





EH RS B (CIP) ¥iE

TR REFSY / Wi . —Jbat: pERVRER A
HREE, 2013.11
ISBN 978 -7 —=5116 — 1387 -5

I.Of- 1. O . OfRs - FJey b - s
IV. (DS941. 91

o A P 34 CIP Bt s (2013) 2 225516 5

REHE KFEZR
BRERXY  FERL

H & PERYREECR R
ERmHRANEAE 125 #B4%: 100081

B i3 (010)82109708(4w4E=) (010)82109702 ( % 17&R)
(010)82109709 (353 il 5538

£ H (010)82106650

] H#t  http./www. castp. cn

Z & SHEERE

B Rl & JEREEKERIARAS

F A& 787mmx1092mm 1/16

B 3k 13

F #2200 T

B % 2013411 A% 18 2014 F1 5% 2 KENRI
E it 36.00C

—wos RRALETE « BHEN WS Poose—



HEE L R R E RS 52 #Hti £ ¥ BT A (No. 2012M520601) ;
FEE L ERFEESE AR T BT E (No. 2013T60267 ) ;

L7 R Mk K 2 LR S B B & (XB2009003 ) ;

R K+ 5 & (92462) ;

L P AR Mk K 2245 6137 B 2 (2009005)



Hi 8

WortER s (HERARMER) 2—MaERERERS KRR N™E
B YR . E—ERX, EREBT BRERILFA 100% , BE R ERE
ik 80% ., FHik, RECHE WA L ZREER“EMERZ—, HEL
W KR, NAESHHER G R E KA, Y2 X, KK R
SEECHERM, AKNEHE L BHMA T 2ERE N A RIEHRA . HEAT,
Sl FOCE IR RS 2R | i b RAE . BRWSFRE, &
H5ANAHER A B A BV RR

LKIEF R A RAT 1. Omg/L BF, FROVFEMBAR, WFREEK. KA RKIR
EH5EFRPE. ERERT LET . BEd . SBAFHERA KRR E
fh, HAWAA . M. BIEXEAARBRENRIT

KEASREFTHREREBERG T TS (Flan, B0 @REMMT,
BT HlE) MflkiEsh (RIsERAAIERR BRI [H) rdmm, 1L
KEREHNO0.1~0.5mg/kg, H /K FRZMBIATENZ WS RELABEKR, &
FHEEFURAHX A 0.007 ~0. 2mg/kg, 5 5 i #h X W3k 32 ~40mg/kg, PEHR
H, RERPEREXEFAKPRETE BN 2.3 ~8.0mg/L, FHEIRFKPRE
BB T Smg/L, HEEAFIL 4Smy/L; SR T HBEKTREESSE
96. 8mg/L, A HIEZE LA 3 000 ~5 000mg/L,

FREWRKEFFEAAKEERA THT A, K, BRKEFERRKME, WX
K RTERR X M SR B RS, RRENFNKAEEYEEaXFAETFR
N, fRAAEETEREKS, AT EEMKT R, 2RSS Z3REENLE
Yo WKW, SRR M Ts R . TEAMAT AFE4R LA 4 Mo 45 44 7= A 5%
W, SFBARXLESMHSESEERN, MAERKEFWE. TR, 68,
RF. %R ARHEEZETE . ARASREMAM R SEE ., ARREELS. B,
R FREHERYELHE T ABPKNRS B0, 5 ERPKEEDR
PRER D, (UL3EE (4.0mg/L) ., 78 (0.7mg/L), gk (0. 12mg/L) Frh
E (1.0mg/L) MIEEWME, AT WLAH AT A 2 LUAE 2 BRI Bl 9 R st iR, Al




ERBPSHE

W, FFREFEX LT R AL ERE .,

#8fh , Cyprinus carpio ( Cypriniformes, Cyprinidae), A H K& #EL )5
M—FhEGr e, ALESmHAM 6, EREREENFMOaMZ —, M,
B fE TR FUK R E RS, lvEd . AELHRX . A Mg %
PR EE WK = TR R . SR, BN ER AR ARG Z X, BT
PL, FATLASR A R By, SRFoT s 8 X 0 28 i s AU

2010 4¢, VEFESEA LTGRO K2 8 B2+ 5 W sh e AT R o, 46
— R T AR D, RIERAE S E AL G M 5 Y A8 1 A A5
MR, BT T R A S K, i E T 86 96h (1) LC, A
321. 6mg/L, XKW, B FAYEAMITE G G2, EHERE E, A
MPRIESZ R AR ARE T RTER, S5 S IR UKL, #iE T R M Sk
. ERREWEZE, AR TKRKZRE FMEMa A FRHSP R E,
2 B AT B A0 20 28 e i) B R B A R AR ) R R R R (] ) IE R TR, R
il £ A ZH 4 PP R A AT I 0 R > BF > i > B > LA > B, Horb, EERR AR
B BERBIFE T RO ERE A KYERE . R B A LR e, & LR AR X
AR B EE . AR M A e e =4 B, FBERAE
YR IR R RRAR , 3Bt R 1 G A X 82 e 4% S .

