X)
6‘-}%[]]“5‘ wos e o H5 42 B T 2023 4F 7

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol. 42, No. 7 July 2023
Knowledge Web

DOI:10.7524/j.issn.0254-6108.2022021303

A, TR, 07 . P Ry RO AR 2 M BT (D). BRI, 2023, 42(7): 2171-2179.
SHEN Yi, ZHANG Shihan, YANG Fangxing. Effects of codeine on neurochemicals in crucian carp[J]. Environmental Chemistry, 2023, 42
(7):2171-2179.

A 35 [E X 8 £ 4K 9 1 2L 2 0 BTy S0

ko o =iFEE A E™
(WL R 2E A 5 IR A B SRS REF T B, BN, 310058 )

T E AR, o REE A KRS o A . AR, I RRERK A AR, IR
AT 0 A A AR SR T BR BT M B R R T 1 R X £ 4 R D e 22 Ak 2B ) R R S R 4 SR AR,
AIRF (Sng L™ M 500ng L) #FE7d/E, FHOTHFRAEMAERNMYER, 75 7d R E R
Fe k. M b2 it o, Wik AR FRE (NB) . ARZE (L-DOPA) | ZHE
(DA) . 58l (5-HT) . S-REEMR (5-HTP) . HEMR (Met) . RAZEM (Asp) FHE MR
(Prol) KFHERBEFE, MEPLEE LIRFE (MNE) . &R (Gn) . B4R (Glu) | 5-B3
WIWE 2R ( S-HIAA ) FUEHEEGL (Bet) ACENIFEAL, IFE AT FRERXT R 250t S22 Y B2 i AE 7 d 1
PR SZ P9 ELAT AR T M SRR S . PR VR 1) T R D 5 R BB A T BOH AR 01 A P 19 5 BEUR i 22 Ak 22 ) i
FIARAE,  H BT = AR B B P R R SR AE AR — A5 e .

KEIR WEH, M bRy, MEEEE, EWER, WEHRIREE

Effects of codeine on neurochemicals in crucian carp

SHEN Yi ZHANG Shihan YANG Fangxing ™
(Institute of Environmental Health, College of Environmental & Resourse Sciences, Zhejiang University,
Hangzhou, 310058, China)

Abstract With the increasing application of codeine (COD), the psychoactive substance has been
frequently detected in aquatic environment. However, the adverse effects of COD on aquatic
organisms remain unclear, especially on fish. In this study, the effects of COD on neurochemicals
were investigated in larve crucian carp at environmentally relevant concentrations. The results
revealed that exposure to COD (5 and 500 ng-L™") for 7 days resulted in a persistent accumulation in
fish. Analysis on neurochemicals showed that the levels of norepinephrine (NE), 3,4-L-
dihydroxyphenylalanine (L-DOPA), dopamine (DA), 5-hydroxy-L-tryptophan (5-HTP), serotonin
(5-HT), L-methionine (Met), L-aspartic acid (Asp) and L-proline (Prol) increased while the levels of
norepinephrine (MNE), L-glutamine (Gln), L-glutamic acid (Glu), 5-hydroxyindoleacetic acid
(5-HIAA) and betaine (Bet) decreased in the fish. Most of such changes of neurochemicals were
irreversible or persistent in a 7-day recovery period. The bioaccumulation of COD and alterations of
neurochemcials in crucian carp exposed to COD at environmentally relevant concentrations suggest
that the neurotoxicity of COD and related adverse outcomes should receive more attentions.
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concentration, crucian carp.

R A TG R ) R R TR RS BERE S e S | I ORI R AT N A R, X sy i AARICIES , BiE
V5K M R GEHEA TS KA ERT, T A 15 KA T 20 R e se e He L B, S 8UR B 09 25 W) fe &k
HEA K FR R Bt 25 (P 2 R 388 i, A A TG 4 4 5 L 2R B A K IR R — T 245 Y L,

