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The Effect of High Copper on Lymphocyte Apoptosis of
Lymphoid Organs in Chickens
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Abstract; The experiment was conducted with the objectives of examining the effect of dietary
high copper on lymphocyte apoptosis of the lymphoid organs in the chicken by the methods of ul-
trastructural pathology and Flow Cytometry (FCM). 420 one-day-old Avian chickens were ran-
domly divided into seven groups, and fed on diets as follows:control (Cu 11 mg/kg), and high
copper (Cu 100 mg/kg, high copper group 1 ; Cu 200 mg/kg, high copper group [l ; Cu 300
mg/kg,high copper group Il ;Cu 400 mg/kg, high copper group IV ;Cu 500 mg/kg, high copper
group V ;Cu 600 mg/kg,high copper group VI)for six weeks. Ultrastructurally, the frequency of
lymphocyte apoptosis was higher in high copper groups IV, V and V| than in control group and
high copper groups I . Il . . The mitochondria of lymphocytes of lymphoid organs were
swelled, and its crista were broken or/and disappeared. The apoptotic lymphocytes showed that
the chromatin become condensed and marginated, and the shape of nuclei were crescent, C-
shaped, dark round and petal-like. Also, the statistical analyses by FCM indicated that the per-
centage of apoptotic cells of the lymphoid organs was higher in high copper groups IV, V and VI
than in control group and high copper groups 1,1l ,[ll. The aforementioned results demonstra-
ted that dietary copper in excess of 300 mg/kg diet could induce apoptosis in lymphocytes of
lymphoid organs.
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Table 1 The body weight of experimental chickens g
2 5] Groups 1 1 week 2 J& 2 weeks 3 3 weeks 4 Jfl 4 weeks 5 ] 5 weeks 6 J& 6 weeks
pogiieEEl 116. 50+ 287.80+ 446,00+ 648. 20+ 1230.30+ 1677.80+
Control group 3. 37548 19. 2174 62. 883 76. 6214 80. 813¢ 103. 255%™
=T A 120. 00+ 304. 90+ 584. 90+ 968. 70+ 1291.20+ 1977.50+
High Cu group 1 3. 46440 21, 37748 44, 908 96. 763 75,903 116. 259%
A 128. 90+ 340. 50+ 625. 70+ 1110.70+ 1438.30+ 1 963,40+
High Cu group I 5. 859 28.049¢ 47,537 60. 185" 16. 808" 84,8924
=l N 136. 50+ 338. 80+ 600. 30+ 1028.40+ 1416.40+ 1 759. 00+
High Cu group Il 3.808M 20. 264 28. 004D 99, 147¢™ 129. 205" 192. 841"
= 4 TV 26 124,70+ 325,204 563. 004 938. 704 1218.80% 1772.00%
High Cu group IV 10. 1005 17. 4415 31. 0208 31. 899 94, 737¢ 67.872%
VA 119. 20+ 293. 60+ 516. 00+ 832.10+ 1 065. 60+ 1495, 00+
High Cu group V 6. 630" 20. 278" 39. 285" 61. 224" 143.702™ 194. 12
TR 4 VT2 115.20+ 283. 40+ 434,10+ 624,20+ 920. 30+ 1322.30+
High Cu group VI 9.378% 10. 8144 58. 6162 73,0734 65. 7084 220, 6022

A B 22 BN B3 (P>0. 05); /N FRA 22 7 B3 (P<<0. 05) ; K FE KR /NG FEW 22 Rk B3F (P<0.0D), F %
[

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

B1 MRAEGERKEHRESHERE X8 000
Fig. 1 The lymphocytes in bursa of Fabricius of control
group X8 000

B2 SHENAEBERKENCHNE, ZHEEZEM
Bik,IEHFZE K X8 000

Fig. 2 The lymphocytes in bursa of Fabricius of high
copper group [V. The mitochondria are swelled,
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B3 SHVAESEREKCHAR, LB REE,
ZIEHE%L  X10 000
Fig.3 The lymphocytes in bursa of Fabricius of high
copper group V. The chromatin is condensed,
the nuclear membrane is broken and disappeared
X10 000

Bs5s SREVAHSEREBCHKENRE, ZLERE
RECTREHR  X5000
Fig. 5 The lymphocytes in bursa of Fabricius of high
copper group V[. The condensed chromatin and
the “C” — shaped nucleus are seen in apoptotic
lymphocyte X5 000

