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Abstract ; Objective To observe the effect of blood glucose fluctuation on adenosine monophosphate activated protein kinase ( AMPK)
and peroxisome proliferators activated receptor gamma co-activator 1 alpha (PGC-la) in human umbilical vein endothelial cells ( HU-
VECs) ,and to explore the mechanism of blood glucose fluctuation on vascular endothelial injury. Methods The HUVECs were cul-
tured in vitro for 3rd generation,and the cells were assigned into 3 groups:normal control group:5 mmol/L glucose (Glu) DMEM cul-
ture medium (Glu DMEM) ( simulating normal blood glucose ) ;high glucose group :25 mmol/L glu DMEM culture medium ( simulating
high blood glucose environment) ;glucose fluctuation group :alternate broth with 25 mmol/L and 5 mmol/L Glu DMEM, replaced once
every 8 hours ( simulating glucose fluctuations environment) , and the three groups were all cultured for 48 hours. Flow cytometry was
used to test its apoptosis rate. AMPK and PGC-1a protein and mRNA expression in each group were detected by Western blot and RT-
PCR. Results Early/late cell apoptosis rates in both high glucose group and glucose fluctuation group were higher than that in the nor-
mal control group (all P <0.001) ,and the early/late apoptosis rate in the blood glucose fluctuation group was higher than that in the
high glucose group (all P <0.05). The expressions of AMPK and PGC-la protein and mRNA in high glucose group were (0.232 +
0.018),(0.401 £0.013) ,respectively. The expressions of AMPK and PGC-la protein and mRNA in glucose fluctuation group were
(0. 158 £0.027), (0. 199 £0. 010) , respectively ,which were lower than those in the normal control group [ (0.905 £0.032),(0.946 +
0.045) ,respectively] (all P <0.05). The expressions of AMPK and PGC-1a protein and mRNA in glucose fluctuation group was low-
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er than those in high glucose group (all P <0.05). Conclusions Blood glucose fluctuation has more serious effect on the injury of

vascular endothelial cells than high glucose, whose mechanism may be related to AMPK/PGC-1a-related pathway and cellular energy

metabolism changed by blood glucose fluctuation.

Key words :Blood glucose fluctuation; Energy metabolism;

Pt A TR ST, 2014 452 Bk U AE N HERE
PRI (DM) K95 % 15535 9% 1, 2015 4 [ by 4 IR
WG 2Bl W, 4Bk DM B A B2 ik %) 4. 15
¢, 35 2015 4F DM g N FL ez, mak 1. 1
1212 TRIAE DM A 2 e AN DA 4 o8 Bk i I
o AR AMIFS KB, MR S AR TR Al
AR 1L P B 468 0 B Ay ™ i, BRI 1 A B
o R RS AL HE 1 O ( AMPK) 2 — N o By
BT ) = SR, B PR Ay 20 BB £ 1) R G
AR RREE R RGL o R WERRIR T/ BRI
1 (AMP/ATP) LB IR, X6 200 it P B s A i A B
JE%, [E) s 52 M) A= B — S AL U (NO) 7= 2 | caspase-3
TPk, AT S M I P R B RS i R
AW AR IS 506 A 2 A y LB 7 T (PGC-
lo) V£ AMPK 1 IR0 5 1, Z S 4h ik R 5¢
B BGPTSR 240 B 7 AR
L ARBESE T 2016 4F 12 H i 2 1 5 B vk
( Western blot) F j 5% 5% — 38 & Wt 5% )< v ( RT-PCR)
3 S ARGE DN g W/ IAUARE DR 30 B i DK 1A Bz 4 e ( HU-
VECs) ft AMPK , PGC-lo 1 2 11 3% 35 5 15 ff RNA
(mRNA) 3K, AR MR S 4 A K 52
1 #7HR5NEE

HUVECs ( X #t B B R 27 N 7 W F 58 A )
DMEM #5529 . 0. 25% Jife & 11 i . it 2F 1 ¥ ( Gibeu
N RN W P R At i A K R (Sigma 24
) , AMPK, PGC-1a FifA , anti-B (CST /A #]) o ¥
Bi 2 HIEUE A HHAL (H A BRARE A 260
FE 1 PCR 1Y ( Applied Biosystems /A ] ) , & A%/ 5
HE DAL (P8R Eppendorf 23w]) , PCR 85 & (b5t
FE YR BRAF]) .

