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[ Abstract)

in rats with chronic kidney disease. Methods

Objective To study the correlation between vascular calcification and serum bone metabolism markers
Thirty six male SD rats were randomly divided into a control group (18
rats) and CKD vascular calcification group (18 rats). The calcification group was administered adenine combined with high
phosphorus feed and the control group was administered normal saline and common feed. The rats were sacrificed after 2,
4, and 6 weeks and the aorta was collected for Von Kossa staining and calcium content analysis to detect the degree of
calcification. Blood and urine were collected to detect urea nitrogen (BUN) , blood creatinine (Scr), and bone metabolism
markers calcium (Ca), phosphorus (P), 1,25-dihydroxy vitamin D3 [ 1,25 (OH),D, ], parathyroid hormone ( PTH) ,
bone alkaline phosphatase ( BALP ), osteocalcin (OC), total type I procollagen amino terminal peptide ( tPINP), B-
carboxy-terminal peptide of type I collagen (B-CTX), tartrate-resistant acid phosphatase-5b ( TRACP-5b) , and 24-hour
urinary protein (24 h-Upro). Results Aortic Von Kossa staining showed no black matter deposition at each time point in
the control group, whereas black matter deposition in the CKD vascular calcification group was increased gradually over
time. Compared with the control group, the contents of BUN, Scr, 24 h-upro, and aortic calcium were increased in the
CKD vascular calcification group (P<0.05). Ca, 1,25(0H),D,, PTH, tPINP, B-CTX, and TRACP-5b were decreased
(P<0.05), P and Ca * P were increased (P<0.05), and BALP and OC were also increased (P>0.05). Binary logistic
regression showed that increased serum Ca * P and decreased PTH and TRACP-5b were independent risk factors for
vascular calcification. In accordance with the degree of aortic calcification, the CKD vascular calcification group was further
divided into two subgroups: mild—-moderate calcification (2 and 4 weeks) and severe calcification (6 weeks). Compared
with the mild— moderate calcification group, the contents of BUN, Scr and, aorta calcium were increased in the severe
calcification group, (P<0.05), while 24 h-upro was increased (P>0.05). Ca, P, 1,25(0H),D,, tPINP, and TRACP-
5b were also increased (P>0.05), while Ca * P, PTH, BALP, and B-CTX were increased (P< 0.05), and OC was
decreased ( P<0.05). Analysis of risk factors for the severity of vascular calcification revealed that increased serum Ca * P
and decreased OC were independent risk factors for the severity of vascular calcification. Correlation analysis showed that
serum Ca * P, PTH, BALP, and B-CTX levels were positively correlated with vascular calcification, and OC was
negatively correlated with vascular calcification. Conclusions Vascular calcification in CKD rats is closely related to bone
metabolism. Detection of serum markers of bone metabolism is helpful to assess the occurrence of vascular calcification and
judge the severity and progression of vascular calcification.

chronic kidney disease; vascular calcification; bone metabolism markers
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R 1 MAUIKRUE UIRE JRE UM E B KA & B (n=6)

Table 1 Comparison of renal function, urinary protein and aortic calcium content between two groups of rats

2 J& 2 Weeks 4 J& 4 Weeks 6 J& 6 Weeks
S X HRZL AL Xt R 21 AL X HRZL FHALZH
Gro:l < Control Calcification Control Calcification Control Calcification
P group group group group group group
JRZ & (mmol/L)
Blood urea 5.19+0.42 24.89+4. 84" 5.88+0.95 31.89+4.91* 4 5.66+0.77 39.01+5.91* 40
nitrogen
/L )
mlHJmfF(umf{ ) 31.732. 51 97.12221.31%  34.07+1.73  129.32%7.72*% 32.90x2. 41 178.18+31.97* 20
Serum creatinine
24 h JREAE &=
(g/24 h) 0. 006+0. 004 0.022+0.013 " 0. 008+0. 002 0. 024+0. 005 " 0. 007+0. 002 0.025+0. 005 "
24 hour urine protein
F 3h ks
('mmol/ gprot ) 0.021+0. 096 0.231+0.039 " 0.029+0.011 0.252+0. 133" 0.0305+0. 0122 0.478+0. 197 * U