B4 SEVAHCERERCHAR ZTRETWEL”
# X8 000
Fig. 4 The lymphocytes in bursa of Fabricius of high
copper group V[. The nucleus shrinks and ap-
pears dumbbell —like X8 000
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R EERIEBOH A I WG BB T A% 0 AR 4
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Eoe SHEVAEBEIREATCHKEME, ZLBRE
REFEFEBRK X5000
Fig. 6 The apoptotic lymphocyte in bursa of Fabricius of
high copper group VI. The chromatin is con-
densed and the nuclei appear dark round
X5 000
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B7 SREVAHBERE, RSNV ATHHREHEE
X5 000
Fig.7 The bursa of Fabricius of high copper group V.
There are three apoptotic lymphocytes X5 000

B8 BEVAHGKIRATHEMME, ZLERRE
EMAE X8 000
Fig. 8 The apoptotic lymphocytes in thymus of high

copper group V[. The chromatin condenses and

the nucleus appears crescent X8 000

B9 SHEVAEBHBRATHERAR, REMATH
WHELHME X8 000
Fig.9 Thymus of high copper group V. There are two
apoptotic lymphocytes X8 000

E10 SHEVAHBEREATHEMR, ZLEBRE
RERMIX X8 000

Fig. 10  The apoptotic lymphocytes in spleen of high

copper group V[. The chromatin is condensed

and the nucleus appears petal-like X8 000
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Table 2 Percentage of apoptotic lymphocytes in the spleen %
415 Groups 2 J&l 2 weeks 4 J& 4 weeks 6 J& 6 weeks
Xt B4 Control group 0.63£0.24% 1.0240. 20" 1.89+0. 41
74 T 40 High Cu group T 0.7040. 21" 1.09+0. 16" 1.98+0. 41"
il 11 40 High Cu group 1l 0.7840.18* 1.27+0. 274 2.0240. 50
74 140 High Cu group Il 0.9340. 124 1.4640.47% 2. 3240, 334
w4 IV 41 High Cu group IV 1.03£0. 154 1.55240. 55M 2.73+0. 30"
=8V 4 High Cu group V 1.0940. 34* 1.7040. 614 3.67£0.61%
#4114 High Cu group VI 1.1640. 62" 1.93£0. 49° 4,37+0.31°¢
xR3 BMBEHEBARABTESZR
Table 3 Percentage of apoptotic lymphocytes in the thymus %
205 Groups 2 Ji 2 weeks 4 J& 4 weeks 6 Ji 6weeks
X} HE#H Control group 0.5740. 27" 0.9840. 31" 1.88+0. 314
i T 41 High Cu group [ 0.60+0. 36" 1.04=+0. 30" 1.99-+0. 91"
4 41 High Cu group I 0.6340.194 1.2140. 2228 2.2740, 274
4 40 High Cu group [ 0.7740.19™ 1. 570, 50"« 2. 6840, 60"
F4A IV 4 High Cu group IV 0.8740. 314 1.9340. 458 3.0140. 10
#i4d V 41 High Cu group V 1.00£0. 26 2.1440.70% 3.5840. 50"
4 VI 41 High Cu group VI 1.1340.17° 2.5740.87°¢ 3.90+0. 89"
x4 FRENBERBTESE
Table 4 Percentage of apoptotic lymphocytes in the the bursa of Fabricius %
205 Groups 2 J& 2 weeks 4 J&8 4 weeks 6 J& 6 weeks
X2 Control group 1.40+0. 40" 2.14+0. 11" 2.40+0. 20"
=41 1 41 High Cu group [ 1.5140, 52" 2.3040. 24" 2,670,674
&4 11 26 High Cu group I 1.58+0.43M 2.4040, 41 2.8540, 4148«
= 41 High Cu group [l 1. 760, 41 2.5840. 514 3.1340. 215
i IV 41 High Cu group IV 1.8140. 80 2.7140. 70" 3.434+0, 44%
4V 4 High Cu group V 2.0940. 09" 2. 8340, 20™ 3.7040. 354
w58 VIZ4H High Cu group VI 2.2740. 27" 3.4140. 11" 4.4740. 62"
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AR 3250 SR FH 9 2 40 B AR N RR Bl B 2 Jr Tk LR 9%
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fif (Zn-Cu-SOD) K Bk O, — , A IH T, ;e 2 W
S5SNI T, a2 B 2K (PCBs) /] L i #2284
M Zn-Cu-SOD ¥ fig T SO ML 125 (2) Cu®
] LLE AL — 8 AL & H 2 £8 (Dithiocarbamate) JE A,
T WAL EK 22 18 (Thiuram disulfide) , J5 & 0] ¥ 4 Bt
HREE J5E AR )l AR T 2 5 R R A A R
A5 e H K S5 BOMLAAR 1 340 TR 7R A 2% FE 8 L DTG 76 AN 72
A PRS0 N R A — R A Ak IR AR F O f
KGR MT; O AR . C BEa W
IR AL T 5 15 B AT A= B ¥ 3k [l 3 (Hy-
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