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Effect of berberine on glucokinase and its related glucose metabolism

in rats with insulin-secretion deficiency

RONG Tai-zi, LU Fu-er, CHEN Guang, XU Li-jun, WANG Kai-fu, ZOU Xin
(Institute of Integrative Traditional Chinese and Western Medicine, Tongji Hospital, Tongji Medical College,

Huazhong University of Science and Technology, Wuhan 430030, China)
To study the effect of berberine on glucose metabolism in rats with insulin-
The fasting blood glucose (FBG) was observed before and after treatment,

Abstract: Objective

secretion deficiency. Methods

insulin (INS), hepatic glycogen, lactic acid (LA), and the activity of hepatic glucokinase (GK) were
detected after two weeks of treatment. At the same time the protein expression of hepatic GK was

determined using Western blotting. Results

In comparison with the model control, the FBG level of

berberine group was obviously lowered, and the levels of hepatic glycogen and GK significantly were
raised, while the level of INS and hepatic LA showed no evident difference. Conclusion It is suggested
that berberine has the significant effect on improving glucose metabolism in rats with insulin-secretion
deficiency, which might be closely correlated with the effects on activating the activity and the expression
of GK that is a key enzyme of glucose metabolism.
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NBERBAEFGPHEENEEFTZRRS . MR
BB R AR B H KR R B & AR BT R A1, BE
EXNERGEERATROAMREA FEHHE
B0 HE , U R/ BERR A BE R AR T RO AL R R
HERAEEDN BRI ETIRRE/NEEB R EREE
AEEETUHEBESE (INS) BSBRED &
FB2H % B YRR T, /1N B A DM PR R AN 4 )
HEEHBES MM AW INS MEMER ., BEB
P E AN (GK) SHEBEERAT,.Y
TWEF R B X EE T AR A . AT
JEH B GK 3 INS KB 987, 24 sk A = ad, W
M3 INS KFAHRLF+ 5, GK 15 Hh %58, 55 R & iR
BT, nfy fg BN BEBRBE A 3% INS BURME A
et INS S BPEF , KIS 7E? BEBRHMB
BL,GK T RER/NER A E RS . BT RiEX—1/&
WAL INS W BB K ROV RL R
WM H GK MR,

1 #EE5F%

1.1 ZY5iEAN R ER CFMN TR H R
AR, AR 99.3%) G AT & 0.5% REE
F %KL PBS B (NaCl 136 mmol /L. KCL 2.7
mmol/L. Na,HPO, pH7. 4) B & & =k B8 /> B¢ %
28.125 g/L MR B ;R —F WK (P X LG
REWAERAFRAF) FREHREHRBR PR
BK 9.175 g/L IREW . I RAN& WFIeadetk
BRRAFARAT HE LA WMiXEg WTFHR
BRAYITEARID, MERS ERAN K& (b
FTHEHEFRBAE2HARE . HEREHZR
(Streptozotocin, STZ, } Sigma A =5,

1.2 FEAS E AL RSN E .
DYCZ—24 %3 H AR 2 3k 8 .BDF—1600 Y XU{H
Wi . DYY—7B %I % % 8 3k . WD—9405B %l
B,

1.3 Y a5ER . EREERBIER Wistar X
B o46 R,%4 2 A, KE (2004£20) g, W FHIdLE
Bt e BN RS 1 BE, B 38
RXR, R iv STZ 65 mg/kg; BRI 1 A5, R
B Bk B M W 2= B O MR, O 25 BB I BE > 16. 65
mmol /LM% 32 R BENLA AR 3 4 (BERIA 11 A,
ANEERRAE 11 R, “H KA 10 B) . /NERA %
562.5 mg/(kg + d) AKK ig MNP RBIEEK,
BRERBAA 1R UUTHHAHRBEREE K
FED ; —HXIRA K 184 mg/ (kg + d) ig ZH AL
BEBERA g & 0.5% RPRGFHEERN PBS

