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Abstract: The non-steroidal anti-inflammatory drug—ibuprofen (IBU) and acetaminophen (ACE) are common drug
residues in water environment because they cannot be degraded completely in treatment industry. They could be poten-
tially affect non-target aquatic organisms when they are input into an aquatic system. To investigate the impact of IBU
and ACE on aquatic system, in this study, on day 1, 4 and 7 after Neocaridina denticulate exposed to either IBU (0, 0.1,
1, and 5.0 mg-L ") or ACE (0, 0.1, 1 and 5.0 mg-L "), four biochemical parameters were determined in the hepatopan-
creas, including the activities of monooxygenase (Mon) and glutathione-S-transferase (GST), the concentrations of he-
matopancrease-associated glutamic oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT). After
treatment inl, 4 and 7 days, all treatment groups of the Mon activity were higher than control group (37.8 £ 9.1 AAgsomm
/30 min/mg). The GST activity were significantly increased then control group in IBU and ACE group treated with 5
mg/L after expose 7 days. The concentrations of GOT and GPT was increased the control group in exposure 7 day.
These results suggest that the detoxification may be initiated when the both drug residues in aquatic environment, and
the IBU has deleterious effects on the aquatic organisms. Therefore, the risk of drug residues at water ecology will be an
important environmental issue.

Keywords: Neocaridina denticulate; Drug Residues; Glutathione-S-Transferases; Monooxygenase; GOT (Glutamic
Oxaloacetic Transaminase); GPT (Glutamic Pyruvic Transaminase)
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HZ W BK R (Neocaridina denticulate, 5 IFKER)BE4T 0.1, 1 F1 5 mg/L #J IBU & ACE NRIKRERIESE . IF
THEFRIG 1. 4 ] 7 K, FR @ KERA Py fF 258 2% 1% P (monooxygenase, Mon) J glutathione-S-transferase, GST)
5 FFIEAE 52 1545 bR (glutamic oxaloacetic transaminase, GOT) /2 (glutamic pyruvic transaminase, GPT). {3645 5 i
7~ KERERSE IBU & ACE J5 1, 4 & 7 R, A3 41E Mon v PEFF B & T X HEA1(37.8 £ 9.1 AAgsomm/30
min/mg), GST G TEIEFR 5 mg/L [f] IBU K& ACE 434 J A B B T3 5 mg/L IBU AH#AHTE 7 KA GOT
L GPT 47 EJHIIE OL, AAFR IBU Al REREF M FFBRAEIE B . 3 A iR 45 R, 1B IBU & ACE 824511 K
BRI, AMEFROKEMR R, E 2R Rl SO RIE R K R R . WP R BoR, 1B IBU &
ACE 5527055 B T /K AR th i S m K AR AR W AR B8 s, A5 ) 3 b 2 O A R AR AR E BEE 2 —

KBiA: 2 NHTKIN(Neocaridina denticulate); Zi¥)5% R ;s #RIEE IIKHR 5% # B (Glutathione-S-Transferases); 5.

4 (Monooxygenase); GOT (Glutamic Oxaloacetic Transaminase); GPT (Glutamic Pyruvic Transaminase)
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1. B

NRIESIERG I, . EEJE. RS
NIKAAR JE R KA A= it BRG], 48 R 3 A SR
NAE AKIBAES RGN ELEZHAATE L — T
HEe R RAGET W5 R, EFRTFZ 5T
Wi 28 e LN 2K 1A ) 24 0 AE /K AR Bk R A 2 ) i
e AREDRTE ORI, ERIZ) 5 BT B ETZ AR
K ThE T KAER R B B0 K, Biaet il bt
B RV 7 (non-steroidal anti-inflammatories,
NSAIDs). M3 (estrogens) [ I 5 71)(lipid regu-
lators). Pim MLE A ). FEmpERI%, &HTETH
BIZRP EEREE IR, X BEAR
BEASI 250, a4 O] FE S 2 K AR rh g A e
K, THER B AT HTCE XS 23RS BR 15 K AL B R G n) it
iR, DR I e A 25 ) 1) PR /K AE R 8 Ak 3 1 17 10
T BEHEN BAR KK XS A A A I s i, (HIX R
24WXT T KIS AE D I P AR AR T, ARAR IR

