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[ Abstract ] Objective: To investigate the effect of Mori Folium effective parts (total polysaccharides,
flavonoids and total alkaloids) on high insulin-induced insulin resistance of human hepG2 cells by nuclear factor-xB
(NF-kB) pathway. Method: The insulin resistance cell model was induced by insulin stimulated human HepG2
cells for 48 h. The experimental groups were the control group, the model group (10 pg + mL ™" insulin) , total
polysaccharide ( MFP) group, total flavonoid ( MFF) group, the total alkaloid group (MFA) , parthenolide ( PTL)
group. Residual glucose content of liquid culture was detected using glucose oxidase-peroxidase method ( GOD-
POD). Expressions of NF-kB, I-kB kinase 8 (1«KB) and inhibitor kB protein @ (IxBa) mRNA were detected
using RT-qPCR. The relative expressions of protein NF-xB, IkKB and IkBawere detected using Western blot.
Result: The optimal doses against insulin resistance for MFP, MFF, MFA and PTL were 200, 100, 10, 20 pmol -
L', respectively. After insulin stimulation, NF-kB, 1kKg activity were enhanced significantly (P <0.01), NF-
kB binding protein IkBa decreased significantly (P < 0.01), which indicated that NF-kBpathway had been
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activated. After intervention of the mulberry effective parts, only flavonoids could lower NF-«B, kKB activity
significantly ( P < 0.05), inhibite the degradation of IkBa (P < 0.05). The results was not significant in
polysaccharide group and alkaloid group. Conclusion; After high insulin-induced insulin resistance in HepG2 cells,
NF-kB pathway was activated to some extent, suggesting that there is a certain relationship between insulin resistance

and NF-xB inflammatory pathways. Meanwhile, mulberry flavonoids could improve the insulin resistance by NF-xB

pathway.
[ Key words ]

HepG2 cells; insulin resistance; polysaccharide from Mori Folium; flavonoid from Mori

Folium; alkaloid from Mori Folium; nuclear factor-«B; inhibitor kB protein a; IxB kinase 8
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WL A 100 mmol - L™ FHARAF T 4 °C 5 FF Z M ( Mori
Folium polysaccharides, MFP ) 2% i &% fid ( Mori
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Yy i o 6 b ik % B CCKS8 i 1 2 40 o 3% 1k
HepG2 21 ifd JB & 28 HE P05 780 p Ty 4 57 J o B 0 40
Jiil 534 MFP, MFF, MFA , PTL 4 fl i 5% 22 3% 5t 40 i
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MFF i3k o0 25,50,100 mg-L™"; MFA i £ ¢ i
4 5,10,20 mg-L_] sPTL ¥ )& 4 10,15,20 p,mol-L_] )
SeA B AR AL, A5 A R 5 2R AR BT A A S AL ZH A
Y e RIS g, A3 KL, 2
P+ 24 hJ A A AR AL VR I E A A A0 b
15 M i, A B A0 0 A A ) R
et (R 25 000 443 10 5% 5 R v o A 0 B &AL 4
JHL ) 2 4 8 3 AR 5 SRR A FL A0 L CCK-8 4k
R RRRGIRS), A8 E 2 h, Bl b5 (L K 450
nm K0 4G G BE (A ) S 1 240 3% e

