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Variation of nitric oxide concentrations in response to shaking
stress in the Manila clam Ruditapes philippinarum
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ABSTRACT

This study aimed to evaluate the effects of shaking stress in the hemolymph of the Manila clam Ruditapes
philippinarum by quantification of nitric oxide (NO) levels. The clams were divided into 3 groups as follows: clams
placed in a plain container (control), clams injected with nitro-L-arginine methyl ester (NAME, an NO inhibitor), and
clams in a container filled with nylon fiber at a density of 1 kg/m*. Subsequently, each group was placed in sea
water and shaken at 100 rpm for 6 h. The concentration of NO was quantified by using DAF assay and Griess
assay. Both the assays showed that while shaking significantly increased the NO concentration, the NO inhibitor
reduced the NO concentration in the hemolymph of the clams tested. In addition, the nylon fiber, which was used
as a filler, effectively prevented the increase in NO concentration. This result suggests that measurement of NO
concentration is a useful tool for evaluation of physiological stress in marine bivalves. In addition, it should be
considered that a filler is necessary when dredge fishing or the suspended clam culture method is developed.
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u}z]2k (Ruditapes philippinarum) & $Agdes =
23 A5 AA ke At oA Syl Al st
de] F¥sh= Folok vpxEt Ak 7o) e T E
A2 F sl Aok zetde viAEE 7)FE o]
B3t AFske AnbsiHelder vk wiA sl
o] 7% 20119 A oF 2nteie] & Aaksta glon) o
+ 19904l &y} o 5yke] E2] ikl w3l 125F0 2
w1 Aakeke] Wbt 27 (KOISIS, 2013), o] gk At
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W] sk EAR 7R o sllake A4 3eksl 2
270d] w2 g Qlgh AAA] WA L] Fhae] 7)qldk Zo = Z
A=} (NFRDI, 2011). b8 x3}dje] via=S AFsh=
dut sfjHe|de] AJakxde 200849 o]F wiw <F 1-27F E9
A FABkaL olo] AAA e Asfekael warke F
/3= 2L QITHKOISIS, 2013). wheba] wpx|ek Aak whal
o] 27k AsFA oz AFH ol dA S st
P ARl vAlE ik SlEliA= 23k A2 mlA g o
Ab wFel efjgk ASAQl 7] sipike] Fesi)

z3pd  wpx=re] > eyl A
(dredge) ol o3t AH7} 5 o|FH, Il FFEAPEA
£ Fasle] 3 a9E &9l o (hydraulic dredge) 7}
57 fHE FACE o&¥i gt} (Froglia, 1989;
Hauton et al., 2003). 3ol 2|3t ula|=te] sfHo]qd <o
gjak ozl o] f=312] FAdel it WAle] A
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NO concentration in response to shaking stress

A719} el 2tz A 548 LxHst] LEEE 270
(Lee et al., 2005) ¢h= 2] AAZ #Agle] Ze|H oz <k
A AABAE AFshe AAol ek £ FUE A4
gk ojuisl A2 ke A, 2 vkEe) v walEE U
ehjl= Aoz o#A 9lc} (Boscolo et al., 2003; Pais et
al., 2006).
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Hle] ARSI HEE ek, e by o
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da57 e, 2FY BF 59 ¥z 270 4
= @] feAdel A IS
o] 25 2 4 o0& Aoz gk AR Ao
oJapd At ofrlisli= 5 &
338 AAE U AyEgo
(Marin et al., 2005; Moschino et al., 2008). =3 =
o] 2Ed2A $2F9] catecholamined w¥]7} S713k
(Lacoste et al., 2001b), Vibrio splendidusel &t 74
o] Zvlsl= oz oA gt} (Lacoste et al., 2001a).

