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Abstract: Enteromorpha prolifera polyphenols (EPs) were extracted and separated, and their antioxidant activity and effect on insulin
resistance (IR) were investigated in this paper. The 2,2-diphenyl-1-picrylhydrazyl (DPPH-) radical scavenging assay was used to evaluate the in
vitro antioxidant capacities of EPs; the capability of EPs for reducing IR was evaluated in vitro by measuring the glucose consumption of
IR-HepG2 cells. Experiments with diet-induced obese (DIO) mice were used to evaluate the in vivo antioxidant activities of EPs and their effects
on IR in vivo. The results showed that the fraction EP1 had good DPPH" radical scavenging ability with an ICs, value of 1.08 mg/mL. Compared
to the control group, EP1 significantly increased the liver SOD and CAT activities in mice by 25.04% and 36.28%, respectively, and decreased
the serum malondialdehyde (MDA) level by 42.92%. EP1 improved IR states of HepG2 cells and DIO mice significantly (p<0.05), reduced the
homeostatic model assessment (HOMA)-IR index by 16.8%, and decreased the degree of obesity and reduce the fat percentage in DIO mice
significantly (p<0.05) . On the other hand, EP2 was inferior to EP1 in terms of antioxidant activity and IR-improving effect. In summary, EP1
has good in vitro and in vivo antioxidant capacities, and can improve IR state significantly, which may be associated with its antioxidant activity
by suppressing levels of reactive oxygen species (ROS).
Key words: Enteromorpha prolifera polyphenol; antioxidant; insulin resistance; dietary induced obesity
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Sigma A A]; HARIRFIIL A T4t

1.2 SRl 5 #E

UV-1800 K4 ] WAoot e, HARREAF;
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RPMI-1640 15775 (4 10% FBS) #k&E4%5% 48 h,
EW LR, PBS {EUE—IK, I 100 pL 1) MTT
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IR-HepG2 4B, SR ARTHRIE J i i,
AR AR U N, HepG2 AIHERIT 96 FLBH,
Bk N: RPMI-1640 35373, 10% FBS, 37 °C,
5% CO, }i9%. PERIER 24 h WEBEJS, DU 1% FBS
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PiiEi 27 °C, e/ B ERRSE 12h, FAWWES.
BUBENL N 5 41, R 10 R R H A RER S AR,
gz 6 A, HAWE M THIR:

FAEXTHRZHE . Ml BT Rl (Normal diet,
ND), #EBA#EEK, FH—IK;

DIO A HEAH . MER S IRTEEL (High fat diet,
HFD), #EBAEHHK, FH—K;

EP1 #H: MR HFD, ¥EH EP1 A BLE /KA, 7
& 100 mg/kg, RFH—IK;

EP2 #H: WEfr HFD, ¥EH EP2 A BLE /KA, 7
& 100 mg/kg, RFH—IK;

HhIR XU : MRS HFD, B - F OO A3
KR, FIE 20 mgkg, BH—IK.

S R IR T R B 2 EEN 10%, T
HEEEHII 60%. SEE A& AR E —IK, SEIRE5 R
I, AR, IRHEHUM, WSO MIEIE & 48hR; 3
HEWTZRALAIE /NG, ], DUSE B dEhs.

1.4.5 OGTT.HOMA-ISI Z HOMA-IR #) | %

1 Hi i 26 W 200358 Coral glucose tolerance test,
OGTT): /NeZEEIIHR, H 20% &K EHE S ,
HEHE 2 gkg RE, T 0. 30, 60, 120 min 77 E
K 28 I DL A A, RV FE 5842 OneTouch
Ultra MM, S04 fh 28 R 1 A (area under
curve, AUC).

o - W A G Al e i S 11O 71 =
(Homeostasis Model Assessment of Insulin Resistance,
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53 5 5 7S BE A AE (FBG) F125 BE If fik 5 2 (A

(FINS),
HOMA - IR = FBG(mmol/ L) x FINS(mU/L)/22.5,
HOMA -1ISI =1n[22.5 /(FBG x FINS)] »
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Fig.1 Silica gel column chromatogram of EPs

22 B LEEsNL AL DPPH- g i 2%

DEPI
100 mEp2
. EBHT
S 80f
& 60t
pulis
T 40t
(=™
(@]
20t
0
0.125 0250 0.500 1 2 4 8

