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) w3 wE A 3 y o1
JE—# FHRE’ KED® AR
266071;

266021; 3. HETEMAMEERRE F5 266071)

BE H #F 75 ¥ A Bk BT (Euphausia superbay) i o By A 5 35 78 K B e ROl o A S RV UL,
FEALKE A M Wistar KR 3 4. KB ar B 41, B oF im 41 . 78 Am 100 mg/kg A4 St 32 568 By B 0T 3 41,
EEFEN2.625g M/kgbw, THEERE 1. 2. 4, 6, 12, 24 h, Z X E L Z4MREE, 8 £ 3 B

AT A B, FUKE 12h F2 24 h 7, ICP-MS 34 i 3

FERE. ERE. AR K E,

HESERRERNEME 7dM30d, RNFEREEYSMEE, FREF, BT mAfmEA
ARMEMPERF LS ELHE A LREL A, WHERBTEAAR DK FE#EET Lhik
FEE, BEPEMAENAE6h AR HE, 24h EIEREREEN 30% U T; 85%M A&7 24 h
ZAMERHE RS, TdM30dEEEFTF, 2NERAAREBR P LA EERMBAALTEE
TA . TR A R AKX RN RDER, KBLT 24 h WHE SRR HE &S, 1K H
BEMARAMEERIAL . AARXN THFHERB I LR RN ZEEBRENLAEH

K§EiA

hESES RI155.5 CHEIERINAD A

B W IR (Euphausia super ba) 2 — it A i 75 I i
TR /N PR TR T SR 28 sh W, B A R v
i 455 Ml ) L BE PR A B0 AE, 2014, 2015). B
AR B A T LA i AR B A Oy DA 28 4 BORE i 1 4, PR
T ©-3 (EPA. DHA)RINZ AW HAAEIITR . w55 L&
R RLIRENE R (Lu et al, 2014; XIHFLE, 2014;
T E R, 2016), HAREIMA . Prafe. Sk
NI RESE L2 AP A FRVE 4 (He et al, 2013; Wang et al,
2011; Zhou et al, 2016) 32 F 32 K iE . 2013 4R

BIMR AR T AR ARG RE; B
XEHE  2095-9869(2019)01-0127-06

TAETAZSE 16 504 B AL ERT B IR i R 8 & i
JEURE, B T R R A e B R e
AT 28 A 7 A — s B i, TR st R 1
FER S . DUREED R S 24 i Ak A R R 9T
ZFORE R T T 2SR, R AR B 3 v A
258 2.5~8.0 mg/kg, WFFE R, Hh E SR
FERURRESEDL, &N 87.9%, MAEMERE M AsTl K
As VALY i Fg AR il R i o B 5 9 0.27% (E AR AE,
2016)o A 5T LA RE AR B B 3l o o ) 2 0% 25—
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SO R E AR XS G, ST AN I v AR o SR
BRI 2 f5, KR EERS P B gl . R, HE
KR E G E RGO, Rl 0 1w R i A v
) o e SR AR RS S A5, [RIAS o R R AR B R A B
il IBE SRS 24 ] S A Y 0 P AR AR BES S
1 RS
1.1

N &R =95%, T H A Wako 24,
P85 321-34911

FEBEARIN . ARSI, WA T T, %
BAb, EBRE =N 3.92 mg/kg

K. & RKEum, 5ERMOSHE)ARA
A, BV 0.037 mg/kg
1.2 ELIREh

SPF ZifEPE Wistar KL, fAH 180~220 g, 1T
TS SR s Y MY S b, LR S A PR AT
WE5 A SCXK(5)20140001 , 1 FRIEE . IR 20~25°C,
MR 40%~70%, HEAbEEHERSE, ABKE. oK.

