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Change of Reproductive and Histological Biomarkers of
Ruditapes philippinarum (Bivalvia: Veneridae) Exposed to
Nonylphenol

Ji Seon Park and Jung Sick Lee

Department of Aqualife Medicine, Chonnam National University, Yeosu 550-749, Korea

ABSTRACT

This study was investigated to find out the change of reproductive and histological biomarkers of Ruditapes
philippinarum exposed to nonylphenol (NP). Experimental period was 16 weeks. Experimental groups were
composed of one control condition and three NP exposure conditions (0.05, 0.1, 0.2 mg NP L'1). Gonad index was
higher in exposure group than control in female and higher in control than exposure group in male. Intersexuality in
the NP exposure group was 14.56% with male exhibiting higher ratio than female. Histological analysis of organ
system illustrated expansion of hemolymph sinus, loss of striated border of inner epidermis and degeneration of
mucous cell in the mantle. In the gill partially disappearance of frontal and lateral cilia, degeneration of mucous cell
were observed. Also, hyperplasia of epithelium and disappearance of striated border were observed in the foot. As
the concentration of NP increased, the accumulation of lipofuscin increased in the digestive gland. The results of
this study suggest that NP induces reduction of survival rate, histopathology and intersex of R. philippinarum.
Furthermore, it is indentified that NP functions as an estrogenic effector on the reproduction of R. philippinarum.
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npolgl s, 7| AFH 22 LA a9l 22la FEE Wi
8] Aol &4 (endocrine dirupting chemicals: EDCs), &
23431322 (persistant organic pollutants: POPs) 5
7 Zo] 3Aeqddow Ags= 3PEMAQl aqle] it
(Rand and Petrocelli, 1985).
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(TBT), #=3}33= (PFCs) 5°] olol 3=, o)F 3t
FEAL FEAUE =] v s22A% Agste &
#o] 47|25 We)jglt} (Fenner-Crisp, 1997).

I % Xx49= (nonylphenol: NP)2 nonylphenol
ethoxylates (NPEs)2] A4 NP phosphites, aminocarb
AEA AzZgolo] Ag"t} (Granmo et al., 1989;
Maguire, 1999). NP phosphitest 251} Za}l2g] Akeld)
A AR AT 9lom, NPEst vlo]&3} AAZAA)]
2A EetaE, gE2HQE, §384, F3A ARE Q)
o} o5 AT A A, AR st
=1 9low (Ekelund ef al., 1990; Maguire, 1999),
HEARoR sl sk £ NP+ 2504 =A=
FEolA A FlE A o FrsiAtel FAE ] AFel =
HEZ Z A7 AAMe] edez #83ir) (Ekelund
et al., 1990).
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=S o83l EDCs®| 545 F7Iskedl AHsl+
AE AZ2E AME, 4%, 3%, BAAESA AR, Aste
A A%, A A%, YA A4, intersex 2 imposexs2]
AAl 2% W xA A A E So] 9t} (Alzieu and Heral,
1984; Timmermans et al., 1996; Gauthier-Clerc et al.,
2002; Lee and Park, 2007).

o] a4+ vlA=, Ruditapes philippinarum<] A&,
A A 224 ARE o]d3te] mdulEe] S AR

sl sjgiel.
ME ooy

1.4 =

o] adFel| A= wlA|E, Ruditapes philippinarum-=
20094 19l At dafieh siAutl A AR skt 271+ 2t
7 8.0-4.0 cm?] AAGer, oF 5007045 AHste] 2¥
2 54 olate] gl 3200AIE A A3t

2.9
1). 2324

Ae Aae ARAY AeY ukedkelda] &
of 25 Bt SR ARk A 4] W
24719l 20099 19 20400 A]2Hsle] 20094 5
Al 165tk o] Adlel] 283t 32+ 30 Lo A Rz
2R 2 Ui v AR ) dk ARSAS
A8t7] Sl AAA G AAE FA 10 em Ax Zol F
ek A77HEet B9t xs AR AAsel
o ol Paviova lutheriZ vlAE AAF 1-2 x 10°
cell mL" & 390 138 ZF3191, A5 23 Yol &
= Al Ao 2/3F agksgich ZF ¥ A 40
Ao, FA 23] vHEERGIcL

