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Evaluation of Neurodevelopmental Toxicity of Dianhydrogalactitol in Zebrafish

PENG Xiaoli', CAO Wen!, LI Cheng', WEI Sijun', LIU Huagang®" (1. Department of Pharmacy, International Zhuang
Medicine Hospital Affiliated to Guangxi University of Chinese Medicine, Nanning 530200, China; 2.College of Pharmacy,
Guangxi Medical University, Nanning 530022, China)

ABSTRACT: OBJECTIVE To explore dianhydrogalactitol(DAG)-induced neurodevelopmental toxicity and mechanisms in
zebrafish embryos and larvae. METHODS On the basis of general toxicity evaluation, zebrafish embryos were exposed to
DAG in groups, and the effects of DAG on zebrafish nerves and behaviors were observed by means of autonomic locomotor
response and light stimulation response of juvenile fish; the effects of DAG on zebrafish brain tissues were observed by means of
histopathological examination of brain and acridine orange staining. The relative expression of dopamine neuron-related
genes(DAT, TH, GCHI) and neural inhibition/promotion of apoptosis-related genes(Bax, Bcl-2) was determined by real-time
fluorescence quantitative PCR in zebrafish larvae. RESULTS DAG inhibited the voluntary movement of zebrafish under the
20, 40, 75 mg-L"!, and the inhibition rate of voluntary movement showed obvious concentration correlation; DAG inhibited the
reaction speed of zebrafish under the 20, 40, 75 mg-L™!, and the rate of decrease of reaction ability showed concentration
correlation; the brain tissue became smaller, but the tissue structure of zebrafish did not show any significant abnormality in the
various concentration groups of DAG; acridine orange staining was used to detect the apoptosis of the overall embryonic cells of
zebrafish, and it was found that the administration of DAG inhibited the apoptosis of zebrafish. Acridine orange staining was
used to detect apoptosis in the whole embryonic cells of zebrafish, and it was found that the green fluorescence in the head of the
administered group was more obvious than that in the control group, indicating that apoptosis increased, and apoptosis increased
in a dose-dependent manner, which was in accordance with the apparent observation; DAG in 75, 150, 300, 425, 600 mg-L! of
the experimental condition could lead to a downward regulation of the relative expression of mRNA of the genes related to the
zebrafish juvenile dopaminergic neuron, DAT, TH and GCHI. The Bax/Bcl-2 relative mRNA expression was up-regulated with
increasing drug concentration. CONCLUSION The neurodevelopmental toxicity of DAG in zebrafish embryos and juveniles
may be related to the inhibition of dopaminergic neurons.

KEYWORDS: dianhydrogalactitol; zebrafish; neurodevelopment; dopaminergic neuron
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27K ¥ (dianhydrogalactitol, DAG)7E [ 4
drc I P P R 2 05T BT DA 2 A KR AR 5
B AR (Maytenuns confertiflorus 1.Y.Luo.et X.X.Chen)
TSR RPN 25, R T g B bR
254y, W4 DAG TEI K TR Mok 240 1
F1 ML BB RO

G i e S il 2 R G WP 2 —, HRiE
M, SRR 2 FE, IR 2 B DU
¥y, i B S DR A T 2 b A o e
BH 1L 1 A7 24 W 320k i b g BT AR L . AT BIFSE K
B, DAG REZE I I i B Bt , - JHOX i e Ay — &
S0 BT D5 SRS ] DAG X i e e 240 a4
FrARSMMSIE TR0 SE, & B DAG X s J5iJs 20
AN HIRCR B35 . Shih SFPME ] DAG % ZIB AL
B2 I 2 R R EATIRYY , RCRITR .

