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ABSTRACT

This study investigated the effect of Costaria costata (C. Agardh) Saunders extracts on dermal
cells. The total extract of C. Agardh Saunders was partitioned into the chloroform (CHCls)
and distilled water (DW) fractions. C. Agardh Saunders extracts did not show cytotoxicity on
HaCaT human keratinocytes and B16F10 mouse melanoma cell lines at concentrations of 10
pg/ml, 20 pg/ml, and 40 g g/ml. Both the CHCl; and DW extracts inhibited oxidative stress,
and the effect was superior to glutathione, which was used as a positive control. Moreover,
the DW extracts of C. Agardh Saunders inhibited melanin synthesis in the cells activated with
a —melanocyte—stimulating hormone. The CHCls extracts of C. Agardh Saunders exhibited
antibacterial effects toward Staphylococcus aureus, Staphylococcus epidermidis, and Pseudomonas
aeruginosa. The CHCl; fraction (Minimum Inhibitory Concentration, MIC: 0.5 mg/mL) of C,
Agardh Saunders extracts was effective in terms of antibacterial activity against S. aureus. The
present study suggests that applications of C. Agardh Saunders extracts can be used in terms
of novel cosmetic materials as well as antibacterial food preservatives.
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3] el ekt ARBRAE 2% ThElmols,
vl T 22k dARHEES EFska JdrHKim
2003; Bhaskar & Miyashita 2005; Kumar et al, 2008).
g A|ge) hde ok oolx] T R} &
F7F wzpet7ol Blul s z{7t 8k A 4skaL
k. QaQhell AHShs SR T 639 1785 414%
off o]2H o] Foll FxF 329} 1115 2475, 227
173} 4625 955, BZZ2F= 113} 165 615, &7

+ 3% 5% 11F°]th(Kang 1966; Park et al, 1970).
3}

o] gt axke), &, ok HozERg 2 sl
&aLe] & g
E5 JTHON et al. 1990; Kim et al. 2004; Smit 2004;
Duan et al. 2006; Lee et al. 2000).

20| A& (Costaria costata (C. Agardh) Saunders)
< e Y ZxRE A vHH(laminariales) T
Alulzh(Laminariaceae)dl] Z:8kch wlj-$-A|e} FEARA7}
Ak 244 (sporophyl)o] §lovt §d(blade)
o] FHo) Apduks et A7 (intercalary
growth)& 3FH(Han 2002; Choi et al, 2007), Lv+4]
o= 4] 5~10 mollA A2fak=t] gk St &
Brol 7oA Bo] WAETHKim et al. 2006).
Feel vt vusia 717} gar P blade)o]
sk Wejz 2go] atsi A/ o] S53)

A9 o7z AaET AuH(Han 2002; Kim et al.

m\l

2

2000). &R Atz theh = Ao Az o
3l A5 (Park et al. 2011; Na et al. 2016)7} ¢JoH
o SE ke 77} e AL 9lek, 2]t
& FE2EY 2 Uigt ATl eSS 5 4
$e %2, 248 ) e 2 Buols)

AlEs T3 sl 2Rl ek aiste) FExd, A
ghd A As ZaE AR 7= JTH(Choi
2008; Ahn et al. 2010; Ahn et al, 2011). L&y} &]0]
AE FEES 0|8 Ao Uidt A7t A ¥
Zafal EAJs} Ha QA o= dolh. w9k
BRI Aol gk Al&2Ql A7) Faste] &
ATE T An| e FEEL 5IE Eelskar o
£ B3l s dEEA TFsAS ARt gt

. 954

1. &8 M=

B ATl ARgE IR AndrkEe 2017 34,
YAl 7P el AF Eeld RS Ak
TUTH Ar| A EE ARG 28 S AlAskaL 2
Solx ek ARgskeltt. Av|ei ke s s
22X 9] 7Fs e Lol 915k AlZ Addexs 2
A EZ Q] HaCaT cell(Korea Cell Line Bank, Seoul,
Korea)d} Hg}en} A3l BI6F10 cell(Korea Cell
Line Bank, Seoul, Korea)o| o]-8=Qit}t 1e]al A|E

