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[# Z B8 U5 E (naringenin, NAR) XPHE R 55 (diabetic nephropathy , DN) /)N B3 52 Wi AT 71Nk 22 RS 44H i 2 A P
F R IRFE A T~ (tumor necrosis factor alpha, TNF—a ) F 4 41 i /-2 —6 (interleukin—6, 1L-6) ik MIFEH . F7i% FF 10 RN
db/db DN /INERIAIL A3 it B2 22 41F0 DN 41, RR145 5 H 55 HUERE db/m 1E 8 XIS R B LEA 75250, Forhiil fe RAV/ RS
T 50 mg/ (kg x d)Al R FKIELLHE S 2 JAbHE, DN 4l/N RS T 45 A B KR SeiE 2 JAbH ) IE R 4/ RS T1E R e, Rl
PR A PR A A RIS (urinary albumin excretion, UAE) 35— &85 ; HE G4 (RTINS BUE IEZH 2B/ INSRIE S 270
g B INEUE /IR BRI A 25 T AN TRI B AR B (5 mmol/L 1 25 mmol/L) A DMEM B35 38555 . Hid 5 mmol/L F 45 Wk 2 1%
FEAIANM A IE H 26, 25 mmol/L 3 A5 BE B 55 A0 A h a4, 25 mmol/L 75 25 Wk BE 45 37 L v i ARH 2 28 400 pumol/L 1533
B Al e 22 ELISA J5AG 00 R 5 [ F TNF-o F1 1L-6 3K ; Western blot K5 41 i 57 A2 L A2 () NF—kB p65 85 & 151%
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111.303, P=0.000; F=65.127, P=0.000) ; A ifiA% NF-«kB p65(0.29 + 0.01) 45 ErHi4H (0.81 + 0.02) F&AK (F=1579.764, P=0.000) , £5i£ .
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Molecular mechanism of naringenin inhibiting the expressions of inflammatory

factors of mesangial cells in diabetic nephropathy
Li Hongmet' , Jiang Wenhao®, Zhang Y ajuan? , Zhang Zheng’
(1. Department of Pediatrics ,Chongging Red Cross Hospital(People’s Hospital of Jiangbei District) ;2. Teaching
and Research Section of Cell Biology and Genetics ,College of Basic Medicine ,Chongqing Medical University)
[ Abstract)Objective ; To study the effect of naringenin(NAR) on diabetic nephropathy (DN) mice and the expressions of inflammatory
factors tumor necrosis factor alpha(TNF-a) and interleukin—6(IL-6) in glomerular mesangial cells. Methods ; Totally 10 male db/db
DN mice were randomly divided into two groups:NAR group and DN group. Five db/m control mice were set up as normal group.
Mice in NAR group were treated with NAR [50 mg/(kg x d)] by gavage for two weeks. Mice in DN group were treated with the same
volume of saline by gavage for two weeks. Mice in normal group were treated with normal diet. Body weight,blood glucose and urinary
albumin excretion(UAE) were tested in mice,and the morphology of the renal glomerular was tested by HE staining and electron
microscope. Moreover, the glomerular mesangial cells were cultured in DMEM medium with different glucose concentrations(5 mmol/L
and 25 mmol/L glucose). Cells in normal group were cultured with 5 mmol/L glucose. Cells in high glucose group were cultured with
25 mmol/L glucose. Cells in NAR group were cultured with 25 mmol/Ll glucose containing 400 pwmol/L. NAR. Then,the expressions of
inflammatory factors TNF-a and IL-6 were tested by ELISA,
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45246 H BR : hitp://kns.cnki.net/kems/detail/50.1046.R 20180528.0957.008.html 24 h](F=254.302, P=0.000) ; glomerular mesangial area was
(2018-05-29) smaller[(2 098 + 571.84) wm?] than that in DN group[(4 240 +

and the expression of NF—kB p65 was tested by Western blot in
the cytoplasm and nucleus of the cells. Results ; After the treat—
ment of NAR in mice, UAE was decreased[(51.48 + 8.54) ng/
24 h] when compared with that in DN group[(99.3 £5.15) ng/



— 1158 —

BERERKZFIR 2018 £5 43 55 9 #5 ( Journal of Chongging Medical University 2018.Vol.43 No.9 )

536.66) pm?|(F=24.468,P=0.000),and the mesangial proliferation was lessened. Additionally,after the treatment of NAR in mesan-
gial cells,the expressions of TNF-a and IL-6 were lower(1.99 +0.29,1.76 + 0.15) than those in high glucose group(2.82 +0.14,
2.53 £0.32) (F=111.303,P=0.000; F=65.127,P=0.000) , the expression of NF=kB p65 was decreased (0.29 +0.01) when compared
with that in high glucose group(0.81 +0.02) (F=1579.764,P=0.000). Conclusion : Naringenin may play roles in relieving albu—

minuria and mesangial proliferation via inhibiting the expressions of inflammatory factors through NF-«kB in DN.