DAG TENHIMIEZY), (e BA UM TR
[, L A] RE S AF R AR TE YA RSOV, RX
LOIRTE R AN B RN FEAT A AR B PRI
DAG #ATHUIR IR T RN Rl W B Z O 259
XF RGBS #e 22 BRSE SRS YIRS TR AR A Y
TWTERZ IR, ABIEFE A HIBE B IR A AT X 4R
X 25 24 e W B £ I i /4yt A T RE B WL,
WRERS YL, iy 3 EiEsh N, OO
N SR, WEE DAG X BE L) i 28 K47 R 52
A 5 PR 2 S B~ A A, WSS DAG X Bt 2 £ i
FRIZH L 5 A S 28 € i PCR(qRT-PCR)
7 VRSN B 1 £ 2y £ A A 22 L JH o 28 T AH DG FE I
DAT . TH. GCHI KA 240/ )4 T AH 3¢ 2 A
Bax/Bcl-2 ¥ mRNA X} ik, 74T DAG XI55
KUY & AN p s sy 8
1 w8
1.1 Y

BPAERY AB G RBEL A, R TP BER R
S S0 e
1.2 H

DAG()” PUtE N il 25 A A PR A7), 45
20150204) ; Acridine Orange(Biosharp , %% %5 :
E201708); DEPC Jiif (3 [E Sigma-Aldrich /A H],
795 . WXBB3108); RNAiso Plus 7 (H% 5 .
AA1302-1), PrimeScript™ RT reagent Kit {5l &
(525 : AK3001), SYBR®Premix Ex Tag™ I 7]
(T AK6503)¥IlF H A Takara A F]; PCR
PG E A TROGEARAF]]; W IER T
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Jt4 a5 (Biosharp, 575 : MW370); NaCl, KCI,
Je7K CaCly, Jo7K NaHCOs; #0) [ et £k T %
WA RAT; ToKCEEGHTSE, BRER TR AT
A S W RNEEGH A, KT B
2= R A BR A D

1.3 f43%

Szx7 fife BANAE . Ox31 A4 B iEs . CKX-41
POGEIE BEE . CX31-DP73 1FE & BidEE 4 G
H A SR B R U 45 V3 AT 40 B (Viewpoint
Life Sciences); S10 FHE AW AL(T IGH 2 A YRk
H A A BR/A F); HP250HS 8 i 1E Vi 45 5246 (G
DU AR & A BR /A W) s EL204 142 —HLT
K[ Fe - e R Z E bR 3R 5 (L) A FRA R
TDL-5A 5 3B DAL L% 5= R 22088 )5
MicroCL17R & K IR 25 AL(7E[E THERMOIEC
/3Tl); CD-CPH-11-20L M4l /K LA AR Al BHE A
PR\ E]) s BL-50A 72U ) 28 VK T a (T Pl o
WA FRA A ETFI%45)); SIM-F140AY65-PC vk
FLOCH A #8 F 88 77k # =X & 41) 5 Mastercycle
Nexusgradient £ % PCR Y [3CAME(HE)AHBRA
H]]; 7300 SERTHOEE # PCRAL(EE ABI A H]),
2 Hk
2.1 RARUSCEE K 2l
211 RHRIREE SCRAT 1 d BRI A R R
W AR B T e 1 0 1 BOAJESHR T A B O A )
FEORET Y, I A R ARCR A BE S £ o, IR
H 35 ks B o, i fr B 72 £ 2 30 min J5 5¢
BUACHE ™ 1, FH % B = 1A 0 AR R o B
IR RRTCE TR B FR LA, FE SR f kN0 vk
JLi, JCA 28 CHAALE SRR P 1 5 224 )5
6 h(6 hours post-fertilization, 6 hpf), FEMARZLIE K
BT, PRk IEW E B MR TREESCR, A HE
R I 1] B A A 22 S5 ), g U S 9 RS 1 1 [+
— X B 0 BT P I
2.1.2 ZGWiicH] 2 BB ZebrafishBook!®Fy i it il
B a3 . DAG WE % TK, KRS M
REFER eI 10 gL' A9 DAG B, &,

2.2 B LTRSS T

S BELEEEL 6 hpf BELh ARG 180 ML T 6 fL
M, BRAL 30 BURiG, Al Kis4 T 5, 10, 20,
40, 75 mg-L™' 51> DAG 25 ; HALZGmAa
9 3mL, [FIBFEEEAE AT B 0 5 SRR
RNTHRZH, B 24 h HHRZGE 1 K. DAG Ab3EE

rh I AR FH 224 2023 47 8 A4 40 555 15 11



120 hpf A, 25 BEHLIEERE 10 FEBE D ) o FfT
SR A3 TASCRE B AGHI BE  £1 | 52 B B S RN B LD £
X' SRS sz 107 TS A e AR (SA), T DAG X
BELh i [ 38 s AN RE T AR s Hoh B £
FAB B (%) FUR N RE 1T B (%) TR A
H 332 SR (%) =D =D pisinen )/ D snenx 100%;
SN BE T T B3R (%)=[SA wmm—SA g ]/SA xum >
100%.
2.3 FGEBER RS K Bl A A

