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Effect and Mechanism of Mori Folium on Insulin Resistance in 3T3-L1 Cells

WANG Min, LI Ya-qi, MA Quan-tao, LIU Chen-yue, ZHANG Chi, QIU Min-yi,
ZHANG Cai-juan, WANG Ting, ZHAO Bao-sheng”
(School of Chinese Materia Medica, Beijing Research Institute of Chinese Medicine,
Beijing University of Chinese Medicine, Beijing 100029, China)

[ Abstract | Objective: To observe effect of Mori Folium-containing serum on glucose consumption and
cell activity of fat cell line 3T3-L1 insulin resistance (IR) model, in order to screen out the optimal concentration
of drug-containing serum, detect effect of Mori Folium on the content of inflammatory factors, and explore the
possible mechanism. Method: 3T3-L1 preadipocytes in logarithmic growth phase were selected, and induced with
10 mg-Lfl insulin (Ins), 0.25 mmol-L "' dexamethasone ( DEX) and 0.5 mmol-L ™' 3-isobutyl-methylxanthine
(IBMX) for 48 h and then with 10 mg-L ™' Ins for 48 h. After the cells were differentiated into mature adipocytes,
they were induced with 1 wmol-L ™" DEX for 96 h to establish TR model. Glucose content in the supernatant of cells
was detected by glucose oxidase after serum containing Mori Folium cultured for 12, 24, 36, 72 h. Methyl-
thiazdyl-tetrazolium ( MTT) was used to detect the effect of serum containing Mori Folium on IR cells activity. The

content of tumor necrosis factor-a ( TNF-a) was determined by enzyme-linked immunosorbent assay ( ELISA).
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Meanwhile, the effects of inflammatory factors on the expressions of insulin signaling pathway proteins insulin
receptor (InsR) , insulin receptor substrate (IRS), p-IRS1 and glucose transporter 4 ( GLUT4) were determined
by Western blot. Result; Serum containing Mori Folium could significantly increase the glucose consumption rate
and cell activity of IR cells (P <0.01), reduce the content of TNF-a (P <0.01), and regulate the expression of
insulin signaling pathway proteins (P <0.05, P <0.01). Conclusion: Mori Folium can significantly improve IR

status of 3T3-L1 cells, and its mechanism may be related to inhibiting TNF-a and promoting the expressions of

insulin signaling pathway proteins.
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Bl & A T 1T 23 00 R DA B e AR R R Y
A3 AR B PR R R B AR BT BT S
KU ,hE 8B U EARHAA L 14 LANEH
2 B ME JR 9% (type 2 diabetes mellitus, T2DM ) [
T2DM 1Y 5 B2 HIL ) 14 oK A 5E 38, 152 bR 8 R R4t
(insulin resistance ,IR) 7£ T2DM [ % ¥ 1 #2 i 3y 7
B A IR JZH8 NI LA G W 25 42U B 5
A HURAE T [, 1B 5 2K (Ins) X7 2 B8 A A9 A= )
RN BEAR 2 5 | S HE T OB DR B e 1l s 25 18 e 9%
o B[] B AIE o TR A9 JE 115 38t 4% 0 3A 558 9 7
TR RA K, i H FEREENR BT RS R,
Ins ZRSCH Y 58 S50 IR F&EFEEHR T
AN R AETE ST SR AR B TR, 1990 4R AR A B
FEINA TR JEALAA AR fr 188 1 48 RE 2 1oy ol i, S8 3 1A
N SR T AT B S Y S IR (H R IR IR I T -a
(tumor necrosis factor-oc, TNF-o ) , 1 40 }g /¢ %'1,3
(interleukin-18,1L-18) 48 & 5if A F & /K F F ik, i
AL AL T JAE RS o S0AE N 1 O HF 22 335 W] DL
HIHLIA Ins {5550 B 0014 5, 7= AR SO IR

S JE R B F Morus alba By, AT 47 B X
B VG I TE T B 2 G w2
— U R0 TR T T2DM e RLC T (O 7
Bl R WF 58 0k B 5& it K KIS J7 38 7T A R0iR 9T
T2DM ' e FLI: R A — s BB A
iJ 5 ek I A AT 50 LA sl ) S 86 R 3, 2 X 4 i
A4 P B A R

