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ABSTRACT Objective: To evaluate the protective effect of berberine on pancreatic TC3 cells lipoapoptosis induced by free fatty
acids, investigated the role of PTEN/AKT signaling in berberine involved beta cell protection. To explore the anti-diabetic effects of
berberine and its influence on inslin secretion. Methods: The basal and glucose stimulated insulin secretion capability of BTC3 cells were
evaluated when exposed to FFAs with or without berberine by Radioimmunoassay. The expression of PTEN, AKT, p-AKT and apoptosis
related proteins Bax, Bcl-2 and Active-Caspase3 were detected by western blotting in BTC3 cells when exposed to FFAs with or without
berberine. Results: Berberine substantially facilitated the basal and glucose stimulated insulin secretion of beta cells in high FFAs condi-
tion. Western blot revealed that the phosphorylation of AKT and Bcl-2 was markedly decreased under lipid stress but was elevated when
treated with berberine. Moreover, FFAs could up-regulate the expression levels of PTEN, Bax, and Active-Caspase3, but down-regulate
the expression levels of p-AKT and Bcl-2 in beta cells, which were canceled by the addition of berberine. Conclusions:Berberine observ-
ably inhibited the apoptosis, elevated proliferation and the basal and glucose stimulated insulin secretion of beta cells in high FFAs condi-
tion. Furthermore, the protective action of berberine was probability mediated by activation of PTEN/AKT, which was accompanied by
the down-regulation of Bax, Active-Caspase3 and up-regulation of p-AKT and Bcl-2 expressions.
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Table 1 Comparison of the basal insulin secretion and stimulated insulin secretion in different groups

Insulin secretion( pIU/mL)

Groups n
5.6 mmol/L glucose 16.7 mmol/L glucose
Control 6 64.52+ 1.09 113.43+ 3.57
PA 6 4242+ 0.34%* 29.53+ 1.26%*
PA+BBR 6 50.75% 0.86** 61.62+ 1.35%*%

Note: ** P<<0.01, compared with control group; ## P<<0.01, compared with PA group.
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Fig.1 Comparison of the protein expression of PTEN, AKT, p-AKT among different groups

Note: A: control group of exposing to PA for 24 h; B: model group of exposing to PA for 24 h; C: Berberine treatment group of exposing to PA for 24 h;

D: control group of exposing to PA for 48 h; E: model group of exposing to PA for 48 h; F: Berberine treatment group of exposing to PA for 48 h;

G: control group of exposing to PA for 72 h; H: model group of exposing to PA for 72 h; I: Berberine treatment group of exposing to PA for 72 h;

**P<<0.01, compared with control group, * P<<0.01, compared with model group.
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Fig.2 Comparison of the protein expression of Bax, Bcl-2, Active-Caspase3 among different groups

Note: A: control group of exposing to PA for 24 h; B: model group of exposing to PA for 24 h; C: Berberine treatment group of exposing to PA for 24 h;

D: control group of exposing to PA for 48 h; E: model group of exposing to PA for 48 h; F: Berberine treatment group of exposing to PA for 48 h;

G: control group of exposing to PA for 72 h; H: model group of exposing to PA for 72 h; I: Berberine treatment group of exposing to PA for 72 h;

** P<<0.01, compared with control group, “P<C0.01, compared with model group.

AT IR DRI, AT RS ST AL R 17 ORI B B AR
IIRERCA B A BE PRI ICHE o P2 B AE v [ By s i Aok
IRITHERIRE AT 1400 ZAERY TS, IR I RIS A BT R
R/ INBERRC BT BT A8 DU B SO 2 e AN kb B 4
P SRR R o (E H RTTERE PRI (9 I ARG 7 v
JOE AN (B AR , FE I P, — 7 T2 /DN S ik 14 7 3 1 W R A= 4
HIFHEEAT IR, 5 B ) HAZ O AR R A LI ATL A o AR5
TR X — FORBAAS T R 2 R s i T R o AR/ N
BN , RIS B 20Dl RESF ML W , FLAEA R SR 1C
IHEEARLEIRTT PRt o A TR AU B 2L, U R AR A T
P B A IR RAE ) R R R EE R

/INEERK (BBR)JE T2DM YA 7 H i 5 22 (19 v 25 1 73,
WEAREAE FIALIRI B 32 DG TE , RO AN oI 2 3R S0Pt , ek J
RO Wb PLR S TR L™ i 1 8 15 PPARs # F AR K4 il
JHPREE AR A AR a5 5 FAARG i Al 2 M ey Bl . RIFSE SR /N e
BT LA STZ 75 i e A g T, 9809 [l % B AT R IR
RGBS (A S AR, A HRCEDRE)
U0 R RE A R B AT FRE R IBR 5 B ARBAR DL o T SE 3R /N
BEL T AR AR T A B AN T, A S0 o U
BREEINE T B AR #REE T A FFAs $RHIR , LI 45T/
BERT USR8y RSO, 45 R URVRE FFAs flikhl
Je BRI D5 R oMb 5 %) IR A 22 5% (P<<0.01);
X5 SCE MRS R B BRI EAE B AT RE T S B
RO EREE P B OCE E A MA@ 1Y FFAs S EUN B 4
T, BEALEE 1 I 5 28 -0 B i SR 1 AU A5 5 | Rk 1 240 i
P TG AT AT TR W]/ BER(S0 me/kg/d) 23 A
R T B A e B I 3R AT A JHE 2 Bl ) 2 W i B )

