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Study on antioxidation, animal experiments of hyperglycemia and
hyperlipemia of agaropectin from Gracilaria lemaneiformis

LIU Qiufeng'*, WU Chengye’, SU Yongchang’
(1. College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2. Fisheries Research Institute of Fujian, Xiamen 361013, China)

Abstract: This paper aims at investigating the role agaropectin plays in hyperglycemia, hyperlipemia and antioxidation. We studied
the cleaning effect of -O*~ , -OH and DPPH, based on which vitro antioxidation was assessed. We also researched hyperglycemia and
hyperlipidemia by making use of alloxan to build diabetic model, and hyperlipidemia fodder to build hyperlipemia model, and conduc-
ted animal experiments with different doses of agaropectin so as to assay fasting blood glucose, rat’s blood fats (TC, TG, HDL-C and
LDIL-C), as well as biochemical indexes of serums and livers. The study of vitro antioxidation reveals that agaropectin has antioxidant
effect, functioning especially well on scavenging :OH. Animal experiments show that agaropectin can significantly reduce fasting plas-
ma glucose value in hyperglycemia mice, and decrease the content of TC, TG and LDL-C contained in hyperlipidemia rats, which in-
dicates that agaropectin really has an effect on hyperglycemia and hyperlipemia.
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AR BIEESY T A AESE (Gelidium amansi) BRER

RN AMITEE MG, A BB BURTEIR N FARSL
HBEA HUBE M IS, 17 HR S e il s ] 2 AR
5"%; Bk X% ( Gracilaria lemanetformis) i
WRZERE IR MU EAL AT TITOY, R I R
WERA U A A TR, T H S 7 T IR 2 b
KIHO 451 AR | TR HIIR BUAR R
PR M A BEIAE . BRI E AT, R A
AR, T A e A D7 A A P i DR B 1 Y 2 2 21
ik B YT 8 (MDA)

FAT, FE P e 00 i s R BB IF A 22
RS IS S R =Y rh . BEA R
WBUE, (HEHCYEEFY Z 5, AMUE R GTRIR
B, TG TG, it LB R AR P A
RO A BRIEE  SCEEXTBRBUIR BRI | B LT
PESEAT THIESE, IR HAR M S AR BT 30E,
LUK e 204 OO IE M I e Rl 7 ) 1 255 T R A
PRI R

BRI i

1.1 &R, RFIRALEE

TR TR e e, B hEH
STUG A A 1, -2 =AY FE IR (DPPH)
N SE A WE (Sigma A B ) 5 B S TR S L R
B¢ B ( Pfrizer Pharmaceuticals LLC 23 7] i) ;
EPRE Z S AR AT (BTN BR YD AR 25 R |l
i) s HARE CEEMCE SR ST R A RA R ) .
I3 R & A MR EE (TC) i &, Hh =
Mis (TG) al5f & . = % B2 IR 25 1 I [#] B ( HDL-C)
WA, K R A IR R R (LDL-C) U7 &
ALY B A B (T-SOD) R £ . 2 bEH Bkt 4
LT ( GSH-Px) 177 & 451070 & (/o A
TG ) .

SPS %% F W] (KM) /N B (HfEME, 20 ~25 g) .
Wistar K FL(HEPE, 150 ~200 g) 1B R¥3h9)
SRR AE mTR RN (10% . 10% KR
. 1% MBEEE, 0.3% MHEL . 78. 7% S Al i k)
( I3 RIS 55 21y e AL BB A R J )

BS1248 B HT RV [ B8 2 F T RL =AU ER (L)
AIRAEIHS ] 5 752PC FAMAT WG (1
TECTEALERAT PR A ) 5 SSW-600-28 7 Hi HAv i
TR (e S0 A FRA R BT 4 T i)
XW-80A BEWRTR A #% ( 1R A A e il i A BR A

A s $2Z27Y One Touch Ultra MUK, 1L HH I
AG[ A (B ) BT as A TRA R A ]
1.2 WIREERIFI&E

BRIAAR ) i 25 BRI BKORAE ™ 1 Oy v, el
B TR w (SR BAR) tw(7K) =1 :20,
EDTA-Na, A& 4 5.90 g-L~" ¥EMGAFE 2.2 h,
VEMLIRE R 53 C,

1.3 WML ELEER RN TE
1.3.1  BRIEHE MRS Bl A B B+ (-0%7 ) B J1 1
WAL BURIARSNE R0 A8 Al 2 2 I
NS WU E R 0.1 mol L™ AR R
2 (pH 9 8.04)3.5 mL T 15 mL i,
JNAZERZK 1 mL, 10 mmol-L ™" 482K =Mk 0.5
mL, 7 BRPFAF R EIR ST, LA 10 mmol -L ' SR ERAY:
BB =R 2 IR IR, FEE K 325 nm A2
WIEIE(OD) , 30 s oI & (A,) , £:RE 30
sICFE—REZE 3.5 min(A,), HEAE=/HEA
R WHBORFR R E (2 mg-mL™" | 4 mg-
mL™', 6 mg-mLfl .8 mg-mLfl . 10 mg-mL" 12
mg-mlL™' | 14 mg-mL™' 16 mg-mL™"
mL ™R 20 mgemL ") BRBURA IR 1 mL, %M i
D7 INEE SR VA oD, FE T IR Je 4B =
RS =R AT
S0, A A 50 =500 60,

