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Effect of GABA on RIN-m5f Cells in High Glucose-Induced
Oxidative Injury Model
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(1. School of Food Science and Technology , Jiangnan University , WuXi 214122, China; 2. State Key Laboratory
of Food Science and Technology , Jiangnan University , WuXi 214122, China)

Abstract: Oxidative injury was induced by high glucose. Cell viability,production of ROS,the
activity of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px),malondialdehyde
(MDA) content,insulin secretion and related genes level were measured to investigate the effect of
different concentration of GABA (10,50,100 pmol/L) on RIN-m5f cells in high glucose—induced
oxidative injury model. The results demonstrated that GABA improved the cell viability,reduced
ROS ptoduction, significant enhanced the activity of SOD and GSH-Px,lowered the MDA content,
ptomoted insulin secretion,increased the mRNA level of Nrf2 and Bel-2,and decrease the mRNA
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level of GSK-33 and Bax. It follows that GABA possesses the anti—apoptosis and anti—oxidative
protective effect on RIN-m5f,and this ptotection may be achieved by inhibit GSK-3f and then

inhibit Bax,and activate several key factors such as Nrf2 and Bel-2.
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TSI VLI ) AR EE FALER ) TH K B . b
TR 2 S B s A IRA )

1.2 3%

1.2.1 @ e 4E X 3E 4 RIN-mSf 40 i %5 5% 3
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Table 1 Sequence of the primers

B-action  LiF519 GGGTCAGAAGGACTCCTATG
iR GTAACAATGCCATGTTCAAT

GSK-38  Li#51%  GAGTGGTGAGAAGAAAGATGAGGT

TUE51Y CCAAAGGAATGGATATAGGCTAGA

Nif2 SR AGCACATCCAGACAGACACCAGT

TG TTCAGCGTGGCTGGGGATAT

Bel-2 51 AACTCTAACTGTGCTTTGAAGGTGA

TE51% AGCTCAGAAGAGAACTTTAGTGGCT

Bax 51 TGGAGATGAACTGGACAGCAATAT

TG GCAAAGTAGAAGAGGGCAACCAC

1.2.8 #FBHI M BRBLL xxs £oR, B
SPSS17.0 %k 1 % % 4 #F 17 8 K & 5 22 43 i
(ANOVA), 31 H Tukey # 5: 7F 17 20 8] 5%, @ 3% K
¥R P<0.05, 1% i 7K P P<0.01,
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GABA (50 wmol/L) X 4 itg () £ 47 VE F 455k, A W 3%
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P07 2 AH LA ) S 35 25 = (P<0.01) , B 20 M A7 0% 2
O E 2 IEH KT, MBIE® AT T 10.08%, I
HAR T BAME % B8 LA 41 (100 wmol/L) (P<0.05)
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Fig. 1 Effect of GABA on viability of RIN-m5f cells in

high glucose—induced oxidative injury model

2.2 GABA EE#HENBRHEE fhX RIN-mSf 4
ffl ROS £ & E /&M

Kl 2 i GABA X v B 175 5 1 8 Ak 30 3 1) RIN-
m5f 2 il ROS A= Wi it A 52 e, 5 1 % 40 AH b, B4
21 ROS B E T, MIEF M 1.70 f5 (P<0.01),
GABA X} ROS Az 5t 1 0 il £ FH 55 25 W vk B 52 0F
FH5&,10,50,100 wmol/L, ) GABA LA K LA 41 A4H Lt
PG E) ROS B, H AR AT ROS 433 R 7.08% |
15.49% 31.44%H1 25.36%., (K% GABA(10 pmol/L)
FHH , A REAR T 7.06% 0 ROS, {H 28R A B 3%
(P>0.05), %N 50 wmol/L i GABA %} [4{% ROS
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A 5 RO (P<0.05) , W B2/ 100 wmol/L GABA X}
FEAIE ROS A 4% & 228, H ROS A9 A= R & 1E
H K- (P<0.01)

20 1 e
d
© cd
1.5 ab be
E@ a T
H 10 F -
n
o
-4
0.5
0 PO G G+10 G+50 G+100 G+LA
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Fig. 2 Effect of GABA on ROS production of RIN-m5f

cells in high glucose—induced oxidative injury model

2.3 GABA ¥ RIN-m5f 40 ff b $71 &6 14 B8 (SOD,
GSH-px)i& /1L & MDA K /RE 4 # B 20

T HESE GABA J2& & HA 48 & b AL R 4
15 1 UL B BEAR TN B AR/, T T SOD Fi
GSH-Px A9 J1 DL K& MDA F7KF-, M 2 ml %0, it
i 4 5 1E % 41 A H ,SOD Al GSH—px 76 7 B % T
B, 43 9 4 IE % 41 49.16% 1 53.57% (P<0.01),
MDA ¢ i & 3 T, 2 IE % 41 A9 2.08 15 (P<0.01) ,

