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Abstract

Side effects of synthetic antibiotics and antioxidants, natural antibacterial
substances and antioxidants present in natural products, and their human
impact are the major research topics conducted to date. Recently, a study on
natural antibacterial substances and antioxidants are concentrated in
bio—active compounds of marine source has produced a unique metabolism
and specificity. Sea—urchin called as “haedam” in oriental medicine, known
for its excellent physiological activity.

In this study, we use purple sea—-urchin (Anthocidaris crassispina)’s shell
and egg, was used to measured antimicrobial activity against human and
fish bacterial pathogens, and its antioxidant activity. Also, we Investigate
effect of hot water extract of sea—urchin shell in the immune response of
olive flounder and to check it's usage as feed additives.

Hence for the study, 83955 g of A. crassispina egg hot water extract,
2.009 g of A. crassispina shell hot water extract, 3.1344 g of A. crassispina
egg hexane layer, 0.3199 g of A. crassispina egg methylene chloride (CH2Cls)
layer, 0.2998 g of A. crassispina egg ethyl acetate layer, 2.5713 g of A.
crassispina egg aqueous layer, 0517 g of A. crassispina shell hexane layer,
0.0085g of A. crassispina shell CH2CI2 layer, 0.0153 g of A. crassispina shell
ethyl acetate layer and 0.8838 g of A. crassispina shell aqueous layer were
extracted.

Antibacterial activity of A. crassispina egg extracts were compared with
that of A. crassispina shell extracts, which reveals that egg extracts were
more effect than shell extracts. In DPPH radical scavenging activity, both
egg and shell extracts show similar reducing activity but higher than that of
control BHA and BHT. Especially, aqueous layer of egg extracts, hot water
extract and ethyl acetate layer of shell's antioxidant activities were excellent

in low concentration. In hydroxyl radical scavenging activity, also show



similar results with DPPH radical scavenging assay. However, hydroxyl
radical scavenging activity of egg extracts is slightly higher than that of
shell extracts.

As a result in in vivo test, the hot water extract of A. crassispina shell
was showed that do not effect on the non-specific immune responses of the
olive flounder. The reason for this result, the feed uptake of olive flounder is
presumably due to low during the experiment period. Further studies are
need to detailed analyses of sea—urchin shell extracts and to encouraging the

1solating biologically more potential substance.
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Park et al, 1995) & t&st A7 Sl A ghrh o)y A

B3t A= Aol SAEH Aol Al et Al

of 3%

A W AEeE 32 A (prooxidant) #F Ao Al & A (antioxidant) o] ol 2 71A|
Qolo] o) Hdo] FYAH 234 ~E ¥ ~(oxidative stress)7F 25 o] #+

AAQ MAEEOIY WEld AES doy|A "rh(Haliwell et al, 1991,



= F2FEotH(Kim, 1999; Poli et al, 1993; Punchard et al, 1996). ROSol A

AAE zEa 7] wEel vl EQhAskar vE
[e3]

tg gakstAl9l BHA(butylated

oX,
o
_i
2
fr
>
N
fr
>
>,
oo
i,
rlr
Y
rlo
ol

hydroxyanisole), BHT (butylated hydroxytoluene), ¢ &-2F&}#] <] tocopherol
Aroltt, ey A4 434l BHAZ BHTS 4§, 15=E=z Fof & 7
F ZF vigiFo]l FEEHAY EAAHdES YEUe Aoz ¢EAd dth.(Brannen,
1975; Chan et al., 1993; Ito et al, 1983). Tocopherol®] 7%, &37} v 714
o] =t Aol UtH(Cha et al, 1998; Cha et al, 1997; Moon et al, 1997).
ofoll IAe Fajstar FAksteo] g HA FAAspAe] I AT AL

S wol] HuE i o (Park et al, 1998; Ryu et al, 1989; Cho et al, 1994;
Cho et al, 1994), 73 &0l nla]l 2 237} A5 n53sk AAo|r)

