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AR E A ZH S5 E S, Mohsen 2575 Hb [ kg |
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S PRYES(47.61 + 6.97) g A THER SCE ek
BV R IR A S B S BT R G T R 1S K,
DAE I S 56 5 A . BRI, FRA K AR N
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FEE R 1/3 RBUIREK

TR R 20, PS)IF KA B AR (i AR
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WEBREE(ACP) . APl 2 Tl (A KCP) 4 9 1
1.4.4  JHAGESTE M

Y PR U 8 A2, e (g) R
(mL)=1: 9 BYHLBIIA 9 FEARFLUR A, Hl
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JE X B U 245 T8 B 1) 52 1 SR FH B KL 3R 7 22 (One-way
ANOVA) Ml LSD £ & LB #1748 1T 2450 #r, LA
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2 %R
2.1 WEHATZEHES LR HH R
2.1.1 IR BRI SR A R R i S e

WE 1 R, SR R P S AR s 0 i A
B HLA A 5 S R IR (P<0.001) . Fifi 25 W 7K R S i
SRR B (R 30, TR S A s 00 TR ) R 2 G T
Joi PR A A B, X HE AL B0 2 R i 40 B %) B0 A
(4.9%x10° cells/mL, KARFEIN 107 Ki/L R,
PRI i B A BT TFHE R & A 25 AR 1R [(5.41x10°%)
cells/mL, P>0.05], 43Rk EFE N 100 Ki/L Y,
AR s A B K R AN . (11.62%10°) cells/mL(P<0.05),
KRR E N 100 Ki/L B, AR AR T [
%5(8.83x10% cells/mL, {EA73 i 3 & % LA 107K/l
41(P<0.05).
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Fig. 1 Effect of microplastics on the total coelomocyte count
of Holothuria atra

2.1.2  THERIRT R SR I 40 M T 4 A 5

TR J32 T R T 25 A 5 200 L 0% A W 0 R i
FRM(P<0.05, & 2). WK SRk B T e {1 S
SR A0 ) AR TR PR SR R X IR R
SR I 4 M 1 A W 5 1 R(0.22+0.061) OD540/10ell,
AARFERAN 107, 10 Ki/L ORI, BBV R 40
i P 7 W 3 P R o T IR AL, HAR R B [(0.23+
0.065). (0.22+0.064) OD540/10°cell, P>0.05], 47K ik
HOR R BE T 28 100 Ki/L I, 7 vl e Sl 2 1 o
%(0.34+0.057) OD540/10°cell(P<0.05).
2.1.3  TREERIN B SR R W P IR BRI S (ACP)

R p- A

TUCSEARR AR T P T A s AR T e Tl I ) 5
F i R (P=0.001, &l 3). K FP i Rhasn
VR EE (R HG AN, PR 2 A J R v 1) TR P WA I I M 2
N JE LR RIS IR, RS

AT AN B/ (cell-mL ™)

ON-&O\

HH IR T Tl R A ) 75 M A (43.76+5.21) 4 EG iz /gprrot,
TR N 107 Ri/L I, R MR R Al 1 (2
I (65.82+4.13) 4 [CHL/gprot(P<0.05), 4ifEsK
AN 10 R/L ORI, R YERERRBGS YA B e
AL BE[(76.97 + 18.46) 4x K EAfii/gprot, P>0.05],
10° Ri/L B Rkl R TG 2 0 M AR (LA g 1 0o i
[(59.12 + 8.48) 4x[XHLfv/gprot, P<0.05],
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Fig. 2 Effect of microplastics on the phagocytic activity of
coelomocyte in H. atra
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Fig. 3 Variation of ACP activity in coelomic fluid of H. atra
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WK 4 FroR, OBk BT SR TR S 04 s i v el
P 8 TR R TG P 10 B R AS (8 35 (P>0.05) o SR S A
VR T T ) 3 YA K B R R ) 1
I b TR X R T S AR s R v 1 Tl R
T VE H (41.17£5.03) 4 K H A /gprot, 7K AK s
10%, 10*, 10° /L S SR, Bkl i il 0 1 22 00
T TS, Bk KL B FEA (4745
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Fig. 4 Variation of AKP activity in coelomic fluid of H. atra
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P MR (P<0.001, (8] 5). BEA MK T B RRK
(3G, FETRE S A B T T A T AR 2 o T T
Jo T BRI S X BRI S R s 8 v 1 7 R T 0
P£4(96.97+5.12) U/mgprot, HE/KHEIN 107 Ki/L
SR, DV S T S 1 S N 2(199.48+22.68)
U/mgprot(P<0.05), BRI E R 10*, 10° Ki/L B,
T DA TS YA BT R A B AR A AN (25 [(174.56+16.89)
(176.47+14.02) U/mgprot, P>0.05],
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Fig. 5 Variation of LZM activity in coelomic fluid of H. atra
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NG FEAR B RaH . o IR 2 B IAE 2 A s i b e 4B Ak
Wy 05 Ak B 75 1 A (29.05+0.74) U/mgprot, ¥ /K FP
I 10> Ri/L SRR, S Ak ) I it T