Wi & GABA 7l & 934 n , i %A 1k B SOD #il
GSH—px 1 Y& i Tk = (P<0.05): A Eb 451 43 41 1)
SOD % 71, MK+ &l GABA Al LA 415 5k T
7.60% .30.02% .86.89% .79.04% , v e 77 H AE FH AR
13 (P<0.05) ; M LL 51405 20 19 GSH-Px 7% 77 , ik b i
7l i GABA 1 LA 443l $& % T 7.52% \20.17%
55.40% .65.19% , fr 3% 2/ AR B 5 3% (P<0.01)
Bt GABA 75 B3, MDA & B % 9 B A1 P A
AHECAR 1 20 9 MDA ¥ 2 I rh = %) 5 GABA 1 LA
AR T 5.34% .16.01% .36.28% 1 44.21% ,
e 7 e A FH O 3 (P<0.05) .
24 GABA 3t RIN-m5f 4B fE B = i 2RI &M

Elisa 52 5 5 25 43 b i (1 25 SR DL R] 3, 445 4
AHHEIE 5 41 LR 5 28 0 W i W 35 T B, O OE R A1)
51.36%(P<0.01); fkH =5 GABA 401 LA ZHAH Lt , 5
P 20 198 5 2R 3 W e A Sk T R TR R A A

BITEES T 33.47% .55.04% . 78.21%H1 64.35%, H%

F i GABA H 5 X A M LI A W& E R (P<

0.05), i GABA BCRIE LA HIA W% 2% 5%,

e 77 i GABA 47315 Y JBR B 28 IR v 1 LA 4

(P<0.05),

#2 GABA ESHE S5 #EE 3t RIN-m5f 40 58 i 5L
fIEEZE (SOD.GSH-px,CAT.T-AOC) FHUK
MDA iR & KI5

Table 2 Effect of GABA on activity of SOD,GSH -Px,

CAT,T-AOC and content of MDA of RIN-m5f

cells in high glucose —induced oxidative injury

model
SOD Wi/ | GSH-px Wif/ | MDA/
(U/mg) (U/mL) (nmol/L)
X i 16.60+0.62! 118.36+7.32°  3.16+0.26¢
G 8.16+0.62* 63.41+7.32*  6.56+0.22
G+10 8.78+0.51* 68.18+£9.08"  6.21+0.12*
G+50 10.61+0.86" 76.20£8.12*  5.51+0.40
G+100 15.25+0.76 98.54+6.56™  4.18+0.25°
G+LA 14.61+1.14¢ 104.75+11.64°  3.66+0.10"

T sxas ,n=3, [ 81 A [ 7 B 05 22 5 1.3 (P<0.05)

1501
d

d
T S

* oo T
=
§100' b T
= T
< a
12
=
B SOf
237
=
O 1 1 1 1 \l
Papis G G+10  G+50  G+100 G+LA

xks ,n=3 , AN FBE R 2% 5 35 (P<0.05)
B 3 GABA 7£ & # &4 545 & B s 3¢ RIN-mS5f48 B F% 53
EDWMENFIE
Fig. 3 Effect of GABA on insulin production of RIN-m5f
cells in high glucose-induced oxidative injury model
2.5 GABA ZEEE# FRK T L3 RIN-m5f 4 H1#)
#m
Real-Time PCR #4520 | = Wi T 45t
il h GSK-3B 1 Bax 13 K 7K P 2% T (P<
0.01), ifi Nrf2 Al Bel-2 ) mRNA ikl i % T
(P<0.01), T2 AR R GABA fEHE, BEH
GABA V& JE£ 19 3% 1, Nef2 1 Bel-2 ) RNA RikpEZ
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JI ,GSK-3B F1 Bax ) mRNA /K F-F=z FFE, &
I GABA XF 3R 7 mRNA 7K 9 52 i 250UR
FIET LA H (P<0.05), (ERTEEMZ, il
GABA 41HEfH I & A 7 1 mRNA ¥k & 2 1E % K F
(P<0.05) ., Al RE GABA X Nrf2 ()4 51 FH J2 i i
0l GSK-3B SEELI , X A FFiE— 2 KE
%3 GABA & E# Rk F b3t RIN-mSf 48 B i % 1

Table 3 Effect of GABA on RIN -m5f cells in high

glucose—induced oxidative injury model at gene

transcription level

X iR 1.00£0.08° 1.00£0.06°  1.00£0.09* 1.00+0.14

G 3.05+0.22° 0.42+0.03*  0.38+0.03a  2.28+0.26"
G+10 2.75+0.29* 0.48+0.03* 0.57£0.05" 2.05+0.21°

