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ABSTRACT

Objectives : Yongdamgosam—hwan(YGH) has been used as a traditional medicine from old times for anti—
inflammatory effects, Streptococcus mutans(S. mutans) is known as a prime bacteria responsible for causing
caries by forming a biofilm referred to as dental plaque on the tooth surface., But antimicrobial activity of YGH
with dental disease is not sufficiently understood. This study was designed to investigate the effects of YGH
ethanol extract on antimicrobial effect against Streptococcus mutans,

Methods : The antimicrobial effect of YGH ethanol extract was assessed by the paper disk diffusion method
and optical density method to determine minimum inhibition concentration(MIC), also observed by fractional
inhibitory concentration index(FICI) and time—kill assay to figure out the synergic effect on the combination of
YGH ethanol extract with antibiotics,

Results : The YGH ethanol extract 500 ug was 7.5—8.5 mm diameter of clear zone of inhibition against
Streptococcus mutans in a concentration—dependent manner and MIC was 250 ug/mL. The administration of the
ethanol extract in combination with gentamicin and streptomycin induced a reduction of >4-8-fold in all
tested bacteria, Furthermore, time—kill study was found that a combination of YGH ethanol extract with
oxacillin and streptomycin produced a more rapid decrease in the concentration of bacteria CFU/mL than the
YGH ethanol extract or antibiotics alone,

Conclusions : As a result, the YGH ethanol extract has good antimicrobial effects, And the results suggest that
YGH could be employed as a natural antibacterial agent in dental care products,

Key words : Yongdamgosam—hwan, Streptococcus mutans, antimicrobial activity, antibacterial agent, dental
care product
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Z|oleA1=S Oulsl= QAQH O 2 Streptococcus mutans
9} Streptococcus sobrinus S} -2 oral streptococci7t
waEdt?. 2 F Streptococcus mutans (S, mutans)
= AohAlSS f¥dste tEdQd I S 54 @A
Mo g2, SAE 234 w3lE, &3 229, 39 5
< Eafista I diARgoA FARER f714ke] A=),
FE ZAS Al He R WESte] X|ope-AlFo] AR
BuEe] Qit? AT Ao AN Hefrt Fa} chok
el wet FFe aHl= AL FIFRL UL stress 2
Yo R HYr5-2 HA w7 o] 4 W nAES
o] Z7F FAlell U,

Aop-AlFS HIRS FAEE X=EI] Hs EF
penicillin, streptomycin®} Z+2 YA S AREste] 73]
AEQ AFE JAISI L YA, FABA = A7 AR Al W
A So] Bargo] whstnz Bz Hu ol 2 o=
A|opalF ool HhHog BAT XoF AR 52 AASH
I o} opAZRR] FEIE AIE AFI YA Yt} ol
7heol Bt A i &l 773EE N8 9 9y
9] Jidte] Q@FEI Q= AFoltt, I FEES =
BotHA AmaitE JRAT 4 Qe WY g3eR
Ao 2HE X|opeAlF qEAE JfUstalt} st =Y
A=t ok, &3] AF AP AZFEEH ARGEo] 2 jheF
9 ZIERA 7]E ABA og FRgI YW EAE =
B £ IS AR 7t S mutansd 4%E JAISH
L ooz Wt wh, de kT, B, s
SOl BauE1 glovt #EEEsiel tidt 552 of7A|
dAtd vb gl

B2 E dy= XohAFe dRIHeE g=A
Streptococcus mutans®l| D3l FEEESA, AEE FE2E9
FHads gelsta FAA}e] HEaTNE St 2ot
AFE dilste TR 7HeAS AL g
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1. A=

1) AHOF

B Ao AL RiFEBAS <FHREREE > s
Aure 71zoR spon, A" oAl g wae
tfslgtora(lat, F)olA Felete] Ygtista gtopstal &
2w BEd wSvt gete] ARgSga, EE(Voucher
No. 2014-33)3}az ).

