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[ ABSTRACT] Aim To explore the effect and mechanism of acid environment on media vascular calcification of
chronic renal failure rats. Methods In vivo experiment: healthy male SD rats were randomly divided into control
group, renal failure group, vascular calcification group and acid intervention group, calcification was measured by Alizarin
red staining and enzyme linked immunosorbent assay. In vitro experiment: vascular smooth muscle cells (VSMC) were
primarily cultured in vitro and randomly divided into control group, high phosphorus group, acid intervention group and in-
hibitor group, calcium deposition and ALP activity were measured by Alizarin red staining, quantification of calcium and
enzyme linked immunosorbent assay, the expression of BMP-2, Smadl and Runx2 was detected by RT-PCR and Western
blot. Results In vivo experiment: the vascular calcification model of rats with chronic renal failure was successfully
prepared. Compared with vascular calcification group, calcium deposition in acid intervention group decreased ( P<0.05).
In vitro experiment; compared with control group, calcium deposition, alkaline phosphatase ( ALP) activity and the expres-
sion of Runx2 in high phosphorus group increased ( P<0.05). Compared with high phosphorus group, calcium deposition,
ALP activity and the expression of Runx-2, BMP-2 and Smadl in acid intervention group decreased ( P<0.05).
Compared with high phosphorus group, calcium deposition and the expression of Runx2 in inhibitor group also decreased ( P
<0.05). Conclusions Acid environment can inhibit the occurrence of vascular calcification in chronic renal failure

rats, the mechanism was presumably that vascular smooth muscle cells osteogenesis/ chondrogenesis-like phenotypic trans-
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formation was inhibited by BMP-2 signaling pathway.

ML E5AE 218 14 B HE S ( chronic kidney disease,
CKD) M7 DA LA BN G | 2 300 M B P
974 ( cardiovascular disease,CVD) A RFILT- R B &
B EE SR R R B, FE AR R
PR B MAE 55 4k, % FEAIR CKD R CVD JET-% 42
PRI A A0 I R S, AR R P R
CKD 355 UL I &5, o B AR — % m, LA
FEWFFE CAESE , BRPE PR AT LA A 1 15 B 4 L R B
B 06 ) i T S R e, RO R T CKD
R NNIIN=R 2R e (Ve = a = BuR i IR ] 1
(vascular smooth muscle cells, VSMC) il B/ B4R B+
TRV I BNLH Z ) DI, iRt 2 5E
ST AT LUE S0 VSMC FAE AR 200 14 51k
St ASBIESE LAAE M T A el O el i A5 S A AR R A
TRIMEFRI AR VSMC SRR, 23 A AR P i
HPSERAR TR P R 5018 1 B T £ s vy O B L 4 v
RSS2 , Ik — DR HAT REAY A A B

1 M#EFFEE

1.1 SEIEhY

26 R 5 JE# F 7 R4 AR SD KR (A E
FEK S 5L 80 2h 4 00, 30 4 & HE AR 5 O 1305090)
e B SEEA IR LR 6 ROAR, R A A
BE R HEAT M 50 i VSMC JRRFEE 7%
1.2 EZERXFFEF

DMEM #5 3x 2t i 4F i 7% ( % [& Gibeo 2 7)) ;B-
H i 8 B ( % E Sigma /A 7 ) ;Noggin( % [ Peprotech
AF);PCR I (Ll HEERLNF); KA
Runx2 # 5% I 4 (& ( 3£ B ABCAM /A & ) ; % 41 K
BMP-2 % 7 [& % f& ( % & Bioworld /2 7] ) ; SP % J&
AR A & | = A FLEK K Z (diaminobenzidine ,DAB)
PERANE( LEREBEENTETRARLA);H
MERM & (FELEEDRBERBGARAF);
RNA i# # 53X 71| & ( % E Therom A 7 ) ; BCA & A
KEME R (EREERBEARAE) ;K
5 B B% (alkaline phosphatase , ALP) | i & ( 8 % #
WA TARF R T Bl B A £ E M5 LHS0A &
( B K Olympus 2 7] ) ; B 47 L ( % [E Biotek /] ) 5
PCR fL( % E ABI A8 ) 5 B B 1T (b % 5 A 7 #
FALEEA R /A F ) ; Unicel Dxc800 4 B 3 4 1k 4~ #r
P(EE N2 ERFENE),

