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Cytogenetics and Cell Genetics
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Genetic Effects of Sodium Fluoride (NaF)

— Review and Human Lymphocyte Assay —

Kunikazu KISHI
Akira TONOMURA
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Clastogenic activity of sodium fluoride in great ape cells

Kunikazu Kishi * and Takafumi Ishida *
* Sehued of Healh Stiences, Kyorss Uniendy, Hockicgi, Tokyo 192, Japax and ® Dpartament of Antkropology, Foruley of Soience.
Unsie erasty n{ Fohye, Buchyoedu, Talyo 113, Sepan

{Reccived 4 Jene 1997)
{Revivon recenved 23 September 19921
{ACeped 2 Newembee 1992)

Nowents: Sodtom Nuorkds: Claxogemwity: Primate cell hine

Summary

Conflicting evidence has been reported conceming the mutagenicity of sodium Nuorde (NaFh
cspeaially clastogenricily st concentrations of more than I mM. Nab i known to induce chromesome
abcrrations ot these coneentrations in human cells, but not in most rodent oclis. We considered that such
speciesspecific difference in chromosomal sensitivity would be derived from the phylogenctic distance
Berween rodents and man. To clanidy the role of intesspecies differences, we investigated the chromoso.
mat seasitivity to NaF in ccll lines from various primates, which diverged o many species, including

rodent-like prosimions and human-like great apes. The results showed that the clastogenicity of NaF was
ltmuted to buman and great ape celis
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@ https://tools.niehs.nih.gov/cebs3/ntpviews/index.cfim?action=testarticle.toxicity8cas_number=7681-49-4 R Q4 %

Calendar&Events | News & Media

o = National Toxicology Program

U.S. Department of Health and Human Services

Q  Seorchthe TP Websiie

Homz = Study Results & Research Projects » Databases, Searches, &Other Resources » CEBS » Toxicity Effects

Status Search SHARE THIS: D G n u E

Chemical Properties

Human Toxicity Excerpts
Non-Human Toxicity Excerpts

Human Toxicity Values

Non-Human Toxicity Values
Absorption, Distribution And Excretion
Metabolism/Metabolites

Tsca Test Submissions

Toxicity Effects

CAS Registry Number: 7681-49-4

Selected toxicity information from HSDB, one of the National Library of Medicine's databases. 2,

Names 1

= Sodium Fluoride
¢ Sodium Fluoride (Naf)

Human Toxicity Excerpts

* CASE REPORTS: ... the effects of fluoride administered to more than 70 patients for periods of 5 to 6 months, IMost of these subjects, suffering from malignant neoplastic disease, were
being treatad with metabolic inhibitors. Some were leukemic children 3 to 6.5 years old, while others were adults including elderly individuals. Doses forthe children were 20 to 50 mg
sodium fluoride (9.0 to 22.5 mg fluoride) four times daily. Doses foradults were 80 mg sodium fluoride (36.3 mg fluoride] four times daily. The material was administered orally with an
antacid containing 4 percent aluminum oxide or as an enteric coated tablet to avoid gastric irritation, No evidence of systemic toxicity or of parenchymatous damage was seen which
could be attributed to fluoride, even though some patients had received more than 27 g of sodium fluoride over a period of 3 months. Criteria evaluated included growth and



International Agency for Research on Cancer IARC Monographs on the Identification of English Frangais Y 3
@bi y World Health Carcinogenic Hazards to Humans Q

AR 74 Y Organization

Im MEETINGS CLASSIFICATIONS PUBLICATIONS STAFF

You are here: Home / Classifications / List of Classifications / Volumes 1-123

AGENTS CLASSIFIED BY THE IARC MONOGRAPHS, VOLUMES 1-123

List of Classifications

Group 1 Carcinogenic to humans 120 agents
» Volumes 1-123 . .
) Group 2A Probably carcinogenic to humans 82
» Alphabetical order Group 2B Possibly carcinogenic to humans 311
» CAS® Registry Number order Group 3 Not classifiable as to its carcinogenicity to humans 500

» Cancer site

For definitions of these groups, please see the Preamble.

It is strongly recommended to consult the complete Monographs on these agents, the
publication date, and the list of studies considered. Significant new information might support
a different classification.

