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[ Abstract]  Objective To study effects of Ca, Mg, Cu, Zn, V, combined with protein on ovarian functions in
female rats with coal-burning fluorosis. Methods A total of 120 clean-grade SD female rats with body weights of about 80

g were used. Rats were randomly divided into control, fluorosis, element, and element + protein groups with 30 rats in
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each group. Model groups were fed edible raw coal mixed with peat and different formulas of zhijin roasted corn feed. Rats
were sacrificed at 60, 120, and 180 days, and bilateral ovaries were harvested. Expression of apoptosis proteins Bel-2 and
Bax in ovarian granulosa cells was observed by immunohistochemistry. HE staining was used to observe ovarian tissue
morphology and changes in follicle and corpus luteum numbers. Results There was no statistical significance in the
protein expression of Bel-2 in ovarian granulosa cells. The expression of Bax in each group was compared with that in the
fluorosis group, and a significant difference was found at 120 and 180 days (P <0.05). There were significant differences
at 180 days between the two intervention groups (P <0.05). Compared within each group, Bax expression in the fluorosis
group gradually increased and the difference was significant (P <0.05). There was a significant difference at 60 and 180
days for various elements (P < 0.05). Over a prolonged time in the fluoride group, ovarian granulosa cells showed
progressive edema, atretic follicles, and corpus luteum degradation, and mature follicles were decreased significantly.
Ovarian granular cells in the two intervention groups showed rare mild edema and normal numbers of follicles at all levels.
Atresia of follicles and degeneration of the corpus luteum were decreased significantly. Compared with the fluorosis group,
there were significant differences in atresia follicles between control and multiple element + protein groups at 60 days, and
the control group and two intervention groups at 120 and 180 days (P <0.05). Conclusions Ca, Mg, Cu, Zn, and V

antagonize the reproductive toxicity of coal-burning fluorosis and reduce protein expression of Bax and the number of atresia

follicles. And the effects of intervention combined with protein can be better.

[ Key words]

M7 PR SRR R (LU ) 2 TR A &
NGRS/ R R DN T NN P W N
PR BRI A3 R AROK B BRI S e A IR AL = Fh, A
AL R T E R A B — R U R R BN
SR M X 2 H R ) 3R R LR B
S K- R R 2R ORN R i it 2[RI AE — Fh S sk
IV Sk R R N i = (A S - R BS
Fo WATIE S ARE , BRLIAR & 9 R R A fE
b RE TR YRR B Y B SR S R
AL SRR G HAIRAT R LR R
BEFT YO0 R & Re g LIRS IR R s AL
L IRBTIR BE 7 , el o rh B 2 16 L AR
DR AT 5 A SR LD 6 b 25 7T 52 e e BR300 155
JEIM AR i AR E I PR B R R
HhREEOMEPE A B AR SR DI RE RY I PR BT 6 T T8 AR A5 2]
JRBRIIGTE 45 T E IR M B 2 R RERS PR
HEEXT M LB S AR FE D REEEMERT S AR T B =
FHOCHY BB ARYE , A PR LA SD MEvE R BUMBFSE
X4, K FE AR A S S AR R I o) R[] P 5
IEFRITCRME LT A, @ FEPU5 , WL SD M B
FIE PRFEE R AR 2GR | A BB LA
NEREEE AR AZE L, T8 1 Bel-2 fl Bax #2345
I, IRITEN VBE A BE 4R R D ORI FEORHR A SR
H RN AR B AR GERE S 0T T, A AT AR SR A
U REMENEA: B R G RE R T I BILR, S A i xT
T X P ) A At AR A B PN 3 D R 5 ) 1) B
AT B E —E AL

coal-burning fluorosis; ovarian function; nutritional elements; intervention

1 #RTT%

1.1 SEIEsh¥

DL 120 HIKiFL 2 FEARE 80 g A=A T T 4% SD
WEPE R BRCA I ST 42, 1R B M B R R 27 Bl ) S 4 vh
OFHE[SCXK (%) 2012 - 0001 ], St HERE K
YL S Y SR E BT IRE 20C ~ 25C,
MRE (60 £20) % , 1EH WIS 228 [ SYXK (#5) 2012
-00017],
1.2 FEXNSEERA

Bel-2 il Bax a7 & ( 0 LAY TRA R
NED) s AR AR (PR 2L, AR 4 1 Ak 2 a0 A BR A
Al s E IR E A A Aok EICH 254 B A FI AR
H G REER I /R - 20°C VKAE (BCD-539WE) ; 1
FREIT G2 Tl AR 24t 4 72 Olympus XH 627 i
B M Leica 23 &) = EG1150 A7 M A1 H# AL ; 18 [
Leica N T]7™ Leica RM2135 4] Fr#l .
1.3 XWHZE
1.3.1 sl ik

O B3 I P R R — R T S R B AR AR
FAH/ANE R HE R, F BN R 4 S, Rl L
IR 4 4L KRR LA (100 mg/kg) (2RO
(9 100 mg/kg + HFRITRHAEH 2.08 g/kg) ZFh
JCE + A (F 100 mg/kg + BHFRILEASH
2.08 ¢/kg +#H[130% ), B4l 30 H, &3 JE A% BUE
BN, TR AR RS54 —3. A mkH
FRoK, 2 BRI K B PR TS TR E 7 1 XD



