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Yoy il L g ot A PR —— T B (MDA IR L Z R (TBA) tE ik, BL L
IR A E B E R R Y TREF ST, R b R s P R W LR A
(ESR); BHORAF A R I ML FE PO RS 2] ESR RIS, #JE K- 190C £ 50C, PO
¥4 3300% 500G auss, WHIEI% M 100kHZ 6. 3Gauss, WIEIIH 2m W, JBOKATE 1x 1000,
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Table 1 The fluoride contents of drinking water, feedstuff, soil, air, serum, bone and tooth

TROK R BHCHD) THOKER KRR E R 1ML 375 6L IR AR
Drinking water Feedstuff Soil Air(g/m?) Serum Bone T ooth

o X 3.27£0.23"  51.97%11.96™ 8.00£0.87" 2.44%0.53"" 0.62F0.12"" 8854.66% 9393. 46t

High 1723.98"" 48.99""
fluoride (n= 6) (n=10) (n= 6) (n= 6) (n=8) (n=5) (n=5)
Xf HE X 0.58%0.21 23.75%1.77 3.75%1.77 0.12%0.09 0.24% 0. 01 300~ 1200 240~ 625
CK (n=5) (n=2) (n=3) (n=8) (n= 8) (n=2) (n=2)
FEFs GB 1.0~1.5 40.0 / 1.8 0.2 / /

D AR (E SR A L ZE R 3% P< 0.01  Compared with control group P< 0.01

AR T 3 ] —AGT A P (R A 5 K R 2, S5 R RS T S e v e DX B
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TISH By | 3 R A it PR L A B S AEDGHAEG F DX, 330 P A O 2 P AR ER T B3R 1 9 A
A, ICAETEARKRARAR, T, 7 5 75 H 0 i i 3 21, G 110 SI BT 2 7 S5 b J5003 1) [7) I,
P I PR AR AR AR 2 5 A, 0 Lo Bt 76 22 VIR 8.3.d, A v 9B I A EL R vy 3 o it 4
BRE TR IS S 430 B 0. 60m g/L A1 0.81mg/L FEE 0. 29mg/L 1 0.23m g/L, LA}
H 0.067mg/L F10.077 mg/L LTFA 0.137 mg/L M 0.131mg/L, MATLERFLE 0. 61m g/L
Je A, v g0 41 IS SR 0. 67mg/L PR 0.37mg/L, MLANH 0.086 mg/L T &
0.103mg/L, MAIA 0. 54m g/L, {H & RN AL T2 07 S AR 2 4 REPE 0. 62 mg/L /oA,

X2 POK R R EERA I R R D (mg/L)

Table 2 The contents of selenum and copper in soil, drinking water, feedstuff and blood

fili Selenium il Copper
ikt 4 oK A 1M Tl 4 oK A0
Feedstuff Soil Drink ing Blood Feedstuff Soil Drink ing Blood
water water

FIRX 0.072% 0.058 0.108£0.08"  0.00 0.064% 6.32% 1.87£0.68"°  0.00 0.56%
High 0.048"" 1.277 0.05""
fluorr (n= 6) (n=15) (n=7) (n=7) (n=15) (n=7)
de
STHEX 0.087£0.073 0.194£0.02 0.00 0.114%0.056 8.73%+ 3.62% 0.28 0.00 0.95%0.20
CK 2.64

(n=5) (n=2) (n=6) (n=6) (n=2) (n=8)

D ZE SR A E LR ZE R B p< 0. 05; 7 IZE SN IALE LB ZE SRR p< 0. 01, FIH

* Compared with control group P< 0.05,"" Com pared w ith control group P< 0.01. The same as below