H Al 22 A8 F 1 1k 9 01 =3 22 Dy i s =] T
WA, BHREEA IR, 1k a] FLAR & H A AR
[T B2 98 2 WIATI& 55, TR F 72 B 4 U O
B HAN, 1E 2005 GRS T B
ZWIHT 20 R, IRIR A Ly S R ]
VA2 QR AT L0 BRibz 4b, sk L
A5 LB 700 ) AR =] DS AR S A& S5 e %0, S i R 52 23 i)
N 27.3~27,000 ng/L f 711~17,933 ng/L. HEi#F5THE
H, UKAEE IR F T BRI 2T, SR
W Planorbis carinatus "KM, AR 552 Daphnia
magna FHEREIIVE G Gammarus pulex 17 N5H
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(155, 7K s BRI SRR EE R T 100 mg/L HE 2 2
it 82K Oryzias latipes FET-,

B 2 BN B S et , W18 oK A2 AR ) B FE
WIGAET=3 VI P IR 538 oy s AR 3R
HEFESER . % U5 BKIER (Neocaridina denticulate)5s
TRIKUR S /NI 5K SHAAE 7K 38k 1) i 2 A i 7K
KA TR B ER A ST ERE X, finky
TS % R TR A R EE A o S SR TR A
Rebk, E AR R ERMERI BT A AR s T .
L AEAE YA ACE RIS AT LA phase T & phase 11 /]
PR IEPE R SRR 7R . phase T 3= ZEH R N A
fi(monooxygenase, Mon) R4t , LA TR AFh 1) I
JRIEA R, A FYIRA H ARG E R A
1o BJE SRR RN G, B3 A BN E Rk,
PRI A E D RIS, e R
BT phase 1 HARE(Mon)iE R RGuif et oA T+
% phase IT T, XHONEEE R, ERHEE K
fint F£ ¥ # B (glutathione-S-transferases, GST) A% 5 i
ITHRFE N phase 1T HAN AT BB H 2 S N R, W]
B BV U AR IR BAE I A 2 0ok,
HiE 2 BV B R AR AN, PRIEE AR R HERR A
BT, Hinl A 2 phase 11 R R PE LT 191
H¥, GOT(glutamic oxaloacetic transaminase)5 GPT
(glutamic pyruvic transaminase) AA M FFAEALEE 2 75 5
W B VAR 0 AT, 24 A A4 P ) P R 4
I BB, GOT 5 GPT IME & T i P,

N T R A A P 5 T 1R 77 AT ¥ 25 (Tbuprofen)
e T B3 (acetaminophen, ACE)X 7K A= 4 Wi 0,
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A FH) 2 5 H KN (N, denticulate) 4T P Fp 7K 44
w1 25— —1BU 2 ACE g % i3,
J£43 BT monooxygenase (MO), glutathione-S-transferase
(GST), glutamic oxaloacetic transaminase (GOT) A glu-
tamic pyruvictransaminase (GPT)K T fift 4 Fh 25475 K
UR 7= A RS

2. MRAEE

SIS Z BRI A AR T A 2 AR
Jii— KU EK 2L . BB 1) HRKE
W15 73BhE, FITEERNGEE A BE; 2) DL SRR
TR 3)LA 10% ARG VRS NI — IR 49 LLEE T
AKMPE =R S)LARERMEE— IR 6)LL LB TRk
= R ET, WA RS E LR ST K ER
k.

2.1, LGN

ARSIV - Z W HKREN(N. denticulate) V3% T
AR, SEEE N % 40 L #BE/K 2 T FREL & 77
SN PUBA BRI Rl EdmE R BN
1.3 A0 AT Ja Sl .

22. BRI S CHEREMETER RS SRE

AT 9% 55 (IBU) f £ 19 Ji B (ACE) F) ik A7 10 VLR
100 mL ) = F ORI FFIBC B AL 1000 mg/L 1%
IR, TR IR B 25, RAFT 4CLLT,
S 5 ST .

IBU J2 ACE BEFZIKEZ N 0. 0.1 1 A1 5 mg/L,
IR 30 N IFETHREES 1. 4 K7 R, rHrKiRk
WAREFE# X, monooxygenase (Mon)X glutathione-S-
transferase (GST); FTHEAF 1845 glutamic oxaloa-
cetic transaminase (GOT) M glutamic pyruvic transami-

nase (GPT) HIi&EE.
2.3. ERNMHKER

Wk 72 5 O L AT KRR B M AR AE, TR iE SR
KAFAAAEE, NN 0.5 mL tris-HCI buffer (Sigma, USA)
J% 5 uL EDTA (Sigma, USA)T 4°C F#4Jf . ¥k T
4°C, 10,000 rmp FEL 40 234b. B0 G ISR
T20CHRefE 2,
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24. BEBRFMSH

