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[ ABSTRACT] Aim We employed rat vascular calcific model induced by vitamin D; intramuscular injection and oral nico-
tine, and rat calcific vascular smooth muscular cells (VSMC) induced by B-glycerophosphate to study the possible mechanism
which was involved in the regulatory action of ghrelin in vascular calcification. Methods The total aorta Ca content in aorta
and VSMC were measured by atom absorptive spectrophotography; the alkaline phosphatase (ALP) activity were determined by the
use of phenyl diphosphate-2-sodium; aortic ® Ca deposition was detected with the using of * CaCly; the mRNA expression of
ghrelin, osteopontin (OPN) and endothelin were analyzed by reverse transcript PCR, and the levels of ghrelin in plasma, endothe-
lin in plasma and aorta were determined by radioimmunoassay. Results Vitamin D; and nicotine induced vascular calcifica-
tion in rats and B-glycerophosphate induced calcification in VSMC too.  The calcification in aorta was significantly attenuated by
subcutaneous administration with ghrelin 30 and 300 nmol/kg for 4 weeks, and the latter dosage was more potent than the former.
After the ghrelin treatment, the total aorta Ca’* contents, aortic ® Ca deposition, ALP activity were less respectively, than
those in the rats with vascular calcification, but the OPN mRNA was upexpressed.  After treated with ghrelin 10™°~ 107 °
mol/L, the calcification in VSMC was also attenuated, with decrease in the total Ca™ content, ® Car deposition and ALP activity
in VSMC in a concentratiorr dependent manner, so did the increase in OPN mRNA expression.  In addition, we observed that en-
dothelin levels of plasma and aorta and aortic endothelin mRNA expression significantly increased in the rats with vascular calcifi-
cation, and ghrelin treatment significantly decreased them, with high dosage more portent than the lower. Conclusion Our
results indicated that ghrelin can significantly attenuate the calcification in aorta and VSMC partly through the antagonism with en-

dothelin system in circulation and vascular tissues.
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PO I A A 4T ] B 1, AT RE A B Ak i B A5 AL R
EHEE . APTFRALER D MEH TIHFH
R BRI 5 AL AT B BRI 5 5 55 5% A0 K BRI -1
1 WLAH A2 ( vascular smooth muscle cells, VSMC) 45 {15
b, WA E N LA E5 40 R AL RO, DLER AR
FE I I A A R AT BEALA o
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1.1 ##

BHESD ARBENEAFEFHEZR Y TR0
Rt RET HEEEZD B H BRI Y E Sig
ma /A 8); A6 4 M1 7F 1§ B Hyclone /- 3]; DMEM 1 E
GIBCO 7\ &; ®CaCl, i & % B NEW Life Sci. 2 5]; &
K& RS AN & d = E R B E %K
BFEHE T E M, TRIZOL 14 g % [E Invitrogen A &;
MMLYV if % 5% B8 .Taa DNA % 4 B . RNasin # Oligo
(dT) 15 Primer 7 Promega /8] /= db . 1 4 F —H &
Bk R S| AL R T BN A K. RSB
(alkaline phosphatase, ALP) F1 iy & % | & 1A 5| & 14
B mEmas. EARA AT ELNL,

1.2 KEMESHRERAHE

SBR[ HEAR D ESHER, 24 X
HEHESD AR(180~ 200g), AL N 4 H: 4S54
(B 8 Bf) 4 £ £ D, (300 000 IU/kg) AL A 7 4t, Fl B
R T (25 mg/ke) BT 1 mL 64 B#EE, (% 6 &)
EEEET K @5+ KA EAEKFZFH(EHREA
B EEMABENERE EREATEREKE
30 nmol/kg, ELH 24 4 B, WS+ EmAEEKE
f(akaRed)REFER QA KEFREN
300 nmol/kg;  ATERZEL [ #AE, LA E S A& B K
oA MEE. KRR E, B4 1 gke
FEFEE ST BR B, B, - B K, - 80OCAHF & Hl.
A 2K M £ 30 fk, B 5 mm 3 fk 10% 18 R D A%
B, i THRFNE, LLABHETRNE.