2.2 AR A DR O A A T 1 AR A

M 3 F H, TR0 I [A] v GO HEEE A I G SH -Px I PEAR Sl 2 MR T 15 5 0 HR A5 L 34
GSH-Px(P< 0.01). AS[FIWS B ) im0 B4 GSH-Px W& TEZE R A2 (P> 0. 05). M
il 25 25 30 K1 GSH-Px W& PELLEE 0 K& 7. 78U /m 1, LA [R] I [a] 1) s 9 % 3 2 o
5.770/m I(P< 0.05). 2 83 KM INMI B2 GSH-Px W PEILE 0 K14, 79U /m 1, LUAH
[i) HSF 1) PR v B0 R B 2 8 15. 24U /m I(P< 0. 01), LEIAIZH %6 30 RMAE R 7.01U/m 1(P<
0.05). fa UM A S35 2F G SH -px T 1k B9 722 A A () oy SNl 2 2=, (HL5S 30 R LA [R]
N 1) (1) vy SR AL T =i (P < 0. 05), 28 83 RIIME S 26 30 RMMEZ R AR E (P> 0.05), M
SN B2 1 GSH -px W PHERA 2 (P> 0.05).
2.3 P A A A RS T AR Ak

F13R 4 D%, ASTRI IR SO A 2041 SO D b 3T RIS (8] P LE 0] A0S . 3%
F(P< 0.05, P< 0.01), 55 30 KAHT NI, SEAANRMELR(P< 0.05), 25 83 R X[ATH
FN5 0 REVKPE. S nilse =25 30 KU soD W S L= 155 0 R(p< 0. 01), (2
83 KM soD WAL T2 30 K, a5 o K, mis iz sop i1 30 RITUR MR (p<
0.01), 55 83 RITMIENS =158 30 K, (HUMRTSEME. il d - 4 4ni sop itk
%30 KLILE 0 K 435.56NU/m1 &1, Z 7 W FH(P< 0.05), 5 83 KL o K=
582.01NU /m | =MM(P< 0.01), EEAHIFII TA]) Ry 9000 A 5y 375. 78NU /m 1 &ML P< 0. 01).
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*3 FAeiM gsH-Px WHENMEY  (U/m1420)
Table 3 The whole blood glutathione peroxidase (GSH-px) activities in cattle (U/m 1 blood)

0d 30d 83d
IR (W34 )Nom al control dairy cattle 26.52% 5.94aa 35.97% 2.19aa 29.37% 7. 08aa
TE 0 AL (354 ) N orm al control yellow cattle / 24.78% 6. 43a 25.63%3.16a
T 0 B /F2H Hoigh F control yellow cattle 14.62%5.90 16.40% 2.97 13.94%5.52
PR A A4 Hoigh F suppl. Se yellow cattle 14.39% 3. 43 22.17£4.89" a 29.18% 4.83""
{0 R N2 H igh F suppl. Cu yellow cattle 17.59% 7. 48 18.91% 7.05 17.47%£1.94
R N2 High F suppl. SeCuM g cattle 19.95% 2.95 27.10%4.19" a 28.54% 6.24" aa

1) a % AE 5 R TR I ) A e GO0 AL LR 22 5 W 25 (P < 0. 05), aa 1B 5 [ IR 10 0 fr 00T AL AT B AR 2 e O S 25 (P
< 0.01), F[Fl a Compared with high fluoride control group at the same time P< 0.05, aa Com pared w ith high fluo-
ride control group at the same time P< 0.01.The same as below .

*a FOARSH sop WM (NU/m14L)
Table 4 The erythrocyte superoxide dismutase (SOD) activities in cattle (NU/m 1 blood)

0d 30d 83d

IE A WY Nom al control dairy cattle 2132.96% 330.23aa  1983.92% 289.75aa  1919.30% 276.965a
IEF X 34 Nom al control yellow cattle / 1873.66% 445.93a 1824.17% 250. 68
A 2 Hoigh F control yellow cattle 1747.52% 462.90 1535.81% 142. 78 1728.31% 318.24
RS A T H igh F suppl. Se yellow cattle  1948.04% 332.37 2034.31% 66.85" 1933.86% 315.24
IR N | igh F suppl- Cu yellow cattle  1944.69% 521.48 1803.04% 189.71""  1838.53% 477.62
RIS NS 25 High F suppl. SeCuMg cattle 1522.10% 249.20 1957. 66% 289. 40" 2104.09% 245.39" aa