SIS FEMLEE 6 hpf BE i iR 180 AT 6 FL
M, AL 30 #OiRAG, ARk 4T 5, 10, 20,
40, 75 mg-L' 5 4~ DAG 25k ; WAL IRA &
3 mL, [RIEIA BN S AT A 244 i B 1 fa 5 3R T
X RRLL, 24 h B 1 K, DAG LbBE
120 hpf B, FEMF] SR T S EE 1 £ ik 2 15
AR KBRS 4% RPEEREE, MEhk
B R 10% LB, HE% 70%, 80%,
90%, 95%, 100%AN[m]He BE 1Y & Bis Wi i AT 18 %
K, BHEE 40 min, JFRFHLURRER T —
R BB, SIVEA YR 5 61T HE 4e o, 647
i 8 FL 2 KA
2.4 IYREREYL

Y A Y e T R A L 1 AR T DAG
GAVETEY, BES ARG 72 hpf B/ NEGE
7 662.46 mg-L', IRAEREOREE, K DAG B
FsBE, 75, 150, 300, 425, 600 mg-L™' 5 kE
4, IR EA E AT 259 13 H 0 55 570 R 0 R
A, Ve 6 LM, ALl A 30 Ak b r Ak
GF1 3 mL 25T IR TR, IS ARE 2
48 hpf EL AR AYBE S ARG, ARAAZ541EE 10
Ko WY RERS YR BCH] : BRI 1 A Y RERS YR A
K, HHAET PBS i, HilZIREE 2 mg- L BN IE
YL, Bl G T PBS WEUE 3 a2y, B
JEHERS 2 2 mg L AT RERS el b e fs, 28 Clbl
J¥E 30 min; WHLRE, FEYE, H PBS ¥R
JRR B G RHE e T8, BEE RIS R
0.16 g-L ™! ) Tricaine(PBS ¥ #)-FAbHH 10 min FREE
WRRG, T AEE F e PR G G KA R,
WA NG IR A T AL, SO hric i 4 i
D g Y g A 4 € P B O T 20 B
2.5 ZEMMLITH KR gRT PCR K

¥ DAG R BERL 75, 150, 300, 425,
600 mg-L™' 5 MMREEAL, I E A S AT 25 W 1 B

P E AR F 255 2023 4 8 5 40 B4 15 1)

IR T IR, W 6 fLAR, AL Bk
A 60 BBk UF (IR TN 5 mL 2530 IR G BEA T 1
3% 72 hpf, FJH SYBR Green | #1596 61k, I
FH ABI 7300 SEEF9EE 5 PCR AL, X445 2541
cDNA [ FRIBMEIEH DAT, TH, GCHI,
Bcl-2, Bax 47 qQRT-PCR #:0, L) B-actin ffiN =
YRR, SRHAT 27AACT S FRAH N ) mRNA A X
Tk,

2.5.1  HWIEHES Y751
*z1 HHEHEIIMFH

Tab. 1 Primer sequences of target genes

SIYFHI LR 1,

HIGHER Lz fEk

J /bp

DAT  Li#51% TCATCTTCTCCTTCCTGGGATA 104
TUE51%Y GGCTTCTGGGTAAATGATGAAC

TH  Li#51% TTTGACCCAGATATTGTTGCTG 118
FUi#51% TGCGGGTCACATATGTTCTTAG

GCHI  LUi#51% CGGAAAGAGGAGGAGGATGAG 116

TUHE51% CGGAGAGGGGTTTTGAGGA
Bcl-2  Lii#51% GATAGCCCGGGTCACTCGTTCAGA 317
TU#51% CCAGTGGCCCGTTCAGGTAGTCAG

Bax  LUiF5|1% CAGAGTGGCCCGTGAGAT 226
TU51% GGGGGTGCCAAAATAACTG
P-actin U514 TGGCAAAGGGAGGTAGTTGTCT 108

TUi51% TGTGAGGAGGGCAAAGTGG

252 WK MWL E qPCR § IR T
AT

Stagel: 95.0 'C, 30s, TiA:;