For agents that have not been classified, no determination of non-carcinogenicity or overall
safety should be inferred.

o List of classifications, Volumes 1-123 (embedded spreadsheet)

o List of classifications by cancer site (PDF file)
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(3200ppmNaF
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LD, NE At - 0y
& b
(I s A AfE | ORfgiEss
s 2ERE fiE 5
RiAAHPEE F 15.8mg/kg 22.6mg/kg 0.5mg/kg 20or Bmg/kg
(24P EE) NaF 35mg/kg 50mg/kg 1.1mg/kg 4.4 or 11.1
KE(RE) 20kg 60kg 20kg 20kg
- 316mgF 1,356mgF 10mgF 40mgF
KERFTEE 700mgNaF 3,000mgNaF 22.1mgNaF 88.4dmgNaF
2%NaFFIBEE=
(20mzNaF+g) 35 150 11 4.4
(9,050ppmF) & & 8 8
(20,000ppmNaF)
1,450ppmFEIBEE £
(1.45mgF/g) 219g 936g 15.2g 61.0g




=EDBE

1ppm = 1g/1,000,000g = 1g/1,000kg = 1mg/kg = 1ug/g

1% = 1g/100g = (1g/1,000,000g) x 10,000 = 10,000ppm

TMMNaF = 42mgNaF/2 = 42 ugNaF/mQ = 42 u gNaF/g

TMMF = 19mgF/2 = 19ugF/mQ = 19ugF/g = 19mgF/kg

2%NaF =20,000ppmNaF
=20,000ppmNaF X (19F/42NaF) = 9,000ppmF

TmMNaF = 42ppmNaF = 19ppmF = 1mMF
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http://anzeninfo.mhlw.go.jp/anzen/gmsds/7681-49-4 . html#top

GHS748: B ¥ETE7%LY

In vivoTlE, YO XD /N ER T E. IRTEDFER. S vbD /I ER
TEE. YOROLBAREEHBRTHBE. EEOFER. ITOARUF¥
A Z—RNLRI—D Ik EE SRR TS, SvhDFEE MR
MDDNALIETERER TIZME D & HY 85 (ATSDR (2003), DFGOT (2015)
(Access on May 2017), EHC 227 (2002)),

In vitro Tl 48 O EIRTRAA T REBR TN WIS AWM (=
FRALTEMER, TOR) U ITA—THEBETHE. EEDER. 284K
BEHER. W B ETRHRTIBN . S OHEHHS (ATSDR
(2003). DFGOT (2015) (Access on May 2017). EHC 227 (2002). NTP
TR393 (1990)),

LA L.DFGOT (2015) (Access on May 2017) Tl&. A& (Lin vitro®D
10 pg/mLU E TREKREFENLZZBAEAERZIEMIE A, BT
VivoERER CIEZEEHoNEMoT=, - EEHE T EFRE SO EERLIL AL
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o TYMRUNDRIZ2EMEKIZRELI-NTPORENAMEREE T, HSY
FCEREOHEEDENIEMMNALN ., BRBAEDREINLGEEES
n=m. SYERUMETOXTIERNAEDIENGLEERINT-
(NTP TR393 (1990). EU-RAR (2001)),

o Fl IVMRURDRI2EMBEREGLEENAERERTEISVNT
[IEETHOEN. IVATEHEAETEROEMNALGNTI=LDD,
LA AIILRIZEDREELNHY . BREDBMITREMTIHENESNT
VS (EU-RAR (2001)),

« BIFEDFETIL. EPAREKYEIZXLDIZ (EPA Pesticide (2007)), ACGIH
M7t BIZxt LA4IZ (ACGIH (7th, 2001)). IARCM V1L #¥ (inorganic,
used in drinkng water) [ZXfL% JL—73 (IARC Suppl. 7 (1987)) [ZTFNF
NDFELTWS, UL ABBERUVBRGFESEHEELY. 2 FETELL
ELT=,
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S —
' — - = |~
BISDBATAY A FhEE
http://anzeninfo.mhlw.go.jp/anzen/gmsds/7681-49-4.html#top
o GHSH#'$E: HFETEAL

o SYrEARAWEAYMEDEKIZESIZE21HRHER. IS YRRIES
S XDRKIRSIZEPREEFTHHBRIVWITNLEZENIBHYE
HDHHHAE THEBEIMELGTZWEMGEZEDH THoT- (EU-RAR
(2001). DFGOT (2015) (Access on May 2017), ATSDR (2003)),