[Key words ]naringenin; diabetic nephropathy ; inflammation

W PRI 2 LR — > E S S A P
F R T D AR B @ R . B DR B (diabetic
nephropathy , DN) J2 4l R 95 £8 35 19 21 2212 4 I & RE
Z— LRI R R A S Ty B A, H
¥TZ 5 DN IR R L, FEBQR T AL B
o PRIE , 2 H RTI R b AXERE, ARk 1 i i
DN “ffRIE (microinflammation ) "= A A DN J&—
TR S AN AR S e e , DN AR B AETE R 2N
i 3529 0 22 T AR AE A T e TR K P-4 vy | G 1 S
ARASTEME PRI 7100 5 o & e vh R4 EAE I, B
DN fY i fre 5 S0 I Tl i AR AR e R G2 1937 Ak
PN YRR R BRI HEAARDLH] H AT AR Rt
TRABEFE DN 5 RAE M HAAIEZR O DN #5444t
B, X DN ARG NG Y B BB

i % (naringenin, NAR ) & —F ) IZAE7E T A
IR MG FLeta ) S 25 253 i RARA &
Yy, REWTERM Al K R AL TP h AU 35
R SE AW R T 2K S VAT QA A 7
S MEYNEE I B AP E AR, 2
&, TEME PRI I R TR, A WE5E & Bl B 2R T LA
38 1o 418 4% F 5% PRl F-—k B (nuclear transcription fac—
tor kB, NF—kB ) L9 0 ITLAH M X 470 25 M b 5 1 1) 48
SiE S VAT 08 T, DA % fifk R DR o JEE 400 45
P, R A PR BT A B, il fe 3 ad e e Ak
H: K R F-—B (transforming growth factor—B, TGF-P)
{5 AR IESE DN R BB ES T | #8250 B2 2% DN
AR A E A I, TR AR PR s /) BUVE FH e
BT Gy i A B, G HC A e 220 PR '
BEHY db/db /N RARIEIRAS A FEMA , A UL AR IE , PR AR
IS VR 3 PR A A SR R R Al B 3R X db/db DN
/I B IR 1 L B v W i A 1) /N ok R A Y
i PR I 2B 1 B RS2 IR, R Al Bz 26 AN [R] DN
Y S Wy A 1 ] B 2R M08 A R S E IR 1~ GK Y52
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1 #MEFnAEE

1.1 E3AH

1.1 SE8esh  db/db /NS HRTEBR D25 IARY 2 AUREIR
995 "B s Sl AR Y | 4 TS s BB SRR B Ik e v, 8 ]
o IR H A R, B RE A A E . 8 A IEYE SPF 4R
JHERE 2 OB RIS SR C57BL/KST—-db/db /N 10 HURIE
X AR CSTBL/KSI-db/m /NS K [ SLACCAS (T E R
B b6 sy oLy ) o /NEUIE 18 °C~25 °C, HIXAHE B 50%~
80% ISR, — 98— H , B B OKEE, 9556 006 5 KBS
BERAACIRZS D1 SR AT, 38 W PR SR 1 RS Al 4 i
T 4 IR AR 2 L FHETE R (urinary albumin excretion,
UAE), FLZ db/db /N FRUR MR IS IE 8 X B2 /N 22 =
LR RAEA R DNOJEASEES . db/db DN /)N BB HL
3R 2 4Ll R AR DN 4], B2 S 5 1 db/m ANRAE R
[R5 IE 5 6 IE R RS, NS TR B Ay M IE R 4L, 5
Hhh e ZAUNRA TR 2 50 mg/(kg x d) #EEHEE 2
DN /N TR AEOKESEE 2 A, A2 E R4l
/N UAE % DN /p 22 5 535, 3 dl/NERBEF A3t 0.9% 5
AR TR T 5 TG IR U, F TR 8RS,