13 FERAFSMF

TARIEM . 1000 pg/ml, GBWO08611-15031([H %
FRuER) T ) 7500CX Y HE SRR A 45 B TR %)
(ICP-MS, E[E Agilent 24 F]), MARS EXPRESS f# i}
AL (GERE CEM 22 7)), BSA 224S-CW 37 K-
(2 [H SartoriUS 72> 7l), Milli-Q #4li/K & 4t (3% H
Millipore A ),

1.4 Fix
1.4.1 24 h BRI LB SPF Z i Wistar K
B 54 H, BEALAT R 3 4. RE X BRZH O FRZH) .

HRIHEE AT 100 mg/kg A= 6l ) 55 A0 3ol 2 (e 352
BmEER L), AR 18 H. SCEKRIAEEAZEK 12 h,
HEH R 2.625 g Hi/kgbw, THBFE 1. 2. 4, 6,
12,24 h 285 O LU 22 AMRR I , 16 32 20 Ik B i A 78 K B
WeAE 2K, FIBSFAE . EWE . BME, JK4E 12h & 24 h
PR I3 . MRS AR I A7 F-80°C & .

142 7d. 30 d #4#E %% SPF 2 i
Wistar K 45 2, BG83 4. XHIRZL . B
WRYHE . FREICEORBEINMAL, Fdl 5 K. ELEE 7d,
SCITIASEARZEK 12 h, FEEFIE 2.625 g ke bw,
FTAREKHEE G 24 h, 208 2 00Rme, F . 5
M. AR, R 10 2, S A 250 1)
& 30d, RWKHEE )G 24 h, S HCZARRIE, 1E 330

FRHUARFER B, RIS HFAE , FRE, A7 T-80C &
1.5 REuENE

W% W 2 B bR H s i A R I A BT
GB5009.11-2014 Ar#ERLE AT .

1.6 HiEAIE

THREAE UL x+s o, R SPSS 17.0 Feit-#cf
MR TS 08T, K] One-way ANOVA (Tukey
t” test) AT 0T HLAE, DL P<0.05 M EA G FE X
) E 25

2 #R

T B A A LA X e v ) R, R
FR R AL A 1 24 R o0 S BRI SRR, 24 7 A R A
87.9% (EHWASE, 2016), AIf LAAHIF 5T 2R HLE 7 5t R 1
A A AR

2.1 EARBRAT I A AR EESREL 24 h i AL TR A5

211 REAFEE KR P EAASF T N
IF) S 56 2 K R M 2 v e B e A AR A O an P 1 T
WS WA I ZE A R R A A i 4 1 3R B AR AR
1 h B & dpe i, BRI ZE T RIS . A B )T 5T
i S A A e 2 SR 5 v T X R, HBE A A
AIIEAT , K RUIMLSE S i & BB BRI, 24 h B 20
I ELR) 30% AT o B U hh 2 4 ok FR A 1 2 A el i s
HIHE, (HTE 24 h Z N R IEH K.

09 -
08F ¢ b
- 0.7 F
T06[
Zosf
g 0.4 - —a—XTH84H Control
% 03 —x—iFZH Krill oil group
= 7 = hiECERI AL
§ b Krill oil with arsenobetaine
i a
&z
m 01k 5 a 2 1 a
a a A ﬁ
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At iE] Time/h

1 AN [ AR I a5 R B i ¢ A e 5
Fig.1 Total arsenic content in rat plasma at
different time points

AR FAERR P 45 B[R] 55 45 T AR L4l
[a] B 5.3 125 5(P<0.05), FIA

Different letters represent significant differences
between different experimental groups at each time
point (P<0.05). The same as below
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212 KRR EFIEE KBTI E A A F T AL A
S 27 K BRI Hh s i B i AR A UL 2 HE
T Ak Bt A e 2 K BRI b S e 5 i ) B 4
MG, F 6 hikBliEm, &N 6.24 mg/ke,
ME BN, 24 h SRR REE 25%LLF, #ik
TG KT SXTIRLAH Ee, B ARy 2H R BUTF e S
TR 1 h BT RS, W E S, H ok ]
AR

8.0 -
7.0F b
6.0
=500
a0t
'é“ 3.0
S 20f —a—X$ 841 Control >
f 1.0L —x—BEIFHZE Krill oil group
E al N L
= Krill oil with arsenobetaine
Zo03[ P .
2] o2l * a a a i
’ N a
01 2 . 4 2
0 1 " 1 L L L L " L L L N
1 2 4 6 12 24
Fish ] Time/h

P2 AN TR A )4 i R B P e e 55
Fig.2 Total arsenic content in liver of rat
at different time

