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Abstract: The aim of the present study is to investigate the effects and mechanism of egg oil from Portunus trituberculatus (Pt-egg oil) on
hyperglycaemia improvement in diabetic mice. The diabetes model rats were established by intraperitoneal injection of streptozotocin. The
diabetic rats were given Pt-egg oil at 100 and 400 mg/(kg-body weight) for 60 days, respectively. The fasting blood glucose level, serum insulin
concentration, and glucose tolerance were determined. The mRNA expression of the key genes in insulin signaling in skeletal muscle of diabetic
rats was measured by the quantitative real time PCR assays. The proteins expression levels in insulin signaling in skeletal muscle of diabetic rats
was analyzed by Western blotting. Results showed that Pz-egg oil could significantly reduce fasting blood glucose level by 36.52% (p<0.01),
increase serum insulin concentration by 40.21% (p<0.01), and improve glucose tolerance. The phosphatidylinositol 3-hydroxy kinase (PI3K),
protein kinase B (Akt), and glucose transporter 4 (Glut4) gene mRNA expression in skeletal muscle increased by 114.52%, 83.17%, and 90.06%,
respectively. The protein expression of these three genes increased by 1.54-fold, 1.61-fold, and 1.37-fold, respectively. Glut4 protein expression
in membrane was also enhanced by 1.27-fold (p<0.01). These indicated that Pt-egg oil might exhibit the effects on hyperglycaemia
improvement via activation of PI3K/Akt insulin signal pathway in diabetic rats.
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WEFEIZ 81 4 (glucose transporter 4, Glutd) &K IA
FmI AR AR, FEARRME bR RimE DAL 2 b
HEAGH A I BALAAFI L.

IR T8 (Portunus trituberculatus) | 253 4f
TIREVEEHX, FHESERMENRE"E, TR
WHEFENATER, HrhEE g EE, FRE
2017 FRTEEIIGH 84 497,763 t, FRGH 7 EA
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FERIK = 7 T, it o LA (i R
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A, EHEAWR AR, HE R O —L
FERET, S AR E IR, AR
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MM Cegg oil from Portunus trituberculatus, Pt-egg oil),
WL T Pregg oil X PRI R R IR st A FH A
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1.1 @& Faszibsh iy

SR TR, mS LR AR A
AFEfE. SD KR[VFAMES: SCXK(%)2014-0001],
SPF %%, Hith, {KEE 230+10 g, W E b stk Al e
BN ARA PR AT o

1.2 R

Maxima SYBR Green qRT-PCR Master mix 4 H
Fermentas ~#]; @I PI3K. Akt. Glut4. p-actin
Z o PR AL E ST %R 1gG-HRP W HEE Cell
signaling 22 75 TRIzol A1 Western % 1P 2l H 35
Invitrogen A F; M-MLV 14 5 3 [E Promega A Fl;
HEBEAGE, BCA W&, 0 E s AR
A IR A Al RS2 BELISA Rllit7 &, WHEE
R&D A7l HERFIAE o Hra.

1.3 LiefE

GL-20M Y S B 0oL, B A3 AR
WHRAE = M; EPS600 HLyK{. VE-180 EF Hijk
1, i RAERH AR A PH3-3C & pH if, Lifg
BERIA B A PR A 7 ;. DYCP-40C Y % s e Yk A
WD-9405A B ta IR, db7s—1#8) ;5 Model680

HIWEARX iCycler iQ5 4t Real-Time PCR 1415,
Z[H Bio-Rad /**i; LABOROTA 4 000 R e 78 K AL,
f# % Heidolph /*##: Ultra Trurrax T18 basic %1% 5]
HL, (B Tka AT 5

1.4 F&x

1.4.1 Pt-eggoil %%

FRHE SR T VEIREN Pr-egg oil™. JGUKELH =Tk
TREERTE T 45 CERTIRFE T4 24 ho TEEZUIMA
6 fi5 R EAAAN LI 95% L1, ARTEBERE AR U S
10 h. 4500 r/min 250 15 min, _FIEREIEE7E KA
45 ‘C L 28 TH1S K Pr-egg oilo FLEE TN 2 £
TR 95%[1) LB, 7500 r/min 250 15 min, _EiER
ZRAWT A, IIANERET/K NapSO,id 7, 153 Pr-egg
oil, fRFT-20 C, %M. &AM, Pr-egg oil FHHE

