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Anti-Inflammatory Activity of Ethanol Extract of Sargassum miyabei Yendo via Inhibition of NF-kB and MAPK Activation
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The aim of this study was to investigate the anti-inflammatory effect of Sargassum miyabei Yendo ethanol
extract (SMYEE) using RAW 264.7 cells and croton oil-induced Balb/c mice. SMYEE inhibited the produc-
tion of pro-inflammatory cytokines [interleukin (IL)-6, tumor necrosis factor (TNF)-o, and IL-1f] and nitric
oxide in lipopolysaccharide (LPS)-induced inflammatory response. In addition, SMYEE suppressed the
expression of inducible nitric oxide, cyclooxygenase-2, and nuclear factor-kappa B. Further, SMYEE inhib-
ited the expression of mitogen-activated protein kinases (MAPKSs), such as extra cellular signal-regulated
kinase 1/2, p38, and c-Jun N-terminal kinase. In ear edema test, edema formation in the SMYEE treatment
was lower than that in the positive control and was similar to that in the prednisolone treatment group.
Photomicrographs of mice ear tissue showed a reduction in dermal thickness and number of infiltrated
mast cells. Therefore, our results indicate that SMYEE exerts an anti-inflammatory effect via inhibition of
nuclear factor (NF)-xB and MAPK activation and can be used as a natural source of anti-inflammatory com-

pounds.
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)M nitric oxide (NO)®} tumor necrosis factor-o. (TNF-
o), interleukin-6 (IL-6), IL-182] cytokines AYAtste] %7]
e Fa% 93 rH40]. o] 52 A AU #
g Fol AHAEZES FAHA 8 [5], helper T A 2,
B AlZ, AAdsiAE 59 BHS 77 9T ot
(8]. HAIF A M Z2HE FF wHEo Tost= %7,5__120]
AUA A 2ulstA =d o A" NOE ST E

koo o w3l By ASagd EF 2 A L35 5]
[24, 34], AZAAEL AFA FAE o) Ao} &
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o) He A FYF B B oA k] BA| Z743}
3 Qi

44 Zol 90 HAZA cytokine 9 Tl F o] $71%
98 2 npuclear factor kappa-B (NF-kB)of| 23] Z&o] |
thi29]. LPS% 22 o] WIS =7 NF-kB7} 243t
HA HHA ot 34 WAAY AR HEE =
A Eth6]. =3 NF-xB2] A2 extracellular signal-
regulated kinase (ERK), c-Jun-N-terminal kinase (JNK),
p38 kinaseE ¥E3}3}+= mitogen-activated protein kinases
(MAPKs)] 93] 28 == AR ddA YT, 25].

Sargassum &2 Sargassaceaed}of &£3l= ZAXEF oF
400F°] &=A leH[27], AAAH g Fastal §lof 4]
Folu} o2 A B ekl ol §51 QIeH15]. Sargassum
miyabei Yendot= F2 |t @ AF o A4sta 9o
o, @A gt K= thE Sargassum Sof H3) &
ol &HA YA oot AR, =AW o][23], a-glucosidase
A3l &Ad[21], FHAtst /4d[32]00 dia RuEon, g
ZFoll tigt A= Hag Fo| glrk. o]of] & AtoA= S.
miyabei YendoZ o|g& 2 %39 NF-kBE MAPKs 2]
P4 2US $& INOSS COX-28] B4 249k NOst
B354 cytokined] EH] JA| &aIE AHH O, croton-
ollZ GES ARE FERDA HEE Y4 L AxAY
e BRSO B FAZ LA ol 87154 Lo}
Bttt

B4 9oz K] 2015 o] A nlop] mALS
S2 4 8 A3 248 F AdAzGS. 1 F 5
Azsto] BUs o 13 EAAHE 200904 A%
ste Aol AHE-SHATH 108 (w/iv)F 2 95% ethanole &
To 7}3he] W k7| (H-0820, Dongwon Science Co., Korea)
2 o] g3 247 2259 948 7] (UNION 32R,
Hanil Co., Korea)2 1,977 x g0 A 10&7F YA &g &,
F5AE 25l 37CAA FYES71RE200, Yamoto Co.,
Japan) &2 &3ttt F2 A= U FHE o] &5
23] YHEste] &5t ouE FEEZ I