3 S0,

Kb €, WEBUEX0* IEBRFE (%) A, N

3.5 r5PE 0Dy A, NES 0.5 48 OD; SO, R
ARZE = F AR SO, NI AR BG4 =
k=R IATE .
1.3.2  BRIshRASME bR 25 A i 5L (-OH) g 1 Y
R BBRARSNERROH B8 11 2 IR
SEMAEHEL W), A HIEC9 mmol +L ™" i
PR 2 (FeSO, ) . 8.8 mmol - L™ i 4L & (H,0,) |
9 mmol -L "' /KAFR-To/K £ FESS 0.5 mL F 15 mL i
G, AR BRI (0.2 mg-mL ™' | 0.4 mg-
mL™'. 0.6 mg ‘mL™', 0.8 mg emL™"
mL™', 1.2 mg emL™', 1.4 mg emL™"
mlL™", 1.8 mg'mLflﬂ] 2.0 mg'mLfl)@_ﬁf'?:EE‘?ﬁ?& 1
mL, &%), 7€ 37 CHHIR/KE 0.5 h, 7EWHEK 510
nm 2L %E OD, iCh A, DLZEEKIUE H,0,, I
OD it M Ay VIZRIB/AKA B GRS, W oD id
M AL

18 mg -

1.0 mg -
1.6 mg -
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Al B (A _Ao)
Kb €, ABBE X OH BITEER (% ); AN
INABRBIRE WS 1 OD; A, WEHE 0D; A,
AN H,0, FEHRIERAIKK) OD;
1.3.3  GRBUIRAAMEER DPPH BE 1 Y i 56 77 1
BB IRSMNEER DPPH BE J1 9 I %€ 2 it SHAMA
A BHAT " 575 o 43 SR B Twi) o5 VR B (2 mg
emL™' 4 mgeml™' 6 mgemL™' | 8 mgemL™" | 10

C, = x 100%

mgeml™", 12 mg-mL™" 14 mg-mL™"', 16 mg-
mL™" | 18 mg-mL™' Fl 20 mg-mL™") HBLIGH K 1
mL F 15 mL & H, A LLTEK B H A9 0. 1
mmol-L "' DPPH 4 mL, E%), =i F& % 30 min,
FEP A 517 nm JUE OD, icA A, DITC/K L BAREE
DPPH, Ul OD i A, VAZEIBAKEHRB IR A,
oD gk A,
C, = Ai_1(4+140)
X €, WEREAEXT DPPH MITEBRR (%) ; A
FIMABR B R IE RS B OD; A 75 AT OD;
Ay HATN DPPH BRBARE WA K H OD,
1.4 Fi3mBE R MAEE AR I 7 %
141 AR ey 2 /N BRU ] M LS
TRL, GEN 3 d JEASEARK 12 h, BEHLIEH, H
H— 2 R IR A (S AR B K ke T A ), H
AFR T I 5 200 mg- kg T (MR ) DO 4R I
( P A s fofF D D 2 5 K £ o B 2% 1)V
W, TR ET, A2 h), 3dFRBARK
M (ESE S hfe), AN 23 I ORE(E,  IRUBEEL
KT 11,1 mmol -L ™" BYR A B8
1.4.2 REHH W 1A T 1) /) B 4 B 2 T
MR AT 20 (R 1), AR A IUREE 2 22 AN 2

x 100%

I mmol-L™", R ENE2ZR, &4 10 H/h
o IR JRIh 28 d, RS IBIE] A HE ROK
RFAFRE 1 RIRTTE, et 8dE .

1.4.3 wEmpEENE" ARAEShERE
IR, FMBEACIN 25 B2 s . A A I 1 ks
HE LB

L4.4 fupblmase e/ REs R

5h, EBMNAEMZH, 20 min FHEE 2.0 g-
ke (MR ER) #WIAHE, RIEAITES 0L 55 0.5,
552 /N R R AL, I M BE A

1.4.5 JWEZRFEEE RIS RS /N RFR T,
B 5 R IBURIE | LA R, T H R RR BT
o, TSR R, WSS B R %L

1.4.6 EALFEFRINE MR BRI, A% A Ak 1
THEM(GSP) | GRS Z R, e brty
P R S A

1.5 ®i3RBE P& MBS E IR I8 7 %

151 B s sy o) KBRS 3 1]
BHE N PEMESE 5 d 5 PRI BT i T AR B8 K BT 5t 1 7 B
PLoT2H, A4 BB A K B 5 4 RN E 5 0 REZ 2
2, 5 AR BRBIR A B SR iR S B T kL 2 ] i
1T R AL ARG, 2 JEL S R L, A ¥
TC. TG, HDL-C 1 LDL-C % 4 Wi4§4%, LA c(TC)
>1.8 mmol-L™ 'l ¢(TG) >1.8 mmol-L ™"/ 14
BCINbRE I H R R AL R I H ARk 2 J, BEAL
PEH 6 HUIEH TR, RRARIUn, Al il TC |
TG. HDL-C 11 LDL-C % 4 i35%5

1.5.2 REshWrdl s o i K R % IR
TCAHSATE (£ 2), BH 10 HRE, HEW ¢
(TC) Z AT 1 mmol L', ARG W H 1%
o HELEERZy 4 JH, g I E R A AROK AR
B, BRAFRE 1 WIRTE, JHCREE.

