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Abstract: The experiment was conducted with the objective of examining the effects of high mo-
lybdenum on the thymus in the broilers by the methods of experimental pathology and flow cy-
tometry(FCM). 360 one-day-old Avian broilers were randomly divided into four groups,and fed
on diets as follows: Control diet (Mo 13 mg * kg™ ') and High molybdenum diets (Mo 500

1 1

mg * kg~ ', High molybdenum group [ ; Mo 1 000 mg * kg~ ', High molybdenum group Il ; Mo
1500 mg « kg ', High molybdenum group [l ) for 6 weeks. The results showed that decreased
lymphocytes, enlarged Hassall's corpuscles and increased myoid cells were observed in high mo-
lybdenum groups | , Il and [ll in comparison with those of control group histopathologically. The
weight and the relative weight of thymus were decreased. The statistical analyses by FCM indica-
ted that the G,/G, phase of thymocyte was increased (P<C0. 05 or P<C0. 01) and the G, +M
phase, S phase of thymocyte and the PI (Proliferating index) were decreased (P<C0. 05 or P<C
0.01) in high molybdenum groups I ., [I and [l. Meanwhile, the percentage of cellular apoptosis
was higher in high molybdenum groups [ . [ and [l than that in control group. Also, the

TUNEL staining was consistent with the result of FCM. It was concluded that dietary molybde-
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num in excess of 500 mg « kg !

inhibited the development of thymus, caused pathological changes

in the thymus and impaired the function of cellular immunity in broilers.
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Table 1 The weight of the thymus g
4H 5| Group 7 K 7 day 14 X 14 day 21 K 21 day 28 K 28 day 35 K 35 day 42 K 42 day
X B8 4 Control 0.54+0.18" 1.9840. 35" 2.95+0, 22" 5.96+0, 72" 8.81+0.50" 9.67+0.78"
% 141 HMo [ 0.29+0.08" 1.2740.06"  2.1640.26"  3.32+0.59" 7.0540. 50" 7.64+0.91"
4 HMo Il 0.2740.03" 0.8640.07¢ 1.95+0. 36" 3.3340.75" 3.2440.60° 5.32+0. 36°
A4 HMoll 0.1640.05%  0.392£0. 04" 1.01+0. 22" 1.5440.24°  2.4640.31°  2.61%0.42°
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0.0, FId

Within a row, the same superscript means no significant difference (P>>0.05), the different small letter superscripts mean sig-
nificant difference (P<C0.05), and the different capital letter superscripts mean highly significant differences (P<C0. 01). The

same as below
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a. The thymus of chickens at 42 days of age in control group, high Mo groups [ , [l and [ from left to right respectively.
The size of thymus is diminished in high Mo group Il and high Mo group [ll 5 b. Thymus in control group at 21 days of age;
c. Thymus in high Mo group [l at 21 days of age. Thymus lobule is small in size; d. Thymus in high Mo group [l at 42
days of age. The medulla of thymus lobule is enlarged; e. Thymus in control group at 42 days of age; f. Thymus in high Mo
group [l at 42 days of age . Lymphocytes are decreased in medulla and loosely arranged; g. The enlarged Hassall's corpuscle
in thymus in high Mo group [l at 42 days of age; h. Thymus in high Mo group [ll at 42 days of age. There are red-brown
granules in cytoplasm of reticular cells ( t ); i. Thymus in high Mo group Il at 42 days of age. Myoid cell are increased in
number; j. Lymphocyte in control group at 42 days of age; k. The apoptotic lymphocyte in thymus of high Mo group || at
42 days of age. Apoptotic lymphocytes have “C” shaped aggregated chromatin; 1. The apoptotic lymphocyte in thymus of
high Mo group [ll at 42 days of age, the chromatin of apoptotic lymphocyte is condensed and nuclei appear dark round. The
mitochondria ( 1) are swelled in lymphocyte and the intercellular space of thymocytes is dilated

E1 S$EXTMRE R ST NE (b~d, HEX100;e~g, I, HEX400;h, HEX1 000;j, TEMX12 000;k, 1, TEMX8 000)
Fig. 1  Effects of high Mo on the thymus(b-d, HEX100;e-g, I, HEX400;h, HEX1 000;j, TEMX12 000;k, 1, TEMX8 000)
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Table 2 The relative weight of the thymus

