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HO-1 EH#IZRIA /KB B2 5 (P=0.000, P=0.000) , 3 HL& & 41 6] 22 R 14 8 3 (P=0.000, P=0.000, P=0.000,, P=0.000 , P=0.000,
P=0.000, P=0.000, P=0.000) , &3t ; B DT a LIA AR db/db /MR ESIEKALR , EALHITTE -5 FRENE SR /I B A% 23 I ol o
FRE& &, IS Nef2/HO-1 5 SR B IR AR SN A K

[CEIR | TIT ; AR B8 PR s 3Bk .
[FES%S]R587.1 [SCRkEREER A [ B %8 ]2016-12-05

Protective effect and mechanism of palmatine on diabetic mouse aorta
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[ Abstract )Objective : To investigate the effect and mechanism of palmatine on diabetic mouse aorta. Methods ; Totally 32 db/db mice
(8 weeks old) were randomly divided into diabetic model group,low~dose palmatine group[75 mg/(kg-d)], medium—dose group[150
mg/(kg+d)] and high—dose group[300 mg/(kg-d)]. Eight db/m mice were used as control groﬁp. The palmatine was administered by
oral gavage for 12 weeks. The diabetic model group and control group mice were given the same volume of saline. Then, HE staining
was used to determine the pathological changes of the thoracic aorta tissues. Electron microscope was used to observe the ultrastruc—
tural changes of the thoracic aorta tissues. The fasting blood glucose (FBG) and lipids (total cholesterol, TC ;triglyceride, TG) were
analyzed by an automatic biochemical analyzer. The serum total antioxidant capacity (T-AOC) ,malondialdehyde (MDA) ,reactive oxy—
gen species(ROS) and superoxide dismutase(SOD) were measured by commercial ELISA kit. Western blot was used to determine the
expression of the nuclear factor E2-related factor 2(Nrf2) and heme oxygenase—1(HO-1) protein in the thoracic aorta. Resulfs:HE
staining results indicated that the thoracic aorta lesions were significantly reduced in the groups after palmatine treatment. Electron
microscope results indicated that the thoracic aorta damage under ultrastructural observation was also significantly reduced in the
groups after palmatine treatment. Compared with those of diabetic model group,the levels of blood FBG and lipids were significantly
repressed, and the levels of serum MDA and ROS were significantly decreased,but the activity of serum SOD and T-AOC was signifi—
cantly increased. Western blot results showed that Nrf2 and HO-1 protein expressions were significantly increased in the groups af-
ter palmatine treatment. Meanwhile,there were significantly differences among palmatinedose group§(P=0.000,P=0.000,P=0.000,
P=0.000, P=0.000, P=0.000, P=0.000, P=0.000). Conclusion

Palmatine effectively protects diabetic mouse aorta tissues,
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which may be achieved by decreasing blood FBG and lipids,
inducing Ntf2/HO-1 signaling and repressing oxidative stress.
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B AT, 2308 R W KR RIE7EZ F3m, 3
2030 FEFEREAN PR R RKIEIRT] 7.7% , % 4.39
fLREENBIR , B BRI T 1 2 K e (R J 2,
T A M9 H: B AR PR I B I R 2 — , eV
FRIREAE BRI EBERAER, FHi, BpFHIET K
I8 F B REXT T HARRE RS S BN EGE BOR EE
HEREX, '

RIS IRE , B MRS 438 hn & Ak N 3% , 0 L4k BT
AR R SBUNE I AEN T EREY, FHiL, A
S50 AR (R ML 0 40 A 7 38 %ot T 7 A 377 M RS L
BHAIEESEEER, E57T (palmatine ) £&—Ff
T R AR, N A EERE, RFE AT
HIBAE X REY , BB RIS SR 2T,
BATHENE DT B A A R EHRR KM EHF A
TERER (B, BaTM Rk RARRHEE, AHRiE
it db/db /N BN RORAE IR W EALR A B, 3R
T ST X8 R /N B 3 3h Bk B R B4 i R B AT
REHLEL

1 #R575E

1.1 i 544

8 /N AL 40 R, H b db/db /MR 32 REFAE
% db/m /MR 8 R, W A B KA S WBIST . /ML
TERRIR R R SE, B IR, S BB R, B
20°C~24 C, HIHBHE 50%~60%,
12 ERXA