1.3 EFMEFEINMBEG AR &

ZRXHR[3] B H AR VOMC. = HxEN &
15% fit 4 11 % ( fetal bovine serum, FBS) 85 DMEM, 2
HLE R R H A B« 87 R & K, aractin % 4147
¥R efE, ZHASE S~ SREM, FaEME I
x100 N ILBEMHTF 24 LXK, FH6T, 0 H 6
Y. BB F R ¥ 45 DMEM #5355 2 (4 15% FBS,

TE)#E#; @EHAEFEFRA 1077 mol/L & B
Hod a2, (e K EARFE TS 10 “mol/L £
K&, ~ 4KF+ EHAESAEREF LA
MAL0 107 F 10 ‘mol/L WA K E. B2 Kk
R—K, 10 K ERE %A T RN E .

1.4 fALAFIMAAEBIESENE

B3l fik Aok & 8 VSMC 80 ‘CE T, A 2 mol/L #
BRS5ml, 60 CHNIE T, A G EE FTA(&
27 nmol/L &4 4% #1 27 Pmol/L G .4#) 2 mL £ &, /n
1% S48 100 ML, J& F 95 AR 4 o6 K 8 3+ = 41 4 e
W EBEEE,

1.5 ¢H40 A0 R 14 A ER B 75 14 U 22

) ik AR BR & o R ) &1 3K, 4 'CH (8 000 g,
10min), M EFULEH R EXTEGEE. VIMC
EF 200 UL 2 4% 7% (0. 2% NP-40 % F 107 mol/L
MgCL) %, # % B, 4 CE (8 000 g, 10 min) , Bl _E
Eo RABELK 4 ENE ALP FE I,

1.6 4BLAMM"Ca™ STANE

BAfkH &HREF, ET 1ml 4 1%FBS &
K-H 7, 77 CaCl, 37 kBq, 37 C3R % B & 8 h, & 5
A K-H %6 3 K, TR, oA RN ZE® Ca™ %
TR E, ¥ B R"® Ca” nmol/mg A4,

25 Jf 35 5 2 % i CaCl, 37 kBy/ 3L, B H 12h B
% 40 e, %4 PBS sk, REEE 1L, SUE MU, TR,
Ae AR R S Ca™ A TR B, BB AT Ca”
nmol/ 10° 47 L .

1.7 HHRBEIHERN

% B8 C#ER[ 3] I TRIZOL — % R Bk 2 Al R BUK
R & A 2R A VEMC B B RNA, DA 45 % —R 458
# XS ¥ ¥ 3 B A & @ (osteopontin, OPN) « £ K £
) & & mRNA, MMLV ¥ # 3 B & Oligo(dT') 15
Primer 3 %5 5 & # 4% ¢DNA. mRNA & & | & 81 F &
B 4% SR AR 25 HL: ¢DNA 1 ML.5 pmol/L S % A 3]
471 BL.2. 5 mmol/L. dNTP 1 HL. 4~ 15 mmol/L MgCl,
B 10 x PCR £ 7 2.5 WL.Taq DNA R4 8 1.25 #
fiLo F=HILL 1. 5% B 37 8 V8 B 0k 4 8 Fo iR Ak 70 v 3
B, HBERBEGREEFHENNEEKEL AN
871.374 #1446 bp DNA K #r. F 2 WL PCR =4, M
B-actirS & B-actirA 5| M B A B4 R N, Y4
WK ER ARG R EEFEMNEE, OPN, &
K & F N F £ mRNA/Bactin mRNA #9 b (8 BF & H AF
A
1.8 KEMEEKZSAERRENE

HRAANENAFNEEKESAEE LR
E. £KZRF £ ICy 6.95 pmol/ &, K B A A B A&
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KERXRA A 100% . W EZRFE ICo £ 14.6
pg &, KR A A K F B XK B AZ 100% -
1.9 “AZRFNZHAE Von Kossa 2 €8

nmERBEIE VR, EALEFZEN 5% B
SRR, B ot B & 60 min, 2. 5% B AR B BR 4hVE R S
min, WG E R A EH HA, LEAK. &
IR K, MHERERRA KN 4T 10% 18 /R 5 #
VEVE 45 min, E WS 5% BB R IER LB .
1.10 ZitFaE

