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Effect of Dietary High Molybdenum on the Cell Cycle and

Apoptosis of Bursa of Fabricius in Broilers
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Abstract: The experiment was conducted with the objective of examining the effects of high mo-
lybdnum on the bursa of Fabricius in broilers by the methods of experimental pathology and flow
cytometry (FCM). 300 one-day-old Avian broilers were divided into four groups and fed on Con-
trol diet (Mo 13 mg * kg ') and High molybdenum diets(Mo 500 mg * kg™ ', High molybdenum
group | ; Mo 1 000 mg « kg ', High molybdenum group [l ; Mo 1 500 mg » kg ', High molybde-
num group [lI) for 6 weeks. The result showed that the weight and the relative weight of bursa of
Fabricius were decreased, lymphocytes were histopathologically decreased and reticulocytes were
increased in number in high molybdenum group Il and [[I. Ultrastructurally, the frequency of
lymphocyte apoptosis was higher in high molybdenum group Il and [lI than that in control group.
The mitochondria were swelled and mitochondria cristas were broken, or the density of mitochon-
drial matrix was increased. The statistical analyses by FCM indicated that the G,/G, phase was
increased (P<C0.01) and the G, +M phase, S phase and the PI (Proliferating index) were de-
creased (P<C0.01) of bursa in high molybdenum group [l and [l[ at 28 and 42 days of age. Mean-
while, the percentage of cellular apoptosis was higher in high molybdenum group [I and [lI than
that in control group. Also, the TUNEL staining was consistent with the result of FCM. It was
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concluded that dietary molybdenum in 1 000 and 1 500 mg * kg ! inhibited the development of the
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bursa of Fabricius, caused pathological changes in the bursa of Fabricius in broilers.
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Table 1 The body weight of experimental chicken g
5] Group 1 K 1 day 7K 7 day 14 K 14 day 21 K 21 day 28 K 28 day 35 K 35 day 42 K 42 day

X R4 Control 45.1141.92% 17115411, 344 457,40440.56"  770.00£78.22% 1 100.65+£122, 54" 1 684, 604104, 154 2 046.40+£97. 404

m4H 14 HMo [ 44.40F1. 432 147.20+8. 875 366.45426.08% 660.00+52.86% 999.30+111.83% 1 575,65+145,70% 1 953.70+80.37"

w14 HMol 44,3041, 84N 123.75+11.68 290.60433.82¢ 557.80463.05¢  828.75+96.59¢ 1 290.80482.89¢ 1 609.00+107.04¢
4 1141 HMolll 44.10%1. 812 99.30£9.21P  194,60+16.24P 312,35427.20P  505.00+38.13P 714. 75446, 260 927. 25465, 03P

[ 20 B AR A 0 AN ) B 6 TR 22 SR B 25 (P<<0. 01) , A Al 21 TG i 35 25 5 (P>>0. 05)

Values within a column followed by different letters were significantly different between two groups (P<C0.01), and the same

letters were not different between two groups (P>>0. 05)
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a. The bursa of Fabricius of chickens at 42 days of age in control group, high Mo groups [ . Il and [[I from left to right re-
spectively. There was no obvious change in high Mo group | . In high Mo group [l and high Mo group [l , the size of the
bursa was diminished; b. The bursa of Fabricius in control group at 42 days of age. HEX400; c. The reticulocytes were in-
creased in number in the medulla of lymphoid follicles and the boundary of cortex and medulla was unclear in high Mo group
Il at 28 days of age. HE X 400; d. The bursa of Fabricius in high Mo group [l at 35 days of age. Lymphocytes are de-
creased and reticulocytes were increased in number in the medulla of lymphoid follicles. HEX400; e. The bursa of Fabricius
in high Mo group [l at 42 days of age. Lymphocytes are decreased both in cortex and medulla and loosely arranged in the
lymphoid follicles. HEX400; f. The bursa of Fabricius in high Mo group [[l at 42 days of age. Lymphocytes are decreased
and reticulocytes were increased in number in the lymphoid follicles. HEX400. g. Apoptotic lymphocyte(<}) and apoptotic
body( 4 ) are appeared in the bursa of Fabricius in high Mo group [l at 42 days of age. TEM X 12 000. h. The mitochondria
are swelled in an apoptotic lymphocyte in high Mo group [[l at 42 days of age. TEMX 17 000. i. The density of mitochon-
drial matrix was increased in high Mo group [l at 42 days of age. TEMX 17 000. b-f scale bars, 50 um. g scale bars, 1. 67
pm. h and i scale bars, 1.42 pm