2.4 RT-qPCR 4 NF-«B {5 53 % AH 3¢ 5
mRNA [k H57 HepG2 4 il ik 15 R BT A A,
95T M A AL HUY) S PTL 259 1 1, e 4 45 55 00
A0 M, H] Trizol 120 77) $2 B 4% 2H 40 g &4 RNA, %55
RNA 52 #& P K 4l BF | 4% 4 7% B8 Transcriptor First
Strand ¢cDNA Synthensis Kit ( Roche 2\ &) & W56 —
£ ¢cDNA, ¢cDNA =¥ F - 20 C % 7. Ensembl
genome 7 # NF-«B {5 5 i % #H & # A NF-«B,
I«Ba,1cKB By FF 51, Blast X, #f i fi 4 4 1 7 571
primer 5 BAF BT HE F RS F S, 7E Rotor-
Gene ) Series Software 1.7 #t4752Hf % & PCR § 14
K e, PCR 2 By 4544 95 C 10 min, 95 C
155,56 °C 15 5,72 °C 30 s(NF-«B,40 ¥ ) ,95 C
10 min,95 C 15 5,57 °C 30 5,72 °C 30 s(IkKgB,40
1E5¥) ,95 C 10 min,95 C 15 5,59 C 30 5,72 °C 30
s(IkBa,40 ) . P35 H A HER , P 451 5, i
27O T A LR R M R Gk L AR DL B-
actin fE N NS 519 F %), FiiF: 5 -TGACGTGGAC
ATCCGCAAAG-3’', T Jif: 5'-CTGGAAGGTGGAC
AGCGAGG-3"; NF-kB, I Jif: 5'-GGACCAGCAAA
GGTTATTGTTC-3’, F Jif: 5'-TTATACACGCCTCTG
TCATTCG-3"; kKB, I {i#: 5'-GTTTGAGAACTGCTG
TGGTCTG-3", F if: 5'-AACTTCACCGTTCCATTC
AAGT-3";1kBa, Fji#:5'-ATGAATGGTGCGACAGCG-
3', FiF:5'-CGTAGCCGAAGACGAGGG-3',

2.5 Western blot 3£ K NF-«B {5518 A L H H
AURAXS Rk PBS VR4 LI 2H A 2 W, W R
AU AR B, AT S TG R A RIPA 20 i 224 ik
F B F Kk F 2% 30 min, T4 °C,12 000 r-min ' 5
L 30 min, YL £E FEW,BCA Protein Assay il i I ¥
BB KV 5 K R R R O — 5T 4
W3 x + TBEAERR AR B (SDS) AR Z% whifg, 100 °C
APAENE 10 min, G HE (60 pg) BAE, ket
T 2 5 - 2R N s Tt i 8 X ( SDA-PAGE) L K Jim , #%

R ,5% NG A4 W B A 2 h JS L I AR B Y — Bt 4 °C
JEH R, LA B-actin fENZ R, TBST BRI 3 ¥C, fin
A HRP #ric iy —4710,37 CHEHE 1 h, YEfE 3 I, ECL
o2 ROGTEBE G B € o Quantity One F A #E4T
I3

2.6 ZEifeEartr R SPSS 13.0 Geit 4 BEAT
B ZE 7 225787, RT-qPCR 4% 3 2% i Rotor-Gene Q
Series Software 1.7 %% {4 #F 47 43 #7 , Western blotting
450K M Quantity One JKEEAE /M M7, Bdli L & +5 3%
NP <0.05 JEFA G R L.

3 &R

3.1 HepG2 4l i Jik & RAMPTAL B A £ 5 Jd g
HepG2 4 Jifl X 4 7 4% 11 #E H a0 A1 O 10 W7 JBE 5 3R 41K
PR AL, 52 2 WA, 40 vk R B R R AE
S5, BB X IR I 2R ) M AR A, 200 i 7% ) 2 T
FEWL B REAR (P <0.01) , Uk B T2 450 10 20 40 JH X Jole &5
ol B8 = 7 AR R, Tk HepG2 40 fiig 72 10
mg- L™ RS R B IR IR E 48 h A RS RIS,
R, Wk 1,

*1 BESETHS HepG2 & IR-HepG2 A AE B N EEHLLE

(x +s,n=6)

Table 1 Comparison of glucose consumption in HepG2 and IR-

HepG2 cells after insulin intervention(x +s,n=6)

a5 i £ 2% IV AR R A ] T FE B
/mg-L~" /mmol - L, ™! /mmol - L, ™!