54 [ LA R 220 2018 4E 7 45 28 4545 7] Chin J Comp Med, July 2018, Vol. 28. No. 7

SRR LR B KR, B R B AR K R
HHIE(B6 oK & RS ) B RUE R
A B A AL I PR I SR B . 430 T 449 60,
120,180 d AZbFE, FRIR AL FE Z A iELE 10 d BRI
(8:00 ~ 10:00 ) XoJ sfl FRLFEA T FT 00 36 v A1 ML 0% v, WL
SN AL, T ah i BIALSE R B, A SC I8 48 5%
I ZERL K 2448 B 22 B 2541 o S - 1305020, TR 48 5%
FH rp B8 2 e 55— B T 15 B A8 B 22 51 23 b, 137 65 30
YR ER , WS R e S g sl % 3R
LS N EESE I
1.3.2 SR 20 2040 2 vk D O S8 J0KE 41 g Bel-2
1 Bax ZE

AR FE M RS, T HRCH: — il B L S BV A
10% B A PR 21 b [ 7 8 v [, A 181 TR TR 3%
J& , FHEERIE IR BUR/IN T mm 2247 () BR BLAH 4T
AL B Y] R, S RE 4 AUk 2 A T B S Sk
YIMEIH T8 Bel-2 Bax Fik i OL, Bel2 fil Bax &
FA R o7 T 40 B 2 Hp B 0 P R I 2 e SR A
AR AE A, i T, Bk R
BEALEL 5 ASOLET AR ILEF R 100 /> 41 A H
PEAN E 43 L (B A A B4
1.3.3 HE B 500 5 ZUB 85 I il w45 %
iRiek

F5255 60,120, 180 d 25175 19 i s ik B it 4k 5E
W B, 3 BV HR S B S 5 [ U 2 R 1L s 07 R 45 4 41
21 URYRIY R LR, 48 10% W RS a2, A4l
B10 RO RO A LT OB A 2E . B i
K AW YR HE 44, 200 f54E T L0
PANLEMIL A, A5k Y) 5 AL 20 > m i 5
PREFEE T THAR AR BRI B2 IR I6 IR G BRI | Bk
UR | A O e e AR A
1.4 SitEHZE

i FH SPSS 22. 0 B A% e i 4 7 1E 25 PR A 56 A
5 2SR, R A5 R 8 £ bRt 2 (x
s ) FR AR IERS A Hor 2257 008, R &
T 22T AT HL A, 25 A 22 (R A HE 3R T LSD 3%, P
< 0.05 HESAREE.

2 #HR

2.1 —fRERSEENE

FFI X B 2 e BB SRR RS AT, B AR
ST s A 2 R AR AT, 1% Bl 2D RS o 2R BE AN
I, BEICIRERE T B b I B &K 2 AP oc R 4

ZMITR + 5 AHE RS X R ZH DX A K, B R
SRS TR] F) B % G 2 3R LI o, A A A A 4 TR
R 390 SCHR AR T FUHE 5 | DR SEURI B sy 7

2.2 RHRAIPEBAYAE B2 1 Bax EARIE

JI%E;R
2.2.1 Bel2 HEHAFIKHEM

A 2 ) 25 2 PN LA O BB 53 50K 40 A Bel-2
HHRIEZEF TR EEP> 0.05), 450 LK 1
1,

2.2.2 Bax FHEHZRIAHEM

AR RIS ] %82 (60,120,180 d) 160 d #5120
55 B A E g, BRL O SASURL 0 Bax 2R 1R GA &
ERWTCREM(P> 0.05), 120 d #1180 d Y5
2 L P ST A0 B Bax B 1 F K A ki Tk
H ZRoRAMEMITE + EOA, Z5 YA
FH(P<0.05);ZFE + B4 LZ ML R4
Bax &R BRE, H 180 d Wi ERA BEME(P
< 0.05), Z5RWFE 1 FE 2,

B2 N HE B, Y e 2H I BRI 535007 20 Bt Bax 2K
H#EA R ZHHEZ 60 d B EAET 120 d.180 d, H.
LR BFEME(P< 0.05), ZMICEHME
JLER + HA4 Bax HARBRZEWIE 2, HZ T
RH60d 5180 d ILHKR, EZRABENE(P < 0.05);
ZROLE + EHHANZ LR LR TR EE(P
> 0.05) , 25L& 1 ME 2,

2.3 BHAKRIERFEEHNER

Xof P2 o5 G 9 4 e BB B3 A UL (L R B 2T Ol
55 UP BL VS RIE A IR W, 0T L A R ROR
6] & & i B 19 B0 30, 0K 200 i 52 52 2 2 HE S
HEGNHE T Y T2 B o () S 4 9 S0 47 200 i 522 0
TP K A A PR A A B9 9 A AR Ak
EN e RO TR R A Toe R N TR
0 S AT 200 2 2 v 8 K i P A Y B 6 N B R
IRAAR T YL 60, AT UL AN, 2ROt HR + A
ZH GRS [B) 2E K, B9 55 50UR 40 it 20 UL % B K A, A
4 BT 9 R R SR Al R B AR T e R, T D R A B
W, WK 3,

