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Safety Evaluation of Borneol in the Development of Zebrafish Embryos

CHEN Yi-jun', PU Yun-zhu’, YAN Hui’, ZHONG Yu-xu’, WANG Zhuo®, LI Chun-jie*, ZHA Xiao-dan’, ZHAO
Bao-quan’, LIU Ping'(1.Dept. of Pharmacy, General Hospital of PLA, Beijing 100853, China;2.Institute of Phar-
macology and Toxicology, Academy of Military Medical Sciences, Beijing 100850, China)

ABSTRACT OBIJECTIVE: To study the effects of borneol on the development of zebrafish embryos. METHODS: Dimethyl sulf-
oxide (DMSO) as solubilizing agent was used to prepare borneol solution (33.6,67.1,134.3,268.5,537.0,1 074.0 umol/L, boneol
0.2.3.@.®.® group). Control group was established. With zebrafish embryos as a model, embryos were exposed to borneol
solutions 3 hours post fertilization (hpf); the drug solution was replaced every 24 h. The morphology of embryos was observed un-
der microscope at 8, 24, 48, 72 and 96 hpf. 24 hpf spontaneous movements, 48hpf heart rate, hatching rate, embryo deformity
rate and mortality rate were detected. The expression of Sepnl gene was detected with real-time quantitative PCR technique. RE-
SULTS: The times of 24 hpf spontaneous movements was 0. Spinal curvature, pericardial edema, yolk sac edema, abnormal swim-
ming were observed at 48hpf; there was statsitical significance between 2 groups(P<<0.01). 48hpf heart beats of zebrafish was de-
creased; there was statistical significance between 2 groups(P<<0.05). When the concentration of borneol was 1 074 umol/L, hatch-
ing rate of zebrafish decreased at 96 hpf; there was statistical significance (P<<0.01). When the concentration of borneol was>
268.5 pmol/L, deformity rate of zebrafish increased at 96 hpf; there was statistical significance (P<<0.01). The mortality showed
time-and concentration-dependent relationship. The expression of Sepnl gene in borneol groups increased after expose to borneol;
there was statistical significance btween 2 groups(P<<0.05). CONCLUSIONS: High-dose borneol has marked effect on the develop-
ment of zebrafish embryos in a time-and concentration-dependent manner. It is forbidden for infants, pregnant and lactation women
using borneol or the preparation of borneol for long periods or high-dose. Compared with normal control group, Spinal curvature,
pericardial edema, yolk sac edema, abnormal swimming at 48 hpf were observed in borneol® (3 .@group, heart beats of zebrafish
was decreased at 24 hpf in borneol @ .(5).® group;hatching rate of zebrafish decreased at 96 hpf in borneol®) ,(®group; deformity
rate of zebrafish increased at 96 hpf in borneol @ (3 .®group;after 24 hpf, rate of embryonic death decreased in borneol@ . ,©
group, the expression of Sepnl mRNA increased in borneol@group, here was statistical significance btween 2 groups(P<<0.01,P<
0.05). CONCLUSIONS: Borneol had marked effect on the development of zebrafish embryos and present a time-and concentra-
tion-dependent relationship. It is forbidden for infants, pregnant and lactation women using borneol or the preparation of borneol for
long periods of time or high dose.
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A IS PR R T IE B X 4L (P<<0.05) , 3878 vk A iR

GEEH—ERRW, T E e, A DB
AR RENE -

HF R A AR 2D BRI LA T2 NS, s SE 5
2 ARG /N B OTOE HED TR B PR S50, (1 T/ VB
JR G R TR A5 R G T B A SR i el A | JTURE 255
KB, T P BE D A0 R JG MEAT IR S 06 4 2 I L sh M R B
ANAT EEAL R 3  COBRAREUM 5, FEAS R, B AR iR 4T
R 5, P e R ' D S0 s e £ g 2 kA
S WCAT N, (IO R T 45 RV BB KL, S mT ARk
WEREAS o X SRR Bh W G S B AY , ff 15 B LD £ IR AR R 2
Wy 0 T e A TE AR (2) IR 2 T, A JE 4 e
55 JE . () MRRRTEMRAN & T BRI I, AT 38 ol LB
WL T HOULER 5 RGN A B R L NI 2 A9 ) DA 3 i
RS T ZW I RDIRS . DRMG, B S a4 g — o R A
Yy, H 25 A B4 AR B #0090 P 5 2 e T B HESh )
(il

