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Abstract: [ Objective | Vascular smooth muscle cells are stromal cells of the blood vessels , which can ex-
press a series of vasomotor genes and proteins and plays an important role in maintaining vascular tone.Activa-
tion of myosin light chain kinase(MLCK)is a key signal of vasomotor and is affected by intracellular calcium ion
(Ca™ ) concentration, intracellular cyclic adenosine monophosphate (cAMP) level, and intracellular pH value.
This study aims to investigate the effect of a—ketoglutarate(AKG )on vascular smooth muscle cell relaxation and
its possible mechanism. [ Methods | 3—week—old rat aortic smooth muscle cells were used as the model to study
the effects of AKG treatment for 1 h on the cytoskeletal area and intracellular MLCK mRNA levels, the instanta-
neous changes of calcium ion concentration, the cAMP levels, pH value, and the mRNA levels of acid-base bal-
ance—related ion transporters like Na'/HCO,™ cotransporters (NBC) , Na'/Ca® exchanger (NCX) , Na'/H" ex-
changer 1(NHE1)and Na"/H* exchanger 3(NHE3.) [ Result ] Compared with the control group, AKG effectively
dilated the cytoskeletal of vascular smooth muscle (P<0.01) , significantly up—regulated the relative transcrip-
tion level of myosin light chain kinase MLCK mRNA (P<0.001) , and caused instantaneous changes in the con-
centration of intracellular calcium ions (P<0.001) ,but it had no significant effect on cAMP levels (P>0.05).Fur-
thermore, AKG dramatically decreased the intracellular pH (P<0.001) , and up—regulated the relative mRNA
transcription level of the acid—base balance-related ion transporter NHE3 (P<0.05) , while the relative mRNA
transcription levels of NBC, NCX, and NHEI had no significant differences. [ Conclusion ] AKG can relax rat
vascular smooth muscle cells, its mechanism might be related to the decrease of intracellular pH value. This
study provides experimental evidence for using AKG and other energy nutrient metabolic intermediates to im-
prove the circulation state and tissue blood flow of animals.

Keywords : a—ketoglutarate ;rat; vascular smooth muscle cell jrelaxation ;intracellular pH value
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WM ET AR (ARBEFEVIAR AKG J& BAT AR TE M i) =R R PRt 18] 74, 25 20 OB i £ g™
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L), 3 A AT 60~70 g, fEFRRAS KL, 14 7THIES : SCXK (H)2020-0051 .

AR PR - o R ER (S30041, BRI A WRHEABRA D) , i B K T (4474-91-3, L TR 3K
FRHECABRATD) o RS KA U ORI AAR ), 5 abe (R510-22, RIS IRTEA BRA R .
1.2 RWiEt

2% Yuan 5" R U] AKG W] BB UL K s s AL rh 2 =5 & 19 0045 B2 205 i o AKG ) 7t
£ 2590~120 pmol/L, FHEIT AKG XF I 45 F- ¥ ILAH ML &F 4 (1) 5% ) K HEmT BeAIL T, 2 2% 5k P 4519 Husarek
ARG S TR AR AR B ) R RRUEAR LA T T LA IR £ 2 3 AR AT AL 3 B A N R AL B4
(n=3) #1100 pmol/L AKG &b HRZH (n=3) , FA1H5 45 11 10 5 - 8 200 b 1o L L % G 0 JIL sk 2 1 0 e Y8
MLCK mRNA [ A5 S5 7K -, i PN 85 5 v 5 A8 A0 R P pH (LA Ak, 32F — 285 46 D00 81 15 40 i A 7 Ak ~F-
A5 3 17 5 W 5 RS 0 A G 8 3 1 B X Na'/H 228 4048 3(Na'/H" exchanger 3, NHE3) \Na'/HCO, 3t5%
iz {& (Na'/HCO,™ cotransporters, NBC) \Na"/Ca> 32 #ft{& (Na'/Ca® exchanger, NCX) Fll Na"/H' 22 #e {4 1 (Na'/H"
exchanger 1,NHE1)mRNA %) #H XJ 55 S K 020
1.3 MEMESAZE
1.3.1 @feey sz e s %w MMl HZ RHEERE 1 h,PBSPE3 R . & —$i (a—Smooth Muscle
Actin,SMA , SC-56499, 35 [F Santa Cruz /A & ) ) Blocking Buffer 55 (4 °C, i3 %) . PBSYE3 W, & 4 (1l
i/ IgG H+L ey3,JAC-115-005-003, 3% [H Jackson 2 7] ) B PBS & (%3, 1 h) . PBSYE3 K, &
DAPI(MF234-01,1:2 000, Jt 50 K& R AEWRHLA RA 7)1 PBS I F (%R, 5 min) ,PBSTE 3K, JHZ
e BT (Nikon Eclipse Ti—S microscope , Tokyo Japan)4A4% . & H Image—Pro Plus (3£ [E] Media Cyber-
netics A 7)) A G IR, Blocking Buffer FiC il : 10 mL B PBS %/ 0.5 mL LU FE 1M1LYF 0.2 g 4 L&
2 .0.2 mL 10% Tritonx100(T9284 , 3 [# Sigma—Aldrich 23 7] ) F10.01 g & & fL 44 NaN, (3£ [E Amresco
NHD) s 1AL (005-000-121, 35 Jackson ImmunoResearch A &) , I FHEIR AT 1 h, -20 CARLER"