E-L Dulbecco's modified Eagle’s medium(DMEM;

i

HycloneT, GE Healthcare Life Sciences, Utah,
USA) Aol 10% -$Ejo}E A (FBS, Fetal Bovine
Serum, HycloneTM, GE Healthcare Life Sciences,
Utah, USA)®} 1% 3B A(AB, Antibiotics, Hyclone
T, GE Healthcare Life Sciences, Utah, USA)S 7}
3 JUHIA|Z incubator(37°C, 5% CO) oA Bk
ot AlEe] AHE 9l Phosphate buffered
saline(PBS; HycloneTM, GE Healthcare Life Sciences,
Utah, UsA)o] ARE-EQItt. A5 H/d2 CellTiter



96® AQueous One Solution Cell Proliferation Assay
(Promega, Wisconsin, USA)S %34 MTS assay
(3-(4,5-dimethylthiazol-y1)-5-(3-carboxymethoxyphe
nyl)-2-(4-sulfophenyl)-2H-tetrazolium,inner ~ salt)&
Alegsloict. Mlaze] ahitsl 2182 2 7-dichlorofluorescin
diacetate(DCFDA) Cellular Reactive Oxygen Species
(ROS) Detection Assay Kit(Abcam, Cambridge, UK)
2 AP}, FAHNFET O glutathione(Sigma-
Aldrich, St. Louis, USA)<S ARg-3}3ict, dehd 34
A8l A¥-L a-MSH (Simga-Aldrich, St, Louis, USA)
£ o] 83} AN TS Arbutin (Simga-Aldrich,
St. Louis, USA)< §3ll A7 #zhsllct. 3t 238
ol 2wl P X TS, aureus, KCTC
1927; Korean Collection for Type Cultures, Jeongeup,
Korea)¥} FI|E=XTT(S  epidermidis, KCTC
1917; Korean Collection for Type Culture, Jeongeup,
Korea) &, 18413l S550(2 acruginosa, KCTC
2004; Korean Collection for Type Culture, Jeongeup,
Korea)Z} R E coli, KCTC 2571; Korean Collection
for Type Culture, Jeongeup, Korea)& ©]|-8-3}3itt.
| globe-2 Luria-Bertai (LB) A wix]ol HEwaL
shaking incubator(37°C, 200 rpm)ollA] vj&= AT},
LBH|AIE 1L 7]E2 2 F/S 950 g, uyptone(BD
Biosciences, San Diego, USA) 10 g, yeast extract
(Duchefa Biochemie, RV Haarlem, Netherlands) S
g, sodium chloride(NaCl; Sigma-Aldrich, St. Louis,
USA) 10 go= whEivh 21 2ol AR Aokl
ethanol, chloroform, ethyl-acetate, hydrogen peroxide
(H,0,), dimethyl sulfoxide(DMSO) 52 A3l

(Daejeon, Korea)9] 15 A]2Fo]Ric},

2. 717]

B Aol ARgH 7]7]9ll= auto cdave(DAE HAN
BIO LINK CO., LTD., eumseong, Korea), CO,
incubator(MCO-175, SANYO Electric, Osaka, Japan),
shaking incubator(VS-8480SF, Vision Scientific,

Daejeon, Korea), rotary evaporator(Rotavapor R-114,

BUCHI Labortechnik AG, Flawil, Switzerland),
micro highspeed centrifuge(Microl7TR, Hanil Science
Industrial Co., Ltd., Gimpo, Korea), centrifuge
(Union32R, Hanil Science Industrial Co., Ltd., Gimpo,
Korea), shaker(BF-350SK, BioFree, Seoul, Korea),
microplate reader(SynergyHT, BioTek Instruments,

Winooski, USA) o] It}

3.
B Ao ARS-E 2n] il AFEle] BUR
= & Zgtado) 85% olgh2 1 Lo} ' 100

0Q

£ Tlkal 24 h 51t oF-e] HlE Arhslal Hael
th olE A% ARl 5] A T FEES
At o] AL 33] vhEste] 14} FEES AL
F7IE FEEIXE(CHCL)F S/H-TDW)E 242t 300
mlA 7FsHeiet. ol& #8 Zuj7|E o]-83te] CHCl
I DWEog 23k 5 thr] DWSl| oldobAE
O] E(FtOAC)E 300 mL T3] Fo] B83}o] FtOAcE
I DWSS A3tk 755 B3l 4v9rE CHOLS
o] FEEL 1.27 g(1.27%), DWE2 5.36 g(5.36%)
E Ao BOAcES AHFo] XgdE vhg FEES
DA Fsto] CHCL T DWE 52 A3S

