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Abstract: To explore the toxicity of amantadine on intestinal tissue of Apostichopus japonicus and the related mo-
lecular mechanisms, the composition and content of metabolites were analyzed based on non-targeted metabolomics
methods after the sea cucumbers were exposed to 100 wg-L™' amantadine for 96 h. Metabolomics results showed
that intestinal metabolites of A. japonicus were changed under amantadine stress, and there were 115 differentially
expressed metabolites compared with the control group, whose main functions were dipeptide, steroid, purine and
pyrimidine. The KEGG enrichment analysis showed that biological processes were significantly affected, such as a-
mino acid metabolism, lipid metabolism, signal transduction, nucleotide metabolism and the endocrine system. Ac-
cording to the physiological functions of the selected differential metabolites and the metabolic pathways involved,
it was found that the signal transduction and energy metabolism were disturbed, possibly due to the decrease of a-
denosine and adenosine monophosphate (AMP) content. The decrease in testosterone and taurochenodeoxycholic
acid (TCDCA) content affected sex differentiation and cholesterol metabolism of A. japonicus. The increase in gly-
cine and proline content might be caused by the degradation of the collagen of A. japonicus. This research explored

the molecular mechanism of amantadine on intestinal tissue and the response regulation mechanism of A. japonicus,

and provided the theoretical basis for further research on the toxic mechanism of amantadine.
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28 TIH MY Zh P, & —Fhi I
HITEEETC A ME S Y . il 2 (Apostichopus japonicas)
SEMES I —F & R IR R e AR R
REAEWTEER T, BA RS & M2 M E, &
thE R AR BMETT N EN YT Z —, E4E
R TEM T RIHESN T, b E 1S 3R 5kl
B OANTE TS Rl Y i B R R A7 B 37 B 1 K
JoT e AR KR ], — B3R 58 1 7K 32 B3 58 15 e ) 191)
WA 5 Y, )23 X1 2 250l 1 s e 1Y
EEESZM A WIGE N e —Fh HI TR 0 & AR 113
B R f AR T A 25 R AR AR B Ho g%
A AN L SR T T T A R A, SR TR B R
TR BE BRI B B I B RS 4 5RAE
FEAEEAE R a1 BREE b 4 Wiloe e i) AR R | 2o o
e FH A9 45 e P AR DT X 7K A 2 28 PR 85 7
AR BIFSRIESE , TR AR A B 52 B A W e
Fiets g%, B4 Wt e e 0% 7 AR W) AR N & AR, o
LM A AT 560 55248 14 NIBERE2E AT
BB E A5 & IR K R 2 AT Re A
S WIGERE S ol 4.3 pg kg ' MY T ER A
FRIAMEK R T 3K 140 ng-L7' 1,

BANA T E WG I 2N B S
77 it e A W g R ARG U 321 A i e e W
JE AT S A A0S T e P2 s ) 2 1 i PR K

BIBFFEATS AL TARR 28 R B B, TR, A a0h B0 4
W A e P 30 I 3R 25 £ i oz AL 4 A0 A 0 200 3k A7 3
fib, AU AR — MR 2 BOR R ARG A
S AR Ay o A O e S B 2 X B ) 22
S, TR TT A M A S E R BB Y
B R E SO RS R AR s A
SFRORT VAR I R 52 LE IR 6, BERB IR A T il
<5 W e F 36 i 3R 2 g e R 38 4 ML

1 ##l57 % (Materials and methods)
1.1 SEEeshy o

AHFFE T RS R L 2R 2 E A B A R A R
PREEM AN TEF S PR R (50+3.0) g, o5
FIEREAE R 06 12 T 08 % 60 L K7k
PEESKAE R 9% 7 d, ELE A, KR 13 ~15 C &
24 h 45K 1R IE BRI S 38 oK &8 12, B 5%
FE 22 S S AR ) S2 8 F i K 38 Ry o fif T
1K,

S WIBE e (1 T 22 e bR A AL B A BR A |, 4l
JE=98% . HI W, H R RN R B (4 B2 iy LC-MS
Grade)$) ) FH 3¢ [E Thermo 23 /], ik 2 /K ) B 1% [
Merck A,

1.2 s fniss

AL (15 Q Exactive™ HF, % [F Thermo); {4,

%L (A5 Vanquish UHPLC, f% [& Thermo); {4 % #
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(15 Hypesil Gold column, 3% £ Thermo); {f ik &5 .0
ML S D3024R, 35 [ Scilogex)
1.3 Sk
1.3.1  Zh i MRl g~y

