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Effects of adrenomedullin on vascular calcification in rats
ZHANG Baohong , JIANG Zhisheng , QI Yongfen , PANG Yongzheng , TANG Chaoshu , TU Junbao
Department of Pediatrics, the First Hospital , Peking University , Beijing 100034, China

[Abstract] Objective To investigate the effect of adrenomedullin (ADM) on vascular caleification. Methods
Vascular calcification model was established in rats ( VDN group) by using vitamin Dy (300kU/kg) and nicotine {25mg/
kg, two desss). The effect of liposome-encapsulated ADM was observed, Vaseular calcium content, alkaline phosphatase
(ALP) activity, ADM in aortic tissue and plasma, hinding ability of "“I-ADM for ADM receptor on vascular plasma merm-
brane and content of cAMP in vessels were measured. Results  Compared with control rats, the aortic calcium content
and vaseular ALP activity in rats of VDN group were obviously increased, also ADM concentraticns in plasma and vessels
of rats in VDN group were increased. But the maximum binding sites of B ADM for ADM receptor ( B, ) on vascular
plasma membrane in rats of VDN group were significantly decreased as compared with control rats. The affinity of -
ADM for ADM receptor was reduced as shown by increased Kd value, and reduced vascular cAMP content in rats of VDN
group compared with control one. The én vitro response of isolated vessels 10 ADM was weakened. Administration of
empty liposome had no effect on vascular calcification. But administration of ADM significantly decreased vascular calcium
content and ALP activity. The Boy of ZI-ADM for ADM receptors on vascular plasma membrane increased and the value
of Kd decreased in rats treated with ADM compared with rats of VDN group. In addition, the vascular cAMP content
and the response to ADM in isolated aorta were markedly increased. Conclusions Vascular calcification induced an alter-
nation of vascular ADM-ADM receptor-cAMP pathway. Treatment with exogenous ADM inhibited vascular calcification
by improving vascular ADM-ADM recepior-cAMP pathway.

[Key words]  Adrenomedulling Vascular, calcification

4 8 H R G S % 2 (2000056905) 3 B

PeE B 100034 B, W EREE - ER BT EE (KT, HER) ;100034 b3 AFEAEF-ERCEEFAA(ETHR,
FAF,EAL,FWE)

M REL A ARESRLHEL, EHER

Wil HER, R (010-66171122 - 2799, E-mail: Junbacdu@ht. rol. en. net; Honghaozhang@schu. com



+ 118 - PHEZFLBEERAEG 2002 FoF S 1L S 28 Chin | Mult Organ Dis Elderly Sep 2002 Vol 1 No 2

MBS R A TE T S BRORRERE 1L S IR 7% 5
B R, MR8 R 4 2 AL R A
RODEFERFOEELRATY, nEstmgq
SR B RE ML ab, ISk 5575 o 1 BB L St
NEERELER Gla BASEWYEN, MY
FiB AR BB R R R, S5 S B R
BRI R T R —HE . HATIAE LR 2 AL
AT LM, EEHRERDEH LR T
SR TAE, SHEDERYR AREF ERE
THEHSHMESHLMETLE, & L RBRE
(adrenomedullin, ADM)TELEM MEHA P EE
Fik, AR EY ME RS AR SR EE R
M FEHK™ . ALRE R & B ADM 355 4
B4 0 8 4 if 7 38 UL A0 I (vascular smooth
muscle cell, VSMC) S H R A EE W W EH. 4
TAEERSEAR Dy MEH T (nicotine) 52 A A BLIL
EFER b, W 0 B 5L ADM-ADM 3% -
cAMP FGERSE & SR M ADM X if B 454k 4 8
W, AR B S Ay Bt 4 B BB A LA

1 #ES5FE

1188 Wistar KRB EKZEESBELREH
R, RAERE D, JBH T IRBEE . A i
e s R B A R 9 PR RS T B 19 5 Sigma
247 ;e AMP FFIAF] & L K B ADM R 7 & Rl
A B ADM(1-50) 31 & Phoenix Pharmac 2%,