FERIRIE / (mg/mL)

E2 HESEMASMAELOPPH - BEREERE
Fig2 Effects of EPs on the DPPH scavenging rate
T B SENERDPHHERE 1C501EELEE

Table 1 ICs, of EPs on the DPPH scavenging

A ICs¢/(ug/mL)
EPI 1084.22
EP2 1427.8
BHT 439.32

DPPH 1EA—FEfae i B bk, TZHF
RARPUAAT B BTG BR800l . AL & Pxd
DPPH- [)35 b % 7 32 BT It R ot oL 1 RO e xof
671, HHEERIGERME 2. £ 1 Por. JUR
ZRIA LR, BHPEXT RS BHT /9 DPPH-EFREE S
B, {E 2 4. 8 mg/mL iR R R 90%,
TERARIAE 0.125 mg/mL i R i 32%, 5
H1C5 2178 0.44 mg/mL; HGE EP1, H DPPH &R

e 2L IR EEAOBE, 8 mg/mL IRFEITIERRZR
N 94.5%, 0.125 mg/mL 4 13%, F: 1Cso 414 1.08
mg/mL; EP2 [FRIFFtHEAEGRINERREES, SmikE
MY N 85.4%, ICso%1N 1.43 mg/mL. HEAT A, JiF
B Z A o AR K] DPPH H AR R
71, o EPLART EP2, {H &1 1Cs I/ NFAL
B AP IE i BHT

23 g LWt iEw HepG2 40 7% Mt % v

SERAEBFTR, EEMTTIE S SN, E1E
WG EEALFEFIE T (0~50 pg/mL), & ZMEPL. EP2
X SEEG AR T T REVEAE D, A VS T S ORFFAE95 % LA
B, M RAWE ZEnREREINE]500 pg/mLA ERF, A
FI B AR, R AR R PR R 2
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Fig.3 Effect of EPs on HepG2 cell viability

24 W& ZE o IR-HepG2 4 il B A% 1 4 4 1

SERIR 2 fon, 52 AXTRRAAHL, BRI
A AR R R E BRI (p<0.01), BERATE Sk fE
JEBZEMERT (5x107 mol/L) AeRThiis IR 4ol
B, IEESRERR S R (1x10° mol/L) 5T, #F
EZWFER TR E P HepG2 MBS RIRPUIRE,
EP1 7E£ 10 g/mL IRl & bEH ARSI 2 38.17
mol/mg @& & (p<0.05), i 47 INE] 20 g/mL
B, HHEEFEAERE 2 3N #] 40.65 mol/mg, &y 50
g/mL B, FFEHEFEE R M2 NS 34.37 mol/mg,
T 1 EP2 ZE=ANFIER T, AR 5
SRR A BT LT, AHHSA B R a2 s
TSR T E AR B2, 20 g/mL FIE A $EF+
£ 4549 (p<0.01), HZEETZFAXRAN 41.34
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mol/mg ML & & . SRR K |,
W& Z W EP1 A Rk HepG2 4HAM B & 2T
WA, 1 EP2 NIZEHIE A1E ]
R 2 WESEAXT IR-HepG2 HBRENRULEIZEITERIFING (mean+SE,
n=6)
Table 2 Effects of EPs on the glucose intake of IR-HepG2 cells

(mean = SE, n =6)

) M B AR AR
201l #Z/(ug/mL)

/(umol/mg Mm% &)
eyl 41.34+2.15°
HEAY 3 P8 48 33.24+1.92°

10 38.17+1.32°

EP1 20 40.65+2.17°
50 34.37+1.03°

10 35.61£2.24°

EP2 20 34.45+1.53
50 34.11+1.87°

— P 20 45.49+2 68"

i RRFEATRRALARLENELR,

2.5 WFE SEA RN B RESE B R LK

Lee's 46 ##y %

IR S Lee's TREEAT EANYIALIAE L ) H 2
fabr, ARNELC B T W FT & LG, B T R
FERE, Lee's 15505 I8 07 & . g5t ik <,
ZERINE 3 Fin, HaEdmEe, BRI IR R
#nZ 5.83 553 (p<0.05), EP1 F1 EP2 41 5%
I EL 4> AIBEIR S 4.92 1 4.84 (p<0.05), T H
SR NABA B2 iR ehs, A4S
25 AR L BN A 2.95 (p<0.01), IR & &