3T3-L1 i A 7 20 i A2 95 T Swiss /N BRUME IR ) AR
I £F e A0 I, B A v Tns SRR HLES € VE B0 10
M 7E Ins B ZE K A (DEX) B30 30T, n] R 3R
3T3-L1 40 iy ) 0 4 B e i 28 ¢, e AR HG ) 7 7 1 7Y
Rz % RS0 B IR AL &t IR
iR s ot o D I AR S 56 0L R A A i 400
FEALAN b, 5 3T3-L1 B A /U 40 e 44 58 o3 Ak, ) %
TR 200 fi A Y, L4 3% it 5 24 1M 3 %k 3T3-11 iy 5 s
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1.1 Y Wistar KR, M, SPF 2%,5 ~ 6 JAl#,
PR 180 ~200 g, 1 A i DA% (b 50) AR R A
FR S W], 4 K8 IE 5 SCXK (57)2016-0002, 7 %% F b
b R 2 R R R BR AR S ) 5, S 0 s ) T
UES SYXK ((51)2016-0038 , A< Aff 5% 3k 45 Jb 5t o =
2y RS S fe B B s it (4% 5 BUCMA4-
20017101908-4008 )

L2 APREFIGR]  3T3-L1 /N BUAT AR 107 20 1l 1 T [
FELH MM PRI = B R e P BE 2y R
rh 24 5 Bt v 24 M08 R X AR AR R M R RFHE ) F
M. alba By 1, AL U R 25 0RO A BR 2 ] 4
At DMEM &5 85 15 78 W (36 [/ Gibeo 2 W], it 5
1744353 ) ;Ins ( T 6 3 F i A2 ) 25 A R | dit 5
EVG4950) ; ia 4= 1l v [IKFHBE A W RHL (R &) AR
o) iS5 11F364 |5 DEX, 3-S5 T Fk-1-H1 X 3 15 0
(IBMX) ( 25 [# Sigma 2 &), #t 5 40 5] & 01705675,
822A0520) ; /N Bl TNF-o i B G %8 Wg FfF 90 52 o
(ELISA) i 7 & ( € [# Thermo Fisher 2 &, #t 5
1790473 A) ; BEME i (MTT) ,BCA £ [ & 5 ) 2 1 A
&, RIPA 20 g (A6 50 M B S R A ) R A R 2
A L4t 5 43 5 S 68M10350,75900145,641.001100 ) ;
DU AL 2 Z i (TMEMD , 3¢ [8 Genbio 24 &, 41t bw-
t 0023-5) ; = F2 H R & FL H 452 (Tris, £ [H Genview 2Y
A L5 611040106400 ) ; #f Fl vl 21 O YL, 3N I
Pt Ji Pk 2% vh i (SDS-PAGE ) (Jb a0 R R ERHCA
B2 w45 4300 2 20170113,20160309 ) 5 8- 3l 25
1 (B-actin) , [ R Z MK (InsR) |, R B R ZAKIEY) 1
(IRS1) , 2 Ak IRS1 (p-IRSL) , M #j FE 55z 1 4
(GLUT4) (¥& [# Abcam 723 ], it 5 43 | & ab8226,
ab13128,ab52167 , ab46800 , ab654 ) ; HRP-=£ HT [
JERRE M (1g) G B br 40, HRP-FE 404 TG B bR —
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1.3 {Y# FLUOstar Omega %4> [ 3l £ 1) & B #%
X (7% E Bmg Labtech /A &) ; IX71 % {5 & & 13§ 5%
( H 7 Olympus 2% 7)) ; DYCZ40 7 %% B d 3k 1%,
DYCZ25D I3 B H AL (b i x —2E R A BR A
Al ) ; €600 A Z Ty RE 4y F AR R 4 (3£ E Azure
Biosystems 2\ A )

2 FHiE

2.1 RS2 i A

2.1.1 Rk Y)  FRIEM 175 g, m 10 %
IR B TR AR SR I 10 h, 222 A L uk
FERUEWE I W, e 75 Rk 4,250 mL 25 R
SEA MR S AR 0.7 gomL ™'

2.1.2 REE MR ® A KBS Nk 57—
JEl 5, 4 A T R B AL 43 Sk S 30 1 IE R 4 20
R ZrhHEE S0 k429,10 mL-kg ™', K
TAMEE LR ESS d, IFH AR E S8
Ko RKLGZ) 1 h 5, LEERREE, IE 2 sh kUL 4 C
1 h,3 000 remin ' B0 15 min, 2084 25 75,
L IE R I k)T, - 80 CIRAE#A .