F1 FERMAESYIAEIRT

Tab.1 Design of hypoglycemic animal experiment

25 group 24 pharmaceutical FHE/mg-kg ™" dose
MU diabetic model (DM) FEATK -
2%} B ZH drug control (DC) IS 5
1E % % B ZH normal control (NC) FEIEK -
TRBIR K772 2H agaropectin low-dose ( SPS-L) Lrsindile 200
BRI T #4240 agaropectin mediu-dose ( SPS-M) IR 500
T BN 7 774 20 agaropectin high-dose (SPS-H) frkindl 800
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Tab.2 Design of hypolipidemic animal experiment
245 MR IR R HEH 2 /g kg™
group feed pharmaceutical dose
1E 7 X B4 normal control (NC) 3 R 7K -
IEHEBHBUEL normal control-agaropectin ( NC-S) 3 Ak T 0.80
3 IR AR BRAL hyperlipidemia model (HL) i IR ARk -
2% B4 drug control (DC) = IR AL SEARANTT 0.01
BRIUIR IR 41 agaropectin low-dose (SPS-L) e i e ke 0.20
BB Ff i 41 agaropectin mediu-dose (SPS-M) e M AR BBl 0.50
TG =) 41 agaropectin high-dose ( SPS-H) T DR A iIHE 0. 80

1.5.3 I35 8 A i A KRG 16
h, FEHRERICML, il A = A 43 2 5 B
KRR & E 1 TC, TG, HDL-C, LDL-C,
T-SOD ., GSH-Px. P [ (MDA) Fl—% L& (NO)
% 8 TifR bR,
1.5.4 fFWEfsbnieE R4 R B HENLE Ak
Feshyy, FESIBUIFIEZIZY, FAE B K PE AR A7 1Y
Mk, 4 CrkmsauE, FIEHZ0T 8 000 r-
"4 CELL 10 min, AR SO0 E IFRE AL
1 HDL-C ., LDL-C. T-SOD. GSH-PX. MDA F1 NO
E Rk iy T
1.6 %itFiE
K HI SPSS 17. 0 #4843 B 3 A 347 40 Hr - 25ie
BILIEL + RAER2Z (X = SD) Fo, 4l 4l
(0 d 528 d) tLEHR A 2087,

2 R 550

2.1 WTBBEIMIELAR
2,11 BRIAR X0 W BR % 2 ~20 mg-
mL " Y8 P B 2 G S B O v B A RS, BB AR
XFO° IERRAE FFEH (1), HORIR BTk g
TRIIEX0° " MIEBR R AWM B 25 (P <0.01),
BRBUE R 19 mg-mL ™ I X 07 191 %
R 50% , BVGRIEHRIE B0 (23 ] o i vk 32
(ICs)) M 19 mg-mL ™" BXAKHR LIGEAER C(V,)
YERPHMEXT IR, Ve 15BR-0*" /1 1C5, 204 0. 25 mg -
H5Z e, mBEXF0T BTERREE 8,
2.1.2 WBUEXFOH BER*%E 0.6 ~6.0 mg:
mlL ™" Y P B B - OH (135 B 2R B %5 B i I
W I K (R 2), FREWE N 3.6 mg-
mL " BB OH (75 BR 3R EL 423 100% , K%

60
s0f
2 40|
30t

20

TR %
clearance rate

2 4 6 8 10 12 14 16 18 20
o (WTEJE)/mg » mL™”

agaropectin concentration

BT BB X S B B 7 AT B A
Fig. 1 Effect of agaropectin on scavenging superoxide

anion radicals

WeEEARZE TN, WEERFA I &, BRI RO

B IC,#9° 1.0 mg-mL ™", 0.6 ~3.0 mg-mL" m@
IR IARE B OH My J1 22 Tl i % (P <0.01),
1M 3.0 mg-mL™" WHEAES 3.6 mg-mL ™" 9 LA,
HSRELRFEMELZR(P>0.05), 5 V. i%-OH
eI B, Vv, WEBR-OH Ay 1C,, 4N 1.3 mg -

mL " TR EAS % OH 5 B3 23k 3 50% 1Y i
%Wﬁﬁ?v B o R R R X 1 B AR B AR X OH
TH R AE IR

2.1.3 BEEA DPPH WSR2 ~20 mg-
mL " Y8 B P B G B B O e v B A B, GRS AR
X} DPPH (i bRFBBEZ T (B 3), HAHRIER]
FIBR IR TE bk DPPH M RE I HA R 225 (P <
0.01), FUEWEN 17 mg-mL ™" B H ISR DPPH
HIVE R Ny 50% , BB ARG BR DPPH (1) 1C5, A
5 V. %I DPPH &Rk 5] 50% 15
HWE 5.0 mg-mL ™" AR BRBUIEXT DPPH 1Y

17 mg-mL ™",
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Fig.2 Effect of agaropectin on scavenging hydroxyl free radicals
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2.2 WIEAEFE MAETE MR R