W4 A W e e A 100 mg - L BG4, B T
4 CYKFEIRAE . SEH/KEL R REEL A 30 LK, fin
A G W E B At 28 WL, A 66T P 4 W o Bl vk 2 3 %1 100
pe L7 ASURSEERSE 2 41, 439 Sk ki REAL A S A
T 4 VAT, AT RO 15 RAL RS W
FHIE# MG K R AAE AT B, B R4 T, Phik
R 5 ST IR S LA DA 3T IS 22 52 5,
TR AERFEE 96 h,
1.3.2 FECRE

TR S BEALME 4 S PAT4 M 6 B
il 2 K43 RS I — 53 oS, R B RN SE 56
HoahlE 6 M PATHA  E T 2 mL RAFHE
BRSSO A R, R R B T -80 C YK
L RR S
1.3.3 R HL

B 100 mg & & MBS (7| 2 I B FEAS , B T EP
B, 500 WL 4 80% HY S KA R 5 1 e 7 J5 7K
TRFE S min, 15 000 g 45T 4 °C &0 20 min; B
BB A3 L W0 B K R 2 B O 53% 5
15 000 g Z51FF 4 C .0 20 min, e 3, EREAE
LC-MS/MS 3#72%
1.3.4 LC-MS il

O35 25 . £ £F Hypesil Gold column(C18){fji%
FHEIEN 40 °C L% 02 mL-min™', IE B T
KT, FshH A R 0.1% IR, i sh Al B ok B E; 7
BT, fshH A & 5 mmol - L™ B2 £, pH
9.0, WA B O HEE, BEEEVEFET LR 1,

®1 mEEBERBRER

Table 1 Gradient elution program
B[] /min T A% TEHE B/%
Time/min Mobile phase A/% Mobile phase B/%
0 98 2
15 98 2
3 0 100
10 0 100
10.1 98 2
11 98 2
12 98 2

JEi 25 F TS BBl e % m/z 100 ~ 1 500 ; ESI
TR A1 & A i 95 L [ (spray voltage) 3.5 kV, B
i (sheath gas flow rate) 244 976.7 Pa, % Bl < I o
(aux gas flow rate) 10 L-min" , B F1EH 45 15 (cap-
illary temp) 320 °C, & T 5 A 43 4 # °F (S-lens RF
level) 60, 4 Bl SN ##% I B (aux gas heater temp)
350 °C , MM (polarity) >4 positive, negative, MS/MS —.
AAH B MO P 4 4 (data-dependent scans).,
1.4 Hdsabr

JE UG B SCEf F CD3.1(Thermo Fisher) it 17
AT X R AT A T PR R E B, K
WA 5 B I — A R O R RS T A T
T PR B i Ui, SRR
I{H 5 mzCloud .mzVault Fll MassList £ 4% ZE 47 VT
Bie, AARAS TR A9 PR AR 4 2R

i i KEGG %% #& J% (https://www. genome. jp/
kegg) #1 HMDB #{ & J%£ (https://hmdb. ca/metabolites )
X4 A AT IR (] MetaX 3R 3E i
FHL5T 3 AT (PCA) Rl 5 /]y — 3 F1 1] 43 B (PLS-DA)
VEAG AL S A s . S HES SR B UE T PLS-DA
B DL ROAT @ {EVE ARG IS IS4, A
R EEE VIP>1, H /56 P<0.05, T FH 22 545
#(fold-change)FC>1.2 fifi 19 ¢ 35 fit I 25 48 fin A4 £ € i
Yy, FC<0.833 fifi g ik it .35 T FERYICHY) . B
J& i KEGG #dis 2t 22 57 8 A = My kA 7
AT

2 458 (Results)
2.1 PCA 43#fif1 PLS-DA 43 #F

TEAMSE PCA 14553 B B SRR — Al
SEHRE i, SIBR S8 FEA G FL T EAT PCA 43 b Je 45
SANE 1 7R X 2 RN S 50 AR i E A B Y 43
25,2 AR SER S AT AE B AT X R (95% ), U] 2 41
FEGZ RIS A AE B B 22 5. S 4 i e
2 2 ) 1 25 S AR, E— 20 X 0 2 i 1 A 21
AR H] PLS-DA 4l o0t 45 R an&l 2 R, 5%
5 2H AN B (O i 5 HE T 95% 1Y AR X TR P, 1HL
A3 A AEAS TR R X 38 L B S R AH 23S, 2 AR Sl T
SEATES 2R A W GE e W38 J5 191 2 i iE 4 21
TR G AT R 2R ik — LIk
IZRRUE S o G, X AR UE AT HE 7 30 0E , 25 R
N, RBIERT @ BiEH @ MIALYS Y i<
0(R*=0.81,Q° =—1.54), LB #lI 68 )1 B 47, I A
ARSI TIRE5 .
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Fig. 1 PCA score chart of amantadine in the exposure

group and control group of A. japonicus

Note: CGM denotes control group; TGM denotes experimental group.