T 08 TR AT P ) I 2 % K AR AR g, A o R 0 2 A AN R T O e ) o e S A D) B AE
TR b 2 S Ak 2E W B, NI RE i AR R A AT R, PR K IR 5T S T T RS RIS I 9 S £
FER k. BN, 22 AR M E G N T 458 S 80 A0 i K N 22 ELRE (dopamine, DA) 7KSFY; i SCH 3%
I TR B LA S B RN P 5-3% £ 1z (serotonin, 5-HT) & & FA A I A6, % 5 PG 7 2340 i B 5
1R N2 Z 2 (L-Glutamic acid, Glu) 7K1, 2R I 2515 5 3 D iR P DA {55 H AR XS (HRA 1
TG JIT G (R 22 A2 ) BT A A AR X A2, o T LB A 8 Ak 2 ) o 1 5 M 3 B /05 %, DRI G Tk
PG PP O S A 2, FRATTIE B = .

HRAE L B A 2= W AN [m], w2k 2= W vl 4 B E IR R BE M AL 18 R G . R AR RE A 2218 18 &R
4. RO LB R, LM IRE M A5 R G . MMBkREth 2518 R G DL L E M & A58 R 4.
X RGEX AR B A B ER, B LR RS L8 R R E S 5EY R TR R
N7 FERE L AMERAECT ) [l A WA N B R SR R E A 2 F O B A Y S E R AE e e
ARG S S5V L EENAMIE S AR, WS g | AT R B AT Y, S — B 1 1A
T, QSR IEAE . PPARAE | 155 R B A R BT K U R L A AR . AR R ORG A o ZE S Sh iR N
L RERN 2% 3 RS0 5 AR AT R B A G, ALFE I 4 ARAE . = LR gUBR I . LK g B i 0 S I 1 72
WA, Horp SSHT Esh Wiz shid sh BRc . dh e b S sh stk B, 154, < fMidie
SEAT Ry A T O A €, B RE I SR SR R X R 2 BT R AT RO BT T R 20T s R L LR
iy iz RE A o1 36 R 40 BAE N BOA T iR B EEAEN, 78 B AR LT & R BCHL RO n v, B A A8
P 28 A% 386 22 295 T (1) £ T LR, T R 308 o AR o il i 2l 52 A 7 22 AL RN 8 REORE A 7o vh R HEAE RV e
ST, IS PT e 55 T 2 B R 2k S W BT, A BT M RN A T T AN TS e W i e 2 PR RN,
J AL

AR R — Bl DL A BT 7 2259, 8 FHAE R 25 U7 S rE B0 70U, FE I R b, w] Rf PRk L
A B IORT L3S A . AT AR DR T R e A B A2 AR B, 1 R i A B AL B A A A
TR U AR, AR, 2 AT R DR AR i e R v R A A oA R MEROL B BLAE, T AR B A B AR AL
il 0 A 58 421 A8 . BE A A0, P RR DR E MK R I A L B B, 7E b K R E i
AL F DR MR B AT W A pg L' AR 7K SR, AT A DR RO Ml 26 A kG H 4 22, s KD 0 3T R 22 A 8 S A
HKSE43 504 1.8 ng L™ Al 12 ng L2, PHHEF Hb K MIAS H 8.9, 14, 26.8, 231.8 ng-L™' /REERY, fif 2%l
FOK PR 7 ng- L7249 7 v 5% Y450 B 78 b e K PR 380 R R DL, A 5 V8 45 T I HhoR ) 81 T AR PR v
JETE 12—341 ng- L' REE2 2 e db 5t . BB b 3K op nl £ RV B2 43 S #E 5.6, 2.3 ng L™ 22471272,
B AT FI R VT T 37 DR B 5 BB R 0.5—2.1 ng - L'09) 8R 17T, H AT 5 A 725 8 %0 24 1 1t 22 35 1k BB 9E
AT A

) £ 2 — T ZE SN L DX )32 3 A RN, XK AR S RGBT SR D RE AL S, LR B A T KR
15 YL Wy ) B PR IO AR5 ) £ )y £0 4 R 2 AR W, BROY T IR MR B R R T ] Aoy DR A ) £ A
(148 FEURDGSAS TR pf 2236 5 R G v 24 B 2ok 220 B I 52 ), AR AIE n 5 RXH 4. 288 () A 28 BR800
SR A A A 2 KU B B