WM, Mk 3 EETHMIEBEEEARN, SR
sc INS 1 3K (3% 16 U/kg sc E# INST#, HH 8
HAARAEEMARE, DEERNBREERNEE
H, HRAKRRTH 2 B HEELRIRFEHYIELT,
PRAGEARRHBAS ) . KRKRAHFER 12
h, BB # BRI 43 288 AV O 2 Bl , R 1
Z-84 60 mg/kg ip FREF, B F 30 KB, 3 000 r/min
B0 15 min, R ERMES %, —20 C RF. BN
INS, [FAHHE B A, S S RET,
ME —80 C KPR,

1.4 ZEEIMBER INS BRI . 25 I8 R AH &
B EAL IR U , INS R A RS S e 2 W 5 L 39 724
e BR A R A B AT HRAE

1.5 AL LA B . HEER U RE.
1.6 FPEEEAN .2 REEEERE. EREBTA
%8 100 mg, 1 2 mL 5% =&/ Z B (TCA), i3
HEBEUK,F 4 C KBIR BRETFHREE O
£ 4 C.3 000 r/min £ TFE.L 15 min, B EFB
BBEH— EP &, EHW 500 uL, FA KB P
fmA 1.5 mL EEAF (FRE 50 mg BFi,1 g
BR.IMAT 100 mL 72% MBBT) BiRS,% Lk
BEH B SR BB KB &S 10
min, BF ARKELThEZR, 7T RAHERE X5
HEEBKBPEAERE, T 620 nm FKANM
ZERAE,ZHEL 5% TCA 500 uL, fil B &
1.5 mL F#EAR— R, EfREH R, REREH

CRITE BRI R RE.

1.7 BFRE GK & ¥R : 8% Davidson 357, BUHF
L 100 mg, AT BB E R, B INA
1 mL 4253 % W (pH 7. 4,Tris « HCl 50 mmol /L,
Hepes 50 mmol/L, EDTA 1 mmol/L, MgCl, 5
mmol/L, KCl 100 mmol/L, DDT 2. 5 mmol/L),
FASIEYLH R 100 ARFHK. 7 4 C TR 12 000
r/min B0 15 min FIEHOK, IR B R % LB IE
B2, % 10 . FERBARERMEK (pH 7. 4,
Tris » HCl 50 mmol/L, Hepes 50 mmol/L, NADH
0.5 mmol/L, MgCl, 7. 5 mmol/L, KCI 100 mmol/
L, DDT 2.5 mmol/L,/J\ﬁFjﬂliﬁEIEEl 10 mg/mL)
M RE S, 454 100 mmol/L F 0. 5 mmol /L
EEHEE 37 C KBRFTHE 10min REHEA
B4k 4 BT ALTE 340 nm Y 5E BOEE, WA GEPD Fi
ATP (% 5 mmol/L),4R)5 %M 10 min J— WKk
B (BHEBREEK 37 C KBRTFBE) ITEER
FHEBERLENEME, &4 FHERB GK
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1.8 JFHE GK MEHF3A: | Western blotting
LR B4 100 mg MIA 1 mL = E{5HAR
B, 513 . £ 15 000 r/min 1 4 C &M TFE.L 30
min, R EERUESHRERAANEMEBELRE . &
HFHABER LHEH NG 100 pg,2X EHE
22 ¥ (50 mmol/L Tris » HCI, 4% SDS, 0. 2%
WEIE,20% Hh,10% B-FiEELBE,pH 6. 8), ¥ K
A PE 5 min,SDS B 110V {8 E &4 F Bk, 200
mA FEREE 4.5h CRE SDS)., WMAERER
4 5% 4858 TBST (B 5 mol/L NaCl 20 mL,1
mol/L Tris « HCl 10 mL, 1131 E-20 1 mL, pH
7.4, RFEEZ 1L #H. GK —$HiLl 1:2 000
BR,4CBELKR, M TBST B4 K, B 15
min, BAARFILETH 1+ 3300 BB, KB RER
KLEBE 2h, B TBST ¥ 4 K, 8K 15 min,
AR E A ECL L R A EM S #HTRN .
1.9 G258 A SPSS BIGF#H1TH 251 .
2 BR
2.1 HAKXKTHAGZSBE LM INS Wil €4
R K1, SEFHLE, KM 3 H=BimEE%
FE (P<<0.01),INS BEREM (P<0.01); 5HEH
AU PEBRTHRASELERERMK (P
0.05), /R/NERL R A FEK INS 43 R G BUIE IR
K B2 I R PR A .
F1 /MBREI INS ﬁiﬁﬂ&gﬂumﬁtﬂﬁﬁjmﬂ
1 INS IRM (x+s, n=8)
Table 1 Effect of berberine on fasting blood glucose
and INS in dabetic rats with INS-secretion

