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Effects of ferulic acid on inflammation and autophagy levels in

glomerular mesangial cells induced by high glucose
FANG Qing, MA Ru-yu, HE Ying-hao, QI Min-you®
(Institution of Pharmacology, College of Pharmaceutical Sciences, Zhejiang University of Technology, Hangzhou 310014, China)

[ ABSTRACT] Objective: To investigate the protective effects and possible mechanisms of ferulic acid on diabetic nephropathy by ob-
serving the effects of ferulic acid on the level of inflammation and autophagy in glomerular mesangial cells induced by high glucose.
Methods ; SV40 MES 13 cells were cultured and randomly divided into the following groups: normal group ( Control, 5.6 mmol/L glu-
cose) , mannitol group ( Man, 30 mmol/L mannitol) , high glucose group (HG, 30 mmol/L glucose) , ferulic acid group (FA, 30
mmol/L glucose + 12.5, 25, 50, 100, 200 pwmol/L ferulic acid) , and the proliferation of SV40 MES 13 cells in each group was ob-
served by MTT method. The levels of tumour necrosis factor-a ( TNF-a) , monocyte chemotactic protein-1 ( MCP-1) and interleukin
1B(IL-1B)in cell supernatant were determined by enzyme-linked immunosorbent assay (ELISA). The expressions of NLRP3, TL-13,
LC3-I1/1 and p62 proteins in SV40 MES 13 cells were detected by Western blot. Results: (DThe proliferative activity of SV40 MES 13
cells was significantly higher in the HG group compared to the control group ( P<0.01), while the proliferative activity of SV40 MES
13 cells was decreased to different degrees in the FA group compared to the HG group ( P<0.05 ~0.01). @Compared to the control
group, the levels of TNF-a, MCP-1 and IL-1P were increased significantly in the cell supernatant of HG group (P<0.01). Compared
with the HG group, the levels of TNF-au, MCP-1 and IL-1B were decreased significantly in the FA group ( P<0.01). @)Compared with
the control group, LC3-1I/ I protein expression was decreased in the HG group, while the levels of p62, NLRP3 and IL-1B protein
were increased significantly (P<0.01). Compared with the HG group, the expression of LC3-II/ I protein was elevated significantly
(P<0.05) in the FA group, while the levels of p62, NLRP3 and IL-1B protein in the FA group were decreased significantly ( P<
0.01). Conclusion: FA can inhibit the abnormal proliferation of SV40 MES 13 cells induced by high glucose. FA can protect glomer-
ular mesangial cells by inhibiting inflammation and increasing the level of autophagy.
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B R 9% B 9% ( diabetic nephropathy, DN) J& 4 IR
J% ( diabetes mellitus, DM) i) WLIF & 9E, — B 5 P8
AR B (end-stage renal disease, ESRD) Hifi A
K 40% 2o Ay, ™ BRI N 26 AR T i & MR R A
firt o 7E DN HPR R T, SOAE SN2 5 B DN K A=
KRR R ™ R R R U0 S 4 i Ak R
-1 ( monocyte chemoattractant protein-1, MCP-1) i
JR YR SE K F-a (tumour necrosis factor-a, TNF-at) | [
A %-1B (interleukin 1B, IL-18 ) %5 i) K& 23 o 7] fdf
DN 4 F ) B B 5k — 2 Bk S E™ , thsh,
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1 #REFE
1.1 ##

