2023 4E 8 H o ] bl A PR 2 2k August, 2023
%338 Hei CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 33 No. 8

BORH, W YETE TR, A% S R A% A e 7 B PR R SR 2 E S A0 05 S RO R0 B E S (U], v I R PR AR, 2023, 33
(8):8-14, 74.

Huang DM, Zeng WD, Su JW, et al. Preliminary study on the effects of subchronic exposure to sodium fluoride on multiple organ
injury in male rats [ J]. Chin J Comp Med, 2023, 33(8) . 8-14, 74.

doi: 10.3969/j.issn.1671-7856. 2023. 08. 002

S B P T g O R R 22 B 4 RN
i) ] 25 B 5%
BB UAE HRE ERE K RS

(LA RIEE 2B AL T A G2 70 A 533000240 M0 RIEE2 B ER: 706 AE 533000)

[HBE] HE W HE AL (NaF) S0 18 M e 5 X Mt O BOOIE I B LA R 52 U2 209 B 10 B T e 1Y)
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Preliminary study on the effects of subchronic exposure to sodium fluoride
on multiple organ injury in male rats
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[ Abstract]  Objective To investigate pathological damage and functions after subchronic exposure to sodium
fluoride (NaF) on the heart, liver, kidneys, and testes of male rats, and to explore the possible mechanism. ~ Methods
Thirty-two Wistar male rats were randomly divided into control, and low, medium, and high dose groups with eight rats in
each group. NaF at doses of 0, 12, 24, and 48 mg /kg body weight was applied by intragastric administration once a day

at 6 days per week and for 16 weeks. The occurrence of dental fluorosis and body mass in each group of rats was recorded,
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and the organ coefficients of the heart, liver, kidneys, and testes of rats were calculated. Serum levels of SOD, CAT,
GSH-Px, and MDA were measured by ELISA. Pathological changes of the heart, liver, kidneys, and testes were observed
by HE staining. Biochemical method were used to determine the myocardial enzyme profile, liver functions, and kidney
functions in rats, and analyze the sperm quality of rats. Results Compared with rats in the control group, rats in low,
medium, and high dose groups showed different degrees of fluorosis changes in maxillary and mandibular incisors,
indicating successful modeling. The body weight of rats in the high dose group was lower than that in the other three groups
(P<0.05). The renal organ coefficient in low and high dose groups was higher than that in the control group (P<0.05).
Compared with that in the control group, CAT and GSH-Px activity was decreased in medium and high dose groups ( P<
0.05). The serum level of MDA in in the high dose group was increased (P<0.05). Compared with the findings in the
control group, HE staining showed different degrees of pathological damage in the heart, liver, kidneys, and testes of low,
medium, and high dose groups. Compared with those in the control group, LDH and CK-MB levels were increased in each
dose group (P<0.05). The serum levels of ALT and AST were increased in medium and high dose groups ( P<0.05) , and
the serum level of GGT was increased in the high dose group (P<0.05). Serum levels of BUN and Scr were increased in
low, medium, and high dose groups ( P<0.05). The sperm count of rats was decreased in low, medium, and high dose
groups, and sperm motility and the sperm malformation rate were increased ( P<0.05). Conclusions Subchronic
exposure to sodium fluoride damages multiple organs in rats, and the mechanism may be related to oxidative stress
induction.
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KEEIIHE
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Figure 1 Upper and mandibular incisor teeth of rats in four groups
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0.05) ; 55X AL [b, IR i NaF 2 3 S Ak SO
(CAT) FI4 B H K Ak Py g ( GSH-Px ) ¥ 1 6 I
HEYEZE R (P>0.05), 1Ml & NaF 2H #1508 NaF
I H CAT F GSH-Px 1% J1 5 %if B 41 A 5] &
NaF 4AH LG, 36 77 91 2 FE AR (P>0. 05) ; MDA &t Lt
B, R 5 NaF 20 10 3 & T X B4 (P<0.05) . ™
PR AE R 2,
2.4 FEEBHAROERG KM

FEBE T 0] WX B0 WLET ZE HED) 3 5%, O WLEF

PR UL SR AR S I T NaF 430 AN
TR A0 LA M [ B 084 5, 0 ULET 46 HE 5 2561 B0
LT 2 W 8 5 S i s, DLIBT 2 X6 R B WLt 33
rh LR i S0 (LDH) UL 3% 1 [5) T/ ( CK-MB)
T ARG I & B, 5 B AL A B, R R R
NaF ZH IfiL3% 4 LDH F1 CK-MB & &8 J+ %5 ( P<0.05) .
R A2 R L2 3

2.5 SEE3ARHRG RN

JCEE T AT UL B A A IR S IR w4 R

R4 HURRUARE LA MRS R B L (245 ,n=8)

