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BEHAVIORAL TERATOLOGY IN RATS E0POSED TO FLUORIDE
Nanping Wu,a Zhongliang Zhao,a Wenhua Gao,a XiuYin Lib 

Yinchuan and Beijing, China

[SUMMARY: A study was conducted of behavioral differences in Wistar rat pups born
of dams drinking water containing 1.0, 5.0, and 25 mg FUL from the day of conception.
A control group drank tap water containing 0.6 mg FUL. Among 18 litters in the 25 mgU
L group, four of the dams failed to produce enough milk for their pups, causing them
to starve. Although no differences or abnormalities in physical development were
observed, differences in motor coordination, auditory reaction, pain sensitivity, and
other cognitive responses, some statistically significant, varying with time and F
eXposure, were noted, especially among the pups in the 25 mgUL group. Brain slices
in the 25 mgUL group also showed a significantly lower average cerebral corteX
thickness than in the control group (10.97 \m vs. 11.70 \m).]
[Keywords: Auditory response; Behavioral teratology; Locomotion development; Offspring rats 
and fluoride.] 

INTRODUCTION

!"#oride is re+orted to +ass t.ro#g. t.e +"acenta" 2arrier and into t.e 2od3 o4 a
gro5ing 4et#s6 +enetrating t.e 2"ood72rain 2arrier and acc#8#"ating in 2rain
tiss#e9:6; <.e +resent st#d3 #sed 8et.ods o4 2e.aviora" terato"og3 to investigate
t.e 2e.aviora" deve"o+8ent o4 t.e o44s+ring o4 rats e>+osed to "o5 doses o4
4"#oride d#ring +regnanc39

MATERIALS AND METHODS

1. Selection and handling of the laboratory animals:
?d#"t @istar rats6 eac. 5eig.ing a++ro>i8ate"3 ;AB g6 5ere +rovided 23 t.e

Ca2orator3 ?ni8a" Denter o4 t.e D.inese Medica" Science Gnstit#te9 <.e3 5ere
initia""3 He+t in cages 5it. a ;7to7: 4e8a"eI8a"e ratio9 <.e date t.at a vagina"
s8ear test 5as discovered to contain s+er8 5as co#nted as da3 B o4 t.e +regnanc39
Starting 4ro8 t.at da36 t.e rat da8s 5ere a""o5ed 4ree access to ta+ 5ater t.at .ad
2een 4irst 2oi"ed and t.en coo"ed6 5it. a 4ina" 4"#oride concentration o4 : 8gJC6 A
8gJC6 or ;A 8gJC6 de+ending on t.e gro#+ to 5.ic. t.e da8s 2e"onged9 <.e
contro" gro#+ 5as given 4ree access to t.e sa8e ta+ 5ater containing B9K 8g !JC
5it. no additiona" 4"#oride9 ?not.er gro#+ 5as not given 4"#oridated 5ater d#ring
+regnanc3L .o5ever6 drinHing 5ater 5it. a ;A 8g !JC 5as s#++"ied 2eginning on
t.e da3 t.e o44s+ring 5ere 2orn9 <.e siMe o4 eac. "itter 5as contro""ed to K to N in
siMe6 and d#ring t.e n#rsing +eriod t.e da8s contin#ed to drinH 5ater 5it. t.e
sa8e 4"#oride concentration9 <.e o44s+ring rats a"so dranH t.e sa8e 5ater a4ter
5eaning9

2. Behavioral teratology testing: 
Oe.aviora" terato"og3 testing o4 t.e o44s+ring rats 5as cond#cted according to

+roced#res o#t"ined in t.e "iterat#re9P6Q

aDepartment of Preventative Medicine, Ninxia Medical College, Yinchuan 750004, bPathology
Section, Beijing Medical University, PR China. 