deficiency (x+s, n=8)

5 5 R/ 25 I 1%/ (mmol « L) INS/

(mg * kg™ 1) BHH BHE (mU L™
E¥ - 3.8241.01  7.0942.02 40.31£13.18
KR - 23.7642.36* * 25.33+7.38" * 13.02% 3.78**
CHME 184 25.0643.10* * 25.3249.24* *  12.10%+ 5.18**
/NEEBE 562.5  25.99+2.59* * 17.3843.69* *2 13.93+ 6.05* *

SEHHWE: **P<0.01; SHEMLLE. 4P<0.05
* * P<C0. 01 vs normal group; 4P<C0. 05 vs model group

2.2 HAKRHIFELA RERMESER . LK 2.
HEHEKFFHLA LA KFLHB AL SHEAH L
B/NERAFERR B (P<0.05),

2.3 KBRAKXRAWEGK EHNER - RE2. 5EF
B, MR K RFAYS GK BFHHEBRE (P<
0.01); M SHEAI A L3, NEBAIF AR GK FHH:
W BB FE (P<<0.05); 3R /MEEm A E# INS
43I0 B B BB PR K RUF 44 GK I HERIER.

%2 NEEX INS SR B ERH KB LA,
WER GK BHMEE ts, n=8)
Table 2 Effect of berberine on hepatic LA, glycogen,
and GK activity of diabetic rats with INS-

secretion deficiency (x+s, n=8)

g 5 MR/ LA/ R/ GK %/
(mg *+ kg™!) (mmol + g~ 1) (mg+ g™ (min * mg~1)
E%¥ - 0. 280.08 10.2942.52 15.1745. 0388
BR - 0.2240.50  14.58+4.14 7.5344.59
TR 184 0.2640.07  15.3446.17" 8.5442.94
NBB, 562.5  0.2540.66 20.3743.06* * 2 12. 84+ 3. 882

SE¥HAKE: «P<0.05 **P<0.01
SRR . AP<0.05 2AP<0.01
*P<0.05 **
AP<C0.05 AAP<0. 01 vs model group

2.4 HHAKRHFEGK HEARBSER IS4
KB GK MEARKZFETAHIT.ER
REI.SEFAHE, EMHAXRFHAAGKEY
BEHEBHBEE (P<0.01) ;T SHEIA HE, /D
BRPAFALA GK WERRBMHAEAR (P
0.05) ;R /NRW A A (R F INS 43 b 5k b B RF IR
WABIFEA GK EHEEEA.

