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Effects of Nano-Alumina on Motor Behaviors of Zebrafish Larva

He Kaihong, Shang Nan, Chen Jianping, Zhang Ping, Zhang Ling, Niu Qiao, Zhang Qinli’
Department of Occupational Medicine, School of Public Health, Shanxi Medical University, Taiyuan 030001, China
Received 28 September 2017 accepted 25 December 2017

Abstract; With the rapid development of nanotechnology, the research on the safety of nanomaterial is of great
significance. To explore the effects of alumina nanoparticles (AINPs) on motor behaviors of zebrafish larva, fertil-
ized zebrafish eggs were transferred into 6-well plates, 20 embryos per well, 160 embryos per group, which were
exposed to various concentrations of AINPs suspensions (0, 12.5, 25, 50, 100 wg-mL™") until larva reach free
swimming stage. AINPs suspensions were renewed daily. The general toxicity on motor behavior were observed.
The results showed that hatch rate and mortality rate in AINPs treated groups had no significant difference com-
pared with that in controls, while larval swimming parameters, including average velocity and total distance moved
and thigmotaxis were significantly affected by AINPs. Strong light stimulation experiments showed that the average
velocity of all groups decreased during the light-on period of 1 min and increased after the light was turned off.
However, the average velocity of larva in 25 pg-mL™" and 100 pg-mL™" group altered much slower (P<0.05). This

study suggests that AINPs can affect motor behaviors in zebrafish larva.
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1 ## 57 % (Materials and methods)
1.1 Fhk

BUAE TU BFA:= RUBE L 0 1 [ rp [E R 22 Bk A 2
Y5 i 1 52 B 5 £ B 5 b0 (@R, TR D) 50 nm
B AR (F5 5 544833-50G)I [ 25 Sigma /4
(43 H74k) ; BCA(HE 5 CW00148)7E [ & S ik 7 & db
TR 22 0 D)5 B AR AR ) B A T SOD (9% 5
A003-1) [ TN . MDA (%5 A003-1)4 izt 7]
B (R A ) ARG i) s AR A2 iR 3 R
= At

SB25-12DTDN #7451 BEHL(T B 8T 2 AL Bk
e AR A BRI ) 3 VCX 150 8 75 I 240 M i i3 (35 [
SONICS /A 7l); spectra MAX M, i #7 1% (32 [E BIO-
RAD /A #l); nano-ZS90 45 KA 3 (F% [ I /R 3CAY
#r A R ] OLYMPUS BX51 2% B il (H 4% O-
LYMPUS A wl); B I 4 47 Sk Bk R B8R R 42
(Noldus Information Technology); £ i, ZXSR-1090
VA T R i

S0 7K 35 A 70 R RN A b o R R 8 5 (B3
BFEBOM . 5 mmol - L' NaCl,0.17 mmol - L™ KCI,
0.33 mmol-L" CaCl, #1 0.33 mmol-L" MgSO, , ~ &
WL R, - NaHCO, W R 7 pH H £ 7.2 &£
o H E3 BEFRME P B A [R) e B2 119 400 0K 454k
PR TR . 12.5.25 .50 100 pg - mL™", #8752 B 30
min, R GOK ARG AR DTTE", B W
MR 2 R HRT L
1.2 ik
1.2.1  GOKIEURLIY) FRAE

FH E3 15 77 W B il AS [A] ok B 04 4 oK 48 AR 40 &
W, 875 4038 30 min J5, FH nano-ZS90 44 K ki B AY
I 29 K JR i RS B LA
1.2.2  BEEfafa s %o

BE S fa a3 T2 E i 1 R 5 2 RSB B TG
WFEIE RS, KI(28+1) °C ,pH {H 7.2~7.8, HL %

14 h 2 10 h, JGREEFA] Dl 8:30—22:30, B I fa ff
HALAME A 2 RN TR AL B EAR IR (< LR )4
W, BH kS % SOk T T,
1.2.3  AvE#ErEL%