o Db ARYETEHEORBCTHOOGEBERESE>IAONTELT .
TR RTHETEEL,



http://anzeninfo.mhlw.go.jp/anzen/gmsds/7681-49-4.html#top

GHSODZEFHERX T #zExtk

Global Harmonization System of Classification and Labelling of Chemicals

- HEMRZEERE(RD1A~2)
> 1HEGEHERBEOEEN
> TARRERZFHIHEAHMONTINS
> 1B RALEEZFERITDEHALGIARE
> 2REHEREDEENDEEL
> DETEGLRREERICDOVNTOT AL
> RpIT5xa8LaE 0 RAEEZFRET DrlaeEA L
« germ cell mutation
» 1:"may cause genetic defects”
» 1A: “known to induce heritable mutation”
» 1B:"should it be regarded as if it induce mutations”
» 2:“suspected of causing genetic defects” =“possibility that it may
induce mutations”
> classification not possible: no data on mutagenicity
» not classified: only negative results in in vivo mutagenicity tests



GHSODREMNATER S FZEsttt

Global Harmonization System of Classification and Labelling of Chemicals

« EMNAVEREDT1A~2)
> 1:BADETH
> 1A EMIRTHAENAENHSN TS
> 1B EMIHLTEELLELAELHD
> 2: B BADBENOEREN=EFHTHTEIHEILAMELTEHLIND
> DFETERGL:EBLAMICET 5T 20750
> RAICERELGL: ENMIX T HFHNAEDEELA LY
« germ cell mutation
» 1.’may cause cancer”
» 1A: “known to have carcinogenic potential for humans”
» 1B:” presumed to have carcinogenic potential for humans”
» 2. “suspected of causing cancer” =suspected human carcinogen
» classification not possible: no data on carcinogenicity
» not classified: not a suspected human carcinogen



IARC DEMNAERXD

» 1: “carcinogenic to humans”

» 2A: “probably carcinogenic to humans”

» 2B: “possibly carcinogenic to humans”

» 3. "“not classifiable as to its carcinogenicity to humans”
» 4. “probably not carcinogenic to humans”
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in vivo or

HBAE  MEomE oS e
REAREE Ek B 8REK
INZEBR BHREERE 34mgF/H 15-49m
. vk —b6* 1gNaF/kg/H
INZEBR vivo
E4DY.S — 6w
DNALI T (comet) Sk —n4 100ppm 6w
O ik 2 8 R 3 R E4rPS — 10mg/kg/H
ErEEHE (514548 42ppm
ErEEME — 4.5ppmF 3w
TEEEE
E Fi%%%mﬂﬂ — <10ppm
INLARR— vitro — <10ppm
< )X-Ek — ?
BIEFRALE — 500ug/plate
— 4421ug/plate

National Toxicology Program, 2019 &kl




IRTED in vitro EBAEEFAERD

ENAMBEZEGMHEEHIE T HREHN (BRE) XEULVA. FEEN
ADBZIREEHIET DREN (FEM) (KEL. BE&E1EZE 5]
FRILTLY,

— GHS: Kirkland,D. et al.,Mutat. Res. 2005:584:1-256.

« WHO IARC D FEMAME DM A X
(Monographs on the Identification of carcinogenic Hazards to
Humans Preamble)
> 1. AZXRELIE-EFRAERICKYELAEL®HSD. HAHLIL, EN
AEDRHHEMNTENGLLY, HAHWNIE, EBNAELNDHSATREMELH
HESNE=YE,
> 2. EREFYERNRELIE-ERTEMNAMELDHOIESNT-YE

> 3. in vitro if%E



KEREICETOBAST —|RE-

- ERFYEAN-EBRIARLERELNHS.

(& DNAIlZ&EWE)

« BESEICASI-EREZEHRT S,

(& EHA=ER5ZEWR)

« HAMENRERNARETE TS ELXILIT A EILAIRETH
BHh . WA ZEFB LGN EEILIIT A EIEATEETH
Z3 P

¢ TESIRTAVIRELELSTHED NH;

BRI BR S TG, HSC\ﬁ\N
|
5 AF IR /1\0

N
m°C H



https://ja.wikipedia.org/wiki/5-%E3%83%A1%E3%83%81%E3%83%AB%E3%82%B7%E3%83%88%E3%82%B7%E3%83%B3