JARMA 4 (nitric oxide, NO) & A8z 417 2 WA
el AEAT AE 7F AsAG] Hofdle FAZ T2 dA]
AZ2] nitric oxide synthase (NOS) ol 2]3] &A= A
A WA 2k, 9924, d5aE 59 98L& 3= A
©°7 4#A it} (Palmer et al., 1987; Bogdan, 2001;
Aktan, 2004; Menaka et al., 2009). =4} zZ}t}gk NO
AL ATERNS gulstoza d=mAjoz <l HelA
F37} 9= Ao ¥ =T ¢t} (Cirino et al., 2006). ™
2ghA] A W NO sx°] 3= Aed 5A4E vee +
8 ARE o]gHI Qi) HT So] FAHFTE £ AHFE
=2 NO ‘T4 7127} 1AgE 712k &j3) NO7| HAsh= 7
° 7 k5|2l wle} (Colasanti and Venturini, 1998) AJA]
W NO®e| 543 Wik FAF552 A4 HiE A
& odE vARA Fash ArE ek

upels] 2 o= upA|E dyZalo] NOFS DAF assay
S’Jr Griess assayZ ©|&3] &A% o 2x ulx|go] EE

=9 o Yehes Aed 2B AE A

3] 1% 714 A
W BAes rusge

ERCTTT
1. 921 ¢

Aol A= nixEkE A5 SR04 AR F 4TAA
Lusle dRge S b (3T 2 o 0
mm, 37 7L 30 mm) < A A7kA 2 20Ce d%
30 psuellAl AREElen, HolE= mid Isochrysis sp.<}

Chlorella sp.& 1:12 %?}6}04 F2.14 x 108 cell/lZ 35

s3ict.

EEY 2EHG X

npA g 5 4570415 Fake 2 Adste] 27 1570414 37)
o] 3F2® v ¥ Group Ax= 7} 25 cm x A& 18 cm
x =°] 7.5 cme|Z, F7 0.3 cmgl Fet2E Al §4 A
A7 Do) Exol FAR AlA) el wlxte 93
Group B2 7% Group Ag} 53 =75 243 & upA
Zoll NO A 9A)A] (nitric oxide synthase inhibitor) 31
nitro-L-arginine methyl ester (L-NAME) &€ Kang et
al. (2006) 9] el we} 20 M= 3|4ste] 50 pI1% B}
Aol Aol FAlskgiel (Jeffroy and Pillard, 2011). =L
& Co 7% Group Ast FUF 248 24T F 20l Y
AE AHAE 1 kg/m® WE® FAstY ulx|go] g4 o]%]
A=E sgleh o]lF EE wixlghe wnby] (LabTech
shaking incubator LSI-3016R) ¢4 100 rpm<] £%2 6
A7kt EEH O =& A3
3. DAF assay

PIEEERBEEEEEEE R PRSIt
TA$# (Mrienfeld, Germany) < o]&3ly 1o &
=43 & marine saline (12 mM CaCl,2H,0, 11 mM
KCI, 26 mM MgCl,'6H,0, 45 mM Tris-HCI, 6.45 mM
NaCl, pH 7.4) < ©]43}¢] & 1 x 10° cellsiml = 3]4}3}
Stk L ¥ DAF assayE ©]43le] NOF=Ee Alo|& vlw
35k NO A% NO A% 71E
detection system, fluorimetric (Sigma, FCSNOS1) &
o]-g-3glet. 7heks] sy dg=ol 1 mle] 250 M2
DAF-2 10 ¢1E& 9o 35 25 M W= o714 20 ¢l
£ &efol= Fekie] 2 oy ¥#™v]7 (Olympus
BX43, U-FBW filter) 3}ollA o]u]x| &4 =233 (Image
J, NIH) & °]£3}o] fluorescence brightness value (BV)
& ZA3}9 9 (Ferreira and Rasband, 2012). o] A}#1
gl o w27k 1,5000.2 nAS Gl eH, uixgt 104 7 50
5 A2 H BVE vhAE & 7H7‘*ll$4 NO ¥=& 7
s5ie}. ZF Group & 371A41¢] wlA|E:

3l nitric oxide synthase

034., ) ﬂik'.)i: = S

= Aol o]8-skglth

4. Griess assay

37 2F9) viAE EFE 1 x 10° cells/ml?] 52 k&
¥ Griess assay® ©]4-3}9 7+ 152 NO 5x& 4313
t}. NO+ Nitrate/Nitrite Colormetric Assay Kit
(Caymanchem, 780001) & ¢]&-3le ZAslg el 54 W
He 3ol g0 pulo| nitrate reductase enzyme
cofactor mixture 10 12} nitrate reductase enzyme 10
pl1E &3 3 147 b A-294 incubationdle] NOs <
NOyol2°o7 wWa3t % Griess reagent R1 (1%
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Fig. 1. Comparison of the nitrite levels in the hemolymph of
the Manila clams exposed to mechanical stress for 6 h
measured using DAF assay. During shaking, clams
belonging to Group A were exposed to mechanical
stress, while clams belonging to Group B were injected
with nitro-I-arginine methyl ester (NAME), and clams
belonging to Group C were protected from shaking using
a nylon filler.