A szu

S| 25238 (KCLB 40071, Korea)o|A murine®] th4]
HEZ cell line?l RAW 264.7 | ZZ Hoparo} ALg3}Q.0.
™, Dulbecco’s Modified Eagle Medium (DMEM) (GIBCO,
USA)9] 10% inactivated fetal bovine serum (FBS)2} 1%
penicillin-streptomycing A7}t vj X & Ag3lo 37C,

Anti-inflammatory Activity of SMYEE 443

5% COp 27 YA Hj sttt

AYSE

23 A4S 9o BT 8799 27, ICR 0928
2= ko] & (Korea)ol A T3kl ALgaHGOM, ok
2= 20127, & 50+ 10%, 12817 HYF7]7F G415
FE ALAONA 1597 AR Ste] BAxA
A £ 58 A8 R4Yen FEAPLYNARY
@ $9UL Wot 295h2015-04).

t > 0 e to

o,
offt
it}
>

Park 5[33]9] MTT assay "< oF7F ©gsto] A 29
A ZEAE F718A T RAW 264.7 A|ZE 1 x 10° cells/ml
9] FZ 2 96-well plated] EF3f 20417+ A v gt & o]
o] EAHE oghE FEE(SMYEE)S 522 2(0.1, 1, 10,
50, 100 pug/ml) A 7}ste] 2241 7F 2w F3tHth. 5 mg/ml
MTT (thiazol blue tetrazolium bromide, Sigma-Aldrich
Chemical Co.) £HE A7}t 2417 A v kslgict. vjek
T 47T, 879 x gol| A 1027 YHEst A Aoy
1 dimethyl sulfoxide 100 pl E3F3}o] FAH formazand
L=o]Y] microplate reader (Model 550, Bio-Rad, USA)E o]&
sto] 540 nmo Al FHEE SHSIAT AlEZ FATS

& Aol 3 AL

Proliferation index (% of control) =
Sample 3= / Control TZ%= x 100

Nitric oxide Ev]&F &3

Griess W32 o]-&8to] vjFY & nitrite F=F 54
319 tH22]. RAW 264.7 cell& 2.5 X 105 cells/ml2 & A &
24-well plate®l] F£3}3L 5% CO, incubator (MCO-15AC,
Sanyo, Japan)o| 4] 20A]7F A wj¥3tF k. I & SMYEE
£ 0.1, 1, 10, 50, 100 pg/ml A &3} 1 pg/mle LPSZE
A3stel 2402 2 e W AFAL 4T,
879 x goll Al 1087t A& st HF A AHEsHsTt
Griess A]9F(1% sulfanilamide + 0.1% naphthylendiamine
dihydrochloride, 1:1)x} vjoF AL 1:12 AFLoA 108
ZF ¥F8-A]A microplate readerE ©]-83) 540 nmol|A &%
EE 45t Az vl W NO9 &=+ sodium
nitrite (NaNO2)2| = &AL vjwsto] AH&st3h

Pro-inflammatory cytokines EH|3F 3

RAW 264.7 cell®] Aj3zujorol W2 TNF-o, IL-6 ¥ IL-
1B cytokine®] EH]FE ELISA kit (Mouse ELISA set,
BD Bioscience, USA)E ©]-&-3] 435}t RAW 264.7 cell
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£ 2.5 x10° cells/mlE 2A3}o] 24-well plateo]] HZE3}1L
18A17F A wjekstdTt. 1 & 0.1, 1, 10, 50, 100 pg/ml T=
H SMYEE$} 1 ug/ml®] LPSE A2|star 12A17F9] & uljef
AH AEE Sl Az AFHS LUt ELISA
microplate®] anti-mouse TNF-o, IL-6 @ IL-1p9
capture antibodyS coating buffero] 34 & EF35}o] 4T
o A 329 ¢t coatingA] A th °] & 0.05% Tween 200]
23+E PBSTE A|HE & 10% FBS £H O 2 blocking 3}
1 PBSTZ A|A3%t F ZF microplate wello] A vjoF AF
WS BFHaL A2oflA] 247t BREAIH T ¥ & PBST
Z AA st 3 A% biotinylated anti-mouse TNF-o, IL-6
detection antibody®} streptavidin-horseradish peroxydase
conjugates EF8t] A4 1A7F BHSAIF T IL-189]
73%-, biotinylated anti-mouse IL-1P detection antibodyS
A7k 1X7F HES- & streptavidin horseradish peroxidase
conjugate® H7F5te] 308 WS A ZTH WS T o] S thA)
PBSTZ A|Z/3t3 OPD §94& H7bste] &olx 308 ot
SR 2 N HpS0.2 HH8-& F8AX] F microplate
readerE ©]-83t4] 490 nmo|A STFEE ST