2) SRl Y Alo}

Algof ARESE AleF2 ampicillin sodium salt & oxacillin
sodium salt monohydrate & gentamacin sulfate &
streptomycin sulfate salt(SIGMA), brain heart infusion
(BHI, Difco, USA), dimethyl sulfoxide(DMSO), MTT [3—
(4, 5—dimethylthiazol—2—yl)—2, 5—diphenyltetrazolium
bromide, 5mg/mL]E A|ZuA|u]ZAKMO, USA)IA +¢
st ARESHITE

iy

3) A A Y

H Ao AMESE #5F  Streptococcus mutans(KCOM
1054, KCOM 1202)%= st 7iu]|REx 88l (Korean Collction
for Oral Microbiology, KCOM, 3r=2)oflA £oF wlo} ALE
stga, ZHZtel HFEL -70C deep freezerolA 15%
glycerolo E#3}3, Brain Heart Infusion Agar(BHI,
Difco, USA)oll %3t 37T incubatorollAl 24417+ %
% 0.5 McFarland ¥ B%=(1.5 X 10° CFU/mL)& A3
ARGSHATY

2, ¥y

1) 2529| XX

RS olRhe FEBS M 47 £ 1228
0% olEkg 500mLE 2417+ 38jo] Tof REetgon] 7
g 55T ¥ 52 Axsll(vield 4.75%) 4CoNA Busia
o}, Aleke @FERaol Bof Ago] ALgatRTH Table 1),

Table 1. The Composition of Yongaamgosam—hwarkBelEE524,)

Herbal Name Pharmacognostic name Weight(g) Yield(%)
e Gentianae scabrae Radix 4 75
Lo
£ Sophorae Radix 12

2) st £8(Disc diffusion method)

Faad= ga3 FAHH(Disc diffusion method)ol 2
3 =439, brain heart infusion agar(BHDE i
& "I petri—dishd] 238 o, & 100uLE 1%
=Wt BE F3FE 37T incubatorol| Al 24A17F vkt
gou, 1.5x 10° CFU/mLE 3|43t BHIO| HEFHo=
1.5 x 10° CFU/mL7} E7] stgich. theo2 B E paper
disc(6 mm)ol| FEFESAL oleke £EE 500, 1000, 2000 ugZk
ampicillin, oxacillin, gentamacin, streptomycin 250 ug
S A3 F5AIZl & 37T incubatoroll Al 24A]17F HEA]
A paper disc®] AL ZFZ F9lo FAE inhibition
zone®] A7E st

3) EAAX|SE(Minimum inhibitory  concentration,
MIC) &3

Minimum inhibitory concentration(MIC)= WA ®]%F
RS B3 SASAT Y. s AR FEET
AF2 3HIAQ1 ampicillin, oxacillin, gentamicin, streptomycin
< BHI HAuiR)] =2 Hrista, of7]o) =& 1.5
x 10° CFU/mLZ % #& 10 uL ¥Este] HFHo= 15
x 10° CFU/mLe] =7 3tgth, tha 22 37°C incubatord]
A 18AIZF HjoFEF T eto R BASIYS o mgRo] 24
A e 7P Be BEE MICE St

4) AUSHESf(Fractional inhibitory concentration index,
FICI)

Checkerboard dilution test'"S o]-83}o] Hagisah, ol
2 FZE3 AR FAA|Q ampicillin, oxacillin, gentamicin,
streptomycing HPAF stPE uf FHA AFY WHIE
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E3) 2AYAE=(minimun inhibitory concentrations)&

ARgH?, F gFBULe BHIS BEdle axpdoz 3
A5ttt HEYL 37C incubatoro A 24417k vjoFst Soj
Agstgon HEHoz 1.5 x 10° CFU/mL7 =4 3H
o}, FICIgH2 ofgfje} o] Aibstsirt,

Fractional inhibitory concentration index(FICI)
= FICa + FICs =[A]/MICa + [B]/MICs
ol [Al= WEE AYEY FZo|H, MICas AYEY
MICo]t}, FICI= 0,579 synergy, 0.590|4 0.757A|=
partial synergy, 0,765 1,099+ additive effect, 1,004+
4,089 indifference, 18|31 4,004 antagonism=
w2c? meba olZe] W) wet £ FFEA) okt

synergy Bl&& &7sI4T]

o Jl)l' o

5) Time—kill assay

Time—kill curve assay= PdE29 ko wZ Hvieg
olo] AARE 4A|7F, 8AIZE, 16AI7F 24A7F EE Oz E
Uehct”, FFEAE fEEs oEe 238 A
£ @502 AMSSIES o, flEESA oEE —’ﬁ—%‘%ﬁ 3
BAE HEHEE WY #4E SHI BElgots 244
Zb HjorE 72 ARgEEeH, 1.5 x 10° CFU/mLE 7122
2 3o BHIY 1008j% <xxoz FAste] 100l =T
3ltt control2XE BHIY| #9hS 83ttt Colony
countst= 37 incubatorollA] 24A17ke] 74L&
£ SAskqrh