Stage2: 95.0 °C, 5s, Z&EM:, 60.0 C, 40s,
i KIEM, 40 cycles;

wifmiiZ. 95°C, 155, 60 °C, 1 min, 95 C,
15s, 1cycle,
2.6 GiilEirik

SCERCHE R B SPSS 17.0 B pEAb B0 HT, 45
RUAX+s Fom, R R T 250 0rik i 5 &
DAGH KX B Z [H] ()22 5, P<0.05 R 2= R A58
THEE L,
3 #R
3.1 DAG MBS bl 28 7 # kR
3.1.1 120 hpf4hfa H Fi=gh 5, 10, 20, 40 Al
75 mg-L™' DAG 415 50 1 32428 3 5 25 4 i
11483, 12076, 9715, 6469 #2719 mm, HH
FIz SHIEIR N 0.1%, —5.0%, 15.5%, 43.7%
H176.4%, SXTRRAILE, B S M 10 mg L' DAG
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HESTHEITFE LI, HREHAHAHEES
(P<0.05 =X P<0.01). #£I| DAG 7 20, 40 FI
75 mg L' VREEAPF T REBH BRI S B iz
gl, H [ F=z g il 28 5 B0 H b %)V B A G
gEIR LR 2 A 1,

k2 FAILFEMNRLEHEE
n=10)
Tab. 2 Effect of dianhydrogalactitol on zebrafish voluntary
movement distance( X s, n=10)

EHARE(XLs,

A% WEmgl HEEMEEmm ;zﬁjﬁ”
pOpiiEEa:| - 11 497+509.6 -
FK P EEL 5 11 483+698.8 0.1

10 12 076+403.6 -5.0

20 9 715+369.6" 15.51
40 6 469+391.8% 43.72
75 2 719+393.02 76.4?

i SXFIRA R, VP<0.05, 2P<0.01,
Note: Compared with control group, VP<0.05, 2P<0.01.

it X X X X-X X-X X |
gy X X-X X X X X |
el X X X X X X X |
2vaQ.....Q

000002 09
0 QC'.-@

000
000
c090
*900
000@

&

B1 BxEgiRuHaHE
Fig. 1 Trajectory diagram of autonomic movement response
3.1.2 120 hpf #tas GRS N 5, 10, 20, 40
175 mg'L! DAG zﬁbﬂiéﬁféﬂfafimLF LGl
2.62, 2.67, 2.09, 1.24 F10.05mm-s~', HNAHES
TRHERDHHN 0.0%, —1.9%, 20.25%, 52.77%F
98.14%, SXFHRATELEL, Bk 5 F1 10 mg-L™' DAG 41
Hb, HAS A B 225 (P<0.05 3¢ P<0.01),
FH] DAG 1E 20, 40 1 75 mg- L ¥R JE 54T X BE
i W AT B IR, OB RE T T
B R S MR B A OC I . S5 R IR 3.
3.2 DAG X8 k& f AR VLS 0 2
o
3.2.1  FERFRAIMEL R P2E kAT DAG AbHEE
120 hpf B, 20, 40 fl 75 mg-L ' DAG ZHHE S £ i)
PR BH S A5 /N, T 5 FD 10 mg- L DAG 41K WA
W5E, Z5RILE 2, $&5 DAG EHE, Z99xt
PGS 7 A — 52 5 (B BE2# U0 - HE YLy
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®I FADFBEARLERNEAHTHE(TLs, n=10)
Tab. 3 Effect of dianhydrogalactitol on zebrafish response
ability(x 5, n=10)

415 e /gL &%ﬁfﬁﬁ/ féiﬁ
X HRZH - 2.62+0.109 -
FK DR 5 2.62+0.169 0.0
10 2.67+0.174 -1.9
20 2.09+0.126Y 2020
40 1.240.1602 52.7%
75 0.05+0.0332 98.12

TE: SXHRALLE:, YP<0.05, 2P<0.01,
Note: Compared with control group, "P<0.05, 2P<0.01.

e L e o e

20 me Lk T i

B2 ZAIFEXHLEMGEE)FH
Fig. 2 Effect of deshuidulcitol on brain(phenotype) of
zebrafish

BRI, & 20, 40 175 mg-L ' DAG ZH #7257
2, DAG 454 B 41 BE 1 £ i 4 S5 A 24 L i
ESE, SRIE 3.,

20 mg: L"£7J(E%@?i 40 mgL~ -ﬁkﬂﬂiﬁ 75 mg'L~ lfﬂﬂﬂﬁ

B3 3D aMAgREY A% R (100x)

F-Hiifti; M=rhlilis C—/Diki; H-fEHKo

Fig. 3 Pathological section results of zebrafish brain tissue
(100%)

F—forebrain; M—midbrain; C—cerebellum; H-hindbrain.