REWIN, EP1 A1 EP2 ZH SAELAAREL 3 e 2
224 F1 231 (p<0.05), —HXATH TFEZE 2.19
(p<0.01); Lee's 455k, —MWH SHAIA ) 323.18
FHELHR R E PR (p<0.05). DA EZ53FKH], EP1 AN
EP1 #{REAE— €2 L M i T AR Tl B A Bt
BUEHHER, BRI &=, ks R,
B BARAE I 7R 5 2Rk — i 5T .
=3 B ZEAXIBERNRATAEIE S, (FBEEER: Lee” s $EHHY
=201 (mean+SE, n=10)
Table 3 Effects of EPs on liver index/body fat ratio/Lee’s index
(mean = SE, n =10)

287 TP 45 %% ARG Lee's
FOIMB 4.74£0.57a 1.53£0.23"  305.79+21.54°
BASIR 583046 2.95£0.37°  323.1849.63°

EP1 4.92+0.55" 224+0.18°  311.42+10.03"

EP2 4.84+0.41° 231£0.32°  312.13+13.46°
ZWIUIR  5.24+027° 2.19+027°  310.77£12.58°

E: FRFRAFRRMANLENELR,

26 W LB NR D RE S ER

s
i

(OGTT) &%

WFRAFTR, 525 A IR AAR LR IR I AUC
16109, BEIMEZE (p<0.01), FHIFTIZH /N
IVEM 2 RE 1 B E K. EHMAMTH, a2
WY REAE — e RERE I oot AP/ B0 28 W TR 52 6 77,
ERAAMEE, EP1ZLIAUCN1533.7 (p<0.05), i
EP2 M BERFAIME A B B35 —H PRIRAUCHE 2 BH
T HXUINA (p<0.01), FHAUCIH ~1345.7. i
W& Z T EP B A 52 FE o8 /) BRI IR 7 267 4 Tif =2
YER.

% 4 B ZEIRTARRE R ETT 2 RS20 (meantSE, n=10)
Table 4 Effects of EPs on OGTT (mean + SE, n = 10)

A 4%/(mmol/L)
8% AUC/(mmol/Lxmin)
0 min 30 min 60 min 120 min

= G xR 7.24+0.2% 15.440.6% 10.3+0.5% 7.5+0.3% 1257.3+54.6°

AR 3t B 4R 9.4+0.4b 20.5+1.3b 13.6+0.9b 9.3+0.7° 1610.9+45.3°

EP1 8.1+0.3¢ 17.7+1.1¢ 13.9+0.4b 8.1+0.5° 1533.7+59.5°

EP2 8.3+0.7¢ 17.2+1.3ac 14.6+1.5b 8.6+0.9° 1582.1+72.5®

) 3N 7.5+0.8ac 16.8+1.4ac 10.6+0.8a 7.940.6° 1345.7+38.7¢

E: AR FEATARRMNE D EMWEF.
Wk 5 i, LIS Hn, B /N R

27 WESEBXERANRME. B X
HOMA-IR % HOMA-ISI 4% %k i & vt
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HOMA-IR 4 3.75, B mT=AHM 2.35 (p<0.01),
LIS RIS T, SRR, EPL ZHRY
HOMA-IR f6#0 3.12 BEREL (p<0.05), FAARIEE
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N 16.8%, —FHBARAIIA 2.67 (p<0.01), FEARIERE

4 28.8%; 1fii EP2 AHFaE A bR, HRFEAR

HEEM. 5T HOMA-ISI #8%, B XI5k

(p<0.05) 4, EP1 1 EP2 #H SRV AH LLARAS BT
x5 HELZEXTMAE, BESE. HOMA-IR & HOMA-1S| $E5289S/NE (meantSE, n=10)

Table 5 Effects of EPs on blood glucose, blood insulin, HOMA-IR, HOMA-ISI (mean + SE, n =10)
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wEMES. ULESRERW], {28 EP1 Al FERAL
FRE/IN GRS ERILRE 2 0 B 2K 5, G R RIS
1117 EP2 AN AT B R B 2 AP