B LT b i o T R R 2 2 2 e B ; I B 4R I g
BRI EWE P REYEARFRAF FLNaELHANEW
B B EZR LW RAERA A ; B3I (total antioxidant
capacity, T-AOC) , 7§ . (malondialdehyde , MDA) . {5 & &
(reactive oxygen species, ROS) FlAB & L)% fL B8 (superoxide
dismutase, SOD) YW B i R B e W TRPT T RVAER
$0%E 8 1(heme oxygenase—-1, HO-1)Fi&ffRiis:HF E24
# B F 2 (nuclear factor E2-related factor 2,Nrf2) HT & B
Abcam;mouse anti-GAPDH $i/% ¥ H Santa Cruz;goat anti-
rabbit —HUF goat anti-mouse —HiHIH B RINFELEEY T
BARAF,
1.3 Fik
131 a4 5RE FRAE/DBIEEN RS 1 BE#H
1738 Hor, 8 . db/m /NRIERIEH X IR (con 4),32 R
db/db /N BEENLS AR 4 41 BEFRIR A (D ) ME BITRNM &
#4[75 mg/(kg-d))(D+LP 4 ), FHRI B LH[150 mg/(kg-d)](D+
MP 41) Bl B4 (300 mg/(kg-d) (D+HP &), FHH  FERIR
4H (D 41 )% H#18K 500 pL, HAb& 4/ BURSE AR EARIUH
R E B EDITIHET 500 L BIBKF, RE, BHEREH
ZOEDVT/NEREE R BT E 12 F, SRR
H, BT /NBA BT R 2 AT

132 HARESLE F4/0RE 4 FRBKEBULE R
23 4 i %% (fasting blood glucose, FBG)1 K, #4E 16 A, HH
12 G,/ PREEAREK 12 h, RS R A 10%K5HEE 350
mg/kg FRERE , TSR KEUMALSE . 7E 3 000 r/min 214 T H#F
2B .0 15 min, RERMHE , 5735 T-20 CHEFHRF &
ARG, B RO, 220/ EHAF LK,
B AL 5, F 250 mL A BER 7K AR E 88 O B DA e B LV,
BRIF LB T RISk AL BB S BRAR, 438 3 B,
HP—BETF 100FBERD, L& HE $ufa, —B A PBS
H I R TS AR 3% R —BEE B, 2~3 min [ HERER 1B
BN 1 mm® K/PNHEAB, HFF 3% X _BEEBETEREE,
DA T ST A I A/ DR E S Bk vk A B ER /K bk, -
AR P HEE T-80 CRBKERE, UEH A RENT
HE ‘

133 HE 36 EATHIET 109 P BB+ E 2 r sk
MR BT ATROK MR R R ER RS
TTHANGEAEMY R, 7 60 CTHER 5 h, ZHFRSE,
ZEEBAK REHITHRARRAP AL, B5F PR R
#HH,

134 BHEELE KHIPHET 2520 _BEHEEH
EHBRALRE, B 1R ENRREREE, FIKEN
30% B RS AL 10 min, RGBT 50% M ER P4 10
min, BEE BRI E T 70%.,80%.90% ., 100% BITEH & 4b B
9 min, )5 3% BEBR H- MG BR AN DU M) 1, BT R

| BIERE SRk SUB MR,

135 MEHRREN @it 4 B sha s ORI I
o1 4 3 = 8K (triglyceride, TG) F1 j&i AB 5 B (total cholesterol
TC) K& 8 ; RARMA L 2B E RN T-A0C /K F
1 MDA ; R LT ROS /K ; R A HIER S L
¥ E W E SOD EH, RA AR NLER
{glycosylated hemoglobin 1c,HbAlc),
1.3.6 Western blot #:] Nrf2 1 HO-1 EHKFE M-80C
IRV P BUH R 308k A B, A H A BIEIIH SR,
£ 5 000 r/min Z&f4F B.0> 20 min, BB | Z 5 EP B+,
i/ BCA RS MERPEASE, RE, WA 14 ERK
5 x Buffer SDS _EBEZ WK TH/KFE 10 min, FBEREEE
FI4FBBE 75 100 V 4H 5o T #47 SDS-PAGE BERXHLIK
Rk EREKEOREBE PVDF B L, A SoBis ik
FIRANFTHE 1 h, £ 4 CEHTHBELIR, AERE
BT ZHER | h, BEEIHERNRYEITEY .
14 “itFHix

LI HAEE T SPSS 19.0 BRAHEAT AT, BABR LIS «
W (x £ 5) FR , I MBERIEHTEE W BT 25047,
B ] 5 b O 2B [8] H 88 3#E1T Bonferroni &2 1E , EAh3EFR I P L
3% A 1LSD—-: 8 Tamhane’s T2,