i e

B

o 3@

Western bloto]] 2]31 chulz] vy B

SMYEEZ} Al 24 U] A4 == iINOS, COX-2 ¥ NF-xB
p659] Wil TlAE GS Uokis] $H5to] RAW 2647
AZE wjorslaict. werol B AEE S3ste] 35 PBS
(phosphate buffered saline)Z A| &3t & Sheeba?} Asha

3719 WH o] Wt cytosol lysis buffer [50 mM HEPES
(pH 7.4), 150 mM NaCl, 5 mM EDTA, 1% deoxycholate,

5 mM phenylmethylsulfonyl fluoride, 1 pg/ml aprotinin,
1% Triton X-100, 0.1% NP-40]2 H7}sto] 3087t 4°C ol A]
lysis A1 71 %, 15,520 x gol| 4] 20 7+ YA £ st A2
o JE =9 A ASE T NF-kB p652] 7% nucleus lysis
buffer (10 mM HEPES, 100 mM NaCl, 1.5 mM MgCl,,
0.1 mM EDTA, 0.1 mM dithiothreitol)& &7}5}o] 3027
4o A lysisAll F 15,520 x gof| A 2027 A4l& e st
MEzg HE 52 AASYEY. BCA protein assay kit
(Pierce, USA)E AF&-5te] @A & A st gl on 30 w9
lysateZ Laemmli [19]9] W& ARESIo] 10% SDS-PAGE
2 B3yt 2eE 9 de Towbin 5[39]9 WS &
13}e] PVDF (polyvinylidene difluoride) membrane (Bio-
Rad)ol] 1A]7F 59t AAMAA 5% skim milk7} Z3HE TBSS
(tris buffered saline; pH 7.5) %02 ALojA] 2A|7F &
ot blocking 3} th. iNOS, COX-2 2 NF-kB¢ &d &
HESH] 93t A 2= anti-mouse iNOS, COX-2 ¥ NF-
kB (Santa Cruz Biotechnology, Inc., USA)E A}&3}4
1:5002 2 3|4 5ka oA 2A17F BH-EAI7] & TBSSZ
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33] A3t 221 A2 HRP (horseradish peroxydase)
7} 2%= anti-mouse IgG 2 anti-rabbit IgGE 1:2,0002>
2 3 Asto] Ao A 1A7F §ESAIZ &, TBSSE 33] A
g3t ECL 7|43} 1-387F vh3- & Zbzte] ohulg] Wie=
Gene tool (GeneGnomeb, Syngene, UK)2 o] &3}o] 7}A]
s}5191ch. MAPKs®] S22 otobiis] $l3ko] RAW 264.7
A ZE 1x10° cells/mloZ 18A]7F A w3l SMYEES
Agste] 30& &< & wjgE ¥ p38, ERK, JNK ¥ p-
p38, p-ERK, p-JNKO| H&ZFE AES7] 9|5t anti-
mouse p-p38, p38, p-ERK, ERK, p-JNK @ JNK (Cell
Signaling Technology Inc., USA) &AE 1:5002.2 343}
o] AHg-3kglTh o] 39 AF2 iINOS, COX-2 gt 5%
SHA Ptk

SEE R EECE

SMYEE®] & @35 &L in vivo Fo| A Fotr7] 93t
o] Kim 5[14]2 Saraiva 5[36]¢] HH o &2 #ARE 54 A
s AAETH A 8538 9 3, ICR vh-2(n = 5)0]|
SMYEEE 10, 50 ¥ 250 mg/kg body weight 5= 2
200 ul¥ @3] A+t Fofstal g AJZF &, 0 2F o) 2.5%
croton oil& 20 Wlear =2 =X TH TX 5A7H &
FAE SH8FYL croton oil® A E F FAZ S A
= 3FY AL gt A 24 BE2 ICR v
29 9 EZ Jof ofgtE FEES 100 mg/ml FEZ 20 ul
A =231 158 F, 5% croton oil& 20 wlA =3E3IF T
6A1 7t F, diethylether2 v} A} A]7] 22, F ZAS A5}
o] 10% formaldehyde®) 72A17F 243t H . 14 & bt}
g EE2S N5 ¥HE A X3} hematoxylin-eosind}
toluidine-blue F4E sto] 22S sttt 75 Y&

& thet 22 Ao o8 Axstelt.