Aot

)

4. ME 4Z5 A8

96 well plateol] HaCaT cell¥} B16F10 cell-& Z}Z¢
1.5x10%cells/wellZ BF38 & incubator(37°C, 5%
COelA 24 h 51t viFslSlt). F5E53 DMSO
L33} 10 xg/mL, 20 #g/mL, 40 pg/mL FEZ Al
EEo| A28k & 24 h <} incubatorol| 4 w8+
th wiAE F A2 MISAISRS 20 pL¥ H7)skal
incubatoro]A] 3 h EoF BAsHAA] formazane] AFel
E B3I o]F microplate reader” ]S 53l 495
nmel FFE S T AE AEES d=T
o] gk FEE AMwE 7] 8% AolE Wi

= ajo] UEpigid,
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Cell viability (%) = (A/B) X 100
A FEE AT 3=
B: &5 FA2ld DMSO &1 tar 3%

96 well plateol] HaCaT cellS 1.5x10"cells/well 2
E5351aL 24 h 52t incubatorollA] Bl3FSIEh. PBSE
AM#3}e] phenol redE A A8kl DCFDAS wellvul}
20 pME 2]+ RS 45 min =<} incubatordjA] B
3ot PBSE thA] Mg 2 HO,(hydrogenperoxide)
500 M-S 10 pg/mlL, 20 pg/mL, 40 pg/mL FE2
FE5 eS| 7Fska 45 min ZF THA] incubator

of] B3I}, Microplate reader”]2] 485/528 nmol|
N GRhE T8 5 izl Ui 232 Ak
of kg Aol olF WEgE ehiic

(A/B) x 100
A 25 AT g3t
B: 3ZE 229 DMSO 4vu) vz 333t

Relative activity (%) =

6. Zetd &g Mol A

6 wellol] B16F10 cell2 1x10°cells/well 2 33}
11 24 h E2F incubatorol|A] vleFE}AT), & 29
FZ=5 A g5 DMEM(serum free)oll a-MSH(100
nM)E 835k viAIE &2t At F
= AEe] WiAE IR w AR FEEE zuﬁg
7}k & 48 h =<t incubatorol4] B2 1‘3]-‘5\5]- wellS
o] WA E AAZ T PBSE A8l MEZES YHE
2](4°C, 3 min, 12,000 rpm)3} T}, AZ=H-e A A3}
31 AJE2] pelleto]] RIPA lysis buffer(Tris-Cl (pH 7.5)

30 min

50 mM, NP-40 1%, NaCl 50 mM, SDS 0.1%, sodium
deoxycholate 0.5%, protease inhibitor cocktail
(Roche, Switzerland))S 2|3+ & ice boxol|A 30
min FLF HASILE 015 thA] AAlEElET, 14,000
rpm, 10 min)3F th& A= A7t pelletst &
A2 60C ovenollr] AZAIZLE. AZH pellete]] 2N

NaOH 200 4L} 20% DMSOZ d7kste] Holz 3
60 ovenollA] pellet £+ &3fAIZITE 96 wellll
£35S 100 £ Fo} microplate reader”] 2] 405
nmolA FFE FE S48t

Relative activity (%) = (A/B) X 100
A 3% Azkee) FYE
B: & 2xg)¥ DMSO &+ =7 E3=

7. g 2@y A
Aol A wiA|(LB ¥jADE 5 mLA HAl Auto
claveollA] B A3ttt 4579 TFEL A

WA 24 b EQF wjokel 5 3w Ekstol
24 h Bt thA] vkl gdet. 2 SollA] single straing
upa] A vz elA ThA] 18 h ERF wigEE - o] E
ARG8T, A wiA]l Al el widE
ul® Attt FEEES 0.1 mg/mL, 0.2 mg/
ml, 0.5 my/mLe] $EE Aol ol FEE
AT A AlREe] wfA|olA 100 ul# A 96
welloﬂ T3 microplate reader”]2] 600 nmolA] &%
T s 378 v o2 0 hel gho= 3ok AlE
=8 shaking incubatorol|A] B#slaL 6 h HE 3
h 7FA0 2 24 h B¢ 33w s =Aaiglct 3 E»]—
+ 0 he] = FF=e tigh 7 AR 33
AYTEe FHEE ‘/}E}lﬂﬂ =9} /\l{}‘ﬂmoﬂ ol
g wsts dFskolth. SA4E FEE wol AlEEe
AAZEE AT &tz gkl visl Alrkete] &34
e Bk

fﬂi

Nl

ZC:OS

Relative activity (%) = (A-[Ag-Bol/By)x100

A FEE ARG FF F ARPE e FE
Byt Al FA{elE DMSO 8vff thz=re] $23% (0 h)
Ay A= Aol fle deee] $3% (0 h)