P<C0. 01 ws normal group

E¥ PN ME )RR
GK (5 000 0) -
B -actin (4 200)  stpprestomissmermie
=
H 1.6
A
R 1.2
& 1.0
£ o8
3 0.6
o 0.4
0.2
w ]
SEBME. *P<0.05 **P<0.01
*P<0.05 **P<0.01 vs model group
1 BEKXRITHE GK WERREZ
Fig.1 Protein expression of hepatic GK
of rats among groups
3 itig

INRBRMNDREBREY HERETF R —
FERRAAY B EWREYHE, EFRTBIER
LB BF SEIESE » B BE MR H T = . & BE B R A
RIBEH BKY; BEYERER RN INS #it. B
FO UV T A N i T R RO /D R R
PLEE T B /N B IRE . AR ERMHI TESN
/INBEBR B I AR SE T 1 2 ARUBE PR K BRI 25 BRI AR
FEREAEHE INS 4B AT IESE /DR H A &
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INS #EPiFIs®E INS 4 W BN EE A (B2 /R,
MERBAOREARTRIERAESTEL S HIT.
MR A IR T A 4, fETHE 5T LA
B B 44 M INSSINS ¥R EEFHE , AT LA R A%
mig. MERSERESEAREEBERMX
8, GK MARIERSEEEEEMN.GK B2—
FOEEN FRAFETRRAFARMBES B4
M GK LR R E R 6-BRAEH, A%
6- 1% BR 0 268 1O S IR 1 o T Ok AN O R A W AE 1A
HRME—SRR. BSR4 Y GK 5+
B GK TRENEHBERR. B BAKTH
GK ZH %W AT, X4 s 7 & e, W B
FAE  AEEAEmE. MRS GK Z INS &
VA, X4 B A, U 3R OINS K EHR T
GK FHHR, BEA R m™ ks .GK 25
THARALHEBENMNA CE5BS B ERS W
INS £ % . BRI /D BER A A /R AR L 3
W GK WHERREENEMAANTRERELZ—.
M/NBERE ST INS WA AF AR BB R BEAE
BL 3 B R 1 00 X B R WE R T BRIk B, B
B5 GK MainWEs SR VESHEM Bk, &
SRRARE iv KR STZ MR INS 43 ik
FEBE R R K BB BY , R RT BB b ) ST R % B 40 i 4 3
INS T8 R RBE, AU TRER /N R
Xtk BUF BERE AL R E X GK B WA T, HFitH
ERPLE . IREH . EEARESELREBAR,
2 FEEEA INS RIEH AU B, & HR X
HBER ERALRTANSIUERFE INS 4
WERFEBE R MR ER AL RERRE, /PDRR
BE B EFEMR INS 43 38 fik s UM JR % K B2 I I 0% 5
FE/NEREE RN GK MEEMER R
*L BRGNS R. P GK AUEBRBH
PR 2 B » i EL 82 B 0 o R AR 7 4 5 OB 8 Bl (R B
Bk, BEHEHERZHNEM KERTHEAMT
BRRILEE o, T REME R A B R SR AR . B
W E R R,/ DEBRANERS RBEY . W
1E % 40 TR 7T B2 B O 3 R, B D M
TI#E F GK RERE A ROEAMEXEE. A
HABREERA GK BHEAR LRI A
GK FHHEEWRBIERTX—R) MEEIRE
B AR, ENEDLS . BEEBRARL. &
HARFHL LA KFELHBEL, N ZEFHK

BREERELAREIRBHTHAY, BRERE
BERBHEMES, BHER LA NEEHBER.
A< S0 4 45 MU T /0N BE R T AR 3 A 4R o F B GK
EHAE SRS TIRE MBI . HEER
BRAN, | B RRARE AN RS RN, 255
B R BRI S B MY BEIE % BT 6 1T Bk B
B % K AR, S B0 INS X AFRE 89 R FIE%
H 3R SRR 47 e U PR GK 74, 8 GK {3k F
&K, AR T4 FEREAM . TN RRA R
FFIE GK B R B A RS, EIER S, X3 H 15
FRBE R /NBERR AT IR MR R R B 25 R4 T K
2. MMR/NEEGE Y T LLE AL AMP-AMPK-p38 43
L4 INS 155872 R BOR 89 4k , B8 /) B2 98, i
R b A i — S RIT.
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