1 SIS ( Experimental section)
1.1 S5k R

AL N R R 07 3% A A (4> 97%) ¥ A 5€ [ Cerilliant 23 7] . 24 i 28 4 22 ) Jo0 A0 X 17 1)
11 AR R O2 3R AR I b R mL PR B N 1 R, A b it 24 ] 2 8% — € Ll
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R ALK 1Y SIS R TR SO FE S 1 g L A A TR, TC A AR B2 SR bR SR R i Wt & 5% S oK
BB A AT R RS, SR TR IR, it ALOS 16 A Hh A REA W], LA BEXIW A 122 sk
Fl. Cig W B 3¢ [ Welch 23 &], W B 5] PSA(Primary Secondary Amine) Il H 3€ & Agilent Technologies 2
], JE7K MgSO,. NaCl ¥ [ [5 2548 A4k 271544 BR 23 7). Jo/K MgSO, i NaCl fifi HI i 7E 450 °C T 4k
¥ 4 h DUEBRIE AL, T ALO; 7F 180 °C HbH5 12 h LIIGAL. SLi Bt FIIA #1248 LC-MS 4.

R 24 Fh AL E Y I 11 FhE A7 R AR PRGNS B

Table 1 The detailed information of 24 neurochemicals and 11 isotope internal standards

PR Y YRR iR S %
Category Compound English name Abbreviation Purity
LHWY FRE Norepinephrine NE 98
B R RE A RS B ERE Epinephrine E 100
LHARE RER Normetanephrine MNE 99
LA A el L-Glutamine Gln 99
HKAMBEMAER R L-AA R L-Glutamic acid Glu 99
L-452 TR L-Valine Val 99
R Tryptophan Trp 99
S-FRHA0 S R 5-Hydroxy-L-tryptophan 5-HTP 98
RENREMAIEE RS
SRt Serotonin 5-HT 99
5-FEHEG|VE-3- LR 5-Hydroxyindoleacetic acid 5-HIAA 99
Tk 2R Tyrosine Tyrs 99
gz 3,4-L-dihydroxyphenylalanine L-DOPA 99
IS i Y St EARY Dopamine DA 98
3-F AU i 3-Methoxytyramine 3-MT 99
i iz Tyramine Tyrm 97
I Choline Cho 98
AIZIEN Y Phosphocholine CHOP 99
REBRRE 215 1% R L ZTBERET Acetylcholine ACh 98
FHE0 Betaine Bet 98
e IEN Glycerophosphocholine GPC 99
L-ERIR L-Methionine Met 99
L-IH2R L-Proline Prol 99
HoAth G138 R GRS B A
L-REHR L-Aspartic acid Asp 98
ikl Histamine HSM 97
FKH A R -ds Normetanephrine-d, MNE-d, 99
L-HEMR-"C L-Valine-"C Val-“C 99
5-FR (A E-d, Serotonin-d, 5-HT-d, 99
5-F2HLME-3- 2 iR-ds 5-Hydroxyindoleacetic acid-ds 5-HIAA-ds 99
fik ZIR-"C Tyrosine -"*C Tyrs-"C 99
A=Y BRI R bR KlEZ L -dy 3,4-L-dihydroxyphenylalanine-d, L-DOPA-d, 99
Z M f-d, Dopamine-ds DA-d, 99
JIEp-d, Choline-d, Cho-d, 99
ZEENBRE-d, Acetylcholine-d, Ach-d, 99
AIEI-d; Betaine-d; Bet-ds 99

I 2 R2-"Cs, N L-Proline-"Cs,"N Prol-"Cs, "N 99
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1.2 ZEER