2 KBHE

2.1 AEFRIWAEMTRH HUVEC ZI5)5
& 10% Jig4-1iig 1Y 5 mmol/ L 254 45 HH N 2 KL IR
(Glu DMEM) f{Ips 5 55, & T 37 °C,5% CO, &
WA N R R, 4524 h 45—, 152 ~3 d 124K
1 BOHECAE KA 2R 3 40 HUVECS, #2145 55 37
VL, 20 J R 1 T AR R A B, DA 10°/mL ik
JEFERN TS AUAR b, S BESCER [ 6 ] Bt vk i 46
2y 1R] LA K o3 SRR K A o3 o =4 R S
mmol/L Glu DMEM %758 , & 24 h ¥eig— Ik (FE )

AMPK;

PGC-la; HUVEC

TEHBERAES ) s EBE4L ] 25 mmol/L Glu DMEM $5%%
W (BRI RIS | &5 24 h $500 — K5 I BH I 3l 40
Fi 25 mmol/L Glu DMEM 2 3£ 3% #1 5 mmol/L Glu
DMEM 55529, 5 8 h 328 B4 — 35 5 W (400 il
B SR8 ) W — 4IRS T 37 °C,5% CO, 41l
KR F7 48 b, XA R FE b atb A T %%

2.2 HmRARMIIARKLN HUVECs B AT
L ReVU 2T (EDTA ) [ JB it 3 Ak 22 240 L, s ik
RS P (PBS) YRR 2 ¥k,2 000 r/min 2.0 5
min, JLEE 1 x 10°~ 5 x 10° 4 ; 45 41 i 5 & T 45 &
ZZ 0P 500 L, LA Ca® " ARASVEBEAR 45 A 8 1 (An-
nexin V-FITC)5 wL FI#ER Yk (PD)5 wl, #2182,
F BG5S min, 1 h A4, =X 4m A
PRI Ex =488 nm, HIR& W T A B IE
AR Aot B HEAT SO AME R L BROGTE EE
FBEE T TR R 3 A AT RO

2.3 Western blot & il &5 & & 1 #%& i 3h 3t AMPK
M PGC-la EAFIEMIEM  HCT-Fls #9410 i H #it
A0 PBS st b, n A2 i AL A% 5 min, 12 000
r/min G 250 15 min, BEFIE N IR IE T Fe 7
FrIUE (BCA 325 ) Rl S AR i, A i B 20 7 I
FE 35 1 B8 n) B Uk ( DS-PAGE HL k) 7985, % 15, 10
V fH R i8 H 80 min, Al —Fi:HT AMPK (1:1 000 7
FE) Pt PGC-1a(1:1 000) ,4 Cil i . AR
AW (HRP) FRic iR P —Ht (1:2 000) Az HRP
FRCHBTAEY R BUAR(1:1 000) ZR T A1 h, i
WOERS VR o A FHEE I UG AR E S AR
JREE VL BYEE 2R/ B-acting 8 4R AY LU AR B ke
2 H I I FRIRKOF, RRALH 6 AL

2.4 RT-PCR #& il 5 4. I #% K 31 3t AMPK 5
PGC-1a mRNA Rk M 15 19 40 Mo, &8 4l
RNA #2 Bt ) & $2 B4l 21 &0 RNA, 5] 9 )% 91 .
AMPK 354 5'-TGGCAAACATGAATTGACTGG -
3 TS 5'-GCTTGAGGTTCTGAATTTCTCTG-3
e K BE 113 bp; PGC-la | 3% Bl W: 5'-
AGAAGCGGGAGTC TGAAA GG-3', FiEal¥.5'-
CAGTTCTGTCCGCGTTGTG-3", 7= 4 K- B 483 bp;
HiFi-MMLVeDNA 55— 55 & st 7] & #8147 5% ok
JNE S :95 CHASHE 10 min, 1 MEFR;95 °C 15 s,
60 °C 20 s,72 °C 30 s, 45 AMFIH, P15 ,60 ~