112 4ifsEse ANEUE/NBR R IBEAN PR SVAOMESI3 51 A
AR B AR . 4EHIEE SR T DMEM 3595 N 10%
RG0S BT 37 °C . 5%CO, AR EE AR 3540 . i)
SEH R4 S 100,200,400 ,600 T 1 000 pwmol/L ¥ 2 4
FEA R AR T4, 7R 400 wmol/L ¥k BE i e 2R
of 2 AN A EL A B S A DRI e e v B Sy 5
ISR AT AN EARATR : LAA 5 mmol/L LA 19.5 mmol/L
HEEEL R DMEM $5 57 3404000 & AR HUIRAS (IE# 4 ; 2
25 mmol/L i ATHE ) DMEM 35 7% IR0 PR s = IR S (75
W) ;400 pwmol/L Al iz Z AN 25 mmol/L #5434 DMEM 1%
SRR MR A

113 SEBill AR AR (Sigma) 215 =98%, FH—H
FEAPIN (dimethyl sulfoxide, DMSO ) % i 400 mmol/L (135
ARV, B T =20 CIRAF . ¥R R HE H F—a (tumor necrosis
factor alpha, TNF—o) Fl [ 41 Jitl /> 25 6 (interleukin—6,1L-6)
ELISA &7 &l [ U180 7] s DMEM IR IARE S350 F
J2[E HyClone /A H] SRS B Gibeo 23 F) ; Western bolt A2
IP 4 I 2417 BCA 25 [ 2 137 & P29t Bl Histone H3 |
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GAPDH DAPL W B 111§ 3 2= KA 5 AR A R &) ;PYDF
I ECL fb2 ek a0 G0 A 35 18 Millipore 23 7] 5 St
Bl NF-«kB p65 4 [1 3¢ [ Abcam 237 ; bR 5 IR &0 [
R A E N 5 AR AR [ S5 E Y G,
1.2 %%k
12,1 /N ARARRI BT i AR I RBRAS I bR
AAER SR, BN | 280N BUR bk AR BBUR S7 B8
PR B SCRS: DU IR R A SR /IS BRI ZE IR B 24 h TR
T, /INRAEARIE AR H IR ORI RTTE AR LN 0.5 mL
i B0, R TR 2% S35 A UAE,
122 /NREHEAZUE NER IR /N IR ST
A Ul KA TRARE Je 8, 19%ER BRI 731k
J&i BT Y SE I HE Yt R0 T ISR B /N ERTE 25 2 AR
1k, S REHLITEL 100 ASE/NERI I T AR,
123 ARGTHGRM  NRENEH LS 2.5% % FER
pH7.3~7.4 I 1%5RIRE 5E , ik , 1238 AL B b0 i #7
BRI, BBTIER FA A D5t
1.2.4  ELISA #&0U SR FBULIAIE L ABC-ELISA 7546 4%
VLA TR B AN RN T 96 FLAR , T 80%i#l & J5 X
100 pL 538 B IA B TNF-« 5% 1L-6 B9 EEFRA
37 CHFHE 90 min, WLH L& S A TNF-a 28 1L-6 HLIANF &
60 min, TBS ¥k 3 ¥, ALY R ARG AT 028 IR Y
30 min, TMB 75 €5, BERRE 545 FLAY G2 BEA, K6
febrik 3 M FATE AL,
1.2.5 Western blot #:l Wit £8 % JI5E 40 il |, 25 .0 UL U J5 3%
100:1 (Y LLAIfINA RIPA 24 1l PMSF 7K F24# 30 min, }1
(8] &5 1H] B 5 min JEiRIET 15 5,15 000 r/min B5.0> 30 min, #i
4 LU, BCA JRIE B ISR L 4% 1:5 M ELBIR & SDS-
PAGE 5 H _EFEZE s F1 35, 100 °C, 10 min £ AR M,
SDS-PAGE JRHE I, -l I A Gt Bl p65 HLiA (1:500 k) |
G R Histone H3 HLA (1:500 ik ) At i fl GAPDH HifA
(1:1 000 FiF¥) 4 Cid i, TBST & PVDF I 3 Y, in A AR
bR i L 2E P e 1eG (1:8 000 Fif®) , EIRFEIRIFE 2 h,ECL
4, L GAPDH  Histone H3 1E N2, CM-2000B BiA:= 4 &
2R FRGE (LR AT IKBE 5347
13 it

BT GERER ) SPSS 17.0 B3 43 Wr ik A b AT A B, B
B LASIEL £ bRUEZE (x £ 5)Fom , ZREARI R HLBCR B N
FI7 2500, FoA Wi LR 1SD— 36, Kk v «=0.05

2.1 AKE TR DN b Bomtr

S5 W] DN ZHMUBER UAE &5 T 1F 320, it j 2 21
HBEAT UAE 58 DN ZHFRAR, S0 Al B2 22T 3% ARG L p 240 0ok 2%
JREEFRHIL(FE 1), 1 DN 2RIz R IR AL 22 5
TCGEIT T S, Fom il B 3R XA 5T e S A AN K
22 AMEFELE DN DB IR ARG A