42K J5 6 h(6 hpf, hour post-fertilization) 1Y
Bt iR T 6 LB R, LA E3 8535 R 28 1 0 IR
2, R TRIVR FE P oK AR A0 B B o Y F 4, A
160 Ji, 4t 8 A~FL, BEFL 20 MiBH/10 mL 3R, Yo/
SRR 1 d, AKIRORAFAE 28.5 C 4247, LR
5 R A AR 14 b2 10 b, DLBRSEESE ol O 45 Bk R
FET-2 5 ik Z GG 144 h BAET 2R 4 Hlid s
62 K55 48 .54.60.72 .96 h IMEALFR, [A]I) R4 e
BEHEIAE] 24 h £ 48 h BBE St G K4l P
1.2.4  BEPIRET BB shi Tk K bl

P IR T B ML IE PR A5 Tk B 2 A ULIE 5 1Y) 32 4
Ji 6 d(6 dpf, day post-fertilization)%/j ffi , 5 Hit A 24
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LB 24 /4, FFIR BE St faf T Hum iR &R
8¢, 275 SCIR[18 T8¢ B WA IX UG I AR P, RBE 3
min a2 Z 50, FH EthoVision XT 10 3450 #r
A, S s sk B s s fEANX Bt Rrsent
[ENER i

1.2.5 X Gl 3k i ot R b s iz 49356

Bl AL E BRI R 45 R BE 4 6 dpf Zh il A 24 fL
M, 24 %/40, JF S BE I A0 4 f0 47 B0 R &R
gt , W E AR X RS IR Jy . R4E 7 min 4 iz
s, HoAP T S 3 min JGOEHR HPE] 1 min(RPZE
4 435I FEER T IR G AR AT 38 6 BT 1 min J5 R GH G
M1, FH EthoVision XT10 A\ A A, S i &1~ i
] Bt &)y 1132 sh il B S5 540
1.2.6 Guit2eiii:

N FH SPSS22.0 Mk A AT ST 2= 4 A, S
G5 x+5 FRoR, IEBPER SR A Shapiro-Wilk £
5, 7 ZEFFYER IR K FH Levene J5 2255 MG IR . %
SN R R T 200, ZH IR e/ i 3

Control 12.5 pg-mL"!
50 pg-mL! 100 pg-mL!

ZEVE(LSD-OK: 5, ANt e IE A B 25 48 5% R Bk
K5 (rank test),

2 ZR54%%(Results and analysis)
2.1 YPREARR R RAE

AW FE T FH 9 K S AR R A R AE S B8 I
%1,

2.2 YPREARER X BE S RS Y S B

HZ K5 6 h(6 hpf) B IE B £ JIRJIf 22 5% T A [
TR EE (AR SRR B 45 10 25 TR BE A IR G /40 £,
144 hpf FFVET AL ] BRI fL %, 52
FIXTRRZE AR LE BRI BE T TG it 25 = (P>
0.05).

HIPE 1l S XA L, 25,50, 100 pg -
mL YK AR A MG YL 5E 24 h J5 & NG, G
A JIE 4 T s AT URL (UL BT 1A 5 BREHAH [, 25,
50,100 pg-mL™" 4K AE A YL 7 48 h 540k
TRE OIAH I, LA 100 wg - mL™" 418 B 5, k4
ZUE BNV W 5 2 R TE W LA 1B),

Control 12.5 pgrmL"! 25 pg'mL!
50 pg-mL! 100 pg-mL!

1 PRENEEFWBES &R (6 hpf) F140 & (6 dpf) WHIEF M
A K Y 24 h E S NG B &, G348 h RYBESh a4 fh
Fig. 1 Images of zebrafish embryo (6 hpf) and larvae (6 dpf) after exposure to nano-alumina

Note: A, the zebrafish embryos exposed for 24 h; B, the zebrafish larvae exposed for 48 h.
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Table 1

Size and potential of nano-alumina (x+s)

YR A% Inm

Average particle size/nm

Zeta HL\,/mV
Zeta potential/mV

50 nm 4 fL4R

Nano-Alumina (50 nm)

