M EmBHL

T REHTRESKMAMESERRZEH TN

=T, WES, XBrR, £E~8
(HITH g S BT R FARBAM R E LFRE, WLEEFR, Ra5EHFR, Tfbh 316000)
FEE: RA RGN 7 ik hl & KRS T A AL, B B &% A LS IR A A & iikie. Amesikie, s SR B
0 JOBAZ RIS 1S Bk T AR Ia Ao kg i 5L 34 amlt e EAREE T RIS SRR W & B8 A KA R o B R e bt 4 R BoF:
WEEG DHEAKEBRER KA 0LEE (Hb) 4FAamitik (RBC) FIM Aok, BEILikK AR 0uEk % E.
LDs5o=7454.80 mgkg, B THRAZEN; AmesiXiaTTA . TA9S. TAL00ATALORAI M A E AR S A FAMELER, )\ R B Msm etz
RIE BT X 3e Ak Sl SUsh M dm e EARed 2GR 3040 55 B Mt BRAE pbAR £ ARGt & L. Bk, Amesikie. ) SUBH
b JOABAZ R« )N BAE T o X B An ks i S ShA it o kel X Be4E R A M. AT & & T4 SR B S i i B2
Fa gt BAF, TTHEA RS A —F R AR .
KR FERE RAAESIL AT IR Ames K b BRI
NEZS: 1673-9078(2016)11-274-279

Modern Food Science and Technology 2016, Vol.32, No.11

DOI:10.13982/j.mfst.1673-9078.2016.11.041

Safety Evaluation and Anti-anemia Effect of Hairtail Protein

Ferrous-chelating Peptide in Mice

YUAN Ning, LIN Hui-min, DENG Shang-gui, JIN Tu-nan
(Zhejiang Provincial Key Laboratory of Health Risk Factors for Seafood, College of Food and Pharmacy, Zhejiang Ocean
University, Zhoushan 316000, China)

Abstract: A rat model of iron deficiency anemia was established by feeding rats an iron-deficient diet, and the anti-anemia effect and
safety of hairtail protein ferrous-chelating peptide were studied by feeding the animals with hairtail protein ferrous-chelating peptide through
gavage, and these effects were evaluated using the acute toxicity test, Ames test, mouse bone marrow micronucleus test, sperm abnormality test
and chromasome aberration test in mammalian cells in vitro. The results showed that hairtail protein ferrous-chelating peptide increased the
hemoglobin (Hb) content and the number of red blood cells (RBC) and other peripheral parameters, and significantly improved the symptoms of
anemia in rats. The median lethal dose (LDsy) was 7454.80 mg/kg, indicating actual non-toxicity. TA97, TA98, TA100, and TA102, four
standard strains in Ames test, were all negative in the Ames test of the mice. Meanwhile, compared with the negative control group, the results
of the mouse bone marrow micronucleus test, sperm abnormality test, and chromosome aberration test in mammalian cells in vitro showed no
significant difference, suggesting tha the three results were also all negative. Therefore, we concluded that hairtail protein ferrous-chelating
peptide has an anti-anemia effect and good food safety, and can be further developed and utilized as a food additive.
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WAL, hiA12 mL. 6 mol/LIIHCIHE R AR S, B
F120 CHUE TR0 h, FHE IS HBh M 0 &
HA R 5

14 &%k aREkHE L5RES KL T2

#

K VA 5 R e 20 A0HL 2 mg AR A
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Table 1 Amino acid composition (mg/g) of the Fe(Il)-FPH

Hairtail-FPH Hairtail-FPH
Asp 24.28+1.49 Val 22.87+1.14
Thr 7.61+0.96 Met 8.48+0.00
Ser 6.96+0.51 lle 13.94+1.08
Glu 104.89+1.02 Leu 25.94+1.45
Pro 36.40+0.87 Tyr 23.87+0.39
Gly 51.79t2.23 Phe 17.57+0.37
Ala 45.24+0.16 His 26.32+0.73
Cys 18.30£1.05 Lys 2.20+0.59
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Fig.1 IR spectra of FPH and Fe(Il)-FPH
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i JE (HDW) 3in™®), 7 At BoAr 1 R L5 220 (A%

BRURD BIHoAKSE R, “FI75.4043.70 g/L, 34
(Fe(Il)-FPHMEFEZ) HoFt;$124412.80 /L, HDW
T P& £27.1043.10 g/L (5534H). MCV. RBC KBk
IR AR SHb—2L, 5% 42 = 3 p<0.0D) .
Fe(Il)-FPHEE T 2 24035 77 1K B 1 Hb AT MCVZE 4B b
(p<0.0D), 544 (KPR FERA Y.

*2 aERTHRE SRR
Table 2 Anti-anemiaeffect of Fe(I1)-FPH

481 482 413 48 4 485
n 8 10 10 8 8
MERSRAE mg/kg 48 8 50 50 7
» A 7.0540.52 5.7540.52 5.69:40.44 5.7440.26 5.7940.36
¢remfit, (RBC) 10%/L
B 7.0940.46 5.50:0.52 7.2540.46%* 7.1740 5% 6.2540.46
A 122.4048.30 87.6044.40 85.8046.20 83.6044.70 87.60+10.40
mer%E (Hb) gL
B 125.10+14.90 75404370  124412.80**  120:40.40** 97.5049.30
34 4 dm AR AR . A 56.90+1.30 42.60+2.10 42.10+1.70 43.2042.00 42.60+2.10
L
(MCV) B 57.60+1.20 40.804190  55.50+170**  57.204220**  43.6043.20
ALFE A T " A 26.2042.20 35.7043.10 36.2043.60 35.3042.90 36.7042.10
(HDW) B 25.6043.10 36.504240  27.104310**  26.40+190**  40.504350
o A 0.4240.02 0.1640.04 0.2020.03 0.1930.02 0.2040.04
KEARE gL B 0.4440.03 0214001  04120.02%*  04420.01%** 0242001