%

8 o

£ A7ellA e AREL 33 o) whEstrh
Yz Zzke] A3 SleEel tiek Hd(mean)t
EFHaHstandard deviation) 2 JERAAT}, F-9)Ad
2 student’s ttestZ E3] AZ3AHp0.05, p¢
.01, "'p0.001).

o

%

m. A

=)

1. NEYES

Au)dAE =250 HaCaT celld} B16F10 cello]
FFS ToA gotir] el MTSE Alggh Aab=
o2} BrHFig, 1), HaCaT cellol] 2Jn] A= CHCl
Z3 DWE2] 10 #g/mLe} 20 pg/ml FEEELS AL
AEol A FA QAL 40 pg/mLe] FEES A
IS wi= 22} 82009} 86%0] FEES Hol F40]
AR 93k} BIGF10 celloA % &w] PAlE DWE9]
FEEES APS ull, 22 98%s} 99%, 99% ABE
3Lt CHCLZ FEEEC tside 87%, 90%,
TO%E A E AYEEo] UERdT) ol2jdk AaE n]

M HaCaT cell
B16F10 cell

Cell viability (% of comtrol)

Extact (Fraction_concentration)

The Chloroform (CHCl;) and distilled water (DW)
extracts of Costaria costata (C. Agardh) Saunders
(10, 20, or 40 ug/ml) showed no significant
cytotoxicity toword HaCaT human keratinocyte and
B16F10 mouse melanoma cells.

Fig. 1. Cell viability Costaria costata (C. Agarah)
Saunders of extracts on HaCaT cell
and B16F10 cell.
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Az Z=ZE-o| HaCaT celld} BI6F10 cell®] AZ0|
A FFE PIAAE kot FRoEH o g AX
RAES U5E Aol da= FRISHIT Choi(2008)
o] AFM=E 2udrte deks FEE 5, 25, 50,
100, 200 pg/ml& BI6F10 AEd]] 23S ] F=9]
EX 02 AEF] HolAA 100 pg/mL7FARE 80%
7hge] AEEo] YT 200 #g/mLolM = 586
T3] shobxiA an| il FEEL] FE7t EobA
W BIOGFIO AlEol| F3e = & Avks £ ok fAl

SFait.

ol

2.

u|rlE FEESC] Ak 2Ed 2 tis)
ojHo] Sl=A] ot ] 3l Frtst AR Al
A= vt gtk An|9aleE FEEECM B
Srek AdstAE S G115 QUSlekFig. 2). 1 F
oA CHCLZ3} DW= 10 pg/mlL FEHEE°] H
th2T=(100%) o] Th-3-8ke] 212t 28%, 2242 ARBFAE
g7} ZHaslt. An| ikl kst 582

thZ2] glutathione(42%)3 H| WStz -3k

FALS}

Mot gt

0
fol

-—

o4

&

Relative activity (% of control)

S D N & X y & &
“fo OQ q\(‘” q\(“ 0_,\6‘ o}\(“ Q\& q\& Q\&
F S & PP O P E
g g S NG SR ANY
o o e &S RIS IRY,
S T e T
(o4 »

Extract (Fraction_Concentration)

The chloroform (CHCls) and distilled water (DW)
extracts of Costaria costata (C. Agardh) Saunders
(10, 20, or 40 ug/ml) reduced oxidative stress in
H,Op—treated cells. Costaria costata (C. Agardh)
Saunders extracts were more effective than glutathione.
Values represent meal = S.D. of three independent

experiment ('p<0.05, “"p<0.01, " "p<0.001).