Aggole L3 (nonylphenol: Ci5H240, Aldrich
Chem. Co. Inc., USA)<S oMHE2 2 1000 mg L9 &
LA ThE vy, A EER 34t AR 2
o] A7k A] g2 AT E HE2TE G, 2ETE T
4EAE Adet 7129 743 (Matozzo and Marin,
2005) = #1ste] 247} 0.05, 0.1, 0.2 mg NP L'= A4
a3t

A A2 B2k wled 24 10419 2 6ol FaLe)

gk AR wem Usth shAg MeA, A F9E

A 279 (gonad index: G+ A FE #3 27, A
Mg A S 5AA R Ve g g A 4
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O
.
=)
[
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=
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(NofInx0)+ (Nof Ea I x 1) + (N of Ea
Ix2 +Nof Ealll x3)+ (Nof La x 4)

GI =
Total number (N)

4) =33t 2N

siAle) 29, 2w, A5
S5, oprp, w el A4
B
T=
S Bouin £ 24 4] I3
o FAEIH. sekd 29
& Adsle &Elol= FEkie] RASISIch 1 F

Mayer's hematoxyline-eosin (H-E) ¢4, Masson A%<

(1T

e
offt
(o3

e orrow

Al alcian blue-periodic acid and Schiff's solution
(AB-PAS, pH 2.5) W % lipofuscing #23}7] s
Long Ziehl-Neelsen 45 *|33}3it}.

5 7old A=

dxol dfg =E752 FoAQl o] (P < 0.05) &
golx 7] $13 FAAE SPSS 54 ZzaaE o83}
paired sample t-testE 3}t

17t 9t AEES Fig. 19 Jehick AdEsAA
o ok

2. 987 %) A3
1) MAAX|4 (gonad index: Gl)

A 2 daAE 2R GIS) W3E Fig. 29 veRileh
EE ARTelA Gl $2R A W vepd b
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Fig. 1. Survival rate of Ruditapes philippinarum exposed to
nonylphenol for 16 weeks.
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Fig. 2. Gonad index (Gl) of Ruditapes philippinarum exposed
to nonylphenol for 16 weeks. Vertical bar: SD.

Z7o A T $709) Gl 47} 1.467 3.00]90ch =&+
o] gl 79 H GI= 47 1.577 2.71% djx+-o] ¥]
& e FURIAAE 7S Fadeh v 279 GIE
¢4 25 0.05 mg NP L'¢} 0.1 mg NP L™ =794
dzTek oAl AelF BglEd], ol FETelA 4
Gl= dx7rc} Eskod 719 GIE xRt wsgict
(P < 0.05).
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Fig. 3. Photomicrographs of intersex gonad of Ruditapes
philippinarum exposed to nonylphenol for 16 weeks. A:
ovary. H-E stain. B: testis. H-E stain. Oc: oocyte, Sc:
spermatocyte.
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Fig. 4. Intersexuality of Ruditapes philippinarum exposed to
nonylphenol for 16 weeks.

JEAoz ZsElglon, $71L 33.33%, 16.7%, 27.3%
2 7b e E579) 0.05 mg NP L'elA 718 =4 4
elt} (Fig. 4).

3. 2234 A 52 W3}
1) 2|58t

upeke] SlFuke S1%gulEa g Afolel AgE
AZo] EABNGE I¥AAFE G5TFxolw, Huo] W
o] vlopd 9%y AEEL 5] Yotk AFEAFe @
QA%sh TG TR ol Feld A4AREACE el
YLES D gk AR BEe HRATY

AZEZ FA=e] o) (Fig. 5A). HAHNTEL AB-PAS

<

(pH 2.5) #3723} alcian bluedl] RepAz} FE240 2 vk
skSict.

