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Impact of high concentration of glucose on development of zebrafish embryos and

dopaminergic neurons
Wu Yongmei, Yang Qin, Li Shurong, Su Bingyin ( Department of Anatomy, Histology and Embryology, Sichuan Key
Laboratory of Development and Regeneration, Chengdu Medical College, Chengdu, Sichuan Province, 610500, China)

[ Abstract | Objective To study the effect of high concentration of glucose on the early development
of embryos and dopaminergic neurons in zebrafish. Methods Vmat-GFP transgenic zebrafish was used. After
fertilization, the embryos were divided into control, mannitol group (25 mmol/L) and glucose group
(25 mmol/L). In 3 d after fertilization, the morphology of embryonic dopaminergic neurons was visualized
under laser scanning confocal microscope ( LSCM). The expression of PD ( Parkinson’ s disease ) -related
genes was measured using fluorescent quantitative polymerase chain reaction ( PCR). Results Compared
with control and mannitol group, the embryonic development in glucose group was retarded with cardiac
abnormalities. Enhanced fluorescent intensity of Vmat-GFP and increased number of dopaminergic neurons in
the telencephalon were also observed. In glucose group the expression of PD-related genes was upregulated ,
and particularly, upregulation of PARKIN was significant (P <0.05). Conclusion High concentration of
glucose (25 mmol/L) is toxic to embryonic development, but neurotrophic for dopaminergic neurons at the
early stage of embryos in zebrafish.

[ Key words | glucose; zebrafish; dopamine

Supported by the National Natural Science Foundation of China (31371215,31540032). Corresponding author: Su Binyin, Email; subingyinn@ 163. com

BEE NATAEWE 7 e s, i IR G PO I & SEIRIBIBE R S 30U e o B AR LE RV BERL
R BT S E ARG LA R . SRR , (19 A BRI B TR KR SRR I, e ik R A 4
[E&TIA] EEHAREEIES (31371215,31540032) BAMAZREMEN 3 2 08 B o DL R 2R

2 NPT 2 5 5 2] By R A A . R .
[{@EE1EE] 75, E-mail; subingyinn@ 163. com F)\:zﬁgzﬁz o\ 1@%‘@@&:@%’;’%5(1‘%5}1?}'# ééjl:
[fEFEHAR] hitp://www. cnki. net/kems/detail/51. 1095. R. 20160516. k H E‘Ja}ﬂﬁiﬂﬁﬁiﬁjﬁo E}Eﬁfﬁﬁﬁi‘%%i&%@*‘ga

1351.008. html (2016-05-16) JH P 2550 S By A AR WRLER | s i 0 DX R X R )




http ://aammt. tmmu. edu. cn

o SR EE KRR, 2016,38(15) 1751

RSO0 Fe G 5 45710 B NER AT X AL BE Y . RS
18 h (Y BE 5 A IR ARy, 22 B 1 1 22 G A J 45 19 O Bh
b, M RGAEZHRIG 4 d BB, W, 78R
A AT O I BE S i 2 R G0 . ASSCREHTBE S £
VENER B, (RSMEAUAL IR R 55, 5 vk A
X R A T DL RS St Z B AT R E
ARSI, A R e SO P g S 116 S 36 B

1 H5HE®

1.1 SRR 4 &

ARSI A1 Vmat-GFP 36 58 5 o (BB -
TP b2 B 9 T AL AR 158G ), 25 R 48 i b
SRR TR ARG, PR B 28.5 ~29.5 °C 5B
0.03% ~0.04% ,pH (K 7.2 ~7.6; e/ B N
14 h:10 h, FHE [ 8:00 PR RARIEE S fA 1 1M
HEBCXT, YK H 8:00 45 TY6RE B fa [ 4R 7= B0, I B 2
KGO0, BIBRILIE

SEEG 3 4L (1) 25 TR (CON) 4 (2) Hii 4 4
SCH (25 mmol/L A % ) 41775 (3) H #8 W X I
(25 mmol/L H &) 21, 141 30 HURNf,28.5 CRiF+
R RE SR B0 12 h WERIRRG IR0 e . MR &
HH) 24 h B, A 0. 296 mmol/L i 1-% 3-2-%5 g
(PTU)' LB R,
1.2 Z&ZXAEALE