132 e A cAMP a9 2 $i¢ B cAMP ELISA 1205 & ( b i 3 3 A= WU RHECA PR 7)) SR A FE 40 A,
FEARASCAE I 4 450 nm TR , 422 BEAR I & 5 BERH A5 A 205 cAMP (™,

1.3.3 e pHAA S w2 MW AL S B HEAPS 558, LA 1x10° mL (1) 40 Mo B0 % & LA R pHAIE M 6.
6.5.7.7.5 .8 [ 20 B 17 00, A b HHBE & () o 4 oAb B DA S50 A 0% & S5 S pumol/L Y BCECF -
AM (ZE[H AAT Bioquest 22 &) B9 TAEW (37 °C,0.5 h) , DA (Read 1:485/20,528/20, Read 2:360/40,
528/20, ) , 4% HEAR AL G T 0 R B9 DGR AR il 282X, 530 A % 1 1 52 B pH ™, HEPES IiE
il : 13 g HEPES, 16 g NaCI,0.396 g Na,HPO,-2H,0,pH 5 7.2, B & £ 1 L,4 CIRAF>,

1.3.4 2o 45 8 F ok LR RS AL eyl A ML HBSS W5 UE 2 7K, 5 E 10 mol/L fluo—8-AM (3£ [
AAT Bioquest A F)) TAEW (37 °C, 1 h) WS VEANME 2 R o 2 AR B W S0 78 T & Rl & S < 49 il o
490 nm 525 nm, 180 s J& ] N BE P 5 s F R AR SOL I B . A8 255 5 s BF I A ZS 10 B 55 o i
R R o BE DO BR AR A 5 G (E I — 4K, HBSS 2% M Bl : 8 /L NaCl, 0.4 ¢/L KC1, 0.1 g/L
MgSO, - 7H,0, 0.1 g/L. MgCl,- 6H,0,0.06 /L. Na,HPO, -2H,0,0.06 ¢/L. KH,PO,, 1 g/L. Glucose,0.14 g/L CaCl,
F10.35 ¢/l NaHCO,,pH 4 7.2, 4 “CLR-AF™

135 m e RNA $2IR 1845 Ffe 52 L2 2 PCR i ] RNA 2 BUR5) & (R4130-02, )7 N SE B AR W R4
A FRZ F]) A1 TRIzol 751 -5 AILZH ifL P $2 B RNAL 1 ¢ i RNA #2377 & H 4xReverse Transcription
Master Mix(EZB-RT2GQ, 32 [E EZBioscience 5 Y14 AR A FRA W) ) i % 5l cDNA . BIWF 5 L3 1, #i2 IR
2XSYBR Green qPCR Master Mix (A0012-R2, 3% [] EZBioscience 4= )35 A A B2 5 ) 58 B 45 12 ) F2 i 4
%:10 LR R &4 5 pl 2xColor SYBR Green qPCR Master Mix 3.6 pL ddH,0.1 pL ¢cDNA.0.4 pL5 ¥
TAEW ; f# ] Applied Biosystems QuantStudio 3 SR PCR R4 4% BT A L E B FR P SN - 95 “CHIHA 5 min;
95 °C 105,60 ‘C 30 s, JEIR 40K . LIXTHRZH GAPDH mRNA 3k 15—k