Inhibition of edema (% of control) =

Sample®] F %7 / Control® # T4 x 100

A A=
o= AY Adte] fgt FoxF HALS SAS software (ver.
9.3, SAS Institute, Inc., USA)o A H ¢S EAMEA 3
%, Duncan's multiple range test Ho] @&t p < 0.05 =&
oA HAstArt.
2o e
RAW 264.70] W]X|: ofehg 28] AlESA
SMYEE7} RAW 264.7 A 30 u] 2= Al EE4S otobi
7] Y3t F&of k0.1, 1, 10, 50, 100 pg/ml) FEES



Aot Az BEY] Wt RE MTT assays ©]83f &
sttt 2 A3} 0.1-100 ug/ml H=7tA] PBS A 2|+
Bl Al 39 FQ1 2ol 7k el&S Felat A thFig. 1). o &
538} SMYEE: 0.1-100 pg/mlo| Al A B &go] F3
o] 2] 7] ot Aol gl ALR AFREO o] FEOA

3 9A &S Felstr] gt APE At o=

ArAht et 22 EY NE2EAN AY 23 5= =
o2 AZEAgo] Yetha] - Aot fAFsttH13].

ool

2 orly a2 o

3l

Nitric Oxide 234 A &7}

NO= A W A2 F ol ARl §k-ZoA Fa3t 24
Z A L-arginineZ 7|2 & 3}9] NOS|| 9J&] L-citrulline®
2 e 7] fHAE JE3 sEolAe oA,
HYzd, AR, 2HE 59 9 gt k|9 NO
7t BesHA A EE 5 v A3 7] 2L shockol] 9
g S, 71 HA G, ohEA A3 22 HEE 9
A7FAG A Yol 18]. & AFollA+= SMYEEY
NO A4 oA ETE Yohy] Yste] LPSE AZHSE &
e RAW 264.7 cellof| 9] NO AL griess A2k o]
&8 S5kt A2 FEE] FFE MAA G =
(0.1, 1, 10, 50, 100 ug/ml)o Al LPSE 5SS
RAW 264.7 cell®] NO A ZFE 3215 A3}, LPS 7o
5= TS o NO Aol 16.26 +0.15 uMo| %l
o] SMYEEZ 100 ug/ml® X 235+9S o 9.89+0.15 uM
2 44%9] NO A ETE Ueh ArkFig. 2). 2 AF 27
£ 2YRA 2380 FE JEH 02 NO ALT 7t
£ 2ol Z2F13]% FRAR &g &5 NO A5
spolat AT ATI01 S-S BAAsATh thebd

o 3

o b
I
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Fig. 1. Effects of Sargassum miyabei Yendo ethanol extract on
proliferation in RAW 264.7 cells. Proliferation index (% of
control) = (absorbance of sample / absorbance of control) x 100.
Means with letter (a) above the bars are not significantly different
(p > 0.05).
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Fig. 2. Effect of Sargassum miyabei Yendo ethanol extract on
nitric oxide production in RAW 264.7 cells. Cells were incu-
bated in the presence of LPS (1 ug/ml) alone or in combination
with SMYEE (0.1, 1, 10, 50, and 100 pg/ml) for 24 h. The culture
media of the treated cells were used to measure NO levels.
Means with different letters (a-e) above the bars are significantly
different (p < 0.05).