RIS HEE R =R 2R3 2-Ri IR Sigma
/7] ; Tripure |33 7% S5 6 996 7 PCR 7 &0
HE A XA LEE Bio-Rad 24 w] SR 90 E
it PCR " 344%, Olympus FV-1000 JOtH: R4 B,
OlympusSZX16 A5 v -
1.3 Fi%
1.3.1 REofarinka s AR B
e, FERE 12 h WS BT St G 10 ST TR I O
fald, YRRk E #) 48 h, il MR, 3 d FREE
RNA Jfi5i%% ¢DNA 4 d {ifi IO IR R M B s sk 2
BRI 2T R E o
1.3.2  SERfa9étEse PCR - Bl i) iR E
) 3 d, LM, TRIpure ( B TRIzol ) : #2 BUEL RNA
Fie 0 B Sp RN & BT ) 2 cDNA |, JUORLE 34T 52 B
P i PCR, B-actin fE NS EEH , B-actin 5| P)F
H: 37 5'-TGGCAAAGGGAGGTAGTTG- 3', F it 5'-
GTGAGGAGGGCAAAGTGG-3', =i i 232 bp; Pinkl
219 5. i 5'-GGCAATGAAGATGATGTGGAAC-

3", F W 5'-TTGTGGGCATGAAGGAACTAAC-3', f= ¥
K- Ji 251 bp; Parkin B 4% 51: I 5 -GAGGAGT-
TTCACGAGGGTCC-3", F il 5'-TGAGTGGTTTTGGTGA-
TGGTC-3', 7Y J& 243 bp; Dj-1 51451 LiiF 5'-
CCTGCTGTGAAAGAGGTGTTG-3', T ¥ 5'-ACTGTGC-
TGCCATATGCAATAC-3', =¥ K i 223 bp; Larrk2 8|
YIS i 5'-GGATCTGTCACAGATTGGTG-3' , F i
5'-CTAGTGGAATATCTGCGGAC-3', 7= K fiF 261 bp,
T &6 95 CHiAZ P 10 min, 95 °C 221 10 5,60 °C
B 155,72 CIEMI20 s, 55 B FFAR 1R, S s 154k
1YK,39 MEER, H gt 2 65 CHI95 C,
1.4 %its ot

K Graphpad 5 Gt 54, Bl LA« +5 o8, 41
B A IS AR A ¢ K, 4 P <0.05 i), 2 7 HA
Gt L,

2 HR

2.1 Z¥EHsD bR ST R IE e

A SR WO YME , 1E # 48 T-% 57. 66% , i %)
PEA AT % 85% , B8 BEA1AE 125 51.33% . [ ¢
RS o3 M, 5 TE AR S i RS TR B B hn (P <
0.05), HEsREAstT 25 1E 5 41HH tb o W22 1k
VEHIBE TSR0 1 o 2 H e VR B A A WA M 5 e o
2.2 ZREEmL&ESELR WY

B DR IE & B 2 80 h, 25 [0 R4 BT 4 iR JiA
WAL B SIEHR O IS RS TORTY . f b
SEHR AR L T 25 O R 5 88 B B4, ISR iR
W/ (B 1B) LONER BRTE 0= OB IE R (E 1E
ik R ) OB (B E BEAR S TR) o H B
XTRRAAMIGIE R K& (K 1F) . Geit2gair &8, f%
WHC B 4 B 5 O e R B TE %5(33.3 +8.8) % W i
TS EAX A (3.3 £3.3)% I H @4 (6.7 +
3.4)% . Ui BE I UG S kB B R R AR
AR B3 R AR 5
2.3 L & IR R AL G

MEE 28.5 °C, BE S 2KG P & B 31 48 h ikfig o
S OPFE, 48 h i}, 25 6 BT IR G A AL BT 4
S 2 (1 2A) 4 %0 15 S5 56 41 AR AL B0 R 16 (A
2B) , 5 AXRAMLZE R BA I E X (P <
0.05), HEglExl B4l 528 fxf AL, KRB ik %k
SERE R 2 (1 2C) , LTz T G i AL