Sulfonamide) 50 gl¢} Griess reagent R2 (0.1%
nitro-L-arginine methyl ester, NAME) 50 xl& *7}3}
o] EFEE Az} o5 Ao 10%7F incubation
g % UV Spectrophotometer (Nanoquant infinite
M200, Techan) & ©]&3} 540 nmo|A SF=E A3}
ek 549 Ars oA (NO2) ol =2 Ueigl
o} ZF Group & 87iA19] wixEE Ajel| o]-8-sl5ich

BEEREAAE AP, & A7elA A
F3%7 NO %EJ %PO]% AzZ=
el 10.09] one-way ANOVAS} Duncan®] A3
TS F3klon, p < 0.05 ]l A5 Fog Aew gt
513
PN

2 n

1. DAF assay

DAF assay°ll <Jsll 5745 wiA|s Iy g3 &5
o =%% 7% (Group A) 9.499 + 1.365 BV (n
o}, EEY+NAME (NO A&A) & F48 4% (Gro
B) 7.650 + 0.641 BV (n = 3) 2 7hrslga, E5Yo)
A= 7% (Group C) 342 3.749 = 1.042 n
2 Zr4slgi} (Fig. 1, p < 0.05).
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Fig. 2. Comparison of the nitrite levels in the hemolymph of
the Manila clams exposed to mechanical stress for 6 h
measured using Griess assay. During shaking, clams
belonging to Group A were exposed to mechanical
stress, while clams belonging to Group B were injected
with nitro-I-arginine methyl ester (NAME), and clams
belonging to Group C were protected from shaking using
a nylon filler.

2. Griess assay

Griess assay# o]83le] dZZ o] NO FEE =AH3
Az} E5Fo| =53 IF(Group A) + 0.866 1
M (n = 8) gou}, EE2+NAME (NO A ol 7S
(Group B) 3.494 + 0.938 1M (n = 8) & 7rAaslgy, &
=35 UAE 1% (Group C) °A%= NO F%7} 3.268 =
0.665 #M (n = 8) & 7F43}3lc} (Fig. 2, p<0.05).
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o] HhAgto] & AF-E F3le] FlE gl

NO+= diA A Z9] L-arginines|A] nitric oxide synthase
(NOS) °ll 93l d=o] Fake, HgxAd 9 d57= &
o] g3 FroEa AA W AeA wE A lew
o214 9t} (Palmer et al., 1987; Menaka et al., 2009).
NOE A4ksl= NOS: neuronal NOS (nNOS),
inducible NOS (iNOS), endothelial NOS (eNOS) & 3
7] 5] eyl EAsH, o] L-arginines 7|AR
NADPHE o] &3} NOS A3t} 2 & eNOS2 nNOS
+ receptorA=ell o3l 4% NOE 3kAIRL olek= o
ZA 22 INOSE gFA= A] pro-inflammatory cytokine
(IL-1, TNF, endotoxin % LPS) °f o3 wde] Z7}sly,
o]gA $71=l iNOSel| oJsf W ZFe] NO7| A|&A = A
Atele] e Aoz AASA FA= AW NOE A%
271t} (Moncada et al., 1991; Aktan, 2004). o]ZA] oz
oz  AA=El NOE  Pro-inflammatory  enzymegl
Cyclooxgenases 243} A7), 3te|gjo} A& 714
719, d #% (tissue perfusion) = A+ A171ch (Plamer
et al., 1987). welx NOSe| 28] £715 NOS &
Zof o) sl Ze gt} (Moncada et al., 1991;
Zamora et al., 2000; Skaleric et al., 2006). &1} sjjA+
ojmisie] NO A 71=ol| #et A7 w5 Hleket Aoz

NO A4¥ A5 ‘?‘T 23 & Al nf glo, A
= el oJshH wpxE dFr=EAel LPSe ¢JF NO
ol s '57}‘5}71‘4, W 5 gAEA
(non-steroidal anti-inflammatory drugs, NSAIDs) ¢l
ibuprofen¥} diclofenace] <&l 7F4gho] #a=lof wle} NO
T A5 AR AFTEH v E v dAgh
#A7} Qe 7o 7 A=} (Park, unpublished data). =
2hA £ dgellA S5 npet o] E5F AEH A =2 H
upA gt d50] NOFF Wk 5559 o9 iz ¢
Zoll o3 = Aoz FA=