H14(37.29+1.86) U/mgprot(P<0.05), 4 58 4 vk i
FhEn R 10* kL B, 8 A A A Bl P T R
[(31.08+0.88) U/mgprot, P<0.05], {EA & T X BE 4,
K PRI BE Y 108 Ri/L B, R AL A
T M 2 BRI A (21.80£1.81) U/mgprot(P<0.05), H.
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Fig. 6 Variation of SOD activity in coelomic fluid of H.
atra
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Fig. 7 Variation of AMS activity in the intestine of H. atra
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2.2.2 BRI RS B E A B (TRY)E A
B'IJI']

TRl IR Rl e B o P VA 2 i T R B 1 TS 2 R e AN
W35 (P>0.05, & 8). MK v G ¥B Al ik i T v fifF 2R VA
28 R AR BTG P B R T X RE 4l g iE
i 2 F I E M (198.45+89.65) U/mgprot, 24 ¥ 7K
RN 107, 10* /L SO R, AR (A RS I A
Bt #8 AR Y oK & A B 3 AR A (P>0.05), 36 43 R
(199.93+35.34), (204.12+53.71) U/mgprot, 4iF/K
PRI R BEIG N A 10° Ri/L B, g 38 SRR 1 0
T (319.23496.35) U/mgprot(P<0.05).
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Fig. 8 Variation of TRY activity in the intestine of H. atra
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2.2.3  TRERIN RIS S i IR B (LPS)TE P 2 1

TSR v o X P TR 2 i T M I T 6% A 1 5 e AN
2 (P=0.228, & 9). 7K H i Rk B A e il 2R
32 38 IR il 1 M SR S N R X IR A i
I 5 it 955 4 A (1.76+0.32) Ul/gprot, /K FPERN 107
Bi/L TCBREET, g D5 B 3 P B K 2 (1.26+0.31) U/
gprot, {HARLA 3 (P>0.05), HRIBRE L T
10% /L B, i 05 G 74 4 (1.31£0.28) Ulgprot, 5
10% HL/L 411G B P 24 (P>0.05), /K ikt
VR Ry 1002/ I, I I T 5 P o I LA A 3 A
fk[(1.17+0.46) U/gprot, P>0.05].
3 it
3.1 MBABHELSLRAH R

T 7K B OB R G e SR Tl i O BT Tk A
SR, T2 R UE AR U T i Sk
i R R B T 1) 22 R R s 40 L A 22 o B 8 TR )
Z ) 4 M O 2 2R G R TR S e R e, 5 LRt T
BLIAR G S R D RS20 RO RLX Rl 2 4k AV 211
WG, SMEESWIERESERENE, 4

AW TN B S AEA [ JEE
U 240 R | A

— 25 i ey s
E’J%%Zﬁﬁ%ﬂ%): e

P AR T ACP. AKP. LZM 1 SOD 1y T4
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Fig. 9 Variation of LPS activity in the intestine of H. atra
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G2 AR R, e — @ B LR B
(g B8N AT v BV S A M A0 1) A T
TR R 10%, 10°R/L B @ E R, A
T T AE T R e B A v I A, i 2B 3, 5 R 5 R
DL (Mytilus edulis)FE i 7K H 42 fl 4 22 J 120 Jf 7 s 3
’T&"iﬁﬂﬁﬁ i — 3 e e v R N RS B

15 Y02 5 20 G0 8 AN M 4 7 W M A T v T, AR
Eﬁ'ﬁ, T 7K P S 0 A B 2B ARk T 3 S I R A £ R
HEATRIE SR, R 2 1 A J5 e 4% J 200 i i)
B, JF S S I A M A AR R, AR R E
PR T, T ERSTY .

