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HIFH k2 SR IRZE KT 288 2 A, B LB A 52 2R f 255200, i S8 AL A B (CAT)IE PEAE 5 g~ g7 WL BT A — AT
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Abstract: Selenium (Se) is an essential micro-nutrient for animals. Selenite (Se(IV)) and selenate (Se(VI)) are the
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dominant inorganic Se species in aquatic environments. However, the biological effects of inorganic Se on benthic
animals are relatively understudied. In the present study, the ubiquitous oligochaete Limnodrilus hoffineisteri was
used as test subject. The influences of Se exposure concentrations (2 ~40 wg-g™'), exposure duration (2 weeks and
2 months), and Se species (Se(IV) and Se(V)) on L. hoffineisteri were assessed via the evaluation of the biochemi-
cal alterations in antioxidant, nervous, and digestive systems. The results showed that the level of lipid peroxidation
(TBARS content) was not affected by both Se species after exposures for 2 weeks and 2 months. However, a high
and low peak level of TBARS existed at 5 pg-g~' Se concentration after exposures for 2 weeks and 2 months, re-
spectively. After exposure to Se for 2 weeks, the activities of antioxidant enzymes were significantly influenced by
both Se species. Se(IV) induced the activities of 3 antioxidant enzymes, but gradually leveled off at 20 pg-g™',
while Se(VI) led to the induction of these enzymes at relatively lower level (i.e., 5 wg-g™') and recovered to con-
trol levels at higher exposure concentrations. After exposure to Se for 2 months, the activities of antioxidant en-
zymes were not affected by both Se species. The activity of catalase (CAT) had a high peak at 5 wg-g~', while the
activity of superoxide dismutase (SOD) had a low peak at 5 pwg-g™', but the activity of glutathione S-transferase
(GST) was not influenced by Se concentrations and Se species. The influence of Se species on the activities of ace-
tylcholinesterase (AChE) was relatively minor. After exposure to Se for 2 weeks, the activity of AChE was in-
creased only at 5 wg-g™'. After exposure for 2 months, the activity of AChE was gradually decreased with in-
creased concentrations of both Se species. For the digestive enzyme «-glucosidase («-Glu), its activity was in-
creased at 5 pg-g~' and was affected by both exposure duration and Se species. The present study has demonstra-
ted that the biological effects of inorganic Se are significantly influenced by exposure concentrations, exposure du-
ration, and Se species. The results of this study provide fundamental data for the elucidation of the biological
effects and potential mechanisms of these effects of inorganic Se in benthic animals.

Keywords: inorganic selenium; benthos; oxidative stress; nervous system; digestive system
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FE T /K 22 1] w3 2k 379 AR A T U AR TR
YK B 4 A At S Rz, DU v T LA R S
X r B JECAVG B0 4 1 1l — o ) A A KU A R 9T
PRI, A BF 5 B 760 JECAVG ) 40 8 T K 22 W5 B 7R T 2
FhICHLARG (Se(IV) A1 Se(VI)), 18 i I % bt 8tk R 48
(TBARS .CAT .SOD HI GST) . #14: & 4t (AChE) #1714
b 2R Gt (oo 380 W5 17 1) JG 035 12 10 22 Ak, 835 TC AL Xof
JEATG B4 9 A= 0380, A AR ) R G HLATE XeF G A 3
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1 ##57% (Materials and methods)
1.1 Rk

Bk 22 [T M K=, 2Lk =
T 18 L BYBEHL P87 5%, /K 22 0| 5 5% S 96 T FH ¥ TR
A5 ASTM #rifE 1T BC ] (48 mg-L™' NaHCO,,30
mg-L™" CaSO, -2H,0,30 mg-L™' MgSO,,2 mg-L™"'
KCl,pH 7.4), SZETITHA 1 FA R Pk 64 K R 345 [
PR BT 7K 225 AR K 7K 22 85 e B 28 S0 45 1 3
Jof PRI R MR D B R AR} (tetramin) T L5 AH
EA>47% MR >10%  MLT 46 <3% , /K 53 <6% ,
Bi>1% ,4E4: % A>15 000 TU-kg ™", 44 % BI12 110
mg kg™, 4E4EE C 390 mg kg™, 4E4= K D3 1 400
IU-kg™"  4E/E %K E 140 IU-kg™" , MHER 700 mg-kg™',
JULEE 1 400 mg-kg™", IHAH 2 100 mg kg™, W& >1
mg-kg™',Omega-3 JENif2 8 000 mg-kg™' .

