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/INBETRE I A ] PI3K/ Akt X 2 B K g
KRR AE PR 2K P MU iR A 4572 i

FoR', RS, P4, gEE, FH
1 BT S B E R, I MRS 0560015 2. HRHSTIS —BRBERZ e R, L 1R 056007,
3. M T 55— BBt AR, SnllE RS 056007 4. WBHRITSH —BRBEiz b= R, It B 0560015
5. HRHRTIER B BeOo N R, b HRER 056001

WE: B HI50/DEERE TURISBEALEE 3 Jli (PI3K) /2 11 A B (Ake) 8 ## Xt 2 BURE IR (T2DM) KR4
SiE AR FERR A RN . 53 1EHR 40 U SPF 4% SD MEPER B, JOH BEALIE IR 10 HSCse R RONIER 4L, HiAk
30 Halys T2DM AR [ BEAL > AR A (10 H) T HSUNRBH X BEREH (10 ) /NEERREZE (10 H) 1o Aok B
5 JAE [ IR RSE I 7~ (TNF-o) \C-JZ B35 H (CRP) 4/ 3R-18 (IL-1B) 1, IR ACfi 4 [ R4 BE N5 &
FUIRE B (LDL-C) | % B AR 8 R IE A (HDL-C) =Pt Hl (TG) SR B (TC) (il B AR R (FFA) JRIBEA
HE AR ZS MR 2K (FINS) (2 B (FBG) B & S ARPTHE B (HOMA-IR) |, 46 I JBe iR 2 21 rp PI3K, Akt il p-
PI3Kp8S HHMYERIL, LR T2DM BRI =~ A1 # 1fi 35 B AL 45 A5 (FBG  FINS (HOMA-IR) | iR Ui 45 45 (TC
TG LDL-C \FFA) S H 5 (TNF-o ,CRP \IL-18 ) /K- 5 T 1E # 41 (P<0.05) ; T2DM FE1 = A vp fREERIAT |
T HUOUIRBAE X AR L N AL 2 ), B HDL-C /K-P-38 7, HoA A AR K- 42718 [ ( P<0.05) . T2DM 78 =>4
JBAR AL B PI3K Akt Fll p-PI3Kp8S i FUARX H A /KPR TIEH 41(P<0.05) , H =F RDIKFARBIAIL]
FXUNCBE XS BRAL /NI AL 2 i TH (P<0.05) o £5i8  /NEERRAE M T2DM K BUIR AR ZEBLAR B , T4 il H:
PRIA A S, A AL AT B 4% PI3K/ Akt 8 A7 G o

KSR /NBERL; T HUOUNG 2 BOMEDRR s RAESON; Qs WA BRARMEILES 3 WM/ 3 s B 15518
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Influence of berberine on inflammatory factor levels and glycolipid metabolism
in type 2 diabetes mellitus rats by inhibiting PI3K/Akt

JIA Xiaoyu* , ZHAO Ting, YIN Shiwei, HOU Yangyang, LI Jing
* Laboratory Department of Handan Second Hospital, Handan, Hebei 056001, China
Abstract: Objective To study the effects of berberine on inflammatory factor levels and glucose and lipid metabolism
in type 2 diabetes mellitus ( T2DM ) rats based on phosphatidylinositol-3-kinase ( PI3K)/protein kinase B ( Akt)
pathway. Methods Forty SPF grade SD male rats were selected, of which 10 rats were randomly selected as normal
group, and the other 30 rats were constructed as T2DM model rats [ divided into model group (10 rats), metformin
positive control group (10 rats) and berberine group (10 rats) randomly ]. The levels of inflammatory factors [ tumor
necrosis factor-a ( TNF-ot) , C-reaction protein ( CRP), interleukin-18 (IL-18) ], lipid metabolism indexes [ low-
density lipoprotein cholesterol ( LDL-C), high-density lipoprotein cholesterol ( HDL-C), triglyceride (TG), total
cholesterol (TC), free fatty acid (FFA) ], and glucose metabolism indexes [ fasting insulin ( FINS), fasting blood
glucose (FBG), insulin resistance index ( HOMA-IR) ]. The expressions of PI3K, Akt and p-PI3Kp85 proteins in
pancreatic tissue were detected. Results The levels of serum glucose metabolism indexes (FBG, FINS, HOMA-IR),
lipid metabolism indexes (TC, TG, LDL-C, FFA) and inflammatory factors (TNF-a, CRP, IL-1B) in the three T2DM
model groups were higher than those in the normal group (P<0.05). Among the three T2DM model groups, except for
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HDL-C levels that gradually increased, all other indicator levels decreased gradually in the order of model group,

metformin positive control group and berberine group ( P<0.05). The relative expression levels of PI3K, Akt and p-