1 #EBIREBERERSETL

Fig. 1 Changes of the bursa of Fabricius of chicken by morphopathology
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Table 2 The weight of the bursa of Fabricius g
24 5 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
X} B4l Control 0.2740.02% 0.91+0.13* 1.68+0. 194 2.68+0. 43" 4,03+0.22% 4,4240.974
4 T4 HMo I 0.20£0.07"  0.65+0.18%  1.18+0.23% 2.0240. 38" 3.0840. 41" 3.60£0.76%
T4 HMoll 0.1940.04*  0.61+£0.11*" 1.1040. 27¢ 1.77+0.51° 2.2340.57%  2.5640. 74"
=540 I 41 HMoll 0.13+0.01" 0.45%+0. 15" 0.58+0.11° 0.60=£0. 33" 1.14=+0.17"8 1.6040.57"

[F) 37) B804 s AN ) <7 B 22 ) 22 S A Wi 3 (P<Z0. 01) 5 K5 FRERI/ING Fik 2 8] 22 53¢ 18 35 (P<T0. 05) 5 A [|] - B Z [ 22 5 AN | 35
(P>0.05), AR 4%

Values within a column followed by different letters were significantly different between two groups (P<C0.01). Values within
a column followed by small and capital of the same letter were different between two groups (P<C0.05). Values within a col-

umn followed by the same letters were not different between two groups (P>>0. 05). The same as below

R3 FREHESFEH

Table 3 The relative weight of the bursa of Fabricius %
20 5| 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
X} & 20 Control 0.1740.02%  0.2140.03*  0.2240.01*  0.21+0.02*  0.2440.02*  0.2240.02*
i 14 HMo [ 0.16=£0.01* 0.18£0.06%  0.202£0.05*  0.20%0.02* 0.22240.04%  0.202£0.078
A T4l HMoll 0.1640.03" 0.2340.05*  0.184+0.03*  0.1840.03*  0.1540.02%  0.16+0.01*"
e B 4 HMo Il 0.1540. 02" 0.20£0.04%  0.16£0.02"®  0.13%£0.01" 0.1540.02°  0.1540.01"

2.4 FREHNBHARMNEKEAN

L4 H i B v 4 45 23k TG 4 A 2 2400 i 9 24 45 10
XA 25 A 8% (P>0.05) ;28 fl1 42 H i}
BF v T 23 R b B 40 i o 4 4% 309 5 ) R A B
2R EP>0.05) . 80 11 [ 20728 46 A

L, Go /Gy HA IR B 48 i EL 3] % e 25 v F X R AL (P <<
0.01) .G, +M HI S W3k EL40 A Le 1 Fn P45 %50k %
U R 3 (P<0. 05 8¢ P<<0. ODIR T B 40 . 1
W34, E 2,

x4 FRENBHEBEARTN

Table 4 Cell cycle of the bursa of Fabricius

B[] Time i} 4] Phase I} B8 2H Control Al T4 HMo | E4H 1T 4H HMo 11 AR 4 HMo [
Gy /G 86. 6840. 86" 90.3041. 59" 90.4241. 33" 90.6241. 26"
S 5.260. 53 4.724+0. 82* 4, 8640. 72" 4.59+0. 474
14 KX 14 day . A A A A
G,+M 5.0620. 667 4.984+1. 11/ 4.7240. 64 4.7920. 86
PI 10. 324-0. 864 9.7041. 59" 9.5941. 334 9.3841. 254
Go /G, 89.43+1. 70" 90.5441. 124 93.55+0. 28" 95.8841. 12"
. S 5.22+0. 874 4,54+0. 394 3.24+2. 17" 2.02+0.50¢
28 K 28 day .\ A N s .
G,+M 5.3441.06 4.9240. 75 3.2040. 23 2.1040. 65"
PI 10.5741. 70" 9.46+1. 12° 6.4540. 28" 4.12+1.12°
Gy /G 90. 3742, 4" 90. 3840. 89" 94,9540, 42" 94.3342.31"
42 F 42 d S 4.924+1. 26 4,7740. 43" 2.5640. 19" 2.74+1. 08"
a )
Y G,+M 4.944+1, 27% 4,7740. 43" 2.5240. 26" 2.934+1. 23"
PI 9.8642. 534 9.544+0. 86" 5.08+0. 31" 5.68+2. 30"
S+ (G, +M)

Proliferating index (PI) = X 100%

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

2.5 ZFRENREHEBBATE

2.5. 1 a2 AR A T 9 B AR I 4 M O T %
i AH T 41 14 H 8 B i Q3 3k O 40 B 0 T R 5 0
HEZH TG i 2% % (P>>0. 05),28 H K i &5 T
X R4 (P<C0.05) ,42 H & i 5 x5 B4 Jo i W 22 55