= - 15.096 +0. 231 5.686 £0. 052

LAY 10 18.189 +0. 168" 2.593 £0.036"

FE S AARE"P<0.05,

3.2 XF IR-HepG2 4t Jl 1% £ K b ¥ Wi o) % 7 &
sz SACELAH R B 4 2H 25 WUk R Ry 3
AR FE AL W MW 4 A -2
WAL K R, MFP, MFF, PTL 25 4 41 8] G & 3 M 22
S, U6 BT 20 B 0 3 1 T B S AR Ak {H MFA 259 1)
T N 20 mg- L7 HE A 525 (4L A 25 S B
B 20 mg-L~"f%) MFA %} HepG2 } IR-HepG2 4 il 1%
PEA 2, B I Fe 24 1 8 MIFP 25 49 1) o o Wk B2
200 mg-L~", MFF 254y ) it 5 v J& % 100 mg-L~",
MFA 25 ) 1 S5 2 e BE ol 10 mg- L7, PTL 254 1 e
JE R 20 pwmol - L1, X B 36 12 15 ZR AR PURR B AF L 1E
R IEEE SR 2T I B, WLk 2,

3.3 X IR-HepG2 40 iy IkKB, NF-«kB A IxBa
mRNA MHXFRB W MR RERY TS, 5
BEAVZE L3, RS Y b R SR XF 1K, NF-
«kB mRNA A X} & ik & A W] B iy Hl 7 H (P <
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®2 RMEYUMAMNESRRINN HepG2 HAFEER EEREE
EEERHN (v £5,n=3)

Table 2 Effects of glucose content of cellular supernatants and cell
survival rate of the medicines in different concentrations of Mori

Folium extracts(x =s,n =3)

An HlkE/mg-L A i % 4% /mmol - L'
25 - 1.02 +£0.13 12.59 +0.23
i - 1.14 £0.04 15.16 0. 17"
MFP 50 1.01 £0.05 14.30 +0.35%
100 1.00 +0.03 13.40 £0.15%
200 1.02 +0.05 12.99 +0.33%
MFF 25 1.16 £0.02 14.09 +0.13%
50 1.11 £0.06 13.75 £0.43%
100 1.13 20.04 13.26 +0.52%
MFA 5 1.16 £0.12 14.78 +0.28
10 1.00 £0.10 14.00 0. 40%
20 0.80 +0.03" 13.64 +0.59%
PTLY 10 0.98 +0.15 14.45 +0.42%
15 1.02 £0.12 14.13 £0.20%
20 1.02 £0.08 13.92 +0.16%

S A P <0.05; 5B A P <0.05;% PTL |y
B B pmol - L (K 3B ~3 )
0.05), 1M IxkBa mRNA 2 ik 30 ] f# B, i IkBa
mRNA FIEW B FH5 (P <0.05) , R ZHEH St
Az 2H X6 R DG 35 PR ) N BH
*x3 BMHEWEAM X IR-HepG2 4 i IkKB, NF-kB % IxBa
mRNA 3 RIEHIFIE (2 £5,n=4)
Table 3 Effect of IkKB, NF-«xB and IxBa mRNA relative

expression of insulin resistance HepG2 cells after Mori Folium

extracts(x +s,n=4)

7 IkKB NF-«B IkBa

21 51 i i ) )
/mg-L~ /B-actin /B-actin /B-actin

Z5F - 1.00 0. 00 1.00 0. 00 1.00 0. 00
el - 3.65+0.223"  3.51+0.03"  0.35 £0.223"
MFP 200 3.59£0.021  3.44+0.032  0.37 +0.021
MFF 100 2.96 £0.024%  2.98 £0.08”  0.56 =0.024%
MFA 10 3.56 £0.056  3.45=0.06 0. 34 0. 056
pTLY 20 2.32 £0.042% 2,05 +0.094%  0.78 £0.042%
3.4 Xf IR-HepG2 210 it kKB, NF-kB ¥ IkBa B
2235 1) 52 )
3.4.1 X} IR-HepG2 41 il 1«kKB % M 3 & 09 ¥

M 575 A A, SR AL 1kKB 2K 1 %A I 3
(P <0.05) , 4525 /b B, 55 A5 0 2 b A, 5% 5 T
F/NEL 3 PR AT LI 35 B IR TkKB 2 R A K P
(P<0.05), 3 Z 05 3P 5 IR-HepG2 4 ifd
IkKB & H RIKAKF-TCszm . WWE 1,

3.4.2 Xt IR-HepG2 4l il IxBa 2K 4 35 (1 52 i
s A B, B4 TkBa B (1R BKEW BT
(P <0.05); 45 25 hb LIS | S5 B0 RY 2 Lh 4, SRt 8%