BT, B AT ok R X IR AG & & B9 R IR 1 R WARGE
ARAF 5T ) B 2 0 AR 5% vk i X i & T RS2, LA A
FAVK A R AL
1 w8
1.1 =8

TR B A (5 [E Eppendorf /A 7] ) ; X221942H KIS 8
s (H A AN 7)) ; DP2-BSW #7618 144 ( H 4K Olympus
O] 3 BETh R K R0 R 58 (L5 B AR R A 7)) ; CFX96
T 52 A 96 ' RE R SR A BB I W (RT-PCR) {% (3 [#] Bio-Rad 2
Al
1.2 #m5ilH

VKA (3£ Sigma /Al 4l :97% ) ; —H A (DMSO, 1k
ot [ 25 8 B A BR A F] L 45 30072492) 5 g sk i
4 (25 [# Promega 23 7] ) 5 & RNA 2B 7] A . SYBR Premix
Ex Taq[ KM AR (Lm0 A RRA A 519 i Jb 28 e
BESER A BRA 78 o
1.3 3

BEThfa, @ & HH AT (400 £ 80)mg, b & KA
Bl gl ARSI EIEII TR SN FE. KL (28 + 1)°C;
pH :7.2; B .62 mg/L (L4 CaCO,it) ; 52%.:485 ps/cm; Y[R/
MAREFEI 14 he 10 o BAFEBE S f0 45 KM A 2 IR T LAY i
LA TN
2 FHiE
2.1 SCIGRIER

VKA LI DMSO B , il £ 1 5 400 mmol/L (i T 4 C
WA, 25 o K UKOR B 8 FH 55 B 7K 3% 90 6 i 33.6.67.1
134.3.268.5.537.0.1 074.0 pmol/L6 M i (Bl vk A (D .2 .3
@.5.©41), HiR2s PN IE(0.1% DMSO VAR ) 2. 7E ST
— M AR @ & BETh AR TR 1 LECXS, AT B g, I PR AR
SFF L R RRG TR AR S8 LSS e = O, A K
£ ISR T — YRR R LR F 5% 33 33 1 £ B B0 DL Bk 2%
KGN FAE I, Z RGO B T AR SR B R 5 40 4l
2.2 KRAXWRSEERREZ TN