52 ) M B D B A ) R B 3 YR R B 3
BAKE 22 R TR EM (P> 0.05), 45 41H
FRLPA 43 B0 v 45 b 3. 60 d X HRAL 2R eE + &
HASEEALE, ZRAREE(P<0.05),
120 d 1180 d Y 5 21 A 41 B 96 K i BH b /35 - X AR
W ZFICEA ZFILE + B, X5 B EE



rFE FL AR 2 75 2018 4E 7 A5 28 #4557 1 Chin J Comp Med, July 2018, Vol. 28. No. 7 55

(P< 0.05), #5WFE) M1 55 R g, 257 K, s e 2 Sy B EEP> 0.05), 45
WEREME(P> 0.05), UMLK, MEEFEZE  RiE2,

F1 KM Bel-2 Al Bax FEEARIBE (v 5, n=10)

Table 1 Bcl-2 and Bax expression of the female rats in each group

205 #(d
AL RE(d) Bel2(%) Bax(% )
Groups Days
60 64.900 +8.252 51.300 +7.088
xR
120 62.200 +10. 086 50.400 +9.155*
Control group
180 63.300 +£8.193 50. 900 +10.045 *
o
L 60 61. 800 +9.247 54.100 +6.280
. 120 60. 800 =8.715 63.300 +7.732°
Fluorosis group
180 68.500 +9. 107 73.800 +8.766°
60 63. 400 +£9.969 52.600 +8.934
TLEY
. R 120 62. 100 +9.837 54.100 £10.071 *
Various elements group
180 63.200 +7.584 61.700 £9.832* ~°
60 64.800 +8.991 51.200 +7.941
1w 4
. HTH + ﬁEl/ﬂ 120 64.400 +9.857 52.400 +7.043 "
Various elements + protein group
180 63. 800 +10. 130 55.100 +7.852 "

AR I S, * P < 0.05; 5 2R R AL e, 2 P < 0. 05 MR LA, © P < 005515 180 d H#E,©P < 0.05,
Note. Comparison among groups at the same time, * P < 0.05. Compared with the various elements group,” P < 0.05. Comparison among groups with

the same dose, P < 0. 05. Compared with 180 d,°P < 0.05.
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Note. A: Control group; B: Fluorosis group; C: Various elements group; D: Various elements + protein group.

Figure 1 Bcl-2 expression in ovarian granulosa cells at 180 days in female rats
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Note. A Control group; B: Fluorosis group; C: Various elements group; D: Various elements + protein group.

Figure 2 Bax expression in ovarian granulosa cells in 180 days in female rats
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K2 KAMRAP BRI ILE (2 +5, n=10)

Table 2 Comparison of follicles at each stage in the female rats of each group

g0 FH(d) Ji e G K I I KR W R AR P B BT Y i
. Number of Number of primary  Number of secondary ~Number of corpora Number of follicle
Groups Days . . . . . .
primordial follicles follicles follicles lutea atresia
60 16.1+3.9 8.7+1.8 5.3x1.6 18.2 +4.8 19.8 £4.4~
Xf HRZH
120 16.7 £2.8 7.3£2.1 5.6x1.7 22.2+4.6 19.2+3.9°
Control group
180 16.9 £3.6 7.9£2.0 6.5+1.6 19.1 x4.5 19.6 +4.4*
. 60 16.5+3.3 8.2x1.6 6.6+1.3 18.7 3.7 24.6 £5.2
e
. 120 15.9£3.1 8.3x1.5 5.9x1.3 19.6+3.3 25.4 +4.1
Fluorosis group
180 16.2 £4.3 7.8+1.7 5.7x1.6 18.6 £4.5 26.1+5.3
. 60 16.4 £3.9 7.8£1.5 6.2x1.7 19.3+4.9 21.5+4.2
ZRTTRA .
. 120 17.4 +£3.0 7.4£2.2 6.2+1.8 20.8 4.5 20.6 +3.3
Various elements group
180 16.7 £3.9 7.4£2.1 5.8+2.1 18.8 +3.1 21.2£3.3"
ZRTE + B4 60 17.2 2.7 9.2x+1.6 5.8x1.8 19.1+3.8 20.4 £4.2"
Various elements + 120 16.3+£3.0 8.2+2.1 5.6+2.1 21.6 £3.5 19.2£3.1"
protein group 180 16.6 +3.0 8.8x2.1 6.4+1.9 19.7 3.7 20.9+4.3"°

T SR RS, " P < 0.05,
Note. Compared with the fluorosis group, * P < 0.05.

E:A:Xﬂ'ﬁﬁgﬁ;B:%ﬁﬁﬂ;ngﬁﬁ?gﬂ;ngﬁﬁ?+$E§Eo
B3 180 d MERINHHLULZE( x 200)

Note. A: Control group; B: Fluorosis group; C: Various elements group; D: Various elements + protein group.

Figure 3 Ovarian tissue morphology at 180 days in female rats
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