Table 1 Comparison of the rat body weight and coefficients of each organ in four groups

o VERE R R EL (%) ISR R %L (%)

P Mk 3 2 (%) SEAUNES R B(%)

2H 5 5 I
(:ﬂ il j(;ﬁ‘tﬁiﬁ (hf) Heart organ Liver organ Kidney organ Testis organ
sroups alwelg coefficient coefficient coefficient coefficient
X
423.13£36. 94" 0.26+0. 02 2.24+0. 17 0.52+0. 08 0. 77+£0. 06
Control group
|1 NaF 4
eI Nar £ 395.25+33. 04" 0.27+0. 02 2.260. 14 0. 60+0. 05° 0.77x0. 12
Low dose NaF group
75 NaF £
PRI NaF 4 392.96x30.45"  0.26x0.02 2.28+0. 15 0.57+0.04 0.8120. 15
Medium dose NaF group
77 & NaF £
R £ NaF 41 351.48+31. 00 0.26+0. 02 2.37+0. 34 0. 62+0. 06" 0.77+0. 14
High dose NaF group
F 6.423 0.313 0. 551 4.293 0.258
p <0.05 0.816 0. 652 0.013 0. 855
U S AL LR, *P<0. 05 55 NaF 41LEEE, *P<0. 05,

Note. Compared with the control group, *P<0.05. Compared with the high dose NaF group, " P<0. 05.

£2 4 HKKIMIE SOD .CAT GSH-Px Fl MDA & & L4 (x+s,n=8)
Table 2 Comparison of serum SOD ,CAT ,GSH-Px and MDA content of rats in four groups

2 %] Groups SOD(U/mL) CAT(U/mL) GSH-Px(U/mg Pro) MDA ( nmol/mL)
Xf I 2H
706. 82+126. 15 14. 69+0. 96 82.93+4.53 7.60x1. 00
Control group
5 & NaF 4
fFeI B Nar 41 717.94£149. 69 13. 66+0. 83 78.74£6.52 8.06x1.31
Low dose NaF group
75t NaF £
TR Nal 1 821. 8479, 53 11.21£1.29° 70. 0224, 67 8.51:0.93
Medium dose NaF group
=774 NaF 21
. FAVRE Na 771. 62+57. 56 10.241.21% 68.14x3. 78" 10. 19+1. 41*
High dose NaF group
F 1. 680 29. 068 16. 004 5.358
P 0. 199 <0.05 <0.05 <0.05
T AR, *P<0.05; SR NaF 4114, "P<0.05,
Note. Compared with the control group, *P<0.05. Compared with low dose NaF group, "P<0. 05.
Xof i 2H G EENaF 22 rh B NaF 4 P77l B NaF 22
Control group Low dose NaF group Medium dose NaF group High dose NaF group
- ' .o pes g S5 v‘-‘, ‘;\\_»\-:‘ '-",'-'-"' s (i -
& 2 N SR s :—‘ o s

> 2 l.‘.'l(’m;un 2 7."v<\_100“m Ju:

B2 4 HREOCIEH SRR
Figure 2 Histopathological changes of hearts of rats in four groups
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FEE I ; AR Nal 4040 0 R HES R 3%, o e
F kAR IE LA B AT 28RE 240 M kAR =00 5 Rl i Nak
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PR BT RESEAT Rz & R, 5% BRALAH B, o
it NaF 21 [0 H 43 9 5% 20 ( ALT) RIS RLEG 2
fiti (AST) &5 TH & (P<0.05) 5 5% ZHAH F, 25 77
It Nal 21 135 A 2 E % ARG ( GGT) & = T (P<
0.05) ; SXFRELAHEL AR & R & NaF 417 'fF'
SHLIZE (TBIL) R LR & 25 (P>0.05)
WL A R WK 4,

2.6 FMESWKRBRGHFI

X HEZH B 2 2 S A B N R S R, B
S I T T AT, DN B T AT, L B 4 i 4
WOHES 8 55, Bl G2 500 f 0, B AR A i A T
PEINEE , G & NaF 41 ¥ /N ok i i, 448 e %% H 3
2 BRPEMIBUEAS B /NG W0 i ik, AT UL b Bz 4
J v IR FEHERR T4 i vh . Hhfl i NaF 2H ' 55 T 52
B, BNk A R g B 3 2 sk Rl B UJL T A L,
B /IMAR G 55 A1 20 N B, B IV B K, Tl
U, 1 e 248 e 5t 7 SR A HE AR T 48 s o5 i ) i NaF 40
B/ NERAIM AL B3 2 B NI ROR L, B NVE
WEPZE, WK 4, XFR BUE e i &3, 5
XTHRZ AR B A o | & ) 4 NaF 21 19 IR R A