L, KRR NS I A S0 FFAs AET1ES . Lint &
/NS R SR INS-1E ZRH AU SRR/ B i i
AMPK AU {11 UCP2 FeA M1 AL B, MRS 4000
SRR /INRERL T LS FEAS 3 U B AN 17, 230 440
1 FFAs v OB B AL T RS TR FRAS 16 s %

PTEN 76 /NG 471E R B0 iy G 0EAF T B, P
BFFHIE R/ N T LGS0 L5 P9 AT PTEN 335, W
AKT 348 7098 % 51 BBR X DU WV S (K UM B 4
bk INS-1 45405 6 {547 2 7T i 15 PTEN/PISK/AKt £33 B
09, EATRIFGE 3 W7 W2 TR AN T £ PTEN A LG
ST, A Bel-2 B 14 RS, BUR PTEN B S
IR AN T AT RE 5 Bel-2 475609, Chueh %585t 3 1/ B0k
R A Bax/Bel-2 FOZEk L BPIHEE B AN -0, A
SR WEEF B BTC3 40 PTEN . {2JHT-JEH Bax, WUF
Caspase3 % 1472k K LR RIS L3R, T/ NSERRT X Fh
LA R IR 7 B 4TI TR RS , AKT
BERRAL RN, 0P T 3L P Bel-2 B K T e , /I BEw AT 45
FUHAE (B2 T 07 TR MR i T AT, B B 40451
P , /N A AT 10 B 1A F A BB B S5 LM
S , 505 ROV LA T 0 S, BB (R
AT — 5 1 A

FIRT PTEN 25 B 24100 T R e & 2 408 L 3 324
WPERTTI : — 71T, PTEN BA W SR 2 / PBR/AKT {55
S 10 67 PR TR, TR0 2 3 ) 4T, 9
AT I ZE R R RS, HE T B ANIRE.
SNSRI ENE BT WL PR 41 2R 5k R PTEN 3



- 814 - DREYES#HE www.shengwuyixuecom Progressin Modern Biomedicine Voll17 NO.5 FEB.2017

PR i g e 5 2R A, 3 T TR 5 L, 8 R 2 R A T
B e I AR S B 5 B AT B I ™, 55 —J7 i, PTEN 7R
FERE IR T B A 5, AT RESE Nrf2-ARE YIRS Ak R

T WA SRR T A RS R BB A A

05 b AE TR O M B A DR M B A R, T Nef2 A

PI3K/Akt 1§ "cross-talk" H.A TELEH, X —id Fe &7 PTEN

TP ™ B AT RS R W] PTEN ] LU Nef2 Fr S 04¢

A fLE HO-1 fRIKP
R SLHG B PTEN-AKT {55 M Bcl-2/Bax Caspase3 £ 5

T/NBERR R BB Y B A AR . {HH TAIMA PTEN

FEOU , WK HERT PTEN JEIA B J5 FEEA T4 MO 58 A T R

By 23U S EE A AR DN, S AN RE UE /N B i i 9 PTEN

AN FFAs ¥ 09 B 4 T, HAEUH PTEN 25 1 1%

WA, /NEEGAT B ANA I T A5 PTEN-AKT Gl ARG, 1M

H ARS8 FURTEA MUK SR/ T LLRS B R 5 | ik

FUPTEN |l , ZEB/ e i PTEN {5 58 gl g 20

JEL R T AR PR B4 S A IS B T 7 R s s e, A

PTEN ik PK] il B 4 DR 3 ) 5 2 ok WL %% PTEN 7 /)N BE G {7

[ iy B A A AR i HAAATLR

£ % 3T ik ( References)

[1] Barlow J, Affourtit C. Novel insights into pancreatic beta-cell glucol-
ipotoxicity from real-time functional analysis of mitochondrial energy
metabolism in INS-1E insulinoma cells [J]. Biochem J, 2013, 456(3):
417-426

[2] Singh I P, Mahajan S. Berberine and its derivatives: a patent review
(2009-2012)[J]. Expert Opin Ther Pat, 2013, 23(2): 215-231

[3] LanJ, Zhao Y, Dong F, et al. Meta-analysis of the effect and safety of
berberine in the treatment of type 2 diabetes mellitus, hyperlipemia
and hypertension[J]. J Ethnopharmacol, 2015, 161: 69-81

[4] Zeng J B, Zhang Y, Sun Q, et al. Phosphatase and tension homolog
overexpression in insulin resistant diabetic adipose tissue [J]. Chin
Med Sci J, 2014, 29(3): 167-173