R T B R SR R B AN [RIZH A REPERLON, , FRATT R 4 LA TR R A i e 1) Bk fF
FER, Kl TR R T e X R R B RN, A5 R, 90d YRR R
ZJfi, Na'-K"-ATPase Fil Ca®* -ATPase 1% Y bifi % %% % 7 & A9 B Wi B A, b,
& RN AR, SOD {EPEwE s, M MDA && B EF &, HRE
Rt T 800 Y AL B . 2H 20 B2 L4t 7 0K e £ 08 2 4 R SR 4 M AR T 461
fn, ELFEE Z iR A E R, S5, R 18 R BN B 6 A
RO IALE, WS T ALY A 5 5 I B £ 68 2 41 b MAPKSs {55 38 PR A R A
ACHEDL, FALYHC IR R 5 800 fa 612 21 b SRR b ERK KB 1k INK Rk ek
7, XAl 5@ RSB OA XK, PR TRERUh R AN
P 5 F AL

AN, FRATWEGE T R 2 88 0 i 0 T 2H 2L AR N 3 . U254k . 41
KT K Bel-2 Fl Bax 8 R IKAIFE R, 55K W], 90d iy #F& 2 )5, SOD fi
GSH {HHEAZF 4], T MDA & & B ¥ 7h i, RUIHG R 616 %A T 80N,
WHOREELGE IR LY, A R R RGN B 2 i Rl A, 2 21 K 4 2%
BN, MM TR SRR E 2 IEAX (r=0.995), KTEEFIKRES




Bel-2 i)k & Bel-2/Bax 2HAHE (r=-0.98, r= -0.96), FHKE S Bax £
RRIEAR (r=0.96), L EZ5RERH, 6@ EETZAHX R P Bk R, (HER
PR S 2 8 Xof £ A 0 A T BT . TP O T R RS S P U A A U B
FAE R — P EERTER

AT ABFSE T A e AL 2 5% 90d 5 X a5 A AL S 38 . iR T K
Caspase-3 , Caspase-8 Fll Caspase-9 F H#IAMN , 458 BR, SOD 1 GSH it
F P - AR T R, T MDA 3 i 5 R - (AR P 1S, X A B
filp 0 B Uk R R TS 2R A B B B AR 1, RS SR A R A AR, AR
EEFI A, FRED D ERE T Caspase-3, Caspase-8 Fll Caspase-9 [ i) %
Ko LA ESSREW], B KMIRES RSN, Hithse ' iEasty, @i Lok
izt Z AR e FECE IR E T,

Bom, W0 T AL S A S SR LR S . OGN T 52
W, S5RAPL, %% 90d J5, SOD 1 GSH iE ¥ EZRHM AIMH, 1 MDA K1
A FRER R ) R NS R BAEORERA R B, BALEES
F 10 9 2H 2L R T RN 2% AN 2 S A A IR B U, R B IO G, AR
YIRS INEE R s . Bl B3R 8RR B 1 0K, 0 i 40 M R T R S in 5 MDA K
FHRITHR R IEA KR (r=0.996745), T Bel-2 3RAWS5, 5 SOD Ml GSH i
HEEIEMHIEEER (r=0.919766 F1r=0.98896) , '

A4 5O A TR L ZEARR, WA RIE S0 =& X i 4 55+
BRI TEE — TR A R . JUAER, FRATEN v B SR A K A rh g R i
eI SERRIE, G2 2o FAYE R, X RO R EE AT TR, A
V] B 0T 7K A A 0 1 S e S RS B, I S K AR U o P ) o 4R L IR AR T o

HAl, BANRIIPFFRAESICIE ERRIBIS F, @ (Aquatic toxicolo-
gy) {Chemosphere) { Environmental toxicology and Chemistry) { ¥f 3% F}22 224 )
Citaglb R4 o Weoh, A UM CERER B, X2 BT LARE S 1
SEHEAT, ERGST M SRR B BRI S BT R AR B A S
SHEB, ERAXT R R E SR IR A A R R T mARIRA . F
AR X E AR P EE L FER S (2 3. 2012M520601 ,
2013T60267) , (Lpgf L K*¥#FIBFIE sh A4 (XB2009003) , (LGl KoetE+ )
e (92462) , ILPHAL KA RHE AR A S (2009005)

e, EERGHTRAE ABRSIAS . ER B vk BE R A= 25 5 BT Y i e K
5T 57 LA e 8 B¢ AL A - AF 9 A B AR A s SR AR A SE 30 S i SO R R BB H Y




.