1752 O = HE R ,2016,38(15)

http : //aammt. tmmu. edu. cn

A:E B R B R CH EB A ~C oA A TR L TREBAR D~F 554 A~CH
RS TR TF PEONT NI PR ONY S 3. BN
Bl #HBEMEARSHEINRIACELZEIHE

ARG BB H LA C R RE ZEH
Sk R 9P e 69 IR S
B2 FUBHENERSANI &KL

2.4 SHAEHmD B IR KT R ERZ

SEEGICSRMNG 31 .57 .80 h iRfiG R B IENL, K 3
i3k BRI RGR & B B B3R 28 (R AE , BE S IR BR 1 &
B IR H G R, B B8 A /I DA B0 Ik R R R
AT DMRERIG & B B RIB B . FEARTR 2540 B 25 )
HRALIRRG A& 7 B I 3E-15 0TI, 80 46 0 52 56 4L IR G &
B EIRHE-S 1, RZyMe 3 h([B3) . BB B HERS
Gkl N el A= B 39| TR s Ry S POy i
JVR G 4 B B LA ST, 4 25 W S5 9 2 VR iR O B 45 B AE
LI (& 3) , K B RZ GBI ., & 7 IREFA
80% . %5 AN IR K IR MG EL(0.33 £0.33) 4
ZPESCERZH Ry (21,67 £1.45) | i 355 T 25 HOM R4
(P<0.05) , HEm4 7 (2.23 £0.88) , HEELS
IEFAMEHE TR ERSR  HERIFARA
Gl E .
2.5 HBHmL GRS RN ZTHE S

4 vmat-GFP ( GFP Fric i) 2 3 iz AR i 56 N B
) MG A B 4 d, RO RENBZ Ok s
TUR BN BRI IG5 25 Fod IR, |
R PN FR AL AH L, S i 3837 22 EEL Jie b 22 T 9 G i B

I Z (4B Hik ) o i HARAR AL 2 A 2200
T AR o LI ARG ) B B0 i ik S o2
ZUEMAEITR—E BRI

23 0 HR2H ikl pae] HERRE R

N
=18

31h

57h

80 h

B3 FUERENESREHDERREEEERE



http ://aammt. tmmu. edu. cn

o SR EE KRR, 2016,38(15) 1753

A4 B M AL C.HE B A 47k T
BED 3% AT A% % O At 2
E4 HREBRIEBETUE vmat-GFP HEEHL &
SEREETHEMTH  ( x400)

2.6 ZHWEH e AmAAXAREESG
MG R E 3 3 d, $2HUE RNA, i 296 & &
PCR il PD (74 #8995 ) #HOCIEA Parkin  Pink1 | Dj-1
Larrk2 1323k 7KF- o Parkin FiK7KF 0 A HA STt
FRSC(HES)  Higk 3 IR FRE A1 AL 2 73
TG (ES5) . FRB Parkin B[R 1) 55 228000 it
UMM EA — R EA
1.8¢ w55 O IR
Lok 8 DRl
L4t
i 1.2r T
Aot e

1 2 3 4
&0

1:Parkin;2 .Pinkl;3.:Dj-1 ;4:Lark2 ; a:P<0.05,5% &
x40 Pl A
B 5 WkEE PCRKEMAEFFEXERRIE

3 iWig

It R A7 905 27 Bt 90 36 BT, 3 0 v R 52 el i L
B AR B, RSN o b T e S BRI R
R TR OB X UG 0 & LA A
Ao Chen 25 {fi FH 4% 39 IR BR 7€ B0 3% JF 1 3 A
25 mmol/L WA AT H %, K BLE KING B .
MAERERE  ABEMERTIE, AUFREVLE
ORME PRI BE A PPAGRCIA J3 3 By MU, J&— IR AE
R JE A % B IR . I P I 3 KR B
S S50 R R R U PR s 9 R 8 v AR IR STE & B
25 mmol/L )8 % B W T B S fa i k& 55 .
ARG FETHIGIMUA SO NIRRT |, 5 SCRRARE i
LB S AT R T PRSI JiE 2 5 ) R AF 9 4
L )

PR TUTT B S R A N 2 RS R 1Y
SN o PR TTIN IE H KT 105 2850 , 76 O B 9 1
FH T BERRAC IR IE AR L RE , XY 50 A A TR, 28
WHIEA Z 0 K, 34 in NADPH (978 #E, 51 5 & e i
JREIPTEALRE ST o O-B IR SRR E A OO 3 . 3-
THITR H T 2 A A0 2™ W3 I8, 7 A Ko i b
FALSOR P Y E A A RS B PR LG
A8 FRA 2858 R B R P R e WL o AR UR B IR
WG L 2B e R S S0 T B TG 2 S RS
222 WRIME, I TRE B & A2 R G e o VR R BLEIE 2 1k
IR =W i R 1B U B i L G R < 1 2
RIS BB IE T i 5 2 8ot
HEMEH A 1 d RICHKFEAL 21 d 5SS R
Ve AR Ak S b . WIS AR 4l BT Bk
RS NE( L H S EARER) 1 DA (2 E ) 7K
W o G B R RSP S E 21 4, E T B
G RE NIz FF B E SN % NE S 3538800, 78 % 5%
T MR el R A% DA TR . TH Hrikds
iC DA & TT, A E 55 T b i A ST Fo i DX
NI/ NI, A B A 28 T 5 B I R . AR ST
WELE 4 d i, BEE M i DA fh 2o i £, 2t
a9, 25 mmol/L A i WON 2 B A B BA —
EREFER . EEHENZERERTRESBURIL
Ja RZ e K EFF = RE Z —.