1.3 S ARERE
1.3.1 A %R 56 BB AMEKXRE
MEh g FEEA BB EEF S AR LES
o, Ak a g mEAREERAER FHFHK
AU 26 RA R TR ED WA, 3 HE
H(n=6) HHHFEBUA(n=6) MEHNU(n=
) BRTHA(n=7), BHRFEBA fmEHNA,
BTMAHITS/6 BEMBRA, HENMBRARLZE £
TH, X1/ EUR,5 REHEHLBELEH, 5
BEEEBARBERAMESSE,S RE#HET —
FELY, ERABRTENRE B RTHALR
I RARZA T IEENEAH2 RARAT, &4
MALTHELS R AR, XA B EmA% T 1.
5% F kA %L 6ml/ (kg - d)EF , Ml E 44 T
F W44 T &1 = B 600 ng/ (kg - d) T 1.5% #
AR, 6 ml/ (kg - d)#EF BT 4% % 0.28
mmol/L A4 (=& FAESF), LA & HAK £
BFK, 420 X, B E 30 FCF R R A6 ] o B
K& A KT, A A B N Bk fe pH fE A8
HCO, & &, BB Es A THARFN LG4 &
M,
1.3.2 koM E% K BB E 3 ik VSMC R R 3%
KREESBALHEZMMERD & 4 Ram#
AT 25 F 1, 10 mmol/L B-H i1 2 B % F VSMC 45
., & VSMC #Z ML 7k %2 0 M4 . IE % 3t B
A A 10% 6 F g R EFE R EE pH E Y
T4 E B A 10% 64 fiFFEREF w10
mmol/L B-+H i 5 B , % pH 8 4 7.4, 8 T W4 %
FE kR, M pH BN 7.1; 1% 5 4 % & 8
Bk F A N 200 pg/L Noggin, ¥ % pH & % 7.4,
1 mol/L HCl #1 7.4% NaHCO, 38 % 3% 5% & pH
B, 824 h B —K, R# 4 R, &0 BkAT
RNA K& g K FRM, R #H 14 R EHATHE LR,
1.4 AXBRMERARHRESLE

2% X B Z 40 (30 mg/kg) FREE A B, 5 MR
F Ak, B E B AR F R B L, B R R o AT R
B i it pH {8 \HCO, ™ 3 &, & B 30 & b 2 47 S ]
MAVEF R ERAKT, BB ES ke &, FBRAR
RETRAFHATHLESN, TRALH 10%
B% [ Ja B ¥ 4T von Kossa 28,
1.5 KEBMERAFEHRZR
1.5.1 von Kossa % &, AL K R R
A 5% 5 B AR V5 L, %48 6 B 4T 60 min, B A 5% it
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RABHEREY , MERITEL, RRERA . E
WoHAFE, TERETWEMESLE N,
1.52 #4=nE e E B HOE T ERE,
EF 0.6 mmol/L # B W 37°C 1, B _E ¥ i JH 45
AR & PLAATE &, BEAR LT 600 nm 4L &R
KEE, TEHE AR PN ESE,
1.6 KER VSMC $54L &
1.6.1 #HFEoEE WE3IRAEEMNT 12 50
WAL, FAEINEI, BHERLETFRREEE
14 X, 5 L, H 95% 28 F 37°C 1545 # [ & 30
min, 7 LB, B MmAN#E RO LR (0.1%,pHS.3) T
37°CHRA T HE 30 min HATH L&, 6 E L M5
THELEEL, SENBRAIELE,
1.6.2 4543 & BE3IR@MEMNT 1270
WA, FAEINEI, BHEELTFRREEE
14 X Ja, f 0.6 mmol/L #h B Jit 45 1 7, B+ 7& i A
25 2 AR A & T e ML A B, A5 R A R 0.1
mol/L NaOH #1 0.1% SDS ¥ ## 30 min, B _F 7% &
BCA ZHRENMNERNENEAREAELGE,
1.7 KB VSMC ALP i&HENE
BREIRAREHNT 2ARA, FHE3INE
L, &A% T AR BHEZR 14 XE, AN 0.1%
Triton-X100, & 4°C F3 ¥ 24 h, 8% & K4 k4T 4
wp B PR A 2R B HATRAE, TEAT
L 520 nm K 4L = 4R
1.8 RT-PCR #&#l] VSMC BHIERE B R IE
T 7 4 Kt & % %0} mRNA 7l & BMP-2,
Smadl # Runx2 3 F ¥ %k £, PCR 9 % & Primer
5.0 &I, 5 FAILE 1, ERHEL 3 K,
1.9  Western blot #il]l VSMC BHIZEBARIRIE
BT 4 R E 448, 27 2B 4K &
WH K& A,BCA %3t ATHE G % &, SDS-PAGE %
B R HF, m—4(GAPDH % 1 : 10000, Runx2
H1:100,BMP-2 4 1 : 500) # %k ,4°C & T 7,