213 FE&EEXKEEY &S F TR N
[i) S 6 2 K R v i i B AR R D L R 3.
Je e SR B T 7o 2 A B O e A i i S ) E
Kmidgm, F 6 hibgli s, e & EHN 2.97 mg/kg,
MG Z WAL, 24 h ST EFERREE 16%LL T, KE
B BEIMHALAN X R AL, SR A s
WEMES, HICRER AR,

2.1.4 XASRTEHEETEN ENGER N
FUEE 12 h 1 24 h 5 RSB & E IR 1 iR,
TR S B i T 2 A BRI 2 R B 12 ho 1 24 h SR
rh R T I S T R 4 (P<0.05) . AR R 1 )
2.625 g WEITH/kg-bw P i ESEm & i, ETSE
Tl A e 2 R B 344301 45 77 0.0525 mg il S

e, BEIRIHA A LR BRI 34T 0.00525 mg il
ESERR . AMPE 12 h F1 24 h PR M amh A, 1A
53 AR SR A PRI . #E 24 h Z N, BEERIH
A AR 85% it R TRCHE M A AL 5 A S O B 0 v 4
12 h JRGHEMZE N 36%, 24 h JRIGHEIEZE N 80%.

35 C b
3.0
~ 25F
ﬁ;ﬂ 20F
%D 1.5 C
5 1or —a— %} 1844 Control
S 2oy —*— BRI A Krill oil group
g r —s— TSR R 2H
'EI 041 Krill oil with arsenobetaine
L 03 L a g a a a
0.2 a X i
01| @ a . a a a
O 1 L 1 L 1 1 1 1 1 1 1
1 2 4 6 12 24
ffE] Time/h

L3 AN TR] A e Ay DR St O v e 5
Fig.3 Total arsenic content in kidney of rat at different time
2.1.5 AR BFEE KA A S R NG
SHG2H R BRI P R S i AR AR BU N AT 4 s . HER
Ji s SRR 8 A 2 A 5 P ) S 7T 3

1.4 —a—XTH&4 Control

—x— BRIF b
12k Krill oil group
~ T SR A
";n 10k Kirill oil with
&y arsenobetaine
£ b
= 0.8
<
S 06F
=
& L
% 4 18
02 a a 2 L a
O 4 T 12 24
[fja] Time/h

P 4 AN [l Ak 17 5 5 B4 SO R v 4y 5 i 5
Fig.4 Total arsenic content in spleen of rat
at different time

&1 KRKRESHHEE(XEs, n=5)
Tab.1 Total arsenic contents in the urine of the experimental rats (X+s, N=5)

. BAE I Total As (mg/kg) PR HEM 2 Urine excretion rate (%)
ZH 5] Groups
12h 24 h 12 h 24 h
X HRZH Control 0.073+0.007* 0.075+0.009* — —
WEUFMZH Krill oil group 0.418+0.079° 0.478+0.058" 42 85
TR =R B R 7 40 Krill oil with arsenobetaine 3.756+0.486° 4.527+0.636° 36 80

TE: AR T RESR PR A I [H] 55 5N AN [l 2 B 4 0] B A 35 22 57 (P<0.05); — R BGtit

Note: Different letters represent significant differences between different experimental groups at each time point (P<0.05);

—, no statistical calculation
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. T ohikBlim, mmaih 1.23 mgke, TMijEE
WAL, 24 h S EMEEREE 30%, B TFeih K.
SxFRAAI L, BEARimA] K BRMIE SR 2 h 1
24 h i) AMY T 225, BGRB8 f e,
22 TR HEPME R 7d. 30d ELERFE

VELERET 7d 130 d JE, AR S50 2 U IE AN

B b A AR L 2, SXTRRHAR L, LEE 7d
130 d, ol A 7k 2E R AR S gt AT ek 2L R SR I R
U P R R G i 2 AR AR (P>0.05), H A AT
W E 2R (P>0.05), HILTTUL, Bl 45T IR iR AT
Vi) P B K, R FRUR R O e e 5 i I A B 2 4
D11 O e B ST R o T R S GRS B R RN
RS AEERIEN.