Translated research report 
Fluoride 41(2)129–133
April-June 2008

Behavioral teratology in rats exposed to fluoride
Wu, Zhao, Gao

130130

RESULTS

1.Dams:
<.ere 5ere no signi4icant di44erences in t.e 5eig.t o4 t.e da8s or t.e siMe o4

t.eir "itters9 Ro5ever6 4or t.e :N "itters 2orn to rats drinHing ;A 8gJC 4"#oridated
5ater6 4o#r o4 t.e da8s did not +rod#ce 8i"H6 and t5o ot.ers 5ere "o5 in t.eir
+rod#ction o4 8i"HL t.e rats in t.ese "itters event#a""3 starved9 <.is +.eno8enon
did not a++ear in an3 o4 t.e ot.er gro#+s6 and it 8a3 indicate t.at 4"#oride 8ig.t
.ave an in.i2iting e44ect on 8i"H +rod#ction9

2. Offspring rat pups:
(i) Standard physical development: @it. regard to t.e 5eig.t o4 t.e rats in t.e

vario#s deve"o+8enta" stages a4ter 2irt.6 t.ere 5as no signi4icant di44erence
2et5een t.e vario#s gro#+s o4 e>+osed rats as co8+ared to t.e contro" gro#+9
D.aracteristic 4eat#res o4 +.3sio"ogica" deve"o+8ent s#c. as t.e ti8e o4 +inna
detac.8ent6 incisor er#+tion6 and e3e o+ening s.o5ed no signi4icant di44erences
2et5een e>+osed rats and t.e contro" rats9

(ii) Reflex and sensory development: S#r4ace rig.ting6 c"i44 avoidance6 and
negative ta>is testing eac. s.o5ed no di44erences 2et5een t.e vario#s gro#+s o4
e>+osed rats and t.e contro"9 Sn da3 T6 t.e ti8e reU#ired 4or t.e +ivoting tasH 5as
noticea2"3 "onger 4or t.e ;A 8g !JC gro#+ V+WB9BAXL .o5ever6 t.ere 5as no
signi4icant di44erence 2et5een an3 o4 t.e gro#+s 23 da3 Y9 <.e 4reeMing res+onse
to a#ditor3 sti8#"i 4or t.e ;A 8gJC gro#+ 5as signi4icant"3 de"a3ed V+WB9B:X6 and6
5.en t.e rats 5ere s#2Zected to .ot +"ate testing on da3 QA6 t.ere 5ere signi4icant
di44erences in t.e +ain res+onse "atenc3 +eriod V+WB9B:X9 Gn t.e contro" and : 8gJC
gro#+s6 8a"e and 4e8a"e rats s.o5ed signi4icant di44erences in +ain res+onse6 2#t
in t.e A 8gJC6 ;A 8g!JC6 and +ost72irt. ;A 8gJC gro#+s t.ese se> di44erences
5ere no "onger signi4icant V<a2"e :X9

(iii) Botor coordination development: <.e res#"ts o4 s5i88ing testing
cond#cted 2et5een Y and :Y da3s s.o5 no signi4icant di44erences 2et5een gro#+s
4or t.e o44s+ring in t.e sa8e deve"o+8ent +.ase 5it. regard to s5i88ing 8et.od6
s5i88ing ang"e6 or "i82 #sage9 Sn da3 ;B6 ;Q6 and ;N6 a signi4icant increase in
"eg e>tension 23 t.e ;A 8gJC gro#+ as co8+ared to t.e ot.er gro#+s 5as o2served
V+WB9BA6 +WB9B:X9 Gn deve"o+8enta" +.ases G and GG6 t.ere 5ere no signi4icant
di44erences in "oco8otionL in +.ase GGG6 .o5ever6 t.e A 8gJC gro#+ s.o5ed
signi4icant"3 de"a3ed res+onse V+WB9B:X9 [o signi4icant di44erences 5ere o2served
in 4ore"i82 s#s+ension ti8e9 Gn t.e s"anted s#r4ace e>+eri8ent6 t.e n#82er o4
ani8a"s in t.e +ost72irt. ;A 8gJC gro#+ t.at tested negative 5as signi4icant"3
.ig.er t.an t.e ot.er gro#+s6 +WB9B:9 Gn t.e o+en 4ie"d test6 t.e de4ecations6
#rinations6 circ"ings6 and dro++ings a"" s.o5ed no signi4icant di44erences9 <.e
"atenc3 +eriod 4or t.e +ost72irt. ;A 8gJC s.o5ed signi4icant "engt.ening V+WB9B:X9

