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[ Abstract]  Objective To investigate the characteristic changes of biochemical markers of mineral metabolism,
vascular calcification, and renal osteodystrophy in an adenine-induced rat model of chronic kidney disease ( CKD).

Methods A total of 20 male Sprague Dawley rats (SD rats) were randomly divided into two groups: the normal group fed
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with a diet without adenine, and the CKD group fed with an adenine-containing diet (7.5 g/kg) for the first 4 weeks and
then a diet without adenine for the following 2 weeks. At the end of the 2nd week, serum biochemical markers were
detected. At the end of the 6th week, the SD rats were sacrificed and serum biochemical markers were detected once again.
The aortas were collected for pathological examination and detection of vascular calcium and phosphorus contents. Femurs
and the fifth lumbar vertebrae were taken for bone mineral density ( BMD) measurement and bone histomorphometric
analysis. Results At the end of the 2nd and 6th weeks, compared with the normal control group, the levels of serum
creatinine , urea nitrogen, phosphorus and parathyroid hormone ( PTH) in the CKD group were significantly increased (P <
0.05 or P< 0.01), and the level of serum calcium was significantly decreased (P < 0.05 or P < 0.01). Medial layer
vascular calcification of the aorta occurred in 50% of the rats in the CKD group, but was not observed in the normal control
group. Vascular calcium and phosphorus contents were significantly higher in the CKD group compared with the normal
control group (P < 0.05). The BMD of total femur, cortical and trabecular bone tissues of the femur, and the fifth lumbar
vertebra was significantly decreased in the CKD group (P < 0.05 or P < 0.01). The histomorphometric analysis showed
that both bone resorption and bone formation of the trabecular bone in the CKD group were increased, indicating a high
bone turnover status. The volumes of both trabecular and cortical bones of rats in the CKD group were significantly lower
than that of the normal control group (P < 0.05 or P < 0.01). However, the trabecular bone mineralization was not
significantly different between the two groups. Conclusions The adenine-induced rat model of chronic kidney disease
(CKD) established in this study shows reduced serum calcium and increased serum phosphorus and PTH, and medial layer
vascular calcification of the aorta. With respect to renal osteodystrophy, this model shows a high trabecular bone turnover,
normal trabecular bone mineralization, and low bone volume of cortical and trabecular bone, which meets the characteristics

of osteitis fibrosa. This model may become a useful tool for future study of chronic kidney disease-mineral and bone disorder

(CKD-MBD).
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Fig.1 ROls of the femur for detection of
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Fig.2 Curves of body weight changes of the

rats in each group
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Tab.1 Levels of serum biochemical markers in the rats

552 R 956 JHR
il End of the 2nd week End of the 6th week
Groups 1E X fR 5 I 95 2 1E # X B4 5P U 95 2
Normal control group CKD group Normal control group CKD group
/L
HJLE‘F(MH? ) 45.50 £7. 40 136. 10 £23.69 ™ 60. 60 +15. 46 226.85 +71.51*
Creatinine
E - /L
AR (mmol/L) 3.29+1.51 18.08 £6. 11 3.48 £1.03 14.84 £10.95
Urea nitrogen
A5 (mmol/L)
L 2.65 +0.10 2.52+0.15" 2.62 +0.24 2.21 +0.13*
Calcium
B (mmol/L) ' .
2.57 £0.49 3.29+0.91" 2.03 £0.72 5.25+1.20"
Phosphorus
IR 55 I K (pg/mL)

393.39 £294.32
Parathyroid hormone (PTH)

3093.60 £755.13

526. 18 £247.58 5598.70 +141.97 "

IE: 5IEW XA, " P<0.05," P< 0.01,

Note. Compared with the normal control group, ™ P < 0.05, ™ P < 0.01.
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Note. A and B: Kidneys of the rats in the normal control group and the CKD group, respectively. C and
D: Hearts and aortas of the rats in the normal control group and the CKD group, respectively. E and F.
Descending aortas of the rats in the normal control group and the CKD group, respectively.

Fig.3 Gross appearance of kidneys and aortas of the rats in each group
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Note. A: A control rat. B; A CKD rat. The black area is calcification.

Fig.4 Cross sections of the rat aortas
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Note. Compared with the normal control group, P < 0.05, " P < 0.01.

Fig.5 Vascular calcium and phosphorus contents and percentage of vascular calcification area
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Fig.6 BMD measurements of the rat bone in each group
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Tab.2 Histomorphometric analysis of trabecular bones

il 1E X f 4 18 1 B s 2
Groups Normal control group CKD group
AR/ AR (% ) x
36.41 +6.75 . +5.25™
BV/TV + 20.11 £5.25
N 7R B R
" j\”fr‘%z(“m) 53.25 +5.87 44.12£4.90 "
B8 Tb. Th
Bone volume AL I\,
AARABE (wm) 111.37 +19.40 222.80 +78.15 "
Th. Sp
LI\ TR R -1
R/ANRBE (mm ™) 6.03 +0.82 3.71+0.36"
Th. N
24 : < /4 RS K K (o
DB 20 i 2 T K B/ B KR R A (%) 8. 01 +4.4] 27 80 <445
Ob. S/BS
B % 2K K -!
R AREE/ GERERK (mm ™) 8.59 +3.11 17.61 £2.30 ™
N. Ob/BS
LY (A T K R O 3 2,
B K (B T 360 [/ Cam®+0) ] 019 0,12 083 20,10
BFR/BS
e HIERR (B EBNERY) (% /y)
152.36 +£66.06 .64 £ .04
Bone turnover BFR/BV * 701. 64 £177.04
BB B (418000 Bk $5 R % /
BB R (AT R RY) (% /y) 0.44 £0.24 110 £0.32*
BFR/TV
4 SR B/ 2R K (%
T 20 B 3R T B/ K K (%) 6.33 +1.98 12,74 +5. 04
Oc. S/BS
L 4 H A B S EL [EH] 2 -1
B AIE /KB K (mm ™) 2.00 +0.91 3.80+1.57°
N. Oc/BS
ik 3R ) [A] (d
AR N (d) 1.97 £0. 86 1.92 £0.43
MLT
AL DU R /d
‘ FALTLRVE (pn/d) 2.28 +0.30 3.110.29"
B4k MAR
Bone mineralization KB R RE R E /B E (%
REERARE/ BRARE (%) 4.04+1.83 14.61 £6.65 "
0S/BS
KB R A/ B (%)
FR'EIN H
0.59 £0.33 . +0.96
OV/BV + 2.30 £0.96

TG IEFX ALK, P<0.05," P<0.01,
Note. Compared with the normal control group, " P < 0.05," P < 0.01.
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Tab.3 Histomorphometric measurements of cortical bones

il 1E 6 B 8 I s 2
Groups Normal control group CKD group
Iy Ll in] 2
B 5 T AL (mm®) 9.74 +1.08 7.47 £0.71*
Ct. B. Ar
BB RART 7L (% )
65.34 £3.23 .62 £4.60™
Ct. B. A% S 58.62 £4. 60
(= 4 I 2
il /NFLETE A (mm® ) 0.00 +0. 00 0.24 £0.29™
Po. Ar
=i /LR TR R 4 %
Rl /N LB R 43 e (% ) 0.01 +0. 02 2 11 £2.30 "
Po. Ar%
TS IEH X IRA LE, ™ P< 0.01,

Note. Compared with the normal control group, ™ P < 0.01.
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