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WE B & KR HFE B IREE S (MCOP-Fe) ¢ /) i BOKAF 1 | 5F 5 5 %o ANE F BLBE T 5% (FeSO,) #4703, 7 ik 1
SRS K RSN E M AR A L B Sprague Dawley X R 40 X BEALH A 8 [ F & H £ (3,5,10 pg/mL)MCOP-Fe
28 4% F (% (3,5,10 pg/mL)FeSO, 48 ;10 pe/mL, MCOP-Fe+500 pwe/ml #8228 ;10 pg/ml FeSO,+500 we/ml #8220 ), A
B m AR R RE QRN AR R RN S, AR )T AR ZHIRE MCOP-Fe 412+ =350 & W B w) i 64
Q ML RK L 2 A LG Am Ty FeSO, 2RI A MG A S 2) ¥ ARKE FeSO, 89 Q HIL-F# A & T MCOP-Fe 249 4 4|
M FE 2 R B AR R ;3) A 500 pg/mL LB JE |, 3 ik MCOP-Fe 44w FeSO, 28 Q A3 A T, %k FeSO, A T 5 & 4 2
% (P<0.05), % £ 3~10 pg/mL 7 =& B 1, FeSO, 49 > By BoK & 2 40 Fe 09 F #5424 i MCOP-Fe 2 ILAE B LIty A
#; B if MCOP-Fe & A5 B2 &9 47 5) 7E A 1> | AB 2t FeSO, & mAs 2 | o A 7 & B4F,
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BRI R AR 0 N IR O A R 107

AR SCR UK BB RSB B AY | AR T I
I R K2 & K (Ferrous oligopeptide chelate
from marine fish, MCOP-Fe)7E 4%/ BL 1 W s 45
P I 55 58 100 IR AN KR B BRI BR AT LB, O
FEE B IR RS 2 1 7 B LB A

1 #MEFE

1.1 MRS5S

111 KA R B R AIN-93G 4lifk ik} (&
it 40 mg/kg) , L HURHE P RHA R A E T
il £ Tyrode W& AL 1 T A7 TCAIL AR an S fk 40
AAE EAbEE RS B IR SN  WEER AN
YR o M el 9, [ 24 48 AL 22 500 A PR W 5
LRI A, P EEN R TLFREA
B AL B i, b R FRHE A R A A
RA S (95%0,/5%CO,) , Hr M B 24k TRHEH
FRA W] 5 24Uk &, ot i UAE ) TR
.12 FEAUSRH A  AB204-S BT KF- |
FE20 RUKG % pH it , M RE 0 R 208 ( L) A
BN ] 51530-00539C A1 4> [ S BRI, 58 2Rkt
IRBHE A B RH basicl BIRE i FE4E  IKA ; SH2—-
92A FUHIRKIGIR G, &InTh R AR A A
H] ; Centrifuge 5417R % 5 2 &5 2 V8 R B0 B, £
[ SUAS A s DK-320S UKV By, 1RG22 S 06 i 2%
A R Milli-Q B4l K AY 2R g % B

1.1.3  SE53h%)  SPF 2% Sprague Dawley MfE 4 K
B (200~250 )40 H ¥ A] 3k 5 : SCXK (i1 )2017-

0005, bl v Al shSe g 2 WL K7 BE 7
B SL 6 Sh 18 P2 B3 il . FE W T K4 5250 3)
Wbt o AR IR KR, &R (2242)°C, A X
50%~60% , W15 5 B [E) 2 12 h: 12 h, 1EX S5
FRURRT, KR AIN-93 2 K B R
FRAKGE NI SR 3 d,
1.2 KWHE
1.2.1 SEsre

1) L-MCOP-Fe 41 .t MCOP-Fe ¥ T Tyrode
WA 3 wg/mL (LA Fe 1) I

2) M-MCOP-Fe %4 . ¥ MCOP-Fe i& T Ty-
rode W& I A 5 pg/mL (L Fe i) MW ;