11 colonies

6) SHEA
2E AFLE 33 ol WHESIHN, A¥ZI= Microsoft
office excel 20102 ©]-&3t% studen's ¢—test EAHS Z

gatgon 1 e W + BREAR Ushign, N84z
95%(p €0.05)14 A2 fele BEstec

4 3
1. 23 A4 (Disc diffusion method)

S mutans(KCOM 1054, KCOM 1202)¢f st 434
23 A= Table 29 Zth S mutans(KCOM 1054)°1 A4
£ fElEEsA e FEE 500 ugelld AEe] 7.5 mm,
S, mutans(KCOM 1202)°|X+= gt dee FEE
500 ugollA A|E°] 8.5 mm?l clear zone®] Ugon, =&
FE YEFor FUFRL 250ugd] FAAY FF YR
o} 32 AilE FRIstHH(Table 2).

Table 2. Antimicrobial Activities of YGH™ Ethanol Extract against S,
mutans Strains

Diameter of zone of inhibition(mm)
S mutans strain YGH AM | ox | ar | sr
250ug | 500ug [1,000ug| 250ug | 250ug | 250ug | 250 ug
KCOM 1054 ND 7.5 11 32 22 23 7
KOOM 1202 ND 8.5 10 23 26 ND 9

2. 2R F=
MIC)

S mutans(KCOM 1054, KCOM 1202)°] T3t EElEEs
9 oehe 2ZE3l ampicillin, oxacillin, gentamicin,
streptomycin®] MICE &A%t ZI}= Table 33 2t} #E
JEs e 2259 MICE ¥ M9 S mutans
(KCOM 1054, KCOM 1202)°4 =% 250 ug/mLoi}om
FAAQ] MIC Bt &2 A3E &I cH(Table 3).

(Minimum Inhibitory Concentration,

Table 3. MIC of YGH* Ethanol Extract against 2 Strains of S
mutans

MIC(ug/mL)
S, mutans strain = = = %
YGH AM OX GT ST
KCOM 1054 250 31.25 125 31.25 250
KCOM 1202 250 ND ND 31.25 125

YGH Yongdamgosam—hwan “AM : ampicillin "OX : oxacillin ‘GT :

gentamicin
ST : streptomycin “ND : No detected activity at this concentration

FEH 233 (Fractional inhibitory concentration
index, FICI)

1) A ampicilintt BEfEESN OlEtE FES9
HEs1t 8zt

BEESA e 2E2EY ampicillin?te] 457 2
A= Table 49F Zth S mutans(KCOM 1054)°] i3}
%EH%%“%L et 2ZET} ampicilling Ao Fo 3¢

< 4 #EEEzh oEE FEEY MICe #sHA] F3x
amplcﬂhn— L3]8] MIC o] S713th webA fEigEsh
olete =ZET} ampicilling indifference?] &S Q135
Ah(Table 4).

Table 4. MIC of YGH Combination with Ampicilin  against S
mutans

MIC(ug/mlL) of YGH | MIC(ug/mlL) of AM
S mutans strain FICI Synergy
Alone With AM Alone | With YGH

KCOM 1054 250 250 31.25 62.5 3.0 |indifference

YGH : Yongdamgosam—hwan AM : ampicillin

2) MK oxacilintt BEREES:HL OfEt
g8 23z
gEEs A et FE2ET oxacillind}e] HEans E
A= Table 5&F Zth S mutans(KCOM 1054)0)| A #ehE
E=2H, oehE 2EET oxacillin®] MICE A& H-E319S o
H3lslr] grro B R FEEESAL oEE FEEF oxacillin
2 A2 HEat S Eelststi(Table 5).