3.2.2  ZURETETRGIN-IY BERS e s Gl XS 48 hpf
ARG BERE Yo th, FEDEOE BB T sk B,
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Xof HE A RE o R e A 0 L A A D 28 A O 1
Bt 405 2 TR B AR B T, 38 it JUS I i 50 0 1 4 e
B %2, 75mg L' DAG 4 T 41 ot /b,
150 mg' L' DAG 20 Hh Z50 IR IG (18] il &b 53 A7 A 20
T 4002, 300, 425 mg- L' DAG 4 h 25Ut
Bk T ) I A A R T A AR, o G Akt A A S ) A4
T 600 mg L' FRER AL FREEARLE /N, 5x) R
AH SR AN R T A &, 25RO 4.

4 HLERBEEIATITEZEERBATHLLH
A-XIE4L; B-75 mg- L' K TFEE; C-150 mg-L™! K LA HE;
D-300 mg-L-' KK BFEE; E-425mg L' /K TFEE; F-600 mg L'
FAK B,

Fig. 4 Distribution of apoptotic cells in brain of zebrafish
embryos exposed to dianhydrogalactitol

A—control group; B-75mg-L"' dianhydrogalactitol; C-150 mg-L!
dianhydrogalactitol; D-300 mg-L™! dianhydrogalactitol; E—425 mg-L~!
dianhydrogalactitol; F-600 mg-L™! dianhydrogalactitol.

3.2.3 DAG X HZAHICHE R mRNA ikt 1520
SR 27 AT x5 A T8 434 L 45 ) mRNA AH
Xk E ., 45RER, DAG #5%/5 72 hpf BEhfn
JEARFEN DAT-mRNA HYAXS Rk rf, SXFIR4
AHEE, 75, 150, 300 mg- L' DAG HFEARERT
gt S, REIF AN 425, 600 mg-L!
DAG 2l DAT-mRNA FAHXS Rk & 3T R,
FERI B R A, SRR, ZRA5T
23 X (P<0.01), EK TH-mRNA HIAHXT R KR,
5%t HRIMIEL, 75, 150 mg'L™' DAG 4 ik w ik

&, HESTERITFEE L, H5h25WEL 3
300 mg- L' I}, BEPIAIXTRIBEITIA TS, JFbEE
RGN R TR, 2R A5 L(P<
0.01), MILP GCHI &4525411) mRNA HFHN %
EN AN, SXRAMLL, 150, 300 mg' L DAG
HFREA T TR, HERTSEIFE X, THlE
WeairE, 425, 600 mg'L' DAG 41 DAT-mRNA [
FHXT IR EL LT RS, JFRIH R AR E
ERAGI AR X (P<0.01), S5XTIRAMEL, DAG
& F (% 75 mg L' DAG 414b), Bax/Bel-2-
mRNA H%f Fik 2 I 5 T, HA—ERE
R, BAGH R L (P<0.01), F5RILE 4,
R 25 4R, DAG Al ad Il i fiki 5f b, 2424
YIH A FRSE, 258 X ML S 22 A DG R R H
WIS, B ZGVERIRE T &, 2l g
2R B AL IR, DX AL A=
R RGN I SRR, MR
BF, 29 T R WS, SRR S,
AR, R, ST
4 i

s, A EISIGIRATIRE B, A
40%2E A5 B 259 F T i R 2 PR AR ) BB UK
FELIDIG IR BT BE, A2 60%/4 47 254
JHFIE B8 o 22 e 2 R I PRI . RE A Y
FEZ) % VAN T N R B2, Parng A7)
R RN, 29WaTT X N PR 81 ™ AL 2 i () 4k
G WAEBE S B Al S A AR R & B R
N, AT BE S TR S DT i 28 ) T A
A1, Selderslaghs Z£BH 10 F 2 A4 #h 2 E FC
P2 BEIE 2GR BE LD A0 e 22T O A TSR, AT
RN EE S FL A 90%AHLIE . ik, F
FH B I fa B RUBIE 55 00 8 R G2 K B0 A8 e B A
FRAS AR 19-100 5 £ A R IS A 2 R G B HE B