I JUAESR, T PD KL A bt 9% [l 5 7 £k
PARTIRERIZERL o FEMARSM IR ok A BT IR P R 240 e
Ri g4 30 mmol/L ¥ 1) 25 0%, & BRI AE B B o0 7 1
TP 38 RN T M 4 (ROS) 1y 7= A=, 260 R D) fig 35
FLU S AR PR R e B A A AR 2 PD R
FRIGEBARAE " D4R SK Parkin 19 % B0 kAT
RERYTR AL 2 HF PD A% A& g i 7R $2 L I8 S FF . PAR-
KIN R EA E3 Z REHEYIGE, 2 52 R%-HHK
AT G S N N i e = TR 7 7k 1 087N
Zifh. PARKIN # [ 5 pinkl BEff 445G, &K@
Wz RE AR R G A IR, S 5004 2%
TR ECR AR L TELROR AT 5T Y 4N 45 1
et Parkin f 25 2% 3% AT L% 40 0 248 44 T
P SCHR[ 20  #eE , PARKIN 2 (57 T 5 il &y s I, If:
S5 A . Rothfuss 25 418 Parkin 7] 548k
A DNA ELHE25 G, T DR 37 4R 1R 4 32 176 M 480 1) 4
13, FEREBL A Lok 1 B oA S T, Wang 2572 4
1B 292 RACE G usp30 REAS AL L% 26 by 1A 17 Wik 1o FH
fit PARK2/Parkin Z£4E BI04, A S I 2t
i PCR, 755 55 7K W %% Parkin  Pink1 | Larrk2 \Dj-1 3%
KIKFR9AE1E, & B Pinkl | Parkin  Larrk2 {1 23K 7K -



1754

o =R R AR 2E4] ,2016,38(15)

http : //aammt. tmmu. edu. cn

A2 A Parkin 3R I EA Guit240E L. Dj-1
FBACE T EABRA G228 Lo BHIE R
B, ZEMMAEIT AT HARZEm , v fe &l

_E3R Parkin (192235, A1 40 /g P ZORL AR Y Zh g

E, %%

B ) 2 7 SR AR VR I

SE Ik
[1] BELE 102 BT YR AR AL SB[ T]. SR
. 2R, 2006(8): 58 — 60. DOI. 10. 3969/j. issn.

[2]

(8]

[10]

[11]

[12]

1006-6411.2006.08. 042

Tomlinson D R, Gardiner N J. Glucose neurotoxicity[ J]. Nat
Rev Neurosci, 2008, 9 (1): 36 — 45. DOI. 10. 1038/
nrn2294

HETR R ﬁf%ﬁzﬁ}ﬁfﬁiﬁﬁﬁﬁﬁ‘ Vi 17
PIRESE (D] AR : WUEREE B, 2015.
Schweitzer J, Driever W. Development of the dopamine sys-
tems in zebrafish[ J]. Adv Exp Med Biol, 2009, 651; 1 —
14. DOI; 10.1007/978-1-4419-0322-8 _1

Liang J, Gui Y, Wang W,

IBAEAE S L

et al. Elevated glucose induces
congenital heart defects by altering the expression of thx5,
thx20, and has2 in developing zebrafish embryos[ J]. Birth
Defects Res A Clin Mol Teratol, 2010, 88 (6) : 480 —486.
DOI; 10.1002/bdra. 20654
SRR, SLRRED, sumEAE, 4. 1-ORIE-2-BUAR BE S £ iR
JERESRORARKEmR[T]. hEEREERE,
2012, 22(9): 21 —=25. DOI: 10.3969/]. issn. 1671-7856.
2012.009. 005
Beli, ARigle, 57, . UL A A WX RN LR
W R BRI ], A RlaEE, 2008, 12(4) @ 347 -
350. DOI. 10. 16605/]. cnki. 1007-7847.2008. 04. 015
Chen Y, Fan J X, Zhang Z L, et al. The negative influence
of high-glucose ambience on neurogenesis in developing quail
embryos[ J ]. PLoS One, 2013, 8(6): e66646. DOI. 10.
1371/journal. pone. 0066646
Xie X, Gao H, Zeng W, et al. Placental DNA methylation of
peroxisome-proliferator-activated receptor-yco-activator-1a
promoter is associated with maternal gestational glucose level
[J]. Clin Sci (Lond), 2015, 129(4) . 385 - 394. DOI.
10.1042/CS20140688
Pala H G, Ozalp Y, Yener A S, et al. Adiponectin levels in
gestational diabetes mellitus and in pregnant women without
glucose intolerance[ J|. Adv Clin Exp Med, 2015, 24(1) .
85 -92. DOI. 10.17219/acem/38141
Casey B M, Mele L, Landon M B,