dolEo] =53 vl 94 w2 0.05 mg NP L
TETME E9E 5 FAo] F Y (Fig. 5B). 0.1

o
mg NP L' s=79|A¥E AB-PAS (pH 2.5) w304 F
Ao ubgg AoAze] vt #2E Y (Fig. 5C
and D). 0.2 mg NP L' =oAL a3 Ax
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Fig. 5. Histopathological changes of mantle of Ruditapes philippinarum exposed to nonylphenol for 16 weeks. A:
Control. Cross section showing the outer epidermal layer (Oel) and inner epidermal layer (lel). H-E stain. B:
0.05 mg NP L™". Showing the expanded hemolymph sinus (Hs). H-E stain. € and D: 0.1 mg NP L. Showing
the mucous cell (Mc) of alcian blue positive. AB-PAS (pH 2.5). E: 0.2 mg NP L™. Cross section showing the
partially disappearance of striated border (Sb) in inner epidermal layer. F: 0.2 mg NP Showing the
destruction of the muscle fiber bundle. AB-PAS (pH 2.5).

Fig. 6. Histopathological changes of gill of Ruditapes philippinarum exposed to nonylphenol for 16 weeks. A:
Control. Longitudinal section showing the plica. H-E stain. B: 0.05 mg NP L. Showing the extended
hemolymph sinus (Hs), decreased frontal cilia (Fc) and partially disappearance of lateral cilia (Lc). H-E
stain. C and D: 0.1 mg NP L. Showing the mucous cell (Mc) of alcian blue positive. AB-PAS (pH 2.5)
reaction. E: 0.2 mg NP L. Showing the destruction of interlamella junction. H-E stain. F: 0.2 mg NP™".
Showing the increased hemocytes. E, epithelium; F, filament.
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Fig. 7. Histopathological changes of foot of Ruditapes philippinarum exposed to nonylphenol for 16 weeks. A
and B: Control. Showing the epithelial layer (El), connective tissue layer (Ctl), circular muscle layer (Cml)
and longitudinal muscle layer (Lml). Masson's trichrome stain. C: Control. Longitudinal section showing the
reticular muscle layer of longitudinal and longitudinal muscle fiber bundles. Masson's trichrome stain. D: 0.1
mg NP L. Showing the mucous cell (Mc) of alcian blue positive. AB-PAS (pH 2.5). E: 0.2. mg NP L™
Showing the fragmentation of muscle fiber bundle. Masson's trichrome stain. F: 0.2 mg NP L. Showing the
partially disappearance of cilia (C). Masson's trichrome stain.

e @2z vy 28l A3z
o] #z=glt} (Fig. 5E and F).

Ao 2A% vhiel #4

2) of7tl
ol vare] Algie] A4 wARolgle A7te) Al
& o3 o] ek 4] gglon, Al 24

el SJol sl S el AR Fasel s

g Ak el RYEEe] A seieh Age)

Jolze UEoE AAv TV A9Y AT
£ AT} Basiglen, AgdE Aual

[u

3 AuAEsl #3290 (Fig. 6A). AANTEES
AB-PAS (pH 2.5) WA F24 02 whgshe Adeds
7L g

oo 2E% npx|Ee] oprbu]= 0.05 mg NP L' %
EToAe g2 S AGA R (frontal cilia) ¢ 5
HAE (laterlar cilia) o] F52 AAo] #E= N1 (Fig.
6B), 0.1 mg NP L™ 5579 7%, AB-PAS (pH 2.5) |
wke-A]7] A3}, alcian blued] FE2M o7 u1-8-3F A NEA 0]
interlamella junction %2} 7|AF-A FHE= )} (Fig.
6C and D). 0.2 mg NP L' ¥%=7° 7%, interlamella
junction®] FZe} Afrhie] Auke] FE=Egon (Fig.
6E), 872 T/t WE=H S (Fig. 6F).

3)
e YIS, A, HHFE el sk
APISE gl F58 T GEes dusl uda

(o]

7A, B and C). =5l EA3kL Qv 98 AAAEE2>
AB-PAS (pH 2.5) 4k 4] alcian blue®] 2803 kg
6}@4

s &% npxlgte] e 0.1 mg NP L' 55
°1]/ﬂ“ AB-PAS (pH 2.5) ¥%- A] alcian blueol] F&4°
F RS AYAEE] A9 Bt ole A4S, 25
2712 #E QY (Fig. 7D). 0.2 mg NP L-1 579 7

S 250l Ao, AREe] FEAL

]
o
2 AA=9t} (Fig. 7E and F).