[5] SuD, Zhang C L, Gao Y C, et al. Gene Expression and Correlation of
Pten and Fabp4 in Liver, Muscle, and Adipose Tissues of Type 2 Dia-
betes Rats[J]. Med Sci Monit, 2015, 21: 3616-3621

[6] Hou R, Zhang J, Yin T, et al. Upregulation of PTEN by peroxynitrite
contributes to cytokine-induced apoptosis in pancreatic beta-cells[J].
Apoptosis, 2010, 15(8): 877-886

(7] 3K4E, ) T4k, Fue . > SR & 8 W5 BR 4R 45 69 e By BTC3 4w
Rt AR A J]. IR A4 B S ik &, 2016, 16(13): 2442-2447
Zhang Juan, Liu Wen-shu, Li-Xiao-miao, et al. Protective effect of
berberine on lipapoptosis in pancreatic BTC3 cells induced by free
fatty acid [J]. Progress in Modern Biomedicine, 2016, 16 (13):
2442-2447

[8] Joffe D. Liraglutide: a once-daily human glucagon-like peptide-1 ana-
logue for type 2 diabetes mellitus [J]. Am J Health Syst Pharm, 2010,
67(16): 1326-1336

[9] Li Z, Geng Y N, Jiang J D, et al. Antioxidant and anti-inflammatory
activities of berberine in the treatment of diabetes mellitus [J]. Evid
Based Complement Alternat Med, 2014, 2014: 289264

[10] Zhang X, Zhao Y, Zhang M, et al. Structural changes of gut micro-
biota during berberine-mediated prevention of obesity and insulin re-
sistance in high-fat diet-fed rats[J]. PLoS One, 2012, 7(8): ¢42529

(11] X =A, B, R2h ik, 5. 5 5 g M 8o KR B 9 2 3 Ao B
Bmiem e Heasta 0] 7 & EA X F F4k, 2013, 30(05):
657-660
Wen Yu-mei, Li Li, Cai Jin-wei, et al. Effect of free fatty acid on iso-
lated islet cells function and apoptosis [J]. Journal of Guanxi Medical
University, 2013, 30(05): 657-660

[12] Somesh B P, Verma M K, Sadasivuni M K, et al. Chronic glucolipo-
toxic conditions in pancreatic islets impair insulin secretion due to
dysregulated calcium dynamics, glucose responsiveness and mito-
chondrial activity[J]. BMC Cell Biol, 2013, 14: 31

[13] Shen N, Huan Y, Shen Z F. Berberine inhibits mouse insulin gene
promoter through activation of AMP activated protein kinase and may
exert beneficial effect on pancreatic beta-cell [J]. Eur J Pharmacol,
2012, 694(1-3): 120-126

[14] Liu L, LiuJ, Gao Y, et al. Uncoupling protein-2 mediates the protec-
tive action of berberine against oxidative stress in rat insulinoma
INS-1E cells and in diabetic mouse islets [J]. Br J Pharmacol, 2014,
171(13): 3246-3254

[15] & &2 DEBTE B MRy 1M AL HBR [J]. F
JRIE 4 32 e &, 2014, 30(12): 2213-2218
Wu Hui-ling. Protective effects of berberine in pancreatic islet beta
cells[J]. Chinese Journal of Pathophysiology, 2014, 30 (12): 2213-2218

[16] ZFtk, 40, B X, % . PTEN JL B35 5 A Je I % SHG-44 2a je
A=A bel-2 &g &k TAD]. PiE, 2002, 22(01): 29-31
Li Xia, Zhang Xiang, Gu Jian-wen, et al. PTEN gene induces apopto-
sis and Down-regulation of bcl-2 protein in human brain glioma
SHG-44 cells [J]. Tumor Jan, 2002, 22(01): 29-31

[17] Chueh W H, Lin J Y. Berberine, an isoquinoline alkaloid, inhibits
streptozotocin-induced apoptosis in mouse pancreatic islets through
down-regulating Bax/Bcl-2 gene expression ratio [J]. Food Chem,
2012, 132(1): 252-260

[18] Wijesekara N, Konrad D, Eweida M, et al. Muscle-specific Pten dele-
tion protects against insulin resistance and diabetes[J]. Mol Cell Biol,
2005, 25(3): 1135-1145

[19] Pitha-Rowe I, Liby K, Royce D, et al. Synthetic triterpenoids attenu-
ate cytotoxic retinal injury: cross-talk between Nrf2 and PI3K/AKT
signaling through inhibition of the lipid phosphatase PTEN[J]. Invest
Ophthalmol Vis Sci, 2009, 50(11): 5339-5347

[20] Almazari I, Park J M, Park S A, et al. Guggulsterone induces heme
oxygenase-1 expression through activation of Nrf2 in human mammary
epithelial cells: PTEN as a putative target [J]. Carcinogenesis, 2012,
33(2): 368-376