/NEUE/NER R IBEA AL (SV40 MES 13) 1 FH
BheEpe LA R AR .
1.2 iRF

B[ ZRAR (FA, HPLC = 98% ), P42 T kA=) T.
FEABRA AL B4 M3 UM U2 A9 TR A R
FRZS 7] DMEM IR0 55 352, Wi VAR B A= 0 BHE A
BN 7], — B 3 A0 ( DMSO) | DY B 5 43 4 s 3
(MTT) \BCA B 1 Bl s o300 6 ( Mg si L ) #40 F
A RAYH AL R ELISA Rl &,
% E R&D A A LC3 difhk, £ E CST 24 Al 5 p62 \NL-
RP3 IL-1B $iik (GAPDH( N2 ) ¥l [ 9% [E Abcam
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1.3 MTT EHN 20 A g5 (55
1.3.1 @mpe3zic b 5m B0k M A P B
O R T 5 10% G4 1035 1Y) DMEM {RA# 5 557
(S 5.6 mmol/L) 11, & 37°C, 5% CO,
FEPREAE, 2 ~ 3 dIHAARAR T GRS ~ 7 AR 4K
AR T J5 22555 . L 96 FLAR R AL T XF
BOE K WIRI 4 (5%10* cells/well) , ML 55 24 h,
FRANMIG BE A K 2 70% J5 W R R 25 i 4 1L 1 Y
EFRW R ARG 5 24 b, BEJS 5 BVEW, JHH B L)
T RENL A 21 25 7 AR N I3 1E % 4 ( Control ) , 5. 6
mmol/ L fIGHE 7€ 4 55 752 JL 15 5% H 25 s =5 13 % B4l
(Man), 30 mmol/L {578 5¢ 4 45 97 S 45 5% = i 4l
(HG) ,30 mmol/L = 56 42 35 57 FE 15 77 ; BT B e 41
(FA) (12.5.25.50,100 200 wmol/L) , 7 A i ¥k Ji
BT AR Y 30 mmol/ L e AR SR IS 37
1.3.2 MTT 40l LI E&HYMT 37°C 5% CO,
KR 48 h 5, 4 fLINA 20 pl MTT(5 mg/
ml) R 4 h, 3 LW, BFLMA 150 pl
DMSO £ 1120, b 10 min &, B T EEAR A E
570 nm ALRIMEOSGEEAE (Ay,y ) , AR TH 5 0T 45 200 it 18
B U0 ) 3 il 259 T TR B
1.4 ELISA ;£ E 40/ 7% & TNF-o, MCP-1 0
IL-1B &2

HOGH B0 4 09 1) 2R P 200 B, TR e 9 Ak J5 T IR
A1,ECR 2.5 x10 7 cells/ L 4R, IAEFL S x10*
A S BEER T 6 fLtkrh (BRAL 2 ml) |, 4R [R]2E
AL IS BEDL 7R 3 40 1F % 41 ( Control ) , LA 5.6
mmol/L M 5E 4 55 F2 R 15 97 = 46 (HG ) , LA 30
mmol/L 15 ¥ 5¢ e K5 2 KL K5 5% PSR 4 (FA, 50
pwmol/L) , KL% 50 wmol/L FTZRMAR A 30 mmol/L &
W R FRHEIE R A ALY 48 h, WAR & 41 4H
Ji bW, 2 1R ELISA 2500 & Ut B 5 43 5100 2 TNF-
o MCP-1 Fl IL-1B &,
1.5 Western blot # il NLRP3, IL-1g, LC3-11/
I .p62 EAKRIE

FANRERENL ST 4 2 . 1E R 2H (Control ) , LA 5.6
mmol/L fIGHE 58 4 5% 75 FL 5 3% H 8 W = B 6 IR
(Man) , LA 30 mmol/L (58 &G FR G mbl
Z(HG) , LA 30 mmol/L e et FR IR 77 B2
FRZL(FA, 50 pmol/L) , AF 50 wmol/L Pl ZRFR 1)
30 mmol/L RilETE AR AR IR % 4 ALY 48 h,
WAE R AN, 4R R 1, BCA L H e & ,30% N
I TP P UK A3 B S, IO R o0 A i ol I A58
— ZHEBEE, Western ECL &G B4 )5 10



R A AR 2024, 40(1)

W FHEEI EUZ 53 BT8R (Tmage ) 43T AN [R] 2571 1Y
S, T H B E F AR A,
1.6 SEit=FabiE

JIiA Gt BE B LI £ AR i 22 (xxs) TR,
SEEEYE I GraphPad Prism 6. 0 AT 48420,
FFEH 5 R 7 22 3 BT (OneWay ANOVA) |, DL K
Tukey 30 #E1 T4 0] FLER

2 ZR
2.1 FA 3t HG F 589 SV40 MES 13 ZH B2 58 /Y

A1)

MTT S25045 8 8 7, 5 Control 4 AH H, Man 21
YA AT B 25 5 (P>0.05) , 1 HG ZH 20 i 34 7
T (P<0.01) , FBH B AR i 25 02 17F 28 S 200
W AT HERR BB MR R, 5 HG 41 L, FA
12.5 wmol/L ZH 4 3455 TG b 4 25 5% (P>0.05) ,
FA 25 pmol/L A 3458 W] 2 98/ (P<0.05) , 1M FA ¥
9 50,100,200 wmol/L i, £ Jif 384 5 i 2 A% ( P
<0.01) , ¥R FA BEH HG 75 5 110 28 JIEE 20 Jfd 355 5 57
ANV AR BE (A0l [RIESE 308 335 40 3 0 ] %
B W0 5E LL 50 wmol/L FA VN Ji5 82 52 56 il i 4% 1
(1),
Tab. 1

Effects of different concentrations of ferulic acid on

proliferation of SV40 MES 13 cells induced by high

glucose(x+s, n=6)