T BE B K 8 % 245 3 h(3 hpf) B 7E i~ Pkik
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IEH IR, Ve 6 FLANREES 7R, B LA B A 25 4L
ZAGUN AN R A mlo B2 D a6 2B e 3R 48
FRFRENE , SR PSET B R AP B LX)
Heesm =0, 758,24 .48.72,96 hpfif (Al 52
B TR BE D fa iR ke B AL . SR 41K,
2.2.1 BED RN 24 hpt A Efhizhcsk HD@EREE 2
24 hpf i} M F B SR 2 A 3 . 30 5% 24 hpf I AR E T
1 min P9 BED fa R iR fa R 10 H B sh i .
2.2.2 BET ARG 48 hpfla3R  BETh AR & F & 48 hpfH,
BIY BRI (400 Bk o S8 SR BT i JUS i 2 0 3 52 6 e —
A T L ) BOPE R P2, 1058 48 hpf BESL FIRNG 10 s 14
223 BEODfaRIGIE LR IRAb AR IR R s A Y
WEAEIRZ —. IEREIT , B AR M 48 hpf TR IEAL,
72 hpf KRS ENE AL H 15, 5] 96 hpf AL IEASE K., AR
G TR VKR J5 B2 R AG R iEAbR = O b
MR E SR AG £} 100 % o
224 BEhmICHRIE R BT mARR & T £ 48 hpf LIS H
PRSI AL , 31 96 hpf A IR 1Y & B FE AR 5E AL, T LLGE IR IR
96 hpf IR . IKFIE % = W IR AR B B IR $0< 100 % o
225 BETLEARHRAET R BE T A ARARIE T (A7 P R UL
SR IR AN B B, P BESE 5 Ja IR IG 00 I Bk 3, & 4
ko FET R =BT F0/ B RAR£<100% .
2.3 RT-PCRIZENEH S & Sepnl HEE K FRIL
2.3.1 BB S AR MRS GeneBank F 3 T Sepnl f3E
J¥ %1 (GenelD: 352914 ) #11 Betal F{ 3t A JF% 41 (GenelD:
57934) , 1 ] Primer-premier 5 F A 511514 . it NS 5L
Betal £ N V-7 AN 7] cDNA B 2 [V J3 22 5 (1 L) , Sepnl
51 % 7% 8 & i 2 B UE 51 9 P1: 5'-GGGACTCCA
TCCAGCAGACG-3"; FiiE514) : 5'-TGCAGGGTCAGCGTCTC
TCC-3; 44 B K8 20 317 bp™, Betal 5P 43 40T
514 P3: 5'-CTCAGGATGCGGAAACTGGC-3', FiiE5| ¥
P4:5'-CATGGACGCCCATTGTGAGG-3', Jt: [H 9" 14 Fi Bt I
H 137 bp.
2.3.2  PEEL ARG B RNA RIS G 5% B RNAFE A
96 hpf VK H @ FN2s AR BEAUIENG H 43 IR EC . B RNA $2HL
FEER S BT, A AW DU RNA SRR, 1856
% cDNA, 42 B & R E Ui BH 13 A 7 o
2.3.3 RT-PCRAYIIZE PCRJIIKRZRFLLS5 pl cDNAE MR
#2,12.5 ul SYBR  Premix Ex TaqTM , 7 pl A% R 7K ,0.25 pl
519,025 ul FHF51H. PCREEES1FH 94 C A
1 min, 94 CAEVE 45 s, 62 CiB K FIE A 1 min, 40 495 25 o
PCR J2 Jii £ RT-qPCR kil & 4t I iE47 , F| CFX Manager # 4
WA TEE R T o
24 FITFEFE

BE Lix+s 2678, % SPSS17.0 %k 4 &b 31 43 A 52 56
o Z Al 1] B IR B A5 T TR A BIr L IE S 0 A, Ja
LSD 75511, P<<0.05 WSS 24 X,
3 #R
3.1 kFXBS AL TR

M3 hpf FFURYLBE IS , ELUER T 8~96 hpf HA ] 5 1~Hsf ]
MUK A S ARG AR E T BB S ZE M, 25 X |
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B RIG C REDS B FRES) . VKR MR AE 134.3 pmol/L LA
B, IRBG A R B R R R R AE AN IR . E 24 hpf
B, VKR 45 EHEE T fa R B R UL B (2 5 . #E 48 hpf i) vk @)
BT IR HIUE D i, vk R ©ZH 5 5 iR i H B
BB K M OIS A A A DL R B B TR
1672 hpf LU, VKR @  ©4LBE D 0 iR iR Tk 48 5 vk A @41 3T
RG22 1L TAIRES . £ 96 hpf B[R] &L, Tk @ .G
ZH B T A IR JIG H PO 8 K i 5 vk R @ 230 T A YR R AR AR R R
HMEBTZE ., VKA XBE DR & & AR LA 1.