3) H-MCOP-Fe 4. ¥ MCOP-Fe i# T Ty-
rode W AL 10 we/mL(LA Fe 1) I ;

4) L-FeS0, 41 : ¥ FeSO, # T Tyrode ¥ H il
B 3 we/mL(Lh Fe 1) B9 W

5) M-FeSO, £ . ¥ FeSO, ¥ T Tyrode ¥ H il
5 we/mL(LL Fe 11) B9 W

6) H-FeSO, 41 . % FeSO, % T Tyrode ¥ H il
B 10 weg/mL (LA Fe 31) B

7) H-MCOP-Fe+PA 41 .} MCOP-Fe FIH R
(PA)E T Tyrode Wil i 10 pg/mL (LA Fe i) F
500 wg/mL (L PA)HIVE T ;

8) H-FeSO+PA A . ¥ FeSO, 1 PA I T Ty-
rode & 11 B 10 we/mL (LA Fe 31 ) Fl 500 pwg/mL
(LA PA) RIS,

®1 HA-BX
Table 1 List of groups
28 %) n Sk A o I I ) i
pg-mL" (ppm) pg-mL™
L-MCOP-Fe 5 B E AR E S 3 - -
M-MCOP-Fe 5 B E SRR S 5 - -
H-MCOP-Fe 5 B F AR RS 10 - -
L-FeSO, 5 FRLBR b4k 3 - -
M-FeSO, 5 FRLBR b4k 5 - -
H-FeSO, 5 FRIR 2K 10 - -
H-MCOP-Fe+PA 5 B E AR S 10 PA 500
H-FeSO+PA 5 BRIk 10 PA 500

1.2.2 Tyrode WYl 5 SAAL5H 8.0 g, E AL 0.2
g, FAEE 0.1 g, AALES 0.2 ¢, WL EUEN 1.0 g, BETR

TN 0.05 g, HATBE 1.0 g, K = 1L, R
W pH 7.4, A 4 CUKAR 25 F, T A 5 W 34 B C 30
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FHE
1.2.3  AIMBH A 2ES2 56
1.2.3.1 BEAGIME  KREZEE AEEK 12h,
Ll 22 A R S, T I T R BT T /N0 300 M B 2 T 1Y
i R JERE T, ZEHATT 1 em, 15 em 1 [8] 5 #4043
BEHFARELLHL, L‘sﬁExHJ. 10 em + 385,10
em ZEH AN S em B, dVEA UK Tyrode (4 °C)
oA A BRSO 2 mm 40 A0 AT 137 DA 25 L s
AN BRI T8 LS R W € 1 Tyrode W, 75—
Uiig FH WA~ 14 e 35 01, B 1 em MOBORE Y | £E UK
Tyrode (4 °C) H b3 e v 2 10T 9 B N 254900
1232 HEARE W HIET RN RS T
AT Tyrode W 400 mL B, AL
Pi4F 37 CHEIR K R 5 (100 t/min) B2 7, 1Al
il A 95%0,/5%CO, R &S, BT 5
min J& , B3 BEAR T Tyrode W, 1 A 55 26 e 4 i 43t
IR 400 mL, 53 HI7E 5,15,30,60 min M iz % P L
FE 800 wl, [A] B #h 2 55 A5 R B 25 11 Tyrode
W o
1.2.4 KB B A5 AU RS ﬁfﬁ&(ﬁf&“(ﬂ'UH128
1241 ArdEfh L@ K G B iEE T Tyrode
W, T R R R 12.6,25.2,37.8,50.4,75.6,
100.8,201.6 wg/mL MY W, 4 H 2 s (L AE
620 nm P 4 A0 I W B DA R B 1 75 W
VWG BT 6 W i VR B AT M e, AR
MR S PR A LR P AR O
1242 FEMENE  #65ER T2 1 Tyrode
AT (10 pg/mL 16 P £0 0 R IS 5 2k 51 10
pe/ml GRAR W4 ) hifil B 25.2 we/mL MR, T
37 CHWHE 439 F 0,30,60,90 min J& BUEE | il &
£ W U ARG B R IR AR v h T 5 W T
1.243 HHWE GBS T A
100 wg/ml BIHEH, 4351 T 5,15,30,60,90 min J&
M I 200 L 9, TS8R SR AR B Ty-
rode VAN A&, I A 5 W3 3 10 WG B2 AR A0 A o 2k
R G ERE,
1.2.5 /N A B R (Q) LI A
J& , 4 CH IO A1 B0 i 28 Nk % 3 U, B 41
éﬂ%%ﬁ%m@m N HL A R RN Y }Fﬁﬁﬁ
H, SCIR N HA 3 W BOR A, RER TR
%ﬁm%ﬁﬂmwmoﬂ%%%ﬁkﬂ%m$%