= FE=292 43

o

Table 5. MIC of YGH Combination with Oxacillin against S mutans

MIC(ug/mL) of YGH | MIC(ug/mL) of OX
S mutans strain FICI Synergy
Alone With OX Alone | With YGH

YGH : Yongdamgosam—hwan AM ampicillin *OX : oxacillin ar
gentamlcln
ST :© streptomycin "ND : No detected activity at this concentration

KCOM 1054 250 250 125 125 2.0 |indifference

“YGH : Yongdamgosam—hwan "OX : oxacillin
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3) SMMK| gentamicin} BEIEESRAL OEIS &S

tHR_Q_J_} ><X-|74—||.

HEEESH e 2E2E7 gentamicind}?] HEANE
2 A= Table 63 Zth S mutans(KCOM 1054)0l| A=
g, ok 2582 1/4 MICE £%29, gentamicin
< 1/8 MICZ Al e=7} #aste] synergy &35 Hoh
S, mutans (KCOM 1202)|ME #efEEaiLS 1/4 MIC,
gentamicin® 1/162 Assxrl 34 &o| synergy &I}
£ YeERES FERIsHHH(Table 6).

i

Table 6. MIC of YGH Combination with Gentamacin against S
mutans

MIC(yg/mL) of YGH | MIC(ug/ml) of GT"
S mutans strain FICI | Synergy
Alone With GT Alone | With YGH
KCOM 1054 250 62.5 31.25 3.9 0.375 | synergy
KCOM 1202 250 62.5 31.25 1.95 0.313 | synergy
YGH : Yongdamgosam—hwan aT gentamicin
4) M| streptomycinit FEfEEZHN OIEF2 FE=

o| HEgu S™Z}

fEEEah e 5T streptomycinte] WHEFI}
£ B Z3E= Table 73 2}t S mutans(KCOM 1054)9]
A gEEEsh ok £2E3} streptomycing 1/4 MIC
2 dopgon S mutansKCOM 1202094 zHzb 1/4
MIC, 1/8 MICY s& H4 BIE HICHE HEESSML
oetE F&E3} streptomycin® synergy &S oI5l H
tH(Table 7).

Table 7. MIC of YGH Combination with Streptomycin against S,
mutans

MIC(ug/mL) of YGH | MIC(ug/ml) of ST
S mutans strain FICI Synergy
Alone With ST Alone | With YGH
KOOM 1054 250 62.5 250 62.5 0.5 synergy
KOOM 1202 250 62.5 125 15.6 0.375 | synergy
YGH : Yongdamgosam—hwan ST streptomycin
4, The Time-—Kkill assay
1) BEAST S mulans(KCOM 1054)01 CHSH ME=

M Z-Zut

S, mutans(KCOM 1054)°l g fefFEsh e F&
B9 Aztel| wE IFBES S5t 7 AFAEE
W IH=E= Figure 13 Aok #EEESAL dE9E FEE
1/4 MICE S mutans(KCOM 1054)o] AH-&3l9E o gz
o H|g| o] JAE L, gentamicin 1/8 MICE S
mutans(KCOM 1054)°] H-83st9& o o] JA=, &
< HE39S wole 24X Fol A3 ALt
(Fig. 1).
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log CFU/ml

Fig. 1. Time—kil curves of & mutansKCOM 1054) using 62.5
ug/mL YGH with 3.9 ng/mL GT. Viable counts were conducted
at 4, 8, 16 a*nd 24h, The data are average of tr|p|e—|ndepepdent
experiments. YGH : Yongaamgosam—hwan ethanol extract GT :
gentamicin

=% S mutansKCOM 1054)01| CHEH AE=
zi}

mutans(KCOM 1054)°] gt fefgEsh oge 5
E9 A7t ]'oﬂ w2 JABES S5t 7o AFAEE e
H T8 == Figure 29+ 2tk S mutans(KCOM 1054)@]
A gEEES dgE F2E 1/4 MICE HEstgs o
gzZo s o] AA|ERYIL, streptomycin 1/4 MIC—-
2G5S wioll Azt Aol wet o] dAFseH, E&
A HESIE ol ol tigt dAgo] B& AA ol
A5 aES IRIstATHFig. 2).
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—=—Control

YEH 174 MIC

Log CFU/ml

—&—ST 1/aMmIC

—®—YGH 1/4 MIC + ST 144 MIC

o a 8 16 24
Time (h)