RN 4.79%0.38% (R EE R &7 2Aa D, H
= EE AN 32.38%1.10% CH =B & 7=
T, W RETRR & BN 8.61%+1.49% (AR FRIRF &
TR, BEAE & BN 52.05%+2.24% CGRROmk
WAID B, iR RS RN 971.79+41.73 pgg (%
s owirl v on IDIM. (el Nk il ) il g d sy
IR SN 76.16%+1.57% SR (it J5 ik Bk FH i
R UM, Hodh R T o5 L 63.02%+1.18%,
EPA+DHA 5t 33.23%+0.88%.
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FUWERIER X IR, Ha 70 HORROvIERL . 28aA
ARIK 120 e, JEBEEH K R 19 NG Fs e S RE R A R 2R
W (s RTAMAT pH 434 0.1 mM IR RR-FA5
FREALZZIMRD, 4 HFAEN 50 mg/kg, KH 10 mg/kg.
IEHF AL AR TIE IR G pPl . AR 7 d
JG, KEIAEASEK Sh, REEBKIUMN E 2= HE M,
PUMLKEEAME T 16.7 mmol/L & N3 R T o

IEBGERL IR, 40 R, $2e0AR 202 JE i i
BEHLA AT B A BHAEX IR 5= Pregg oil
HAE R Pregg oil 4H, 4 10 R /449 HAUG
g%, IEHN IR AR RS o IR A E AR ER K (10
mL/kg-bw ), BH X HE A E 15 ok g 21 B % 9 (10
mg/kgbw), 1. & Pregg oil H#EE Pregg oil

(100 1400 mg/kg-bw) 1 %/d, %5 60d, AR
. YoK. TRIRGH G, AR B2 B i
B, DA . SRS RS = KRGS,
Pud o BIAHL, B TFREH, -80 CIRA7, #&H.
143 = mAERE
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Ay SN SE LA RE 04 0.54 1 AT 2 h 5 KRR A AR,
$2 201 TFEEA FE - TR 28 R AN (area under the
curve, AUC) (Pf7: h-mol/L):

AUC=0.25xA+0.5xB +0.75xC + 0.5xD (D

H£F: AL B, C. D4AIREMEF # H4EZ 0. 0.5, 1.
2h B K St A
145 fFMk B EAN

KREEEAEEK 5 h, BEESNBKEL, H R85 1
H, & LSHRG, SRS ZR ELISA BGRE o
SRS R 2. 1% 2 F1aX 3 B HE g 4R Th
REFR AR 5 3R A Fa L

B 4T REFE£=20xE/(G-3.5) 2
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H¥: G E 2 AIKER SN KA M B KT
1.4.6 FRILLLL PI3K/Akt/Glutd 15 5 i@ &
mRNA A8%f £ A F 57

K H SEmf 2% %6 8 & PCR J7 % (quantitative
real-time PCR, qRT-PCR) #&ll Pr-egg oil X # /R K
BUEBRIL PI3K. Akt. Glut4 mRNA FikRI50. H
KRR E B 0.1 g, A 600 mL TRIzol, {K#~]
G HEANAL, FEHUS RNA K RNA ¥T 0.3 mL DEPC
K, BUE SR, MEBOCEEE Ao 1 Asger FFITH
VARG RNA 2GRS & B pg 5 RNA 7E M-MLV
WG/ E ] NI 55 5% % cDNA. ¢DNA T 25
mL PRSP, &NV HESRE Maxima
SYBR Green gRT-PCR Master mix it 223K, [ Wi {4
ZALHE: cDNA iR 6 uL (A% 10 £i5), Maxima SYBR
Green gRT-PCR Master mix 12.5 uL, b FE540%
0.3 uL, 84K 5.9 pL. NN 95 CHIAENE 10
min, 95 ‘CA&ME 155, 60 ‘CiE-k 20s, 72 CZEfH 30,
45 AMEIR. Y a R TIE R I b, BRI H
ER =L —. HIMERE mRNA RIARBLL
p-actin mRNA FIEAEANSIKIE, ¥ IEHERE control
HEN 1 AN & HIERFE S Y75 H Primer
Premier 5.0 %1t

PI3K (F: 5-CCCATACAAGGTGTTAGCC-3’, R:
3’-ACTCTGACCTGGGATACCG-5");

Akt (F: 5°-CCAGATGGTAGCCAACAGT-3’, R:
3’-GATAGAGTTTGAGGAGCCG-5");

Glut4 (F: 5~ ACTAAGAGCACCGAGACCAA-3’,
R: 3’-CTGCCCGAAAGAGTCTAAAG-5");
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p-actin (F: 5-CAAGGCATTGCTGACAGGATG-
3’, R: 3-GGTCGTCTACACCTAGTCGT-5"),