88.58+2.09

453+2.12
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2 AR FER BE GO A LR 2 R 6 d Ja 4l
BT R SOERERT R . SR IRZAH LG, 25 .50 ,100
wg - mL" K AL AR 2H 4l ()38 Bl s Bh R
YR T RE(P<0.05), 4l iz sh A7 M g 132 2140 i

A

P58 /(mmes)
Average velocity/(mm-s™)

0 12.5 25 50 100

YR A ERIR FE/ (ug-mL)
Nano-Al,0, concentration/(ug-mL™")

@]

1001

504

B 8] 43 /%

X 45

Time spentin outer zone/%

1E4h

0

(WLIE 2A FIE 2B), LATESI X B HFEE ) H 4340
SHAEAR S £ A fl P AR FETY )50 100 g - mLT 4K
KA AL 4 £ ol P AR P e s N R Y g
TFE(P<0.01), FBAIX 2 2H 4 A fil BE 4T S 6 55 (UL
K 20), 3 R4 4l 4l fi (32 s AT Sk i 1] ik
XK,

B
10001
:
E 3 800 * * o
% & T
i S 600
=g
I & 4001
25
=
© £ 2001
H
O-
0 12.5 25 50 100
KA ERIR BE/ (ng-mL)
Nano-AlO, concentration/(ug-mL™")
Fdkk Fkk
T
12.5 25 50 100

PR EA R FE/ (ug-mL)
Nano-Al,O, concentration/(ug-mL™")
2 AERENRELEEE 6 d FHEMIEIITAHREMETH
TE . SXTHRLI 4R, * P<0.05,*** P<0.01,
Fig. 2 The motor behavior and thigmotaxis of zebrafish larvae after 6 days of exposure to different concentrations of nano-alumina
Note: Compared with control, * P<0.05, *** P<0.01.

A

1 pug-mL! .

B3 FEKREMNRELBREGC

50 pg~mL" a 100 pg-mL"!

BHBEEHITAYPIEE(A) FHXE(B)

Fig. 3 The trajectory (A) and heat map (B) of motor behavior of zebrafish larvae after 6 days

of exposure to different concentrations of nano-alumina
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81 Light
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“F45# E/ (mm-s™)

Average velocity/(mm-s™)
S

05 15 25 35 45 55 65

B[] /min
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C
o 67
__ g
o, é 4
=B
3
= &2
B g
5 nd
= s 0
<

—— 100 pg-mL™!
- 50 pg-mL"!
- 25 pgrmL!

1 = 125 pg'mL"!
$ -0

P/ (mm-s?)
Accelerated speed/(mm-s?)
[\o]

—e—i

—a—
——

0 12.5 25 50 100
HUREARHSE/ (g mL)
Nano-Al O, concentration/(ug-mL")

* *

b

0 12.5

25 50 100

AR MR EE/ (ugrmL)
Nano-Al,O, concentration/(ug-mL™")

B4 GKEUEFBEXTLE (6 dpf) TR MEEE K 5TEE 1
TE: A RG] BE R AL SR 20 &) £ R BB I RS AL T 5 B I, LI 1 min I 4% 2H 4)) 0032 B389 48 A (mm - s72)
C I, G 1 min J5 #4204 S B 978 f(mm s, SRR LEL, * P<0.05,

Fig. 4 The effect of nano-alumina on panic and avoidance reflection of 6 dpf zebrafish larvae

Note: A, the velocity of larvae in different concentrations of nano-alumina changed with time;

B, the accelerated speed during the illumination time of 1 min;

C, the accelerated speed of 1 min after the illumination time. Compared with control, * P<0.05.

2.4 YORAE R EEX ) (6 dpf) a2k ik bk K )
A1 5

K4 B, S A vt 1 min P38 ol
N BRI 17 A IS 09 57 BH (2 T R (P<0.05) (UL IR 4A),
H 25 pg-mL"F1 100 g - mL ™" ¥ & 20 75 ' R i ok J 3
RS (P<0.05)(L K] 4B); DGR G , 45 4140
s S HERR S I H 25 pg-mL" A1 100 pg-
mL VR A A S P GRS B TS B (P<0.05)
(LI 4C), X AR-7R & i KSR %

3 1418 (Discussion)