1.2 mMESLAWERARH 2 H Niederhoffer
LU FE, HEMS S YER, 24 QK
Wistar KBAE 200~ 220g, BEHL 0 4 H(E4H 6
), O mEHH(VDN) . ZRE—-KFR 9:00
ST E D (300kU) ALiE, Bd THTHEEH
(25 mg/kg, 5 ml'kg) , EH, B 18:00 BETEE
EH 1 KQ R - A TFERABE K el
HAENWEBREREED AL T @ MES
i+ G ERRBEREA (VDN +ADM) RS R4 R
D, 2T [F] VDN 44h , G KIS 68 ADM
AINE A (Ls) Iml{ & ADM 0. Snmol/kg)1 #;@ =
BREFAA(VDN+ Ls): RATHARD, AEH
Tid] VDN #5%, 8 K Mk i 5 25 808 R K (2ml/
kg)l W BHZMHARAE 6 A, EHTRLE
W ZhabFeshY, B (in EDTA Fab kRS &0 61
Zm¥, -70C tEFER; MBCLE. B ES
BKF PBS mpiefs, OMFERE, - T0CHEEE.

1.3 IR AR &' & T i ADM fEik i 4 9
FIEYE, RARBEEE AR, BRISRSY
TS0 (IRBE AR : MBS ASmENE B : R E B 4
LS B, RSKT, A ADM MR IHF
PREA N ADM 978 805 R4k i T PBS B,
TGRS, B Smin, BRATEH-BL 5 1 1HF,
$8J5 ) LoposoFast {38 9 ¥, 3o 58 7 45 8k e i i
HHBEE (1oml £ AR B, EISCIE B ik, 4C 88 &
Mo KBHTA PRS EHI M E 1ml & 1. Omg BERE,
0.5 nmol ADM BIPR T Fl.
1.4 O ILE5 & 8 A i B 56 1 5% BR B (alkaline
phosphatase, ALP)FEHERIE 8 RK R SIBREE T30
Bk 10 mg B ZE 0 WL 50 mg 7 TRIB ML, TS
FA& 27 nmol/ L KCL #1127 pmol/1. LaCl, RIEB FKE
%, TR e BT E 4230m A EEEURLE,
BERANNE SR pool/g TEwW)FR],

HRTHBEEKS%E. 8 000r/min &L
10min, WEL B #., % 3 W % 15 8 (Bradford s
method)fTE A E &, 25 &0 8 /e 2 84
HALP W1, A5 N T TE 405nm &b i Bk
B, ALP R p-MEERIEARHEHE T E,
LUFR 0min AR Inmol AR ¥, ERA%
ODHRERNENBES S EREL.
L5 mFERME ADMBE WM EZHHKY lem, 76
Imol/L B & H & 10min, 47T 53, 24 000r/min
B0 30min, SHHIN 3 M R B4 Sep-Pak Cy
Hibi, %, E5, 5% ADM #cRidHl& (RIA) %
B EEIE ADM 3 &,
1.6 MERR “LADM &M a¥E 28 loh
SRR SN ERE. BWESK, NoER
JREEEFAE, A 10 AR PR (& 20 mmol/L
Tris-HCl pH 7.4, 0.25mol/L B8, 1mg/L FHNAE
Bk, 10mg/L I B&Elk, 0.1 g/ P BEELE , 10mg/
L {IEAMAK, 0.2mmol/l. PMSF, 1 mmol/L NaF,
#1 1 mmol/L. EGTA)¥E Polytron 573, 4T 6501/
min B0 10min; T3 #, 4C 10 000r/min %
£ 20min; EIEIMA NaCl #1 MgCl, (¥ 43 5104
0.1 # 0. 2mmol/L), 4C 100 000r/min T & L
60min, WETRE, BEHEEEH. W RERIR
B Na', K' -ATPase 1 L3 M#7 N8 Ca™* -ATPase
BT