2.2 FEWE M iEXS 3T3-L1 40 TR 1Y 5% 0
2.2.1 IR ALl 2 =% SOk & IR 24
P AR AR s R A A0 37 C K AR IR R 1 min,
B AR H AR 2 10 mL 35045, i A I 35 57
F#F,1 000 remin ' B0 3 min, 7 BT, A S
DMEM MMy Ege 5, 8 T 37 C 5% CO, ¥R B 9%
24 h, YL EE N 80% I F 25 1 3R 3L W R Eh 4%
PR (PBS) Yk 2 W, A BB I 1. 5 mL, 5244k
B, 20 M2 8 95 IF 17 B, A DMEM K5 5% 3k 2 mL
LRI A . TV A 20 B A B0 B0 3 min
(1000 r-min ") 3¢ FWEW,1:2 /540, B BUE K
WM L4003 UL L - AT 4 i i 40 |, 5595 T 96
fLAH 48 h JE R R IR, A 10 mg- L™ Ins,
0.25 mmol - L™" i Z€ K #% (DEX), 0.5 mmol - L'
IBMX , %3404k 48 h J5, M A 10 mg-L™" Ins,
g% 48 h, ey DMEM #5355, W %¢ 8 ~ 12 d J5,
SERL A o B Al i 3 2 B R L, PBS T 1K,
4% Z2 W [E 2E 30 min, & LN AHEL O TAEW
200 pL 8 1 h J5,60% SPHEME 1 W, PBS ¥t 2
UK, AR A T B B SR A T I TR AR D R
RN A B 5 R 3T3-L1 fIg fif 40 i 43 4 1E
HARIALRLAL, IE K 41 45 7 DMEM 35 57 B, B A 4]
W& A1 pmol-L™" DEX 45 32 5, 4 4L 200 ul,

B4 AL, ERE S WS 12,24,36,72 h )5
JH 0 2 A T R 3 0 E B R S v A R 4 B
IR B AR

AV AR = 2 AL A A i - AR AL A

A S

2.2.2 Y HERBEEEREG R
WRT5 ik, B 3T3-L1 4 TR AR5 4 g 73 O 465 72
SN, B4 A DMEM 1 5% 3L 180 pL Ik
BRI T 20 L, G i A A 2 40 i i A R B S 1 LY
20 pl, Z M2 AR I 1 EEA N A S 55 25 1 RTR
B2 LA 3L 20 L, B 6 Ak B 45 S& it
2 I T L B R 5L o LB e B o 10%, 7%
4.9% ,3.43% ,2. 4% ,1. 7% , 75 ¥ i3 3T3-L1 g i
A0 IE R 4L, A DMEM 55 57 2% 180 L 1K i
25 FMLTE 20 pL 1537

x1 HESERBEGRESE

Table 1  Cell grouping and concentration gradient of cell-drug
delivery
a3 25 [ 1L M M2 mlﬁ?%ﬁ%?&
/uL /L JgkgT U RBRAY B %
1EH 20 0 - -
Ay 20 0 - -
M 0 20 0.49 10
6 14 0.34 7
10.2 9.8 0.24 4.9
13.32 6. 86 0.17 3.43
15.2 4.8 0.12 2.4
16.6 3.4 0.08 1.7