#z2 7d. 30dMBHFEARIESE D BHEE(XEs)

Tab.2 Total arsenic contents in the organs of the experimental rats fed for 7 or 30 days (X+s)

JFAE Liver (mg/kg)

'F i Spleen (mg/kg)

2} 5] Groups
7 d* 30 d** 7 d* 30 d**
%} HEZH Control 1.161+0.209 1.002+0.300 1.019+0.111 1.072+0.381
BEIFIM L Krill oil group 1.270+0.123 1.378+0.308 1.183+0.157 1.193+0.206
T EH SR AR 1 4 Krill oil with arsenobetaine 1.891+0.390 1.73140.158 1.565+0.277 1.439+0.445

*RoR n=5, **F R n=10
*: n=5; **: n=10

3 itig

WA EAEFILE, MEEREARE LT E
B 2AIE S A AL A (Nearing et al, 2014), JTCHLAIK
FMEIE R T ML (Khairul et al, 2017; Sadee et al,
2015), A3 AILAH A A S R i R Rt DA Sk U T
PRI o = b BARER E A, (A2 H0R LA HLAR
(1)IE ZSAETE (Taylor et al, 2016), H.46 K34y Kb Ei g
Bl (Molin et al, 2015), GB2762-2012 { &/ %4 FHFR
P B s e BR ) B oK s B G
HLERBR A 0.5 mg/kg, FEWBEERIMAT & X —FrifE 2
Ko GB16740-2014 ( & & FhaifE AR5 )
FE WA i MR PRE l 0.3 me/kg. FAMRBEER AR
XoF A vy 1) S ol A R At SRR A 0 FH A2 31 T RR
i, PRIE, ASHFFE ST X HE B R S LA E S S R R
I35 B kg v i g A QI A & RS LA T T 4

AHIFGE R 7 5% Wl B g P e A S
THERE b 8 5 25 2 B B 48 R o BN B H
A 25 g BRI Ik p R RN, B AR R R BR R
N EE BRI A, T A e 1 2 ol 2 A KU o
R A8 RN A B =2 [ ) 750 i 6 B R 40, T35 31 R R
T R 2.625 g/kg-bw o TR B AL AR B 5L
FIARIEIER T, JF ELARAR IS 32 A A A (R R 4,
2009), T B A U] A HE Y 32 ZE A B (R4S, 2016),
9 A LA o o B A G R LA B, B9 UE S R R
NBE R EDIREZ WA B4, 2010). KL, AWFRE
TS T HFIE B R R A e i S ) A 1 O
24 h WAL AR I S e A5 R s, HE R AR AR I

Ja . REMLZE b R & 2 7E 1 h kB e, 15 12
R#AR , 24 h 22 N AT FRAIG 206 BR 2 /K- o £ IR ) 5 05T
AR I ZH R BRI 2 . P L B O o e 5 ) R A
BrJo A A, R S i A R A T R, X
55 BEAE(2005) I WF I 45 SR — 2 A EH SR O AR 7l
2 IR BRURF IO | B JOE R AL v e S k45 i s [ ) S 4 T
Hom, #ehikRRm, ZIEBHEMI, 24hFHT
R 2 B R (Y 30% AT, R/ R 2 (R A R S N 2
FERF OB MRAERE SR T B A . R B AT 25 2R
W, R EEIRH T 85%M A A 1E 24 h Z BRI
HE RSN, i H A/ N A 2 Bl AR T A5 AR AR HE
K5 (Dopp et al, 2010). Kaise Z:(1992)REHE Hi,
FISRIR A ANEE . A A RE S o R B B e
B B R R B, PR R TG — PSSR R A
SRR I e B VA T R G, [RIAEIESE T A e
B AN 23 75 AR P 5 Ak A Al A 35 7 4 (R T 4 5
1993).