2 AR 441 ((03+£0.1)g, (27.8 £2.5)mm) W [ FE R 7 S fads. SCway, o7 i & (RS
48 h) [ K I G JE . YA ], B RARES 12 h JERERT 12 h BRI, MR 1 U/ N £ R AR AT
A K A2 5% B K-, B BRI I B BV FE N S ng- L (fIRHR ) A1 500 ng- L' (R . A~
R AT 16 S, P HCE AE PR EL b (AR BT rh 8 451, K /=10 L). LA%F 1 5% CIF /K
(ZIEZHREE 0.0001%) %t BEZH . ARG Z AT A IF 520 32, B Eg i R B0 7 d. RS2 B , NS K L
T BENLIEE I 4 5% E AT ] 1R DR 5k BA RN A 28 A4 Jo 43 AT 1 TR0 4% 1 £ B8 6 JROK BT v, 6 134 1 B SE0K
AT 7 d BV . FEVR I A SE TR JE 6 A AR R AT AR () 0T R PR A R R 2R A2 B o B AE R R I
PRI, B 24 /NI TS K GT H—2f 17K, IFFE R G 0 AR I 5 1) R EE AL &9, IR R R BRI EEA
AR AL AR R, BRI BRI B pH {H . B A (DO) MUK, 45 (253 +£1.5) C.
45% +8.7%. (7.22+£0.17) mg-L™', (7.06+0.78) mg-L™' F1(22.8 +0.6) °C. ¥ S ff1 2 7 7% Al AL B ) S 56
W) 2 5 W LR A SE R sh ) (e 38 2 51 25 AL T
1.3 B A py ] AR DR R R 22 Ak 25 9 I3 43 M
1.3.1  FESL AL EE

WA A PR L C AT 19 77 35 BEATAE O AL 34 4 €0 7E-20 °C PRV VRIBR I, SR 5 VT 3038+ 4k
BY. g S5 0 RS A E WA L B B 2l K (B 0.5 g fafin 1 mL B4l /K) $EAT 7843 5030, IR T 13
WE T 2 mL B0 . B 200 pL 2)EF 10 mL 208+, A 3 mL 0.1% HERE LG H W, 20 uL
AT R PSR (MR BE R 100 g L) 1 20 pL #1224k 2240 o [R)037 28 AR TR B R (2 IRV BE 34k 100 g L),
A AEH 10 min. 2.0 N ATA NaCl #1JE/K MgSO, 4 100 mg, A HE 1 min J5 %0 5 min(5000 r'min™").
W WRERZE S — 10 mL B.0%, A 60 mg PSA., 30 mg Cg. 30 mg 1 ALO; I 20 mg J& 7K
MgSO,, #JE 1 min J5#.0> 5 min(5000 r'min™"), B_E W 2 55— 10 mL &5.04, FARTE/SMA 2 mL &
0.1% H R 1) Z N VW5 TR Pk, PR B0 5 min J5 & 1 IR LS W, I AR AR 235 T, F1H 200 pL
5% LGRS WG, B $E BORGHE 1F 0.22 pm P8R L 25 B3 T R 5 A3 1 MS0RLA) , A i 2 8 o2 A5O3 -
= H PUAR AT B B T %Y (Xevo TQ-S, Waters, 32 [F ) HE1T 4047,

1.3.2 ARG RS- TS AT

AR AR 3 BS (3% A S BEH C18 A (100 mmx2.1 mm, 1.7 um, Waters, 35 [ ). #EFE &4 10 pL,
BEH C18 #4740 °C. Ji sl AR H oy B, A AHZ NG, B AHZK, B 0.1% 19 HH R, 466 B R R )7
R : 0 min 5% A, 2 min 25% A, 6 min 75% A, 7 min 95% A, 8 min 5% A, Jii# 4 0.3 mL-min".

2 Ak S W B WA 43 S {4 ik A A Synergi Polar-RP 100 A column( 100 mmx2 mm, 2.5 um,
Phenomenex, Torrance, 3¢ [E ). #EFE R R 10 uL, G 3EH AR 20 °C. J s AHH o Ve i, A A5 H B,
B AHIK, I 0.1% A B AR, 6 PE I AR M : 0 min 5% A, 2 min 5% A, 4 min 25% A, 7 min 95% A ,
8 min 5% A, Jiii# M 0.2 mL-min”".