V65 A B (LZM) 2 7 W 40 K A P o o iy, L
A E A R PRI RE, R MUK AR R v e
M EZSe bR, G Z2EE . pH FME SR &1
SFEFE R A MR TR R, KPE TR E
fiff) LZM ZKFbt 2 FH R0 IRIR R AR A R, LYl
TEXTHR (Litopenaeus vannamei)i) LZM 35 1 8 (K T
XFREAE K-, HBEERIG, LSZ §if J1dkfIk; Sk

W2 R {5 4 S0P LZM A TG PR FEARTF 5
AN [ R RE Y Ak Rl R R A A R S A R
LZM 7 1 .3 F+ 55, Mohsen Z5 i 93 % W] 24 £F 4 fi 48
BEMKAR i 8% 2 5 JI SR B, 0 300 2 0 s v v
() LZM 15 P Tl B TakRE L
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TR W B X FE NG U1 (Mytilus  galloprovincialis) B4
BRI LZM 5 BT

T P T T it (A CP) 2 [ W 200 1A 75 A P s 5,
A HI A A A DR A TN, T e R 20 S 4 7
590, IR Wik 0 T S5 0 7 e R At 0
TR T (AP P A Bt T BT 1) 7 A S 7 B Tl e 1A
(AL SN, HXF Y& — PR ORI, 2 5 i i
ARG, 5—EFRY R EA P,
FhAR BE A3 s RIS AR Y ACP . AKP 5 P45
A TR, RIS T ACP K AKP HYTEPETE
RERA 4B EH25 . 40 Ri/mL)% &R J5 AR &4 AR
R, Ak, BT & PR-E R I A A T AR Y S
(f) ACP Fl AKP 5V e L 5 58 i 20 42
R, S8R A PR N ACP FIl AKP Ji6 4 1 52 1 5
PRI 245 5 ACP Il AKP 3 5 4 58 i ¢ 1 S vig
SR PIXT S IR 5T %) 5% — T8 B A i, Ao B
Pewm, e Zne AN . RS R T
THFEE 20 ATP e IdE N AN PR rh i R X Ho g
W RGP, ™ ATP & BV 04 8% iR o] DL 1
ACP Fl AKP /K fift 2 Hlig £ i), 41, ACP . AKP
T P B T 7K PP B S R i B A S 52 S 1 iR S el 5 Y
B, X5 HBELE AR TE (WSS VB H A HE X 1R
ACP MR (L —3 . BERREG 220 TR R 4 I,
v A 8 B I SR Y 1 2R IR B (WSS V) I 1] 4
] FEORBHAIREE 245, I ACP. AKP A
Mt AR, B SR ACP . AKP {4y
SFEK R PR I 2 10%, 10° Ki/L JE AR, o]
B2 TR TE SRV SR N 3 B I i 4 1 I s 4
MR A2 A, B BRI Z 40, BadE b,
ififii ACP. AKP i 7 21 FR 4,

S AL B AR (SOD) Ay — b B 2 1 BT 461k
fitg, FBZ 5 GRS IARNE Z 0T MR A
PRAE G L B0 7 4503, {40 Jf R OE 8 B A Rl S,
Xof 1 568 5 N 240 U 3 M R A A AL AR ) G T e B A
AR, 0 SRR A R0 22 Fh IR 8 I TR T 4
1K AR SOD T Mg s 40 441 S e 2517
FIKAEEY A AR N RN, GnEE H £ (Danio rerio)
FEOIB R R FZ IS, RN SOD &k W 8 o, #eA
WEFE b, B OB B2 R 3, SRS R R W
SOD I P 52 BLAE TH i Je B AR iy 2 4k, 33X 5 MABRAF
ST VA BE TR R TR IR 52 B B TR 0S5 o S A
SOD i P i il 45 S — (47 eAh, 1 D (Hippo-
campus kuda Bleeker) . % [ ffi(Oreochromis niloticus)