W EEAE T A TR PR A T A .
147 BENLAL sa 0y IR

SRR V2R O BB B UL S A A
FHFAIE B LA 240 SN Glutd 2R A& &,
3 g mEsll, VORI MERIESIHK, 2R ass
10 mM NaHCOs. 0.25 M JEFE. 5 mM NaN; #1 100 uM
2 F RSB IBEA b R SI S5 A 5 1500 r/min 250> 10 min,
BOERYE, EE—R HIERES M 9000 r/min 7
> 10 min A1 19000 r/min Z5:0 1 h PHIK B L, B JEUTTE
VI AR . RS S B 0N 25%- 30% A1
35% MY MR AT A P 250> (15000 1/min 2502 16 h,
4°C), B 25%JRENE = vl SR A5 40 & LR o
148 FRILLAL PI3K/AKY/Glutd 13 58345 %
& A%t R IR E T

KH Western blot 57545 Pr-egg oil X FRIF K
U BRIL PI3K. Akty Glutd MAHHOIE | Glutd FA#
IR AIREIE  BUOK B R IS AL 0.1 g BREREFIZH i /1
=i, F Western ¢ TP 2R ZHHANNL, vkig K
A IRPRAUH R (8 8 E, 7500 t/min 2540 15 min,
i, BCA WlFlEAN e B AMS R, B S50 pg &
REMMNEE 4<EE EFEE, WK% 10 min 5 H
APE, 2 10%f] SDS-PAGE Hijk, B EE A HESE
PVDF i, 5%4-1iEHEAE A 2 h, Sl
UL PR S PR PIBK. Akt. Glutd, S-actin
ZykEhiE, 4 CHEMFE. TBST Bk 5 &K, TIA
1:1000 FBE 1L 2P % IgG-HRP —FT, =i FiFHE 2
h. TBST ¥tk 5 ¥k, H ECL Roeidil&att, SK
FigE. B, waiE. B Image J EIAH T
R RGBT . HMERSEARIAL
B-actin fENSHATIRMEILE RSN, AMISME Glud
RAFIKLUE Glutd F AT E B0

L5 HaEgtita

BRI xts 7o, 1 SPSS 17.0 BT 2 A
EZHESN, [FEBERAE LSD EHAT N b g, A
p<0.05 NERZEER.

2 HZR59Mh

2.1 3 Z R A O R A AT S B R

22 R MU ATRET 6T S Sk PO vt MU R P 3
AthbR. W 1 ME 1 PR, AU IR B 2 M
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EFE (p<0.01), $ERPERA RBALER ). 4
Pt-egg oil TG, gl K R 2 M I (E 2 2 TR
T 3652% (p<0.01), AUC W% F[&7T 3401%

R=1 Pregg oi |l WHERFEA

(p<0.01); fKFIEZH KR AUC L2 TP T 14.78%
(p<0.05). LKW Pregg oil BAg 535 FE MAAE
H.

FRESAR MAERIAR 55 RHY20

Table 1 Effects of Pt-egg oil on fasting blood glucose level and insulin level in diabetic rats(n=10)

M E Eg g BRI RE 2R Pt B 2H 1& Preggoil 28 & Pt-egg oil 41
% ML dn 37K -F-/(mmol/L) 6.34+0.26 27.55+2.41% 18.87+1.94% 23.70+2.08 17.49+1.20%*
At B E KR /(mU/L) 3.66£0.27 1.94+0.15 2.90+0.23%* 2.254+0.30 2.7240.17%*
B miehidaaL 24.69+3.05 1.64+0.11% 3.74+0.33%* 2.25+0.18* 3.93+£0.28%**
W By 56 4K 0.58+0.02 0.07+0.00" 0.1520.01%* 0.10£0.01%* 0.15£0.01%*
iE: Pp<0.01 HIEFATBIAE; *p<0.05, **p<0.01 HAA TR LAR,
a 40r - R SR LHL, w77 Pr-egg oil ZH KR B 4R IHREFESL
<l e FIL 3 WS B BERN T 140 570 1,14 £
;é - Ptegg ol (p<0.01), &5 E Pt-egg oil KRB E N T1X 2
| /E:N ol REER (p<0.05). LREY Proge ol REWIEIL
:12 PSR R BRI IER S g AR DRe, (bl 2=
N 23 xtE BEAL PIBK/AKt {5 5 i Bk x4 3
0.0 0.5 1.0 1.5 2.0
b i e mRNA 7 2 B by %1
5 Glutd J5E S FZBURSNEAH L B E
'E 60 HAYIR R EARE R, HREEMAMIME - E R
= SR EERGE TR AR R . il 2 By
x40 Ry SIEHO IRLLELE, BURRHRALK AL Glutd
2 FEP mRNA AR FA R R E T (p<0.0D), KIIHE
z 3” i PRI R B E AL A B B IS 1 1 Glutd FERIFE K
SPRISE TR, BT BN & R e 1%
“ IS, R MARRER . SRR AL, &ilE