& A7elA NO A= ¢l3l AH-=l W2 DAF assay<}
Griess assay® #A], DAF assay+ 4,5-Diamino-fluorescein
diacetate (DAF-2DA) = A 29} vkSA1Z) AL ATz 2
E3le] A|EUlol] £A)3}+= esteraseo] &3 DAFR-27} ¥ %
AE7} A= NOo9t Adelxez whe-3te  Triazolo-
fluorescein (DAF-2T) o|zl= FEZo| H& 25 o]
st} AZel A== NOE HeH4 2 ®& olw 445
© BFEE A¥ele YAeoltt (Kojima et al., 1998,
Navarro-Antolin et al., 2001). #3=F A=k 19| 33
olm|A1 & ofm|A] ¥4 2]l Image JE |83t A
slgit). o] Tz a3le NIH|A vjE3}= SoftwarezA] &
g bzl k9] pixeld RGB table gholl Z7]8ke] #43}

= Zraelch & 7+ AL ¥Fddnks A=t
e 548t 1 HdE vad 5 Ak olue ¥
5 A2 sy sig w9l pixelse]l Yeldl= RGB
modelZ}t2] 1 (Red + Green + Blue / 3 / Area) &%
AAk=IT} (Ferreira and Rasband, 2012). ® 7 ZA}
DAF assay+ 7H AlEulelx B45= NOS AFE 4 9l
7] Wgell EE7 2E 20 o3 W3l ik s
Ae)A WS AEFFlA AFE 5+ e 7124
A AeE Y& AR Y=k

AZol A AR F A el Fe]=l dakskAa (NO)
AFa9k ubg3] NOs ¢k NOs 9] o] &2 EAI3H| =& §
NO° A% NO; % NOs= Fibste] A4 4+ sld
(Knowles and Moncada, 1992; Feldman et al., 1993;
Eich et al., 1996; Sun et al., 2003). Griess assay+ A4
H¢] NOs & 7}=+# (Cd)°|4} Bacterial nitrate reductase
£ o]83¢q NO;Z 34 F NO,;E Sulfanilamideg}
N-naphthyl-ethylenediamine2- ©]-&3}o] kA% o}z 33}
%E o] o]S =43} vlrlo|t}, o] w YA=E ofx 313

2 5}&F 540 nmol|lA] T3 AL o] &3 Aeko] 55}
EP o] 7]&% o]&3}o] *”ﬂ“i ‘ﬂﬂé 78y oz} A3
= 7% AA W NO F=9] 5 WE2 iNOSel| gt
“z'ﬂ:«l wslol] 7]elsh= “é% Zekste] GdFAFEE S8 7]
%2 o|g5x gt} (Green et al., 1982; Gillam et al.,
1993; Verdon et al., 1995; Vodovotz, 1996; Guevara et
al., 1998; Sun et al., 2003). AA|Z Gagne et al. (2005;
2008) °l 2J3}W Griess assayS o]g3 wEA 9XF
(Elliptio complanata) 2] HZ A £AQ dof u}E HZ
e 43 vl Qe ®gk =9-3Jo|F (Viviparus spp.) <
g 2o GSHEAQ] LPS, LEATT (Staphylococcus
aureus), &% (Schistosoma mansoni) 2] sporocyst 5=
EE3AZRE W NOFo| F7hkgdo]l ®asl vt $l3L (Conte
and Ottaviani, 1995; Franchini et al., 1995; Hahn et
al., 2001), vA|=< o]vlshel (Ruditapes decussatus) ©]
H]=.2] ¢ (Vibrio tapetis) | 7 A NOZe] 77} Bus
vl glth(Taffala et al., 2003). wWebs AAEE2 NO ¥=
o] Wz e Aee AdH 4 29§ o 29l
o5l wAgge] RugoZA NO w59 4L AATEY
v 5o]A HAukES Aksl=v] Zl )
t}.

EE53 2EHAE ZA3}7] Y3}e] Lacoste et al. (2001b)
< 100 rpm<]
‘r"éJJr Hrkgo]
3k (neuroendocrine) ol
noradrenaline©] A53l3la5 Eié}ﬁﬂ‘r. 53] A7
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