4) 23t

a3pdAES AuAEet SA7IAARY] F SR ARR
750 gl %ﬂ*ﬂii& 717t 2 458 AxE 9
L& olFa glov, A AR 7|AF ) EAStL gl =
A7VEAE B 717) 2 A5 AEEA 2 A2 T
At Sl (Fig. 8A). o5 23tlAldE Z=#aL §
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Fig. 8. Histopathological changes of digestive gland of Ruditapes philippinarum
exposed to nonylphenol for 16 weeks. A: Control. Digestive tubule (Dt),
showing the basophilic cell (Bpc) and epithelium (E) in the epithelial layer. H-E
stain. B: 0.05. mg NP L. Showing partially hypertrophy of epithelial layer. H-E
stain. C: 0.1 mg NP L. Showing partially destruction of epithelial layer. D: 0.2

mg NP L.
Long-Ziehl Neelsen stain.

Showing the lipofuscin granules (Lf) in the digestive tubule.
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Fig. 9. Lipofuscin distribution on digestive gland of Ruditapes philippinarum exposed

to nonylphenol for 16 weeks.

£ A¥24FE AB-PAS (pH 2.5) 1H A €& nepow
HHE3kiet.
EdsjEe] x&% 2342 0.05 mg NP L' 5579 4

s ¢EVWIJH AulZo] FEAHoz slIsglen (Fig.
8B), 0.1 mg NP L' 572 A% sl AEAe]
theke] 4A3tEASo] W= (Fig. 8C). 0.2 mg NP L™
FETE 7, AuSe] shaet Al sl wAe] #is

gt} (Fig. 8D).
Z3HAell A AL RERES Uolry] 3
Long-Ziehl Neelsen A4S A3 Ayl 431412 ArulA|
oA AEA ol A=Ae] A 27L B ol (Fig.
Z3pAOA AL EXEEE dx2Te AT
0.67%% A%k, 0.05, 0.1, 0.2 mg NP L' S=Fo|A+= 27}
0.78, 1.03, 3.68% % TxoEAH o7 Z7lslglom, 0.1, 0.2
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mg NP L' sETFoAE gz 229l 2ol n}
(P < 0.05, Fig. 9).

woEe Qs S0] 4 BAZA ekt £A5E
of A AN D T2A o 5 ofd A AEA o)
Soirelel, 22 Qs Alel, 55, A4l e 77 w)
=
=

Benson, 1998; Gimeno et al., 1998; Servos, 1999;
Ackermann et al., 2002).

FdlEe] 502 F¢F %3 zebra mussel, Dreissena
polymarpha®) 7%, & £8AAA 0.1 mg L' =
TolA AEES 100%%0t}h 1.0 mg LY FEFolA= A
3 TEAAANA APFEC] va FIsRlARE et vl
e o FoJAQl ApelE Hola] gkt kAR 5.0 mg
L' oAt xF 2594, 10 mg L' o FxeAt:
& 1594 2E AP AFekgieh 509 E9Fe] LCio
0.68 mg L¢3t} (Quinn et al., 2006). =27=0] 24F
¢t &3 U, Gomphina veneriformis2] 7$-ole &
= TEAAANA dazTet 2E37) AEES 47 Yzl
] 94.3% Fom, xEF 1.0, 2.5, 5.0 xg L'oA] BE&L
747} 92.5, 90.6, 94.3% % Y}t (Lee and Park, 2007).