R4 THRKEEKRIFENHYL A% % DAT, TH., GCHI. Bax/Bcl-2-mRNA By &9 (X +s, n=3)
Tab. 4 Effects of different concentrations of dianhydrogalactitol on DAT, TH, GCHI, Bax/Bcl-2-mRNA expressions in

zebrafish larvae(x s, n=3)

13 el fmg L mRNA FXFRIE
DAT TH GCHI Bax/Bcl-2

X - 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00

Fok TP RELH 75 1.08+0.53 1.08+0.23 1.07+0.22 2.01+0.14
150 0.95+0.16 1.05+0.52 0.96+0.32 2.52+0.27Y
300 0.87+0.58 0.78+0.16D 0.96+0.08 2.81+0.33Y
425 0.74+0.07Y 0.610.60" 0.860.10D 3.16+0.16Y
600 0.61+0.05" 0.33£0.109 0.63+0.079 5.61+0.44D

H: GXRA I, VP<0.01,
Note: Compared with control group, "P<0.01.
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PIR R B AR O LB R, DM
UK A BH , R Yokt sl S Ykt RE I8 A6 16 IR sl e
14 [T 7 B A 08 b O 55 55 4 5 | Ak 1 4 T AR
b 5 QB T fii 55 HL A BT ME S il Y 5 2
FRAE s QWA LR, 4 s a7 R 54
SRR B X oy e A7 MG R s, SR LI )
() SEBT AR, s (DBE - fi i 28 2R 58 1A TR R pf
ST HIE) 1z H

BRE T £ A A ) 335 0 I 5 o 14 235 4 5 3
AeX S FL A1, BrARFR R, DAG
RE 2 2o 100 Mg o s, ol 2 e o A B LA R A
MHIER, (AAEVER TR B 40 i i [ e, 2
SXoF L 28 T o AT i 7 A s i BE S R B . i
A AE e TR R g b, B LRSS
MZITTHITRE, S5MaRGBEMELSIRE.
U2 S5 240 e P A A 2 B RS2 AR, AR i PN 2 L e 1
M EZRAME, HAeMEREEMRN KA L
FEEZAERWY, I HB 255 £ B R R
Wi, T ) 4 iz Wl HS 245 40 5% B SR A B G S i . 22 1
et & RGP IR E MM ARG Z —, WL
G 1) 22 T M RE M 28 0 8 S e () G . MELER . 40
o I ML A 2 o 2 SRR R
1 BEL T Fii P 22 2 e Az AR o = AR SRR E R, AR X
BE Lo A L dE RO ST T R A, SRS T
sifar) A kizsh, HBUREAS . R %
M 2 el i B A AU HE IR S R I B R B, 3X 558
gk IR DAG 45245)5, 72 hpf B 5 fa 2R
SLERAE/N, DR RGEIE R, SR AR I AT AL,
PER =V B DAG XA 4 R 485% 0 1] B 22 EL e
L RGAL MR SE o Bl X A1 A 1 R
TR RGN, R ilE— 25 WS 25 W % ph 48
REEIN, A SZEGXT 120 hpf BE 5 fa 4 0 A7 N
SATAMNT, EVREE DAG 425 % BE S fa s ik [ 32
& SEE , G RRRIE R N I ST IS, B
g5 R 2 A OB, X 5 TR 24 K A B
XFBRELh Y H s 8l DG IEORIE R N AT o B
MHER, FEMESRETIHFESER -2, KEH
fidi 5| A ) f P i 22 L e R b 22 T 25 K T RE S B
2y #0068 't BRI s 0 A A Y D R UYL v B
DAG #5254 72 hpf BE 2h £ A UL RH {2 1) e i o B 45
P4, 120 hpf BEEfa [ 358 8l Koo' BRI S v 458
XTHRAL g, AT R AT RE A 25 Wt i s Bl T
INFIE LA G (B RG24 225, #78 DAG