SRy ks BT, BAEKEKALEERA
B3, % B KK R A Oneway ANOVA # B,
4 &) B9 PR 7 L3 B Student-Newman-Keuls 18 %6, BL P
<005 NERFREMK

2 &R

2.1 EKEZERENERNIELSIMABHNIESE

5 R b, 85404 K R Bh Bk 20 4L 5 & &
ME11L.3f5(P< 0.01) . 5F4LANE, A KEA
KR FEZNAL DTS ER D (P< 0.01), HAK
R ARV IR A2 s ks S B R
TGt 25 X (P> 0.05) (£ 1, Table 1) .

xR LA, 5104 VEMC BAS S B 4. 4
f(P< 0.01), 10771 10" ° mol/L A= K+ 45404040
J 4 2 S A L BRI (P < 0.01) (3R 2, Table 2) .
PLAAE KR (107 ° mol / L) A0 A4S & B 50 R4l
(P> 0.05)

F 1. EKENMEESEMETR. MMM LR BBEE RN EZ KT RN EEKEKEHEN (v 1)
Table 1. Calcium content, ALP activity, ET ghrelin and *® Cax deposition in rats

5 KSR Sk ALP WEE Bk R RSP M ALP ETE MK R i3 A R
(Hmol/g) (w/mg) (pmol/g) (Hmol/g) (wL) ( pmol/T.) ( pmol/T)
hf BEZH 254 69 £12 1.4%0.2 3.6%0.5 36 +7 199 226 2.8+ 0.4
AL 276 £22° 368 £122° 2.8 %0. 3 5.9%0.6 172 £10° 155 £17 5.7+ 0.4°
AR RA(R) 209 *16" 330 £106* 2.5+ 0.2% 4.9%0. 9% 109 £26% 345 £63% 3.7%1.0
KAL) 198 £33° 173 £53* 2.2+ 0.2% 4.5%0.4% 40 +10™ 488 +73% 3.4 %0. 9"

a: P< 0.01, SXIRAIELE, b: P< 0.01, 5840 AIthE . A KRB 4515 30 F1 300 nmol/ kg »

F2 EKEINMEFFINMEEEE S E. WM BREREEE MM
TR FRIBI (x L)

Table 2. Total Ca™* content, ALP activity, % Cx deposition in
rat VSMC

IR ALP TR
G A
(mmol/10°cells)  (w/10°cells)  ( pmol/ 10° cells)

B 30 +4 92 +7 0.4%0.1
AT 4% 21 135 £12¢ 555 £21° 1.4%0.1°
ER S| 31 £5° 97 *11° 0.4%0.1"
HKE FA

107 ®mol/LL 137 £11° 487 134 1.oxo. 1*

10™ "mol/L 92 £10% 403 229 0.9%0. 1%

10™ Smol/L. 90 11 341 33 0.8 £0. 1%

a: P< 0.01, 5XHEALE, b: P<0.01, 5SEMLALK.

2.2 AKEMERIE I T8 e B
FRRYIE

50k HEAH BE A, 45 40 4H K BR If 2R RN fn A A 4
ALP VGBI E (P < 0.01), A K KA M ALP
TETEFMLIE ALP & 14 35 845 A BRI (P < 0. 01);
AEFIEE KR M A M3 ALP 3% 51K

FIE PR E B ( P< 0.01) (£ 1, Table 1) .

REFRI VSMC £5 46 4 ALP 35 P 8¢ 5 TR 4 T
6.0 f%(P< 0.01) o AKZEK(10~ 10" ° mol/L) 2K
FE MM B AR ALP 351, 545 40 40 Ll 45 35 B 8 B AT
(P< 0.01) (% 2, Table 2) .