<252 - % # E 25 Anhui Medical and Pharmaceutical Journal

2019 Feb,23(2)

95 CkATRb AR ZesrHr, B 3 A L Y Cr
2T BT A SR B, R 275 %
TR SE AR X &, B A1 6 ANFEAIIA
2.5 ZitEARE GiteEs AR SPSS 17.0
AT FTEBHELL x 5 Fon , WA [R]85 H R
FHRCA ¢ K55, 22 41 [0) 3 50 bl s R FH B R 3R O 2547
BT+ LSD-t K545, P <0.05 J2ERAGIE L
3 XWER
3.1 EANEARBATELRE s ksirss
LR, B ot (BRI R 7 2253 0 ) SO 5 1L 3¢
(LSD-t #5535 ) 7R : N AL T8 10 4 D8 hR, #5
HMEF AL E L (P <0.05), 4558 E:
FLIG 20 YR T8 bR R s R AR O I i B 4
TR A IE 20 5 ML O 40 B A A el s 2R AR TR
Ry A B S | IE R A AT A S B
AR Ry IE 2 R I Sh

R EHE R EI X HUVECS J T30/ (% % +5)

TR ﬁ%gﬁéﬁiﬂﬁ ﬂﬁ%ﬁéﬁiﬂ@ HLAHR 13 aan
AT AT 41 4
FHE4 3 0.13+0.05 0.13+0.03 0.04+0.01 98.10+0.99
i 3 2.46+£0.25% 20.56 £1.74* 2.50 £0.19* 72.53 +1.49°
gjﬁ 3 3.40 £0.16™ 25.77 +1.81* 0.50 +0.14* 67.32 £1.08%
F{E 266.620 260.232 287.79 555.507
P{E <0.001 <0.001 <0.001 <0.001

T P LB SRR IC a b 43 5 RTIE 5 21 | i WA LU B, P
<0.05

3.2 HAHNKMEE AMPK i PGC-la B ERE
BT A AMPK Fl PGC-1a £ 257 ]
DU 808 Je et a5 R 2, AR (R
Ji 225307 ) B W L (LSD-1 A 56 ) W7 - 25 2H N B2
Yiffs AMPK il PGC-1a FE RIS, KA 2ZERA 5
2R (P <0.05) , 25584 E ¥ LU )
LRSI, 1E Y A R o
PGC-10. S s s
AMPK [P e S
B-action «HEES D s
ERAL PR s sha
B 1 RIEIUKCE R i 4001 AMPK 1 PGC-lo 2B 107614
3.3 KAHKEME AMPK 1 PGC-1a HHT EE %
ST B LG R LR 3, AR HT (L
PRI Z 7 22530 ) SOPI G LE 35 (LSD-¢ A6: 56 ) S s - 2
AMPK Fil PGC-1a AH X 3E [ 3k, £ 41 0] 252 7 A 5
IR (P <0.05), 4568 846E  HIEHFRK
SRR B Bh 240 R eI, 1E 2l A

=2 KN AMPK fil PGC-la FXT B/ +5

415 FEA AMPK PGC-la
EHAH 6 0.905 +0. 032 0.946 +0. 045
[t 6 0.232 £0.018" 0.401 +£0.013*
MR shd 6 0.158 +0.027% 0.199 +0.010®
F1{H 1 465.623 1 153.373
P <0.001 <0.001

