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Effect of Dietary High Copper on the Cell Cycle and Apoptosis of Kidney in Ducklings

CUI Wei, PENG Xi, ZHAO Li, YANG Fan, CUI Heng-min"
(College of Veterinary Medicine , Sichuan Agricultural University, Yaan 625014, China)

Abstract: The experiment was conducted with the objective of examining the effect of dietary high
copper on the cell cycle and apoptosis of kidney in ducklings by the methods of flow cytometry
(FCM). 360 one-day-old Tianfu meat ducklings were randomly divided into six groups and fed on
diets as follows: Control (Cu 8 mg/kg) and high copper (Cu 100 mg/kg,high copper group | ;Cu
200 mg/kg,high copper group |l ;Cu 400 mg/kg,high copper group [l ;Cu 600 mg/kg,high cop-
per group [V ;Cu 800 mg/kg,high copper groupV ) for six weeks. Kidney samples were collected,
then the cell cycle and apoptosis were tested by FCM. The results showed that the percentage of
renal cell apoptosis was increased in high copper groups lll , IV and V when compared with that
of control group. The G, /G, phase of cell cycle of renal cell was lower, and S, G, +M phase was
higher in high copper groups | and [ than that in control group. The G,/G; phase of cell cycle of
renal cell was much higher, and S, G, +M phase was lower in high copper groups [l[ , IV and V
than that in control group ( P<C0. 05 or P<C0. 01). It is concluded that dietary copper in excess of
400 mg/kg diet impaired the progression of renal cells from G,/G, phase to S phase obviously and
induced renal cell apoptosis.

Key words: high copper; kidney; flow cytometry(FCM) ; apoptosis; cell cycle; duckling

B 2 Bl W it B Bl o0 A L A IR T (TSH) & R A EKE ¥ AGE) , X 3l ¥ i1 3 1.
XS 5RA 30 ZREFH A AE AL TR UES) AL R VBT R S A B RE R AR
Yoo (R R AR KR (GHD e BRI B O R 1945 4F Braude 1 R 8L AE K45 DR B8 i 250

Y F5 B #A:2007-06-25

ESTE: HEHRRE AW H (30471304) ; U114 B E 7% B H (2002A002) 5 B4 T %8 Bh 35 H (035Y029-030-2)
PEEE A 51981 B I H BT, 322 Tl 4955 2 24 B 5% . E-mail : yonex_1981@163. com

» BIEE AL WA 2R, EENF &R L RIS, E-mail : cui580420@sicau. edu. cn; hmeui@scfe. edu



78 B v o A S U A A R 3R T R A B 5T 981

mg/ kg §i BE 2 B o AR R RE L R B IF 5 i
SET FAR IR I o AR AR R AR (s A
e A R 3z B T # & ARRL R AR B A A
HHRE A AR S BR TR IR R 0 A B A R P R A
BN A 2O B R h AR
T R i oA UL AT 3o 8 i 8 B A 458 5 ) R G T 5 AR
B AELL L H W K S 9 0T 58 % &R A DL
B JRE 790 S 1) e AR L R P AL X R T 5 R R A
FIES 5 U 240 Y ) 240 Y 3 300 3 9 48 ORI T R 1 8l 25
ARAR B FE AR A BT AT LB O R ST 5
1 i T TS B U ) 52 4 3t S A

1 MR57FE
1.1 zsH¥Y5HR

Wk 1 H# R 360 HLFEHL A 6
41,4 60 HCHH 15 HAT2EUE) . /4 HlkE
BLAMl ML 5 FhAS ] (Y 3 4 O . 6 2H RS 43 S )
FETARGIABEEN M ERSE TR A
HARKFER £ . 530 6 J& .