2.3 HKERERMERMEFLFIMIESCa™ ST

xR 2 b, A K ALK R B B ™ T
FIHE(P< 0.01) « EKFAFHK® Ca™ JIREK
B FRK (3 P< 0.01), HEAEFIRAEKRE
ST Z A FE K Ca™ T ER LS (P>
0.05) (% 1, Table 1)

Bt B TR 2R {2 VSMC ® Ca™ WA, Ebx IR
3.8 ff(P< 0.01) . EKZEK(10°~ 10" ° mol/L)
EIREARBIERRALS Ca™ YU, S50 4LAR LL, 5 %
KB E( P< 0.01) (£ 2, Table 2) .

2.4 EKZEEMNERNEFBIAKREFER
mRNA FRi&

B AL 20 K BRI ZH 43 OPN mRNA %35 HLx R 40
BRI P< 0.05), KRG & L i
OPN mRNA Ri&, A1 4 B B3 = (P< 0.01), H
AL YRR R TR E 4 (P < 0.01) (
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1, Figure 1) o

ﬁm==!=:===:;lm“

I MEELABHEE mRNA FRIX 1 XL 2 851k
H; 3 NBITHEHRE); 4 NBTH(EHE) .
Figure 1. Expression of OPN mRAN in rat aorta

54k AH 355 R ZH VSMC OPN mRNA [#) #14 B# I
(P< 0.01), TIAKZ(10°.107 " F1 10 ° mol/L) £k
FE ARG 1 ek % B H vl B R ER #0k) VSMC OPN mRNA
RIS, BASL A BT (P< 0.01) (E 2,
Figure 2) o

B2 MEFFNMABETHED mRNA FRIE 1 90 f4L
2 NEAAL; 3 N K ERA(107 C mol/L); 4.5 Fll 6 73 BN+ K
M (108,107 7F1 107 ¢ mol/L) .

Figure 2. Expression of osteopontin ( OPN) mRAN in rat
VSMC

2.5 MEHCARMBERKZRAKRZKETHL

MR AEK R KR IRAREAL (P> 0.05), &
KRBT REMEKEKRKFREMUATFE(P< 0.
01), HEAE4H m TR E4H(P< 0.01) » F5404H
K BRI A 3= B Jok 9 2 38 7K 7 35 e R 4L T v (P
< 0.01) . EKFRIGITE MLHMEBH KA K EKTF
PSR PR ( P< 0. 01, P< 0.05), {HE#E M
RFIE IR 7T 40 2 18] M S A0 =6 sh ik N B oK 2 73
TR FE (Y P> 0.05) (% 1, Table 1) .

BEALZH K R E Bk A K mRNA RIA thxt
FRZAFRR(P< 0.01), PI 2 2 mRNA 3Rkt X B4
FI(P< 0.01); THAEK RIEIT AT E5 40 I8 A
B3 mRNA i, I & A0 & 70 VA T 4l 38 L Al
EEALA PR (3 P< 0.01), &7 E 4L N o RN 58
TARAIEL(P< 0.01) (K 3 FE 4, Figure 3 fl Fig-

ure 4) o

3. MEHLAE KR mRNA RiX
4.
Figure 3. Expression of ghrelin mRAN in rat aorta

1 AXTERAL, 2 A

E 4. MELLAEHFE mRNA Rik 1L AR IR 2 A8
41 3BT A(IRRIRE) ; 4 AET4L(mAE) .
Figure 4. Expression of endothelin mRAN in rat aorta

2.6 Von Kossa &

A2 KRR E Bk A 41 0 L2 P R o 4 4
()T LR S AR (2R B BN , 5 SRR A I T
RS 2571 ( B 5A, Figure 5A) « A KEIRYT 5 KR
BB ORI D, TC W A 45 (B 5B, Fig
ure 5B) o B-H M BEIR 25 T KR VOMC B2 R &4
£, VOMC A RE B E PR i, mAKRGHE 5 2
ETURL I 29800