S T A2 A BIE S I T T 50% fi R i
W g Ve, I e R Sl b fe BT AR R 4
(Na,SeO,, Se (IV)) 1 fifi F8 4} (Na,SeO, - 10H,0,
Se(VI))Il4F Sigma-Aldrich (32[F),

1.2 WUTFRY) 7% 5%

SRS AR TR EL A T N K IR kb (113°47 " 42
N,23°46"' 01"E), 5% % ¥ 46 1 K5 0T B4 3 67 (500
pm),—80 CYRA KL AW ,48 h 5 TR, UL
RO 2B E KT DU A TR, ORI o %
4 56% , BE(TN) BB (TP) & (NH, ) FLE A HL
BR(TOC) & 7034 0.15% .0.05% .0.01% F12.1%
HEF R R AP 5 R 0.5% , B b & 8 40.8% ,
B o R 58.7% , W HUIEY Sl SR
02 pg-g ' (FHE)",

ARSI AT O DN BRA . 2 R IR 4 A
Se(IVYZb H2H (2.5.20 F11 40 pg-g™' TR &), 4 4>

Se(VDHAFEZ (2 .5.20 F1 40 wg-g ' T i), Ak
PR BE 6 AT, 2L 54 M, Horb 3 P47 (27
BT 285 2 RS I, 5340 3 AT T
TR 2 M HAERIE, W EURY &K, o
590 g A2 ELER T A — 5 X6 7 I 2 (R A R R B 1 3
), BRSOV 48 h, Bl 5 B TR 43 BCAE R
VB 1 L BEES BN b, BB A 2y 450 g L
PWIQRE &), SRR 2 2.5 em, AR
AN E ) ASTM FRifEIR 600 mL, Jf-HIic S
ERPRIEALE . B, BRI 2 g BT
IK 2285129 200 55), JCHRJEIISN 16 h LR : 8 h
i, 7K 22 Wl 2 5 S R AN IR OK 22 5| LR i o
PLBCRN B, N, AR 2 d in AGE & 407K (DI 7K)
ZEARR AR AL e E KR T R %
ESCYIWN Y ETN

Fin 2 A2 A H I, o3 i & B K
225 e TR RIK S 2 a8 6 h, RS, 4R
TR 2R KK o3, B i i, T80 C vk Af
17 TS AAFRAR I E
1.3 AAbdabrta i

T ACFE AR E A1 HLZY) 20 mg 7K 22 15]
ER 6 NEE (n=6), FHAHLPRENIE 1 2 9 Fii
RFIEL( mg = 9 WD) AT A BER K VKB 213K,
BROEEIE R . BRI A K RO P 4
K H 96 fLAR = T bR (Tecan Infinite M200)3E47
DU | AR 0 T e 32 36 A 7 I8¢ B o L vk JiE 5 ¢
JCRERY R FR BRI TR 2 25 A 52 00 % i B 5 b Y
TEHEAT 2 AR AR YU R R G R B
ALK S | i S AR AU (CAT) #4816 1 15 AL i
(SOD)FIAF B H IR % o B (GST) G 1, M2 R 4t
LIEAR R A (AChE) & P8, LA R IHAL R G -7 %
B B (o-Glu) 1E PE . i 53 480 Ak 7K T 38 2o 0 2 A
R LU 2 R SN 4 5 (TBARS) 7 H KB 5, 45 SR %
7oA nmol -mg ™" protein,, il 4 Y B R A LA
SV R BE 6 N 1) T 9 1 (mU - mg™' protein 2%, U -
mg~' protein), 58 & A Bradford 7k Tl
1.4 st