A Al(sea urchin)¥® 3% %% (Phylum Echinodermata), A A7 (Class
Echinoidea)ell #3tH, 5= QAo A 4ol 12 37bx] MAgith & A7
of °F 900F o] X3k, Frmel = of 30Tl AAste Aom dHA o
W, AsE dR4Y 4 T stvtelvh. vl Aol MAet= AA T
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(Hemicentrotus pulcherrimus), &-&73 Al(Pseudocentrotus depressus), %
=X A (Strongylocentrotus imternmedius) S °|th A AT 3ol sto| A &
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&5 2=t (Y, 1999; Kim et al., 2002).
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Holr}, H A9 3 7[HollM AAREZTEH Zas Tdste] Zarxa
E Aibsto] Alwetar Qlar, HERTFARA S o]& ZheAdd W A4 F<
Aoz d#A ot Eg AAAE FEE9 = &7, AHFE Fd AE
of tigh Fdwdd ma, AAAAE] AS R AR FHo A= 9F 5 A
ARAY FEAAE °ol& 7FesAd ds] AEsAl S HKim et al, 2011; Bae,
2004; Kim, 2005, Kim, 2005;, Kim et al, 2002), 7A4<1 AR A &89

P AFE of4 mug Agolrt.



II. As 2 =344
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2.1. 3. BAL R AARAY EFFEE A=x

AF 548 AE 100gol AsH] 108(w/v) Bt THFE 8t 10
0C<] water bathollAl 1803t T 83 ¥ T3¢} filter paper (110
mm, No. 5C, ADVANTEC, Japan) ©]-&3&to] o238}, 33] ks FE3% ot
ofztel e 3 dA T FHVIE Y wFA F

A3, -80Cel A mbste] Aol ALghelnt.
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2. 1. 4 AL R AARZY #7187 FE R £ & A=

A5 49 A5 100g3 A2 108 (w/v)8l 80% ethyl alcoholS  7}a}e]

A Lol A 180%7F wkS-A 7l & filter paper (110 mm, No. 5C, ADVANTEC,

Ao 80% EtOH FE=+ 42 F &z &8 Agste] 44 hexanes,

methylene chloride (CH:Cly)%, ethyl acetate

o[Nt

 FERARE A% 2Isr.
=



2. 2. A2 R BARE FEE9 T2 A
2.2. 1. ¥T4F A EEF

ool ARSR ol WA Al A I A wAAEAAAE
(Korean Collection for Type Culture, KCTC)¢} @h=rw] A& W ZE 4 E (Korean
Culture Center of Microorganisms, KCCM)Z Y€ #owteton] ek kAl

T3 ¥ S48 8F, T 12F 4 dFo #FE AREStH(Table 1). AR il
A+ Brain Heart Infusion Agar (BHIA), 15%¢ NaCle] #H7}¥ BHIA,
Marine Agar (MA), Reinforced Clostridial Medium (RCM), Nutrient Agar
(NA), 3%<] NaCle] #7F¥l NA & Difco (USAAFY] AEFE AF&3}o] stab
culturest az, 54wttt Aldlsto] AF-8-3FS T,

Table 1. List of strains and media for antibacterial experiments.

Sfrat Media o™

rain edia (C)
Gram  Streptococcus iniae (KCTC 3657) BHIA 25
(+) Streptococcus parauberis (KCTC 3651) BHIA 25
- Propionibacterium acnes (KCCM 41747) RCM 37
bacteria  \ficrococcus Iuteus (KCTC 3063) MA 25
Vibrio parahaemolyticus (KCCM 11965) NA 37
Vibrio alginolyticus (KCCM 40513) MA 30
Gram Vibrio ichthyoenteri (KCCM 40870) MA 25
() Vibrio anguillarum (KCTC 2711) MA 25
. Vibrio fluvialis (KCCM 40827) MA 30
bacteria  Eqwardsiella tarda (KCTC 12267) BHIA 25
Aeromonas hydrophila (KCCM 32586) NA 25
Aeromonas salmonicida (KCCM 40239) BHIA 25




2.2.2. FEEY T8N 24

FE2E9 oFAYATH AAFAA T Ui FrdAd 3= paper disc
methodE ©]&3to] Bt Murray et al, 1999). A& o] ALgw 7z WA
2 FHAHuwAE o]&ste] HujF I *  Spectrophotometer (Libra S22,
Biochrome, England)E AF-&3}¢] 660 nmoll A Optical Density (O.D)ake] 0.47}
HEE 0.85% A drr sl s Agh o Al Zhzhe] H A uiA|
of "Witd WS ol&ste] nEA =weddn. 74 F&E2 1, 5 10, 100, 200
mg/mlZ 343t 045 um syringe filter (Whatman, UK)E ©]-&3}o] o 13l