Aortic calcium content

T S0 IRALATEG 3T IRAL " P<0. 0555 2 F4SALALHIEL, 2 P<0. 0555 4 A5kt L, T P<0. 05,
Note. Compared with Control group, *P <0.05. Compared with 2 weeles calcification group, 2P <0.05. Compared with 4 weeles calcification
group, B P<0.05.
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®2 WARBERBIREYR LR (n=18)

Table 2 Comparison of bone metabolism markers between two groups of rats

=g E VZ o
syl R4 P e E P i
Calcification Value of
Groups Control group P Value
group t/7
45 (mmol/L) Ca 2.06+0.18 1.38+0.28 8.427% 0.000
5 ( mmol/L) P 3.13+0.66 6.39+0.90 -12.344° 0.000
FERE TN Ca + P 6.50+1.65 8.76+1.94 -3.767° 0.001
1,25- "8 K4k 2 D3 (ng/mL) 1,25(OH)2D3 38.33+1.80 25.45+3.93 12.661% 0.000
PR32 1 2 (pg/mL) PTH 40.53+7.02 26.56(14.40) -3.402" 0.001
HURETLPEBERR [ ( pg/mL) BALP 591.23+117.31 748.07(628.47) -1.471" 0.141
‘BH52 (ng/mL) OC 6.15+0.52 6.31£0.95 -0.631° 0.533
ST R SR A B AR U K ( ng/mL) tPINP 17.70+1.31 15.91£3.35 2.113¢ 0.046
B—T T R AS I R FE AR I ( pe/mL) B-CTX 1215.85+165.60 769.68+175.79 7.838° 0.000
YO A PR ER LB BR B Sb( pg/mL) TRACP-5b 46.62+8.81 36.43+2.72 4.682° 0.000

ﬁi;a;zﬁ;b;ZﬁQ

Note. a, ¢ value. b, Z value.

®3METLRIER R R

Table 3  Analysis of risk factors for vascular calcification

JE#5 Indices B Wald P OR(95% CI)
FERE AN Ca x P 0.761 7. 609 0. 006 2.140( 1. 246,3. 673)
HAR5% IR % PTH -0.197 9.266 0. 002 0. 821(0.724,0.932)
POl A TR R B RR i Sb TRACP-5b -0.225 9.471 0. 002 0.799(0. 692,0.922)

Table 4 Comparison of related indexes in mild to moderate and severe vascular calcification groups

R4 b RN M AE E AL A SCHE AR L AR

AT 4 4]
44l KR A AT (n= 12) BRI
Mild to moderat (n=6) vz i s
! . ° 1.n0( erate Severe calcification t/7Z value P value
Groups calcification group
group
E¥ /L
}’T‘?E(mm," ) 28.39+5.92 39.01+5. 91 -3.589 ¢ 0. 002
Blood urea nitrogen
/L
ILEFC ol /L) 113. 62£22. 41 178. 18+31. 97 ~5.008 * 0. 000
Serum creatinine
Pa= =N
24h Wﬁa@*‘(yzf‘ h) 0. 023£0. 010 0. 0250. 005 ~0.371 ¢ 0.715
24 hour urine protein
Yo = [ AIE A 5.
, ,IEJ]M% w 0. 2410, 028 0. 4780, 197 ~3.059 ° 0. 027
Aortic calcium content( mmol/ gprot )
45 (mmol/L) Ca 1.3120.29 1.540. 19 ~1.734 @ 0. 102
B (mmol/L) P 6.15+0.78 6.87+1.00 -1.671 ¢ 0.114
FEREIEAL Ca P 7.87+1.45 10.53+1.01 -3.534 ¢ 0.003
1,25- " FH4E4 K D3(ng/mlL) ,
1 25(OH), D, 24.26+3.77 27.84+3.30 -1.976 0. 066
R (pg/ml
TRFFIRE (pe/ml.) 23.72+2. 80 39.37+2.78 ~11.229 * 0. 000
PTH
ALY A= ) ey
VR e T L
565.78(419. 56 1021. 83+40. 11 _3.372 b 0. 001
BALP (pg/ml.) (419.56) * 3.372
HEER L
H %i()gg/m ) 6.73+0. 86 5.49+0. 48 3.239 0. 005
AT B A A
A5 AL B SR A (ng/ L) 14. 86+3. 48 18.02=1. 86 ~2.067 * 0. 055
tPINP
-1 BB SR A5 R B A K ( pg/ mL
B &Fﬁ%‘mi{ ik (pe/ml.) 665. 88=110. 33 977.30+26. 56 -9.256 * 0. 000
YU A PR ER MR BRI Sb( pg/mL) .
TRACD-S] 35.8242. 63 37.67£2. 69 ~1.399 0.181
E:H:l ﬁ;bzz ﬁo