iAo QiR A
gitmicit ()= PV
b, C——i I 20 Ji7 2 v i 8% i (g/mlL)
C,—3% 5 45 S B i & vh 19 Bk & & (ng/ml);
A——Tp B B (em®) ; Vi—F W HCRE A9 4K B
(L) s V——l B h AR R AR (L) o
12,6 Geitr Hr XF S u A HE or 4, AT
Shapiro—Wilk 1F 25 P 6 55 | 1F 25 43 4 B4l DL 1y
Braebn i 227 KR 5 B A 534 B s LA b A £ (d Ar
PRI ) Ks . A AR ST AR AR ¢ KR
ZH BRI R J7 2200 Bk 36, 21 1) LAk
FH SNK 2 i R %4 (versiond.2.0) 47481141
B, {8 H Graphpad Prism 8 %] ,P005 i E7KF-

2 HR5SM
21 SRR

R R SRR A 351, IBUHS il S S B ) R S
Fln e E e 1 s,

I

7 DFARL 45 HAL ;295%02/5%C0, 1A SN OUHR I ; @i
B e, QUUREH ; ©bn%s ;Do B IA 32
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Fig.1 Schematic diagram of an everted intestinal sac
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25 M Tyrode ¥ I3 Wi h A2 € A7 7E , 120 min P
e AT B ARk (P>0.05) , W] T )5 22 16
iRl
2.3 KBAR/MFEAFEEER

T B ETE A WSRO T LA
W Wi, i B W B R FERAIR , I AN TE L 9
VAL, R 0k el R P R G (A W B i AT e 0 #
KB ]/ o A ) 3% M AL WL 2, Jeie g+
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BT IR WY 5 W KOG 22 IR A L E X
(P>0.05), B 90 min 451> I B 19 1 86 16 i AR
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Fig.2 Mass concentration variation of Trypan blue

in different iron—containing solutions
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Table 2 Trypan blue absorption in different parts of small intestine of rats (absorbnce value)