2.2.1  BRBAEXS BN BUA S R
RS (0 d) &2/ B AR JoT et 258 1F % R ZH 192>
HAW B EME(P <0.05), FF6 18R AR T 2k b
RFAE 3 BRIEH XTREAL AL, A o4 e 4 4Ll B
AR o 5 g BB R 4 e e B E 22 R (P >
0.05)(F£3), MEKA(0 d) 25 28 K, X
AN IR BT A A T (P <0.01), Hp
DM 2034 T 23.2% , DC. SPS-L. SPS-M # SPS-
H 2% DM LR ET 9.5% . 6.7% . 9.2% Fl
10.3% , SPS-H #15 DM ZH Ay Sf 2 HAg W & k%
SE(P<0.05), H B GR B X B9 /N BRI o2
D AT — o SR VR, T LR R Y 3
i, AR b

2 4 6 g8 10 12 14 16 18 20
p (BiBEAR)/mg « mL"

agaropectin concentration

3 BRIRAS 1, 1- AR 2- = A BRI T BR VR HI
Fig. 3 Effect of agaropectin on scavenging DPPH

2.2.2  BRBEHE XS R b /I BR S R i BE 1R Y 5

BRI, A 2 A/ B S I B S
IEF TR, AWM B ENTE(P<0.01),
ST E B R N g ) 1 A N a2 N
21 5 A5 A Y S IR OBE (TG e 2 25 5 (P > 0. 05)
(F£4), 228 d%2J5 DC, SPS-L, SPS-M Hl
SPS-H 41 i FHEL 34 A7 B T B, (AT R 52 21 0E %
KF, T DM RS, ERBE (P <0.05);
DC. SPS-L. SPS-M. SPS-H #H%% DM #H H A4
FEF(P<0.01), 5NCHHELEIFWEEP
<0.01); &4LN, DC A SPS-H 4145 251 J5 X}
AR BEZER(P<0.01), SPS-M 4 B W i
EHEF(P<0.05), AT LG EEAE XA R 97 /N BB
M A — e B, T L BE G R g, %
SR A

3 HEAEINREREREN (X +SD)

Tab.3 Effect of agaropectin on weight in mice

" KI5/ g body weight iﬁq% /o BEEE /%

group 0d 7d 14 d 21 d 28 d ;Vrzlvgv?; rateg:iﬁlght
RO (DM) 24.6 £2.0™  28.3+2.9™ 29.6+3.5" 31.1%3.5" 30.3x3.7" 5.7% 23.2
YNTIRZL(DC)  25.1+1.8™ 29.122.4" 31.6+2.9™ 32.8+3.7" 33.3x4.07 8.2 32.7
EWXTEA(NC)  36.9+£1.9%  40.922.9% 43.73.1% 456 £3.1%  46.2+3.0% 9.3 25.2
GRIEA(SPS-L)  25.4+1.9% 28.922.9" 31.3+3.7" 31.8%3.8" 33.0x4.2" 7.6% 29.9
IR (SPS-M)  25.1+2.2"  29.0+3.2" 30.7+3.9" 32.7+4.7" 33.2x5.2" 8. 1 32.3
AR (SPS-H)  26.0£2.7"  29.1+3.1™ 32.5+4.1"™ 33.7+52" 34.7+587% 87 33.5

. 5 NCAHEK, . ZREFE(P<0.05), ™.

OB E(P<0.01); 5 DMAIHE, # LREE(P<0.05), #4 LRREEP<

0.01); BHNK, aa. ZHEE(P<0.05), ab. ZRWMEBE(P<0.01); JFERF L

Note: Compared with NC group, *.

significant difference (P <0.05), ™.

very significant difference (P <0.01); Compared with DM group, #.

significant difference (P <0.05), ##. very significant difference (P <0.01); Compare between all groups, aa. significant difference ( P <

0.05), ab. very significant difference (P <0.01); the same case in the following tables.
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Tab. 4 Effect of agaropectin on lowering blood-glucose in mice mmol -L ™!
415l 0d 7d 14 d 21 d 28 d ) s
group difference value
MBI (DM) 20,3 £5.2%  22.2%4.3" 23,5517  25.6+2.2"  26.5%4.0" 6.2%
2%t B4 (DC) 20.2 4.6  17.3%3.67%  15.8x4.57" 13.5x3.17% 11.7£5.37% 8.5
IEF X HRZL (NC) 6.7 +1.2" 8.0+1.3" 7.3 £1.1% 8.0x1.5" 7.0 +1.4% 0.3
74 (SPS-L) 20.3£3.97  19.1£2.77  18.4+4.37*% 17.5+3.77% 16.1+4.57* 4.2
rpi3 & 2 (SPS-M) 20.5+4. 1" 18.9£3.2"  17.5+3.6"* 16.1+2.87" 14.3+3.57#* 6.2%
fr7f 4 (SPS-H) 20.6 £4.8™ 18.2+3.5™ 16.5£3.27" 14.8+4.9™% 13.2£2.3"# 7. 4=
£S5 WIEAEX/NRAEHET BN (X £SD)
Tab. 5 Effect of agaropectin on load glucose tolerance in mice mmol -L ™'
25 group 0h 0.5h 2 h
f= AR AL ZH ( DM) 30.3 £3.3° 33.3+3.7 33.1%2.8%"
2%t B4 (DC) 22.1 4.7 32.4 4.2 24.7 +2.6"
IER X IREL(NC) 8.4+1.67" 12.5+1.87% 6.2£1.77%
fIGFA & 41 (SPS-L) 24.1+3.8* 30.8 £2.6 26.1%3.0
R 4 (SPS-M) 22.6 4. 3" 33.3+3.3 24.6 £2.6"
R4 (SPS-H) 20.6 =3.5 31.9+2.7 23.1£3.2%

*: 5 DCH I
Note: Compared with DC group.