2.2 SRk

M\ PLS-DA #5545 42 52 v 19 A% o 22
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0.833 MR 1E S B AN Rl A P, 2 ALFE
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ST R A BV SRR AR i 2 R SC R KRR
1A 20 22 A Y 2R T )2 R 26407, 15 ] —
LAt 2 2l 2 B A ARG A A Y 22 S A 40,
Kl 4 FiR, ok A Rl—H AR ETE— T, R
BT A AL FRIA B W] REHA AH LR
Urealas ] aedt A F A R . RSB EIR,
SEG AU FAZE Y 22 AR o 2 A FER I,
T ARG 18 (1) 22 S AR AT LA 35 X 45

¥ FE 22 Y £ HMDB % 22 H 3k 47 E
YoM R 37 A 22 AU Y, X SRR
R LR A4 AR W) (4 2= IR - 22 2 R (Val-Ser) | N-
H & BE-L-ifi & 2 (N-glycyl-L-proline ) A1 % % fE N
A (tyrosylalanine) %) | iE 28 FNJS G 43 F (52 i (tes-
tosterone) , FH L 52 /il (methyltestosterone) F1 4 ifi #5 25
S B (taurochenodeoxycholic acid (TCDCA))%) L)
KA KA R NS L) (B 1 (adenosine) | LT iR
4% (guanosine monophosphate (GMP)) Fl1 5. ik Aif
+ (adenosine 5’ -monophosphate (AMP))Z5 (/& 5).
2.3 25 A

Rt — 2D ARGY 4 Wt e Xof Vg 2 g 18 1) 5% T, %
i 5 th 19 22 AR EA T KEGG Dy filg i i 1 B A
S WIE N T B0R 2 E S E AL AT ae S 2 28
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Fig. 2 PLS-DA score chart of amantadine in the exposure group and control group of A. japonicus
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Fig. 3 Volcano mapof differential metabolites of amantadine in the exposure group and the control group of A. japonicus
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Fig. 4 Heat map of differential metabolites of amantadine in the exposure group and the control group of A. japonicus
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Fig. 5 Compound classification chart of different metabolites of amantadine in the

exposure group and control group of A. japonicus
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Fig. 6 KEGG functional pathway statistic chart of different metabolites of amantadine in

the exposure group and control group of A. japonicus

3 iFi ( Discussion)

WEE & R A Ry A TR (H) DN RNA) 4 06 75 1%,
51, RERE IR A LA, 2 5 AR B e K Ak & P 1 C i
PIRAF S5 527 B kI, BB R 1 (GMP)
FABERR IR (AMP) R 7 5 TR K234 cAMP |

cGMP-PKG ,mTOR 1 PI3K-Akt %5155 51 [ r= 4= 5%
M, LAY R MK % i) AMP #% 46 h BT
PRI R FR LB (AC), AC fIE3E ATP [i] cAMP
(143545724 0 NO 1] DLIE A3 5 1 R 20 1k iR 1 FH L
ST cGMP A M., 5% cGMP Fl cAMP ¥ 4% (1)
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cGMP-PKG Fl cAMP {553 % 5 55 25 + i A2 A5 AH
5% BERE I AT AT A P45 55 5, LA i &
25 T e A5 A ML A6 T 280N 400, DT B A A P Jo
WIS B 45, PKG B IR LA B EE 1 A2 &
MR AR R R AR I TG S5 22 SR A 95 = R RE 8 G
AMPK {555 18 6, f ek 240 e 9 ATP A9 14 482,
B, FRATT DU 4 I e e 1T 66 3 2o 52 Wi 31 2 cGMP-
PKG {55 % F1 AMPK 15 53 % T 800 S g =X
WHEETL

R RE S A R A W 0 IE AR P RE A
B8 BT A S e D RERO R M R i
BT 3 08 AR RSl R Y B SE TR | —
P2 ST e O T st 4 v 2 T B R (L
55 ST | R AT ) P 15 BRI 43 D6 R % 5 i) L
AEBERE ST, TV 3 S2 R 8 0 1 i P YR 1 S e A
U, 4 W e T R Ao 384 o Y R S 5 2, R o
SETR PR 7 A T TS T DA D IR T S R IS [ e
i B P AL S B AR SR T, 2R RS 2L IR R
(TCDCA)Z BT BRI = B4 RN 5y 2 — |, TEABIEFE
H1 TCDCA X [ & MR R A= A i, — IRt
A6 ORI RR AR A gm0 IR R A K
5 1R AR OG [R] B, A58 & B cAMP 7K - 19 B AR
R M L [0 s (18 7= A= B0 O [T 2 A G 40 %)
B A K 4y, T 4 NIt B BE 0% 52 ) 40 it K
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