ADM (A & 3 50 2 38 Ote %1 J7 B B0
M, A 20pg FIEEH S5 & 0.02~5.0 nmol/L
B ADM (4B G 740 PBy/mol) B % & Bl
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(% 20mmol/L Tris/HCl pH 7. 4, Smmol/L MgCl,,
10mmol/L. NaCl, 4mmol/L KCl, 1mmol/L EGTA,
1% BSA, 0.1 g/L. X F BN, 30mg/L B O/
BK, 0.2mmol/L. PMSF #1 0.25 g/L #F B ik) 4T |
B 30 min, SCEME, Yo 3. MEITRE, A
HRTHEAOI E S T IR . WA 1. 0pmol/L
FIFEH AR ADM Mg HIEE R L4 . 1R
HEFTRESEMEERIEESS.

1.7 i cAMP FEWIE  FrRIR 00 M £ sl ki
B, R 3~5mm K, 4B TF HEPES(H & 5
mmol/L HZ#E, 150 mmol/L NaCl, 5 mmol/L KCl,
[.0 mmol/L. MgCl,, 1. 0 mmol/L. CaCl, 1 0. 3%
BSA, pH 7.5, ) 3R, 2 10g $HEY/L, ¥ 37T
95% 0,-3%C0, PEEBE 20min, BAZHAR
&4 ADM (1077 umol/L) i T HEPES ¥ 743
F 20min. ¥ HBS 35, H Polytron 5% 4 1K,
4T, 600r/min &L 10 min, BMEFBELQTE E.
SRIGH 4 (S RRAKR RN 2 BERH R A1 e, % RIA
WA BRERE M AMP S8,

1.8 Siitfab M HBHE +EREER, B
one-way ANOVATEGTH¥ 43, 4H B LB Stu-
dent-Newman-Keuls (SNK) FEER, P<0.05,%
ERABEE,

2 # B

2.1 mEFLC R B ROn S B R TS
RILREY, 5HBALE, 8L E D, W
H TS RUME SRR (VDN &) i i 8 .0 L
EERAHTE 6.6 F(P<0.01) T 2.2 B (P<
0.01); & ALP IEHHAE 12. 6 5 (P <0.01),
VDN + Ls 41 5 VDN 4 b8, B &b 78
LBEH(P>0.05), VDN+ADM @5 VDN @
VDN + Ls L8, 8 L0 LES & B 47 B RE AR
32.2%.36.8% A1 35.5%.32.9% (P<0.01); M
2 ALP [WIETEFEIE 40. 8% 1 37.8% (P<0.01),
2.2 MFEAME ADM T BEE XK28REKU.5
X B A, VDN A fmE ADM & &4 5FH
B 54.3% M 15.0% (P<0.05); VDN+Ls 85
VDN 41th3%, M¥EMME ADM S RERLBER
(P>0.05), VDN +ADM @Hah¥1 i F&4F T /MR
# ADM, HimFEMALH ADM & & 5 EH M.
2.3 "LADM 5SEHEZHEENE mERR
Y B FR AR IRES Na' , K' -ATPase T 843 52
(628 = 48) F1 (24 £ 4) pumol * min" - g” HH B (pro) ,

AU FIFRRES Ca™* -ATPase 7 H5F BE (31 £ ) F0
(54 £ 5)yamolmin ' - g’ pro, 220 M8 B A7 200 1
B LR RS B,

£1 EREAARME. OSSR

I EHE R RRRG S AR
\ JliR< e e
mMEHITR  LIESE
#Heosl BEREE
(pmol/g dw)  {pmolfg dw) (kUjg pro)
RGeS 15.2x1.1 2.4%0.2 46.0%£5.7
Hika 116.0£8.4"* 7.7t0.8"" 627.0+38.0""