AIRFIR Ak 2= o B LR AL R AR B BTG T 280 LSS WL E A IR,

1.4 Sitorbr

AT R 5% B e B R A 28 Ak ) ok B 24 ST Y (B PR ME R (SEM) 37 . A 1 R 1) 5% B vk B DL R
M & 11 5. 7E SPSS 26.0( SPSS, Chicago, IL, £ E ) H, s HR R Ry Z a0kt Z2EILE. 4 P<
0.05 B, TA R AL A7 A 5. 35 22 5. fa v ml 15 R 3 R Ak B L R b 28 Ak 22 I o i I B A S A 7 (1)
FTR:

_ CxV

0.2 (mL) xm
Horh, R i ]yl e R BOPh Z A6 2 W BT & i (ng-g ' IR ) 5 C O SR AACHRE (T Rc &4 BOM bl i DR sl
ZAL2EY T (ng-mL ™) ; V R SR BUEARFL (mL) ; m FoR A i (o). TS ES LR = L
TR,

C (D
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2 %55 59718 (Result and discussion)

2.1 AlfF AR R

W] AR DR 7 S A R BRI L AN AT 1 TR S i e ARG I 8 T R R AR L R ok B T 1 R R R
AR PN AT A RS- 24 % BR e 405 A 2.35 ng-g ! FT 25.30 ng-g ! I A PR A AR ) B A R B (BCF, B AR
AR IR Y (ng-kg™) 57K H AT 25 MRS (ng L) B9 HCAED) 43304 471 F 51, 221 COD 7R 42 5 85 1 175
DU TR AL A N 28 AR, O L 78 BR 2R I 2 o Ak 38 e T A K SR I8 SR, P e 2 e A P T Ao A
(4 - B8 7K 74300 R B 17.3% 1 21.7%, [ 2 1.95 ng-g ™' 1 19.82 ng-g ", {EATh i X HR4H, 2 9 v 15 R 72
FAR N R BURAT — S8 IR A

*

T;; 102 - *x% -

g k% .

z =

&

= 10!

=

.2

= .

E i - ,
S 100 . - % M Exposure period
g W % & #iRecovery period
Q

s L]

2 0t

z 10 L | .

F Ctrl 5 500

Codeine concentration/(ng-L 1)

B iR alfr R AR
T SR DA TR, S8R 1 L R BIREEE 75, 55 50 RIEE 25 AN E AL, AR 90 A 10 AN EAMEL
+fRFTIME. *, w3k P<0.05, P<0.01 F1 P<0.001
Fig.1 Bioconcentration of codeine in fish
Note: The data are reported as a box/whiskers plot, where the upper, medium and lower levels of the box stand for the 75", 50", and 25"
percentiles and the whiskers stand for the 90™ and 10™ percentiles. + stands for mean value. *, ** and *** represent P < 0.05,

P <0.01 and P <0.001 compared with the corresponding control group, respectively

A DR E A P A 8 fge A T S B, 2 S (1,47 £ 0.32) W, B3 AR AT 1 DR 7 Ao A v i 2 5 3
AR, (AFRATR AR R B, & e AR b i S BT LA AR 2R AT 22 BT i — TR 52 IR B,
7 A RS Ao 62 40 SR P 366245 AT e R0 S ) 7 B f A PN ) 2K 0T AR 0.18—6.98 d =2 [1]19), i i i 245 40
TENAR N2 AR 11 h PR 2.5 h BT 3 B SR I ORG A I 1 400 B 190 2 5 B e A R i A4
AT RE RN AR [, 78 fh A oy TR 8 2 5 R B AT T 2 i 52 e Al e SN A
22 PR Y e L

AR R R B AN [ 4 2838 0 R G0 1 PR AL B 2 i n 5] 2 s T IR R AR R R A&
b= )5 (] 2a1—a3), BEELS ARG, AT AR A W& 5 M NE KF, (HARMEE T3 T NE B, X Fp
B INAE RS2 I RIS N 5, i NE & 5 B RN T 37% (&l 2al), 280 RER AN Ak, TE R
RS T, BPUEE R ] fE P R X E M RER RN, 7 d PR IAJE, NE 75 52 43 38 0T B2 5 3 1
2.2 51 2.0 £5 (14l 2a2). MNE 5 & 76 P FR 2 5 BE R 20 i 4 8 2 M 1 31% M 61%, (HIix il fE ik &
W5 T 2% (B 2a3), 2 B FP S22 T 306 (1Y) NE 7628 955 b ol F vh £ 225646 MNE Fl EPS 1L A5
o1, NE ZACE 3, HAREE =9 E K340 MNE 7K R AR, 3600 77 15 DN 2 88 1T BE 42 28 f4 /K P9 NE i)
E W4k, [RIB 0] NE [7) MNE B95 4k, (EHLE] % A BT 6. tb4h, 385 F MNE/NE 1) H(ER AR SR S LR
F B R G RGP 0 ) JR 0 AR5 vh, T R R v R R R PR A S B L R, IR AE T A IRE
WS A5 AR 3a), X 5 0] FFH BRI NE 1) MNE #6361 8% — 3.