Table 1. Pa in response latency period in  offspr ing at day 45, by age (meandSD) 

Sex n Control 1 mg FeL group 5 mg FeL group 25mg FeL group Post-b irth 25mg FeL gr

Male 
Female 

20 
20 

2.43d0.39f 
2.14d0.34 

2.00d0.52f 
1 .67d0.37 

1.94d0.29 
1.80d0.34 

3.01d0.46h!
2.82d0.53h 

2.56d0.56 
2.40d0.59 

fpi0.05 comparison be tween the sexes; hpi0.01 as compared to  the control.  
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\ac. o4 t.e 4"#oride7dosed gro#+s s.o5ed dro+s in t.e 4reU#enc3 o4 4ace
scr#22ing V+WB9BA or +WB9B:X9 <.e A 8gJC and ;A 8gJC gro#+s eac. tended
to5ard 4e5er rearings6 and 4or t.e +ost72irt. ;A 8gJC gro#+ t.e di44erences 5ere
signi4icant as co8+ared to t.e contro" V+WB9B:X6 as t.e tota" n#82er o4 sU#ares
trave"ed V<a2"e ;X9

(iv). Cognitive function: <.e res#"ts o4 5ater 8aMe testing s.o5ed t.at t.e +#+s
e>+osed to 4"#oride d#ring t.e 4eta" deve"o+8ent +.ase 8aHe 8ore 8istaHes
2e4ore discovering t.e correct +at.6 and in t.e ;A 8gJC gro#+ t.e increase 5as
signi4icant V+WB9BAX9 <.e ti8e it tooH t.e ;A 8gJC gro#+ and t.e +ost72irt. ;A 8gJ
C gro#+ to 4ind t.e .idden +"at4or8 5as signi4icant"3 "engt.ened6 indicating t.at
.ig.er doses o4 4"#oride ca#se de4inite "earning de4icits in e>+osed 4et#ses a4ter
2irt.9 <.ere 5ere no signi4icant di44erences 2et5een t.e se>es in t.eir
+er4or8ance in t.is test V<a2"e PX9

3. Brain slice pathology:
?t da3 ;:6 TB6 and YB6 2rain s"ices o4 t.e o44s+ring 5ere e>a8ined 4or

+at.o"ogica" c.anges6 and on da3 ;: t.e t.icHness o4 t.e cere2ra" corte> o4 t.e
contro" and ;A 8gJC gro#+s 5ere 8eas#red9 <.e average contro" gro#+ +#+’s
cere2ra" corte> 5as ::9TB ^8 t.icH vers#s :B9YT ^8 4or t.e ;A 8gJC gro#+L t.e
di44erence 2et5een t.e t5o is signi4icant6 indicating t.at 4"#oride can s"o5 2rain
ce"" gro5t.9 <.e e>a8ination o4 2rain s"ices s.o5ed 4oca" ne#rono+.agia in a"" o4
t.e ;A 8gJC o44s+ring at da3 TB and YBL t.ere 5ere no signi4icant +at.o"ogica"
c.anges in t.e 2rain tiss#es o4 t.e ot.er gro#+s9

DISCUSSION

?t +resent6 n#8ero#s e>+eri8ents .ave a"read3 de8onstrated t.at
deve"o+8enta" and 2e.avior c.anges can occ#r in an organis8 e>+osed to doses
"ess t.an t.at 5.ic. 5o#"d ca#se o2vio#s str#ct#ra" irreg#"arities9 _sing 8et.ods
o4 2e.aviora" terato"og3 to eva"#ate t.e sa4et3 o4 c.e8ica" s#2stances .as a"read3
received signi4icant attention9 `#e to t.e co8+"e>it3 as 5e"" as t.e .ig."3 ada+tive
nat#re o4 t.e centra" nervo#s s3ste86 a sing"e 2e.aviora" test or a s8a"" gro#+ o4

Table 2. Open observation experiment resu lts of the offspring  at day 30 

Group Litters n  Latency 
Period (s) 

Face Scrubbings 
(No.) 