ERRE MR e
&1 Pt-egg oi | ITHEIRIFEAR R BEIEHEN SZHEAIFNT
Fig.1 Effects of Pt-egg oil on oral glucose tolerance in diabetic
rats (n=10)
i #p<0.01 5 IEFAT B, *p<0.05, **p<0.01 542
At R4 AR

22 miERE R

ik 5% 25 72 AR A oA M — B A R A P )
£, WHUREEERRS RA EENER . W 1 PR,
e Pregg oil KRR ANRIMIEIRS RS R S5HA
SHEHA LR ZH N T 4021% (p<0.01). S5RFLR
REWS W Z (R IR S B AN A S 53 WA i

11( Pr-cpg ol'I # Pr-egg oil

Pt-egg oil
o

B AT RESR BRI 21 0 WA FE AT A 2
WLy B AT RERIR Sy 2 M T RE, X PPATHLIA A
ERCRAEZENSHIME. WK 2 fox, S

Pr-egg oil ZH KRR B E#% L Glutd K mRNA A3
BEE ETHT 90.06% (p<0.01), FW Pr-egg oil AJ
DL S8 b R K B AL Glutd PRIk (e 2k 40
RS 20, R M A o
Glut4 = H A EATEESZ H] EIFR) PI3K/Akt
JRE RS 5@, YRS RE 5L, PIBK
2B By R RO AL, G PIBK #E—
& Akt, TEILI Akt BERSIEEE Glutd FH4H AR M 40
JERIFEAL. Wl 2 Fros, HIEHEXHIRZH LR, BAxt
R K B A% UL PIBK A1 Akt JE[K] mRNA A ik &
B R (p<0.01), B8 PR K BUE B8 IL
PI3K/Akt i A5 5B 2 2MH], AReA Soth et
Glutd FEKFIAH G IS . SR RA LLEL,
7 Pt-egg oil ZH KRB #EL PI3K A1 Akt FE[A]
mRNA X ERIEE R E BT T 114.52%H183.17%
(p<0.01); [FIIFKFHE Pr-egg oil ZLA B HARIL PI3K
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FF mRNA A FRA =B EEIN (p<0.05). 453
KB Pregg oil L@ (R KR 8L PIBK/Akt

FOOEBR AL, B B MU A T
a lér
i s
2 ;
% i
= 1.0
= *
< 08
% 0.6 i
%
= 0.4
0.2
00— ! . ; ! — 7
IEWRM B PEERIEE K Preggoil ¥ Pregg oil
b 147
12| bks
L)
2 1ol ok ki -+
e
2 osf
g H#
é 0.6
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E;
02}
0‘0 -~ 1 1 1 - 1 -
IEWRM B PEERIEE K Preggoil ¥ Pregg oil
Cc 12
g 10f
2
~ 0.8
&
< 06
E 04}
=
=
O 02f
0.0—",
IEWRM B P ﬁP-‘-cggml ﬁPIcggml
E 2 Pt-egg oi |l IHEFRFARBBRAL PI3K/Akt {5 SBHEKHE
ZLPE mRNA FERFRIL B Y2

Fig.2 Effects of Pt-egg oil on PI3K/Akt signaling key genes
mRNA relative expression in the skeletal muscle of diabetic rats
(n=10)

i #p<0.01 5 EFABALEL; *p<0.05, **p<0.01 542
A5t PR LA AR

24 StE %L PI3K/Akt £ 5

\\\

ok R E A

4 S Glutd & | 5%k B 09 ® o

Pt-egg oil XPHERE AR # L PI3K/Akt il 5 2
TSI O R A RIS NI K 3 . SIEEXS
FRZH P, R B2 K BRVEM RS UL PIBK AT Akt 25
HIAXS FIE ES T PR (p<0.01), BE—DRIIMEIR
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IR SVE EEIL PIBK/AKt JiR 5 3215 S IEER 2 23] . 5
PRI LU, 7f)E Pr-egg oil KB RVEHEAL
PI3K F1 Akt HEHIMHNERIEESAIEE ETF T 1.54
&R 1.61 £ (p<0 01), M Pregg oil AT i
PI3K/AKkt 15 5l K HE R BB VR