& wWird 8 mm paper disc (ADVANTEC, Japan)el 50 ul® #F3le] &4

Lo

D
9D AZAAY, AxE disce oF7F =29 plated] LRAIAA ZF HY
o

Lo A 48A1ZF vl F % disc Wl A E A S A S 3H(clear zone,

mm)& STl AL AAe A FEEY 29 FEE v s



2.3. AL R HARE F=E9 F44E 23 FQ

2. 3. 1. DPPH radical 2A &84 =3

AAEe} 5 96 well plate  (Biofil, China)el 4.0x10° M DPPH
(1,1-diphenyl-2-picrylhydrazyl, Sigma-aldrich Co., USA)&< 100 ule} & =9
Zt FE4L 1, 5 10 mg/mld FRE HUbste] 30E3F wEeAIZ F
microplate reader (Synergy HTX multi-mode reader, BioTek, USA)E ] &3}
o] 517 nmelX FREE FASAY T2 G4 FAEARD butylated
hydroxytoluene (BHT, Sigma-aldrich Co., USA)2} butylated hydroxyanisole
(BHA, Sigma-aldrich Co., USA)E 0.05% (w/v)e] == A|x3% % DPPH

€9 100 plek 7o 100 ul& Egste] 3023 WAl ¥, FREE 574
3139 th. Control> DPPH-E 93} methyl alcohols Z+zb 100 pl® £33k 89S

o] & &ttt
A #8015 (Electron donating ability, EDA(%))> ALz e A4 3
=3 u

== % £ FE=S vEEE HUTY A¥ Tk controld] FdE HALEER

LHER AT

EDA (%) = (1-absorbance of sample at 517 nm / absorbance of control at

517 nm) x 100



2. 3. 2. Hydroxyl radical 2A &4 &3

1, 5 10 mg/ml=Z 3A3s ReAdA &3 A2 FEFE9 hydroxyl radical

(OH-)2AZAH TS =H4357] 98l 2-deoxyribose oxidation method WHS W
sl FA4 s tH(Kawagan, 1996).

Al Fe] 10 mM FeSOyEDTA €< 200 pl, 10 mM 2-deoxyribose 200 ul,

FZ% 200 ul, 0.1 mM phosphate buffer (pH 7.4) 1 ml, 10 mM H>O. 200 ul

= 7}star 37CoA 4AZF F<k HEE-A 7] 8% TCA (trichloroacetic acid)

Do

L -101.
H

solution 1 ml& 7}sle] WS FHAAIA % 1% TBA (thiobarbituric
acid) solution 1 ml& 7Fske] 100TColA 1023 719 §, w538 W7hsto] 532
nmol A FFEE SAHsAY. A8 W3 7|FA 52+ DPPH solutions ©]

&3l th. Hydroxyl radical 24842 HSA (hydroxyl radical scavenging

ability, %)= 3%7]3l3th.

HSA (%) = [1-(absorbance of sample at 532 nm / absorbance of control
at 532 nm)] x 100
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2. 4. 3. Respiratory burst activity &3

ool ol f HAE LS LdolH 7] 93| respiratory burst activityE =
Aativh. Aol mEAgue A AAHT A3 02% nitroblue tetrazolium
(NBT, Sigma-aldrich Co., USA)< 111 HE&=Z g AT a1 A4
30E7F e A7l & dimethyl formamide 1 mlS #7}sle] W3S A X Al At}

1 % 2,000 rpmoll Al 5&3F Al 3§ ASHAE FASEAL glass celldll
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2. 4. 4. A Y lysozyme activity =3

Adole] dH U lysozyme 84S 437 938 0.85% Ew A AT
(pH 6.2)°l Micrococcus lysodeikticus (Sigma-aldrich Co., USA)°] 0.2 mg/ml
o] F&7F H =% solutions A XA HF oo AWM AHHI HES
800 xgoll Al 203t YAt S ekt 96 well plate (Biofil, China)
of gk &3 15 nlE& 3t M. lysodeikticus solution 150 plg # 7}3}<]
25Col A 30%¢ 4+ 30% HEE & microplate reader (Synergy HTX
FA T

unit/ml= E A8+
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oL

multi-mode reader, BioTek, USA) 530 nmol4] 3 ==
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. 2% 2 313

3.1. A9 F&

o]
=
alcoholZ Ao A 33] WHE FZ%3lo] 112144 g9 HpAA & e F&55
L
-

I v=FA S B3t BHElAd Al ¢ hexane 3.1344 g, methylene chloride
(CHsClp) 0.3199 g, ethyl acetate 0.2998 g, s=%(aqueous) 25713 g, H A A
A3 hexane 0517 g, methylene chloride (CH-Cly) 0.0085 g, ethyl acetate
(EtAct) 0.0153 g, ==(aqueous) 0.8838 g LA THTable 2, 3). 2+ EIF&E2

A7 gdE FEANRG] LAYAE Ax F, ARE GG

Table 2. Yields (%) of various solvent fractions of A. crassispina's egg.