T MYE A2 = S E AT R T 250 A 2 i IR
ShZ G R R AR o A2 A 2

2.2.3  F0Fxb IR 40 MR RS 1R IR 40
1 x10° A>/mL HF0 T 96 fLARH , &AL 100 pL, #%
F U MAFM 2003, 9% 12,24,36,72 h 5, %
FIEFRW L PBS ¥k 1 UG, A 1 g- L7 MTT %%k,
100 pL/fL,37 CHFHIW T 4 h J5, " A
DMSO 150 pL,#21#Z= % 10 min, F EFFR 1L 490 nm
P Kb I 5E W BE AL LS kX TR 40 LIS T Y
S0
RMIAR XS 16 1 = SEER 4 A/ IEH 4 A x 100%
2.2.4  FE0FXF IR 20 MO A 70 A 450 0 RE B K TNF-
S TR 0 A 3% 5 25 10035 24 h 5 A
B, TR 45 AL A X R ERE 4 100 pL,
25 T8 T s i 00 6 U6 0 B R MR AT R AR, 18
450 nm LbIE A A I A 2 B I RE B S TNF-o B9 55
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i 0 R % B2 T AR T Y A A R RE R AT S 2k
2.2.5 X IR 40 s AL R 245 S AR 5 e
MG IR S 25 Y Ab R TR) 2.2.2 F2.2.3, 3 KB
FRHE,PBS Wik 3 IS A RIPA M@, W AT Bk,
ol 240 i 5 24 gt R e o 2 M, VK L, RF 10 min B35 1
Y% ,30 min J5,12 000 r-min ' B0 20 min, B 35
£ o BCA 50 & i 2 vk B2, MOAS 6 2 A
i 50 wg HIFE 22 ol Ak B, 2K E 2 P S, SDS-
PAGE IRk - B EH , MR EMEAKE 2
PVDF Ji& F, FH & 5% B i 958 () TBST 253 T &f F4]
2 h, B S 4> 9 fm A B-actin, InsR, IRS1, p-IRSI,
GLUT4 $if& (1:2 000,1:100,1:500,1:2 000,1:2
000) ,4 C il , TBST P& 5 LA HRP #Ric 09 89 — 9t
(1:5000) = &EMEH 1 h, TBST Ve 3 W5, W5, i
6, Image J A4 4T IR BEAB 537 o
2.3 geitsEar At BUE R H SAS 9.2 Gt i 4y
Broblhxxs Romo HFEGIES, WEILLERM
One-way ANOVA #E47 73 H7 5 i 48 J5 25 72 75 5%, 2H ]
Fe 343 0ok LSD 5 #% DUNETT’s T3, #5484 AN 4F
GIEDS B ) e BCR FHAE S 80k 3, P < 0. 05
hERA G L
3 &R
3.1 3T3-L1 55240 f IR 550 4 g 7
3.1.1 4 O Yefa 3T3-L1 4 i S 40 b B 46
200 {545 T Al LA BH 08 22 21, 4 i P A9 B 0 4T 20
O R 5 M 00 18 e 2T €55 400 %5 458 00 ¢ 31 W] 2 1Y
CTCERART BT o R A AR AT BEAIL AL, AR T 40 A S
SRR 95% DL b, 3R B 3T3-L1 41 il 2 i 40
BRI i, WL 1

F3 Retx IR EBMEABNFANIZM (2 £5,n=6)

A (x200) B (x400)

1 3T3-L1 BIAERFZEREERE (4L O)

Fig.1 Identification of 3T3-L1 adipocytes (oil red staining)

3.1.2  XF 3T3-L1 41 IR 455 760 4 755 15 4 #E & 1 52
M5 0E 41 R, B R A 40 MO 3% 24 h R 72 h,
% 5 35 A A ) B vl R O S TR U D ASE R 4 4T g A
EREIEFE W W TR (P <0.05,P <0.01), W
2,

F2 3M3-L14f IR ZBEERAAREAENAHRRENE N
(x+s,n=6)

Table 2 Effect of IR model of 3T3-L1 cells on glucose content after

different time of culture(x +s,n=6) mmol-L !
45 12 h 24 h 36 h 72 h
EH 16.42+3.46 12.64+1.93  8.47 £1.53 4.92+1.60
iR 18.90 £3.93" 14.68 £1.97% 9.72£2.04 7.12+1.71%