VE: 1, ARERER4K(48 mg Fe/kgdiet); 28 2, 1k4kAH(less 8 mgFekgdiet); 283, 1%4k44Hhe Fe(ll)-FPH (50 mg Fekg diet);
20 4, 1RSI EInARER 24k (50 mg Felkg diet); £05, AK4k4A ke & 8% Ak (less 7 mg Felkg diet). A: £30% 0d; B: 3% 35d;

**n<0.01.
2.3 ZAMITH

231 AMZ0 iRk

MR eI as R, B 7R 120 mg/kg 80X
B, T8 A4 4%1:0. 811 H o) S L 2 BHES |
RIS 2H43 731980 (9.60 g/kg) 4H . 64X (7.68 g/kg)

1. 51X (6.12 glkg) 4. 41X (4.92 gkg) 4HI33X
(3.96 gkg) 4.

6] 9 J5 2 y(Probit)=-49.183+13.992 Log(D), (%
HE B LDso=7454.80 mg/kg, HEHEL FEME S Zibr itk

PO, R TSR bRE R

#3 AEATSKESKIEHIEE BlissEtHE)
Table 3 LDs, of Fe(I1)-FPH calculated using Bliss method

FEK) AR BHWEIR T HM  RTENSF(Y) FRAELRE(Y)  =HEAERL

3960 3.5977 5 0 0.00 - 1.1558

4920 3.6920 5 0 0.00 - 2.4748

6120 3.7868 5 1 20.00 4.1585 3.8011

7680 3.8854 5 2 40.00 4.7471 5.1808

9600 3.9823 5 5 1E2 - 6.5368
232 Ames LR 233 D RE AR IR

ZRPE _LIRIE JE, WPRTA97. TA98. TAL00
FITAL027E AR NN SR AN, - FE 2H 8] JiH A8 4k s
TENNSOIREG WG » AR [E173% B 7R £S5 V7T R e ]
A ER RN TG R, R SR S BT %
W TR TEETAR R

F 5 SRR, ZWANE G, 12 LDso &
1/4 LDs FIEFN 1/5 LDsg £ 75 2HL1E] X0/ BB BEiii%
S AR Eb I B AT B R AR, T SR ekt
AR ZE R, RSP/ BB B GEL
RAER
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F4 AmesiHIGEMRMIEITE R (HYETFRESD)
Table 4 Results of the Ames test

s (g TA97 TA98 TA100 TA102
-(S9)  +(S9) -(S9)  +(S9) -(S9)  +(S9) -(S9)  +(S9)
0.05 124 231 50 186 153 253 252 496
P 0.10 120 256 47 195 124 227 245 456
0.50 125 221 48 187 152 243 248 432
2 149 2246 120 165 159 257 259 453
AEEE x 115 45 124 248
TR, H,0 98 42 116 240
FE e 2R, 0.50 448 407 2253 399
5 A mEATHKRES A/ R BRI 0.50 mg/mL 5 200 5 2.50
Table 5 Mouse bone marrow micronucleus test of Fe(I1)-FPH 1 mg/mL 5 200 5 2.50
o PR RS MM R 2 mg/mL 5 200 6 3.00
N RRERE) (BED % 4 mg/mL 5 200 6 3.00
he Sy 5 5000 10 2.00 RIGERER, AN EE, a4, S9.
1/2 LDg 72 5 5000 12 2.40 S9+0.50 mg/mL. S9+1 mg/mL. S9+2 mg/mL. S9+4
1/4 LDy, #)% 5 5000 13 260 mg/mL. 0.50 mg/mL. 1 mg/mL. 2 mg/mLF14 mg/mL
1/8 LDg #1%& 5 5000 12 2.40 IR [ A SR P H4H . (CHO) 4 ik Yt fic
IBBIEA I 5 5000 40 8.00 W AR SN TR 25 5, RS2 E PRSP X

A AT T e A X
o BEATHE SRS FRIFIXLE
Table 6 Mouse sperm abnomality test of Fe(11)-FPH

2.3.4

el DEAS TR TR WRR

MEE AR 5 1000 178  17.80%"
1/2 LDg 71 & 5 1000 182  18.20%
1/4 LDg %)% 5 1000 160  16.00%
1/8 LDg #1 & 5 1000 121  12.109%
IRA B st PG 4R 5 1000 254  25.40%

KL TR, ZEMA LRINEE, U2 LDst|
B, U4 LDspi R 1/5 LDso 87 B4 A1 /N GRKE 1- i
ARG W AR, T SRR oo FRAH AR EE 2253
B, RIUZZ WK T EEURA R
2.3.5 RsMHIL S aaf g &R K I
#*7 e B THES R AIMNEZL S 4R R & A Tt I8

Table 7 Mammalian chromosome aberration test of

Fe(I)-FPH in vitro
DR s Rtk wEE R

a4l

0 (&) TH(CERE) %
=171 5 200 4 2.00
S9 5 100 14 14.00
S9+0.50mgmL 5 200 4 2.00
S9+imgmL 5 200 5 250
S9+2mgmL 5 200 5 2.50
S9+4mgmL 5 200 6 3.00
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