢

B4EA Q0w ofF B SUA Algd WE wddFe
E¢0] 718 2R L e dgolct mEi FUAL) 2 - =&
S gAGL A gHEE Y 4 s GH Mgl Al
o Agolrt clel & Eo) Y Zeolu, SR ARSHo
2 SFE A EEe FESHALL Al ek Agd e =9
oA k. 7Es 335 Uebd RAoE Y75, & olof S
ZhE M8 § AgE gaEe Leis 820] Lo
Ag 7tedol e =0EE olE Tk djuA Z AT
Quinolone | ZHR O] HEA] 4SAEOE TR Al8Ee &
g = Ag ASE 4o 2 d7E 45K

2 439 43}, g HslollA] normal 7ol 1
TR @OLE control ol A= 9.07 + 1.45 logeCFUR 2 H
o] WI4Y &7t QIAREITHFg. 1, 2). RASHH tﬂg}ow
normal T*ollA] Bl A 2 dhgs w29} 713 & 7[8A] £5]0]
BER I, B3] 718, 71BA FU9 GENE AR dE
9 gi&et 22 o4k 4730l QIETIA U} (Table 3, 4) “LEd
L} control oAl At @EAMEY AR l 713 7R F
ot AZ Holx FEF L, o] F QI IE 3ol HlE Yl
HE WZY YE4a0] QFEERL, £ A da] AFEJATt
(Table 3, 4). LSAS} H#HgloflA] normal 5_7‘/1 83.24 + 8.79%¢f B3}
o F94 (p<0.01) Y= 24.01 = 6.53%=F BET O] X LSA
9] Zka7t QT (Fig. 3, 4). Ol= S. pneumoniaed] =FEA|7]

SEOA Bl E719) HE W HHEY 24, #5u &
FO g St HEHEol s U 33 2 dyHEe)
T HEY ARG do] FEUSE Arlght
" CPEXE 1980 AT Zofl 7R 241 A=E JUAE XA
ALEYo] Zod, AsE FUA & 7t SHsH gdEe
= CPFXQ) in vivo Stedol tid

ElllE ZA0E ¢Ed gt ol 2
Gillespie & No Mycobacterium fortuitumel] Z+d HEollA]
CPFX 2 mg/ke® STl 9ol IR YF Tart ZihErt

1 510, Berry & =¥ S. pneumoniae@t Hemophilus influenza
2 7\PE ZAA §87) 28 ZEolA CPEXo] e &
HMEM FAGHA e gadoliil BIUSKIT: Egh oledsh
CPEXQ] WAL OFG = S. pneumoniae® 0183l X QE Tf
822 STl uleA YY), Escherichia coliS} S. pneumoniae
5 BZ0E FUsl 7@l ntes 7 1y, siE Tl
Ul S |7l E7) B9, Mycobacterium fortuitumi} M.

=
ol g3l =24 L%‘ 28 pseudomonas aeruginosa s O}

=

ju = 1=}
&) 29 2 ES Eof W A& WA Aok

B 489 ), o018 Bus"n |AleH a1 17

S. pneumoniage ATCC 6303 A9 $357] 7o §&
ot ACE BTEANYCL 56 S@Ees SAlol Melg 4971
Ong/kee Ths Folst 48T Hrl 61S dXs 4
R 24, #lE Uld wEe o1, s GEAEY AR T
E‘j—?—ql H]—%r g %sﬂo] SHIAEHOZ 2lF|Urt WEk #E

sy

@]
~
les|
=
Ju
N
i
[oN]
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Fojot & Ao Z AziEct
Ol JollA SREELS S. preumoniaed]] Th
S7AA ol g2 AHEHE BZAE & U

o CPEXY| BREg
RO 7RI

|

E@Emo] FsEA Al & CPFXol &7 Z¢dl in
gdol PIAlE HEABRE "kl flsld S
pneumonize ATCC 63033 0|83} 54 $&7] ¢ vies T
oflA M=ol H9 27 - YWelghd HelE $EsiE 2, o
B 22 EHE dArt
Aree @EEod CPEXY H8 Rodold] 449 =
Foltol nlsled 7YY A Z4HEACt BEET CPEXT ¥
£ FoTolA{= control TollA4] #EFE A4S il HEAEY
g 29 Y dx Hol ¥l5 §9 guo] 29| uE 2old
£ ZA4TACt LSA (luminal surface of alveoli %)
T S#ER CPEXH HE SooAle 2421 TE Fojiol
dlsked ROl AA B7HEACE

r

vivo

=

2
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