1.4 HIESITS ST

B A i 5 IS B E AR HE TR (Mean+SEM ) 278 o GraphPad Prism 8.0 417481101 SR 1 K&
B8 WG 2 M8 R AT 2% S 00 0T, P<0.05 A5 22 5+, P<0.01 N 25 5 35, P<0.001 N 2% 58 B 3%, P>0.05 G

BFEES.
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*1 BEWEEPCRSIYFF
Tab.1 Target gene PCR primer sequences
BE LA B st kY52 TS
Genes abbreviation Forward primer sequences Reverse primer sequences
MLCK GCTTCGTCTGCTTAGCTTCC ACACACGTATGACCACCCAT
NBC CCTCTTCACGGAGATGGACG CAGGCCTTCCCCTATATCTGC
NCX CCACCAAGACTACAGTGCGT CCCAAGCGAACACAACACAG
NHE] ACCCCTCGTCTAGACCACTC CTCAGGGGTTGGACAGACAC
NHE3 CCCGTGTCCAGATTCCCAAC GCCTACTGTGTACCCGGC
GAPDH AACGACCCCTTCATTGACCT CCCCATTTGATGTTAGCGGG

2 HERE5HH

21 AKGXAKRIMEFBIMMEEZEEARFIMLCKEERIZN I

NIRIT AKG S 15 8458 0L 8P T JULAR M 6T 246 , R FH S e I NS 52 ' 5 i PCR AR 31 A6z ) 240 e
B AR IR AN ET A7 5L MLCK mRNA B9ZRIK . 1A T8 IB AT 1C RIRN, S50 BRALAR L , 18 5 ik R 2

A

o HEZHL
Control

BRI
ANG II

BN =1

—m

a-fid %
AKG

Average cellular area/Field
I~

2 A 3 A AR/ 107 um

PR S 5]
DAPI

LI

100

—

*kkk

papiei|

Control

MEFRED o -FIRMRK
ANG T AKG

BLERE A HARMIMRNAK F/GAPDH

MLCK relative mRNA

papiEg| o~ %
Control AKG

A 2R LSS LA I A0 G e 9 S G 2, 2100 2 7 3 PR 75 2 1 (a—Smooth Muscle Actin, a—SMA) , ¥ (0.3 7R 41 /ity
K e Ykt R HEHE FEN| I (47, 6-Diamidino—2—-Phenylindole , DAPI) ; B 7R PLEF T A9 I BRI A 78 WLAN L SE X T AR ; C %

7R MLCK [ mRNA FRik 7K i35l R 25 16 3] P<0.01 Fl P<0.001 o

A means the immunofluorescence staining of vascular smooth muscle cells, red represents a« —SMA (vascular smooth muscle

marker protein) , blue represents DAPI (nuclear fluorescent dye) , Scale bar=100 wm; B means the average cell area under the
field of view; C means the mRNA expression levels of MLCK.** and *** indicate that the significant difference is P<0.01 and P<

0.001, respectively.
K1
Fig.1

el

AK G AR J X6 IR B AS -8 AL e B S8 T ARURT MLCK mRINA AR sk
Cytoskeletal area and the mRNA expression levels of MLCK after AKG treatment
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35 4 N0 B i AR T AR (P<0.001) , T AKG 20 8 354 K 40 i ) i R T AR (P<0.01) , il i 2 i T
MLCK mRNA XS HE 556K (P<0.001) o FH I AT A3, AKG 1] 75 5 10 45 Ui LA e &7 5K
2.2 AKG XK R I & 8 AL A b 7 45 38 F ik BT A0 cAMP 7K S B9 Z20a

