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Abstract

AIM: To observe the expression of hepatocyte
nuclear factor 6 (HNF6) and the activity of
glucokinase (GK), the key enzyme in glucose
metabolism, and to investigate the possible
mechanism of berberine in treating type II
diabetes.

METHODS: Mouse primary hepatocytes were
isolated by an improved single two-step per-
fusion method. The murine hepatocytes were
incubated with berberine (0, 1, 3, 10, 30 and 100
pmol/L) and 1 mmol/L metformin for 24 hours.
mRNA expression for HNF6 was determined by

RT-PCR and analyzed by consequent quantifica-
tion, and the activity of GK was detected by an
enzyme kinetics method.

RESULTS: Compared with the negative control
group, 1, 3, 10 or 30 umol/L berberine promoted
the expression of HNF6 mRNA (1.00 £ 0.21, 1.11
+0.06, 1.37 + 0.10 or 1.40 £ 0.09 vs 0.68 + 0.02;
P <0.01). At 10 or 30 pmol/L, berberine up-
regulated GK activity (0.069 + 0.082, 0.080 + 0.073
vs 0.009 £ 0.007; P < 0.05). Both of these reached
a maximum at a concentration of 30 ymol/L.
At 100 umol/L berberine, expression of HNF6
mRNA and activity of GK decreased, probably
because high-concentration berberine inhibited
the growth of primary hepatocytes.

CONCLUSION: It is suggested the effects of ber-
berine in improving glucose metabolism may be
associated with its up-regulation of HNF6 mRNA
expression and induction of hepatic GK activity.
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NATTHE I 5 565 5 73 T U S AT 23K 1 1) ik
LT 40 A% IR 7 SR 1% 53 (hepatocyte nuclear
factors, HNFs), B A IWHNFsAL 57 0] 5] =
SRR N R BB JR I (MODY 1. MODY 3 A1
MODY5)!": P T HNF s7E B A i) 8 223
1 Y S H A% S 25 55 00 R s s i e ) FE 2 |
BT RO HNFsEA AR 2 )24
W AR B 5 0 1 0E, v LR AL FI G
JEARU 2R AL, S B AURE R Y, HNFemt &1L
Wz — NBERGE T 2B ) R BNy, BT
2R E R B A A L IR AR AT 2 T
FUA W /NG i 0 1 a0 - 4 1 5k 3 280 B A
MR TACI . ARS8 W/ NEERE S HNF6 & GK
MRFRITI T AR NTERCR, I IR 7 i R
Toa [RIAIL .

1 #RREE

1.1 SEEENY): 6-8 wk SPFZ% B WA/ R
A R K2 R B 2 B s S sh 230, /NGE
ol IV B 2R 6- B IR A 26 B I A
M5 (G-6-PDH)A [ Sigma’s 7l; — HXUIT i i
DAL s |, i ZE KA I U]
S Pl T A0 R A R 1 0 o bR e T
RAIZAT]; RPMI 1640853755, a4 I35 6 B
GibcolA#]. —HILFH(MDMSO). PUFEAHE
MR (MTT). 5- =W IR 4l (ATPNa,) I 1
Amresco’A 1); RT-PCRiA 713 TOYOBOA 7] /™
i, ELX8004 H A EE A=l iA%, OLY MPU S|
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fif0.5 g/L, NaCl 3.9 g/L, KCI 0.5 g/L, CaCl, 0.7
g/L, Na,HPO,*12H,0 0.2513 g/L, HEPES 2.4 g/L,
pH7.5)20 mL, fi¢/HAER 100 H A 8 LU 495 10
HEV: BUR HFIEFIRPMI 1640(A 25 IfiL i ) B 97 4k
2l Ak, FHBE T RlE 2 B A P, 49 2000 40
Jf Vi FH 200 H 8 i 99 38 25 AN B i A 16 AT 2L
JEFILF4EZH 2, 500 r/miniZ 037Kk, 1554l K
F90%- 5 1K T-90% 1 FF4H L. JiF-4m i 15 7R
(RPMI 164085772 3E, {1 135100 mL/L, &40
AR KR 7-0.02 g/L, HEFEKFA0.005 g/L, Bk %=
0.005 g/L, pH7.4)557%3 dJ& F T3¢ 5%