- 166 -

IkKS e oy v o o

’
5 oactin e ——————
A B C D E F

1) 2)
2)

IkKB/B- actin
OCOCOCOOOO
O=NWA UKD

>
w

C D E F
A5
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2H ;E. MFA 10 mg-L ™" #f;F. PTL 20 pmol-L™"#H (& 2 ~3 [d])

E1 BHAXKIMAX IR-HepG2 A IkKB BEERIEMZI (x £,
n=4)
Fig. 1 Effects of IxKpprotein relative expression of insulin

resistance HepG2 cells after Mori Folium extracts(x +s,n =4)

A A1/ 1 44 P9 T T B R 6R  IkBa 8RR IB K OF
(P <0.05) , M Z 05054 ) ik X IR-HepG2 4
J IkBa 3 FH R IAAKF TG . WLIE 2,

IxBa I s ————

/3 actin M
A B C D E F
2)

2)

I1xBa/f3-actin
POOOCOOOOom
O—=NWAUNNNNROO

C D
225
B2 ZMAENICI IR-HepG2 i InBa BEF LM (7 5,
n=4)
Fig. 3 Effects of IxBa protein relative expression of insulin

resistance HepG2 cells after Mori Folium extracts(x +s,n =4)

3.4.3 X} IR-HepG2 40 g NF-«B & [ Kk K1Y
o 5a5 gl R R 4] NF-«B 2R R A B
HM(P <0.05) ; 45 25 hh BRI, S AR 4 e A, S5 8
i) 0 /0N 141 44 N TR 1T DL 35 B AR T KB 48 1 3R I8 K1
(P<0.05), % Z M EWIEXS IR-HepG2 4 iy
NF-xB # 3Rk KT, WK 3,
4 itig

ABIF5E I HT e v BE R 2R 75 5 1 HepG2 411 Jifd
(18 198 5 R HRPUABEAY , B0 T A PN B I R AT K AR
R R IR R AT A M vy o R, A DR A
240 L %) 4 20 W T R i R A DRI AR ARk )y ) o 9 e ¢
B E L 10 g mL ™" 1 5 K T 15 HepG2 41 jig 48 h,
BN T R Z AR A, NI IR YT 2 BB IR
Joi v 2 0 1 BE E T AR A



521 5 5 W RESEAFERE Vol.21,No. 5
2015 43 A Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2015
e [ (A
-t “ [1] LiGQ, Kam A, Wong K H,et al. Herbal medicines for
3 12 1? B]) ¢ DEF the management of diabetes[ J]. Adv Exp Med Biol,
5 (1)2 2 2012, 771:396-413.
i\ 0:6 [2] LiJ, Tang Y, Cai D. IkKbeta/NF-kappaB disrupts
c@ 0.4 adult hypothalamic neural stem cells to mediate a
% 0.2 neurodegenerative mechanism of dietary obesity and pre-
00 A F diabetes[ J]. Nat Cell Biol, 2012, 14(10) :999-1012.

C D
Al

B3 RMARIMAAI IR-HepG2 HHffl NF-«B EHRIZKFEHZ NG
(x£s,n=4)
Fig. 3 Effects of NF-«kB protein relative expression of insulin

resistance HepG2 cells after Mori Folium extracts(x +s,n =4)

RAE UL T 12 8 2R AORE SR S % 0 AL
PE R 32 o6, BRI IR J& — A~ 18 1 W IIf
PRAGRE IR, 5 AL B e R G M E AR, B
B IR I 2R BT DA T T BOME PR 19 & 2B . NF-kB {5
G 5 0E I J B AL G NF-«B, NF-«B Il il & (1
(inhibitory nuc lear factorkappa B, IxB) 1 IxkB 4 fff
(1kB kinase, 1«K) . 44 ffl 75 # SOIR & T, NF-«B
5 IkBa IR & L = RIKE AW, DL TG
B RAFAE T MO o SN S | R 48 i 40 i 1
T N EE R GRS AR TkKB B B IR (B
R ZAR) K IRS (R ZH Z R ) i 2 AR B Ak,
SN PI3K R GLUT4 45 S5C 8 85 (1 19 5% 457 A 41 16
PI3K 323k, fifl 1B A 4 52 el 78, DA 1 18
FAE SIS B SRS BB ke