7d 130 dEHEE LR B, 55X
L, B8 i 2L R0 S Bl ol A ek 26 A BRI R O v
AP AR O B 225 UERRBRIR I Y 2 I
IR SO 10 A5 0 () I AN 23 B 5 B8 AR [
A3 I AEAE RS Th= AR . X S5 BRETAEAE(1993)1)
TSR 45 5 — 5. BRSO AE AR B 77 28 B I 2 A
MRS, RN EEBER. 55k, a5liE
SEHEE 7 d R 30 d, ASER 2 R BUFFIEANE I A
i I A AR I A] Y 2 T B Ak, eI
SRR S B e Wl AR o, BT A AR SR BN &
BRI AL =05 AE e



CAR Y

IS B A0 56 - g R A i o A SR AR A B AR A A 131

ZE LR, BEmMARBEERIE, 85%M & F
24 h P BE BRIBCHE H RS, T e 0 B SO 1 e A i A
W, KNEARST=AMERRE ., AMREEHRET
T A Tl S 9l v T R e R AR P T A R i A
FIEFUE O, XFT48 5 5 A il i il B = 56 7= i B Bk
AT RN N A R

2 % X M

Chen FH, Zhang XR. Arsenobetaine in marine animals. Marine
Environmental Science, 1993, 12(2): 58-67 [MAHi1E, 7KkAH
. WS T R RNER S, I RERNE, 1993, 12(2):
58-67]

Dopp E, Kligerman AD, Diazbone RA. Organoarsenicals. Uptake,
metabolism, and toxicity. Metal Ions in Life Sciences, 2010, 7:
231

He RK, Luo HJ, et al. Health benefits of Antarctic krill oil. Food
Research and Development, 2013, 34(20): 130-133

Kaise T, Horiguchi Y, Fukui S, et al. Acute toxicity and
metabolism of arsenocholine in mice. Applied Organometallic
Chemistry, 1992, 6(4): 369-373

Khairul I, Wang QQ, Jiang YH, et al. Metabolism, toxicity and
anticancer activities of arsenic compounds. Oncotarget,
2017, 8(14): 23905-23926

Liu JJ, Feng DN, Su XF, et al. Optimization of formula for
Antartic krill oil soft capsules shell. Progress in Fishery
Sciences, 2014, 35(4): 141-144 [XIEF, i, Hh-FH,
S T AN A S A e P T B S Al Dl R
PR, 2014, 35(4):141-144]

Liu Q, Huang HL, Li LN et al. Strategic thinking behind the
commercial development of Antarctic krill. Chinese Journal
of Polar Research, 2015(1): 31-37 [XI#h, #utss, ZE4E,
ST R A IR RS AR T A R R RS R BT O
2015(1): 31-37]

Liu Q, Liu ZD, Lu YN, et al. On Antarctic krill products and
development trends. Morden Fisheries Information, 2014,
29(2): 11521 [X%h, XEZR, RIS, 4. BImiir ™ i
W SR ey, il {5 B 5 50, 2014, 29(2): 115-121]

Liu Y, Wu J. Advances in research on the metabolism of arsenic
in the liver and its effects on hepatic biochemical parameters.
World Chinese Journal of Digestology, 2009, 17(34):
3524-3529 XU, A, BRLENFAEH B9 FCiss Ko A1

HARE I DT TSR, AR H AR, 2009, 17(34):
3524-3529]

Li W, Li B. Health effects of long-time arsenic exposure: A

review of recent studies. Journal of Environment and Health,

2016, 33(9): 836-841 [Z%fH, Z=vK. PREEHHZEFEXIHLIAS
iR . 8 SR SE, 2016, 33(9): 836-841]

Lu HFS, Bruheim I, Jacobsen C, et al. Oxidative stability and
non-enzymatic browning reactions in Antarctic krill oil
(Euphausia superba). Lipid Technology, 2014, 26(5): 111-
114

Molin M, Ulven SM, Meltzer HM, €t al. Arsenic in the human
food chain, biotransformation and toxicology-Review
focusing on seafood arsenic. Journal of Trace Elements in
Medicine and Biology Organ of the Society for Minerals &
Trace Elements, 2015, 31: 249

Nearing MM, Koch I, Reimer KJ. Complementary arsenic
speciation methods: A review. Spectrochimica Acta Part B
Atomic Spectroscopy, 2014, 99(9): 150-162

Nie YC, Zhang B, Zhao XY, et al. Seasonal variation in lipids
and protein content of Antarctic krill (Euphausia superba).
Progress in Fishery Sciences, 2016, 37(3): 1-8 [ E/=, K
W, WIEHE, % E#iIN(Euphausia superba)lig i 5 &
HE 2T ARk, ol Rk RE, 2016, 37(3): 1-8]