2.4 AR AR A U ) R

1 5 AT DL, s S A N v SN AR R 2 cA T EPE TR 30 RO B E (P
< 0.05) M B FE T (P< 0.01), 25 83 R W ZE T @ (p< 0.01), & F Il i 6 3 /4
CAT G MELE M BE 2 cAT WEPETHRI R, el s 2k cA T W PERE I [H) 22 K
A, 28 83 RAIIME I AR T8 o RIMME(P< 0.01).

s A FALEMET JIE (U/gHb)

Table 5 The catalase activities of blood in cattle

0d 30d 83d
IEH X AL(YI4)Normal control dairy cattle 163.96% 57.77aa  174.01%£ 44.10aa  163.07% 22.52aa
IEFX AL (¥ 2F) Nom al control yellow cattle / 132.57%£ 54.12 123.95% 40. 74
e SR B R4l H igh F control yellow cattle 111.20% 39.38 120.08=E 26. 24 135.21£13.35°
IR - AL H igh F suppl. Se yellow cattle 147.34%19.98 152.45%31.61" 174.95%£17.62" aa
IR - A4 H igh F supple. Cu yellow cattle 139.80% 58.52 136. 68E 49.90 97.67% 40. 54
PR A M 2 High F suppl. SeCuM g cattle 116. 40%£ 26.02 136.85£27.75  144.03%33.69"

2.5 LU N R AR AL

M 6 F i, IR, o0 BG4 MDA EW AR (P> 0.05). AN,
R FR N A R RN A A B A 4D A MDA B 30 R INAE XY b R 41 SE A 2 2 PR AR (P <
0.05), 55 83 KI5 [ 4L IEAME AR A K (P> 0. 05), {H -5 4H [R] I 18] (1 = 00 3 44 L
B DA R AMAK(P< 0. 05). b BH w25 2= Dt i s i A 35 BE PR IIRZL 4 MDA 5 5,
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Feo FaAMMh ) MDAWIE  (nmol/mgHb)

Table 6 The erythrocyte m ononaldehyde (MDA) concentrations in cattle

0d 30d 83d
IEFATRAL(W52F)Norm al control dairy cattle 0.44%0.14 0.41£0.14 0.35% 0.08a
ﬂiﬁﬁ”ﬁéﬂ(ﬁq:)l\]omalcontrolyellow cattle / 0.4110.14 0.39%0.06
TR B 441 H igh F control yellow cattle 0.37£ 0. 09 0.41% 0. 08 0.41%0.06
IR A AR AL H igh F suppl. Se yellow cattle 0.43%0.21 0.28%0.04"" aa 0.31%0.05aa
F IR - A AL H igh F suppl. Cu yellow cattle 0.37£0.10 0.26%0.01"" aa 0.36% 0.09a
RIS A M 25 High F suppl. SeCuM g cattle 0.33%0.08 0.22%0.06" aa 0.32%0.0laa

2.6 A 2SS R AR

7 TR, R A M B AR A A S8 T IE O BB AR S = (P< 0. 01).
e AT B2 AR 83 RS 0 R A H3E S RARAK (P> 0.05). = 8N . o 0 n i A sy
SEODN AP B B A 5 83 R IK B H R K A AUAS R AR, A T A ) B 1) 7R o S00) 4L
(P< 0.01). mFaINANEEER 2 H S B TR E(P< 0.01). mBUMANALIRZ (P<
0.01), BN AT B F (P< 0.05). 1 AR BRI 0 6 Sl 2 PR el B 28 A el
T (A

® 7 M E RS ENE (mm)