B HIER A, P<0.05,7 P<0.01,

B/
W

3.2 FMXF IR 40 AR Y 5

3.2.1  Fubxd IR QAR A m 5IER 4l
BRI AN 24,36 h 3§ 7 R (P <0.01)
SRR L, R 10% ,7% ,4. 9% & 25 115 41
2436 h AHING ) WA TR (P <0.01), Hfr &z
LI AT 50 10% ¥5 57 24 h J5 4006 ) e b o
%3,

Table 3 Effect of Mori Folium on activity of IR model cells(x £s,n=6) %
2531 TR EL/ % 12 h 24 h 36 h 72 h
% - 100 100 100 100
LT - 69.01 £12.24 80.36 +10.21" 77.28 +13.16" 97.12 +19.78
Z 4 24 3 10 116.32 +16. 18 133.96 +19.21% 117.52 £11.38% 115.35 £16.28
7 113.02 £15.31 120.65 +12.11% 103.27 £8.06 101.16 +14.52
4.9 97.32 +8.12 111.34 +12.76% 93.81 +10.23% 105.05 +9.37
3.43 104.01 +7.28 107.41 +15.24% 94.76 +12.21 110.31 £10.79
2.4 102.10 £19.05 89.71 +11.98 94.76 +15.21 104.21 £11.50
1.7 107.18 £13.08 89.46 +12.13 94.78 +15.56 106.72 £14.95

W HIEH AR P <0.01; SHBAL Y P <0.01,
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3.3 b IR 4 A A 7 0 Y 0 #E B S TNF-o 1 5%
M 5 IR H 2 Hb g, B AR 2 2 A N R D PR IR
(P <0.01),TNF-o 73t i T} (P <0.01) 5 57
2 #E, FE MR TR B0 10% ,7% ,4.9% ,3.43% 1
SN, AT B 4G 0 26 R 25 B IS FE (P <0.01)
TR ECR 10% 7% B F0E & 2510035 55 37 05, 4 o
TNF-a FaW i FFE(P <0.01) , AR &HA &M
LRI B P B 2 5, B R R
G3ER 10% 7% (38 5 25 1035 55 R 20 B, 3R &t
XF TR 40 5 R TR s ps i s, Wk 4,

3.4 Fbxd IR 40 MR 5 R A5 50l H A O H
Somp S mbn] B K i IR 40 g InsR, IRS1 A1
GLUT4 & [ 3k, Ml IRS1 25 1 22 20 W2 W W2 1k
(P<0.05,P<0.01), WFEs5,K2,

x5 RMWIRAMEOENREEHZM(x+5,n=6)

x4 R IR AMBEEEEER TNF-a
Table 4 Effect of Mori Folium on glucose consumption and TNF-a

of IR model cells(x +s,n=6)

IR (x £5,n=6)

g0 B B A A TNF-a
/% /mmol - L ! /ng-L~!
EH - 0.88 +0.34 55.65 +30.91
FER - 0.36 +0.20" 177.70 +68. 75"
U180 10 0.84 +0. 14 71.57 £29.72%
7 0.73 0. 11% 91.55 +44. 83%

4.9 0. 69 +0.06% 108. 06 £48. 63

3.43 0.63 £0.17% 119. 98 £48.52
2.4 0.57 £0. 10 132.83 £47.82
1.7 0.56 £0. 12

W SERAHEED P <0.01; SHBA HEYP<0.05,”P<
0.01(E£S5H),

142.89 £50. 24

Table 5 Effect of Mori Folium on the relative expression of insulin signaling pathway protein in IR model cells(x +s,n =6)

24 5 TR/ % InsR/B-actin IRS1/B-actin p-IRS1/B-actin GLUT4/B-actin
EH - 0.94 +0.19 0.44 +0.07 0.55+0.11 0.83 +0.09
LY - 0.48 £0.08" 0.11 +0.03" 0.90 +0.20" 0.39 +0. 15"
e R (R 10 0.84 +0.13% 0.25 +0.07% 0.57 +0.10* 0.57 £0. 15%
7 0.89 0. 28% 0.18 +0.09 0.82 0. 10 0.58 +0.16%
Ins R A —— — 120 <2 R o AR, 37 500 0 55 5 et JE 25 R BL I A
IRSI — — 132 kDa I WELE IR FEERR, hEINN BRG]
PIRS S S S—— 170 \Da G 5 B R B i AR R SR I IS T AR U e T
GLUT+ SRS - D 1 B HL I R R, o 2536 97 T2DM A 25t 45