P Fh s A 65 ME 1R 22 (Mean+SE) , 5K
GraphPad Prism 8.0 X & #1481t FAEIE, H
Kolmogorov-Smirnov I Levene J7 i K 5 F 4 19 1E
AR 255, SRR &R J7 2 291 (one-way
ANOVA)MI Tukey #4770 M [ 22 T LU AL (R 35 1k
KN P<0.05),
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2 #£R 54118 (Results and discussion)
2.1 R EEXTEE B K 22 WP AL RS RZ R
2.1.1 iR ER X EE AT /K 22851 i s A A K P 1 5 e

FE H /K 22 W\ A 2 5 I, AR N B B o R Ak K P
(TBARS 1) 52 3| 5% 5 I [8] A9 52 0 50K, i 32 3
BB N, %% 2 )5, K228 K TBARS
K EEAMAIE TR G TE 2 ~20 pg- g R IX A
— AR T, HAES pg-g” f140 pg-g' X
2 VR EEAN AL B E TS pe- g REEALIE AT
40 ng- g BEEA (K 1(Al); 82 M H A,
TBARS 7K F7E 2 ~20 wg-g ™ W X i) A — AR
VAR, B BE A Tk B2 T s 32 ik & 81 %) IR 4 K
(& 1(B1)),

K22 85| A Py TBARS /K-8 2 88 2 J& )5 7,
AJRESE FH T 7K 22 151 % F Se(IV) A1 Se (VD) i) 1z ¥
N, BRI AR B A A K TR, TEHLAN E A K
PSRN AT — RN E AL -8 D SR, AT A= sk
i R R I a N P WFSE R T
J%HT 22 15| (Lumbriculus variegatus) %= 7% T 20 pg-g”'
Se(IV) il Se(VI) 2 J&lJ& , 14 P9 TBARS /K- i % Tt
EP 0.6 wg-g™' Se(IV)FN Se( VD)5 il i 5 4
11592 (Stichopus japonicas)/K N FEFFE  HE/R A
Fa IR EE AT A HEIKCE R BEE TR R T
W Th 5, K 228511 ) TBARS /K VI A 2P Th =,
MAYAE S pg-g ' F140 pg-g ' ZE 4] 03 5 T X 1R
A, HARRE RERHG pe- g )m TRk ERZEY
(40 pg-g"), KW S wg g BEEKMT, KL X
P WS R4 Ak 35 Ry TG w] g J& T 3 sh e B B ; i
TR 40 wg- g SR, o A B ] B T
BRI BT A R GE A 47 , 7K 22 051 % Tl 7 1R g
SRk Sl W e B B, DT 3 Ao A A ) R R T
LU R AR PR AR AN A AR I B AN,
% WE 45| ( Eisenia andrei) i i % 4C 4% fih 1% 2% #8 T
Se(IV)FiI Se(VI) 48 h Ji7, HAK N TBARS /K-l fit. 3%
T, MBS 45 SR I, 2 2 B 2 Fh oAl
Tl X5 f& TBARS 7K V-1 355 AN B e M AR 4k 1 2
INFERER 0S5 pg-em )FRERES pg-cm™)
BREFED, MERE2 DHE, AR5 R
P XF K 22 W1 — R At AE 2 ~20 pg-g™'), R
R i B ask AR A KT (4 BT T v e B S i s
TR AR Bt A A R o TR ER AR T A
Tt AT VI 2 2 T P A8 ) R

2.1.2 M5 8 X Y K 22 08| Bt S A S Y ) R

K22 WK N 3 Rt S AL G % 7 (CAT , SOD
GST)7E %5 2 Jil 5 , AR S AL, {2 Se(IV)FI
Se(V) R4 25U, Se(IV)RTE)T, YA L
PER A 7 87 W B B i T =, I AE 20 ~40 pwg-g ik E]
A 5 i Se(VI RS )G , PUE AR PETE S pg-g '3k
FUEAEL , I B 12 97 WA AP 0 %o BB ZH /K- (7 1(A2) ~
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Tl U AR 00 175 P A AN 32 1) 76 2% 5% A B 9 5 i)
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ALFRZHAY SOD 41, Horf , CAT B IEETE S pg-g' ik
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PEFG LA 225