TE PP HAR 38 HEARIC a b 23 0 FIEH 4 R AL LA P <
0.05

£3 KHMM AMPK Fl PGC-1o AR EE I ik /% + 5

415 FEA AMPK PGC-la
EHH 6 1 1

=y ) 6 0.418 +0.023* 0.401 +0.036*
A 21 6 0.329 +0.038" 0.308 £0.031*
FA{H 1 158.265 1 100. 540
P1H <0.001 <0.001

T PP LB 03 PEAR AT a b 23 5 o FIE W 21 L Bl LL
P <0.05

4 itig

o W AT 20 0 PN B A L, 35 L0 0k 5 R
TR AR T | 26 B 23 55 28 M A 5 1% SF- i 2K R, LA
TR P B 200 L 8 i B 5[] s e i ] 42
o5 | PR IO ) 7 8 TR 5 3R KL A I R R I AR
ZEALAFT R SN, T BN B A B D e ZE L, B IR
R ST 3T R =T /£ 78 NEIREE C o] Lo ST Y2
ik OGRS, B HE C OS5, SRR 4
M 4E Ak JFUIR 5, A AR M T aE I Y L bk
SR IS D) REXE AR e 2 1y, HIHR I 48 N
Bz AR BB A A T Bl e Ol T AR
W L5 W, ARSI W % 2l S e 28 2 Bl s 552 ] o5
T HUVECs &A1, BB sh TR & T
W4

AMPK 5z AMP/ATP FAB #5540 7 38 L i i
B A P45 530 AMP/ATP (S TS R R
HBAT3E T AMPKol S 172 3 95 % 1R % 2 Ak 5% B
AR K s AMPK, AMPK 3436 )5, 8 of T i
SIRT1/PGC-la {55 & 425, 51 e 2 ki 14 S AL W ik 1k
B Sisgni, JFRS AR ATP P2 RER R AE . AMPK
X B AR IDTRR (FFA ) % AL YA #E T4 T FAA
TR PR 40 B BE A DL X i A P B A R
Pt AMPK SE b Hom a0 A - R R A
B , H NO i A, e Bz ohfig ™ . i Ak
(1) AMPK 38 5of JH: T i i) 1 43— 0 20 2 11 G 2 T
(SIRT1 ), FOXO F1 PGC-la # il #% A F-«kB
(NF-kB) 155, B FEAR R PE N T RO 5wkl



% # E 25 Anhui Medical and Pharmaceutical Journal

2019 Feb,23(2) . 253 -

SRR IMAE N K A caspase-3 1)1 # 7E AMPK
P B ] A AT R M T

PGC-1a {2 AMPK 1y F 3k i 4> -, AMPK R
ILRESENN PGC-1a WY 3635, H A 2 A8 S SO B MR
b, M R PGC-1a MRHHEA T PGC-1a 1Y) B0
TG T . WEFE B - 20 A Sk
R o tEE R, VB AR e AR 5 I,
XA A K BEE A T LA KA B B A i T
25 LR A B PGC-1a ] RE & HOCHE
R, 0] A R R R AR Rk S A
AR SR T Bk PGC-1a TS I Sk Mk A B
{5540 ] fE 16 42 5 4k 5 100 9 B2 200 it 2k A
AR —I5 £ BRI,

ARHIFFEH 7 v B B S SRS TR A P
Al AMPK Fl PGC-1a 2 43634 Fl mRNA FA#R R
I, i ELIE I SR A TR B Rk T KRR S B
AN PR TR AT R, (LA A5 AL AN
% 5 5 o I SR AS T RO T PN B 4 A Qg
S, FERE RN AR IR T AMP/ATP H(E Bk
A5, T AMPK 375 082>, PGC-1a /E 5 AMPK
TFRI 43 F e 1k5 F B, (49 38 4~ AMPK 38 i i 45
PGC-1 -2 P W PRl -~ 3 i v 38 17 4 i 4 b 4 B 1
FAAZ I RN ZORL IR DNA %% 5% 53 il 5 kiR 3¢
IR, R A s 2 e 0 . BT
[l AMPK \PGC-1ov 3 5 ¥ /b s, 5 B AR A5 53
H A AR S A R AR BPE NO [ AR D
> RYEHF | caspase-3 Fik T+ H & B AL
S AR BN B

2k R, ARG 00 25 45 R B, 1B 8 X
LGS PR 7 200 M 8 5 R B v T R v I, 3 43 L
il 5 HAZ M AMPK/PGC-10o AH 3 B K 20 i fE AT
AR 2, B DAL AR E— 240

[1] World Health Organization. Global status report on noncommunica-
ble diseases 2014[ R]. Geneva; World Health organization,2014.

(2] I3, XU, 3 . A DR DRV A0 28 O U A7 =7 0
WFFEARBL [T ], h AR B 4E 2 4% B B 4% 35, 2015, 14 (7)
547-550.