2 & R

21 BEirstdb/db DR EFRALRBEFEEH
5t HE e WE /DR ESNRALEEF T, ERE
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B« con 2 B JKORE J2 VU 35 08 , 4 I HE S 1E % ;D 4 FE ShKEESL
con ZH I §B 084 JBL | PN A A A (T 1 Sk BTHR AL E) s D+LP
HEhKEES D 4140 LA B . A AE 4k, Tl D+MP #1 D+HP 21
PN fisE A B g

conZ D?ﬁ e D+LP#H

D+MP 2

D+HPAH

B 1 db/db INREZNBKEALR HE (400 %)
Fig.1 db/db mouse thoracic aorta tissue HE staining(400 x )

22 BTt db/db R ESHRALRBRE M0

FEL A (18 2) WHBE & BN ; con 4/ L B KIN B 4 IIE &
FZERIIIIE R, D 4/ E Sk P Bz 40 i ] DL K it s v
TR, BEBA LA AEA5 580 5., D+LP 2/ B = 3h bk 4 Bz 4 i R 438k
A DA 2 Y HEA , D+MP 1 D+HP #2070 B 3 30 bk N Bz 4
i Hh s e HE AR A S8 e

D+LPZ

D+MP 4 D+HP#
E2 BENESE/NRENKAEAMBHRIZHEB 000x)
Fig.2 Ultrastructure of aortic endothelial cells under electron

microscope(8 000 x )

23 &4t db/db R E B AR 6 Hoh

23 I IBEAG I 235 SR 26 B . D 28 /)N B2 R ot 0 o 2 & o5
F con 41;5 D 4/NRES R MBEHR BEAH LG, D+LP 2 . D+MP |
D+HP Z1/IN B3 1 I Ve B2 it 4 465 24 6 18] Fr) AR T4 o i B
FAAR , I ELER 287 B b oo I R VR BE R R A B, WL 1,
24 &5t db/db R s fgFe HbAle #0h

5 con AR, D 4U/NERILYE TG A1 TC B9 & B B =
(1=13.481,P=0.000;1=16.524, P=0.000) ; \5 D 4l/NEAHLL, D+
MP 4151 D+HP 4/NRUMYE TG F1 TC A&l B R 5

D+LP £ AH tt, D+MP ZH 11 D+HP 41/ BT TG Al TC #&
HE I B R ; 15 D+MP ZHAH L, D+HP 41/ TG il TCHY
AR R (P=0.040, P=0.010) , 6B IMLBG & R B B 57T
FIHE BRI TR, 5 con HAHLL, D 40/NE HbAle IS &
A B T+ (1=7.380,P=0.000) ; 55 D ZH/]NBUAH LG , D+MP ZH Fl
D+HP ZH/MiL HbA 1¢ & i 8 B& I (P=0.000, P=0.000) ; 5D+
LP ZHAH Lt , D+MP 411 D+HP 21/ Bl HbAlc 7 & Hi B [
i (P=0.013,P=0.002), 8] HbAlc &t B DT 7 &
AR INTIRRAR, WK 2.

*1 BTt db/db /R =i MEERIRIE( x £ 5,n=8)
Tab.1 The effects of palmatine on db/db mouse fasting blood
glucose( x +s,n=8)

s fe (7 )
4 8 12 16
con#] 459+0.62 440:0.57 449+0.60 4.19+0.67
DZH 21.26 +3.13* 22.94 +3.21* 21.08 +2.40" 23.83 +291"
D+LP# 2127 +3.31° 17.72+ 1.60* 16.05 + 0.98* 14.86 + 1.12*
D+MPZ 20.85+2.08" 15.63 + 1.00* 12.70 + 1.23* 10.60 + 1.06*
D+HPZH 19.89 +3.50° 14.49 + 1.18% 11.70 + 1.11% 9.65 + 1.64**

5

AP SRR FAd P
it i) 45217 0.000
HHIxEHE  11.069 0.000

¥ :a, 5 con HAHHLER, P<0.01; b: 5 D HAI L%, P<0.015¢: 5 D +
LP 4 #H8 , P<0.01

%2 B3T3t do/db /s INAEFN HbA1c 7K FEIBME( x £ 5,n=8)
Tab.2 The effects of palmatine on db/db mouse serum lipid and
HbA1c( x +5,n=8)

2851 TG(mmol/LL)  TC( mmol/L) HbAlc( %)
conffl 1.13£0.20 2.42+0.23 5.90+0.30
D4 2.77 £0.28" 473+£032°  10.41+091°
D+LP# 2.39+0.17" 443 +0.20 8.72 +0.42
D+MPZH 1.99£0.27%  4.04+0.34" 8.00 + 0.44"
D+HP# 1.75+£0.12%  3.59+041"*  7.03+0.14"
FAH 32.344 18.385 11.474
P 0.000 0.000 0.000