Se(IV)F1 Se( V) H A2 A R] , 7] -5 3504 []
WA IR EEQ ) BN 25, & EE
PR N 134 S A Bt AR S, (A2 Se(VI) T 22 JE 1k
WIF R Se(IV), 8K )G A RESEAT T —2 98 R 72, [H]
BT Se(V) T DL B 22 B 48 F HR 3
AP R, AT RE TS A T Se(VIFE SR M N 5
g g R TP AR A e S P R T, LB
% Se( VL) i Tt i , iVl o HLA i b A AL e
AT 38 J T SRR 2 G0 1) 2 A5 K Bt 4R A I T 12 1)
15 110 Se(IV) B8 I AT 58 7= A 4/ (0 480 A Pl 3%
It Se(IV)TE 20 pg- g™ A 3 BLbt AL TG 1 )
PiN=

TR 2 DA, KL R BT A AR
LR TE 2 22 Rk, UM R, Jesfk(Mis-
gurnus anguillicadatus) % &% T 4.6 ~18.4 mg-L™"' 1
Se(IV)2 ~3 d J&, & A HT AL % (SOD . GST 45)
BT, TR 4 d SRR BN BB KSR YR (Ne-
reis diversicolon %% T 3.7 pg-g™' Se(IV)5 d J&, Ik
A I H K it 48016 4 B (GPx) 35 PE T v, 82 5% 10 d
Je ik 2 B BRZ KPR X B RfF 5T SR B A0 X Bt 4
b Z2 G 52 ] 2 1) % 5% 8] 1) (@ S R e, e, A
KW Z T 5 0 A B9 i L34 2%, vl B A 9 A4
YA RN 25 A8 10 55 R 2 A 6P AR HIL I A
HE—2 5T
2.1.3 iG55 X A 7K 22 8] ik WU A O
2.1.3.1 AR

T AT A R — R A R RN, A PR
REEVER . AWFRE IR, 28 2 D H K22ty
TBARS /K V-7E2 ~20 pg-g WAL, 250
W5 BH , 42 (Bombyx mori L)TES 5 4h 5%
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Fig. 1

The effects of selenium exposure on the antioxidant system of L. hoffineisteri

Note: A denotes significant differences between the Se(IV) treatment and control; a denotes significant differences between the Se(VI) treatment

and control; * denotes significant differences between Se(IV) and Se(VI) treatments (P<0.05); TBARS means thiobarbituric acid

reactive substances; SOD means superoxide dismutase; CAT means catalase; GST means glutathione S-transferase.
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FREREA (4 ~32 pg-g™',7 d), AT AR 5 A i
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FERITE— G B,
2.1.3.2  #MRUY

i E A XA AR B REPE RN BN AR, AT

N

&

- Se(IV)#5% Se(IV)-Exposure

—
(=]

[ (a) 2J& 2 weeks

e e
=
L]

2 B2
[\ e
‘I% T

1020 30 40 30
VR (ng-g™! TH)

Exposure concentrations/(pg-g~' dw)

TG NR B EREE S 1/ (mU-mg ™" &)
ACHhE activity/(mU-mg™' Pro)
>

o
=)
=)

FH], XS IO HES Y QR 24 2ok U, B AR W) & T
Y BT, A & TS . AR RaE Tt
A A T R AKON , O B | R T 46 g - g
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Fig.2 The effects of selenium exposure on the nervous enzyme of L. hoffineisteri

Note: A denotes significant differences between the Se(IV) treatment and control; a denotes significant differences

between the Se(VI) treatment and control (P<0.05); AChE means acetylcholinesterase.
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Fig. 4 The effects of selenium exposure on the digestive enzyme of L. hoffineisteri

Note: A denotes significant differences between the Se(IV) treatment and control; a denotes significant differences between the Se(Vl) treatment

and control; * denotes significant differences between Se(IV) and Se(VI) treatments (P<0.05); a-Glu means a-glucosidase.
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