PRI 8 SOD 17 1 Bl 1 9 Aok 2% B ) 1) ) 485 ot 52 56 7
50 T B A R 34540 R R PR 107, 10% K
LB, SOD & Pk b 25 v T4 J2H, Ui GOkl 5 e 1
RS SOD RGN, SOD i 3 3 AT LATE
—ERREE LG bR RIS S AR N TE OB R 2R 5 S 7 A
WG PEAE B, S22 AR R B AR A 7 AR 1Y
XF5R o Tl SOD W PEAE ROERK FE Sy 10° L/ I 8 3%
TR R 107, 10% Bi/L 52864, 35 ik i
SR 2 I P A WG M | P R R A T P 1 5 T R
S B R T R AR A P A AN B R AT SO T R
A, TR A f XS LA T A A, H S
T M2 SOD [ G 2 g S
3.2 BB EA AN ALBEE LT vR

TH AL R TG PE 2 Z R R R B2, S i 3h ¥
BERET) EFRAEBDRESE R Z —, ek
HEFRWI, ERFEFEIIIE, AT WY
BN iR VA T R A L/ L D BT B U R R TN E= il
T P L v DA B 85 P 3R B 3% B i BE B2 i
FRUE B PR 09 g 25 b T E 3 B TR T i TE L
Yo(REEES) . SAfLBess . Sty A NS | A S
Y. AN RS BT E R IR IR S TR,
XS A K STk R R R 8 B, HE ok e s
Y. BRI YIBT, AHOCHF R 28 D e G . TE#
it 1 U1 il 23

12 I ARG PE SR B . ERE L M A A
BEREZMEZRA KD OB A Sl
W7 A AR IR, T A PR T e Y T S,
SR A= W0 8 3R ) 5t AT AL FIIR U . Romano 55 &
BHL R A LB PVOBIEEN0.5. 1.0 mg/L) T
PUZiitt(Barbodes gonionotus)V PN JFE A H B A 16 M ik
RS, RS A KR T 28 C), LRMlG
(Symphysodon aequifasciatus){A N JE Ry BEE HEER 2
W R (200 pg/L)FR R G Wit 85T,
25 i L VA B 0 T R AR IO R B Ry 10% /L B
BETHE, B S AR O R R Ol 100 R/L i
PRGN, T AR U TE RO R B R S A T X
MR Li SR0T 53R, ARERARIET, LN XS MR TE Ay
Tt RO [ A O N B, P DL R A R4 R
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Abstract: To investigate the effects of microplastics on the immunity and digestion of sea cucumber, Holothuria
atra was exposed to four different concentrations (0, 10, 10*, and 10° items/L) of polystyrene microplastics. The
results showed that microplastics exerted significant effects on the total coelomocyte count, phagocytic activity of
coelomocytes, and activities of lysozyme (LZM), acid phosphatase (ACP), and superoxide dismutase (SOD) in
coelomic fluid (P<0.05). No significant impact on alkaline phosphatase (AKP) activity was observed. An increase
in microplastic exposure led to a sustained increase in the phagocytic activity of coelomocytes. Meanwhile, the total
coelomocyte count and the activity of ACP increased as the microplastic concentration increased from 0 items/L to
10* items/L, and decreased at 10° items/L. In addition, the activities of LZM and SOD increased as the microplastic
concentration increased from 0 items/L to 10” items/L, and decreased from 10 items/L to 10° items/L. The amylase
(AMNS) activity in the intestine of H. atra was significantly affected by the concentration of microplastics (P<0.05).
However, no significant effect of microplastic concentration was observed on trypsin and lipase activities (P>0.05).
The AMS activity increased and reached the maximum level when the microplastic concentration increased to 10*
items/L and then decreased at 10° items/L. The trypsin activity increased continuously as the microplastic concen-
tration increased, while the lipase activity in the three concentration groups of microplastics was lower than that in
the control group. Thus, an increase in the microplastic exposure induced an immune defense in H. atra, while high
concentrations of microplastics exposure may damage the morphological structure of coelomocytes, thereby leading
to decreased resistance of H. atra and disrupting its physiological processes. Meanwhile, H. atra tended to choose
nutrient materials that are easy to be digested, such as amylum and protein, rather than lipids. Such reaction in di-

gestion enables H. atra to quickly gain the energy needed to adapt to environmental changes.
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