1 :a, 5 con M HEL, P<0.01;b: 5 D 4IAHHL#L, P<0.01;c: 5 D+LP £
AHELEE, P<0.05;d: 5 D+LP A1 H AR, P<0.01;e: 55 D+MP ZAH AL,
P<0.05

25 & 34Tt db/db 4 & f2 7% MDA SOD .ROS #= T-AOC
SEWHR

5 con #HAHLL,D 41/NEUfLYE MDA Al ROS Y& B i
Ft 5 (¢.=12.973, P=0.000;¢=21.033, P=0.000) ; 5 D #H /)M
EE , D+MP 41 A1 D+HP /)RR fiL i MDA #1 ROS 9 5 f B &
A% ; 5 D+LP ZHAH G, D+MP 451 D+HP 2H/)NRUIfLTE MDA
ROS 148 Rt th B B IR (P<0.01) ; 5 D+MP ZHAf kb, D+HP 4
/ANRUILTE ROS 9 B i B AIK (P=0.006) , 158 B /) B il 7
MDA Fl ROS & RtBfi#E B Sy TR iR, 5 con 2140,
DA/ SOD Fl T-AOC A& R BIEE (:=-7.912,P=
0.000;¢=—11.843,P=0.000) ; 5 ¥R (D 4 ) /N AH L, D+
HP 41/NEUMLTE SOD Fl T-AOC Ay & & S 31 H B B AT
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5 D+LP 8481, D+MP 2881 D+HP 4/DR LY T-A0C B9& oon D DsLP DsMP DiHP

Bt B 8 75 (P=0.000, P=0.000) ; 5 D+MP 4 AH k., D+HPAH e
ANEUILT T-AOC #03 BE) & 7755 (P=0.006) , B51/NRLILYE HO-1 s —— -
SOD 1 T-AOC & BHEE B DITRBRASIT AR, BE3,
26 BEiTst db/db R EFHERER P Nf2 2 HO-1 & & GAPDH
F &k A .
5 con #UAIHL, D EFH/NREBK Nef2 B 1 HO-1 A-HO-1 ERE
B O F kB B MK (1=-20.104, P=0.000;:=7.260, P= 1.5
0.002) ;55 D ZH/NEUHEL , D+MP 5501 D+HP 4/ Nef2 K ” bed
&8 @717 (P=0.001, P=0.000) , D+MP £l D+HP £/)N§HO-1 K 1 T
EH I BFAR (P=0.002,P=0.000); 55 D+LP AL, D+MP 4 2
1 D+HP /bR Nef2 B HO-1 B A X Rs &1 ﬁ be
BFHE ;55 D+MP LA HL, D+HP SUNEL HO-1 B EAAT RS T
Bt B I8 (P=0.000) , BB/ R Nef2 2% H fl HO-1 & = I—LI ‘._1_1
HEX R REE D STTRERE T, LA 3.4, 0.0 44y
: con D+LP D+MP D+HP
con D D+LP D+MP D+HP B. HO-1 BARKEBRSFER
Nrf2 nucleus & a,45 con i 4% , P<0.05;b: 55 D ZLAHHLEE , P<0.01;0: 5 D+LP
HA LR, P<0.01;d: 5 D+MP M HE , P<0.05
Lamin B e Rl 4 EDiT3t db/do NRERBKERH HO-1 RERXNLM
A N2 BEEFTRZE (x +5,n=3)
1.5 Fig.4 The effects of palmatine on HO-1 protein in db/db mouse
be thoracic aorta tissues( x x s,2=3)
-};ﬂg T be T
% 1.04 T
a R
' ‘g 0.54
Z a
r“-] KIERE BRI R H I REZ—,
O 1 3 B BRI ZEAL AR BN BOR T BOB R
B. N2 BEFERTREAMER KRIEREREMEBOEERNRE, HiL, A%
.15 con fELCHE, P0.0S:b: 5 D EAHLIE, P 001, A0 SRS R M A AR AL A A
o: 5 D+LP ZiAfE, P< 0.01 BOABHARE RN K M ERENEERR, HRHE
3 EOITR dodb MRERBARE N EEaRAmpE  DOURY RERAHIR RN RIS TR
(¥+5,n=3) &R, REEFRER S EYWE, W E DT
Fig.3 The effects of paimatine on Nrf2 protein in db/db mouse BEHEFEAYRZ—, {5 B HE ST 78R
thoracic aorta tissues( x +s,n=3) %‘.ﬁg th E‘Jf/ﬁfﬁ ﬁj*ﬂﬂ*ﬁ%?ﬁlﬁ . ZF»E?%%FB
%3 #£A/)RM#&MDA.SOD,ROS 1 T-AOC S #(x £5,n=8)
Tab.3 Levels of MDA,.SOD.ROS and T-AOC in each group{ x  5,n=8)
5 MDA ( mmol/L ) ROS( x 10° U/L) SOD( x 10° U/L) T-AOC( x 10°U/L)
confl 2.39£0.39 105.12 + 17.45 155.61 + 13.85 5.51+0.60
| 7.68 + 1.08* 350.40 + 27.99° 99.46 + 14.53¢ 263033
D+LPZ 6.80 £0.95 329.06 + 32.25 112.01 = 19.61 2.78 +0.35
D+MP# 5.37 £ 0.69> 257.44 2 31.00% 126.11 + 14.67° 3.47 £ 031"
D+HPZH 4.54 £ 0.65% 209.12 + 37.14% 141.94 £ 15.77% 3.97+037=
F{& 21.355 32,605 10.111 : 26.727
P1{E 0.000 0.000 0.000 : 0.000