Fig. 2. Time—kil curves of & mutansKCOM 1054) using 62.5
ug/mL YGH* with 62.5 ug/mL ST'. Viable counts were conducted
at 4, 8, 16 a*nd 24h. The data are average of tr|ple—|ndepepdent

experiments. YGH : Yongdamgosam—hwan ethanol extract ST :
streptomycin

3) BEDAE S mutansKCOM 1202)0f| CHSt A4zE=

>

M =44t
S, mutans(KCOM 1202)o]| th3t fEfEESh, ek &=
94 Azl w2 S SHc 49 AFHEE Ve

JEE Figure 33 Pt BEFFA dste] RS

iL ofetS &5 1/4 MIC®} gentamicin 1/16 MICE &=

ARgSEE W = E-r 2ol vls) @& AAlStHL, #

0

EBAL oleE FEET gentamicing PE3H S we 42
< TEOE ANGSINE HEG Aol A F7HEA
tHFig. 3)
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Log CRU/ml

- I o —=— Contol
5 —
= YGH 1/4 MIC
Gl 11 MIC

- —a—¥GH 14 MIC + GT /16 MIC

Fig. 3. Time—kill curves of & muiansKCOM 1202) using 62.5
ug/mL YGH* with 1.95 ug/mL GT'. Viable counts were conducted
at 4, 8, 16 and 24h, The data are average of triple—independent
experiments. YGH : Yongdamgosam—hwan ethanol extract GT :
gentamicin

S mutans(KCOM 1202)01| CHSH A4xt=

&
!
i
E
2l

utans(KCOM 1202)° i3t fEiEEsh e &
of W2 FAEEE FHS o YPAEE W
1gure 49 2y, BEFFO| st EefEES
5 1/4 MIC®} streptomycin 1/8 MICE ©
S o 2o v ol AA=UL, HE
FE2ET streptomycm—- 50 }\]‘%OI‘M‘% wj

o] JAIES EstrhFig. 4).
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Fig. 4. Time—kill curves of & mutansKCOM 1202) using 62.5
ng/mL YGH with 15.6 ng/mL ST. Viable counts were conducted
at 4, 8, 16 and 24h. The data are average of triple—independent
experiments. YGH : Yongdamgosam—hwan ethanol extract ST :
streptomycin

I
dAdicle] AW F A JHEE ESARE 2dd A
Holz}p HI7RAE AAAS] o7t Hal Qe Holoh, EF 4
Aol wstz FHo] o FFE AR A3t St
WA sfeict 2 ARIETE SR FAll /7] wiEel
ZAge] gk o 2 A g5of e A7 SR St
;7]- 31].3;] 7(133;}0;.1: i]o]-oé]zs’ ;‘qzél;é} ;‘q/\ cu ;1]:1.
o Ana 77 W okze] Wsh: 249 Sl gled gy
—Erol T W AAskE Al Qg 7AEe] 2aE g
A JQ? 7 U NlF ZoI|NE Streptococcus mutans=
A (¥, surface of tooth)oll §2k F21 & A A4 77
= AA AokAlE ek, 4 Y tE ARt g2
2RE A A e 58T OddRE Aste 9ol H

ojyti®  ame I3RS sl YEHE A
AL JABAY E5T]ute] Aol FaElE AE dAR 4
I & uAE ARt 27EGP?Y g EROZ penicillin
I 2 FAYAE ARSI ALHA FAAA Fo] Al w)Ad
E2 FAAC g W8S 7 Astslr] gl o 7t
FAA S AL o A #F W= ABE 2T = 3
o, 2%7] i B AFAEE AAC] R&Eo] gl A

02 d4HF HAE FolA FLHEES Hole ELE o83
OJkE el gt dtel] WalE Holx it

2 A¥oME Ezd fEEE 74 2 fEEEsLY
Streptococcus mutans©l gt ot EAJo| W dFE A
st

E2E Jgoer JHo] A mj¢ £9tE AYx glen,
ERER, R, ARY &l qlol, REEYE, BRI, &
BT, P&, SRR, IRSREWEE, MERH, JHRuEE
o= Amste AoE gEA ok FHAA 2§, FLHA
Mg, FRAWZRE T FEFEE ZHAE Sltkal dEA
QTP #H ol HHOZL alkaloid, flavonoid saponin S0
adelA 9Jew, flavonoid F§EQ kuwanon Cv 5-
lipoxygenase?} inducible nitric oxide synthase (iNOS)<2]
AA 2 Fgzgo] RUET, sophoraflavanone G= &
-+ UT ‘6]—/\]—§]-X]-_9_0] OFE;]Xﬂ ]:q kurarinone® 6‘]—-‘}%—%’10]
TEPFH g ol Hald alkaloid 3HaHEQ
matrined} oxymatrine A|ZAEALE FE=3tAY SAIEA
Ae Aoz FIEL Hge] HuEglom I,
olAd, W, WEA, AT D FHELATH T
7o ol s vma E2AF LS A