Wl ¥ Mon(monooxygenas) & GST(glutathione-S-
transferase), MLk R EAT B EERE R 200, SRASIIK
RS CA BB E . BT AR (Mon)id
WHRME, Pl E AR AERE, F5 5
HEAT A3

Mon 73 #7: 2 pL 4143 80 uL 0.625 M po-
tassium phosphate buffer, FMIA 200 uL 3 24555)(LA
1:3 [ ELBIVE AN 3,31,5,51-tetramethyl benzidine 5 0.25
M sodium acetate buffer pH5.0), #&JaIMA 25 pL 3%
hydrogen peroxide, 7 =il T [ 30 7341 J5 LA 650
mm W E B RO 2 AR

GST 73#r: 10 pL AZUMA 200 pL 63 Mm
chlorodinitrobebzene 5 10 Mm glutathione LA 1:20 &
G 2557, =R FER 10 28053 340 mm
I AR R A 2 AR,

2.5, £EWES T

il %8 GOT(glutamic oxaloacetic transaminase) &
GPT(glutamic pyruvic transaminase) KA Il K 1 i
JUE 2 75 A R RHR A A7 T HH L o

GOT(AST)Zr#r: Wi LL RANDOX H: i [] GOT
(Cat. NO.AS 1267)MAFIME « W E S ERUTT: 20 pL
HLUHINA 200 uL ) tris-buffer 80 mmol/L, pH7.5 5
L-aspartate 240 mmol/L V& 2715 a-oxoglutarate
12 mmol/L. MDH >420 U/L. LD > 600 U/L 5 NADH
0.18 mmol/L fFIVREA Z5FILL 1:1 AT R iR F, £
IR PLE K 340 nm W 5E 14 2 J2 3 0B e {2 284k
J&, WIE(U/L) =1 746 x AA Hg 340 nm/min.

GPT(ALT)43#7: M5 LL RANDOX H#if) GPT
(Cat. NO.AL 1268)Wlli 1M 52 o M PIRUWTT: 20 pL
HAUBIMA 200 uL ] tris-buffer 100 mmol/L, pH7.5
5 L-alanine 0.6 mol/L (IR & 25775 a-oxoglutarate 15
mmol/L. LD > 1.2 U/mL 5 NADH 0.18 mmol/L fJi&
HYFILL 121 IRAEM ARG, EIR T LK 340
nm W& 1. 2 &3 8osE )G, WREE(UL) =
1746 x AA Hg 340 nm/min.

2.6. gttt
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Monooxygenase, glutathione-S-transferase, glutamic
oxaloacetic transaminase, glutamic pyruvic transaminase
Mk 2 2 7 Hr 2 ik 2 ) S B AR IE /S BA one-
way ANOVA BEAT & REA R AL BEAL ] (O ELRL, 0y
JEHE#FHZR#H @ < 0.05)F L Duncan HL4% 854118 )

57,
3. ZR5TiE

PRI EEE — B NN Z G, AW R B
J2 g FCHE I BRI R 6 O BCA B B AR A
(metabolite). KFEEEE i Ty HE R RS TR 9 AE Y e
1k, (biotransformation) . A4 %% 4k 7 W5 B BL I8 FR N
phase 1  phase II, fEREAT#EE IR TP AR A H 2
VLR, XEMREEETENEY A2 1D
Fifrj¥ehR. Mon N phase 1 R, ©EEHM. &
JRBK i ENAE DR N TS 4 GST A phase 11
IMEER, BAE T 55 3 B AT B T T A A
Aho B, 24 Mon BE GST _EJHIN BRIk A4k 2
KBTI, HEAT RIS AR S R EoR,
KUREREE IBU M ACE J5 0.5 & 7 K, 540 FE4H 5] Mon
WHEIELHE S T X RAG7.8 £ 9.1 AAssomn/30
min/mg, &l 1), GST iGHE 5B+ A EARE
W, Ho L LIEFE S mg IBU/L & 5 mg ACE/L (i3
AR 2). A7 HIEH 7T R, BEFE ACE i,
Mon FEMEIREE B B & TR0 R gl )
BAREE G EIERAEZER, AR LRI Y
EE . FREH Y ACE HEAANKE 95%a%
phase I %AbJEHEHAARSL, AR 5% 20 AL SA FE 1
W5t N-acetyl-p-benzoquinone imine (NAPQI), NAPQI
&2 GST STE5%kMH Ik (glutathione, GSH)%5FIHE
HARSNT, e, AR R TBU I 208 IR
HPIR4= 25 phase TT ) GST HEHIARSN, R 242K F
P, GST iEPEF =i Ek ACE 81 IBU D& A K
WA IE AR IR . AR RS R EoR, BB S
mg/L ] IBU } ACE J& Mon % GST &7 W& % 14
Hahn, g R ERX PR 2 DL KRR N, R
A B 18 BT 7R 1) 50