Fig. 2. Antioxidant effects of Costaria costata
(C. Agardh) Saunders extracts.
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O] AL Choi(2008)] ¥IF-ellA] 5%&
o] 218 S 2fH FEE Tl AriE deke F
Z29o] DPPH 2 275K S3o] tzol 13
10 pg/mLolA] 121% S4& Kol 9538 gk} A3k
< Hol Aoty nuPS wf AL

2. Hetd ekd Ko sat

n|rtE FEEC] A= tigh wol2 A
v el s AslsheA] dold Ak vhat
2. 2v|9ile FEEES oMSH 27 ¥ ag)
< o depd o] A EA sk AL RIS
AATHFig. 3). 53], DWZ 20 pg/mL —:@%% Wz}

_{

SR L

S 19% JABIGIT CHCLZ FEEEE 1|t
Ak Wiy AL AEls AL BFE 5= 99
o}, FAdulEte] arbutin(57%0) 3 Bl WS w 2w
Al FEEEC| oA meRE a9 BAN dlx
o] Zee} frAleh As areshd Hepd §d& oA
sh= &) Qlekar ekt o] A2 Choi(2008)
FoA] Au|oifE ofeke E22Ro] Hehd IS 7
A Ao} FAkek

Relatve activity (% of control)

Extract (fraction_concentration)

The chloroform CHCl3) and distilled water (DW)
extracts of Costaria costata (C. Agardh) Saunders
(10, 20, or 40
in @ -MSH-treated cells. Values represent meal +

ug/mL) reduced melanin synthesis

SD. of three independent experiment ('p<0.05,
"p<0.01, T"p<0.001).

Fig. 3. Inhibitory effects of Costaria costata (C.
Agardh) Saunders extracts on melanin
synthesis.

w
oo
0

st
njilE FEEEC] W gole] S JFE
= 7 USAE Gs] Y8l RS 21k
o WA, Hujite FEEEC] agdETER] S
aureus©l| 3| S 28-S EAE AT EIYTH
(Fig. 4). S aureusl] W3l 2r|9AlE CHCLS &
EE2 sRofEH o g gt A9E Rtk CHCLZ
0.5 mg/mL F&&-2 #2 6 hell n|katA| do] 52
e Ao HFEHJAN o] F2 o] 0 hi} fAlSH
R 21 h7HA] frAlekedet 0.2 mg/ml 58-S
15 WhA| 79 F2]o] Hol] g9kal 0.1 mg/mL
FEEL T 9 WA o] o] ERlEA ekt
DWE FEEE52 thad fAksHA o] S2Jst]
St A5 oFA| Eakqirt. ololl Bal Hn|drkE
EE Tl CHOLZ %5 0.5 mg/mlE 79| 2%
ARsR= HaAEE7 e e & 7 ATk
Choi(2008)9] A7-olM= Hr| At oee FE=
o] S, aureus®ll 3 10 mg/mLoA H A =7}
VERCaL gt & A Ao} BlarshH Chloroform
© 2 B33} CHCLZ FE59l S aurcusol H3sh=

@t Bdo] Fr) FH37] uhEel Ao WA

o

)l

\d

| o
* 2 —+—Control (0.5% DMSO)
-m-CHCI3_0.1 mg/mL
—+-CHCI3_0.2 mg/mL
—<CHCI3_0.5 mg/mL
—~DW_0.1 mg/mL
-e-DW_0.2 mg/mL
) _ _ . - - - ) DW_0.5 mg/mL

[} 6 9 12 15 18 21 24

Relative activity

Culture time (h)

The chloroform (CHCls) extract (0.1, 0.2, or 0.5
mg/mL) of Costaria costata (C. Agardh) Saunders
reduced the growth of Staphylococcus aureus. In
particular, 0.5 mg/mL of CHCl; extract exhibited
high antibacterial activity in terms of MIC

(Minimum Inhibitiry Concentration).

Fig. 4. Antibacterial activity of Costaria costata
(C. Agardh) Saunders extracts against
Staphylococcus aureus.