(P>0.05), @40 141 14 H i ik 2% ik 2 40 A
JA T 2 TR R4 (P<C0. 05),28 H g # 42 H
WA B = T A R4 (P<<0. 01D, EAH T4 14
H i 28 00 45 T, 7 G 2 9k O 40 i 0 T 2% 5 %) B 4]
oM 2 FF 5 (P<<0. 01) . 1EIH L3 5. 3,
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Histograms show the cell cycle progression: G,/G,, S and G, +M phase distribution of the bursal cells. The percentage of
G, /G phase is higher, and the percentages of G; +M phase and S phase are lower in high Mo group [l (b) and in high Mo
group [l (c¢) than that in control group(a)

B2 ZREMABMBAHEAFE

Fig. 2 DNA histogram of cells in the bursa of Fabricuis cell cycle

x5 FREMBHABBTE

Table S Percentage of apoptotic lymphocytes in the bursa of Fabricius %
41 5] Group 14 K 14 day 28 K 28 day 42 K 42 day
X #8244 Control 6.41+1. 26" 5.36+1. 34" 5.1541.93*
il 141 HMo [ 6.87x2.67* 8.64+0. 76" 7.40+1. 02"
4 4 HMo [T 12.02+2.17* 12,0742, 14" 12.09+1.91"%
= 40 41 HMo Il 15,9143, 79" 15,3241, 98¢ 16.52+1, 63°

10 10 10

a b c
10° RS 10° o 10° W
10 [ =10? g =10?
10!

100 ‘ 10 100 ka2
10° 10! 102 10° 104 10° 10! 102 10° 104 10° 10! 102 10° 104
annexin V-FITC annexin V-FITC annexin V-FITC

55 B P T (0 R, B T AN T4 G300 8 bRl o i PR T4 i s B m i &2
Quadrantal diagrams show that minor percentage of cells in the bursa of Fabricuis of control group are undergoing apoptosis
(a), and increased percentage of cells in high Mo group [l and [l (b and ¢) are undergoing apoptosis

3 EMEREBAMATHSAE

Fig. 3 Scattergram of apoptotic of cells in the bursa of Fabricuis
2.5.2 TUNUL 3 5 I 25 TUNEL Z {1 45 A R Pl AR R R . AR AR
RN AT AR AR O IR A R A TR K T A 14~42 HIRIE RO 5450 50 It 4]
AREEA A, A2 HARE Iy 0 B L R BEBHPE A ML Je2e 5wl I A8 P28 IR T 28 Hilk, F 23R
B /D om LA SX A BT B2 5% MM B E U 0 B R B 4 AT L B 0 A
I I3 T 2 A e A e g T R A AR LI 4 K EEL 00 5 DR 2D R M 3 A L 3R B R R
Pho 42 H Ik RS B A B B BR 5 1R ik 12

3 55 AR T S i R 0 545 . 2 90 0B
3.1 AR ERERSEMHHMN B TSR T SR B . i

L IREEJE B EL A Y & U L 7 B O 2 40 W, HARSA S 5 1 000 mg » kg " RH DL B Al 5] 4t
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20 pm a 20 um

b 20um c

a. 42 HEe X TRAIE R WA B /D B 0. bo42 HIER s fH I 4UA IR iR B b3 220 o 42 Hig w4l Il 413k IR

BT MECE I £ . a~c BIHPAR Rl 20 pm

a. Few apoptotic cells in control group at 42 days of age. b. The number of apoptotic cells was higher in high Mo group Il

at 42 days of age than that in control group. c. The number of apoptotic cells was higher in high Mo group|ll at 42 days of

age than that in control group. a-c scale bars, 20 pm
B 4 &E¥5XKTE TUNEL B4R
Fig. 4 TUNEL staining of the bursa of Fabricuis

X 3 PG 1) BEELABE 475 HL 235 4 453 495 0 T B I A mT 3
GIREN NI R RSN
3.2 SEMZEREHNEAREAHNZN

V22 40 I D5 R AR 0 35 0 SR U B 400 L ) 3
B EL A R s VR RS % i B X v ER B b L 40 i %4 g
(18 5 100 9 G SCRR iR . AR IR 45 S R, A T 4l
IR A0 M e 9 S P (H S5 % BEA A HE 25 S A I8
o A RN 2 B 5 R4 25 S AN i L R
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G ) bk B 200 b B3] 5 o HE 200 8 3 T s T 48 00 (S
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