1.2.2 MTT s OB SR A0 M B Bl 7 96 FL AR
L IANAS [RIHR BE 1 /NBE B0, 1, 3, 10, 30, 100
pmol/L), 1 mmol/L—H WKT 1, % 2HDMSOR
HI940.2%, HIYRLMFR TR, BHSSAE
FL. B57%24 hm, AN0.5%IMTTH 10 pl. 4%
ERiFR4 h, SR EERFRM, IIAN100 pLEYDMSO,
RGN, BT AR ERI490 nmi

T,
1.2.3 RT-PCR . HNF6
mRNA SR MU24 hiSHRERNA, 7

A I W R, FIRZ IR 23 S DR IR N AT
WRPERNGEE | HLA 10/ A 5o LI E1.8-2. 0 RN AT
TSR, 51 AAT R IF B R AR AR TR
A G, GBI 2 pglIRNAY
KA M CDNAFEEUATPCRY 1, 184 1F 4
94°C FilAe 75 min; HNF6: 94°CAEPE1 min, B2k
58°C 1 min, 72°C ZEf#11 min; B-actin: 94°C 4550
s, I8k 54°C 50 s, 72°CILEM50 s; F 4G IG5y
BIAN29 3AMEIR; B J572°C 10 min. 338 =4
2816 g/LEENEEELR BRIk, THRER B oA b
HEAT OGS BEFAH. BT FUK SR A, L H I
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2 g M@%*’{R g lmgﬁu E(bp) /J\ﬁiﬁlﬁ(mol/u /4490 E;E%Z(%]
HNF6 5'CAAATGGCAGGACGAGGS' 434 0 1.984+ 0.114 100.00
HNFs 5'GTGGTGGAACAGATAAGAACGS' 1 2.023+ 0.150 102.02
p-actin 5'TGCCCATCTATGAGGGTTAC3' 579 8 1671+ 0.334 84.39
5'GGAAGGTGGACAGTGAGGCS' 10 1.628+ 0.270 82.24
30 1.530+ 0.248" 77.37
100 1,505+ 0.115" 76.01
2

ity LU B-actin AR RR 4RO BE A R 7R &5 L.
1.2.4 : GKIE PR H Wl v 53 17 1) O 3%
R®™, EED RN, RN MR e 6 FLAR
o, FEIMAAN FIR EE I 25 ) 859724 G, 7555
71, D-Hanks¥55 5833 )5, HIPB ST U641 i .23
R, & K,HPO,(20 mmol/L). EDTA(I mmol/L).
MgCl,(110 mmol/L)EL&ZDTT(5 mmol/L) T
VA % AR WS A O P R Ak L, O Ak 3 S
WAALE4°C LA12 000 g 0215 min, YR L.
T PRSI S I 4 R B (100 mmo /L) FHAE B
(0.5 mmol/L)PH 4, JL4H 1k : HEPES(50 mmol/L,
pH7.4), KCI(100 mmol/L), MgCl,(7.4 mmol/L),
NAD(0.5 mmol/L), 0.05% BSA, G6PDH(3 mg/L),
ATP(5 mmol/L), B-mercatoethanol(15 mmol/L) %
R AN R B A AR RS G B 10wl
F1200 pLi M, HF30°CHE A1 h, A2 mL
NaHCO,(500 mmol/L, pH9.4)K & 11 [ .. 1£347
nmAR S, 448 nmIE RO R E BOEEA .
AN, BATEATPHI0.5F1100 mmol/L3 25 B i
WEAE R 2 4. GKIETEHI 100 mmo /LA %5 b
I E IR AR 35 ek 2205 o 1/ 737 265 B3 Ak 82 I )
TR HE R RS 2 s AR S e . H A
TR GKATEE: (A -(CHEA )/ (B 15
S XN [AD).

BT Hds 9 R FSPS S13.0 5 A
mean =+ SDIHFAT /4T, FIFRIN 207 2 0 AT 4t

2 BR
2.1 M/N BRAT 21 1 JsU AR 4
MK 2 TSR TE, DECIABIEAR,
A E, Sodal WK SRR N A (EI1A). HE
et ] WAL 2 A% . XU AN A S A B = A% 40 g
(K 1B).
2.2 MTTEZ: R
SR B A /N BERRA T (R0, A7-5 2R 38 Wi AT i
B, IR SRR TG AR £ R R (R 2).
2.3 HNF6 mRNA

1, 3, 10, 30, 1003 5l 7R/ INEERRIAJE M 1, 3,

P<0.05, "P<0.01 vs (0 moliL).