2.2.3 BB X E /I B faD R T A 1 5
XN E A S S5 (0 h) 5 DM 41 4,
DC, NC, SPS-H HH A% %5 (P <0.01),
SPS-L, SPS-M HAREZER(P<0.05); 5DCH
FeE, DM A BEZERF (P <0.05), NC HAEAWK
BEXER(P<0.01)(ES5), WAMES 2
DC. NC, SPS-L. SPS-M #i1 SPS-H 4 ) i 5 {i A1 0
h T EEZE R (P >0.05), 1 DM 4 B4 &
FVEZESF (P <0.05) , UHABRIRAEXT IO 4E00s g /)N B
T B MM EA —EEREER,
2.2.4  BRBUIE X iR AR /I BUNE %5 15 25000 5%
DC., NC, SPS-H 415 DM ZH W AF IR b i B oA
WEEZR(P<0.05), B DM MK 45
NC TR E 2R (P >0.05), Uil IRG
SN B RIS, BRI R EAT 40 il e
KEVEH]; DC. NC. SPS-H 2H By B 45 %05 DM
AL H AW R EM®EZS (P <0.01), SPS-L,
SPSMA 5 DM AWK EAG B EMEZE R (P <
0.05), T DC, SPS-L. SPS-M. SPS-H 415 NC 41
AT EMZ R (P >0.05), BLIARINSEEA M
IECRIF A/ T L i 2 790 o ) 1, A8 e B
&, DC, NC., SPS-L. SPS-M. SPS-H H i i i 45
HENCAM LR FE®ZR, DMAS NC 4%

W XU RS & R EBUN R IR ZE s,
BRI X MR LA — AR E R (R 6)

2.2.5  GRBHE X OB /N B H GSP L R A
YSaIIREY e Al DC. SPS-H 41 GSP /K
. FREES RS DM i 2 S B, NC 4
5 DM 2R B E (P <0.05); 5 DM 4 11 i e
BZEIKH#, DC, NC, SPS-M, SPS-H 41 H. A
BEMER(P<0.01), SPS-LHHA BEMEER
(P<0.05) (7)., 5 NC 4 GSP KF. B
e, MVEBES FEKFEE, DC, SPS-L, SPS-M,
SPS-HAM LR EM2ZR (P >0.5), 45K,
TR BN RBAE UERE PR /DN BT AR R AE At X
i mpE B — 2 R

2.3 TIRBERE MRS E AR
2.3. 1 BRI LA R B AR 7K B4 5 0

WG TC, TG e FE M W1 (P <0.01) (%
8), HDL-C #BEEM o M PR (P <0.01), LDL-C
WM B E TR (P <0.01) (£9), Uil atim
YERIRY) . RS2 4H (0 d) J5 DC. SPS-L, SPS-M.
SPS-HAI 5 NC 425 RBE(P<0.05), 5 HLA
TREMZR(P>0.05), WAL RAASIT
R, 40t 28 d W42y, DC. SPS-L, SPS-M,
SPS-H ) TC, TG EEHRA BT MR, 1 HL 4T+,
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F6 FIRBEX/INRAES IS HAIRNE (X £ SD)

Tab. 6 Effect of agaropectin on index of spleen, thymus and liver of diabetic mice g
415 JFIE i £ WU i £ i Ji4 K
group liver index spleen index thymus index
e MRS R 2H (DM) 0.052 8 +0.003 0" 0.002 3 +0.000 3 ™ 0.001 2 +0.000 3"
2T BRZL (DC) 0. 044 6 £0.002 5* 0.003 9 +0. 000 3* 0.001 8 +0.000 2
IEH X IRZL(NC) 0.043 3 +0.002 3* 0. 004 2 +0. 000 4* 0.002 1 0. 000 2*

fR57) 41 ( SPS-L)
T2 (SPS-M)
e 4 (SPS-H)

0. 050 6 +0.004 9
0.048 7 £0.004 2
0. 044 2 +0. 003 9*

0.001 5 +£0.000 2
0.001 7 £0. 000 2
0.001 8 +0.000 3

0.003 6 +0.001 1*
0.003 7 +0. 000 5*
0.003 9 +0. 000 7%

R7 MESTHERMELR (X £SD)

Tab.7 Measurements of GSP, liver glycogen and insulin in serum

| c( WL IS 2 1) /mmol L~ w( JHHEE) /mg-g ™! L R R /mIU L~
group glutathion peroxidase ( GSP) hepatic glycogen serum insulin
1 MBS AIZH ( DM) 5.88 £0.60" 0.81+0.56" 5.89+1.17™
2P nt F4H (DC) 4.50 =0. 37" 1.76 £0. 68" 4.68 +0.62%
IEHXTHR4L(NC) 4.85 +0.34* 2.26 £0. 14* 4.41 £0.93%
{7 2H (SPS-L) 5.20 +1. 81 0.85 +0. 16 4.89 +0. 88"
5] 4 2H (SPS-M) 5.04+1.24 1.36 +0. 17 4.78 +1.62"
T A4 (SPS-H) 4.82 £0. 64" 2.04 £0. 45" 4.69 +0.98*