LB H 8 B-HAARPEAIEMETE; B RN A R
B 2T R W ENTE; B =B UK R P RS A R L b LR,
S UFE AR O A KRR L R B AR R R R A A R RN
47 BB 2 () FEME SR 5 SR /N BE A 49 JUN 0 6 ZH 41 MAPKSs {5 538 B AH D6 3 A
KB EFA MW ; 5565 43 500t 68 10 JTF 40 A 98 T2 % Bel-2 Al Bax 2K [ ik 1Y
SO 5 B /\TE A48 UG B U A0 M R 1 % Caspase BRI ; B IILEEN
2R ROxT e iR e S Ak R R S AR TR 5 5 R A SRR 1A A R e B ROk
IE- NSNS UR T e - U A2F WA/ walll S

&g
2013 48 A




Abstract

Fluorosis is a kind of endemic zoonosis, existing all over the world. There is a long
history of the records about fluorosis in China, especially in Shanxi province. About 100
thousand years ago, the dental fossil of ancient people living in Xujiayao village of
Yanggao county in Shanxi province, who were in the epoch evolving from ape man into
homo sapiens, has the vestige of fluorosis. In addition, contemporaneously, fluososis al-
so appeared in Ding village of Linfen city in Shanxi province. Ji kang ( A. D. 223 ~
262), a luminary in Jin dynasty, said “Teech become brown, when live in Shanxi." in
his works.

Internationally, serious damage to livestock colcano erupting in Iceland has been
lasting for several hundreds years. Early in 1694, the pozzuolana owing to eruption re-
sulted in animal fluorosis in Iceland. The local farmers Oddur liriksson and Eenedikt
Peturss described the toxicity symptom of animal disease called “volcano teeth” for the
first time : tooth staining and incisive tooth defection as a result of excessive wear. These
descriptions became the first report of tooth damage. In 1845, after Hekla volcano erup-
ted, exostosis was found in bones of sheep which die of ingesting pozzuolana containing
fluoride.

As for human fluorosis, there had a recordation of mottled teeth in medical litera-
ture since early 1771. It was not known that such dental problems were resulted from
drinking water containing fluoride until 1931. So far as we know, fluorosis widely exists
in more than 50 countires over Asia, Africa, Europe, North America, South America,
and Oceania. Endemic fluorosis can be found every city and province in China, except
Hainan and Shanghai. Therefore, on the 20" Conference of the International Society for
Fluoride Research (ISFR) held at Beijing, Secretary General then, said “the environ-
mental fluoride problem in China is the most serious in the world. ” According to the da-
ta jointly issued by health department, development and innovation committee and min-

istry of finance, up to the end of 2004, the amount of fluorosis patients was the most a-




mong all kinds of endemic deseases. The population of dental fluorosis was 39. 50 mil-
lion, and fluorosis of bone was 2. 90 million. It’s meant that based on the total popula-
tion of 1. 4 billions, one in thirty people got fluorosis on average.

The history of industrial fluoride is not very long. Early in 1855, there was a case
of compensation for a loss of polluted plant because of the exhaust gas from one German
smelter industries. However, it is until 1907 that the real toxic source was the fluoride
in the gas. Early in 1930s, a Denmark scholar, Professor P. Flemming Moller first re-
ported that changes of bone X ray of cryolite workers, and suspected that it is the results
of fluoride. In 1932, he named this disease as fluorosis firstly. Soon, Doctor Kaj E Ro-
holm fully confirmed the harm effects of fluoride on the cryolite workers. Later, he pub-
lished his famous monograph Fluorine Intoxication.

After he had consulted lots of related literature, secret and official documents of
World War Two and word of Generals survived from that war, in 2004, Chrstopher Bry-
son wrote his book Fluoride Deception, which revealed the scared bad story of American
fluoride that concealed for 60 years. Chrstopher believed that Manhattan project in 1944
led to serious fluoride pollution. In order to get fissionable uranium-238 from stable ura-
nium -235, huge amount of UF6 were used in Manhattan project. During that very peri-
od, those factories discharged high concentration of fluoride and polluted the around are-

“

as. In this book, he discovered how industrial groups contrived the “safe” fluoride to
protect the pollutant fluoride and to win the industrial fluoride hazard suit.