Fraction Yields (g) Yields (%)
Hot water ex. 8.3955 8.3955
80% ethanol ex. 11.2144 11.2144
Hexane fr. 3.1344 3.1344
CH.Cl, fr. 0.3199 0.3199
EtAct fr. 0.2998 0.2998
Aqueous fr. 2.5713 2.5713




Table 3. Yields (%) of various solvent fractions of A. crassispina’s shell.

Fraction Yields (g) Yields (%)
Hot water ex. 2.0099 2.0099
80% ethanol ex. 1.7366 1.7366
Hexane fr. 0.517 0.517
CH.Cl, fr. 0.0085 0.0085
EtAct fr. 0.0153 0.0153
Aqueous fr. 0.8838 0.8838
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Table 4. Antibacterial activity of various solvent of A. crassispina egg

extract against fish pathogenic and human clinical bacteria.

Sample

name

Fish pathogenic bacteria (mm)

Human clinical bacteria

(mm)

2

3

4

5

6

9 10

11

12

AEHW

1mg
AEHW

bmg
AEHW

10mg
AEHW

100mg
AEHW

200mg
AEH

1mg
AEH

bmg
AEH

10mg
AEH

100mg
AEH

200mg
AEMC

1mg
AEMC

bmg
AEMC

10mg
AEMC

80mg
AEEA

lmg
AEEA

bmg
AEEA

10mg
AEEA

79mg
AEAQ

1mg

19.5

27.0

23.0

28.0

38.5

12.0

11.0

24.0

12.0

23.0

28.0

2215

35.5

12.0

35.0

45.0

- 255



AEAQ

bmg
AEAQ

10mg
AEAQ _

100mg
AEAQ

200mg

1; KCCM 32586 A. hydrophila, 2; KCCM 40239 A. salmonicida, 3; KCTC 12267 E. tarda, 4;
KCTC 3657 S. iniae, 5, KCTC 3651 S. parauberis, 6; KCTC 2711 V. anguillarum, 7, KCCM
40870 V. ichthyoenteri, 8, KCTC 3063 M. luteus, 9; KCCM 41747 P. acnes, 10; KCCM 40513
V. alginolyticus, 11; KCCM 40827 V. fluvialis, 12; KCCM 11965 V. parahaemolyticus, AEHW;
A. crassispina egg hot water extract, AEH; A. crassispina egg hexane layer, AEMC; A.
crassispina egg methylene chloride layer, AEEA,; A.crassispina egg ethyl acetate layer, AEAQ);

A. crassispina egg aqueous layer



Table 5. Antibacterial activity of various solvent of A. crassispina shell

extract against fish pathogenic bacteria and human clinical bacteria.

Sample

name

Fish pathogenic bacteria (mm)

Human clinical bacteria

(mm)

2

3

4

5

6

9 10 11 12

ASHW

1mg
ASHW

bmg
ASHW

10mg
ASHW

100mg
ASHW

200mg
ASH

1mg
ASH

bmg
ASH

10mg
ASH

100mg
ASMC

1lmg
ASEA

3mg
ASAQ

1lmg
ASAQ

bmg
ASAQ

10mg
ASAQ

100mg
ASAQ

200mg

14.0

- - - 105

1, KCCM 32586 A. hydrophila, 2; KCCM 40239 A. salmonicida,

3;

KCTC 12267 E. tarda, 4;

KCTC 3657 S. iniae, 5, KCTC 3651 S. parauberis, 6; KCTC 2711 V. anguillarum, 7, KCCM

40870 V. ichthyoenteri, 8, KCTC 3063 M. luteus, 9; KCCM 41747 P. acnes, 10; KCCM 40513

V. alginolyticus, 11; KCCM 40827 V. fluvialis, 12; KCCM 11965 V. parahaemolyticus, ASHW;



A. crassispina shell hot water extract, ASH;, A. crassispina shell hexane layer, ASMC, A.

crassispina shell methylene chloride layer, ASEA; A. crassispina shell ethyl acetate layer,