E1 kAX5EE &R % B RIRm
I AZSEHXTREZH , 48 hpf; T B2S X AL, 72 hpf; [ C.25 X R4, 96
hpf; T AUk 5 B4, 48 hpf; 11 B.UK A @4, 72 hpf; 1 C. vk 5 B4, 96
hpf; A, 7K F @41, 48 hpf; MB. 7K A @41, 72 hpf; T C. 7K 5 @41, 96
hpf; IV A VK A @4, 48 hpf; IVB.7K 5G4, 72 hpf; IVC. vk H G4 , 96
hpf; VA. VK F- @41, 48 hpf; VB. vk H @41, 72 hpf; V C. 7k @41, 96
hpf
Fig 1 Effects of borneol on morphological development of
zebrafish embryos
I A.blank control group, 48 hpf; I B.blank control group, 72 hpf; I C.
blank control group, 96 hpf; Il A.borneol 3 group, 48 hpf; I B. borneol
 group, 72 hpf; I C. borneol 3 group, 96 hpf; I A. borneol @ group,
48 hpf; I B. borneol @ group, 72 hpf; l C. borneol @ group, 96 hpf; IV
A. borneol & group, 48 hpf; IV B. borneol & group, 72 hpf; IV C.
borneol & group, 96 hpf; V A. borneol ® group, 48 hpf; V B. borneol
©® group, 72 hpf; V C. borneol ® group,96 hpf

3.2 vk XBED fRRAS 24 hpf B EiEh MG

SEERaN i a3 G ORORONGNOH 7T LN
24 hpf A EHBIREORD , 22 7 A BB L (P<0.01 8 P<
0.05) o VK XFBETL 1 RN 24 hpf [H FRSREAGT M LR 1.
Rl KkRAXNHMIEKRK24 hpf BEHMNXEHE N

(Xts, n=06)

Tab 1 Effects of borneol on the rate of spontaneous move-

ments of zebrafish embryos at 24 hpf(x+s, n=06)

Eiki] YREE, wmol/L A AU min
2 HATIRA 450084
KEOH 336 4331052
A4 67.1 3670827
gyl 1343 3174075
K D4 2685 2004089
KhOH 537.0 0
KO 10740 0
s X IR Fe A P<<0.05, " *P<<0.01

vs.blank control group: *P<<0.05,*P<<0.01
3.3 WK XIBE S & RRRR 48 hpf ARG
525 PO BRZE U, vk @ &) @2 BE 1 iR fifi 24 hpfts

THEZD 20144555 25 45 19 1]

Ry, 22 A G L (P<0.01 8] P<<0.05) . VK X B
NG 24 hpf U Z8 050 L3R 2.
£2 kH P D ERERA 48 hpf L REFME (X + 5, n=6)
Tab 2 Effects of borneol on heart rate of zebrafish embryos
at 48 hpf(x¥+s, n=>6)

A5 TR, wmol/L D%(105)
2 FINHRYL 23+141
K4 336 22834098
KHQH 67.1 21832075
KO 1343 267151
k@4 2685 23351207
K4 5370 2100+ 141
KHOH 10740 17831477
Hos IR HE . *P<<0.05, " *P<<0.01

vs.blank control group: “*P<<0.05,**P<<0.01
3.4 Ik 3IBID & ARRS 48 .72.96 hpf AL REGE0E

525 UG BRZH FUA, 7 48 hpfit, kA D .. @ .5).©®
ZH B T £ R 08 L 3 K 5 76 72 hpf B KA. . @).6) .©
LHBE T IR A RAIT 78 96 hpf I, 7K (), @2ZH B 1) i
NEEAL R AR, 22 57 A Gt 8 L (P<<0.01 B P<<0.05) . Ik
FXTBE L IR 48 72,96 hpf IR AL R 0 52 L3 3.
£3 KHEXHD AR 48.72.96 hpf T RA RN (X 5,

n==a6)
Tab 3 Effects of borneol on hatching rate of zebrafish em-
bryos at 48, 72 and 96 hpf(x s, n=06)

, - B, %

& HE pmolL 8 hpf Tohef 9 hpf

S HATHRA 92+493 76.00+8.77 100£0

kD4 336 5054197 7168756 10040

Q4 67.1 414327 082£9.17° 10040

KK 1343 218242 4788£5.10° 100£0

KHDH 2685 105 42,1 D417 916245

KO 5370 0 U675 8T0E567

K04 10740 0 0 6084723
S X IRA Fe A *P<<0.05, **P<<0.01

vs.blank control group: *P<<0.05,**P<<0.01
3.5 kF 3B D &ARRS 96 hpf B2 R BB 00

525 P BRAL LB, KR @ (&) @ BE 5 o IR Jif I %2
W, 22 F A G L(P<0.01 8 P<<0.05) . VKA X BE D
HIRNG 96 hpf IR A1 MR UL 4.,

F4 KRS &R 96 hpf SR ZER RN (X £5, n=06)
Tab 4 Effects of borneol on deformity rate of zebrafish em-
bryos at 96 hpf(¥+s, n=06)