[3] SONG P, WANG S, HE C, et al. AMPKa2 deletion exacerbates
neointima formation by upregulating Skp2 in vascular smooth mus-
cle cells[ J]. Circ Res,2011,109(11) :1230-1239.

[4] HAN D, YANG B, OLSON LK, et al. Activation of autophagy
through modulation of 5’-AMP-activated protein kinase protects
pancreatic beta-cells from high glucose[ J]. Biochem J,2010,425
(3) :541-551.

[5] ARANY Z,HE H,LIN J,et al. Transcriptional coactivator PGC-1

[10]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

alpha controls the energy state and contractile function of cardiac
muscle[ J]. Cell Metab,2005,1(4) :259-271.
XIAO X,DONG Y,ZHONG J,et al. Adiponectin protects endothe-
lial cells from the damages induced by the intermittent high level of
¢lucose[ J]. Endocrine ,2011,40(3) :386-393.
BROWNLEE M. The pathobiology of diabetic complications;a unif-
ying mechanism[ J]. Diabetes,2005,54(6) :1615-1625.
CERIELLO A. Oxidative stress and diabetes-associated complica-
tions[ J ]. Endocr Pract,2006,12( Suppl 1) :60-62.
CALKIN AC,DREW BG,ONO A, et al. Reconstituted high-density
lipoprotein attenuates platelet function in individuals with type 2
diabetes mellitus by promoting cholesterol efflux[ J]. Circulation,
2009,120(21) :2095-2104.
EL-OSTA A,BRASACCHIO D,YAO D, et al. Transient high glu-
cose causes persistent epigenetic changes and altered gene expres-
sion during subsequent normoglycemia[ J]. J Exp Med,2008 ,205
(10) :2409-2417.
HARDIE DG. Sensing of energy and nutrients by AMP-activated
protein kinase[ J]. Am J Clin Nutr,2011,93(4) :891-896.
LOCHNER M,BEROD L,SPARWASSER T. Fatty acid metabolism
in the regulation of T cell function[ J]. Trends Immunol,2015,36
(2):8191.
IDO Y,CARLING D,RUDERMAN N. Hyperglycemia-induced ap-
optosis in human umbilical vein endothelial cells:inhibition by the
AMP-activated protein kinase activation [ J |. Diabetes, 2002, 51
(1) :159-167.
CALVERT JW, GUNDEWAR S, JHA S, et al. Acute metformin
therapy confers cardioprotection against myocardial infarction via
AMPK-eNOS-mediated signaling [ J ]. Diabetes, 2008, 57 (3) :
696-705.
VERSARI D,DAGHINI E, VIRDIS A et al. Endothelium-depend-
ent contractions and endothelial dysfunction in human hypertension
[J]. Br J Pharmacol ,2009,157 (4 ) :527-536.
MORARI J,TORSONI A S,ANHE G F et al. The role of prolifera-
tor-activated receptor vy coactivator-la in the fatty-acid-dependent
transcriptional control of interleukin-10 in hepatic cells of rodents
[ J]. Metabolism ,2010,59(2) :215-223.
SEBASTIANI M, GIORDANO C, NEDIANI C, et al. Induction of
mitochondrial biogenesis is a maladaptive mechanism n mitochon-
drial cardiomyopathies [ J ]. J Am Coll Cardiol, 2007,50 (14) .
1362-1369.
BROWN DA, O’ROURKE B. Cardiac mitochondria and arrhythmi-
as[ J|]. Cardiovasc Res,2010,88(2) :241-249.
PARK DR, KIM JS, KIM CK. The effect of SIRT1 protein knock
down on PGC-la acetylation during skeletal muscle contraction
[J].J Exerc Nutrition Biochem,2014,18(1) ;1-7.
ATREEA 28 RO, A IRES T 0 TOUREAR DR R SRR R
AL AR S m s [T]. T E T E R R,
2016,23(10) :72-717.
2t HEGEE, B T 5, %5 PGC-la MY ZhAE SACHHIE[T].
bt 55 F AR 2 ,2011,27(11) < 1013-1018.

(YA H 1#1.2017-07-20, 14 51 H #:2017-08-07)