PI3Kp85 proteins in pancreatic tissues of the three T2DM model groups were lower than those of the normal group ( P<

0.05), while the relative expression levels of the three proteins increased sequentially in order of model group,

metformin-positive control group and berberine group ( P<0.05).

Conclusion Berberine can improve the disorder of

lipid metabolism in T2DM rats and inhibit the inflammatory reaction in vivo. The mechanism may be related to the

regulation of PI3K/Akt pathway.

Keywords: Berberine; Metformin; Type 2 diabetes mellitus; Inflammation reaction; Lipid metabolism; Glucose

metabolism; Phosphatidylinositol-3-kinase/protein kinase B signal pathway
Fund program: Hebei Medical Science Research Project Plan (20200428)

AR R, FRIE 2 BUBE PRI (type 2 diabetes
mellitus, T2DM) A% % 5 B2 b+ G 34, HXE A
A e R AMERE A ORI U o T2DM e
s TR AE , RAE KT 1Y S IR RE A% S Bt T2DM Jjg
TEI = EALE ™ . 24 T2DM %A, 28 i U ( fasting
blood glucose, FBG) 3 i FLAR A 4H 56 K 2wl o
RS RPN ZFLEA S5 T2DM Ak 11k
F'™ o WFFSIESE, B A UL 3 Y418 ( phosphatidylin-
ositol-3-kinase , PI3K ) /25 [ {8 [} B ( protein kinase B,
Akt) 3l FEIOME A 2 LSS H, & R EUR S RPN
T2DM K95 o /INGERRUE T2 P SR B R fr FR e
AWk, X Z R M O BRI AR TE R, 322
ST TRIATHE A B MO it /5 5 AR, BESCSEAE PR s
KREUE ThAE, LB 403, [l B R AR s A m i
RRAEBIFSEIESE , /NSERRA] T EpA PR 9o B o 2H 2 b e
B 4 RIR, R TN AT . T Rk
S AT/ NEE R 75 28 PIBK/ Akt {5 53 i 5 5
T2DM fy kR AR IR ansiGie it s .

1 #RE7H*

1.1 A4 40 2 SPF 2% SD M KR, B
H 8~10 Jil ATy 190 ~220 g, ¥y iy ) AR 7 5 5
AR AR A, A2 77 1 AT SCXK (1) 20200052,
JIT A R R 53 0 ) 12 e 1A A 7 0E AR B BT Bl W
55% ~75% IS 15~25 °C )3 B mf ] : 12 h, ©F
ST BE BRI ZS D 234 ifE (20220324 )

1.2 F&*

1.2.1  T2DM BNy oral 40 R R BEH 10
FORIE R4, Hgy 30 sy T2DM A, HAR#RAE .
SEEG K BCR H b s R AR (VLR B R R 25 424
125 s XTHF60 , 3% 53 : 2.3% JH [E 1 . 21% FERE . 10.1%
FEHAN (61 % Bl Pl ) EATMESR 4 J8] I RS2 50 R
SR 12 h, R BENRAA R 2 (streptozotocin, STZ) 1%
W (30 mg/kg) FEATIE I 40, EE s T2DM S5 K R

T, 14 d Jr KA S8 R BRI FBG, 4R i 3l i
Wb HEEOKER £ RN, FBG =7.8 mmol/L
A T2DM , JiE 52 = HE P35 2 (homeostasis model assess-
ment of insulin resistance, HOMA-IR) >2.69 £/~ K &,
FEBEIN Y IR K AT A AR G A B R K R
BERtDRE, MR BEAIL S FC R | R A 2 S 50 K By
AR L T HOOUNRBE XS FRZH /N A 45 10
1.2.2 T SEEA LT 200 mg/ kg /NEEGH (75 424k
Wi PR, FUAS  FhIR/NEETR 98% ) HEH .
SUNRBH 1 %o B ZH 45T 1 400 mg/kg — HXUIR (111 25
748 B 35 25, MUK 0.25 gx 48 R/, [ 24 i 7
H37020003) J# 15 . ARILHFNIE B 4145 7 SRR A
PREKHEE o 1 R/d, S AHES T2 J