28 %) 5 min 15 min 30 min 60 min 90 min P
+ =M
L-MCOP-Fe 0.05+0.00  0.05(0.05,0.05) 0.06 + 0.01 0.06 + 0.01 0.06 + 0.01 0.315
M-MCOP-Fe 0.06 + 0.00 0.06 +0.01 0.06 +0.01 0.06(0.05,0.06) 0.06 +0.01 0.903
H-MCOP-Fe 0.05 +0.01 0.06 + 0.01 0.06 + 0.00 0.06 + 0.00 0.06 +0.00  0.101
L-FeSO, 0.05(0.05,0.05) 0.06 +0.01 0.06 +0.01 0.06 +0.01 0.06 +0.01 0.628
M-FeSO, 0.06 +0.00 0.05 £ 0.00 0.05 £ 0.01 0.05 £ 0.01 0.06 + 0.01 0.545
H-FeSO, 0.05 £ 0.00 0.06 +0.01 0.06 £ 0.02 0.05 +0.01 0.06 £0.00  0.392
H-MCOP-Fe+PA 0.05 +0.00 0.05 +0.01 0.05 +0.01 0.06 + 0.01 0.05 +0.01 0.680
H-FeSO,+PA 0.05 £ 0.00 0.05 £ 0.00 0.05 £ 0.01 0.05 £0.01 0.05 £0.01 0.309
L-MCOP-Fe 0.05 £ 0.00 0.05 £ 0.01 0.06 + 0.01 0.06 + 0.01 0.06 + 0.01 0.488
M-MCOP-Fe 0.05 +0.00 0.06 + 0.00 0.05 +0.00 0.05 +0.00 0.06 +0.01 0.734
H-MCOP-Fe 0.06 + 0.01 0.05 +0.01 0.05 £ 0.00 0.06 £0.00  0.05(0.05,0.05) 0.270
L-FeSO, 0.05+0.00  0.05(0.05,0.05) 0.05 £ 0.00 0.05 +0.01 0.05+£0.00  0.764
M-FeSO, 0.06 + 0.01 0.05 £ 0.01 0.06 + 0.01 0.06 + 0.01 0.06 + 0.01 0.469
H-FeSO, 0.05 £ 0.00 0.05 £ 0.00 0.05 £ 0.00 0.05 £ 0.00 0.05 £0.00  0.052
H-MCOP-Fe+PA 0.05 +0.01 0.06 + 0.00 0.05 +0.01 0.06 + 0.00 0.06 + 0.01 0.508
H-FeSO,+PA 0.05 +0.01 0.06(0.06,0.06) 0.06 + 0.01 0.06 +0.01 0.05+0.00 0411
=07
L-MCOP-Fe 0.05 £ 0.01 0.05 £ 0.00 0.05 £ 0.01 0.06 + 0.00 0.06 + 0.01 0.084
M-MCOP-Fe 0.05 +0.00 0.05 +0.00 0.05 +0.01 0.06 +0.01 0.06 +0.01 0.222
H-MCOP-Fe 0.06 + 0.01 0.05 +0.01 0.06 +0.01 0.06 + 0.00 0.05+£0.00  0.250
L-FeSO, 0.05 +0.01 0.05 +0.01 0.05 +0.01 0.05 +0.01 0.06 +0.01 0.164
M-FeSO, 0.05+0.00  0.05(0.05,0.05) 0.05 £ 0.00 0.06 + 0.01 0.06 + 0.01 0.266
H-FeSO, 0.05 +0.00 0.05 +0.00 0.05 +0.00 0.05 £ 0.00 0.05 +0.01 0.455
H-MCOP-Fe+PA 0.05 +0.00 0.06 + 0.01 0.05 £ 0.00 0.05+£0.00  0.05(0.05,0.05) 0.229
H-FeSO,+PA 0.05 +£0.01 0.05 £ 0.01 0.05 £ 0.00 0.05 £ 0.01 0.05 £0.01 0.916
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2.4 WKW Bt 1] X KBRS B /0N B BB AL 6k TR U4 B B2
)

KR AN [R) /) g 350 57 4% TR WAL ) 5 100 ot s 1] ) 728
26 3. B8 T H-MCOP-Fe #4175 Jif &B v 7 30

min J& ST AR BRI ICR (Q fH) B
(P<0.05) 41 ,H-MCOP-Fe #H H A3 A7 K Ho w2 21 5
(14 Q B I oA Bif BF [R] () ZE K T 34 0, 78 60 min 4 2%
S TG L (P>0.05),

R 3 KFRARE /N7 AR AL Sk IR U5 e B 18] 22 L 15 3% (ng/mL)

Table 3 Iron absorption in different parts of small intestine over time in rats (pg/ml)

