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EFFECTS OF FLUORIDE AND LEAD ON LOCOMOTOR BEHAVIOR 
AND EXPRESSION OF NISSL BODY IN BRAIN OF ADULT RATS

Ruiyan Niu,a Zilong Sun,a Jinming Wang,a Zhantao Cheng,a Jundong Wanga

Shanxi, China

SUMMARY: By means of an activity chamber and a Y-maze, spontaneous and
conditioned-response behaviors, respectively, of adult Wistar albino rats were
determined after administration of sodium fluoride (150 mg/L) and/or lead acetate
(300 mg/L) in their drinking water for 30 days. The dental status and the expression
of Nissl body in the brain of the rats were also tested. Results showed that fluoride
(F) and/or lead (Pb) altered the frequency and duration of spontaneous activities and
adversely affect conditioned-response behaviors. In addition, the expressions of
Nissl body were significantly decreased in the treatment groups compared with the
control group, whereas no changes were observed in the dental status among
different groups. These findings indicate that F and/or Pb can influence spontaneous
behaviors and lower the learning ability of rats before the appearance of dental
lesions. 
Keywords: Fluoride and brain function; Lead; Nissl body; Rat brain; Spontaneous behavior; 
Y-maze test. 

INTRODUCTION

 Accumulated evidence indicates that prolonged ingestion of fluoride (F)
produces deleterious effects on skeletal,1,2 dental,3-6 and soft tissues including
brain,7-10 thyroid,11-14 and testis.15-18 F exposure often also occurs concurrently
with other environmental contaminants like lead (Pb),19-21 a persistent and
pervasive industrial environmental contaminant throughout the world. Although
the toxic effects of F or Pb alone have been studied extensively, their combined
effects on the central nervous system (CNS) are of special concern. Among
neurotoxic investigations, neurobehavioral tests are usually applied to detect the
neurotoxic effects of neurotoxins. Spontaneous activity, a motivated behavior, is
considered to be the most common “predictor” of CNS dysfunction.25 In addition,
conditioned-response tests can reflect the specific responses of animals to the
presentation of stimuli. 

In the present study, an activity chamber and a Y-maze were used to measure the
spontaneous activity and conditioned-response behavior of adult rats in response
to exposure to F and Pb. 

 MATERIALS AND METHODS

Establishment of animal model: Forty adult Wistar albino rats, with a mean body
weight of 180±5.3 g, were obtained from the experimental animal center of Shanxi
Medical University and kept in plastic cages in our laboratory and maintained on
their standard diets. After one week, the rats were divided randomly into four
groups of ten animals each (male: female=1:1). One group as control received
double distilled water, the other three groups were treated with sodium fluoride
(150 mg NaF/L: HiF group), lead acetate (300 mg/L: HiPb group), and sodium
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fluoride (150 mg NaF/L) plus lead acetate (300 mg/L: HiF+HiPb group) in their
drinking water. Animals had free access to food and water for 30 days and were
maintained on their normal diets under standard temperature (22–25°C), 12/12-h
light/dark cycle, ventilation, and hygienic conditions. The study design was
approved by the Institutional Animal Care and Use Committee of China.

Spontaneous activity test: At the end of the foregoing 30-day conditions, the
spontaneous ability of the rats was observed in each group in an activity chamber
similar to that reported in prior study of Mullenix et al.22 with small differences.
The chamber consists of a clear glass box with two video cameras fixed at the top
and one camera on one side of the chamber to monitor the spontaneous behavior
of each rat over a 15-min period. The video signals were transferred to a video-
splitter device to record at the rate of one frame per second. Behavioral initiations
(BI) and behavioral total time (BTT) were applied to measure frequency and
duration of the following five body positions for each rat: sitting, standing on four
feet, standing on two feet, head turning, and walking. 