SMYEE: LPS2 =49 t4AZA F7Hd N0 B4
At At 2EARA Y BT e AL &4
= ATt

Pro-inflammatory cytokines A4} ¢} a3}

LPS& A3t RAW 264.7 A|ZA], SMYEE7} cytokine
o] BHlof| |zl IS 5] Yol FEEE A st
IL-6, TNF-o. & IL-13¢] & H| & ¥3}5 ELISA kitE ©]-&
sto] Agstdtt. 1 A (Fig. 3), LPS 93 F71%t =&
cytokine?] HH|FE FEEH 02 JA|5t= AL Fels)
At WA IL-69 FS(Fig. 3A), LPSO| 9l3] 2194.93 +
35.79 pg/ml7tA| F7hst EH|FS SMYEEE 100 pg/ml=
A2 PE A 577.07 + 15.34 pg/mlE A 5+e] 74%2] B of
¢ A aRE Udebfigleh. TNF-08] 3¢, & oE8o=
HH|gFo] JA gl on] LPSE =02 X 2]5he] 200859 +
7.73 pg/ml®] FH|FE Vebd A7} sk 100 pg/ml A
g Lo AL Bu|FFo] 1289.62 + 10.62 pg/mlE 36% ©]A+S.
2 A=} (Fig. 3B). LPSel| 23] 2719 IL-18Y] EH|=
2 100 pg/mlZ AZsAS wf 72% 0|42 Hold JA &
5 2HYS Fel5tgthFig. 3C). o]= FuAut 258S
Z2]3t & pro-inflammatory cytokines®] 28| FS H =9
EF o7 AT AH10]7 FAFSIATH LPSE A2 9
E/93te] Tofshs tEH Q] mitogeno| A} AN 2] FH
428491 toll-like receptord (TLR4)ol| A8l ligand=
FH &3 E34A 9 435 53 MyD88, TIRAP/Mal,
TRIFS} 22 TIR 9 9< £35t= o|fe Tl da} Agtst
o] W33 Erh25]. o] LPSel| 23] A4 =+ cytokine
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Fig. 3. Effect of Sargassum miyabei Yendo ethanol extract on
production of IL-6 (A), TNF-a (B), and IL-1p (C) in RAW 264.7
cells. Cells were incubated in the presence of LPS (1 ug/ml) alone
or with various concentrations of SMYEE (0.1, 1, 10, 50, and 100
ug/ml). The levels of pro-inflammatory cytokine in the cell cul-
ture media were measured by ELISA. Means with different letters
(a-g) above the bars are significantly different (p < 0.05).

o] EH|= PGE:¢ NO9| #HdEE of7|stal I=3 pro-
inflammatory cytokine®] EH|% Z7t= gjd= @ Ag 2
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A &4, A 95 W FFES PIUTHE) 1 F 1L
6= T cell, monocyte, macrophage, synovial fibroblast < 2]
HAA 2o A TFEEHE F54 cytokine22 B cell&
plasma cell2 ®3A1A A J4HE EXFTH4]. TNF-0=
S 1 S 27 8 WA wizizt2A dfAAE 9
o= NK cello]t} CD4 + lymphocyted| A= A= o] G5
HAR O WP LS F7HA 7= tE 854 cytokinedt W
W AE 22 Bl RS 214 A RBSoY o, A%
A4 % A% 59 Aol Ake) adlo] Hru1). B 1L
1fe d2u2 A YAELE Z2AA AJo|EFFQICZ caspase-
10] 93 FHFLoE ASEH=H RS FroA= AZAAF
ol BAHY $iX0] Aol AW ASue L Weld
o ol tiFEArE A T cellx 493} Al7]2L B cellx 4
SAA 42 ABARITH20]. TEbA] 2 A5 A3 SMYEE
7F o123t 54 Aol EARRIS 2EstE EEEA dFHE
gom $Eu b AWe 22T 4 9k Aol 9

% < %

ofekg $£59] iINOS, COX-2, NF-kB 23 94| 3}

SMYEEY] # g7} iNOS9} COX-29] &z 21} B o]
AEAE 28] Y814 western blot 24 3314
t}. 1 A3k(Fig. 4), LPS AT A= iNOSt COX-2 Thl
A ddo] A3 Stk e SMYEES 5=42(0.1, 1,
10, 50, 100 ug/mD)2 2|3t T2 M = Ero|ZH oz 7+
2% Zo] Btk 53] iNOSY| @ o] dAH= 4
< SMYEE A 2|7} NO Aol tigt dAanE Hol= A
T} 928t AAIAFS] NF-kB: LPSo| 98 S=5E
A&A &l iNOSe COX-29] LdL ZXAZITh 3
£ 9] NF-kB p65 G2 @2 LPS A7 ZofA+= o
Zo v £94 A F7HEAe U SMYEE A 2] A
E eEEA #h AP Y itk Fig. 4). BHH
A A2 NF-kBO v]g/32]Ql 243 #o] ot o
2t QI REY HAE B 7129 FEFAE & FAARIA
2l NF-xB 245 A5ty 395 adE vetdoke ¢
A 2 H[30], NF-kB 84 AAAF o2 d3A Ay
4] o W 2 7o o]§staA} stz AF7E D] 2
Folo1]. H A+ WEH, Kim 5[16]Z Bae F[3]
77 2Rl 2y g FEE, F=d HE FEES
LPSZ =4 tfAl 2] AstglS o, NF-kB &/ 9]
AE F°l INOS 9 COX-29] T@gFo] Zrashe wgow,
2 g 2559 SMYEEE o] &3 2 d1dne &
AFHE 2o