NV IELLZ HE Yo 0 )5 ST MR, 25 R & 3 DN

2H /BB /BRI I H 2H/INERMG O 5 i B2 R AL B )5 1 DN/
FUE/NBkEE DN /N (] 1) i —20 005t /N T AR R 3,
DN 41 (4 240.00 + 536.66) B 1EH 41 (2 120.00 = 286.36) ' /)
B 1 A K (F=24.468, P =0.080) , 1fij il J 2 20 (2 980.00 =
571.84) %% DN ZH /)N (F=24.468,P=0.010) , 5055 Wi 5% 2%
— 3, Bl B ZOG R DN B /NBRE G IR

F1 MRERE.MERRBESH R0

o s (NG 1 UAE
2415
(R (g) (mmol/L)  (pg/24 h)
WEwH s 19.42+0.76  824+0.69 13.9+293
DN4l HE 5 3894+1.100 289=x1.07 99.3+5.15
Wiz EH M 5 37.76 £ 1.04” 23.86 +3.05" 51.48 + 8.54
F1E 627.244 158.940 254302
P 0.000 0.000 0.000

Ha, HIER 41 HES, P=0.000;b: 55 DN 41 Hbds, P=0.08;c: S5 1E# 41
H AL, P=0.000;d: 55 DN 41 H0#5, P=0.01;e: 5 1E % 41 4L, P=0.000;
f:5 DN 41 Fb4, P=0.000

Bl 1 HE ZBAaN/NR SIS NREEFLE (400 x)

AR, FELARE A R R DN /INEUEE/NER | R i L S il A
FME A RS IE %, AN P R A C il , 2R 4
METCIRK 387 db/db /N FRFIH DN s BB 6 3, (B Al
RS 1 DN /NRU ) R B A B ] R RS AN
WSk (RIRETE A000L7 P R A AR TG A B, 2R B4 i JE A ik, 2
il B 2% 2R FEHE A A IR DT E AR DR B 9 1) &
(K 2),

BONAL C. AL

A IEH 4L

2 REEWNREEE/NKFEFEE (10000 x )

23 AR EBARZ MR A0 RO 40 K g T AR KT
ELISA 255 7R | i 3% 00 B /NER R A0 TNF-a il
1L-6 FERACTROEH AL 5, i R 28 2 ZR RS 4 i TNF -l
116 FRIKKVHL AL FEAR (18] 3) , #875Ah B 2R mT o b
REFR 0 R AN 9 RE R T Rk KF
2.4 AR F IR BAEIE IR0 R e NF-kB Ak
Western blot #5025 A& i 4 M 25 38 W, s B 95 10
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B /NER R AN NF—kB p65 MIA% 32 15K V-4 15 4 5
il Fz 28 A0 B 5 LSRR KV Bl AT (BT 4.5) 4R il 2
0] AR SRS SR 00 R AN NF-kB p65 Mi% ik K,
MM NF-xB &AL, i S A S 40 i 1) NF-xB ARNBESL
T, P ECHIS AL SO N RIB I RE 1 32 BH.

35 WL 4L
3.0 A e a o b
- N o il 241
204 ah

1.5 1

Ao FEIH

1.0 1
0.5 1
0_

TNF-« IL-6
TNF-a :a, 5 IE 5 20 HHC b 5 @ HL 4L, P=0.000, F=111.303;
IL-6:a, SIEH AL, b: 5 rhEL HLEL, P=0.000, F=65.127
3 ELISA ¥ REMAM TNF- o F IL-6 BYRiX

1 2 3

(nuc)NF-kB p65(65 kD)

W W W | 3 (20 kD)

1B ;2. mitlidL ;3. iz 4
& 4 Western blot #ill R BR4RAE % iz NF-xB ByRi%

0.9
0.81
0.71
0.6
0.51

0.41
0.34

0.2
0.1 -J
0-

EEal

NF-«kB #3A5{H (NF-kB p65/Histone H3)
o

EREE A
a: GIEW A, b i i, P=0.000, F=1579.764

B 5 ZIEZAA NF-kB Western blot & HIREEEE

3 3 i

W EUESE R A & DN B — A E 2
o BB i e ) B SR A AR 0 M 6
AR A U 22 B /NERIIE R, /N BRI R Y
JEFNE NekiEfL , 2 DN BRE R D, ZFAR
FLFEEIR AL MR B0 )28 8 RAES T R
TR AR IR 7 AR SR A R B S 238 B e rp HL R