FdlEe]] 502 F¢F %3 zebra mussel, Dreissena
polymarpha$} ©] A@oA 8F T x£9 wiAEE 0.1
mg L'e] sEpols Az ulasigie w, Aegel A7
100%%t 63.75% % Aol Z1& Ko} upa|go] vz
o wizksltiy A=Y, 8 Gomphina veneriformis®t
£ 0.05 mg L' =7l vasds o, o AEgo)
94.3%9) uba, vlAE 53.75%9) RAo2 Ho} wix|Zo] tj
FHrt s o wlidsioia A=
FAFEEY] AAade o2 sk A e]l sk $
o] 7P T8 2qlolw, o2 7] &, 33, AEEHA
ool Aggtet. o] fJellx spsrEAS v 5 ekt %
AL FATESY A T3 J¥2 A (Gibbs et
al., 1988; Jobling et al., 1996).

eddlEe] A7 (115%) &= D. polymorpha2]
72 AALE AARA 2GS 27)7) AelAz, ARAZ A
2

fo ko o

A|Z 2] 7} Zhastgl on, 2t avd Abo]7} gho] Mol
= #AHS Yelit} (Quine et al., 2004). Horiguchi et al.
(2000) & nw]2%9#|94]l Tsushimaol AA4Jsl= AHEF<!
Haliotis madakas 57154 29499l Jogashima® &
At T FF =E3AF] A3 w2 AT 22 A
9 AAEAFE v 2 AelE Elvhr ®Easgich

sl 245 Eek m2H %o AARASE )
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A% 10 pg LT gugelr 7 4 (1.32) debgon,
izl Bla] =ETolA =AY ARG v, 719
AL = 2T (1.41) o ¥]E 1.0, 2.5, 5.0 pg L'olA=
Zk7F 1.14, 1.0, 1.02.% 232 72 29t} (Lee and Park,
2007).

o] AgeoA rddzel xEd npx|Zhe] YA LA|4
A0 A5 dEzTEe =AY AR 9, 719 75l
B EETOA diazTae W Yelsit) webs 2
o 247 F<t &5 gF A FARG P4 dz2T R
o &3P EAY AR, vdEEe o BA &
wEAs A7k

EDCs: tlekdt 4559 intersex® FE3h= 75S
7 A}, AFoFoldE Gambusia affinisol]A2] intersex
(Drysdale and Bortone, 1989)%} Oryzias latipes©l| 4]
testis-ova (Gray and Metcalfe, 1997) &4} So] 2159l
o wdsllEe] 24F Fob 2ER diEelM: 23.6%°
intersex’} &<¢l= 3t} (Lee and Park, 2007).

o] Aol A ulAEe] intersex ¥4 A}, tjxTolAE=
11%%eH, xdvlE =57 AAA 14.56%°] intersex
7b ZolE gl olejgh A2}, wix|Zell A intersex A
, A= W3l 5o A3 ] Hale we) = 4 9l

A7 =) A RE Aol xdslEo] of2dl dAte] fit
= Aoz getdc)
w2 AEA HellA e EAS s 4%
A 9t} (Tolls et al., 1994; Ackermann et al., 2002).
= Ao Az npAlE e Al eE dlzTel v]E) =
GollE 2E 7oA ooy FAAE wEtE RGe
intersex WHEE 74 A e xdslEe] s
EA9] FErlsE I 4 3

rlr

N
O
u rff =2

¢

}Eg‘%% o FF
2, NG
r “Lrgﬁ

T AT
olushFel A sHetad 4 F55 5o L99EE AR,

op7ln], A1, Wk 2|3 FAAY £2 2= (Morrison,
1993), AAA R o] #AAEY 7|8 T2 H}
= doA YA E4¥E 2Tt (Watling and
Watling, 1982; Gregory et al., 1999; Otludil et al.,
2004).

Tl o3 ol F2A oo R 9T
A4 Az e Aol Ak Axdls ARge] B, A
ALES) P4 A, AREAZTA LR 24
) WAE 5 4 gk obelelAE Ad AsEe 2,
Q9zge] B3, G Arde] 24 32w A 43
eloh 53] 5 ot EA Y Vea AR 22 te] W
Rt} (Kim and Lee, 1988; Gregory et al., 1999).