28 5| 5 min 15 min 30 min 60 min P

+=%m

L-MCOP-Fe 0.36 +0.11 0.38 £ 0.04 0.38 £ 0.06 0.47 £ 0.09 0.144
M-MCOP-Fe 0.41 +£0.07 0.44 +£0.13 0.40 £ 0.13 0.48 £0.10 0.673
H-MCOP-Fe 0.58 +0.05 0.49 +0.12 0.40 +0.10 0.49 + 0.09 0.058
[.-FeSO, 0.49 +0.14 0.54 +0.15 0.55 +0.09 0.54 +0.03 0.822
M-FeSO, 0.56 +0.14 0.44 +0.23 0.32(0.31,0.55) 0.41 +£0.16 0.432
H-FeSO, 0.47 £0.11 0.47 £0.15 0.38 £0.11 0.45+0.16 0.727
H-MCOP-Fe+PA 0.43 +0.10 0.43 +0.16 0.42 +0.18 0.42 +0.08 0.994
H-FeSO,+PA 0.35+0.13 0.31 £ 0.06 0.36 +0.13 0.36(0.35,0.36) 0.795
= W

L-MCOP-Fe 0.27 £0.12 0.32 +0.16 0.41 £ 0.07 0.30 £ 0.07 0.287
M-MCOP-Fe 0.44 +0.19 0.48 £0.11 0.42 +£0.13 0.46 £ 0.20 0.935
H-MCOP-Fe 0.41+0.09b 0.38+0.10b 0.53+0.04 a 0.58 +0.09 a 0.002
[.-FeSO, 0.35 +0.09 0.38 + 0.08 0.47 £ 0.07 0.43(0.27,0.44) 0.135
M-FeSO, 0.37 + 0.09 0.47 +0.13 0.53+0.13 0.46 + 0.09 0.130
H-FeSO, 0.46 +0.20 0.40 £ 0.07 0.43 £ 0.05 0.44(0.43,0.55) 0.441
H-MCOP-Fe+PA 0.48 +0.07 0.46 +0.10 0.42 +0.08 0.39 £ 0.05 0.311
H-FeSO,+PA 0.42(0.15,0.44) 0.31+0.11 0.34 +0.11 0.42(0.36,0.44) 0.905
= i

L-MCOP-Fe 0.36 +0.21 0.33 +0.15 0.27 £ 0.09 0.19(0.18,0.22) 0.720
M-MCOP-Fe 0.35+0.20 0.41(0.41,0.44) 0.36 = 0.07 0.33 £ 0.09 0.956
H-MCOP-Fe 0.53+0.16 0.46 +0.13 0.47 +0.12 0.52+0.13 0.808
L-FeSO, 0.39+0.11 0.34+0.13 0.37 £0.11 0.49 + 0.06 0.155
M-FeSO, 0.34 + 0.07 0.38 + 0.04 0.32+0.12 0.48 +0.18 0.163
H-FeSO, 0.44 +£0.14 0.50 £ 0.09 0.44 £ 0.10 0.36 £ 0.09 0.315
H-MCOP-Fe+PA 0.41 +0.14 0.50 +0.18 0.34 +0.08 0.40 £0.14 0.363
H-FeSO,+PA 0.29+0.14 0.26 +0.15 0.25+0.12 0.28 +0.14 0.957

T AT A LA AR AR R 5 R A e 2 22 5 AN 35 T AR IR) 5 R ) B e LR e 3 2 05 53 W 35 /NG 50 3R K F =0.05,

2.5 KRARE/NGGIRAL B A E AR Bit Rk =

2.5.1 KRR B X R BN i B T AR 2k R T II
R KRB F/NGEALAE 3,5,10 pg/mL
) MCOP-Fe 1 FeSO, H i £k M Wi &t UL IET 3 &
4, T I8 A A% R R
MCOP-Fe 2 ] B A7 17 AL B F W i R (Q ) 3