Y-maze test: A Y-maze consisting of three equal-sized arms with a 120° angle
between each of the two arms, was used to determinate the learning ability of rat
after the spontaneous activity test. The principle of this apparatus is the same as
that described by Zhang et al.23 During the training days, the test for each rat was
run 20 times, and then another 20 runs were carried out at the same time next day.
The tests were continued until the rats had mastered the test. Eighteen correct
reactions in 20 consecutive runs (90% success rate) were considered to be the
learning standard. The error number (EN) of each rat was recorded before it
mastered the test. Two additional   measurements for the learning test were the
number of days required for the rat to meet the 90% learning standard and the total
reaction time (TRT) for summing the reaction time required for each rat per test
day. All training tests were carried out between 21:00 and 23:00, in quiet and dim
conditions and were completed in less than one week.

Tissue preparation: When the behavior tests were completed, the rats were
anesthetized with 20% urethane (ethyl carbamate, NH2COOC2H5) solution. The
brains were quickly removed and fixed, dehydrated, and embedded by paraffin for
Nissl stain. The teeth were collected and then stored at –80ºC for radiological
examination by X-ray.

Nissl stain: The embedded brain samples were cut into serial coronal sections
with the thickness of 5 µm. The section was performed with routine Nissl staining
based on toluidine blue technique. The images of sections were captured by an
upright microscope (model: BX51, OLYMPUS of Japan), and the gray value of
the stained Nissl bodies was determined by Image-Pro® Plus Version 5.1
micrograph analysis software (made in Media Cybernetics Inc. of America).

Statistical analyses: EN and learning days in the behavioral data were analyzed
by nonparametric test followed by Chi-square test. The other data were evaluated
by one-way ANOVA (analysis of variance) followed by the LSD (least significant
difference) test with p<0.05 being considered significant. The results are
expressed as mean ± SEM. 
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RESULTS

Spontaneous activity test: Table 1 shows that HiF and/or HiPb had an obvious
impact on the frequency and duration of sitting, standing on four feet, standing on
two feet, walking, and head turning. Behavior initiation (BI) of sitting in the
treatment groups was significantly suppressed, while the behavioral total time
(BTT) of this action was prolonged. As for standing on four feet and on two feet,
although there were no significant differences in BI, the BTT were markedly
changed in three treatment groups compared with the control group. F and/or Pb
obviously shortened the BTT of walking and head turning, except for the BTT of
head turning in the HiF group, which was increased significantly. 

Y-maze test: As seen in Figure 1, rats in the three treatment groups spent more
days in meeting the learning standard of the Y-maze test. From Figure 2 we can
see that F and/or Pb significantly increased the error number (EN) of rats during
the days of training. Compared with the controls, the TRT was significantly
changed only in the HiF+HiPb group on the 1st day of training, and in the HiF
group on the 2nd and 3rd day of training (Figure 3). 

Radiological Features: Radiographs of the teeth in Figure 4 show the tooth
status of adult rats exposed for 30 days to HiF, HiPb, and HiF+HiPb. From these
radiographs it can been seen that the appearance of the teeth was smooth with no
changes in tooth density, thus showing that dental fluorosis was not evident in the
treatment groups compared with the control.

Nissl body staining: As seen in Table 2, the expression of Nissl body in the
treated rats was decreased. The gray values of Nissl staining in the HiF (p<0.01),
HiPb (p<0.05), and HiF+HiPb groups (p<0.01) were significantly lower than that
in the control group.

Table 1. Behavioral initiations (BI) and behavioral total time (BTT) in seconds of spontaneous behavior 
in rats exposed to F and/or Pb (n=10; mean±SEM) 

Behavior  Contro l High fluoride 
(HiF)  

High lead 
(HiL) 

High fluoride and 
high lead (HiF+HiL) 

BI 23.90±2.33 14.75±1.26† 11.17±2.76† 11.36±1.12† 
Sitting 

BTT 87.90±4.01 100.50±12.92† 102.17±8.87† 96.18±7.19† 

BI 50.70±18.35 48.25±20.95 62.50±24.77 57.82±19.12 Stand ing 
on four 
feet BTT 261.9±5.82 152.00±15.10† 372.58±24.83† 335.00±13.91† 