Table 7 The blood free radical contents in cattle

0d 83d
IEF X BAL(YF ) Nom al control dairy cattle 38.75% 7.68aa 33.75% 2.87aa
IEH X L34 ) Nomm al control yellow cattle / 42.20% 3.35aa
A 2R H igh F control yellow cattle 51.17£8.13 60. 40% 8. 65
RS A AL H igh F suppl. Se yellow cattle 46.83%£11.05 33.67% 8.94"
IR 4L H igh F supple- Cu yellow cattle 47.00%12.63 40.00% 6.75 aa
IR IE N2 25 High F suppl. SeCuM g cattle 43.3319.85 31.67£ 14.79" aa

3 e
31 RIS [ R R A R B

PR A S 4R B R T O R P e R P 2t T el AR R TR
PRI, P O SR A B T (05 + ) R A HidEon - ). it AA
(H200) BTG4 A (L0 B ROO- ) %, BATHE M P 1 BEAR ok i r F [l A
SR, PR R B TR, 2 AR . G RE  E e  A RE BRRA , SOR
DT B e, A AR ST, DR TS S5 1 ok (LA 0 A 450 0 S BRI P, (LA
SESIEAERTF, 4 77 2 T BRI, 32V S SR T PRRL
LR LR BB KA A R A2 DA R 1 A BAF, 465 P — SSRGS chifr Bk, 740 P9 MR, {2
SEANNISEZ, S 4b, 1 ER 0 M S T A it I I 7, BRI IS, 3 4 o 45 e il 0y
R, SEAIMMRT. 0 HE, FALYISOR IS AR, AL TR 3 T4 0
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A S5 N A DT P SO, B DR IR e, 3 1 5 RS A A A Ak D e ek, et AP0 o, A 40 i
L5 KR RESZ A0, A0 MR AR A, A TP A5 B D RV (RS TG SR A5, B 2k 2Tk
3.2 kR A HERPUA R

AR B B R PUE AR, E 2 HE GSH-Px.SOD.CAT. GSH-Px ¥ H.0, i&
J#4 H,0, 1 CAT 14 H,0, EMHEIEM, P& BIERER H.0., BiikH,0, FIAEH. GSH-
Px I REAT IR OIS S A 3 i I TE RE I B, ORI 4 R A 2 4. soD RENE os » Bikh
H,0,* , fitH CAT ¥ H.0, Wfi# 4 H,0.
3.3 AICAR AR A58 2 A P A il R AR L

AW FT W], A5 7 AR AR PR 358 w3 2 A 1t A EG T 1E 3 6k B A% . 3524, 1375 4
FTH RS MRS AT HE R R A IR B, W g T R SRR, R
ARCAP 8 B 20 v RN AR 5 B ™ o, I AR, 354 GSH-Px.CAT FIZL40 M sop Wik i
EREAK, 2040 MDA R B S ARl 2, 91k B iU vt kAR, — B
—FhPUEALEE 230, 4 G BOEA PUAACEE R A2k o1 i, 3 e LA S2 463, K RUaR A B2, g o
LA AR R g i, L ) S e R, LT AR RE D B, R PR AE G £, i Rl il
IRV AN 7K B 53 77K R e, AT 5 DR 5 23 (R 30 R 2B A8 1 I ESR X i
SR A S 2 9 B 5 AT S, U S R R RN AR A R BT A, X R
FSCRIRRR AR R b 2K B 1 Pl 3 e 22 (o — 3
3.4 DA EINT e R 2 P AL I AR IR R