G+50 2.20+0.11* 0.75£0.06" 0.87+0.03° 1.51+0.05

G+100 1.13+0.14¢ 1.08+£0.04°  1.22+0.06* 0.82+0.08°

G+LA 1.85+0.17"

2.6 iTit

GABA TEHAR I 22 R G rh e —Fh EE A i 223
BT, ERmARARIEITIRG G RN, AR
WY, B 4B T LA B GABA T H. B 40 it th i
Fik GABA ZIK JE N —4 GABA AN ME 5 R4,
Soltani N WY HF5EUEBH ,GABA 7£ R AR v HoA B & 1
PRI VEH . 7 MDSD /INELHY  GABA 38 i 412 32 241 ffd
BT AR AR B ML Sz T, B X T
NOD /N, QiR AERE RGP ] GABA #E47I657 7T LA
B FBEZ B B 40HEP, Tian J 55 AN RIAIESE K B
GABA fRiE AR B 40 M FFAE , JF 4 T1D /)y BRUSE Y
G A IUWEE 5 10 78 HED /N U, R GABA AT
DA e 5 A W i 32 DA R e B R UM . iR A ISR IR
Y, Rk KK B R HE A ATP 0] DL GABA f
FEARUL N B i M g R, ItGABA & RN
ST RE X B A BUR K B, BN AT
GABA UU4E+s B 40 TIRe, A EZMIE LT
GABA X JB & 40 M i P4, 2 LA FH i LA B 61
WA — 2R ETE

py S84k R S RT LG B B 4 i ™ B i
NGRS S SV ) A R N I o iy
B AN T, M Chien-Wei Hou 55 AW 5T UEI
GABA W] DL o IR 21 B 24 1R (KA )75 7 1) ROS 2k
AP AN, I3 I AR N I KO S 3 A 0 40
Z KA BRI EN, Bk, v #2 821K, I W GABA

0.84+0.05" 1.01+0.07° 1.32+0.10™

AT REAE A0 A8 A0 300 i A N SR A R RS R 1T fR P
JEIRINRE . 7340, Nepton Soltani %5 A&, GABA 1]
DLIHE PISK/AKt 342, T 1638 42 (10 38 4% T LA 31 741
GSK-3B. {i kLAY GSK-3B 2l iff Nrf2 Hi42% [ At , fifi
NPT A R JE vk 2R AR DT B A ki
(1 ROSM ) -3 3 412 i#F 22 o Ioj 98 55 140175 5 1 9 R 42
ML T, AT IR R B ZE 0T LA ] GSK-
3B H Y RS AN LB, B 4 GSK-3B
%) 38535 AT RE £33 1 1 ROS Ak i A4 2 400 Jfd oA
TR B 4, Ik GABA o i/F i i 31 il GSK-
3B WE Nef2, AT R HEBUEARIE R, FEAK ROS A=
B, R 2 1 5 3R A b, R AR AP B 4 ML, O 02 4 i
/i

AHETE R B AR AL B RS (44 mmol/L, 48
h), F K [6) % B 19 GABA (10,50 .100 wmol/L) #E 17
T WE T A % ROS AR i 2T AL
it () 355 1 5 2R 0 W B A R AR S FE R KR, S
SEAR R GABA X4 = A0 A7 16 R A B R B
% GABA VR T8, AIME A 7 6 R bl 2 T
M GABA ¥ JEIAF] 50 wmol/L B, 477 35 R 43T
1EH 7K (P<0.05) , 1 H. GABA X} RIN-m5f il fitd '}
ROS A= B & 1Y 4 i) 5 v 2 O M 100 wmol/L
GABA fEHJE ,ROS 7K1 [ 2 1E 5 7K F (P<0.05) ., i#
— B WF IR P EALEEZE (SOD Ml GSH-Px) I 1 1
MDA ¥ B J5 & B, AHECIE® 41, #5419 SoD .
GSH-Px 1 T-AOC ¥ it i ZEBEAL, 17 MDA ¥ &
e 2 TH 5 (P<0.01) . {HJ27E GABA 1475 , Hi A
PR IE VEAR A AS [R) AR B () FH i, 1 MDA A EL 45
Vit A  #F FEAR (P<0.05) . Horbid il & GABA 4H7E
P = P EU I 1 DA B IR MDA v B2 i 35 R T
LA 41, X FW,GABA 716 i bl S Ak 161 5 p A v LA
R A i Pt LA