1.2.3 25§ i 5 & (fasting insulin, FINS)  FBG,
HOMA-IR & Fr 7 R B AT 25 & 12 h, il
QS-B LB (e 5L EE ST d ) XF KBl FBG 7K
HEATREIN o SR S vE: (R & B b IR A R
) XF KBl FINS 7K 38 47 46 9, HOMA-IR = FINS x
FBG/22.5,

1.2.4  JRACBHERRIE R 10% /K5 SRR KR
FBRIEIS , R AEIE 8kl 3 mL, 1 358.37xg FATE L
15 min JG 3B MR . R YY/T 0654-2017 4 H 36
AAR S BT A (R Bt DU BT ) R 28 8 i 2 1 I 3]
(low-density lipoprotein cholesterol, LDL-C) | /& %5 &
g & A IH [# B% ( high-density lipoprotein cholesterol ,
HDL-C) . =W H il (triglyceride, TG) . &t JH [ % ( total
cholesterol, TC) HEATHI , >R FI WL R L (0,32 %) i 2 g
IR (free fatty acid, FFA) 7KP- #4745 I, 350) £
HE TR A ShieRHL .

1.2.5  RAEP I E K 0 g vk B AP B Bk
PR R0 A 1) T s AR T8 A % T b 30 min, Bl S R
100 L A IR R4 1ML 15 Br A I B R Al i)
AL, BCE B 37 C oK 20 min, PEE T
14 200 L BTN A S RN AL 7R % T CE 30
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min, 7ENALHIIA 200 WL IKH, 76 % i E 10
min, SRJFHRE S0 WL ZAOEROMA B R ALH, 20k
IV, SR FH BRSO B AL BRI BE A TN , 7R
A 450 nm Ab43 e BRG] F--o (tumor necrosis fac-
tor o, TNF-a) .C-J52 Jij 7 [ ( C-reactive protein, CRP) |
H 41 fifi 4% -1B (interleukin 18, IL-18) /K3,

1.2.6 PI3K/Akt i e 8 F AR PI3K/ Akt il 27
1 ERER 2~5 wg, K Western-blot ¥ 461, LK
T U VRIS 100 mg JREARAH 2L, FEOK FO6F kAT
WFEE AR, Wi o b FL 8 T MR A i A0 3k 2, Jd
id 452.79%g B AR EE SEICIITE , IR S A2
URARS ,3 773.25x g B0 Ab B, BRI B TE W 0
10% 1) 53 25 16, B0, W8T 7K 53, 45 T 5% 1 v 240 T e
T BERS A AL U R [, N S wl FRic ¥ 22
PEFR FRE S, LUK T 150 30 min, 737 28 1140 B IS, 45 TR
B T BB ) 5 W R R AT 4 22 A 5% A B s v
HHARE 1 h, ii—4(PIBK Akt 1 : 1000, HiM =84
YR WE 8, Zad 5 G BRI in — 4t (PI3K Akt 1 :
10 000, KU R B EMRHY) I E , HRKRE G R, i
LIANISE IR R G EE SR . LA B-actin ANZ:

1.3 itk R SPSS 26.0 # A4k PR
THEPOR xxs RoR, ZH1A LHCR T ANOVA J5 2
I3HT S PTP HAC Y SNK-g K85, P<0.05 S22 534 4t

e rE X,
2 #F X

2.1 dmiE#EARMIEAR T2DM BRI =44 FBG,

FINS F1 HOMA-IR 7K~ T 1E % 41 ( P<0.05) ; T2DM
BRI =20 rfr, FBG  FINS F1 HOMA-TR /K V- B2 |
T HOBUNCRH X BEZH /INBERS 2 2 )7 3 B ( P<0.05)
W1,