EbhEsLREFE

20.000meNaF=20mQNaF/Q =500mM; QOOmeF=900mgF/Q =50mM

%IJEF;_

B R HfEERE AR SRR
RVHEE 0.1 —0.5mgF /kg 5mgF /kg
(RiAHFEE 2 —10mgF/20kg 100mgF/20kg
== s “ ot B TK ARE20kgDFHED
WRvERE | ToRR AFRE | joomcAM | (150 <
2%NaFZE ik 18mgF . . .
2g€é§ﬂ,ﬁ§‘|¢ 40mgNaF —.500mM - 10mM =0.63mM
900ppmF O &K % ImgF . . .
| OmQEE T 20mgNaF =50mM =5mM =0.32mM
250ppmFi% 0% % 1.8mgF . .
TmOEE T 4.0mgNaF =13mM <1mM =0.06mM
e R R MR ) ) )
NaF 3 & — QL B2 5% P 1mM-2083% 4] 5mM-3 8 i 10mM-1R5f8
EEE 19mgF/Q 95mgF/2 190mgF/2
mM = mg/m@ 42mgNaF /2 210mgNaF /2 420mgNaF /2
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TYRMEETHAIEEZAHIRWUESRDRE

(I DETELEVIEERAENHEHELTHBH TEL

(210MMTHIRRIZiEfih I 52 B IXARELBLO T, MAP TH
RENF-RITEELEZOND

GARELBIZDODVWTIHIBFFELRZBSING NV =AS5LHES HE
LTWAHRIEBHTOLLEOD TEIRMEIFSSIZIELLS

()T VRIIDNAEEFHEEZIT D RICEIFZL

ORI VMEIIRBEDEEETFRITOINTVRITFERLGL
EE ]
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& MRRICH T AR EF RIS

1. HER:EFLLImg/kg(ORFEBEFEE)
(2@ 'R [10kgl111mg; 6% R [20kg]222mg )

B Jm. NERE . T %1 (250mg: Handbook of Pesti. and Toxicol. )
HREY ., e &

DAV (FAEAR, MEs7EFR, SEKK)

Y LDsg: 69~279.1 mg/kg

ERLDso: /NR35mg/kg ; B A50mg/kg (AREEEFR)
(2% R [10kg]350mg; 67% IR [20kg] 700mg)

A

BETLE7VREEHEL, EREHARELEHNS,
KEDKZRFES, BiRFLEDRBEZITOWH DElR
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=EDBE

1ppm = 1g/1,000,000g = 1g/1,000kg = 1mg/kg = 1ug/g

1% = 1g/100g = (1g/1,000,000g) x 10,000 = 10,000ppm

TMMNaF = 42mgNaF/2 = 42 ugNaF/mQ = 42 u gNaF/g

TMMF = 19mgF/2 = 19ugF/mQ = 19ugF/g = 19mgF/kg

2%NaF =20,000ppmNaF
=20,000ppmNaF X (19F/42NaF) = 9,000ppmF

TmMNaF = 42ppmNaF = 19ppmF = 1mMF




TYPES OF ABERRATIONS AND STAGES OF THEIR INDUCTION

cell cycle Go Gi S G2 M
chromosome-type : chromatid-type : numerical
normal i 9 cto c X =
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IARC MONOGRAPHS SUPPLEMENT 7
FLUORIDES (INORGANIC, USED IN DRINKING-WATER) (Group 3)

* The studies have shown no consistent tendency for people living in areas
with high concentrations of fluoride in the water to have higher cancer
rates than those living in areas with low concentrations or for cancer
mortality rates to increase following fluoridation.

 Many studies, therefore, cover the range of doses of fluoride in drinking-
water to which humans are exposed, and these are mutually consistent in
not showing a positive association between exposure to fluoride and
overall cancer rates or rates of different cancers. The Working Group
noted that the studies involved were of the ecological or correlation type.
The Group was therefore unable to classify the evidence for inorganic
fluorides used in drinking-water as 'suggesting lack of carcinogenicity'.



IARC MONOGRAPHS SUPPLEMENT 7
FLUORIDES (INORGANIC, USED IN DRINKING-WATER) (Group 3)

Epidemiological studies have shown no association between the presence
of fluorides in drinking-water and the incidence of Down's syndrome.
Sodium fluoride did not induce DN A strand breaks in testicular cells of
rats treated in vivo and did not cause chromosomal aberrations in bone-
marrow or testicular cells or sister chromatid exchanges in bone-marrow
cells of mice treated in vivo. It was reported to induce unscheduled DNA
synthesis in cultured human cells, and conflicting results were obtained on
the induction of chromosomal aberrations; it did not induce sister
chromatid exchanges. It induced transformation, sister chromatid
exchanges and chromosomal aberrations in Syrian hamster embryo cells in
vitro. At high doses and low cell survival, sodium fluoride induced dose-
related increases in mutations in cultured mouse lymphoma cells. It did
not induce aneuploidy in Drosophila. It induced chromosomal aberrations
in plants. It did not induce gene conversion in yeast and was not
mutagenic to bacteria.