E IR AN B GSH-px W PEF] soD WY 5E, MDA AT E 2 AR, TR ERAL
PRI A, A 2y 1 v s ) i AR R L. AR B gsH-px WEHEANTE
1, SOD W PEA T I, (H MDA Al A 28 A2 sl /b. 0 W v e AR A0 A EG 0 A 355 v 3 238 o
15mg/kg i, AT EHUARTEL, 2 83 KRMUATH 5 AT AR ALK, AH DY, I BEE AN TH 7. = e
AR B0 A PRI ZE . MDA A AL T 4. 1 Mg B4R LG TR
B ca® AR/, BOTRARAH M) ca® SRS A, NI A 538 o, 085 B e AS ok D, 7] B,
BESEAHE R RSN, SIS — DT, B — BRI, BRI AR B, R FE AR B
FATERE, SURFEBRM MR VE ], AR sl i i B A s A e AR S B AR . AR
W, AEAE 42 0. 25m g/kg-15mg/kg.1mg/kg EE IS DA Bk, A R TRIAR 1) e S AL i
AR X ) ) W A FT 45 H, F AE EOR RIS,
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4.1 T GSH-Px.CAT M soD ¥ A, it Bid 4P (MDA ) F1H H 2L 5 & T
iR

4.2 ININANAE SRR GSH-Px.CAT A soD Wi PETH s, Praa 4 pe s o, Mg v 44k =
YI(MDA) FIH B B s A, ANy g i S A A H.

4.3 BN IERAE i R 2 MR TS AL MDA A IR S R BRI, R TR T Ak
YEM, 1H/& GSH-Px.CAT Ml SOD &M IFATF .

4.4  FERFARAHL D, AUEBE4% 0. 25 mg/kg 15 mg/kg-1mg/kg LLBIGS I, HPraatb ik pe
Ao posk S8 A A A0 T Rl .
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Study on the Free RadicakF induced Damage in
Cattle with Endemic Fluorosis and the Protectiwe

Mechanism o fSelenum, Copper, and Magnes amm

Han Bo', Yin Wenli, Shi Yan’
(' College of Veterinary Medicine, N anjing Agricultural University, N anjing 210095;
*College of Veterinary Medicine, N ortheast Ag ricultural University)

Abstract The changes of anti-oxidative enzymes, lipid peroxidation and free radicals
were observed in cattle with endem ic fluorosis under high fluoride, low selenium and low
copper environment. Thirty-two cattle were selected from high fluoride area and random ly
divided into four groups with eight cattle each as follows: I high fluoride control group
(HFC); 1I supplemented with 0. 25m g/kg selenium (HFSe); Ilsupplemented with 15m g/
kg copper(HFCu); and IV supplemented with 0. 25 mg/kg selenium + 15m g/kg copper+
Img/kg magnesium (HFSeCuMg) per day for 83 d, respectively. Eight cattle and eight
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dairy cows were selected from non-high fluoride area as normal control groups. The sam-
ples were collected and measured on 0d, 30d, and 83d, respectively. The results showed
that the contents of relative free radicals and MDA in the high fluoride group were signifi
cantly higher, and the whole blood GSH-Px, CAT, erythrocyte SOD activities were lower
than that of the control groups. So, free radicals metabolic im balance and antioxidation
disorder were the main factors in endem ic fluorosis. GSH-Px, CAT and SOD activities in
HFSe group and HFSeCuM g group at 30d and 83d were markedly higher than that of the
same group at 0d and the same time HFC. There was a corresponding reduction in the con-
tents of relative free radicals and MDA. Supplementation of selenium, copper and m agne-
sium increased high fluoride bovine anti-oxidative enzemyes at 30 days, and decreased
MDA and free radicals contents. However, the activities of antiroxidative enzymes in
group supplementated w ith selenium did not increase until the 83 days, so the anti-oxida-
tive function of the group supplemented with Se, Cu, and Mg was better than that of the
groupsupplemented with Se. The results showed that the high fluoride affected cattle sup-
plemented w ith proper selenium, copper, and magnesium increased their fluoride excretion
and anti-oxidative function, and decreased lipid peroxidation and free radicals contents.

Key words: Bovine endem ic fluorosis; GSH-Px; SOD; CAT; MDA; Free radicals;
Se; Cu; Mg
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