PI3K

TEH R B PHERSEE I Preggoil 5 Precgg oil

Akt 5 TAHAS Fe kA

IEWRM B P ﬁP-‘-cgg oil % Pr-cgg oil

Glutd | S s — S —

S-actin| e SE— c— — S—

ilal
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m-Glut4 | —-— -_— | —

Glutd | S s —— S

*k
*k
IE 3 I BRIy A I e 4 2o I { Pr-cgg oil I # Pr-egg oil
B3 Pt-egg oi | XIFERMAR B PI3K/Akt (FSIBEKHE

EFEEAEMRIEEMNE L 6lutd EAFKIEEMNT
Fig.3 Effects of Pt-egg oil on PI3K/Akt signaling key genes

1.0

0.8

0.6F

04F

m-Glutd 87 14 % Feik it

021

0.0

protein relative expression and membrane Glut4 protein
expression in the skeletal muscle of diabetic rats (n=10)
i #p<0.01 HEFATBALLEL; #p<0.05, **p<0.01 542
AT HE40 AR
XPEBULE Glutd HAMSME Glutd 2 R
SRR, BAHRAUR REBULE Glud SHE Sk
JE Glutd 2 FAHN RIEER BRI (p<0.01), KH
W BRI R SR B UL A i e A B e R R 1 2
PRE 2P TR TN Pregg oil fi, SRR
AR, mEAKRRERILE Glud HEMIME
Glutd HHEAXS RIS R EZEI 1 1.37 541 1.27
E (p<0.01), fIGHIEAEXREBIIME Glutd 22 EAH
IR B F N T 35.98% (p<0.05), KW Pregg
oil AE A I (e HERE FRI A B R UL Glutd 2 E 3%
TN Glutd T [e) 200 0 R 8 7 4% Bk LWV 12

3 Zhip

3.0 AR SZEG R VS B R A R R DTV AL TR IR
I K BRARAY, BEFT T Pr-egg oil XA K BR, iy HIUBHEAE 1)
M. RSN, Pregg oil A8 K R 418
M, GG R B RS D REFREOR
JoR B WA R A, G IR 2. 45 RN,
Pt-egg oil REFFAERME PRI A BRI IMBE KT

3.2 CNESE, WEELEYDTE YRR SRS A o e I
BAE, fta AR 2 O, AR B EOR, Pregg
oil BB 2 H LA PR K BRI v IMUARRAE , IX 5 sy
TRIEMERE R, W, ARREDR. s
K% . Preggoil ' EPA l DHA &&EFEE, 7L
b o5 Eeka 30%, StaimARil (30%~40%) M,

TR (20%~25%) M, Zetayh Siruld, kg S
R, AR S A B 95%"), Pregg ol
AR B, AR LLE 52%. WRERTE
Pt-egg oil IS 8N 971 ng/g, Wi HATURH A1)
& (400 pg/g) L.

3.3 WLARE U 0 ) FH S e AL A4 P
EIRERER 75% ", R EE N B B HLA TS A
R E B R T . AT N AH AR A LA
W T Glutd B, ZZRFEY Glud EAMERIE
RE(E AR SRR 2 ) & 08, A Bh T IR 1 P
141, Zhang Z5iEH], 4R Glutd 2 A FA7 240 1)
B, BEA Ui AR ASb, Pregg oil
B E TR R K R UL Glutd mRNA FlEE A
ik, [FINIE T Glutd & E 40 IAL, R
T Glutd H B IZ RIE HETIRE ) o [FIR, Pregg oil
R TR R RIGE R RS2 1, PR T 2
MHEACF RIS KT KW Pregg oil AR IEIE
Glutd [RIZRIEFVER 17155 A7 53 A PR 973 K I vy IR
3.4  Glutd AT 323 iF PI3K/Akt il S 25 A5
SIEE % . PIBK J2 RS 3 AR5 (5 Sl b i
BT R, 2 RFRSERE SRS, A
T FiF Akt FER B FIENE, TEIGIG Akt GE BB
AL Glutd & AR RIAY, Gao SRl
1 D-chiro-inositol A X2t PI3K 1 Akt {515,
DL Glutd 4 &iE IS, RAER pE(E R
Xiong F51iF B ergosterol AEIAIHEE PI3K/AkYGlutd {5
S, PN R A MR CT . S a pE i 2
ARG RER, 4 Preggoil THE, KR PI3K Al
Akt FEK mRNA FIEE FIRIA/KPH5 RGN, K
Pt-egg oil AEiELL iE PI3K/Akt k5 215 5@ s fe it
Glutd [FI4HABREIIEE AL, MRS B BRI RE A A F o
3.5 L LATR, Pregg oil REWSIHILEIE PI3SK/AkY/
Glut4 15 5% A HERE MEE .

A AR

(11 AR & SRR iR TR IR IR FH S AL AR
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