¥ :a, 5 con HHES, P<0.05;:b: 5 D AL, P< 0.01;¢: 55 D+LP 4AH IR, P< 0.01;d: 5 D+MP 4AR I3, P< 0.01



— 1526 —

FEER KSR 2017 £ 42 %% 11 85 ( Journal of Chongging Medical University 2017.Vol.42 No.11 )

db/db ¥ FRIR /N BAE R 2 BB FRARARE] | BRI IR
W PRI B T IR | 5 I AR SR FAE , 45 R %KW, db/db
WEPR/IN RS B IME L AR 0 HbAle /KB ER
F db/m IEH /PR, BB BEEM HE v IR
BB PR /N B S B I A R AR AR IR B B, X M R 4
SEE RISV T E SRR AR HE T {RIE db/
db ¥ERF/NR & B EITHE BIRIT/E , db/db B IR
/NS I I L LIS F1 HbA 1e 7K 34180 BRI, B
WEPRIR /D B R SIS R AR AR SES . SRR AF
W R I E ST BB (RN R/ RS IR 1 vE , 54
MRER B, LREGEREY, DEITRES U B
PRI/ B B BRI B R AR, FCAL I T BBl ot PRI
VBRI A SR SEBLAY '

WEHIE , EACNBRNE RIS I R AE 1B L i
H -, ZERE RS B E LIk MDA 1 ROS 7K
AR EAR, IR ENESRG, REEIAE
KB FEAR , BT LUR B URAG R ; T SOD A
T-AOC WIFER: R H PR, R BT E AL B E
WSS, AP R . 5IEE/NSAE L, db/db FEIRR
/INEL MDA #1 ROS BH & 7+ ,SOD #1 T-AO0C K
B BRI, 55 db/db WEIRIE/DBAR L, &2 B BTG
Y7 J5 19 db/db R /DL MDA 1 ROS B 8RR 1K,
SOD A1 T-AOC K EFE, LhgRRFEED
1T Bt B S BT BR P /I BRAAS P9 9 AL R K OF
X A] R BB i R /N R R 3 bk il B R AR W E
BEHLHZ—,

Nrf2 AL R IO 2% o 76 E AR B 5 14
T, &3S Nef2 B H M R BT iF HO-1 541
SHEAMES, R EB S E TR TE AW
PAEMBERERRIATERE R SBRNHR
MIAEALHLBEZEF LR R B H AT SR B BB R I
BN B 4 AR B B, 7EME PR R I AR | il B 5
ARERIBEALE PR E IR EEMERARY, mA
PR R, SIEFE /MR, db/db R/ E
Bk Nef2 F1 HO-1 BHMBRXHBEMRK, 5
db/db BEERSR/INERAR L, 2833 B BYTIRYT S , db/dbl
PRI /N E B PR LR Nef2 F1 HO-1 B H KRB
B BT, RS R B VT RES U B S Nef2/
HO-1 & B, 3X 7T BB L il S0 P o7 S T Sc B PR
S/ INERL S S Bk I B R AR R BB

g LRTR AT R B E DT e B B ok 2 db/
db ¥ESRIE /N R A B BRA L2URAE , Bz vl RE 5 1%
fIWE FR 9% /N B 2 B I 98 A I B & B L 300 Nef2/

HO-1 {5538 B E o I RIB PR/ R B KA R
e ANR: AV
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