22 fiEAEAKHTIEAE T2DM BEHEI = A4 TC,
TG .LDL-C Fl FFA /K338 T 1E# 4, HDL-C /K-y
KT IEH 41 (P<0.05) ; T2DM A =2 tfr, TC TG |
LDL-CHI FFA 7K-P-ARA Y 2 | — BRSO PH o4 X6 e 2
INBER A 22 3 [, HDL-C 7K SF- 0 3 7+ (P <0.05)
W22,

23 fF KERTFAKF  T2DM AR = AN 1) RAE
77KV s T IE R 41 (P<0.05) ; T2DM FE R = 2f v,
TNF-o \CRP Fll IL-18 7K ARAR BY 4 | — H XUDKFH 14
XFREZH /INBERR A 22 P % (P<0.05) . TLER 3,

F1 &4 KK FBG FINS HOMA-IR #y

i (n=10, x+s)
Tab. 1 Comparison of FBG, FINS and HOMA-IR levels in

four groups of rats (n=10, x+s)
415 FBG(mmol/L)  FINS(mU/mL) HOMA-IR
EHA 6.67+2.01 10.15+1.14 2.05+0.20
k] 18.11£3.19° 30.45£2.19° 31.60+3.03°
THAUIRBHEERT IR 13.2242.31%  25.56£1.83% 20.362.87
JNEER 4 10.21+2.23%  20.11+1.60* 16.43+1.922
F {4 14.392 39.001 46.159
P 0.012 <0.001 <0.001

TE: SIER 4L HEL, * P<0.05; SHITA H 4%, " P<0.05 5 5 =/ UK
PR B HL A, © P<0.05

R2 FARBIREEMHCHR KA (n=10, mmol/L, x+s)

Tab. 2 Comparison of lipid metabolism-related index levels in four groups of rats

(n=10, mmol/L, x+s)

451 TC TG LDL-C HDL-C FFA
R4 1.62+0.20 0.82+0.15 1.12£0.16 1.70£0.51 101.41+15.32
k| 2.33£0.21° 2.03+0.51° 2.15+0.44" 0.81+0.21° 216.59+32.41°
DU BRA: 2 2.05+0.12* 1.66+0.22 1.740.21% 1.15+0.22% 178.82+20.24®
/NEEAL 1.80+0.17* 1.28+0.15" 1.47£0.15 1.47+0.22° 154.43+15.17*"
FAH 11.613 10.797 10.435 7.654 15.236
Pt 0.015 0.019 0.016 0.011 0.025

H SIEW AL, P<0.05; SRR LA, " P<0.05; 5 — FF I BAE %4 AR 41 3%, < P<0.05.,

Fx3 BSAKRBRERIENFKFERE (n=10, x+s)

Tab. 3 Comparison of inflammatory factor levels in four

groups of rats  (n=10, x*s)
2151 TNF-a(ng/L) CRP(ng/mL) IL-1B(ng/L)
EH A 113.33+8.16 5.39+1.14 12.22+2.02
AR 263.21£30.01°  15.68+3.04*  31.41+5.24°
THUICEHPEXTIEZE 276.64£15.45  12.23£2.07%  26.26+6.07
JINEERRZH 163.52+13.13%  8.05+1.02%" 18.16+3.12%

FA{E 44.335 15.034 16.218
Py <0.001 0.014 0.032

V5 IEH LA, P<0.05; SRR L, P<0.05 3 15— T XU
BERT AL LE A, P<0.05,
2.4 JERM L PI3K Akt Fo p-PI3Kp85 & & 48 % &
KK T2DM AR = A4S 41 PI3K, Akt Al p-
PI3Kp85 # 1 HH X ik /K I T IE# 41 (P<0.05) ;
T2DM 5% =4 v | PI3K Akt Fl p-PI3Kp85 & [ AH X
FERTKOPARBEAI L | — HOBUNC B M %o B2 /N BE i 21
ZFTE(P<0.05) . WLk 4. 1,
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&4 PUHRE PIBK Akt HEFIRIE L (n=10, xxs)
Tab. 4 Comparison of PI3K and Akt protein expression levels in

four groups of rats (n=10, x+s)

2H %1 PI3K Akt p-PI3Kp85
IEHH 1.61+0.40 1.46+0.01 1.30+0.01
AL 0.52+0.11*  0.35+0.11°  0.38+0.02°
T OUIRBHPERT IR 1.06+0.13®  0.66+0.14™  0.79+0.01%
IINBERR ZH 1.24£0.01*  1.15£0.19*°  0.84+0.01*"
F {4 12.463 23.982 11.850
P14 0.022 0.014 0.024