In China, the industrial pollution happened in 1960s. Fluorosis was firstly found in
grazing lands around the industrially polluted region of Baotou of Inner Mongolia. Symp-
toms of severe fluorosis in herbivore included excessive tooth wear and bone lesion.
Commonly , the molar were woren down to the gum line. Exostosis developed on cervical
rib. Dental lesion influenced their foraging, and lead to malnutrition, low productivity
such as infertility and miscarriage, and even death. According to the investigation in
1974, the area of the fluorosis hazard was up to 100 housand square kilometers. The a-
mount of animal fluorosis was more than 6 000 thousands. Because the economic value
of animal like cattle, horse, and sheep became less, livestock farming in this area lost
its balance. Finally, there was only sheep industry left. All these seriously restricted the

development of their livestock farming and improvement of herdsmen’s living standard.

Adding calcium fluorophosphates to forage also lead to economic loss of husbandry




in given time and areas. Early in 1930s to 1970s, there were huge amount of literature
which reported that calcium fluorophosphates additives can cause sever cow fluorosis. In
1930 Reed O. E. and C. F. Huffman firstly reported that the content of fluoride in
crude phosphorite was near 3.5% , and described the bone and dental lesion in cow
which had been fed with such additives for more than 5 years.

Fluoride ions have caused widespread endemic fluorosis in humans and animals,
however little attention was paid to the effect of fluoride ions on aquatic organisms. Fish
take up fluoride directly from water and are susceptible to fluoride contamination of their
environment. Acute toxicity experiment on common carp was carried out to explore the
safe criteria of fluoride to fish. The fish were exposed to concentrations of 200mg/L,
263.4mg/L, 346. 9mg/L, 456.9mg/L, 600mg/L of fluoride (in the form of NaF) .
Toxic symptoms of fluoride in common carp included abnormal motility , loss of equi.libri—
um, changes in gill ventilation. The mortality rate of juvenile carp was raised with the
increase of exposure concentration and exposure time. The LC;,of fluoride ions to carp at
24 h,48 h, 72 h and 96 h, 120 h were 381. 614mg/L, 313. 344mg/L, 333. 388mg/L,
321.583mg/L, 351. 775mg/L, respectively. The safe concentration of fluoride for carp
was 3. 22mg/L.

The tissue distributions of fluoride of the common carp ( Cyprinus carpio) chronical-
ly exposed to fluoride was examined. Carp were exposed to a range of aqueous fluoride
(35 to 124mg/L) and sampled at 30, 60 and 90 days. The accumulation of fluoride in
the tissues increased with the level and duration of exposure. Steady state was not a-
chieved under the experimental conditions. The gills accumulated the highest levels of
fluoride followed by the liver > brain > kidney > muscle > intestine.

Effects of fluoride on growth performance, body composition and biochemical meas-
urements of C. carpio were evaluated. Our results showed that growth, serum osmolali-
ty, body composition, and biochemical measures in the blood were significantly affected
by fluoride. Weight gain rate and specific growth rate in the exposed fish decreased sig-
nificantly compared with those of the control fish. Fluoride significantly reduced the lev-
els of crude protein and crude lipids. The major ion levels in the serums of fluoride-ex-
posed fish were severely disturbed, resulting in a lower osmolality. All the biochemical
parameters measured in the blood were affected by the exposure to fluoride. Total pro-

tein, albumin, globulin and glucose in fish exposed to 63. 6mg/L, 77. 7Tmg/L and
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124. 4mg/L were significantly lower than those in the control fish. AST and ALT were
markedly increased in exposed fish compared to the control ones.

The toxicity of fluoride in the gills of the common carp ( Cyprinus carpio) chronical-
ly exposed to fluoride was examined. Carp were exposed to a range of aqueous fluoride
(35 to 124mg/L) and sampled at 30, 60 and 90 days. A dose-dependent inhibition was
observed for the enzyme activities of Na *-K * -ATPase and Ca’* -ATPase in the gills after
the fish were exposed for 90 days. Also, accumulation of fluoride was associated with
the inhibition of superoxide dismutase (SOD) activities and a dose-dependent stimula-
tion of malondialdehyde (MDA) levels in the gill tissues, suggesting that fluoride pro-
moted oxidative stress in the fish. Microscopic examinations revealed injuries to gill tis-
sues and chloride cells, with the severity of injury increasing with exposure concentra-
tion.