PUHIM AR TE G RE . A R 2R IR A S T A
1GYT DN RSB 11 22— SRM B A i JCHA 1 i a5
W I IR . B IR 19 & 8, A7
FIRAC A W R A2 3 56 1, il R bR AL S B
FHFBIR IR TT O FE G5 . 2 I0GE & 21,
KI5 RS R 1 % R
] AT SO T AT DN AT R R R K
SR PITE DN iR il Re R ZEH . Wil
WFSEHGE Al R X —FE 2P iR B R PR
TR0 38 Brer gl B TSR F B KRk & WA
W PR S LI g rh B B T, AR
RS T Bz R AOBE R /N B T 15 B 224 5 45 T4l
Bz ZR AR R IR K BTR 2 BEAR A2 SR, AL AT e 2
ol iz 2R ELAG B S B AR S/ i e i, DA
IR B O I R A% R 5 76 o IR TR IR %5 B2 AR 2R
FIAIBRAE RN R 245 T4l 69T ) /N RAEAE B |
I P R e Iy 2R L R R 4 W T A2 15
PR , ABFGE KIS T DN AL/ R i 2%
T BRI G A UAE S0 SRR, DL X8R
B2 R AE DN /N R AR YRR, mT A b A A
SRR, 2D/ NRUE RS HE Guth
Ja AT IC B A2, A B/ NER TR S S BT, A
Bz Z /N BB /NER T RS DN 40/, 278 5 45] DN
B /NI, (R  rRARAS SR il e 3R
/INERZH R REERE A B S ], B A B 222 % DN /)N
BRI DR 1A 2K F AT R 32 3 o 0 ) B /N BR AR
o B AR R IR AR R AR Sl At 17 1t A
TR A N R B TVARYY DN I —Z254,
A AR AT BEBUMAN T DL 55N R
YERT . Tl R AR HA B R E R KRS
Wy, LB RIVE AN, A — e 3 R iz
F X DN R B A= (VR ) SHLEIE A5 FRATTER A

F5E R BALHE B /INER N R 20 Y 7Nk 2R B4
J BN TR AR AR AT A AN P S AR Y
' I 1 20 DL B SN R e 4,
WA PR AN BB K40 &3 v A2 5 DN 1Y
SORERT RN, [R]E , 30 A7 RSk 22 () UF 8 148 3¢ BH 4 E
AHOC R A AE A 2R IE R RN - Ak e 5 e
IRFEIR T35 16 B /NER R A0 i rp 2 57 ek K
25 DN RO, ASCIRZE R R FE SR
F: Z A MR R T TNF-a F TL-6 3R 7K 45
IEH A R R, S R SCIRES R —8, [, Sp
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Tl iz 252 ZR IS AT S TNF—o F1 IL—-6 283k 7K V-4 e b
T R BER M B2 3 S 5 PR R I AN i 4R iE
KR,

SRR T S 2R R FR R A B ok PR T R kK
SERHLE] , RS ALRE H OG5 AR B S0 W A
NF-«kB, AT JE %, NF-B §9754k5 DN £ g 78
e BRI AT WA PRI SR B/ NER ZR AT i
o NF-kB (975 Ak ] {2 1 22 5S40 14 7, 4 2R 4
22 Fh Ak 2 R 40 5 il 2 IR 75 NF—kB {5530 B
A AR R BN B K AR AE R, AR AR S50
2 BB PR R BT 4L 2Pt 2 B NF—«B 1[5
53 [ 5 AL RTRE OGS DN RS A1 AL Il B
PR NF-«B 935 4 B I T B st o F 3, B
IS S A 2T R R R R AR A G
AR SEG 45 o moE IR Y R AN NF-«B A% &
P12 K- IA 5 1 T 0 A0, B R R b R NF-
kB &AL, SIREGE AT, 0 S
R NF-kB %85 1 3RIAAKF- 2 I R, 32
FN 2 2 AT I NF-xB AAZ, BEIE G AL, A
M FEAE AP T35 T, AEZE DN /NRZR s A |
SR, Ml i R 5 NF-«B A9 B AR AR R ERE, 215
FEAEAbE 250 L A EAE A Rt — 2B AT

25 TR AR R T DN /N &8, 71
il G AL AT ARIE I B NF-xB ARG 1L,
MR 26 R F- A9 23k, X DN B By iG 97 BA
—EMEA . AT DN AL RHLE 552 4%, il
FAT DN Z R A 1 ELRAE B A WL e 22
RAMFE ,
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