E S IR AL, " P<0.05 5 SHEHIZH [LEE " P<0.05; 55 — H SUIK
BEE X RE 2 Hedss, © P<0.05

p-PI3KpS5 S s—

practin [N A
A B C D
WA IER AL B AR C g — HOBUDICRE 14 % BE 4 5 D
R/ NBETRAL
B 1 £40K5 PI3K, Akt p-PI3Kp85
FIRPELN I K]
Fig. 1 Western-blot of PI3K, Akt and p-PI3Kp85 protein

expressions in rats of each group

3.4t 8

AINBET B A BB IR VR Y, R R R R
FIEAS — 2 AR AP 0 T, T e 410 1 5 U 2 o6 PR 1
T, VR PR 5 U 48 95 52 57, WAL T 428 B 3 B 5 97
SO A R /N BER G PR T LA
FIHLE BIBFSE

75 T2DM 3577 4 i OB K S 2 1 B 5
g5 FARHE T2DM K i R BRHIE S R i &
Fy e 3 ] A2 B AR L B S, L T S B B 4%
SRR AR R, 1 ORI R S B
FEF W], HOMA-IR fEM% S ek i ZHEH ARl , BLRE
B BB R EARE W  EA A  ARBEES
SRR, /INBERR RE S A T2DM A il HOMA-IR | ffi 4
Fe i i 2K B s /NBE BB A i35 T2DM KRR &
ZHCHT, BRI R R R, FFA 30 F228M I,
BE MRS 2 MKW 1 Bifafl, B80S 215 5 i
935 1632 BIRELS, (AT WE 54632 2 1 4 1KF T RE,
BRI Z Y . A5 & B, LDL-C TG
TC 7K -T2 Fl HDL-C 7K 5T B AR B 4% i ) [ 1 25416
P, HETT FEL B 4IPS A B, 3 B 40 e
IRERZAR, Bk — 25 38 e 15 ZHRHUAE L . AW ST
SR /NEERL AT B T2DM K RUIR RS AL, A
WIFFERESE , S S 7K -5 4% 7 o 4 DI AR 56, Hom]

FERRMAEACE T . CRP 45 —Fh RIE AR &
Yy, L5 T2DM AT A DI AR T AT
KB, NBERH AT [ AR T2DM K i TNF-o . CRP [ IL-18
K #i] T2DM R B HLIA 908 RO

PI3K J2— Fifi 2 128 i % 22 o 1) f9 G B I 1, L AL
A VARG B0 A, SE SRR S, PIBK R B
[y B ARMLRLA BT, AT Y MR K SF- , RE A H 2
BERIAR A M R o PI3K/ Ak {5 53 B R
HEL AR T, i 200 A A o O T A i Y
YERT. ARSCOFFERS /N SR ] TNF-o 35 S 1Y N
B A ) 2 B0 55 70 15 30 PI3K/AKT/ 7Kl
jE 4 M (aquaporin, AQP)-1 &#H &, PI3K/ Akt {5
5 160 % A R LI A PN B AR M P i A, S BBl KA
kA= o A WS R B, I RE T B 5 R A5
e 5 PI3K/AKT il ##AH G 8 H Y R Ik A %, 15
HEIRE IS B0 B W TR A FORE S A= 1) 9819 25 07
0 WV T o S A R R B, /N BB B
PERRZE R B ZE Ry, AT AR U | 98175 S I o
AR DTSR I 1 5 ZRAT Sl PB4 A VR T
HALA 32 25 0 R R T Ak 2 1 R (57-adeno-
sine monophosphate-activated protein kinase, AMPK)
AKX AUFTRER BN, &/NEER T HUS , T2DM K
B PI3K Akt f H KA T, E— L i T2DM B
T e U /N SRR P A DA L A A B AR
P FHHLARI T BE 5 805 PI3K/ Akt {553 A5G . A
S B R FRAE F2 EAR AR /N BERR] B A T
WAy B — 2 508 KR

L LA, /N BERE W F ] T2DM R B AE 7K
-, 38 T2DM K BUIR AU 3 AL, AR AL AT BE
PI3K/ Akt {55l A K o
MR L
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