Eiki| TR, pmol/L BE#, %
S HATHRA 0
K O4 336 0
K4 67.1 0
KK 1343 2124245
KhDH 268.5 1452£527°
KEOH 537.0 5182£1231°
K4 10740 100+0°

Has xR g P<<0.05

vs.blank control group: “P<<0.05
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3.6 kA XHED&RRRRIE T AT

FERA KT AR, 25 134.3 umol/L LA ¥k B IR BIE 5 £ iR
HRIET 35528 (I IR H 2= e g4 L(P>0.05) . £
24.48.72.,96 hpf B 7K 1@ &) @A IMFET- % 555 IV B2 1L
BEFAGI R L (P<0.018,P<0.05), vKHXTBEL iR

£8.24.48.72.96 hpfFET -SRI 145,
R5 KRB D EARRRLS.24.48.72.96 hpf L T- R B &
(¥+s,n=6)
Tab 5 Effects of borneol on the mortality of zebrafish emb-
ryos at 8, 24, 48, 72 and 96 hpf(¥+ s, n=06)

A5 FELE,

8 hpf 24 hpf 48 hpf 72 hpf 96 hpf
AEHEA 2002231 3.00£2.00 3.00£2.00 3008200 3.00£2.00
KE @4 400£327 7004383 110053837 120083277 1200327
KHOH 130043837 1700+383"  3000+5.16"  31.00+3.83°°  31.00£3.83"
K O4 2600£5.16 340025167 72.00£864° 77004887 77.00£887°

L7z X IR LR " P<<0.05, % *P<<0.01
vs.blank control group: *P<<0.05,**P<<0.01
3.7 ik E %t Sepnl mRNA 3Rk #2200
5as [ B Feds, vk @4H SepnlmRNA 26 ik 5, 22
A G2 F R L (P<<0.05) . UK F X Sepnl mRNA 31k 1 5%
Wi WL 6.
R6 kFXfSepnl mRNA REHIRIE (¥+s, n=4)

Tab 6 Effect of borneol on the expression of Sepnl (x*s,

n=4)
413 WP, wmol/L Mk
2 ARG 140,075
KE @4 2685 149£0.178"

Lzs ot R4 g " P<<0.05

vs.blank control group: *P<<0.05
4 g

AWFGE VLK T 3 hpf (1 BE L IR i AR | DUBE S 4 IR Jif
A RSB 0 W LR W RE RT3 O TR
B, 25 5N RV BRI vk R %o B 0 IR i & 8 s B 55 L
TR & T LR % DI AE G 11 Sepnl JER 23R 16 L

UK LA DMSO iy B ), #E fie i Al 1 074.0 pmol/L Ve &
O N RS 0 VA, HLRE D | RS EE 0 YR iR SO 3 vk

AR, LE 24 hpf Z 0/, Sk B VK v ARG & B 1ETE
A 5 Es o B A R R X, (LR 5 IR IR () PR T %
B FHEhEC S A RA R ZE R A S E L(P<
0.013%P<<0.05), H Emsh LB D AR R YINE N FHE, 32
FHEAE S 2T LA R kA A8 PR IR
24 hpf W} A 3= 3 2h R BT 35 B 4 8P (450 £ 084) Ik,
Saint-Amant L (%438 — 2, oK i & AU BR TG sl 55 125 F X
WRZH, 0 24 hpf i, VKA B R XHIRIIG T 25 4 1 1 s i, (5.
BHMZREWZ I REN LT ZAHFE, om0
EIRE .
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BWFIEE AN, UK A RENSF L 1 s 57 %, ELRE A% 52 ) 2 R B
IR VB EIR R - (0 R 22 e S e 258 SR A 2 DA
KAV MRS RIMERT AR E & BLUK A RERE IR i
G [ 5 % %85 34: 492 2 11 ZO Fl Claudinba 9383k (15 & 32, L,
AWK R B R R e A R G, HIOhiZ s R 4t