PERE Nt A (1  400) , EIR T B E
Lh ARERERGERAGRE, TRELZ3 K,
1.10 SitEDH

HAEESH ANt ERN Axts X7, % 4 0H
HPUBERA LA R T 200, AR AR LEA S-
N-K #:52, P<0.05 K 2 7 H it % &L,

®1. FEWEESIWF

Table 1. Gene primer sequences

a7
FH 2]l .
& i Ko
¥ 5'-CCGCACGACAACCGCACCAT-3’
Runx2 . 289 bp
T 5'-CGCTCCGGCCCACAAATCTC-3'
i 5'-ACTCGAAATTCCCCGTGACC-3'
BMP-2 106 bp
T¥# 5-CCACTTCCACCACGAATCCA-3’
¥ 5-GGTGACTGGGAACGGATCG-3’
Smad1 . 144 bp
T¥% 5-TGGTCTTCGGTTCGGAAAGG-3’
i 5-CAAGGTCATCCATGACAACTTTG-3
GAPDH __ 496 bp
T¥% 5'-GTCCACCACCCTGTTGCTGTAG-3'
2 # R

2.1 ERMEINETIB M S I BE 32 I8 K R E Bh Ak S
HHIR0m

5 IRAL AR LU, 5 T RE S U 21 | i A Ak 2H K
TR T 0L 2H R B LI N PR 3R EUK T Y B 3 15 (P<
0.05) ; 5 X BRZH | B TR v 4 AN M B A5 AL ZHAH 1
R T PR BBk pH B AT HCO, WX T [ (P
<0.05;%2) . von Kossa 4t g7, MAF 5102 KB
i 32 3 ok v AT R A R B Eh O (H X B
' Dy AE 5 vl 20 R T T2 K RN 3= B0 bk B4 oK e B
PR EASER DU 1) o 5% BRZER ¥ 2y o vy 4
AR, A8 45 A 4 K BN 32 20 Dk 85 5 = B b 38 o (P
<0.05) ; 5 ML A5 L AR L, B2 T 4 R B 323
JiCES 7 R B AR (P<0.05;% 2)

R 2. HEKXRBEKI pH E.HCO, K E MABT R EZRKERBENIKEEEE (v2s,n=5)

Table 2. Arterial blood pH value, HCO, ™ concentration, serum creatinine and urea nitrogen levels and calcium content of rat

thoracic aorta in each group(x+s,n=5)

s ki HCO,~ IRER i 3 kA 2 i
a4 BBk pH i (mmol/L) 3 LI (me/dL.) (mmol/L) (mg/g)
Xf IR 7.446+0.016 23.40+2.26 26.40+1.82 5.74%1.05 2.87+0.71
B D fig a4 7.460+0.040 22.74%1.56 64.60+2.88" 11.200.76" 2.99+0.40
& 45 1k 7.455+0.036 23.50+3.81 56.80+1.92° 10.12£0.69° 10.68+1.31"
P il 7.129+0.178™ 12.42+5.74™ 57.20£9.18° 11.26+1.58° 4.63+0.68"

a } P<0.05, 5XFIRAL LA b 4 P<0.05, 5 B IIE R4l L ;¢ b P<0.05, 5 A M b4 i,
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1. BAKRFMEZNEK von Kossa 2 (200x)