R34 HAKFUNT LDH Al CK-MB /K1 H 4 (x+s,n=8)

Table 3 Comparison of serum myocardial zymogram level of rats in four groups

2151 Groups

LDH(U/L)

CK-MB(U/L)

Xf HRZH Control group
{5t NaF 41 Low dose NaF group
F15) 4 NaF 4] Medium dose NaF group
il NaF 41 High dose NaF group

1464. 46+256. 37
2090. 36+516. 31°
2179. 84+488. 23°
2761. 05582, 52

1354. 63+325. 09
2025. 69+464. 35°
2093. 34+351. 92°
2606. 03+839. 60

F 9.906 7.342
P <0.05 <0.05
T SRR IR, *P<0. 05; 5% NaF 41164, "P<0. 05 ;5 H3|H NaF 4 lL#:, ©P<0.05,

Note. Compared with the control group, *P<0.05. Compared with low dose NaF group, "P<0.05. Compared with the medium dose NaF group,

“P<0. 05.
K HEZH I FENaF 4
Control group Low dose NaF group

7 B NaF 22
Medium dose NaF group

e 77 it NaF 25,
High dose NaF group

-
v “,".o{. !
-‘ - .\,
?_ . - K\
-~ ‘:‘: T
e

B3 44 KEFHLR PR

Figure 3 Histopathological changes of liver of rats in four groups

Fz 4 A AKRFIFYIRETEbR LA (72s,n=8)

Table 4 Comparison of liver function indexes of rats in four groups

ZH 5] Groups ALT(U/L) AST(U/L) GGT(U/L) TBIL( umol/L)
X IR
135.07£25. 63 585.34+138. 41 8.07£2.93 3.94+0. 50
Control group
FH 4
R NaF 41 183.45+30. 17 646. 13+164. 98 9.33+2.03 4.21+1.08
Low dose NaF group
4 Nal 4
EP%JE af 41 238.55+79. 30° 744.56+173. 25* 8.83+4.46 3.94+0.53
Medium dose NaF group
| NaF %
AL Nal 21 287.76+50. 10" 848. 32497. 26" 11. 63£2. 46" 4.4420. 54
High dose NaF group
F 13. 556 4.956 1.936 0. 946
P <0. 05 <0. 05 0. 147 0.432
T X IRALILER, *P<0. 05; 5 IRF ik NaF 41104, "P<0. 05,

Note. Compared with the control group, “P<0.05. Compared with low dose NaF group,

b p<0. 05.
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2.7 EEBEXNAREABRGHEIT

JEBE T AT XS HR A AR A /N JZ R 4 I A i HE
G B A T s o, (AR e
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Figure 4 Histopathological changes of kidney of rats in four groups

RS AHRBEIREIIIR L (52s,n=8)

Table 5 Comparison of renal function indicators of rats in four groups

215 Groups BUN(mmol/L) Ser( mmol/L)
XFIRZH Control group 293.59+53.92 4.96x1.05
K3 NaF £ Low dose NaF group 439.39+74.27° 6.45+1.76"
s34 NaF 2 Medium dose NaF group 414.4171.21° 7.44%1.19°
R 75 NaF 41 High dose NaF group 483. 56+40. 44™ 8.69x1. 87
F 13.978 11. 505
P <0. 05 <0. 05

TE S0 IR A, * P<0. 055 S KT AE NaF 41H4, "P<0. 05; 551l it NaF 411042, ©P<0. 05,
Note. Compared with the control group, "P<0.05. Compared with low dose NaF group,
“P <0.05.

IG5 NaF 41
Low dose NaF group

) B NaF 41
Medium dose NaF group

X HEZH
Control group
G AV v

7o NaF 22
ngh dose NaF group

BS54 4R S U B UL

Figure 5 Histopathological changes of testis of rats in four groups

F6 ARG HEILE (x+5,n=8)

Table 6 Comparison of sperm quality of rats in four groups

"P<0.05. Compared with the medium dose NaF group,

4151 5 F# B (x10%/mL) KFiEsh&(%) K FHIER(%)
Groups Sperm density Sperm motility Rate of sperm deformation
X BEZH Control group 9.76x1. 18 65.24+3.92 13.33+1.97
{574 NaF £ Low dose NaF group 6.55+0. 90" 55.90+4. 12° 20. 78+2. 07"
rfi#il e NaF 4 Medium dose NaF group 5.53+0. 83" 44.03+4. 25" 24.41+1.99*

29.51+3. 30
64.379
0. 000

F 37 NaF 4 High dose NaF group 4.34+0. 82 32.85+4. 76
F 48.512 86. 940

P 0. 000 0. 000

T S IR LA, P<0. 055 ST AE Nal 41H4, " P<0. 05; 55l it NaF 411042, “P<0. 05,
Note. Compared with the control group, “P<0.05. Compared with low dose NaF group,
“P <0.05.