Hif DC, SPS-L. SPS-M () TC ¥ J¥ 5 NC #1 K i
FEZE (P >0.05), SPS-H 4HM TC MK ZE 1.8
mmol - L™ (P <0.01), SPS-L., SPS-M, SPS-H 1y
TG ¥ 5 NC A # 2 5% (P >0.05), DC 4%
£ 1.07 mmol-L™' (P <0.05), TMi441/) TC, TG
WHES HLAXZ R W EE (P <0.01); 4N,
DC., SPS-L., SPS-M. SPS-H ##; 0 d BffY TC, TG
WP B EHIFEAR T (P <0.01), HL 404 TC He i
WEFE T (P <0.05) 1 TG WEMA FmE (P >
0.05), ULHIBLBIERERL Y TC, TG /KF; DC,
SPS-L. SPS-M. SPS-H ZH# 0 d B ) HDL-C ¥ J&
e i M FF i (P <0.01), LDL-C ¥k BE g W 2RI
(P<0.01)fi HL 41 (% HDL-C ¥ B (& A5R i 2 (P
>0.05), LDL-C ¥k mk ¥ (P <0.01), *
AR B A % = 1 AR K BB HDL-C . LDL-C HA
TAER L, xR 8. #9 ML R, BiBiERE
BEREAR LY H TC, TG ¥, F+ i i+ HDL-C
WEE, FEAK LDL-C B, EATREMARIIRL .,

2.3.2  BRIEAR XS L R B BT S A 52 i 1
B4 )5 (0 d) NC, HL, DC, SPS-L, SPS-M.
SPS-H 2 Z [al i iR i f 34 JC i P22 % (P > 0. 05)
(F£10), Zad 28 d W2y, 34541 R IR
BEHAW BN (P <0.01), NC, NC-S, HL,

DC. SPS-L. SPS-M. SPS-H £/} | H4 & 116.2 g,
112.1 g, 121.8 g, 98.4 g, 102.1 g, 97.5 ¢, 98.7
g, HL 2 % H b 45 4 53 53 5 4.0% . 6.8%
12.3% . 7.6% . 11.0% . 9.5% ., SPS-L. SPS-M
SPS-H #1434 5 NC ., HL 4R B A BA B
FPEE (P <0.05), NC-SZH5 NC ALK R
PEZS (P >0.05) . 45R3RY], HistEnen] Wmsz
5 IR A BRUAAR T F 15 A, ok 81— ) o
W EA AT i I RCR, (A2 5 ) 1E R R B
HaRA K,

2.3.3 GRIEHE X g I K BRI+ 208 T 4
TLEESIIIRE NC-S, DC., SPS-M, SPS-H 415
NC LR FEEZF (P >0.05), SPS-L A5
NCHHEZFRFE(P<0.05), %45 HL A
HMEAWBEER(P<0.01), el 0 i Jg4E
KERAETEN I RS, T B B A i 6% ekl /)N 10 4
¥, EBPAFER(F 11), DC, SPS-L, SPS-M,
SPS-H 1) GSH-Px {514, T-SOD Wi&it ., b(NO)
HNC Yl b FEHZER (P >0.05), 5 HL 41
25 W F (P <0.05), 1M DC, SPS-L, SPS-M,
SPS-H i b(MDA) 5 NC H B AW W FEF (P <
0.01), BxSPS-LZH4MSA1S HL 4125 0 3% (P
<0.01),



64 MoK TR H9%
*8 WIAEx KRIEER., Him=BMHM(X+SD)
Tab.8 Effect of agaropectin on TC and TG in rats mmol -L ™!

21 51| A& total cholesterol (TC) Hih =g triglyceride (TG)

group 0d 28 d 0d 28 d
IEHXTHRZL (NC) 2.65 £0. 10" 2.20 +0. 32" 1. 14 0. 10* 1.31 +£0.29*
IEH IR 4L (NC-S) 2.30 =0. 22" 2.28 +0. 24" 1.18 0. 41" 1.34 0. 55"
1= A AR AL ZH (HL) 3.35£0.36" 3.85+0.21 7™ 2.60 £0.41* 2.81 +0.33™
25X IR (DC) 3.55£0.42* 2.06 +0. 17% 2.31 +0.53* 1.07 +£0.25**b
IR 41 (SPS-1) 3.36 £0.34" 2.12 +0. 10% 2.4£0.67" 1. 13 £0. 24
P34 (SPS-M) 3.41 £0.45 1.99 +0. 23> 2.51 £0.49* 1.23 0. 21"
R4 (SPS-H) 3.58 +0.50™ 1.82 +0.20 "*ab 2.64 +0.82* 1.24 £0. 11"

TE: 4 HL 4 1
Note; Compared with HL group.

9 mBEXNARSBEREABER., KZEKSESEEBEEE(X +SD)
Tab. 9 Effect of agaropectin on HDL-C and LDL-C in rats

mmol-L ™!