DL K Rk L Al HOAR L R B
L RB AL DL R 4 A ORIV 8 2R N 3 2 IR XS
NRC(1994) 138 Febr i . JEAk HARAE o XF 4l H
F(Cu 8 mg/kg), 76 X% ML H A o 2 B i 92,
192.392.,592.792 mg/kg i t4 b = i 25 H AR« = 40
T2H(Cu 100 mg/kg) .40 1T 24H (Cu 200 mg/kg) .
EAR 41 (Cu 400 mg/kg) . & 4 IV 41 (Cu 600
mg/kg) .=V 44 (Cu 800 mg/kg) ., Hlifi N Cu-
SO, « SH, O 4t ,
1.2 5 RE 40 BEA T R A

IS 14,2842 REF BAKHLH R 5 H, o7
RPERC 0. 3 cm® 19 ' E 4 20 e, 1 B 200 i 57 3% o =X
AR . Iy (D 4051 3% vk PBS Yk 2 i
100 H i ik 3% , 18 5% 4 Jd ok B o 12X 10° /mL; (2) HX
100 pL A B TN dh . A 5 pl R E A
V-FITC 15 pL P, 5 4k % 1 51, = Tk O 7 &
15 min; (3 MA 400 pL G2 Wi, TR 4T, 3 =X 40 i )
AR L CellQuest A4 43 BT J5 FT B H 46 50 45
1.3 B4 B ) A G 4 i

BB 3 T i o s ) Y O A 0 L o =K 4 it
ARKG . J7 ¥k (1) 40159 3% 5k 100 H i I8 4% 21 il
WA 1X10°/mL; (2) B 1 mL 40 i & %, & .0
(1 200 r/min,5 min) F £ FIEWRE WA PTIA] (5

pL/mL @Ak P BE, 0. 5% Tritonx-100, RAN i) %
MG 20 min 245, PBS B0 VE% 1 %G (3
PBS ZZhilk 1 mL K7 2 7 20 U =X 40 0 kA
K Modifit #0F 73 M )5 4T B S AG 50 45

2 it 1 58 35 0 (Proliferating index, PI) =

S+ (G, +M)
Go /Gy +S+ (G, +M)

1.4 HEHH
F SPSS11. 0 73 M R kA7 B e g3t o A —
YET7 250y Wik AT B MR 0

X 100%

2 & R
2.1 IgEKWEE

B S 3 S i e T2 v IV 2 s e VA
AERSAE K R E IR G T HALAS A BT A L
TR a2 . 55 5 I, = 4 IV 20 A0 s
il V2 AR 2 B AR PR DOAR B AR R R . A
F A, IS5 A, S VAL K e
5 HLRIZE R 33.33% KR WIET
2.2 'SREYAEE T EE B

e ] AU AN M ) O T R R O TR R B O T
A B I 18] — 0] 5 A%, . 2 ] U I g 4 IV 2 AN
VAR B FE TR IR (P<<0. 01) ;4 JEFA = 46 T
L IVAFY AR R TR A (P<<0.01) , & 4
TA T HS TR, 25 AR Fl g F (P>
0. 05 B P<C0.05) ;6 Ji @& mf, & w4 4 1 835 =
TR R (P<C0. 01) , H =y 114 IV 41 H01 V41 /=) 7
W22 S B (P<<0. 01, S 1 K 1,
2.3 BREMMEABHENTL

2 FS I A N ARV A G /G R B E
FXHRA M T 4 A T4 (P<<0.01),S WK T X
WRZH , 22 5 |3 a3 (P<<0. 05 8 P<<0.01) ;5
B VA G, +M AL T R B (P<<0. 05) , %) Bf
o LA ARV 5 AP ] 2 7
AN EP=>0.05), =4V 410385 55 8 (PD K T
YR il Tl T IMMARANH, 2257 5k
2 (P<<0.05 8] P<C0.01), 4 J&# W, &5 IV 4
VL G, /G I B & v TR R4 s L2 11 4
A (P<<0.01) .S W4k i 35 AR T X B4 w4 1
ZHAN 4 (P<<0.01) ,G, +M HK T %t BR2H w4 1
A1 1A 2, 22 S e 3 s e 2 (P<<0. 05 5 P
<0.01) . 4] IV .V HPIH B EM T XA