HERRARAE R G (K 2b1—b3), FEPIFPZR U BT, Gln % 1843 1) i ZREAK 72% 1 67%, {HAEMK
SN2 IR S E R (18] 2b1) . BUAR Glu /% 5t 75 2 58 25 A0 )5 43 5l B AR 67% Fil 62%, R & 5 15 A
41% 1 38% N B, (H 30 i 35 Pk 22 5 (1] 262) . FEAE WA, Gln 3 3 45 S M e 42 3R 1 e 32 3 4 i
b, I i A R BRSSO Glut )., ZEABESE o, Gln B Glu 75352 24 ], 18XF Gln A4 30 6145 5
SR BH S, HEN T R R B R v RE SRR T B AR Ak S E Y 2 TR AL
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2 N[FIh AL RGN 2 A F Y T
al—a3: B FIREAERSE; bl—b3 HEMAERSE; ¢l —cd: S-ROMRSE; d1—dd: HE RS el—eSLAMMLRE RS f1—£5: JHHAER
G *, e LR S RIRRANARRIXT IRZLAE 1, P <0.05, P <0.01 and P < 0.001
Fig.2 Levels of neurochemicals in different neurotransmitter systems
Note: al—a3: the adrenergic system. bl—b3 the glutamatergic system. c1—c4: the serotonergic system. d1—d4: the other neurotransmitter
systems. el—e5: the catecholaminergic system. f1—f5: the cholinergic system *, ** and *** represent P <0.05, P <0.01 and P <0.001

compared with the corresponding control group, respectively

e ARERER G (K 2c1—c4), MR E I RF N B 3515 S S-HT, (15 8390 87%, # B MR %
Wi 78 2K (P 2¢3). 1B R S-HT RARI= 812, S-HIAA &5 Ae I e B ] 79 N B 8 5 32 1) g 25 ), S &
B 24%, TS I PR B 3k 3] 54%, FBARZI R AT (8] 2¢4). EF 5-HTP, 1B K 5-HT BYRGARS, &k
A A5 [R5 B B i 1.3 47 (18] 2¢2) . 5-HTP Fl 5-HT A9 A2 AL AR, {5 5-HTP 5 & 58 fir s 788 5 K, [l it
5-HIAA /K F-Fifi 5-HT & & RGN R, T BeJ& ol fE B H] T 5-HT [1) S-HIAA WAL BT E Z R —
TRETE R IR, i TRV PEPE (7 pg L7)28 d Ji, BAEBE S fafR Py S-HT & &340, 5-HT [4] 5- HIAA f9%%
32 2306, 5-HIAA/S-HT HCBIREAR. % b fEGE % M T 5-HT B9 FFAE B, R A= Y0 7E 5 17T B R0
75 . AT [RIRE & B, AT 15 ) R 8% S5 5-HIAA/S-HT H R K, i BAEAR e BE R 5 m &&, 1if HLixX
FlCT Bk BAT — 2 145 A (1 3b).
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W 55 M Exposure period 1% 8 B Recovery period
8§ra 25 b
; 2 20l 14 I
o L S . —
3 # e 15r *
w 4 T jamt
z
= oo g 1.0 *
Z T ok
z2r = o5t a
u'n
0
Ctrl 5 500 Ctrl 5 500
Codeine concentration/(ng-1.™") Codeine concentration/(ng-1.™")

3 AR S-HT Al NE £ 405 (1 5%
TE: *, % e 05 SR AR B4R L, P <0.05, P<0.01 and P < 0.001
Fig.3 Effects of codeine exposure on serotonin and norepinephrine turnover