Group Absorbance Inhibition rate( % )
Control 0.64+0.03

Man 0.72+0.07

HG 0.86+0.04 ™

12.5 0.81+0.04 5.61x3.97
25 0.76+0. 04" 10.90+6.07
50 0.64+0. 02" 24.99+2.86
100 0.66+0. 05" 22.90+5.79
200 0.67+0.09% 22.39+10.09

*P<0.01 vs control; *P<0.05,"P<0.01 vs HG
2.2 FA 3 HG % 58 SV40 MES 13 4 ffi TNF-
o, MCP-1 F1 IL-1B 7K F I 80

ELISA Z5 5 7%, 55 Control AL, HG 2H 4 Y
EVEWE TNF-o \MCP-1 1 IL-1B % & B (P<
0.01);5 HG 4 L#, FA 4 TNF-a ,MCP-1 F IL-
1B F MK o 2 FER (P<0.01) , $2/R FA fig
W HG 55 1Y B /N BR 2R B 48 B ' TNF-o , MCP-1
FIL-1B8 Y53 (R 2) o
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Tab. 2 Levels of TNF-oo, MCP-1 and IL-1B in the supernatant
of SV40 MES-13 cells in each group(ng/ml, x+s, n=

3)
Group TNF-a MCP-1 IL-18
Control  56.2+ 5.7 98.7+13.5  13.7+1.3
HG 146.4=11.4™  200.7+12.6™  75.6+2.6"
FA 75.1+ 7.9%  120.9£10.3"  26.7+1.9%

*P<0.01 vs control; *P<0.01 vs HG
2.3 FA X HG % S Sv40 MES 13 28 il NL-
RP3 . IL-1B % AE EFHIF M

Western blot 25278, 5 Control 41 %, Man
ZHANAL PN NLRP3 H1 IL-18 F2 3k K V-2 00 i 2 1k 2%
5 (P>0.05) ,HG 241N NLRP3 Fl IL-1B B3Rk
KB E 1 TH(P<0.01) ;5 HG 41Hb%:, FA 41+
YA AY NLRP3 Al TL-1B & &% ¥ B % N (P<
0.01), HULATHI, FA A3 HG 755 1) R 40 i
NLRP3 Fl IL-1B RIEAKF- (B 1,3 3)

Control Man HG FA

NLRP3(118 KDa) -_— e

GAPDH(36KDa) |4l #HS N S

IL-1B(17 KDa) | e e = -

GAPDH(36 KDa) | “_ e - — | —
Fig. 1 Effects of ferulic acid on the expressions of NLRP3 and
IL-1B in SV40 MES 13 cells induced by high glucose
Tab. 3 Effects of ferulic acid on the expressions of NLRP3 and
IL-1B in SV40 MES 13 cells induced by high glucose
(% Control, x+s, n=3)

Group NLRP3 IL-1B
Control 100.00+ 4.02 100.00+14.07
Man 81.38+ 2.88 102.23+10. 51
HG 301.60+ 7.86" 419.42+ 8.10™
FA 186.44+10. 83" 256.25+11.33*

*P<0.01 vs control; *P<0.01 »s HG
2.4 FA 3 HG 5/ SV40 MES 13 A i1 LC3-
I/ 1 .p62 BIEFHIF0m

Western blot 452 .7~ , 5 Control ZH 4 ., Man
HAMIAN LC3- 1/ 1 Al p62 ik K440 i & Pk 25
5 (P>0.05) ,HG A4y LC3-11/ 1 % Al 3
FEL(P<0.01) ,p62 Fibi i # F+m (P<0.01); 5
HG 4L, FA A4 fim ) LC3-1/ 1 ik 83 T+
(P<0.05) ,p62 Fik/KF 0 F AL (P<0.01) , 8]
FA BEHE HG B2 M RGN LC3- T/ T ByFikK
L IR pe2 EEHIRIL (K 2,%4)



72

Control Man HG FA
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Fig. 2 Effects of ferulic acid on the expression of LC3-11/1 and

p62 in SV40 MES 13 cells induced by high glucose
Tab. 4 Effects of ferulic acid on the expressions of LC3-11/1
and p62 in SV40 MES 13 cells induced by high glu-

cose( % Control, x+s, n=3)

Group LC3-1/ 1 p62
Control 100.00+ 5.73 100. 00+9. 66
Man 116.97+11.38 100. 58+0. 88
HG 11.50+ 0.71™ 244.83+6.52™
FA 31.32+ 2.40 175.26+7.55"