982 HOHOM OB ¥ O 39 %
*x1 BHAMBTESE
Table 1 The percentage of renal cell apoptosis %
20 3] Group 2 JE% 2 weeks 4 JE% 4 weeks 6 JE S 6 weeks
%t BB 40 Control group 2.60+0.57" 3.254+0. 92" 5.64+0.15"
&4 T 40 High copper group T 3.2340. 43" 4,124, 058%¢ 8.0440. 28"
&4 T 41 High copper group I 3. 9542, 494¢ 5.2240. 38 8.7640. 41"
B4 4 High copper group Il 5.1440. 50% 7.87+£1.17° 11.274+1. 48
B4 IV 40 High copper group IV 8.44+0.73" 9.26+1.02"" 13.08+1. 30"
B4 V 40 High copper group V 10.7440. 99¢ 10.1841. 728 15.3540. 13"

JR AR B AR [ 3 22 5 A .25 (P=>0. 05) 5 ] — 5= B /NG ] 22 53 .35 (P<C0. 05) 5 A [l K5 5 8 K /NG 5 B 1] 22 5 4 2 3% (P

<0.0D), R34 FEH

Values within a column followed by different capital letters or small letters were significantly different (P<C0. 01) between two

groups. Values within a column followed by small and capital letters of same letters were different (P<C0.05) between two

groups. Values within a column followed by same letters were not different (P>>0.05). The same as below tables
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Fig. 1 Scattergram of renal cell apoptosis control group

(A)and high copper group V (B) at 4 weeks of age
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Table 2 The cell cycle of the kidney
= ¢ SENIE = 4 = 4 IV 4 =V 4
Wi WA o IR @%ﬁ]lrﬂ lj!flﬂﬂﬂ ﬁ%ﬁ]]]]ﬂ @%ﬁ]l\ﬂ ﬁ%ﬁ]Vﬂ
. High copper  High copper  High copper = High copper High copper
Age Items Control group . .
group | group || group [ll group |V group V
Gy /G 78.5842.02" 76.13+2.36% 76.8941.14" 81.8942.48% 85.13+1.60° 89.1041. 79"
2 J& % S 11.9841. 817 14.89+2.43% 14.2142.20% 8.91+2.72% 7.1242. 12 3,73+0. 29"
2 weeks G, +M 9.44+0.36% 8.9840.57* 8.9042.44* 9.2040.46"" 7.7540.56 7.17+1.51"
PI 21.4242,02% 23.87+2.36% 23.1141.14" 18.1142.48"% 14.87+1.60 10.9041. 79"
Go/Gy 80.6740.33" 78.14+1.69" 80.07+1.01% 85.1442.06° 89.0842.59”F 89,9341.09"
4 JE i S 9.9240.64% 11.0641.78" 9.4641.91* 5.42£0.79" 3.98+2.31" 3.7641.05"
4 weeks G, +M 9.41£0. 64 10.80740.84" 10.4742. 11" 9.44£1.47% 6.9441.91%" 6,.31£1.41°
PI 19.3340.33% 21.8641. 69" 19.93£1.01% 14.8642.06° 10.92£2.59” 10.07%1.09"
Gy /G 80.73+0.41" 77.9841.55" 80.4540. 25" 82.9141. 44" 88.08+2.48" 90.56+0. 66
6 JiE % S 9.8441.18* 11.90+1.81* 9.2340.22% 7.71+1.45% 3.80+2.08" 1.58+0.17¢
6 weeks G, +M 9.4340.98% 10.12+0. 84" 10.32+0.20% 9.38+1.35% 8.1240.88" 7.8640.51"
PI 19.2740.41% 22.02+1.55° 19.55+0.25% 17.09+1.44% 11.92+2.48" 9.44+0. 66
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Fig. 2 DNA histogram of renal cell cycle in different groups at 4 weeks of age
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