%

45 Group 7 K 7 day 14 K 14 day

21 K 21 day

28 K 28 day 35 K 35 day 42 K 42 day

%t B8 4 Control

4 T4 HMo T
R4 HMo [l
= 50 4 HMo Il

0.34020.099" 0.464+0.072% 0.44440.033" 0.488=+0.072" 0.467+0.058" 0.480=40.066"
0.21940.051*® 0.442-+0.071* 0.402+0.036* 0.351+0.028% 0.47940,070* 0.37440. 030"
0.226+0.031"" 0.276£0.042% 0.29740.024" 0.37140.046% 0.324+0.055% 0.32840.070"
0.188+0.054"% 0.20740.053% 0.254+0.039" 0.279-£0.032" 0.30540.039% 0.256=0.075"
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Table 3 Cell cycle of the thymocyte
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ML G, /G, I 3 T4 BR 41 (P<<0. 01), S
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fif [A] Time i} 4] Phase %t 8 4 Control =il T 40 HMo | mEITH HMo I w44 HMo I
G, /Gy 89,5040, 58" 90,9240, 77* 93.1240. 45" 96.1940. 86°
S 5.184+0.71» 4.46+0.42* 3.40+0. 23" 1.9240. 34¢
14 K 14 day s .
G,+M 5.320. 344 4.61+£0. 46* 3.48+0. 348 1.8940. 52¢
PI 10.50+0. 58" 9.0740, 777 6.88+0. 46" 3.81+0. 86
Gy /Gy 88.54+0. 85% 92.27+1.11" 93.0540. 72" 95.9240. 78
S 5.79-+0. 29° 3.81+0.53" 3.40+0. 31"% 1.9440. 29¢
28 K 28 day .
G,+M 5.67+0.624 3.9240. 645 3.62+0.558 2.1440.52¢
PI 11.46=+0. 85* 7.73+£1. 11° 7.02+0. 84" 4.0940. 78
Gy /G, 88.27+0.72* 91.99+1. 24® 93.0140. 66" 95.6441.06°
S 5.72+0. 364 4,114+0. 528 3.3840. 34" 2.1840. 44°
42 K 42 day .
G,+M 6.02+0. 474 3.9140.738 3.68+0.49% 2.174+0. 69
PI 11.73+0.72% 8.01+1. 24" 7.06+£0. 80" 4.3641.06°
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Table 4 Percentage of apoptotic thymocyte
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740 1 41 HMo [ 7.7140. 714 8.16+0. 34" 8.54+0. 36"
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XA R, &SH LA ESH LA OMSHTHADR G /G M E R T 5 .S M G, + M 14018 & 7 /)
G, /G, S and G, +M phase distribution of the thymic cells. The percentage of G, /G, phase is higher, and the percentages of
G, +M phase are lower in high Mo group | (b), high Mo group |l (c¢) and high Mo group [ (d) than that in control group

(a)
B2 MEEdAmRXEABEERE

Fig. 2 Histograms show the cell cycle progression

Mt . R ERTE AS 2 B A 8 & B, HOAR BH F
ik 500 mg « kg B AR i R B [R) AR BE 9 7T 0
HH I o 9B EEL 200 A ek 20 L R /N A B 3 L R
B URE 4 B 338 25 45 5 A8 FR 00 H B I 19 ) o A
KFR., Hrps b m g 28 HigIriagm, K
9P AL B I A K P, 42 H O g R R
MEE /1 1o A R 5 IR L A0 i 0 T b i i R
PR 45497 5 2 B R SRR ik U i 58 . G 25 SR 3R
B, HHLEH & i 500 mg « kg ' RILRL B AT 5] 4EXS
e % 10 B3 493 5 40 L 6 8 ) R 22 40
3.2 S %A%t A bR 40 B B H R 22 0E

A% 32 56 SR FH 9 2K 20 A ARG T e e 240 e ) S ) 2
IR A5 i BH AL A XS B BRI (G /G 40 i
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6 1 B WAL R R X T P A A 2 B L S R T R 5T 767

10
10

10°
10°

P,
102
PI,
102

1

10!

10

100

10° 10! 10? 10° 10* 10° 10! 102 10° 104
annexin V-FITC annexin V-FITC

10 104
10

P,
10°
PI,
102

1

10!

10

10°

10° 10! 102“ ] 163 10* 10° 10! 102 ‘ 10° 104
annexin V-FITC annexin V-FITC

50T B R T B () L AR T 2L R T AR R I (43000 bae R dD B U T A SR B R 2

Quadrantal diagrams show that minor percentage of cells in thymus of control group are undergoing apoptosis (a), and in-

creased percentage of cells in high Mo groups | , [l and [l (b, ¢ and d) are undergoing apoptosis

3 HEBHBERXNATHEARRE

Fig. 3 Quadrantal diagrams show that minor percentage of cells in thymus

oy

a. 42 HAR X IR B, WA R D s P T AR . bl 42 HR A (DAL M AR, T A pR R i 2. e 42 HOR s AH I A R O
o o i 0 2

a. Few apoptotic cells in control group at 42 days of age. b, c. The number of apoptotic cells is higher in high Mo groups [l
and [l than that in control group at 42 days of age

B4 42 AiA#GHBR TUNEL EZEMESR 1 000X

Fig. 4 The results of TUNEL at 42 days of age 1 000X

MR FFRAE BN T2 ARV EW R RTEINSC. R R U 40t B R R B
ZEL 2R D JUUAE: 20 e T 00 ) A R A L L T, OBl BB R IR T (CRE) S 8 S B 3 B o IR T
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