VKA W 25 B F 22— 0 O LGSR O, fof SeE 0K 355 1t 37 ok [l
FhOZRE O WU SR FEAIRY, U B RS UK R (91
M Z— ZEHEW, 48 hpf B4 vk Fr 48T S IR AR O R 5 28
P B B A X B AR, v B v, I B s VR B o
268.5 537 umol/L B JE T IR AR 7E 96 hpf i H BLL3E K i, vk
J 41 074.0 wmol/L H 5 T £a IR AR 7E 48 hpf sk B BEAH 2 A0
KM, DEBH UK 25 M I 2 R RS 7 A O R

VA Jie S0 2 R 5 T e 28 6 ) Tl R ATL A T 1 e ] 4
Y. VR G, MRG0 AL P i O 5 5 Fl 7 f 2o
I X A B X2 2l 3R G0 Y A R 23 WA O Ak 3 R 4
IRk . B T B ARG I S 50 v R L N P A,
JEH TR ALSUIR , G0 FE LR 4 AR BT LA S ILET 2 2 458 , it
AN 5 B AL AR R AR B B R A A e
VKA A LEESE S S ZBEARR (ACh) ZARZ5 A, 9] Ach 4
SR, LA B SR SV E AL T K A R
RGBT 1 £ 48 hpf I Ak 28 110 i PR 22— 2 B LS 4 i 55 s G A1
WERGIZ SRR o X6 UK R X S A Tl 52 g TR AR F LA
H— IR E

TR G HE S AR K R F U s R T
WA o e LA e 24 e 1 T AR AR T ol 2 e, il 2L 3h
Wb o R B 35 AV (1, AEBE S A FN AR I R A AR
HoEF LA L 2L A EE 32 Sl RE 1 1 TR LA SO R 2L T
TR FEF LR AR LA 5 K v B AL B4
A BRI RITE IR 28, ZE X W 2L sh i 58 rh R B, 3 o
A 25 S BB SRR, FE 2SR 3 i E o b R B,
T AR AN LR 717 e AR AL SV LA AR AR AR S
AE I AAR KRR O, AR [ Sepnl &5 A — Nl [k 4 iR
FRIEN) 65 kD B T, HIUEFEES 1% 5 Sepnl 45 2 1
A FRIR A O, AT ST ok 7 fig g RSB T 6 IR IR 1Y Sepnl ik
A ek AT 2 1S SOV PR R ILET 2k 4 % AR A
M BT ARSI kS ELAE RE IS, LHEKL

[ 8 J % PR S RS AR (i Ca® = A, 3 550 R I 1 38, 15
YN T , W A LA LS B A, OB R B R
HL AR B SRR e O I RER 43 LK 2 2R G5 4t
IR IR 0 MR AR

XFFZA M VK 225 R ™ BT s, iR /N AT
WS4 | AR A ] 2 — R ip vk R L 178 7k 2l AR
B (LDso) , X R AT R TC IR 5 [ F=AE ), X e B AT iR 24
1ERAT B E] 1009% K 919%™, $E7R UK | 1T REXT A= 58 L REA 5%
Wi, R AR [ N AN FSE A A A AL B I A B R
WK R 52 M A B S RE RO AL, (ELE5 SR R A, ARG 52
FHBE T A JJR i o) 245 W) SRR (9 R 0, DO X IR Sl ke & 15
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Wi £4) £ BEAR T DK R X i & sz e L] , 459 2 BHAAE 25 2R, 90)
HARIR T A SR R IR ) 7 AR E L . T RL EEER,
A S EEF UK X R IG &  Sm , El 1L 2 G R L5 A B
AR UK R B 250, A D 2 R Ay LR R Rl 5 A
VKR BIZ59)

S 30k
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