Note.a, t value. b, Z value.
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Table 5 Analysis of risk factors for the severity of vascular calcification

AR 4 Variables B Wald P OR(95% CI)
FERETRFN Ca + P 1.088 5.026 0. 025 2.968(1.147,7.682)
BEE OC -2.816 4.251 0. 039 0. 060( 0. 004,0. 870)

&6 A UHIARE YRS A E AR L A A S

Table 6 Correlation between bone metabolism markers and calcification severity

A HIHMR R P1E
Variables Point two column correlation coefficient P value

FERETEA Ca + P 0. 662 0.003
RS2 % PTH 0. 942 0. 000

B IRV B R B BALP 0.787 0. 000
HEEE 0C -0. 629 0. 005

B AT TR RR PR IR 1 ShR-CTX 0. 859 0. 000
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— b, M A5 AL N B B, I L CKD 75
RS e s 1M, 2 W] CKD oA R I 48 465 1 455 750 42 <7
e
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AR RN 2%, AR 5 o ) e D 2 1A Rt 4 i A
I8 S 1, 3K S 9 I R Sk i AR AR R 4, T
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Je 5 T i — 2543 Ry B T R R A R R AR AR
S W5 TE ) BALP | tPINP, OC 45 | Jz e 1 W i
() B-CTX .TRACP-5b Z[*)

BEAEIA N VC 220 it A1 20 2 ) 45 i 4% & 9 sh i
PR MAE RE A DR | 405 Ak I A5 RE 9 32 2 Rl oy ol 32 3
5 KA1 (hydroxyapatite , HA ) , ¥ 4F 5% K o fF 5% 3¢ BH
VC & M # WLAH ( vascular smooth muscle cell,
VSMC) ] 5B A i o AL ) 52 2= A 2 72 454k
RS E IR T YR R WA BT Ve
(kA ARG R, AE— AR AR
XA, CKD M4 #5441 Ca . 1,25( OH),D,
1 PTH B B FEA%, P A1 Ca * P Fhi, ML PTH R
Fl Ca = P FHiEe VC BTG K = . B i s
Ji , B /NERIE AT 26 R PR B L | i B 4
Fm . PTH HA FHESREmE A AR R A, 0% PTH R
AR T SO A5 A, M B 2 — 25 Fh . e B I
AIAHIE L 1,25 (0H) Dy Frab 20 1o—F2 A0 Y
TR, FEC1,25(0H),D, 5= AW, 1tAh, H
INEZIAR O S la- BRI = | #E— 4
JNEE 1,25(0H),D, =, S8 5 — 2 FEAK,

Uk, CKD S (%) 45 49 Jo A 15 25 6L 2 B0 R 1K il 45 | 55
M#F 1,25(0H),D, = KEWFIE RN, =i
FEF Ca = P FhiEg AL HE VO & 28 FIFE R Y 5 5
DAL, 00 5 v i Bt o080 s B A4 i 7 S PR F- Rumx2 Al
osterix ML VSMC [a] %1 40 i 5% 434k, IE 42 #F
VSMC H: 15 {6 Fl VSMC 8 7= 40 Jfa 2 4 50
YR D XTEEY A EEEM 50 k25 S bk
Z 1,25(0H),b, X, Hii,1,25(0H),D, fit=
PRHE VC BRI DIMLH i ASTE R #0501k 3z 1
R TCHLBE T R | P2 AR 40 A4 fk R T MSX2
BMP2 1 Runx2 2% ik 5 5 28 9 A1 S8 AL N 33N
iz e A S AR O P

T 1,25(0H),D, Ht= 88 S it &
T, BRI T - Lo AP Nef2 980 30
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