-2098 -
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Xof Hh AR i 28 22 L T 11 52 W) A AT 7R 2 NG BH 5
Wi, Y R S A e e rpr | R i 0 T 40 R A
B DAG 225Uk EERE NG £, i 1 an i 3
FAERAE, R AN SR s B Ul
T 40N P FRY) R R AR I, 120 hpf BE 5 fa %))
i R R AN R, A IE R AR RN, (H
Sy P PN E A S S YN
TRAARFRAS /N T 4 R F 22 s, TS
FBOENR LB NG, (H DAG X Hili 5235 44 4 i oK WL A
AR

fix AR e 2 B A R EY, K sEL
ELRA 2 T0 N, Bl A P 1 T 20 TR 2 A b A b AR
BZETEZ B, Ak 28 22 15 e Mo R Ml I3 R A i 2 12
Mo TEREAS GG R, BE &R R 2 2 [
A=A Y S L), S U I R T T e T A
By N ¥ BH4 & 5, GTP ¥f 1k /K fi# B (GTP
cyclization hydrolase, GCH1)2 ¥ GTP %1k} BH4
P OCHEPR Bl . 2 MR i 28 o0 2 AR 2 U A
27/} DI S IS AR R VAU R 2 1 D e
W, RS 2 BN A A, 2 s
{A&(dopamine transporter, DAT)J&H1HX % LR RE A
IO — MRS, JBF Na®. CIAKis
BRI RIENFR, DAT FEINAE N YL e hesh
LIRS G PR S B BRI DA b phss
AL ) AR B AL, TE 20k R B B 2 R i
Frik NP R B OCHE A, Y DA MIZ Tz,
Al fifi DAT TIfg Fgce: TR, It DAT ] [a]4 s Bt
1 PN 22 EXL JHE RE ph 28 T I B AN e, R AR 5K
e T 2 CU M RE ML U AN ZE I TH, DAT .
GCHI 43 Hi 2595 4 24 J5 BE 1 A1 i v X 4 28 Y 52
M T REML o 455 W R, BELh 0 2 1 i ph 28 T A
FHH TH,DAT F1 GCHI 7¥ 300~600 mg-L! DAG
EHIS , mRNA $ g KF B BT R B, (H 75,
150 mg'L™' DAG TEFRIRT, BEPRFRA 5 5 X 414
FLICHA B 25 5, 45 R4 /R = ) it DAG 1 e ffiBiE
D Z B RE M Lot Z B, 5B )
132 247 R 32 BN, A ) A A 26
EARN /S EZPTw 98 A8

Bel-2 JEH F G2 AR 115 515 FiE P g i
AR AN AR T A0 RS R, AR AR AN A R T
ATFEER, AR, BIBTdd T3 N (Bel-2
Bel-xl, Bal-w )M A T-3& A (Bax . Bak . Bok %),
Bcl-2 Fl Bax S5 PR 52 15 h 2 M () — XV HAH B 1

rh I AR FH 224 2023 47 8 A4 40 555 15 11



T3, HaDE e mEE Rk, e1DE
BT TR IE AR, Bl T AT S
o 4 Bax/Bax —FAKM LW KT Bax/Bel-2 B,
AT, RZ T A HIUS, e hx ph 2
ARG, PR AR T3 Bax/Bel-2 TEMZTTIY
AR, BREREATEM T B REEEH, A%
Frh, gRT-PCR 43R4, SXFMZHAM L, Bax/
Bel-2 ) mRNA & 1k i A il 5 25 2459 FE 3G fin -
Ft, ULEHAMMIAL TR TR, R Hl s
RAMTE R, SR LT R B R A — A
S,

Zi Lk, ARSCE R B S AR, fERT
B/ NBOEHR EEH A T DAG 29 RS2, K
WY DAG ##& a4 [ FiE 8, SEREIFIT
PG Sh A 2 I REVERRAT, LIS DAG %5 5 £ fig
TR T . SRR . A2UREE R
Wl 28 T0 Kk B HIsEI , 45K DAG AR
PEFLG , HMEHIE DAG X 72 hpf KD a2k F
AR, FFlE DAG X 72 hpf BE S a2 5 &
BINHIVEF, 1245580 DAG XF X pf 28 fi = 2 (1)
ARV EMES%, BT DAG X4k B itk
UL R,
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