Boden 2" BF 5T R B, 5T R /NEUM E, W7 RS
JIg 17 R 5 3500 i 5 R AT/ U AL 2L rp 1kKB 1 3
PEEFHT 6.4 £%, WA FERE IkBa & & T K 50% F
NF-«B {8 @ TF. ARS8 45 R & 3 HepG2 4
2 3] v e Ky 2% O AR R S R ARPUS | IkKB R
NF-«B By i& eS80, IkBa St B A — EFEE T
W, R W 1kKB/NF-xB {5 53 #% 76 — & 72 B b9
o ARFEGHET T b A R4 1kKB, NF-«B,
IkBa 25 4 3K K VW52 W, 45 5% & 3L MFA, MFP
X IkKB,NF-kB, IxBa £ [ KB HEA W, 1 MFF
A L 35 I0AE NF-wB 5 53 A DG B Y 3R 56 , Ik
25 9 5 Sugimoto %' fE db/db /)N B 5 HA5 Y
SEie—3. NI aE i T NF-«B {5 53 M G &
M 2B KT 2 MFF 2 5 RIKPTR S i H 2
BL 2 — o 1 MFF 238 1 75 FE 1Y 3 42 300G NF-«B,
S Gnfuf 8 5 8 R T 25 s Y Wl DL S MEFP, MFA
Rl 1) A/ ML 4 A ik — 2 T

[ 3] Barma P, Bhattacharya S, Bhattacharya A, et al. Lipid
induced overexpression of NF-kappaB in skeletal muscle
cells is linked to insulin resistance[ J]. Biochim Biophys
Acta, 2009, 1792(3) :190-200.

[ 4] Padilha M M, Vilela F C, Rocha C Q, et al
Antiinflammatory properties of Morus nigra leaves[ J].
Phytother Res, 2010, 24(10) :1496-1500.

(5] ZWIH, Rk, X6, % AR E A A X 2 2
BRI R BRR B AR T (0] v [ B 2 2 A
2013,33(15) :1221-1226.

[6] ZFHm, BWEE, K%, % HepG2 41l i 15 R 5t
BRI ST G E [T ] vh [ SE 8 J5 27 43K, 2013,
19(5) :203-207.

[7] Quan J, Liu J, Gao X, et al. Palmitate induces
interleukin-8 expression in human aortic vascular smooth
muscle cells via Toll like receptor 4/NF-kappaB pathway
[J].] Diabetes, 2014 ,6(1) :33-41.

[ 8] Tornatore L, Thotakura A K, Bennett J, et al. The
nuclear factor kappa B signaling pathway: integrating
metabolism with inflammation [ J ]. Trends Cell Biol,
2012, 22(11) :557-566.

[ 9] Hirabara S M, Gorjao R, Vinolo M A, et al. Molecular
targets related to inflammation and insulin resistance and
potential interventions[ J].J Biomed Biotechnol, 2012,
2012:379024.

[10] Al-Malki A L, Sayed A A, El R H. Proanthocyanidin
attenuation of oxidative stress and NF-kappa B protects
apolipoprotein ~ E-deficient mice against diabetic
nephropathy[ J]. Evid Based Complement Alternat Med,
2013, 2013:769409.

[11] Alarcon-Aguilar F J, Fortis-Barrera A, Angeles-Mejia
S, et al. Anti-inflammatory and antioxidant effects of a
hypoglycemic fructan fraction from Psacalium peltatum
(H. B. K.) Cass. in streptozotocin-induced diabetes
mice[ J].J Ethnopharmacol, 2010, 132(2) :400-407.

[12] Sugimoto M, Arai H, Tamura Y, et al. morus alba
ameliorates the expression profile of adipocytokines by
inhibiting oxidative stress in white adipose tissue in db/

db mice[ J]. Atherosclerosis, 2009, 204 (2) :388-394.
[BERE RBikik]

- 167 -