BI 47.00±21.15 76.50±22.78 63.00±25.00 53.73±30.46 Stand ing 
on two 
feet BTT 253.90±10.04 442.50±8.81† 178.83±10.61† 181.27±5.92† 

BI 43.50±11.16 58.00±17.10* 64 .5±25.31 58.36±22.98 
Walking 

BTT 251.2±14.81 151.50±12.97† 206.58±15.23† 234.09±10.04 

BI 35.50±5.14 52.00±9.80* 36 .83±4.90 26.18±4.56* Head 
turn ing BTT 45.10±4.25 53.50±7.55* 39 .84±4.20* 26.73±4.72† 

*p<0.01; †p<0.01 compared with the contro l group. 
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Figure 1. Learning days during Y-maze test of adult rats in control, HiF, HiPb, and 
HiF+HiPb groups.
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Figure 2. Error number (EN) during Y-maze test of adult rats in control, HiF, HiPb, and 
HiF+HiPb groups.
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Figure 3. Total reaction time (TRT) during Y-maze test of adult rats in control, HiF, HiPb, and 
HiF+HiPb groups.
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DISCUSSION

Effects of F and/or Pb on behavior: Since the behavior of both humans and
animals is the product of what occurs in the nervous system, behavioral analysis is
an essential assay of neural function.24 The present study of spontaneous behavior
in rats included monitoring of major body positions and movements like sitting,
standing, and walking, as well as modified activities such as scratching and
smelling, as examples of motivated behavior.25 We found an inhibition of some of
these body positions and activities were impaired by HiF and/or HiPb exposure.
The results in the HiF group were consistent with animal data reported
earlier.22,26,27 Among these studies, however, Ekambaram also found lesions in
hard tissues, which could in part lead to neurobehavioral deficits. In contrast, in
the present study, the radiological features of the rat teeth determined by X ray
showed no difference between control and treated groups. Thus, we postulate that
changes in behavior occurred before the dental lesion, indicating that damage in
hard tissue is not the direct factor for nervous system dysfunction caused by F. 

From results of the Y-maze test, we can see a significant decrease in learning
ability of animals in the HiF+HiPb group. It is well known that Pb can weaken the
CNS by simulating the biochemical function of calcium.28 In addition, the impact
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Figure 4. Radiographs showing the tooth status of adult rats exposed to HiF, HiPb, and 
HiF+HiPb for 30 days. Compared with the control group (A), HiF group (B), HiPb group (C), 
and HiF+HiPb group (D) exhibited smooth appearance and no changes in tooth density. 

Table 2.  Expression of Nissl body measured as gray value in brain of adul t rats exposed to HiF, HiPb, and 
HiF+HiPb for 30 days (mean±SEM, n = 10)

 Contro l group HiF group HiPb group HiF+HiPb group 

Gray value 0.4237±0.1112 0.2713±0.0874† 0.3154±0.0325* 0.2486±0.0891† 

*p<0.05, †p<0.01 compared with the contro l group. 
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on calcium function is also one of the toxic mechanisms of F.29 Hence combined
effects of F and Pb may aggravate neural defects.   

Effects of F and/or Pb on Nissl body substance: It is well documented that F
exposure can induce the loss of neuronal cell bodies and damage synaptic
structures in different regions of brain30,31 as well as cause inhibition of enzyme
activity8,32 and a decrease in expression of membrane proteins.10 Nissl body is an
important component in neuronal cytoplasm, which exists in neurons except in the
axon hillock. The chemical composition of Nissl body includes ribonic acid and
proteins (ribosomes), and it is the main location for neural protein synthesis. Nissl
body is very sensitive to pathological stimulus and is therefore usually considered
a good index of neurocyte injury. In the present study, the expression of Nissl body
was significantly decreased in treated groups, which was corroborated by the
occurrence of cognitive dysfunctions in the treatment animals.               

In summary, the results of this work demonstrated that F and Pb adversely
influenced the locomotor behavior of rats before the occurrence of dental lesions. 
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