B+ ADM#E  78.6+5.2%7
L+ SEIREE 122.048.8
e

Hirts,n=6,= « P<0.0l, FHLASERL A 4 4 P<0.01,
Ak + ADM 5451t + 2 B R A o

4.80.4%% 371.0£48.0°7
7.240.7  597.0+44.0

#2 MmE ADMFGLE ADM §BH

a Al m# ADM & & 15 ADM
(ng/L) (ngfg pro)
E#HHA 44.6+5.1 4.2£0.4
LA 68.8+£7.2" 4.9+0.5"
54k + ADM & 442.0+£66.0°%  6.330.8°*%
B+ = RIEHEE  72.427.7 4.540.4

HeFxs,n=6, « P<0.05, 84 SEFHNLE: 3 # P<0.0L.15
16+ ADM 4 SRR RS + S @Sk HoE

PLADM £ 4 BM 2R 5 Scatchard #h4R W
B 1 fim. VDN KR -ADM 5 i 8 f &
BKBEER B WX REAREE 27.3%(P<0.01),
MKId{EHE 62.2% (P<0.01}), VDN + Ls 8
B Kd B8 VDN AR, EX%H¥E
X(P>0.05), VDN + ADM £ B__ 4 #lt VDN
HFIVDN+Ls HIME 17. 7% (P<0.01)F#1 36.6%
(P<0.01), Kd MK 36.2% (P <0.01)fl
12.7% (P<0.05), ZEBWE 3,
2.4 1% cAMP A REIE F 4 HREH, VDN HM
% cAMP & B b B K 21, 2% (P <0.05);
VDN+Ls 5 VON Al LR EREE (P>
0.05); VDN + ADM #H Lb VDN 41 VDN + Ls 4
BIAE 92.7% (P<0.01)F 66.3% (P<0.01), &
HiE B 107 mol/ L ADM BHG, AMP FE B
ADM B E T 2 E 8N (P<0.01);{H VDN 4 1fi &
cAMP ) % B A Ho X 4K 29. 3% (P <0.05);
VDN + Ls 4 tt VDN A5 BRFHFEX (P>
0.05); VDN + ADM 4 i VDN Z1RIVDN + Ls 215+ 3
FHES 74.4% (P<0.01)#1 44.4% (P<0.01),
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£3 LADM SmEREHESRANE

& 5 B Kd
{pmolfg) {nmal/L)
EFA 833+ 67 1.43+0.22
Bika 606£52"" 2.3240,287"
b+ ADM 4 7131487 1.48+0.22%*
B+ S AR S82+66 2.08+0.26

B P LADM 5 E AR RS 0 % Kd .12 1-ADM 52
HEWMFEGH. TLs,n=0; x » P<0.01, H#H 5T &4 1,

# 2 P<0.01, 854k + ADM $H 5 85 F0 L B AL + SR A e th A
~ 750
e

th
=
(=3

3
w
=

C1-ADM & {r (pmol /g pr

0 t 2 3 4 s ]
#FE (nma L /L)

E1A “LADM 5IERESRE S
HAO)FRIEE, (@) VDN 4, (&) VDN + ADM 4, (A)
VDN+Ls#H, £ts5,7=6

750

0 . . L . . .
0 100 200 300 400 500 600 700
FI-ADM G (omol/g pro}

BB "PL-ADM 518 R EE &S 51 Scatchard
HAQ)EREH, (@) VDN 4, (A) VDN + ADM 41, (&)
VDN+1stll, F+s,n=6

3 i i

WAEBFRM , ME S ARG M 4
AW ST, RE L T RERMERAMNELE
B EBNEAT R BT L4 e I B
FFRAHT N E HEEERT, £ E LA
SR, DHEMNEERSSOESANEY,. W C
BIFIB IR (CNP) | B4R 35 1R 3 AR 35 Mg A 6 B