et al. Does maternal

body mass index influence treatment effect in women with
mild gestational diabetes? [J]. Am ] Perinatol, 2015, 32
(1):93-100. DOI: 10.1055/s-0034-1374815

Nadif R, Dilworth M R, Sibley C P, et al. The maternal en-

[13]

[14]

[15] &

[16]

[17]

[18]

[19]

[20]

[21]

(22]

vironment programs postnatal weight gain and glucose toler-
ance of male offspring, but placental and fetal growth are de-
termined by fetal genotype in the Leprdb/ + model of gesta-
tional diabetes[ J]. Endocrinology, 2015, 156 (1) : 360 -
366. DOI: 10.1210/en.2014-1562
Tan R R, Zhang S J, Tsoi B, et al. A natural product, res-
veratrol, protects against high-glucose-induced developmen-
tal damage in chicken embryo[ J]. J Asian Nat Prod Res,
2015, 17(5) : 586 - 94. DOI. 10. 1080/10286020. 2015.
1043901
Ornoy A, Reece E A, Pavlinkova G, et al. Effect of mater-
and children .
anomalies, genetic and epigenetic changes and developmen-
tal outcomes[ J ]. Birth Defects Res C Embryo Today, 2015,
105( 1):53-72. DOI: 10.1002/hdrc. 21090

R, ki sE, AP, A Ik PINKL HRIT Ak
W5 2 O 2ot BT SE [T, AR TR A
s, 2012, 32 (2): 33 - 38. DOI: 10. 13523/j. cb.
20120206
Dymkowska D, Drabarek B, Podszywatow-Bartnicka P, et

nal diabetes on the embryo, fetus, congenital

al. Hyperglycaemia modifies energy metabolism and reactive
oxygen species formation in endothelial cells in wvitro [ J].
Arch Biochem Biophys, 2014, 542. 7 - 13. DOI. 10.
1016/j. abb. 2013. 11. 008

Dunn L, Allen G F, Mamais A, et al. Dysregulation of glu-
cose metabolism is an early event in sporadic Parkinson’ s

disease[ J]. Neurobiol Aging, 2014, 35(5): 1111 - 1115.

DOI: 10.1016/]. neurobiolaging. 2013. 11. 001
EE N, SR, T0EL, % WS RN LE A Parkin

5 PINKI (A EAE RIS ]. AR 5 4 i Bk
J&&, 2010, 37(9) : 983 —-987. DOI. 10.3724/SP. J. 1206.
2009. 00612

Johnson B N, Berger A K, Cortese G P, et al. The ubiquit-
in E3 ligase parkin regulates the proapoptotic function of Bax
[J]. Proc Natl Aead Sci USA, 2012, 109(16) . 6283 —
6288. DOI: 10.1073/pnas. 1113248109

Kubo S J, Kitami T, Noda S, et al. Parkin is associated
with cellular vesicles[ J]. Neurochem, 2001, 78(1): 42 —
54. DOI. 10. 1046/j. 1471-4159.2001. 00364. x

Rothfuss O, Fischer H, Hasegawa T, et al. Parkin protects
mitochondrial genome integrity and supports mitochondrial
DNA repair[ J]. Hum Mol Genel, 2009, 18(20) : 3832 —
3850. DOI. 10. 1093/hmg/ddp327

Wang Y, Serricchio M, Jauregui M, et al. Deubiquitinating
enzymes regulate PARK2-mediated mitophagy[ J]. Autoph-
agy, 2015, 11(4): 595 -606. DOI: 10. 1080/15548627.
2015. 1034408

(1075 :2016-03-07 ; #£ 6] :2016-04-16)
(%h# X¥ir)