205 An4%-2-F/(mmol/L) M 8y /(mU/L) HOMA-ISI HOMA-IR
=Py 7.1£0.7 7.82+0.91° -0.91£0.11° 2.35+0.39°
AR 3 B8, 9.2+0.6° 9.34+0.77° -1.35£0.25° 3.75+0.47°

EP1 8.0+1.1° 8.87+1.17° -1.17+0.28° 3.1240.18°

EP2 8.5+0.9° 9.15+1.23° -1.26+0.17° 3.4340.51°
=Wk 7.6+0.7 8.23+0.87° -1.07+0.13% 2.67+0.35"

E: R FHATREAE S EME R,
. . , 26.5%, 1M EP2 HAARABEMZER, STFaEEE
2.8 WY % B x BN B K CF i B ’ . A

HANEEEE (HDL-C) f8b5, =Szl ah SHHAH

Wi 6 s, 5S4, B TG
AAARPR AR E T R T H =l (TG $8k8, 5
BIZHAREE, —FXUIZH & &8 1.21 mmol/L, 2#[F
ik (p<0.05), ifj EP1 1 EP2 HAABA BEHEER, XF
TEHERE (TCHO) fabr, EP1 A -HIXUIMA & &
431N 4.07 £ 3.58 mmol/L, SRR 4.87 mmol/L
FHEEE 2 PR (p<0.05), BFARIEEE 2518 16.6% A1

FHEE I T B X 55 % TG % R R A e AR T
(LDL-C) #&¥r, BRH S SRS 0.58 mmol/L,
EP1 F1 EP2 #H43J5°4 0.47 A1 0.44 mmol/L, SR
F 2 PR (p<0.05). PA 45K, & 2/ EP1
A B PEACAERE /N R A TCHO A LDL-C 7KF, 1%t
TG 1 HDL-C M A8l EP2 A X LDL-C A &

AN, AR AR AN

% 6 HEZEMERYFTALEE/ R IMBE7K AN (mean+SE, n=10)
Table 6 Effects of EPs on blood lipids (mean + SE, n = 10)

417 TG/(mmol/L) TCHO/(mmol/L) HDL-C/(mmol/L) LDL-C/(mmol/L)
=P 1.07+0.21° 3.15+0.68" 2.1140.13° 0.34+0.02°
ARRI % R 1.48+0.34° 4.87+0.54° 3.24+0.66™ 0.58+0.04°

EP1 1.35+0.15° 4.06+0.71° 3.36+0.48° 0.47+0.08°

EP2 1.40+0.37° 4.37+0.82° 2.97+0.15° 0.44+0.07°
=Wk 1.2120.23° 3.58+0.77 3.59+0.27° 0.42+0.06°

E: FRFAAFRRANEEN LR,

29 BB ZEALMANBRIRERE. IR A

A s AT oy B

SRR T Pon, 52 AAMEL, SRR PRE
JRFEPRAR PR T2 A4 9.74 mg/g (p<0.01),
EP1 1 EP2 4 SHEAYAL A EL - C T S eiests, i —F XL
JICEH R 2 25 12 i BE /N BRI HFBE R 22 7.78 mg/g

(p<0.05); LKE R Fabri4h S5 5 K BUELL;
PRV ) PR B T PR 2.87 Umg B2 H, H52H
HAHELIRARZ) 35.5% (p<0.01), EP1 ZH. —HIXUINZL
LR AH B, LIS 3 IR FE 43774 31.1% 1 35.2%

(p<0.05); FEAIZH K] SOD 1E A 44.92 U/mg B H
CAT N 2.15 Umg & H, 5ZAAMLEERIK, =

FhZi Wy 5 R AL 0 A0 HE SOD 3% M #5521
(p<0.05), Tfii CAT 35k — HSUIAL N 2.35U/mg A
BB TFEMH, EPL fil EP2 HEAA R EMER
(p<0.05); LAY MDA & &4 9.39 mmol/L & T
HHA (p<0.01), EP1 204 5.36 mmol/L SRR
b (p<0.01), EP2 #H4 7.38 mmol/L t A
BEME (p<0.05), 1M HXITHARS BEMEER.
JiR S F A — L A RS B L. L
A RN AR i 2L R b . 4 LA AT J ) 2R3
PURES, BT IR R R, BUEREE. RS
EREVI PR, ASLIGLE TR, WMEZMmEE—T
FREEOGE IRCRAS, (HSEFHHERE R . IR SR A
B3, HOOUITCED BE R 5 1 B =P TR A A
EEREIR . WUREJE KT