HE5A; 1,25(0H), D, K48 F b4 K B F I8
R (L H MM-LDL ) Al 28 K 44 % 7] A 6 12
B R S5 40, (E I S5 AL RO D Ll g A B

£4 EHARIE AMP & &

a g R ADM I ADM
(1077 tmol/L)
E#HE 1.04+0.08 2.32+0.14
Hihd 0.82+0.08""  1.6440.20""
ik + ADM 8 1.58+0.21%F%  2.86+0.38%"
AL+ SHIETAE  0.95+0.06 1.98+0.28

Wiz ts,n=6, * « P<O.01,{SHHESTEREHE: 4 4P<
0.01, 554k + ADM f 545G AL + SRISH A H

ADM B R B 3 i & 100 4 i B 38 WL 40 B
(vascular smooth muscle cell, VSMC) R H . #44 . #]
REEZFAEMFRN NI EEELE, BTREGER
K EEFAERESREAMEXRKIRSIERES
fK(amylin) . EFHA Y, WIFCHE 0 A
AR5 A ADM., OCHEHASAE S ADM
B3k, A Bt G B (Gs) BB k.
ADM +EiE it cAMP/PKA BREERAYSN
. OFFEREA, PS5 3 0 R AR 68 (2 oF R B 41 L
1, WY FEMR. EEFOEETAKRS, ADM 2
R I Wi A= il 08 b BT I AR
AW EEEEIERM AR VSMC 1, £ B ADM
BRI H BRI S Y SMC Bk, MHFIHCa
B MRS E B ALP IGHAE I, ST Rk
5, AR & T M E SR E ADM-ADM 3% {4-
cAMP %12 B384k, DL B AR iRt ADM 3 i 45 454k
IR '

ARSLIRA VDN 4 3h4y 5 % R4 At . 1 3 F0
LS EERNE ALP BN BERE (P
0.01), 53C B — &, VDN H5h4 ADM-
ADM S {k-cAMP B R EH B mME EmR
ADM & BFE(P<0.05), Bl %E ADM Sk
A S WA B, BEIE, P<0.01), ADM 5 M5
BRAES DAL (Kd AR, P<0.01), kM
B cAMP & BFR{E (P <0.05), il H &3
10 "mol/L ADM 5 5 MR B (cAMP FA 1)t
WA (P<0.05), VDN+ADM 45 VDN &t #,
HimEMCINES & E RIS ALP G BERE
£ (P<0.01), MEFBBEHBHE. “I-ADM
54 ADM ZAZ 4 MM A HMN(P<0.01), &
AIEER(P<0.01), ME AMP EEAH(P<
0.01), T B0 ADM By B 138 (P<0.01),
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BEE T ADM-ADM Z{-cAMP & 12 RTh8E, %
R E BB TR TH, AT REE T
VDN+Ls 4, VON+ Ls sl S BT S
VDN fl LB RS iH2$ £ R (P >0.05); ADM-ADM
ZH-cAMP iR B K LS VDN A#E (P >
0.05), A5 VDN+ADM A EE B 2HER
(P<0.05% P<0.01), bidLREFiFs, ADM
AREnESL, PEBREEATEAER. ALK s
B, 4540 i ) ADM-ADM 2% & cAMP &% %4747
&, ADM 42 BHE i, (LR 57 R IR, 454k i 8
ADM RN Wk 55 ; SMBPE ADM 8 id ik % ADM-
ADM S4-cAMP i& %8, BHE ] m B 55k Ve F .
ADM EEF T cAMP %72, KL 8 4
BN EAFENRES . B VSMC 5, Wk
Mt BUET SR 40 B 5 W 0 O A0 R AR B S R A 1)
BEFAFME ADM, BiX IR EE T & ADM 3%
PR, ARERAFLIACHRRIE BB, ADM i)
BEAL, R HER A4 AL, MR B B, R ADM 1R
TR PR EEREM, SRR &
B R ERRE N LIS 5%, R A
R EERFZ—, FH ADM-ADM ZiK.cAMP %&
B, LA FAMBPE ADM FE & 15 15 3 Bk R R w4k
R PR R BT, (HRH S,

X
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