fB-actin — 15 D2

A B C D
AVIER B BRI 5 € Rt 35 25 i35 R BUAr K 10% 5 D. Znt iy 2y
[IRGEL AV
E 2 IR Zfh InsR,IRS1,p-IRS1,GLUT4 & B Rk ik
Fig.2 Electrophoresis of InsR,IRS1,p-IRS1,GLUT4 protein in IR

model cells

4 itig

T2DM J&: i T 1 5 35 A= 40 36k o g KK i 7= A= 1 ML
PRBEZS He 25 R 1 o 2 4 o a8 25 L A9 0 X
PP o B 1 RO &R, AT LA B I A )
TR PR AR B TR I A S AR AR 2 Al O RORE 4 R
# LR B AR UUE 2 07 O A A TG R 7 o 4 i
SRR (IDF) i & Won , B it F 294 4. 25
{CHE PRI B, Horp g3 80% 10 5 3%y T2DM, 3 H.
Ub 7 F AR A RS2 38 . T2DM 32 L% B IR,
IR & A= 7 Ins 8 45 2 45 Q185 08 0 9 AT fo] o 2, 1
JERE KRZNZMWIGKFM IR, B Ins Z K555
2R MH ", BT RN BT RS IR, R

W20 2 TN R T AR YT R DR 1w FH 25, %%
By Ho 2 —

IR F23Z B LU NE WL IR I, (H 25T
Fe W] TR 5o 75 v B 07 20 20 0 48 0 I g B g Y
JIE W7 20 U U2 LA (9 4ift BE 4 B, R I 4 2 H 22 A
Wb as H , 2R 90 I 7F TR (1 40E o #2 b 2 4%
YEH . — J7 T & A5 Wi 240 B 0 3% fe % 48 e o3 Wb
TNF-a, 1L-6 25 58 i 711, 55— Jy 1w, He Bt ol
DL TNF-a, IL-6 , fi¢ #F R 5E K0 19 & A= o g i 4
Jfij& TNF-o EEORJEZ — A7 B 45 T2DM 3
PP TNF-o K- B 5 85 AR B R A, S0 iF
T S B R BUNE W 4 4L rh TNF-o &5 8 BT,
Jig I 4 L v ) TNF- 5 32 1k 25 & J5 v LUK 14
InsR M1 IRS1 f&3k"" 7T LA S IRS 22 % % W 1R
A, 4100 ) L s 2 R W TR Ak, /D TRST 3% 3k sl 4 i) H:
Tk, TNF-o 36 7] LA GLUT4 By 323k, 3 Ins {5
I B AL T B BN E IR, R AIK TNF-a [ 3R 3K
AT LU RO A Tns SRS, B3 TR,
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FRYT T2DM (A I B 3, (& F0 ) T 2 il
A, L T A0 M S, AT Re O A I 45 R A
Mo HFFEHIE B, 2 K 44 2 R T Y 3
S H A PR ke SR R 2 1M 3 R AT
2 S5 e, Ay kB 00T A 4 R 28 MY B[R] B
B2 L AR 0 B A TR 2 g 0036 3o v 3
HE ST X S v K AR ) S S B 2 T A o AT
THE  RILF M KSE Y h EEON IR S, &
-5 24 135 Hh 3 B R 2E A0 Y S Sk
I3 5 0 6 1B R 20 O R R AR AL A
538 o 5 S 3T3-L1 ij g 7 40 M 384 58 43 4k, il 45 IR
MR, KA AR m U B IRAIL. S TR E
250 AT EE AR, AT LA B R TR R 240 i %o A
25 W 110 5 IR, 3 Y S 5 207 1L 37 X S AR A4 i TR B AR
WHAEEN . Rk ar LUK 3T3-L1 5 7 44 il
IR BAY TNF-o I8 KF, Rt & 25 MG 85 57 )5, 4l
Ji InsR, IRST, GLUT4 7B [ iy % i% L, p-IRS1 %3k
T, 2 BT S AT LU AR D 40 53 W TNF-o 3K
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