10 S P I O

ER 2 i 2 11 OB

A high-density lipoprotein ( HDL-C) low density lipoprotein ( LDL-C)

Broup 0d 28 d 0d 28 d
IEH X IEZH(NC) 2.45+0.39" 2.54 +0.29" 1.07 0. 19* 1.15 £0.37*
EH BRI (NC - S) 2.52 £0.07* 2.36 £0.23% 1.16 +0. 15 1.32 0. 19%
LA 4 (HL) 1.37£0.70™ 0.95+0.16™ 1.79£0.65 2.38£0.35 "
2% IRLH (DC) 1.55+0.45" 2.16 +0. 18 #* 1.95+0.70* 1. 13 £0. 20"
fIGFA & 41 (SPS-L) 1.58 +0.31* 2.05 +0. 19 " 1.84 +0.56 " 1.24 £0. 13%
S 4 (SPS-M) 1.37+£0.45* 2.11 +0. 16 1.95+0.71* 1.19 £0. 187"
R 4L (SPS-H) 1.26 £0.19* 2.19 +0.23 " 1.96 +0.45* 1.15 £0. 16"

R 10 HIAEX A REREH (X £SD)
Tab. 10 Effect of agaropectin on weight in rats

215 R/ ¢ body weight B/ iﬁi/%

group 0d 74 14 d 21 d 28 d weight growth mtegﬁmﬁlght
IEH R (NC) 198.9+14.2  252.5+15.6 282.4+19.1 302.6+25.4 315.1%34.2 116. 2% 58.4
EHBRBENSAL(NC-S) 201.6£14.8* 240.4+15.9 275.4+16.1 294.5£16.2 313.7x16.3 112. 1% 55.6
R I IR R ZH (HL) 195.1+13.8  249.0+17.6  275.4+19.1 294.9+27.6 316.9+31.6 121. 8% 62.4
2%t IR (DC) 196.5+11.4 242.3+17.7 263.1+19.6 281.2+21.8 294.9+18.9 98. 4% 50. 1
IG5 L 20 (SPS-L) 186.3+12.6  231.7+15.5  249.0£22.0%% 271.7+22.1** 288.4+26.7"% 102.1® 54.8
rfiiil i 4 (SPS-M) 189.8+10.8  239.6=12.8 258.0=21.7 273.5%28.6°% 287.3+35.4*%  97.5% 51.4
1 7R 2H (SPS-H) 186.6 £20.2  233.8+22.0 252.6+23.1% 266.6+24.3*% 285.3+24.6*%  08.7% 52.9

SPS-L #5 HL #H 22 5+ 0 3 (P <0.05) , X5
MBEAIL LB IR GSH-Px fif . T-SOD B P, 34
b(NO), B2 FHEOREUAN b(MDA) B, TS
JEBE % 42 = GSH-Px A1 T-SOD Pl ¥, Wi/ b
(NO), *F MDA BA —EiHREH, EAhHElk
[V

2.3.4 BRI X i E oK B i B A Ak e T i 52
e GSH-Px &M LLES, NC, NC-S 415 DC 4

ZEMEFE(P<0.01), HLAH S5 DC AR B
(P<0.05), SPS-L, SPS-M. SPS-H 445 DC 41t
BEMEZR (P >0.05), NC, NC-S, SPS-H 45
HL 442 %W W # (P <0.01), DC, SPS-M 415 HL
AU 2R B FE(P<0.05), SPS-L 415 HL 44k
WEMEZER (P >0.05), W& g % i i
GSH-Px BE PR IR T AR 5%, 10 B B A i % 4 sy
T, HARREYR & 2 IE & K F; T-SOD [l % 74 Lk
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%, NC, NC-S. DC. SPS-L. SPS-M, SPS-H 4 &5
HL ARG W25 (P <0.01), Bk HL 4
IS DC L i e 22 5% (P >0.05), HL
A5 DCHZERWEE (P <0.01), KHFIEGE
5 R4 T-SOD B I H e as$2 = B0 145 b (NO) L
B, B HL 1AM A4 41 S DC 4l s e 3 1 22
S(P>0.05), HL415 DC A BEHER(P<
0.05), NC, NC-S, SPS-L4 5 HLHZER B & (P
<0.05), SPS-M. SPS-H #H5 HL 41 Hb 4 25 0 ik
FH(P<0.01), MULA W, &g ee %42 & b

(NO), mifiEEhg s> b (NO)EH; b(MDA) L
B, BR HL, SPS-L #AM$415 DC AT E M2 R
(P>0.05), HL41'5 DC HHEA R BEHZER(P
<0.01), SPS-LAH 5 DC HEFEBHE (P <0.05),
NC, NC-S. DC. SPS-L. SPS-M. SPS-H 41 5 HL
ML BAW BFEE R (P <0.01), XBEF I
REAL T BRINTE T MDA (3 12) . M B3R Hr 45 ik
IR BUS BENS I 2 AR L5 P 6 (MDA) F1 b (NO) |
$E15 GSH-Px BN T-SOD FgG 1, HA —E MR
fkig

R R EAISR RS ENELSL R (X +SD)
Tab. 11 Measurements of agaropectin on index of GSH-Px, T-SOD, NO and MDA in liver

" g iR Ak B ALY AT b(—%F LA b(TH B
3 WP o BETOIRL R ) (IR (T —F%)
L i/ J3 B AL /U-mg~" prot /pmol g /nmol *mg
group liver index .
GSH-Px T-SOD NO MDA