BEMEV U NAR N G R T 0 A BRI SR A AL, R
A W] REAE M7 1 I AR RO T SR S I R E . GOT

(glutamic oxaloacetic transaminase)t5 GPT(glutamic
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pyruvic transaminase) A4 AEHLAE & 75 5 5 B

PtV 7oA, AR N GOT 5 GPT B A T

(I P, Q% 3 A 40 T8 81 45 S s R
a.

[ control

70+ 7227 0.11BUmg/L
1.0 IBUmg/L
o 601 I 5.01BUmg/L
E
£ 504
IS
o 404
(<)
<
E 304
2
< 20
104
b. [ control
70 7273 0.1ACEmgIL
] B 1 ACEmg/L
Il 5 ACEmg/L
o 60
£
£
£
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o
(2
~,
£
£
S
8
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Figure 1. Monooxygenase activities in the hepatopancreas of N.
denticulate after exposed 1BU(a) and ACE(b).
1. KEFERE T 1BU(a) B ACE(b)F monooxygenase i&14$3E{L

a. [ control
0.6 0.11BUmg/L
I 1 1BUmg/L
b 5 (BUmg/L

A, omn!30 Min/mg

0 6'— [ control
! w77 0.1ACEmgIL
[ 1 ACEmg/L

ab Il 5 ACEmg/L

A, omm!30 Min/mg
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Figure 2. Glutathione-S-transferase activities in the hepatopan-
creas of N. denticulate after exposed IBU (a) and ACE (b)
2. KAFMRE T 1BU(a) B ACE(b)JF glutathione-S-transferase 3&
TR

Table 1. Glutamic oxaloacetic transaminase (GOT) levels in the
hepatopancreas of N. denticulate after exposed IBU (a) and ACE (b)
£ 1. KIAFRET 1BU (a) & ACE (b)[EFFEERE glutamic oxaloacetic

transaminase (GOT)REZE{L

Day
PGBEEEN
1 4 7

Control (0) 64.8 £38.9 58.9+43.2 65.7+28.4

0.1 mg/L 84.4 +50.7 452 +33.1 5234193

IBU 1.0 mg/L 52.8+31.7 46.3+33.9 85.4+36.7
5.0 mg/L 65.7 +£39.4 39.0 +28.6 110.9+29.4

0.1 mg/L 70.5+19.7 101.5+26.8 80.4+18.4

ACE 1.0 mg/L 65.9+29.4 114.6 £32.9 68.5+16.3
5.0 mg/L 54.7+28.9 100.9 £29.5 57.1+134

Table 2. Glutamic pyruvic transaminase (GPT) levels in the hepa-
topancreas of N. denticulate after exposed IBU (a) and ACE (b)
F< 2. FKATRRET 1BU ()% ACE (b)/SBFEERE glutamic pyruvic
transaminase (GPT);REZE{k

Day
SbFREH
1 4 7

Control (0) 55.26+14.95 56.63+£19.53  51.36+2091
0.lmg/L  86.11+36.87 54.74+1599  38.11+13.66

IBU 1.0mg/L  6125+37.48 56.01+2392 61.52+12.84
5.0mg/L 57.02+1830 55401435 62.07+12.20
0.lmg/L.  67.36+1637 68.00+1581  46.62+9.720

ACE 1.0mg/L  60.53+17.11 68.26+19.85 50.47+13.49
5.0mg/L 59.15+27.59  62.34+34.50 46.93+10.89

JH IR AR B4R AR I g0, KUTBR R IBU J ACE
w1 4 K7 REMRERKZES control 28 TCHA
BRI ZES . (B2, IBU IRLLE 7 KA 5 mg/L KA
Hrh GOT k& GPT A _EAMIENL, £ IBU A GEKER
FR)JFF PRV 38 2 (2 1 3 2)

LRSI ZE R, 1R IBU K& ACE 28254 K
BRI, AMESFEROKRIFHIfESELE], H2% 1BU
Al eI AT IEAT R R R . WIEERER, 1R
A IBU J¢ ACE &5 255k B T 7K AR h iy S o e K AR AR
PAFE ERIEI . EEAMY RS H) AR R R LEN
XKL E KR IR P SR 1 0, R N 2BBR B 254
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