A XTHRAL B OB S RE R4, C M5 ILAL, D HER T T4,

Figure 1. von Kossa staining of rat thoracic aorta in each group(200x)

22 BMERBENSHFISHKR VSMC S
ALP &R0

PER Y0 R, T W L AN A 4T (o i A 451
Wi 22 T 1E 5 6 BRA ;5 S Wi 4 A 1L, R T 0 2 A
P A AR 2T e A2 B s (| 2) , 5

IEH N IRAUAH L, R g 40 i A 5 B B 2 ALP
WP 58 (P<0.05) ;5 = BRI HL, e+ il 2
AR 750 2E 200 e 5 5 Y S /b, ALP {5 1 P A
R (P<0.05;%3)

2. RAKXR VSMC FHELEE(100x)

3. BAKXR VSMC FEBEREEE M RS E 8 (x2s,n=9)
Table 3. ALP activity and calcium content of VSMC in each

group(x+s,n=9)

| ALP FEHE(U/g EH) &S (mg/g HH)
1EF X R ZH 22.09+4.28 21.39+3.93
s 93.91+7.94" 86.15+7.59"

18 T 1 54.58+7.73" 58.36+8.03"

e B 38.05+6.64" 45.01+6.87"

a2} P<0.05, 5 1E % XL ILE ;b A P<0.05, 5 B4l lL#;c S P
<0.05, 5T W4 ik,

23 BUEREXMSBHFSHKAR VSMC BMP-2,
Smadl F1 Runx2 FRiEBIE NN

SIEH X AL AH H, = 41 BMP-2, Smadl Al
Runx2 mRNA ik WG H0 (P<0.05) 5 5 = W 2 A
L, B2 T 1i2H BMP-2 Smadl FI Runx2 mRNA 557
/B (P<0.05) , BMP-2 1 Runx2 %5 15 H: mRNA f9
RKIRGER (K 3),

ACHIEH G IRAL, B Bl , C SR T 1041, D il R4l
Figure 2. Alizarin red staining of rat VSMC in each group( 100x)

2.4  Noggin X HHEF S A KR VSMC Smadl #
Runx2 Ri& B 200

5IE # X B4 A He, = 8% 41 Smadl Fl Runx2
mRNA K (P <0.05) 5 5 i B 41 L, A
Noggin J& Smadl F1 Runx2 mRNA FiE¥A BT FRE(P
<0.05) . Runx2 #E[15 mRNA FAZ5H—B(& 4) .

3 it i

CKD BEAAET IZ WA 8540, T H R CKD 4
~5 W 80% A F o ka5 1k, HoAG 1k i) ™ F AR B
AR A I = O I BV S 45 CKD H3 A9l
EG L TR S Ak, VSMC S il & B 1Y)
TSy, HHAE BCE R R R AL AL B
AR B E R E A CE A ALP  Runx2 |
MSX2 % 2 Ff - 3 5 26 (R s R R L,
H RTINS 30 kS 1k ) o 7 28 0L T B 8 st A2,
PAAEWFSE CUESE , B PR ] LASE I - 200 PR o
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B 3. FAXR VSMC BMP-2,Smadl 1 Runx2 BJ5R3E oy P<0.05, 5IEW X IRALHE ;b o P<0.05, 54l Hik,
Figure 3. The expression of BMP-2,Smadl and Runx2 in VSMC of rats in each group

087 a 2 B Smad
[ Runx2
1
e ab ab
% 0.4 T
<ZE e il
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2 2
1.0+
a
 O® T
X
-H-%O6- a
",;‘ -1