The effects of fluoride on the expression of MAPKs transcription pathways in carp
gills were evaluated. The expressions of MAPKs in gills were examined using QRT-
PCR, Western blotting and immunohistochemistry methods. The Caspase-3 activity was
increased in a dose-dependent pattern. QRT-PCR showed that the mRNA levels of
ERKI, ERK2, and p38 in the fish from the treatment groups decreased significantly
compared with the control fish for 90 days of exposure (p <0.05) . Western blotting
indicated that p-ERK1/ERK1 and p-ERK2/ERK2 in treatment groups decreased
. markedly in fish exposed to 63.3mg/L, 77.7mg/L, 124. 4mg/L fluoride relative to
those of the control group (p <0.05) . p-JNK/JNK in groups exposed to 63. 3mg/L,
77. Tmg/L, 124. 4mg/L fluoride increased significantly (p <0.05) . Immunohisto-
chemistry demonstrated that the expression of p-ERK and p-ERK/ERK increased with
fluoride levels (p <0.05) while the expression of p-JNK and p-JNK/JNK decreased
with fluoride levels (p <0.05) . Our results demonstrated that the changes of the ex-
pression of p-ERK and p-JNK in the gills of carp after the chronic exposure to fluoride
might be connected to gill impairment induced by chronic fluorosis.

The oxidative stress, histopathological changes, apoptosis, and Bel-2 and Bax ex-
pression in the livers of the common carp ( Cyprinus carpio) chronically exposed to fluor-
ide were evaluated. Our results showed that after 90 days of exposure, the inhibition of
SOD, GSH activities and a dose-dependent stimulation of MDA levels in the liver tissues

indicated that fluoride caused oxidative stress in the fish. Microscopic examinations




showed that damages to the liver tissues and cell organelles in the liver tissues increased
with exposure concentration and duration. A positive correlation was observed between
the apoptosis index and fluoride levels in the livers (r = 0.995) . There was a nega-
tive correlation between the fluoride concentration of water and the expression of Bel-2 ,
Bel-2/Bax (r= -0.98, r= -0.96) . A positive correlation was showed between the
fluoride concentration of water and the expression of Bax (r=0.96) after 90 days of ex-
posure. Our results suggested that the common carp could tolerate relatively high levels
of fluoride but adverse effects of fluoride occurred in the livers of the fish after 90 days of
exposure. The apoptosis of liver cells had an important causative role in the process of
fluoride-induced pathological changes of liver.

The oxidative stress, apoptosis, and protein expressions of Caspase-3, Caspase-8
and Caspase-9 in kidney of the carp juveniles exposed to Omg/L, 40mg/L, 80mg/L,
120mg/L, 160mg/L of fluoride (in the form of NaF) for 90 days were investigated.. The
results showed that dose- and time-dependent decrease of SOD and GSH and dose- and
time-dependent increase of MDA were observed in the carp juveniles, which suggested
that fluoride induced oxidative damage accompanied with morphological changes and sig-
nificant apoptosis in fish exposed to fluoride, especially in the higher doses. Fluoride
exposure also significantly elevated the protein expressions of Caspase-3, Caspase-8,
and Caspase-9. In conclusion, these results indicate that chronic exposure to fluoride
causes oxidative stress, damages the kidney structure, and results in renal apoptosis by
mitochondrial pathway or death receptor pathway.

The physiological toxicity of sodium fluoride on antioxidant system, organizational
structure and apoptosis of brain in Cyprinus carpio Linnaeus were studied. Results
showed that the superoxide dismutase (SOD) and glutathione (GSH) activities were in-
duced with the concentrations of sodium fluoride increasing firstly and then inhibited af-
ter 30 days exposure, but the SOD and GSH activities were all decreased after 60 and
90 days exposure, respectively. The content of lipid peroxides (MDA ) was increased
during the whole test period. After 90 days of exposure, histopathological changes of
brain tissue were observed. It was found that thrombosis and structural changes in the
cell layers were resulted from the exposure of sodium fluoride. The biological investiga-
tion results showed there were positive correlation between the cell apoptosis rate and the

MDA levels (r=0.9968) , but with dosage increasing, Bel-2 protein concentration de-
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creased, which was positive correlated with SOD and GSH activities (r = 0.9198,
0.9889) .

Taken together, chronic exposure to elevated concentration of fluoride caused a
suite of detrimental effects in C. carpio, which might lead to a decrease in growth and
food utilization efficiency, damages of various tissues. Our results implied that high lev-

els of fluoride could pose a threat to carp in the field.

Key words: Fluoride; Common carp; Toxicity; Histopathological changes
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