MLCK 93417 A2 B 8545 45 . c AMP FIRE P IR B 68 140 300 1, 10 =28 250 S A L4871 T JUL 200 PR 56 4 1
5B . s AKG R LA W LA M &7 7K F0 05 5308 016, a8 18— 20 A6 000 it PR 465 22 R R i el 2
FEAT cAMP 784k, H P 2A FE 2B AT, 55060 BRZH M FE , AKG W% (254 i P9 45 8 7 B B OK - (P<
0.001) , XL Py cAMP 7K - JC 2 2 50 (P>0.05) o LA 25 1B AKG i i 42 1 i PN 5 5 1 (0 BR L, 520
A5 SF- JULAT S B 6 4 o

A 'O' SHEZA Control B 20
@ « LT AKG

g o

g *ok ok ERCERERS

o o
=2 g o
RE 3 Eg
ik £ 10 F
T3 %5
5 5 S =
BE 28

£ < 3

> £33 51

Z. | Bl

0 L 1 1 | 0 ,
0 50 100 150 200 . =
if[E]/s Time ot .

A 7R R BRI 1 98 LI PR 85 8 1k B2 I I 728 AR ) U — A 9B 1 (180 ) 5 B e R BLUIALE - ## L I cAMP 7K F-
oI Sy 5 R 22 57 IR 8 P<0.01 1 P<0.001

A means the instantaneous fluorescence change of intracellular calcium ion (180 s) ; B means the level of intracellular cAMP.
#* and *** indicate that the significant difference are P<0.01,P<0.001, respectively.

B2 AKGARBRJE R B F-Th LI P 405 2 1 B T e AMP B 22 4K
Fig.2 Intracellular calcium ion concentration and ¢cAMP level after AKG treatment

2.3 AKG XX RIMmE T8 AR A pH (B 0B T 748 5X 55 F 18 18 mRNA 7K F #9500

240 6 PN PR Y- 1 5 1 1 UL AR B DDA o O e — AR5 AKG & 5k LA F- 1 JULZR MO O LA, A T2
G DT 9 JILEH 6L P p H R BT 6 4 G B3 38 38 mRNA ZKSF 9284, e IR 3A FIEI 3B AT T, 5500 B2
MIEL , AKG 2% 5 35 P AR I A pH fEL(P<0.001) , HL_E 3 Na"/H 32 HefA 3(NHE3) ) mRNA A X e 5 7K
{0 A 25§ 328 1K Na'/HCO, L2 1 (NBC) \Na'/Ca® S84 (NCX) FI Na'/H 38 #e4A 1 (NHET) W) T2 H fi
225 (P>0.05) . LA RARR , AKG ARAT AT eIl 1 P45 88 75 iz 1K NHE3 335 , AT AR A pH {8, e 1
P38 LEF 5K

A s B 3¢
o = %HEEZH Control
9 il a - HIIE AKG
S [
10 et
2% 7
o 5 ¥ 5
EE E
=3 2z |
g 3 83 !
g K
4
pl
0 e 0 L L L L
STHEZH o % g Na'/HCO, ##EEM  Na/Ca™ ZHalk Na"/H 3 #efk1 Na"/H i3
Control AKG NBRC NCX NHEI NHE3

AFSRIAN pHAEMI AN B#R NBC NCX NHE 1 NHE3 mRNA RGO, sl 3R 22 5353 P<0.05 1 P<0.001,
A means the intracellular pH value ; B means the mRNA expression levels of NBC,NCX,NHEI and NHE3.
* and *** indicate that the significant difference are P<0.05 and P<0.001,respectively.
[§13  AKG b PR 4 Py pH A 09722 AL RS 7758 1R mRNA B AR X 4% 5t K