o

oJerE FZE9) MAPKs 1 oA 53}
A Az GAstel= o 7hA] NZE Y AZHGA 7}
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LPS -4+ 4+ o+ o+ o+ o+ s -t ¥ * * % LPS - + + + + + o+
SMYEE - - 04 1 10 50 100 SMYEE - - 01 1 10 50 100 SMYEE - - 01 1 10 50 100
(ug/ml) (ug/ml) (ug/ml)

Fig. 4. Effect of Sargassum miyabei Yendo ethanol extract on LPS-induced iNOS, COX-2, and NF-kB p65 expression in RAW 246.7
cells. The levels of INOS and COX-2 in cytosolic protein and NF-kB p65 in nuclear protein were determined by a western blot analysis.
RAW 264.7 cells were treated with the indicated concentrations of SMYEE (0.1, 1, 10, 50, and 100 ug/ml) and LPS (1 ug/ml) for 18 h or
30 min and the proteins were detected using specific antibodies. Means with different letters (a-f) above the bars are significantly dif-

ferent (p < 0.05).

Holstm o] & AT E AojFo =N AN EZ7F B3 5
of IR EE= 454 243 2dste A7 oy Ay A
TFol A Hofz 3L 7. °]F 5 MAPKs (ERK, JNK, p-
38)9] B Atsto] oAl Yehum AN Z ] B/
Tolstal £3] NF-kBE &/J3}A|1# INOS, COX-2 ¥ A4
3 AAERY TEof Fas 9T At dHA Utk
[9]. @t SMYEE Ao wE tfAA=Z f <litstd
MAPKs 2& o] nj2 & 93-S western blot 2 2 B A3}
A3 (Fig. 5), LPSZ 9% 5 RAW 264.7 A Z o] 4 MAPKs
o 43 el ol Y B HYLE ¢ 4 Asich v,
SMYEEE A&t A3}, <1431 ERK, JNK, p-389] &
o] LPS Az|Fo] H3f s=oEH3 Has Heon, 53
Q14t3tE p-38 9 JNKQ & o] 50 E 100 pg/mlof A
LPSE AgstA] &2 27 v =3t 27HA] YA TFo|
FATE B 2 A A= 2y g F2EY T

% 84 an16] € EA oty e F2EY FAF

Py EROTIN 52 = 42O MAPKsY] Q4
o HE7 FaTS Bl AT fA o4 AnE F
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Fig. 5. Effect of Sargassum miyabei Yendo ethanol extract on MAPKs expression in RAW 246.7 cells. The levels of p-p38, p38, p-
ERK, ERK, p-JNK, and JNK in the cytosolic protein were determined by western blot analysis. RAW 264.7 cells were treated with the indi-
cated concentrations of SMYEE (0.1, 1, 10, 50, and 100 pg/ml) and LPS (1 pg/ml) for 30 min, and the proteins were detected using spe-
cific antibodies. Means with different letters (a-g) above the bars are significantly different (p < 0.05).
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Fig. 6. Inhibition of Sargassum miyabei Yendo ethanol extract
against croton oil-induced mouse ear edema. Means with dif-
ferent letters (a-e) above the bars are significantly different (p <
0.05).
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Fig. 7. Photomicrograph of transverse sections of mice ears sensitized with topical application of 5% croton oil (v/v) in acetone
(a-c) or vehicle acetone (d, non-inflamed), stained with hematoxylin-eosin (A) and toluidine-blue (B) examined under light
microscopy (magnification: 200x). Treatments: vehicle 2% Tween 80 (a), prednisolone 0.08 mg/ear (b) and SMYEE 20 pl/ear (c). The
numbers 1 and 2 indicate dermis and epidermis, respectively and the arrows indicate mast cell infiltration.
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