IEHXTIRZH (NC) 0.027 8 £0.001 8%  258.21 +£20. 92" 60. 96 +13. 00** 1.59 0. 80 5.83 2. 15"
IEH B EIEL (NC-S) 0.026 9 =0.001 5"  313.88 +17. 64 *** 72.07 +£5.26 " * 1.32 £0. 60" 4.29 £1.39*
I AR R 2H (HL) 0.0357 £0.001 6™ 150.57 +41.82* 41.69 +4.61* 4.54 £1.95™ 14.81 £1.41™
2%t IR (DC) 0.028 6 £0.001 9%  245.99 +41.42* 56.98 +3. 70** 2.02 £1.69% 10.05 +1.73 ™ #*
A7 241 ( SPS-L) 0.031 1 £0.001 4**  239.84 +42. 47% 54.48 6. 57" 3.08 +1.91 " # 12.96 +1.42 " #
Ha 3 2H (SPS-M) 0.030 2 +0.002 6% 258.32 +27.74* 55.81 +12.51* 2.53 £1.90* 11.87 £1.35 ™ #
R 4 (SPS-H) 0.028 9 £0.001 9%  271.08 +25. 07" 56.81 =7. 35" 1.65 +0.51% 10.91 +0. 89 ™ #

R12 BIRAEXT S MAS A RIMEH S4B RN (X +SD)
Tab. 12 Measurements of agaropectin on index of GSH-Px, T-SOD, NO and MDA in serum

1 ﬁﬂi’r’:ﬁﬁiﬁﬁ’f&ﬂ:% A A AL Bl b(—% LA b( )
aroup it/ 15 1 BT /U-mg~" prot /umol +g ™! /nmol smg ™'
GSH-Px T-SOD NO MDA

IEHXTHRZH (NC) 1935.2+90.7"* 711.6 £67. 7% 15.54 +2. 76" 8.40 £2.61"
I BB g 4L (NC-S) 2024.8 £120.4 7" 729.4 £107. 8% 15.87 +2. 60* 8.09 +1.45"
1= M AE AR ZH ( HL) 958.4 £169.0" 563.4 £33.3™ 25.96 £2.27" 11.47 £2.10™
2% R (DC) 1 170. 4 +289.2* 780. 4 +64. 2% 16.03 =1. 69* 8.52+1.01"
IR 2 (SPS-L) 997.6 +129.7 764.6 +51. 0" 19.07 +1.91 9.84 +0.82*"
P3R4 (SPS-M) 1182.4 +105.6" 793.0 £83. 8" 18.27 =1.90" 9.02 +1.39"
F T 4 (SPS-H) 1303.2 +225. 7% 798.8 +61. 1% 16.67 £2.51% 8.10 +0. 99"

F: 5 DCH K

Note: Compared with DC group.

3 e

X 07 |, -OH K& DPPH 3 B4R 0 0 58 1
W TR RSN A . ARERYT, TR
0 o e vk BE Y R, BB X 0% | -OH J¢ DPPH
(TR B e X I A HL o vk B G i dg o, e
BUIRIERR- 07" A9 1C5, M 19 mg-mL ™", & %-OH Y
1C5, #1747 1.0 mg-mL~", {EFR DPPH 1Y 1C5, A 17 mg

- mL ™ RSN A AT T S5 ROF A R 52 42T
MRBEARAIPT AT, A D2 TR N TR
SR IR NS I MR IRRE | RIS AR Y
WFFEAE Rl s s BA N ST R AL E R, i7ESh
Py 0 o R AR R R ST R A
BRL BN 0 Ao 8 o 25 T SR AL G 1 a2 B
PUEARI TGRS A R, XA TR —L e,

DU MEIE S [ R BOE R, S B B A
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W, HT = A i S S 14 B Pl B nT BB
JiEES B ANMI R 25, Bif B AHA DNA, 4K
AR 5 IR 5 e 5 A R A,
7= AR DR 0 e BB R R 2 SRR, R
FHPO AR B i B 2 A i — DR B T
fit, 28028 d 425, 450 FEMW, mBREY %
R DR T T H /D BRARAIE, ORAPFFRIE | RBLE A
RRAFASE PR /N B — e e Be [T RE A
HERE PR /N B PSR IE AR, X 3 0 i
A—EWTER, et HE R I ke, B
BREMAEVER, I FLRR MR8 B 70 538 g
o 10 (S Ee=p S P U = 1 € R Z N 1)
BB A2 R R R Ay | B IR B A
MRS E A P AVER, X AT g R BiE R ke
MBER R 22— B TR % R i 25 #0 &10E 11
2y, R MAg A, AP R AR AN
el ™ E A ELVE R, DR e B S i
— IR AR A2 ), M REAEER X,
R B (R B IBEHL A A R — 2B AR

TR BNR R AR T PR 25 R I, BiE e AE e
8 Y% v I R R R T R R R, R B
F IR ELA AR AR BT i A O BRI T I v
TC. TG ¥ FE, Jm i+ HDL-C ¥ FE, R
LDL-C ¥, HAREMAETIRL, X rTRe R Bl
VER—FrT PR e de, BRI, nT
EE NN, BnpE R, g EHEEE, W aEY)
MERA, TS REAL K B, R REGE FHAF ALK
X HE B4 WA, W B AEL9T R O B A TC AT TG
Wi g 16 BE i 1 $2 5 109 . AP E  GSH-Px, T-
SOD “FEHU A ARG ME, PR NO BT BE /R,
il K BRI R et E AL A B IR B, FRARAIAR N A
FoKSF, RGN MDA i B8 R Mk B, k3
W R IR R R N T AR R Al R, kb
ib i A AU, R IR T R R
JE ., PR AR B A I B 24 | e M L R )
REME YT O T LA R AP T R T
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