Bax

Runx2 w — £ 0.4

GAPDH s s

0 T T T
«® ,«g&"&’ X & o &
&5 . 3
S P w
& 4. Noggin Xf & H KR VSMC Smadl #1 Runx2 3R i% 85200 a N P<0.05, 5IE# W A HLE ;b N P<0.05, 5w i,
Figure 4. Effect of Noggin on the expression of Smadl and Runx2 in VSMC of rats in each group

e AR 0B 200 M 5% e, G A A RO, FRATT VSMC U/ R R 2R L Al T A ) a4 b
HEMRAE IR BT X 5 AL 2 5 n] LSRR 451k,
M5 Ak i A T, BV P B 5 2 5 mT L3 ok 410 AT FEAE AR PN A 1552 56 73 3l ez I 1 K B
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F BN VSMC £53h BURE &L, 45 R & IR M 3R 45
AT LA A BRU 3 B Jok r BB 1 1 & A LA B VSMC
FHERIUTRY, Runx2 J2& B0 40 i & 2B F oAk i e 55
PERE SR F 2 — | BEFE SRR B S R s 7 b
P4 AR S LA F T A, 5 A 7 5 o 2 P 3
K TESCE AN oL S B T R B R S B R s A
FH 02 VSMC 8/ BB R I e A bR AR 2
Z— 0 ALP 2B AT B R AR IC ) 2 —,
J& VSMC KA RAVEAL I B bR B o TR
FERRPE PR BT 5 0 i 10 ] VSMC A8 A i ) i,
B REESAL , ARSZIR R T VSMC H Runx2 335
J ALP &, 25 R B, B L H Runx2 1958 K
ALP §54%: , 2R T 15 Runx2 B9k K ALP §6 11y
FEAK, BEm M Ph PR 85 8 i il VSMC ] i B/ iR
AR B TRk T P o ot A TP RS AL

BMP-2 S 522 15 R 55 B, R R e
Jo T 440 e 1) S 0 B A, IO S B A 3 Ak
BN, R e VSMC R Ak ol s
BMP-2 5 4 ifd 5 35 1 32 AR 45 6, W2 AL T iR 1Y R-
Smad( Smadl Smad5 il Smad8) , 2 ifd it 7 B FR 1L 1)
R-Smad 5 Smad4 25 G EL S EZ &8, EAEN I
4 Runx2 | Osterix 55 BUH 757 VRS S 11 3k | i
— AR M A AR & A R4 BMP-2 {55
W PRAE R RS S B VSMC 26 U5 AL 2 AR
St K T R R S I A BMP-2 {55 B
7] Noggin J& Smadl 1 Runx2 BFIRFEA;, 45
R, B BMP-2 Smadl H1 Runx2 AYFEik,
A Noggin J& Smadl F1 Runx2 f) 2 ik ¥IREAK, $ER
BMP-2 5538 82 5 T m Wi 1 VSMC R A F;
1k, MR IR PE IR T L BMP-2 55
PR A S S Y VSMC e AIEE AL K TR T
4l BMP-2 Smadl 1 Runx2 i3k, 45 5 k& PR M
BN BMP-2 Smadl Fl Runx2 1 F kAR, 4275
BMP-2 {5 530 % 2 5 7 R M 20 52 40 il = i % 5 1)
VSMC FEEIFAL

25 L RTIR AN 58 DA PR FIA S0 52 56 35 % B IR
PEEREE AT DAI0 K BRI =8 3l ok i 45 Hp 45 AL, 3
Y FH T Rl 238 31 V815 BMP-2 5 5-38 6 A G 5L [ 1
FikK T4 Runx2 HYERIA, SEMI 06 VSMC 18/
BB RE R AL T S, 478 BMP-2 {5 53
Z: 5 T IRIEFR B = 915 T 1 VSMC RAVFE 1L [
PEAb R, DL b S g I — 2D B UE T R M R R
5 IS AR G | 38 3 % TR P PR 1T B 2 o) it A

PHACHI A A=, Dl PRI B A6 ST LA 505 1k B BT 19
FIMAE . AHAI TR T 3h 4 R it S 5, ik
PREEXE ARSI 2 S 2% 19 3 JEE P IR 1R 3R 5 1
ZREAR CKD B A 5 Ak Kot i 4 AR R FE TR
A F T LIS,
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