*P<0.01 vs control; *P<0.05,"P<0.01 vs HG

3 it

B PRI ' 9% ( Diabetic nephropathy, DN) & h A
EERZAKI'E % ( end-stage renal disease, ESRD) fY
FFHE 0 R PR R AL L BRI
T I EETE NG R AT IR B 2 08 A UESE AR S 5058
Uy A= AN S R TR E VA N S D\ i =
7EXF DN BTGRP IR HE S 24K 4 . S04 2R W HG
ZH 2] TNF-oo \MCP-1 \NLRP3 H1 IL-1B 4 4iF 85 11 9
SN, A WA DG LC3- 11/ TR L fE
i, p62 ikt BT 4878 1 Bl R s 5 /)
R R AT M A Ny 1S i, T e 2 oy U 32 B4
Ff H Man 2019 LR 48455 Control 20 JGHH i 25 57, 7]
PAHERS 5595 R0 /N R 2 A0 i ) 50

RIEAEN DN KB R F 2 &R 75 DN &
iR EEEEMT . MCP-1 (monocyte che-
moattractant protein-1) , R 1k K F ( CC-motif ) B
K2 (CCL2), /2 CC LN T IR B 5t , Wl 7E R
SEI AR 5 H 2K CCR2 454G, i 18 458 40 it i %
({5 Sl H, MCP-1 #0A N 2& DN B AE bR,
H 5B /NEBA I, HHIK-FE S Dy Re it 7 it g
MFkm " Bk MCP-1 8b, R %E K F TNF-a 195 A
SRS AT 52 DN SRR, AN, YA sz —E
RIFAAEZ I, 28 Toll BE3Z 4K (TLR) A9 (pro-1L-18
I pro-1L-1B A% 5% 5305 . NLRP3-ASC & & ¥y
JE I Caspase-1 FTH AL A5 A0 3R, 2 1 /IMA NLRP3 #
WAL P IL-18 IL-1B 45 A MSE I (s 50 714
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DLRC TR 7S 7E DN iRt NLRP3 1 IL-1B
IR 5 1 e e A R RS e, I I A R BUH
AEDRERG'C , ARSE 56 R ] ELISA 15 5 2 B[ 36 55
F- BRI R B5E 41 A 2R E KT 19 AR Ak, 25 5 B HG
At S TNF-o \MCP-1 NLRP3 & IL-1B My 253k, 1M
FA BUA W3R AK AR B Ve, 1 i o] 5%
i, DA R AR

ITAESR | 7E DN #5340, H M (autophagy ) AL
IR S B AN IR BRI LR P9 BR K
O3 T 003 B AR A0 A0 B S 1 4, B S BN L 1 AR
SR REBL (B TR R0, AILA P 40 i Ak
(IR BRRSTFIE— AR, M AR A F AL &
AN, A ALK 51 & AR 8 35 S 0
RAEA AR DA, LC3-T1 & —38 [ MR 45 4 &
F, HAE sl R S B ARk £ B A Are8 [RIVR ) 1LC3
(7K A4 LC3- T RO RRIC DA O 7R Al F
TR K H AR IR R 3 R A5 (R rp 4 A
I LC3- 11 /LC3- T W LB R /N AT VR S D1 248 L [
TG SIIE RS A AR HE . BEAk, p62 ( X FR SQSTMI 2
FO)PE R — K E B M A CE A, Ko w5
W2 e — o R 1 R A0 M P KT B A
Zhang 55 NJIESE DN /N EUB AU AR A Wi | B am
ALY F W AT BE DR DN BOBRIR S EAR
SEEH, AR Western blot R 45 R 7R, 5 HG 41
AHEE, FA BT 40y LC3-11/ 1 HefE M &
Tt,p62 FE KT T, KU FA GBHY R HG i
SRS I ONE N S

A SCHRARTE , [ AT LA 55 HLIAR T B Y -
i SN, 3T REZE NLRP3 45 /IMAAS 51 % vp & 4%
FER ., 76 DNOIRETF, H WD fE 2 3 2 85Uk A
A LIS, e M B 440500 ARSI 56 A 4 i
JKSEAIE B BT AR R AT 9% &2 DN R A T B A KO, 9F
T i B AR SR S 17, 3 T R S ol A R A 4 A A
PR F A B, R BRI EARA T,

g5 b ARSI L A T NER R A
i, AL BT R ) R AP VE T . A5 SRR BT 2R RR R
il B 15 T B /N BR R T A0 B 4 L BRI TNF-au,
MCP-1 NLPR3 \IL-1B #AEH F k¢ p62 H H 17K,
B5R LC3-T1/ T 2R PR3k, H e HE 0 o 2R 2 mT B
A SR AR U W AP A ML ) 4 X
AR PE A, B R, BTERRR X T DN AO1E B AT i
T, {ELBATER R X [ W R I (A SE IR iR D AR S8R
% R RT AR IR T 3 oL 5 ) A RE A I K O R Bl 3
DN, A BTERIR /Y B 5% 5 71 & 4R (L BRIS AR 4l , LA Ky
DN 1l YA Y7 B BEHT I SR s
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