MIER G RRTE , B AR OE 4, GSK-
3B F1 Bax # mRNA 7KF-53 5l 7t & 17 3.04 £%5F0 2.28
%, 1 Nrf2 I Bel-2 43 51 B AIK 22 0E % 4119 41.90%
1 38.29% ., TE4: T AW E GABA {4 f5 ,GSK-
3B ki GABA 5 42t T s 0 B A, e %) &2 4H 19 GSK-38
F1 Bax 7K - 40 x5 45 4 20 51 B AIR T 62.83% Al
64.03% , 1Ml Nrf2 Fl Bel-2 (/K F-Ri#E GABA 7 & T+
e T T R A e 2 A KT R X A 0 2 43 S e T
2.57 f13.21 4%, D EZ5R K  GABA BHAT B & &
=B AN A A7 TS R A BE T, GABA W] B J2 3 2o 1) il
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GSK-3@ #E M Bax I AH N 42 5 Nif2 1 Bel-2 7K H, I RE A 2F e 8 2= 3w, i B K B GABA E Al

P T S LA AL T ) 5 GSK-3 MARES N2 mRNA A 00 FE 1, Hoxd
-3 5] I e
FEE—SBBF9E L B2, GABA 6B A B IR Iy 1 ELAT

AHFSE 45 5 £ W GABA 5 B 17 S5 42 1L 1 TR AE 10 A B Ih RE AN AT
15 19 RIN-m5f 40 Bt ELA % I 10 o S Ak Ao 0 T 1k

Sk

[ 1] Zatalia S R,Sanusi H. The role of antioxidants in the pathophysiology,complications,and management of diabetes mellitus[J].
Acta medica Indonesiana,2013,45(2) :141-147.

[ 2 ] Mrudula T,Suryanarayana P,Srinivas P,et al. Effect of curcumin on hyperglycemia—induced vascular endothelial growth factor
expression in streptozotocin —induced diabetic rat retina [J]. Biochemical and Biophysical Research Communications,
2007,361(2):528-532.

[ 3] Fardoun R Z. The use of vitamin E in type 2 diabetes mellitus[J]. Clinical and Experimental Hypertension,2007,29(3):135-
148.

[ 4] Rains J L, Jain S K. Oxidative stress,insulin signaling,and diabetes|]]. Free Radical Biology and Medicine,2011,50(5):567-
575.

[ 5] Jope R S,Johnson G V W. The glamour and gloom of glycogen synthase kinase-3[J]. Trends in Biochemical Sciences,2004,29
(2):95-102.

[6] Rojo A 1,Sagarra M R, Cuadrado A. GSK-3f down-regulates the transcription factor Nrf2 after oxidant damage :relevance to
exposure of neuronal cells to oxidative stress[]J]. Journal of Neurochemistry,2008,105(1):192-202.

[ 7] Fonnum F. Glutamate : a neurotransmitter in mammalian brain[J]. Journal of Neurochemistry, 1984 ,42(1):1-11.

[ 8 ] Adeghate E,Ponery A S. GABA in the endocrine pancreas:cellular localization and function in normal and diabetic rats[J].
Tissue and Cell,2002,34(1).1-6.

[9 ] Soltani N,Qiu H,Aleksic M,et al. GABA exerts protective and regenerative effects on islet beta cells and reverses diabetes[J].
Proceedings of the National Academy of Sciences,2011,108(28):11692-11697.

[10] Tian J,Dang H N,Yong J,et al. Oral treatment with y—aminobutyric acid improves glucose tolerance and insulin sensitivity by
inhibiting inflammation in high fat diet—fed mice[J]. PloS One,2011,6(9):e25338.

[11] Winnock F,Ling Z,De Proft R,et al. Correlation between GABA release from rat islet —cells and their metabolic state[]].
American Journal of Physiology—Endocrinology and Metabolism,2002,282(4) : E937-E942.

[12] Hou C W. Pu-Erh tea and GABA attenuates oxidative stress in kainic acid—induced status epilepticus|]J]. Journal of Biomedical
Science ,2011,18(1):1-10.

[13] Rojo A I,Sagarra M R,Cuadrado A. GSK-33 down-regulates the transcription factor Nrf2 after oxidant damage:relevance to
exposure of neuronal cells to oxidative stress[]J]. Journal of Neurochemistry,2008,105(1):192-202.

[14] Zou Y ,Hong B, Fan L, et al. Protective effect of puerarin against beta—amyloid—induced oxidative stress in neuronal cultures from
rat hippocampus :involvement of the GSK-3B/Nrf2 signaling pathway[J]. Free Radical Research,2013,47(1) :55-63.

[15] Yang J,Cron P,Good V M, et al. Crystal structure of an activated Akt/protein kinase B ternary complex with GSK3—peptide and
AMP-PNP[J]. Nature Structural & Molecular Biology,2002,9(12):940-944.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.2 2015