3.1 I FHBE L fa &)y Ny B2 Sl A7 b e A 75
YR E AR AT LA EOR BRI N B S5 2L 3h

YIrh 24T 3280, e e )1 T . (HFLsh W 7E

SR A v A Jry BR T 0 e PR OB R ) 4

SR — TN 94 K B P B AF sh Ay B

AT A R — U AR B PR AR B

IRV BB SEL, 2 B AT o SR BE H 47 R 2
w5 3 T 0 4k A 2 D0 R S R R F 9 I N R
Chen 2612011 45K FHBE I £ 4y fa 47 B IR B2 R
SR T 9K —AAARERXT 5 dpf BE S 4 faiz shhT
AR G55 R A s T R Az, Bz st h
FEHAh 2 8 Can 07 Ak %6 FE T 3 45) B U3k Chen
12014 AT e B R R BE9OKR E AL R (5 ~ 10
mg - L) JIRZ 52 0 BE 5 fa 4y fa (32 s A5 R, R ILgN
AKAEAER XS BE S 0 Gy s ST R s i A G . At
TR T 24 FUA BE 5 f0 4y £ F 30052 sh AT o0
W PE i, ST &R A, A4l fa
H &z shs B Gz b 2 il R R AT
H A1z S AT X DA R K 55 ' o) 384 1 it 2 a0k
S A BTN T 40K AR X B LD £ %) f L
WAz shi 7 kR,
3.2 YREALLER FEOE S g IE SR ) R
UK AL (25 50,100 pgemL)REE S
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SEPE G gt § s sh 2, v] e S 9K ok 5|
B EE AL A G, Bl AT R g ) Kk R
JETY 50,100 g - mL™" 44K Ak 0 21 4 o fil i T
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FEdE A T A iZH 2, 7E 6 dpf &0 x5 Sl
TRk 3kt f2 G T & I, 25 g - mL ! AT 100 pg -
L VA 2T i ' SRR %) B2 B S e T AR 9
Ji V1) Rk S IR R T 38 I T 40 £ 7 g 9 S S
Z R R G S, PR 9K AR AT T RE HLAA
WP R G FENE , X5 QK E AR B A ph e d
a5 —8, % IR EN 9K kL R UTTE, B
TUIE SR BORLAEAT Ry 07 2 5 43 B0 Ok 26 IR
SR S0 40 KU ZE K AT R AE R T 52
M 2 A O 1) A 2 T AR U0, L v oA A B 4K
AR 25 W BE L £ 4 32 B 4T o (R HRGE , BT AN
KA ARAR A1 R By £0 2y 4038 B4 78 A 520 18 AV
po I (EN= N TR SR DI e B 7 B ST B e RS B )
D3NN AR Sr A A
3.3 YURREALLERXT ZFOK A A YA TR

Zakeska-Radziwilta 1 Doskocz™ 2016 4T i 13 bl
MLy 3% 2 47 DNA(RAPD)-PCR ¥ 3£ 43 7 44 K 48
AR X 2 B A BN TR 1 35 A% B 1, e RAK SR AL SR
FILASEZ N DNA RS e 1k, BF9E & B, 40 oK S Ak R
PP VY HE s AN ER i AR K 1Y 72 h R BCR ROk
J£(72 h-EC,,) 43l )2 39.35 mg-L" 1 45.4 mg-L",
YK E ARSI K7 3 Ui 8h 9 48 h-ECy, ok 114.357
mg- L1 48 h P EUEIEK (48 h-LCy) N 162.392
mg- L™, Zhu %2008 45K B 10 T 5 57 T4
KEASRR IR, & BN A AL B R BE L iR iR
96 h LR FET- AL R WA, KWL
KA SR X B B £ &)y f B 24T A ARE

25 LR 4K AR AR AT LS e B 1 £ &) £a
Wz ah AT R B9 K AR AR X &) £ 1Y) 52 e K
Lt gl S AR S AT R i — 2D

B EEE N KRBT 1968—), %, B T A 5IR L E 1
+ #Hm T EHA T AR Z2ER TRERA LK
HFERES R, REFAFFLE 6 T, KA F KK L0
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