5. MMEZAL Von Kossa 3 ( 10 x 40)
BT -

AR, B
Figure 5. Aorta Von Kossa’ s staining

3 118
DLAE A A L5 45 1k 2 20 40408 6 1l 5 iR it



CN 431262/ R # [H 3 ik ik 4% 7 2004 F56 12 555 6 I

647

T2, SR B SR B 2 R UE 4 R B, M 5 e X T
AR H R E KB B A TE R« 3307 BT 5
Y, EERIXMATEERESSNE R
P2, — IR B T A5 A 10 1 Vs K, JE
5% | AW, e SR AL EE HE
B, NN R IS Rk R CREINER GF T
PR S 4 1 R AR, T IR IR 2R - BRI AN AR
PR R0 FOIR 55 I 3 2 S T 0 ) i A A i R
AT R R R I I A SR R 55 1 43 WA T
BE 2K AL T e 2 Bk S Bt B B AT v R AR A R R
UL DR R B AL BB R R Y . miFk
PAEKRFZRIET BRI, (EH THRRAEKEER
{73 WA 22 A, VR Ao A A W AE KR, TESEREAL
PRBE A A AR . AR A A S
L ZE Bk eotR 20 ik il 3l BRI i ik 5 38 R AR K
EHESEKEZAT, BarskETEdEEK
BEMHI T, PSS H 43 J7 SR O I 1R
TEF

KAVEYEE R Dy AiE RSBk A FUS AR, ey
TR ERGEAE R D, FIRB, AT S EE 0
1145 20 2345 1 471 457 ( calciunr overload) 7 o B-H 3
TR R A2 R PO B ML AL 0, WIS 4 = 55 45 B () A
15, % S R TE R M 45, AR A TR
H AT H S AR BH MR A S
VSMC &4 4540 5 SCHR[ 8] 18 — 8. A SZ6 &
BRAL K BRI A K K7 B B BEAR, i 4 2 AR
K& mRNA RIABH 8 T, 38 B i B85 b A I 2 A0
LRI IFEMEE K Z AT RATREZ . MIMNE
Hge TAKER, LIRIKEE 7 E (30 2 300 nmol/kg)
o1 B SRR L B A AL AR R o E B RE IR A B H I B
FRih % S VSMC #5AL AR B AEK K (100°~ 10°°
mol / L) S [ 0% & 4P, 52 9% B A st M B K VSMC 45
WFERE, Jn WIR A K R T RE S 5 i 856 TE ik
PR, A2 K R AT REAE N L A5 A7 VA (BT 0 A

ARKFREAY KM 650 WIS 77 40 %
SE /D P IO L AR T El 356 A AR 0 ot 4 A 9 T
S0 IV LR RN > 1 (B LA 40 AR 0 AL )
A5 42 . Shimiza 251 A1 5242 K & RS2 3k 1 5 Y
F—E ARG MR RIE DRI M A 2 DhRe. Bl
Wiley & " IES AE K R RIANEREI AN B R
Flo SCHR[ 12] $38, P K2 280 1 0 465 3 6 £ A0 15
5 VSMC [l A0 R B R A, RIAN R iERE
AR MEMLRAENEZERERZ — RLE M
A5 A, DK BRI 25 R I A 2 1) PN B R v o % It

HUAN R mRNA £ik B, A TAEKRRITE
I 2% AL 2 2R B P R 3R A 29D F mRNA R8T
W, PR AR K O L 5 A M HE BN T R 5 R A
W ERIEFHAEPLH A K.

A SIZI6 00 8 B AR K BRI I 3K A 2 K L B mR-
NA FRIA BRI, KA R EE A K R #7697 7] B
BB AR . AR SEESIE
R 52 2] 11 7 45 A B I S R0 I B AL RN R R R
b, M 4R N 2 % mRNA %Kik B, mAMETEZS T
ARKFRBIT RN EHRN LR TR A5
FNAEK R PIRI RO S 4 T 8 R, R ILAE
K Z A A 1) R R ] B 58 45 - T il 2R A0 i A 4H
LN R RRGH K. AKFRET T OIME R
LU 5%/ B 53 W T EE = A O ML AR 37 RNz, ATAE Ny
O I IR B I6 B A, AR KR S H A A b Y
i & Eik R EMERE WX REHE D
.
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