ASAQ); A. crassispina shell aqueous layer



Aol Al dojup= 2bshirge wsh, AXEEY, AlxEe] WolE frEsto
AEE AT meta] ey 2EHAE F28E free radicale] S
AAst= A HFAoRE wsto bS oWt & 4 Ak o]y free
radical®] A& Alet= AS FAkst A&olgta st=d, AA WA EA

E

3+ free radicals Ao = AFE}E= AL o

il
o2

7] W&o BRHA o Z DPPH
¢} ABTS radicalS bio-maker=ZA A3t ¢t} DPPH radical H S

HepAdA &3 g4 1, 5 10 mg/mle] == o]|Fojz Zt FEFE9| &4l
3}'5S DPPHOl w3t Ao 5 (electron donating ability, EDA(%))2. & 1}
EFATHFig. 1, 2, 3). BepdA & FEE9 dATddes 343 43, 1
mg/mloll A Ft 22.9%, 5 mg/mlol A 45.2%, 10 mg/mloll Al 57.2%2] #x}3 o
e YER oM (Fig. 1), e F=

FolAE FEelEA Agol Ueid negA ¢ 2322 F 4% Be 24

o BEr} wolds® P BAo|

i

S el AL FEEIEAFAQ)E, 1 mg/mle FxdA4 416%= BHT
(40.0%)9F A3 XS YEFA A, 5 mg/mld 10 mg/mle] sEoA+= 7t
ZF 71.5%<F 781%% BHTHEU 2 &84S BHA (746%) 9= A4S 2tz

aAgde e
mg/mlel A & 21.3%, 5

2
BHAZ AR &A1 yeEldltlh. =3 38 mg/mle] ethyl acetate 3 &

(ASEA, 76.9%) 9+ =2 oz 2AZA S e th(Fig. 3).
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Fig. 1. Radical scavenging activity of various extracts and concentration
obtained A. crassispina egg. The antioxidative activity was tested by DPPH
method. BHA,; Butylated hydroxyanisole, BHT; Butylated hydroxytoluene,
AEHW,; A. crassispina egg hot water extract, AEH, A. crassispina egg
hexane layer, AEMC; A. crassispina egg methylene chloride layer, AEEA; A.

crassispina egg ethyl acetate layer, AEAQ; A. crassispina egg aqueous layer
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Fig. 2. Radical scavenging activity of various extracts and concentration
obtained A. crassispina shell. The antioxidative activity was tested by DPPH
method. BHA; Butylated hydroxyanisole, BHT; Butylated hydroxytoluene,
ASHW,; A. crassispina shell hot water extract, ASH; A. crassispina shell

hexane layer, ASAQ; A. crassispina shell aqueous layer
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Fig. 3. Radical scavenging activity of A. crassispina shell methylene
chloride layer 1.7 mg/ml (A) and ethyl acetate layer 3.8 mg/ml (B). The
antioxidative activity ~was tested by DPPH @ method. BHA; Butylated
hydroxyanisole, BHT; Butylated hydroxytoluene, ASMC,; A. crassispina shell

methylene chloride layer, ASEA; A. crassispina shell ethyl acetate layer



3. 3. 2. Hydroxyl radical &2A &4 &3

2-deoxyriboset™ Renton reagent=Z4%-EH A% hydroxyl radicalel 23l 4Fs}
%o} malondialdehydeE AJ7d gttt o]2] st 2-deoxyribose?] 4Fsh4 #3] HE+
A 271 st A TBAE H7bste] 95T ol o= 7hdste] A= H24 9
3} 3§} & (thiobarbituric acid reactive species, TBAR)S &3 =2 =43to] e
A,

HeAg A 23 g4 1, 5 10 mg/mle] FEZ o]Fox 7
5% hydroxyl radical scavenging activity (HSA)E o] &3lo] =Asdct
(Fig. 4, 5, 6). HepdA & F=ES HSA 54 4%, 1 mg/mloA H+
21.1%, 5 mg/mloll Al 38.2%, 10 mg/mlel A 49.7%¢] HSAE UEelWlon BE
BepdA & FEES x5 BHA (15.0%), BHT (152%)9F FAFsAY T
=& Aol velth(Fig. 4). REAA & FEFE T ethyl acetate =&
(AEEA)°] 7} 35.9%, 70.3%, 76.8% = HSAZ} 7} =7 YEFSEIL, hexane &3
=(AEH)<S 5 mg/mloll A 47.9%, 10 mg/mlel A 66.3%, methylene chloride
2 & (AEMC)< 439% (5 mg/ml), 54.1% (10 mg/mD& X% BHA®} BHT}.t}
2 A4S Uit RadA & F3EYEYN deFEE9 45 R
2 HSAS Wsle] & xpol7} yebbA] &t