Note: *, ** and *** represent P < 0.05, P < 0.01 and P < 0.001 compared with the corresponding control group, respectively

LA B e R G (K] 2, el—eS), IRMR B AT ¢ M 18 215 % L-DOPA & &, HiZs¥ e 7 d k&
WE AT (& 2, e2) . (e B mT £ R 76 2 52 3 [R] 6 DA /KA B ilos SR, 7k & 0 25 578 o
AT, RPA TR X DA & EAFAERREE N (1K 2, e3). EHRIE, 4338 4580l fh 75 5 T 50 pg L' Al
T e BE A 2 A AR , DA ZKSE 28 BN B NS, L-DOPA J2: DA HIRTIRS, A5 i, i v B ] #5 [H
RGN W EES T L-DOPA /K, Mix) DA & &0l W s, (AR 2 10 5 & Y 8k5 =, R
KIAT el 7 L-DOPA [1] DA (R Ak, (A HIZEMK & W5 I 2k . A0F5E v, IR B2 T 18 I 6 L-DOPA A1
WE A FE, (X FE e S B 2R 58 ROk, SRR e &R, IXFP B HE A 106 P 40 S5 vt #
PP BRI AP 80 3l . G0 AR S G 2 AT A — TLAE AT R, MRS A AR Y L-DOPA 7E IRk
(10 ng L") AT f¢ P 22 58 J Bl o 254 i, (L B v B2 (100 ng- L' 1 1000 ng- L") R ik A4 4 T 2R .
TE 53— o v & 30, v o2 A At R B 6% b 35 4 T 24 28 SR SUlr /A N 1 Tyrs, DA K AR 7K
S, T R ) AR R X e A L B B G TORG S PR ) BT L-DOPA 1 52 il i A 5, (B FRAT]
(Y BIF9E 25 R 9 350 F 52 1) AT B2 AR PR 0 DG &R 1Y, AR HIAIL ) v A 1 .

TERRmE e (L ik R ge b (18] 2, £1—1£5) , IR 3 AT 1 P 70 2 588 D) R 52 301 205 oI5 %k Beet 41 11 25 5331l
R 51% F1 50%, A P A R a8 (K 2, ). Mz R g e g by e B, 5
L-DOPA AL, fIGH& B AT 15¢ KU XF Bet & 5 W& M RIAVE T, [H S Wk BE T 520 2K, 45 SR AN S50 % il (1)
— TGRS 4 SR AR R, Fh S HE RS B0 P X Bet B 520 A] BB S AR LA OC R,

SOk A HE RER M L EY (K 2, d1—d4), 1 Rh Ik B 0T £5 I8 25 58 24 8 8 %A S Met Al
Asp BI7KF-, Met 76 B FP R BE R 2 543 51038 1 133% F1 82%, 17 Asp W 260% 1 177% (& 2,d 1 A
d3). [al T, (R B Al 15 PR Prol & & N T 92%(1&] 2, d2) . 1K B WA4E o I, Met FIZKSEAT3 98 T,
FHZGE MR AT 3 e 3 Fiokf 28 b2 B Ae ik 2 10 55 X6 B AH L34 6 W 25 284k

DL EAFSY 45 SR 0, TR DR R ] S ] £ DR AR A fa A N A B R, T X A S B R ARG PR
e BE 1 ] R DR X Bl £ ) 0 () P A 3 R 0 AR T — A ST, RE RS Y N sl s/ BB o p 24k 2E 1 B
S, Hoh— S 2 AEAR K AR BE 1 3R A N A 386 5l A AR R 2 PR 5 ) 3 b 28 k2 0 I 1) A8 Ak T g el
ARGt 4y €0 AT Ry, DTS e B A g A G L BB L ARG R RS R L, TR R R S R M S AT
R AR TE N IS SRR A2 T R AT AR R 0 2t 22 B MR 5 0 E AT T

3 4518 (Conclusion)

AHTFERW, g TEREIAR U B 1 0] 7 N 2 S BEOLAE S R N 35 AV i3 B, JF 51 R M2 i
Yy SO — s I 1] N AN RIS 4728 0, DT AT BB 7 AR 22 2 P, 52 e HC A= 1 i 3.
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