=4, HugrtE FEE aHgFE9Td S
epidermidisel 3} &4t S48 A R ck(Fig. 5)
rlortE FEEE TolM CHCLE FEEE0l
T &35 Hol& 2g #FE & vk F2E=
2 9 WA ol FA8HA ZEtAl shede 0.1
mg/mL FE=o| 53 gt a9E Borh ol=lg
A= Choi(2008)2] AT-ellx] 2n| Al ollehe 3
E89| S epidermidisdl 3l 37T §IIE A7) 1
W w, HrHAlE dEg-& CHCLE FEEl=

epidermidis 2] /374-& A= It B0 7]

ot

rlo

——Control (0.5% DMSO)
-=-CHCI3_0.1 mg/mL
——CHCI3_0.2 mg/mL
——CHCI3_0.5 mg/mL
—~DW_0.1 mg/mL
—-DW_0.2 mg/mL
DW_0.5 mg/mL

Relative activity

o 6 9 12 15 18 21 24
Culture time (h)
The chloroform (CHCls) extract (0.1, 0.2, or 0.5
mg/ml) of Costaria costata (C. Agardh) Saunders
reduced the growth of Staphylococcus epidermidis.

Fig. 5. Antibacterial activity of Costaria costata
(C. Agardh) Saunders extracts against
Staphylococcus epidermidis.

20 4

=
@

—+—Control (0.5% DMSO)
—=-CHCI3_0.1 mg/mL
—CHCI3_0.2 mg/mL
——CHCI3_0.5 mg/mL
—~DW_0.1 mg/mL
—-DW_0.2 mg/mL
DW_0.5 mg/mL

Relative activity
=
°©
I

o 6 8 12 15 18 21 24
Culture time (h)
The chloroform (CHCly) extract (0.1, 0.2, or 0.5

mg/mL) of Costaria costata (C. Agardh) Saunders
reduced the growth of Pseudomonas aeruginosa.

Fig. 6. Antibacterial activity of Costaria costata
(C. Agardh) Saunders extracts against
Pseudomonas aeruginosa.

el Aeg FEEch

Zu|eilE FE2EE0] aWSATe P aeruginosa
off tisl gt Tt YeAE AHEITHFEG, 6). 1
FoA 2| HAkE CHCLZ 0.5 mg/mL F&Eo] 3
T Z9E BT 0.2 mg/mL FZE% n|okelA|vt
o] F2el g FAck 0.1 mg/mL FE52 &
ZH 12 WA 3t &Ado] wlekebAl el DWa
Zrd AR APdE Bof It &

w3k, a3l £ coli ol e e et 243
o] SleAlE A 1E°LE‘r(F1g 7). HrlorE FEEE
ES E colid] YA = 37 giict

20
15 -

= ; ——Control (0.5% DMSO)

2 -m-CHCI3_0.1 mg/mL

® 10 4 —~CHCI3_0.2 mg/mL

'.% —<CHCI3_0.5 mg/mL

2 —~DW_0.1 mg/mL

5 —+-DW_0.2 mg/mL
DW_0.5 mg/mL
0

Culture time (h)
The chloroform (CHCls) and distilled water (DW)

extracts of Costaria costata (C. Agardh) Saunders
did not reduce the growth Escherichia coli

Fig. 7. Antibacterial activity of Costaria costata
(C. Agardh) Saunders extracts against
Escherichia coll.

V. 8¢k 4 A&

£ AT | drlE FEEEC] IF Al
ofH JFE VXA 2RI FEAIES) B 2
o= o] galA Tagt A¥= thedt Btk FEAE
off Z&Ygk ksl A depd 4 As) Ao
Aest EAFNAE 40 pg/mLY] FE o|slollA]
AE BEE 75%01% Ueht AlxE A3 gt
o st 5akE SAsks RS 8l 4

CHCLZY DW& FE& BT ABlEYAE 74

fex] /k]_x
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AE B Bolvke vk &1 & itk 2
23l HujdrlE DWS FEEo] Wehdo] A==
QF Aol thall M Ap=5o] FolAA = tlr
FARE AR S Adleke 2e & F A3tk
gu|dilE 55 Folls CHCLS F580] et &
2 Uehieie] Tge T Bk agekaFel
B S A 489 SR Ao DR, =
3], S aureus®l| CHC% FE52 0.5 mg/mLE ]z
e ) ol S AR 5 des delg 5 A
o CHAT FE2 I87dn SN £ acoginos
o sl vletstAR B Aok Liehigich 2 A
dg B 2voMiE FHBS RIS l, 2o

ool we} gkt i, et A adEow
uebsttt, Bl tiEk 18S A5 o= vl
T Sl= S Fo s At dset AFY
HRAR A5 ggsnisivia A
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