Sadee B, Foulkes ME, Hill SJ. Coupled techniques for arsenic
speciation in food and drinking water: A review. Journal of
Analytical Atomic Spectrometry, 2015, 30(1): 102-118

Taylor V, Goodale B, Raab A, et al. Human exposure to organic
arsenic species from seafood. Science of the Total
Environment, 2016, 580: 266282

Wang S, Li K, Cui H et al. Quantitative analysis of total and
different species of arsenic in oil of Antarctic krill (Euphausia
superba). Chinese Journal of Analytical Chemistry, 2016,
44(5): 767-772 [EFA, Li K, #E#Y, 5. BEARBEIRH R
i B i e IR S, ST Ikes, 2016, 44(5): 767-772]

Wang YE, Jiang GL, Xu K, et al. Effects of the Antarctic krill oil
on the serum lipids and antioxidation ability in hyperlipidemia
rats. Chinese Journal of Marine Drugs, 2011, 30(3): 5659

Yang RY, Li ZJ, Lin Q, et al. Distribution of arsenic in
arsenic-poisoning rat organs. Chinese Journal of Control of
Endemic Diseases, 2005, 20(5): 260262 [#FnE, 2178,
R, S BhEERRUR NSRS . AP,
| 5 Bl VA 4%, 2005, 20(5): 260-262]

Zhou DY. Effects of long-term intake of Antarctic krill oils on
artery blood pressure in spontanecously hypertensive rats.
Journal of the Science of Food & Agriculture, 2016, 97(4):

Zhou Y, He LP, Huang X, et al. Immunological function among
people exposed to lead, cadmium, and arsenic pollution.
Chinese Journal of Public Health, 2010, 26(2): 243-244 [J#]
B, BRI, BE, GEOHY. B S YL OARE
RERI AT, HEA I TA, 2010, 26(2): 243-244]

(B8 B



132 b /A - =

-
el

%40 %

The Metabolism of Arsenobetaine in Antarctic Krill Oil in Rats

QIU Amin'?, LIU Xiaofang'”, TANG Yixin'?, WANG Xiaobin®’, ZHANG Huizhen’, LENG Kailiang'

(1. Key Laboratory of Sustainable Development of Polar Fishery, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. School of Public Health, Qingdao University,
Qingdao 266021; 3. Qingdao Institute for Food and Drug Control, Qingdao 266071)

Abstract To study the absorption, distribution, and accumulation of arsenobetaine in Antarctic krill
(Euphausia superba) oil, Wistar rats were randomly divided into 3 groups and treated with 2.625 g/kg-bw
of soybean oil, krill oil, or 100 mg/kg arsenobetaine added to krill oil. The plasma, liver, kidney and
spleen of the rats were collected at 1 h, 2 h, 4 h, 6 h, 12 h, and 24 h after gavage, whereas the urine was
also collected at 12 h and 24 h. The total arsenic content in the plasma, organs, and urine was detected by
ICP-MS. The total arsenic contents in liver and kidney of rats were also measured at 7 d and 30 d after
continuous gavage with the same dose of the lipids. The total arsenic contents in the plasma and organs
showed no obvious changes at each time point between the krill oil group and the control group. The
maximum content of total arsenic in plasma occurred at 1 h after gavage, whereas the total arsenic content
in the liver, kidney, and spleen were all the highest at 6 h after gavage. At 24 h after gavage, the content of
total arsenic in the liver, kidney, and spleen decreased to below 30% of the maximum. Within 24 h, 85%
of the arsenic in the krill oil was passed out of the body in the urine. After continuous gavage for 7 days
and 30 days, the total arsenic contents in the liver and kidney of the rats in each group showed no
significant changes when compared with those of the control group. Arsenobetaine in the krill oil was
rarely absorbed in rats and most passed out of the body in the urine within 24 h. No cumulative effects
appeared after long-term feeding with the krill oil and the arsenobetaine.

Key words Antarctic krill oil; Arsenobetaine; Metabolism; Cumulative effect
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