TBTCll| =28 dif 52 7k F57-910 s
Aol M A4 27} Frleka, oFt Ausat A3



CHH=s0 =€ BtX=, Ruditapes philippinarum? 4

o
‘nglf]r “VQ?—‘T‘ T ANz Wy A A5 Ag=A
ol EAsks Ad=Ae] W3l Fo] ¥l (Park and
Lee, 2008).
= AR dollEed 25 npAFe] FeA 3
Z5o] A 79 oL AEe AT Adxd 24
22, AgxA50 A thitke] EA T A A A 29
717} Zel= St
ojujsh 7] ofrin]= S FH ut ofe} &2} A oA
219] 71%S& 933t} (Jorgensen, 1981; Benninger et al.,
1988). E3F ofvlislii oprbule} &, A EnlAlEe} AR
5] 542 st 9 Aol e Awste] W A7t
3=l x]7]1% P} (Axiak and George, 1987; Gregory
et al., 1999).

30l ZZZ& (Cu, Cl, Fe) S 93 =,
Crassostrea gigas, AFEx|, Mytilus edulis, WA
Ruditapes philippinarum?] o}7fu|e] Fx2 ooz =
A e £, 2o 2, g Arde] 24 1
2 AR A9Fe EEle} g 5 o EA Y V)5S AL
3t =AAS o] WEE Y (Kim and Lee 1988) DDT$}
PCBe| © %1% ieke=o] sjtola] A= Axa)e] of7}u]
A= Adzlet SHdE] §29} ztﬂ/‘q‘j«] geto] 2
Zr=)9ic} (Sunila, 1988).

2 ATNAE edeEe] 225
Z5o] 2 74"4”‘4“3} %‘ﬂ/‘é—‘?—

ol &, nE

22 Pl oi3e) =
it ol
Zajen xwoﬂ 5}

=
+HTS AR A A h, 5

mln

0.4} 0.8 mg L'¢ endosulfan] 3094 %< =%
Planorbarius corneus] 2 =% 10Lol= AAA 2}
WAANZI} S7kE F 25 209 o|Fole thA] asigle
o, AA| 27} Dt gl AP 2A e AAlEel A= Al
¥ o] gt vEo] ZAREC] HEEE 22| AAE¢
t} (Otludil et al., 2004). E3t ojale] &5 djie] e
2% 2o ASed EAske Az 47t 2AE
I, AREo] g glen d3lZ o] St 12l 2

o L e

xR 2o ZAsld AMNZEESo] ZHZ7A] A=)
a83 FROEA R AuFe ute)d) AuAEe] FAal,
58 TASY = TS =525 A thie
-E—Z;!i}ﬂ— H2=E R}t Ju et al., 2006).

ATdA s Lﬂ vpA|Eke] Wk 7wk

*%9] 0.05 mg NP L7 S=FoA Aad2rt 7159
0.01, 0.02 mg NP L FE7o|A: AB-PAS (pH 2.5) H&
¢ A3} A Fe] EAsRs Az It 2490 A
A=)

olFolA FRAEE] Wol TAK: FAuT A%
Z2E 7|HEE o 1Rl vE o] st w1, 2
o) AL TS 2R oolgle] 24 B 9
=3A4E #3331t} (Moore and Allen, 2002). ©]=j|slj &9l A
AP ), o A L ke e 535
ol2EE T A3 AR AAA] Wil F

Folu} AatrFo g qlet AE# A JFF AR °]*§-5]°1
%t} (Krishnakumar et al., 1990; Viarengo et al.,

ﬂl

1990).
Tapes semidecussatus®] 7A--o= LFTo] TF50 &
A" AR =E2AF] F 24 HA] o dzTet vlag 2

¥, vz FAAdAME ALY BEE A dgkAnt
Fadel o949 a3 ToAe ALY} e R A4
°J\’/]— (Byrne and O'Halloran, 1999). 15%2] $350 &
= F2 7] Aol dE 717 AR Qlste] AubAA
5:7} =718k tt (Regoli, 1992; Da Ros et al., 2000). Lee
and Park (2007) & H&5S =49l 245 59 =5 A
7] A7} sxoEA o R LA TelA AL EEI)
= AE Buspgich
2 dFeAE xdvlEel] 2535 vixEe] Azt AlzelA
AR ANEES] 24 HAY edvllsel FREACE AW

;

HH‘

ZAR £2I} #A et bhE A7 AR AR B
Act.
2 %
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