FREESE N, Horh H-MCOP-Fe 47+ — 48 I 1 [nl
7 i Q 18 5.3 " T L-MCOP—-Fe fil M—MCOP-Fe
21 (P<0.05) ,L-MCOP-Fe 417575 B ) Q {8 2 & 11k
F M-MCOP-Fe #il H-MCOP-Fe 41 (P<0.05) ; ifii
% P M ) FeSO, 411 45 /N A 1 Q (B
A Gt 22 5 (P>0.05)
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Cumulative iron absorption per
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Fig.3  Absorption of marine fish oligopeptide chelated
iron with different concentrations in different parts

of the small intestine of rats
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Fig.4 Absorption of ferrous sulfate with different

concentrations in different parts of small intestine of rats
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6. 7,5 T+ 38 L-FeSO, 1 M-FeSO,
HH Qi ¥ KT L-MCOP-Fe Hl M-MCOP-
Fe 41 (P<0.05) b (L& 5), Ay 40 TR 4% & f
MCOP-Fe 1 FeSO, 4 %R+ =45k . =5 S ul
far) Q EIIEG 222 7 (P>0.05) . SR, K&
Bk B I MCOP-Fe A 5110 Q 2% 4
Tt T FeSO, 2H By,
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Fig.5 Absorption of different types of iron

in duodenum of rats
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Fig.6  Absorption of different types of iron
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Fig.7  Absorption of different types of iron

in ileum of rats
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2.5.3 IR XS BUIMG 20 1 Bk B IR Y
BN TSN 500 pwe/mlL MRS, K R/ AS [
fi Xt 10 pg/mL. MCOP-Fe il FeSO, A W Y1 i Ui,
Bl 8 & 9, FEVRIN T AEIR G I, %5 MCOP-Fe

G B H-MCOP-Fel
: EHl H-MCOP-Fe+PAZE

unit area Q/pg-cm™
o
>
T

B TR R R R R

Cumulative iron absorption per

o
(=}
R

o
=
S
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WS A3
Absorption site
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Fig.8 The cumulative absorption rate of iron per unit
area (Q) in small intestine of rats with addition
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Studies on the Intestinal Absorption of Marine Fish Oligopeptide Chelated Iron

Pan Wenfei', Ying Xiaoling',

Ma Qian®,

Xu Yuying',

Li Ning’, Yang Min"

(‘Department of Public Health, Zhejiang University School of Medicine, Hangzhou 310000
*Zhejiang University Department of Chemistry, Hangzhou 310000)

(MCOP-Fe) in

small intestine, and compare it with the traditional iron supplement—ferrous sulfate (FeSO,). Methods: 40 female Sprague
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Dawley rats were randomly divided into 8 groups (L-MCOP-Fe: 3 pg/ml. MCOP-Fe; M-MCOP-Fe: 5 pg/ml. MCOP-
Fe; H-MCOP-Fe: 10 pg/ml. MCOP-Fe; L-FeSO,: 3 pwg/mL FeSO,; M- FeSO,: 5 pg/mlL FeSO,; H-FeSO,: 10 pg/mL
FeSO,; H-MCOP-Fe+PA: 10 pg/ml. MCOP-Fe+500 pg/ml phytic acid; H-FeSO,+PA: 10 pg/mlL FeSO, + 500 pg/mlL
phytic acid). To establish the model of everted gut sac in wvitro, the effect of iron absorption in different intestinal seg-
ments was evaluated by the cumulative iron absorption rate per unit area (). Results: 1) The ( values of duodenum,
jejunum and ileum in three MCOP-Fe groups increased with concentration gradient, but there was no similar trend in
FeSO, groups; 2) The @ values of group L-FeSO, and M-FeSO, had a tendency to be higher than those of group L-
MCOP-Fe and M-MCOP-Fe, but were opposite at high concentration (10 pg/mL); 3) After adding 500 pg/mL phytic
acid, the Q values of groups H-MCOP-Fe+PA and H-FeSO,+PA decreased compared with groups H-MCOP-Fe and H-
FeSO,, and the decrease degree of group H-FeSO,+PA was more significant (P<0.05). Conclusion: In the range of 3-10
pg/ml, the absorption rate of FeSO, in small intestine showed an equilibrium trend of saturation, while the MCOP-Fe
showed a gradient trend of increase; at the same time, MCOP-Fe was less inhibited by phytic acid, and was more sta-
ble than FeSO,, which has good application prospects.

Keywords everted gut sac; marine fish; ferrous oligopeptide chelata; intestinal absorption; iron—deficiency