39



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.8

R ] RS T T MW P BT, e e B
PR I 4% LR 7K T o 5 v A 2 W B s A B T
FRFIFE P T 67 7 0 R PR RIS, T 2 B 2 K1 14
FIFACF X GHE IR R Z TS, spagat g
B, W& 2B EP1 At IR JERE/IN BRI 6 260 i
Bis e, WAER] 7 EAUGEILR N IR RESHIT)
HE o

PR TE 5 7K (09 B SR T ot S S BEx) 447
HURBCEEE AR AT D, (B2 g 4T i & ) 7KF
B, SSTIAHUATET, TR E RSB RS, HEE
YIRES, LU SN AN AR EL R AR S5 AN D Re 2
FEARAT R, BRI dekiiasE. BTk

PRI 1128k PR s A1 B PRSP 5 g A AT AR P sk
TGRS (Reactive oxygen species, ROS) B 5
WIS BCIRAS (Endoplasmic reticulum stress, ERS) %%
PIARUS, EELIALEE (SOD) At EAL A

(CAT) EHUAREZ B HFEEIRA, N1 (MDA)
IR S A= - SEIR 25 SRR B, Wi s 2 ) EP1
A EP2 #f e 2 G IR/ BRI WA IR bR, 45
A ATASIRES R EP1 A — 2 IIBGE IR /EH], 1 EP2
G TR AR AN 235 20 R PR/ N BR B RERERE FE , HE D
EP1 1 EP2 n]Re it RIS A AR SRITHIHLAA
ROS 7K, M IR ARASFFECALREARREE, HHE
Hh BARHLEE FdE— R AT

R7 B SEHMREWIX LR NEATHER, AER A E AERR AT (neantSE, n=10)

Table 7 Effects of EPs on hepatic glycogen, muscle glycogen, and antioxidant indexes (mean + SE, n = 10)

5 HF 48R FLAE R T #) Az B SOD CAT MDA
/(mg/g) /(mg/g) /(U/mg % &) /(U/mg & &) /(Ulmg & &) /(nmol/mL)
FHMB 9.74£1.32° 1.61£0.21° 4.45+0.57° 67.51+12.64° 3.97+0.73" 4.49+0.58"
B 28, 6.35+1.46° 1.34+0.19° 2.87+0.40° 44.92+528" 2.15+0.41° 9.39+2.01°
EP1 7.16£1.75° 1.390.38" 3.76+0.48° 56.17+15.32° 2.93+0.84° 5.36+1.14°
EP2 6.54+1.01° 1.410.33 3424033 54.73+9.87° 2.63£0.24° 7.38+1.80°
— P I 7.78+1.93¢ 1.59+0.44° 3.88+0.52° 56.13+13.44° 2.3540.53° 8.67+2.10°
E: AR FEATARMNE R EMNEF.
. progress of polysaccharides from enteromorpha [J]. Marine
3 én 'lo'%

A TAE NSRBI AR 152 T PiFh 2 4
43 EP1 #1 EP2. EP1 EARUFHPTEMIER, Hiksb
DPPH %% ICso N 1.08 mg/mL, S#AIZHAHLL, EP1
A 25 1R m /N R PUE GBS SOD. CAT &1
25.04%. 36.28%, FEAKINIE MDA /KFAIE 42.92%;
EP1 {2 E 3% HepG2 42 J2 DIO /MITI IR RZS
(p<0.05), HAMH| HOMA-IR X008 il ik 16.8%:;
EP1 JEREHNH] DIO /NRAIAERERRRE, AR DT LI
(p<0.05); 1M 2445 EP2 FRIHTTARAY e i3t it i 21K
PUiEFHIIA K EP1. EP1 {2535 IR RASHLUHI TR 55
RAFPUAAAE FHIIHIHLA ROS 7K FAH K.
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