feie Aok AdAo] Au £9tE AU JHEHURE,
BEES 550] Qlol, B wE, PAEeEE, W T, B2,
IHY] IR, APKE QAT IR, B, Bk, HE 59 34
& ARt AeE gEA glom, ol=Ag, 2HEE, =
B4, HIL, E]—xﬁi:r?’ AT DGR A 9A
g 5o orag-g T Ak,

ghfol| A —L]-n—ﬁ\—c’ok 24 A48 19 92 AeAold A=
Xﬂi ARgEO] A 2 EHzZ el ‘E]"ﬁ%3))°ﬂ g d4te =
, OhFsh ool tigt e 24 S8 o] 4% v 3
. B3| Streptococcus mutans® 7% %ol &2
Tt B Aol Eolut HigE R ofehE FEE
FaI o 53 A vyEhd S E13 o
oA B)E B8 o E5 = & ¢ 58§
0|95 Awsl zbgxl ARz Amgg?,
AoA= fEE2L oSS F25Y S mutans o
3t gt G35 EQIskYTt. Disc diffusion method
%6}0“] FHEYE 5% A fEEsh e FEE
500 ug2 F 719 S mutans®l| 98 7.5-8.5 mm9 clear
zones, 1000 uge 7.5—-8.5 mm9 clear zone—g Ho
HiZ] mlsF S B3 fEEEzi dEe 2559 MIC—
o Ay = 9] S mutanselA EF 250 ug/mL o]k,
EE" tEH?E@iL ok F=ZE3} gentamicin®} streptomycin

S3te W BE ol diste] 4-8uije] MIC #aE B

‘,HE} JE]_J_ time—kill assayS Z3l, FEEEsIL oE
F2E3} gentamicin, streptomycing HE3HS o HEiE

o fo g O

2 rlr rlo r.?L‘ r.<.>£

=“.=

i %N
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BB RS FEBOI PAS GBS ASIARES ut
o WE 29 vt 9eS Sas,

o8 Fol MFEBAES 1 AN S mutans] N &
FEAZE Gon PG WEshel ST B9 MESR
3 A BE 1E MICRT He MICIHE Fzamzt
e & 4 AT

olefat Atk FHUT] ABARA fESAL ol
Fs4e GoiFdnh B8 AP MEShol SAS 3
goo] A AN 712 YA NS WA 4FR
S 0SS AR meb PA FYAgoR AT R
Agat ol /4 4 At WAL SHEsH: shte wate) 2
% gloele gzar

=]

ol AFE FHA oI 2 AES UL

L fEfEEsi AdgE #5252 S mutanso] Hg MIC
(F2A415=)7F 250 ugel Ak,

2. FEEEBHL dEE 252 disc diffusion methodZ
E clear zoneoA 500~1,000 ugolA Fd FEI7}
UEbstet,

3. FEEEBA oEE FEES JAAYY FEHE It
oANA S mutans(KCOM 1054, 1202)°l|A] gentamicin
1} streptomycini} -8 A| synergy effectd 2l &

& glsick

4, FEEEsh Ad9E FE2E, AE 44, 29 HE
sto] A|7he] weh 9] A-E colony counts FHE
A1, SN HE FEE 1/4 MICIA A7to]
Aol whet fo] Hadtgoew, E3| S mutans
(KCOM 1054)°] th3}o] gentamicind} BH-& A] o]
24AZol A A8 AA =

olde Ay AR Hol FEEHESA AdHE FE

Streptococcus mutans®l] 3l a5 FAHEES R,

FAAt] BE HFNA synergy effects 21T = AN

o}, ofe) XofAlSE Atshe AAREA FEEESBALS o1&

gt ko] 7Hede AAlStEeH ©S ZaAQd FX AR

4 A2AZAY HAS Y3 FT AHAHQA A7 2L

Aow Az,

L= e]
—

wAe 2
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