Fig.3 Intracellular pH value and the mRNA expression levels of ion transporter after AKG treatment
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103 Bk B A AR R T8 R B LZH 20 1 3 AR e = SR R G B 1 G v ]
TR AKG KEFUR , 2 5 2R 4 iR A", B LN ISP e LA 4 i 3 At , 52 9%
B A 5055 43 W TR LA Ry A2 A5 B 5 BT A Sl AR A S R v X I A 4R L il 3 AR
BRI AE A EEAE S8 . CAV R AKG REHE 5 ILAN P9 8 15 A4 5 it 1 %
WL B AH 2 H ET AKG X8 UL -V LA LR 52 38 ANV 2 . AKG (1942 BRYE FE 298 60 pmol/L,
31291 h 5 A BFHLZE 90~120 pmol/L™, SRS 3l vh R ZR 114 AKG X I A5 - LA 1 i) 52 il , A< BF
5% F 100 mol/L AKG Ab 3 1fiy & - 45 WILAR MG , 25 58 & B AKG AT LAY LA -4 L0 i B 2R i AR, B4 i
A K LT 7K™

L A5 S e LB 467 455 52 565 A5 A5 8 1 (Ca®) Fll cAMP A1 20 i 9 L3 I Ca> B B Ca® i 18
() FF 0, #0 0] 3B PN Ca™ MR BE L Ca™ 5 85 8 2 (1 25 & 1l 0% MLCK, fif ILER 25 (R Bk R 1L , 51 R i
5%, 5 Yuan AR IE — 30, AWFSE SR 2 W] AKG AT LS | i 45 15 L4003 P Ca® ¥k JBE 15 if 28
b3t 8.3 bR MLCK mRNA ZK V- SR N Ca™ ¥ J3E 119 T g 2 0 8 1, WA 4 5 o 3 o 3 s 22 4000 1) L
BREE A A2 W TR 1 (Myosin Light Chain Phosphatase , MLCP ) , {f JJLEK 25 11 52 58 R 22 W B2 1™, [ itk AKG
AR AT BB 23 5 R T LA A 0 B A4 o I T 3 LR B P c AMP ZKCF-TF i5 1T LSS 5 3 ik &7 5K, (H
SR 45 R W8 AKG IFIA B2 il N cAMP (97K, 33X KW AKG AT BEAN 3 £ c AMP 52 W) 1fi 45 - 1 JUL
20 L RS

BRI 7 2 8 5 20 2 37 A A 2 2R R AR SR A DG HE , 5 LA W LA Y pH %5 DA
R, AR R W] pH B T S IS A 0 SRR T W, BEFS RS, T pH BT B3 DU 25 (5 i 4 1% 20 e 2 44
i Bt i R el /B 532 DR pH R 2tk Ca B TH0H T8 % Ca® BYABURSE , Ca® T i AT 4 Sz 7 Al
SRl BEAIRDY . i A ST LA A P pH R A 9T 32 AR EE T Na'—H %32 R LA I Na™#fi P Fl NaJE 4K
PE CITHCO, 38 1A B IR IR B, 45 5 388 18 19 7 i i P L [m] e R P A R B R ™. P 36 B AKG
WS 5 RN N NS T B 5z, I T REE i 40 AU 38 iR (Na'/H” exchanger, NHE ) Z: 5 8 ¥ 41 g
Y B R BRE BE T ARG 45 SR 2 B AKG RE RS RAIC 0L 1 ¥ UL A0 AR D3 %) pHL AL, BV N pHAE R AR 75 & -
T LA i &7 ks pE— 2B B85 R R , AKG b VH NHE3 %5 8 75538 IR () mRNA A X% 5K 7, IR AKG 7]
B 3 B T8 A NHE3 P8 35 i P pH (B, 2500 40 DL 6T 3K 0RAS 2 5 005 s pLIAC (R sl B 4 4 41 1
I 37 2 A

DL B985 R AKG HA & 9K I - 1 LAR I 0 D B, 98 iE— 2040 8 T AKG 7E sh iU i
HW2AE A, iz A AKG SEA b ] 7= Py o536 418 PR A A2 ZUAC IR B AR . o 2 (AKG)
FEAR 1 A BR ot A1 LA L (VSMC) &7 5K, JLHL I AT fig 5 R AR Py pHAEA G .

Bigt - 04 B LR AR R SR A8 SC8 SRR H (NZ2021028) [ X ABFFE45 T T %8 0h, i B 5 !
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