10, 30, 100 mol/L; — FF 37~ — FOSUI I 5 4
1 mmol/L, 5BHHEXEA1(0 pmol/L)MILL, /NEE
BRTEL, 3, 10, 30 wmol/LIF1 — FIXUITA) g fid i3t
HNF6 mRNAJ#&IA(P<0.01), LL30 umol/LI 3
k% (&12).

2.4 GK 0, 1, 3, 10, 30, 100
I3 BRI INBERRIR FE 490, 1, 3, 10, 30, 100 umol/L,
T EROR ORI 1 mmol/L, fHEI3ET
A1, SBATELL0 pmol/L)EbE:, /INEERK AE S - 1
GKIF T RIE, (H A - 10 pmol/L,
30 pmol/LINf Hyf v 74 W] i 1 i (P<0.05, &13), LA
30 pumol/L A £ 5.

3 e
ANBE N A4 SR, TP REN EE R, K
WILLRAENR IR T Tz iR T7 A 2
5, ARSI S I SR BN B A % i
T 5% B4 43 Mol 5 3R, JE S/ INBE BT B
FR G PR T, JeAth AT AR S AN BB AT LA
E T 40 5k E o 2 0 AR Y i AR g /B
TP 0 R AT 7 R 7 21 FE
HNFOLEATE . BRAR. KM R A g v
WHRIE, b5 HEHN 2022746 R 45 4, )
A 2 5 1 U 2 A Qs b 2 R 1. GO
— i OB, AR I DGk i . —, I
S AT AE T R 0 R B 4 B . GRS
PRI, (R T R B R A, (PR A R
RESI1E 0, PRI ERE RS2, A iR R AR e
GKJZHNF6 | i B 4% Bl A RN K1, 3B A TA
HNF6 A P HIGK I A () A
ARSI OB SR B, AN AR B 9 /N BEBRAE F
TIEARIF 4N A, SIEHNF6 mRNA KX GKIG K
AN AR, R S A3, BIYE— e IR
[ A B /N BERRK FE (R 14K, HNF6 mRNA
PIZIEIE TN, GG PG o, 2/ NBEm IR B A
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2 RERE/NEEFHHNF6 mRNAKIL. A:
mRNA RT-PCR ; B: HNF6 mRNA
(n = 6, °P<0.01).

HNF6

(100 umol/L)i}, HNF6 mRNAKIFIALGKHK
VR R MR B, X AT USRS FRAT Al Az R
PRIE . GKITE VS ANEER & — E 15 = AK
WG FR, BIAE BRI S 30 [l P B /N B Bk A 5
(10 38 K JH- 40 A% DR 1 [ 4608 . GG 5 |
Fhia A, /N BERR A FE 4k S 18 K 3 B — KT T
S MR N T I IE . GRS P i B R, Xl
it 55 L v VA R AR A Al i F AR KOG, FR
BRI, 5 BHYEXT FZHAH L, HNF6 mRNA)
FIEAE/NEERRIRJE H1, 3, 10, 30 pmol/LI ) bk
FHINP<0.01), GKIITEHELE/NEERRIKR E 10,
30 umol/LIN A &2 ¥ N (P<0.05), —F {130
wmo /LI ik 2 d5 KA, 0l A Ui AT 4 /N EE B
WL B — B FEE R A THNF6 mRNAZKIA

GKIPITGPESA H ZH80 . INBERR B R AR AR Ak |
HHNF6 mRNARIL. GKAETE L £, 1
GK X JEHNF6 1 H 2 5 A RN R 7, A SES
R IMGK TG HHNF6 mRNA F kAR a3
FEAR—BG WA G O /NEER AT Re SR T
HNF6, i i HNF6/F A 4k >k 1 15 2L i 1) JH- 4
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ARG DG R G K VG 1, AT IA 211 14 R 1
(P . AR B AT T2 TRA BAE L, MLy
A%, FRATTIEAS REA 22 ARAT] 2 7] S 45 A7 A7 HL B
R R, HHUHA R B0 9T, I AMASE 5
U8 2 — XU AR B ATHNF6 mRNA —
SEFESEI N, MH A 5 [ GRIG I (3 58, JX ] B
L HAFHNF6 mRNARIA B AL F|— R K.
B2, NBERRRERS I THNF6 R IA, 1
YT R R O S, AT R A LR T
B SR I, RLEHNF 6 1] 6 2 /N BERR G )T
B DRI (0 DB R 2 — . (ELSR /N BE G 4] U 4
HNF 6B i A Ui A O S 1) 22 05 A A I 26 fihy
AT AR TR F DR R A R E— DR
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