Hepd Al A4 FE5E9 HSA 54 43, w59 A 22.2%, 269%, 27.4%
o] & Yeldoh(Fig. 5). BE ReAdA A F %
BHT ¢} vluetgls o, 719 BE FE=E°] FAE 245 Uede A& &<
sttt ®E FEolA] hexane w8 E(ASH)®] 24.3%, 40.2%, 514%% 7H¢
3 dA4S YERA Y 1.7 mg/mle methylene chloride 8% 9A] 36.7%
zoll H3] o] H=Adth(Fig. 6). AAFAE d5F== FTEdE9 4

-, skel mE HSAS Wslel| ztolzb veEbbA] ¢ kth(Fig. 4).
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Fig. 4. Hydroxyl radical scavenging activity of various extracts and
concentration obtained A. crassispina egg. BHA; Butylated hydroxyanisole,
BHT; Butylated hydroxytoluene, AEHW,; A. crassispina egg hot water
extract, AEH; A. crassispina egg hexane layer, AEMC; A. crassispina egg
methylene chloride layer, AEEA; A. crassispina egg ethyl acetate layer,

AEAQ; A. crassispina egg aqueous layer
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Fig. 5. Hydroxyl radical scavenging activity of various extracts and
concentration obtained A. crassispina shell. BHA; Butylated hydroxyanisole,
BHT; Butylated hydroxytoluene, ASHW,; A. crassispina shell hot water
extract, ASH, A. crassispina shell hexane layer, ASAQ; A. crassispina shell

aqueous layer
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Fig. 6. Hydroxyl radical scavenging activity of A. crassispina shell
methylene chloride layer 1.7 mg/ml (A) and ethyl acetate layer 3.8 mg/ml
(B). BHA; Butylated hydroxyanisole, BHT; Butylated hydroxytoluene, ASMC;

A. crassispina shell methylene chloride layer, ASEA; A. crassispina shell

ethyl acetate layer
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3. 4. 1. Respiratory burst activity &3

o] Fo Qo] H|EoA WA wWkLo| dAnty} Z71HU=7E 7 F v e
Hre 2 A A AME A4 (phagocyte activity) =48-S 7F4 wo] ARg3stal gitt. 2

Mxe] Aol dojuypH FAI phagosomal membranese] A+ NADPH

oxidased] 93] superoxide’} A HTF superoxider= hydrogen peroxide

(H50,), hydroxyl radical (OH-), singlet oxygen ('0,) 5 ThZ Z7F9 ROSZ

Ak} Respiratory burst® A AEZ7F 228 e obE Sd 5 o8 A

SEte W Ak AR Fo] F7hekal, Os-, OH-, HOp9F 22 ROSE o=
3

WEste dds wokH, ol ROS= AAl ol A3 HAAE APEAY =

e

¢ 23 IS IFH(Siwicki et al, 1994). ©] 23+ respiratory burst =%
H

o= F& NBTHE A&3lH, F o= chemiluminescence (CL)W ¢ A&

2 A= NBTHS ©]83t9 respiratory burstE 74383 th(Fig. 7).
T2 A= AR 2ol 7t »dEUA] gk o ], 352k
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Fig. 7. NBT reduction of the olive flounder (paralichthys olivaceus) fed on

A. crassispina shell hot water extract and commercial diet for 4 weeks.



3. 4. 2. 83 Y lysozyme activity &3

Lysozyme< AN HY wbgo #Hojsts G4 Moo Axde EAste
gdF %9  N-acetylmuramic acid?} N-acetylglucosamine A}o]¢] B
-1,4-glycoside (muramide) ZA3-S 7hridsfighet, W v A gl ==

& ool EAsH, st tel

=

s A 2 HAe @4 AAE FES F
7EAZIEE ool H - A oprin] T& offF Ao 7] dAlelA Fash

AgS o e Ho W gwWHu So= lysozyme, complement, lectin,
proteolytic enzyme %9 WYAA7} ESFE o] glom o]Eod o] H|Eo]H
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Fig. 8. Lysozyme activity in the serum from the olive flounder (P.
olivaceus) fed on A. crassispina shell hot water extract and commercial diet

for 4 weeks.
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