Stannous fluoride, sodium monofluorophosphate and sodium
silicofluoride did not induce sex-linked recessive lethal mutations in
Drosophila, and sodium monofluorophosphate did not induce dominant
lethal mutations in Drosophila.



(1) 2EF=EOBEN
FEHEOERYEEMPGAALTLEEFERES 2,
Z ity (NaF: 7 ik RV 2 A) Z2—RFI2BEFTR
LE=BE&natdhEic T, #HE0EEFHANL,
BRI EREL LT, EFER~ORBIMBLERZL<L
LENDRiIALPER (PTD: 5mgF/kg fE&E) 2350,
FECC Fim Tl ¥ —) bo DEMmEZEEHL
TWwWa Y,

7z, H#PETR7 v Efi~=a 7 /b (p42)
iZdhH L1, IOTFHEIREASEE (nininum
symptomatic dose) & LT, 2tEPHEEE : 2meF/kg A,
BEIRENDEHEELHD, LL, 2o THRER

EONTAMPHOHENELL-D, ZHHDHE
fIIEREMICERA AR B2 TE TS,

iz, £ B2 EOEWEMEPEE : 2mgF/ke (K

il LT v {tHEOOEBICRRLTAS L,
(kT 20kg DFHETIETT v {LH BT fm@w LLT
88mg), 1h L 40kg DT Z L, CiX 80mg (NaF & L T 177mg)
Thd,

- PEKTIT 5@ 1 BEEOEE, 1 Eloko THW
57 vie4p i, 0.2% NaF X 6~Tml & LT, 5.4~
6.3mgF (NaF & LT 12~14mg) THHNH, RKICLEK
AL T Y 20kg KO B MOBE, StEPHEO 1/7
RKiThHdH, ¥ 5 BEEOEEIR, 627 (kb
A 1/4 EEWEY, BAGADFEHEOHSIRIZZN L
DL, XoT, HAROTEA S EMKAGAAL

THe felt el

RiIAAHHEE: 5mgF/kg

S2MhE=E:  2mgF/ke
(kE20kgIRE=E
RiAAHHFEHEE:100mgF
ahEs:  40moF

SO RERE:: 0.2%NaF

& A =: 6-7Tml
ZHNaF=:12-14mgNaF
E87v%=:54-6.3mgF



7 A EHEA IR L TRAAEND 7 v {Ehid b BT, WHO B HRT5KEKT vk

HRENE (7o)F—3r) DESItEATHLRL,
SHEBHRINCO 7 vikhBERE ML ELTYH,

hd, RERECEAZE 7 29 0AFHBROLENEL,
SRER Ip X

BAROEGEFRIBARORERESE

BEPBE LT v{kHE
— A OB FEFRE0.05mgkg Ll FT

ZEEEEV,

:»IciEa:Dl E@ﬁ:%%ﬁﬁi%fﬁﬂi 4~8 T, 7|

'}’J mk;

,_EU'?

. 2me |L,

m#&tﬂ&ﬁﬁt%m 115901

beé EbEEHOFEEINEREINDS Y,

BAROREGEZFRIBAORGFEST

ﬁ‘FnRJp-zg

1HEIEEBIE (20kg!RE) :
0.05mg *F X 20=1.0mg *F

FELERBEIE:2.2mg *F

SEMHPEE (20kgRE) :
2mgF X 20=40mgF

FEOBRONTEE R 10%
0.2%NaF - 10m2-10%: 2mgNaF
=(0.8mgF

EARILIZKSHEAE :0.2mgNaF

FEBRER 0%, B

3,200ppmNaF(1,450ppmF) HES{FERZDIVEOONAE =
EEZ= 1.0g/[0]/H:0.64mgNaF = 3EI/BDHE :1.92mgNaF

=0.87mgF

20,000ppmNaF (9,000ppmF) ZEHFIFARDIVEOANZEE

TR BEER100%, ZEmF{ERAE=2g/B]: 40mgNaF = 18mgF
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