"P<0.05. Compared with the medium dose NaF group,
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HH AN ()RR 2 %) B /N BR A /N e il 5 L A 728
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JE R SR L2 26 BRGSO LB RS AT
e B DORE RIS - I i 4y R T B RN BTG
FHEOR R WE AR 40455 2 PR AL o AS BB, (0K =
(RIS e B0 41 N7 387 22 0 #4463 405 vh ki o = L4
FH S S50 T I A ) K T S5 R K
HRERAR 0 RIGRUME S AR T2 B ik A
BUAR P, AT S04 P14 ROS A2 A8 K47, ROS MK AE
FEERR e B M | DT 400 0 240 L 1 ) AR 3L R, R
BRI AT 51 & 40 P 7 Az o i ROS, H 41 9 1
ROS /K5 Y 5 57 2 52 50 o S g o B, AR 9T 45
SRR, U EE ] 51 R K LR 2 A AN R,

Rt S AL AR 7= 9 MDA % & Tt &, CAT,

GSH-Px 1&TEFRAK ., S840 R SRR AR T 45 DR 25 1 4%
H LT BR AR T, DT T 2085 I 15 21 2 1 g B
0, RO NE B RS2 UL SO B S 25 4
SRR ARG bR S M RE R & AR T S H R
AR X FEAT UL A T LAE S HLIR SE AR 4 , (H A
FHLHIH AR T,

ML ROS Fa 25 2 £l il S B4 i U 1= 0 g
A ] S B SR 5 R R AN R 2 )R
UTAFR , AR T A 20 L B AR R B | R A LA

SR O3 A B 25 B BT R A R TR I
TR IR N SECE A TR 51 A
MR, DBk R B AR R 1] S B 414
o/ NER S/ INVE I B PR 0, DT ek B i WA
KFE I Beclinl \LC3  p62 A2 14 11 4% B 40 i 19
A Bk 0 B 5T R B T (5 Sl o
R E T BN B B A 0E 1, Caspase-3 FlI
Caspase-12 SR FAACE FiH, HIBERR ™ AF 9 % B
SRR AT BOK B0 WLER 4k % A2 Z5 0L i K A s
P B IO LB LDH 15 7, 400 LB 4 1k il
(SOD GSH-PX) i 7, A8 Ak W AT LA 75 5 40 i A
Wit , Fe B0 O WLAH FfL 1 i /R (9 30t 15 22 ) e A
FFEH LC3  Beclinl .p62 mRNA Fe 75 14 i) 3 ik 7K
B T,

ARBIFFE H KBRS U 2 100 9 B 2 oA A A5 A
B S E AR AL TR 0 UE BT SR 22 2 42U 4
BN, T2 FRATHAEAS R B 5 1 BE it | Ak 24K
TSSO R BN 22 IEER R 405 58 0, (] B R AT
AL E S 2 T A HLRI T ST, 3 T8 A
ML 255007 A 5 S

SE Lk

[ 1] Yuan L, Fei W, Jia F, et al. Health risk in children to fluoride
exposure in a typical endemic fluorosis area on Loess Plateau,
North China, in the last decade [ J]. Chemosphere, 2020, 243,
125451.

[2] Z=00F, skel, AU, % SRR REE I CE 22
AL [1]. PR R RS, 2019, 29(6): 99
-104.

[ 3] ZhangJ, Zhu Y, Shi Y, et al. Fluoride-induced autophagy via
the regulation of phosphorylation of mammalian targets of
rapamycin in mice leydig cells [J]. J Agric Food Chem, 2017,
65(40) : 8966-8976.

[4] MWHGE, WKL, FZE, %5 SEEX B2 B0
fasR SH-SY Y AUAELRRL AL Yy & A e it i (], e
958 DA B A4, 2018, 36(10) : 721-727.

[ 5] Sharma P, Verma PK, Sood S, et al. Impact of chronic sodium
fluoride toxicity on antioxidant capacity, biochemical parameters,
and histomorphology in cardiac, hepatic, and renal tissues of
wistar rats [ J]. Biol Trace Elem Res, 2023, 201 (1) 229
-241.

[ 6] Wang EH, Yu ZL, Ping GF, et al. Grape seed procyanidin
extract attenuate sodium fluoride-induced oxidative damage and
apoptosis in rat kidneys [ J]. Biomed Environ Sci, 2020, 33
(6): 454-457.

(T#% 74 W)