Rearings 
(No.) 

SYuares 
Traveled (No.) 

Control 
1 mgeL  
5 mgeL  

25 mgeL 
Post-birth 25 mgeL  

11 
10 
10 
11 
9 

40 
40 
40 
40 
40 

4.36d2.7 
3.93d2.3 
6.22d5.5 
5.05d3.1 

 7.79d7.3f 

3.9d3.3  
 2.3d2.1f 
 2.0d1.7f 
 2.0d1.4f 
 2.8d2.8f 

33.5d13.2 
39.8d13.6 
24.9d15.2 
28.0d12.2 

 18.8d10.4f 

141.5d29.5 
145.5d29.3 
114.3d26.5f 
129.9d30.0 
105.5d34.0f 

fpi0.01 as compared to the control . 

Table 3. The effects of fluoride on locomotion and water maze performance 

Locomotion (d) Water maze (45-day-old rats) Group Li tters 

Phase I Phase II Phase III Tra ining runs Time to p latform (s) 

Control 
1  mg FeL 
5 mg FeL 
25 mg FeL 

Post-b irth 25 mg FeL 

11 
10 
10 
11 
9 

6.1d1.2  
6.4d0.7  
7.9d0.9  
7.4d1.4  
6.0d1.8  

10.1d1.2 
9.5d0.5 

10.1d1.1 
9.8d0.9 
9.8d1.0 

13.6d0.9 
13.5d0.8 
14.9d1.1f 
13.9d0.5 
13.9d0.3 

4.3d1.3 
4.0d1.6 
4.8d1.2 
5.2d1.3f 
4.9d1.8 

7.09d2.18 
8.28d2.71 
8.63d2.98 
9 .54d4.16f 
10.19d4.70h 

fpi0.05 compared to control; hpi0.01 compared to control. 
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tests cannot +ro+er"3 re4"ect t.e e44ects o4 a +artic#"ar 4actor on genera" 2e.aviorL a
4#"" test 2atter3 is reU#ired a"ong 5it. "ongit#dina" st#d3 tracHing c.anges over
ti8e9A Gn t.e +resent e>+eri8ent6 a4ter t.e rat da8s 5ere e>+osed to 4"#oride
t.o#g. t.eir conta8inated drinHing 5ater6 t.ere 5ere no signi4icant di44erences in
t.e 5eig.t o4 o44s+ring and siMe o4 "itterL .o5ever6 t.e +ro+ortion o4 da8s drinHing
;A 8g !JC 5ater t.at 5ere "o5 or co8+"ete"3 "acHing in 8i"H rose signi4icant"36
indicating t.at 4"#oride .as an in.i2iting e44ect on 8i"H +rod#ction9 Song aeUin et
a"9K 4o#nd t.at t.e +ro"actin in t.e +it#itar3 g"ands o4 c.ronica""3 4"#oride +oisoned
rats e>.i2ited c.anges in ce"" #"trastr#ct#re6 and t.e3 t.eoriMe t.at 4"#oride in.i2its
t.e re"ease o4 +ro"actin and +er.a+s even .as a direct6 to>ic e44ect on +ro"actin
ce""s9 <.e res#"ts o4 o#r e>+eri8ent s#++ort t.at conc"#sion9 Oased on t.e re"evant
indices6 t.ere 5as no signi4icant de"a3 in +.3sica" deve"o+8ent in t.e o44s+ring6
s#ggesting t.at 4"#oride does not a44ect +.3sica" deve"o+8ent at t.e doses #sed in
t.is e>+eri8ent9 

Gn t.e "iterat#re t.ere are re+orts t.at 4"#oride a44ects a#ditor3 4#nctionL t.e
res#"ts o4 tests cond#cted on ende8ic 4"#oride7+oisoned +atients s.o5 t.at t.e
da8age to t.e a#ditor3 s3ste8 ca#sed 23 4"#oride "eads to a Hind o4 nerve dea4ness
to .ig. 4reU#enc3 so#nds6 and t.e a#t.ors 2e"ieve t.at 4"#oride’s to>ic e44ects on
t.e eig.t. crania" nerve is t.e 8ec.anis8 23 5.ic. t.is occ#rs9T Rere t.e 4reeMe
res+onse to a#ditor3 sti8#"i in t.e +#+s s.o5ed signi4icant de"a36 indicating t.at
re"ative"3 .ig. doses o4 4"#oride can negative"3 in4"#ence t.e deve"o+8ent o4
a#ditor3 nerves9 b#an c.iM.ong et a"dNe re+ort t.at t.e o44s+ring o4 rats e>+osed to
4"#oride .ave retarded cere2ra" deve"o+8ent and e>.i2it c.anges in ne#ra" ce""
#"trastr#ct#re9 <.e res#"ts o4 t.e +resent e>+eri8ent s#ggest t.at t.e e44ects o4 .ig.
doses o4 4"#oride on t.e 2e.avior deve"o+8ent o4 t.e o44s+ring are visi2"e
+ri8ari"3 as s"ig.t de"a3s in res+onse ti8es6 +artic#"ar"3 in regard to 8otor and
coordination 4#nction as 5e"" as 8#sc"e strengt.9 <.e 8eas#re8ent o4 t.e
t.icHness o4 t.e cere2ra" corte> o4 o44s+ring on da3 ;: revea"ed t.at t.e ;A 8gJC
gro#+ .ad a signi4icant"3 t.inner cere2ra" corte> as co8+ared to t.e contro"9 <.is
.isto"ogica" ana"3sis indicates t.at 4"#oride s"o5s t.e gro5t. o4 2rain ce""s

Gn o#r st#d36 t5o gro#+s o4 o44s+ring rats 5ere e>+osed to .ig. dosages o4
4"#orideI one 5.ose e>+os#re 2egan d#ring 4eta" deve"o+8ent6 and t.e ot.er
5.ose 4irst e>+os#re occ#rred a4ter 2irt.6 d#ring n#rsing9 <.e res#"ts indicate
t.ere 5ere no signi4icant di44erences 2et5een t.e t5o gro#+s 5it. res+ect to ear"3
deve"o+8ent indicators9 Coco8otion and coordination 4#nctions6 .o5ever6
s.o5ed greater deve"o+8enta" de"a3 in t.e rat +#+s e>+osed to 4"#oride at n#rsing
as co8+ared to t.ose e>+osed to t.e sa8e dose d#ring t.e 4eta" stage9 <.is
di44erence co#"d 2e d#e to t.e deve"o+8ent o4 a to"erance to 4"#oride in t.e +#+s in
t.e "atter gro#+9 Re+orts in t.e "iterat#re s.o5 t.at "ong7ter86 e>+os#re 5it. s"o5
increases in t.e 4"#oride concentration in ce"" c#"t#res 5i"" ca#se ce""s to deve"o+ a
to"erance to ot.er5ise 4ata" doses o4 4"#oride6 even to t.e +oint 5.ere t.e 4"#oride
does not 8eas#ra2"3 a44ect ce"" gro5t.9 <.e 8ec.anis8 at 5orH co#"d 2e an
ada+tation o4 t.e ce"" 8e82rane6 2"ocHing 4"#oride 4ro8 entering t.e ce"" as 5e""
as active"3 re8oving 4"#oride a"read3 inside6 and t.#s 8aintaining a "o5
intrace""#"ar 4"#oride concentration9Y
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