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a b s t r a c t

Previously reported studies from this laboratory revealed that rats chronically intoxicated

with lead (Pb) under hypoxic conditions (HX) impaired growth parameters and induced

damages on femoral and mandibular bones predisposing to fractures. We also described

periodontal inflammatory processes under such experimental conditions. Periodontitis is

characterised by inflammation of supporting tissues of the teeth that result in alveolar bone

loss. The existence of populations living at high altitudes and exposed to lead contamination

aimed us to establish the macroscopic, biochemical and histological parameters consistent

with a periodontal disease in the same rat model with or without experimental periodontitis

(EP). Sixty female rats were divided into: Control; Pb (1000 ppm of lead acetate in drinking

water); HX (506 mbar) and PbHX (both treatments simultaneously). EP was induced by

placing ligatures around the molars of half of the rats during the 14 days previous to the

autopsy. Hemi-mandibles were extracted to evaluate bone loss by histomorphometrical

techniques. TNFa plasmatic concentration was greater ( p < 0.01) in Pb and HX animals.

TBA-RS content was significantly higher in gums of rats with or without EP only by means of

Pb. The SMG PGE2 content increased by Pb or HX was higher in PbHX rats ( p < 0.01). Pb and

HX increased EP induced alveolar bone loss, while Pb showed spontaneous bone loss also. In

conclusion, these results show that lead intoxication under hypoxic environment enhanced

not only alveolar bone loss but also systemic and oral tissues inflammatory parameters,

which could aggravate the physiopathological alterations produced by periodontal disease.
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1. Introduction

More than 200 million people live at altitudes above 2500 m

around the world frequently exposed to environmental

pollutants. Among these, lead (Pb) is of particular interest
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because of its wide distribution in the environment. Previously

reported studies from this laboratory suggested that chronic

intoxication with Pb in immature rats under hypoxic condi-

tions impaired growth parameters and induced negative

effects on femoral and mandibular structural properties

decreasing their maximal load supported at fracture and their
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Fig. 1 – Effect of Pb (1000 ppm of lead acetate in drinking

water for 3 months); HX (18 h/d at 506 mbar for 3 months)

and PbHX (both treatments simultaneously) on TNFa

release, in rats with and without EP. Line in graph show

animals submitted to EP. Mean W SD of 15 rats. Equal

letters indicate no significant differences. A significant

difference between groups was chosen as p < 0.01

determined by two-way ANOVA followed by Student–

Newman–Keuls Multiple Comparison Test.
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energy absorption capacity so that plastic deformation and

failure in bone tissue structure occurred under lower loads.1

Chronic exposure to lead (Pb) significantly affects oral health

condition among exposed workers increasing the prevalence of

periodontal diseases (gingivitis and periodontitis) and in the

prevalence of decay (caries), missed and filled teeth and dental

abrasions.2,3 Epidemiologic investigations in high altitude

territory showed that the hypoxia environment plays an

important role in the pathogenesis of periodontitis and it was

demonstrated in rats that the course of periodontitis in altitude

hypoxia environment is later than normal, but the degree of

periodontal lesion was more severe.4 Periodontitis is charac-

terised by inflammation of the supporting tissues of the teeth

and periodontal pocket formation that result in alveolar bone

resorption and soft tissue attachment loss. It has been

suggested that the submandibular gland is a key regulatory

organ in the oral neuroimmunoregulatory network.5 We

recently reported in growing rats chronically intoxicated with

lead (Pb) and exposed to the stress of intermittent hypobaric

hypoxia (HX) deleterious effects on periodontal and dental

tissues that could be due to a greater vulnerability of them to

inflammatory processes.1 Furthermore, it was demonstrated

that animals co-exposed to lead and fluoride show more severe

damage than lead alone,6 which suggests the complex interac-

tion between lead and other environmental factors and the

importance of studying them together. These findings and the

existence of populations living at high altitudes and exposed to

lead contamination aimed us to establish in the same rat model,

the macroscopic, biochemical and histological parameters

consistent with a periodontal disease and whether they are

or not enhanced in rats submitted to experimental periodontitis

(EP) The results will try to cover the lack of information

regarding the oral health in individuals living in lead contami-

nated high altitude areas.

2. Materials and methods

2.1. Animals, treatments and induction of periodontal
disease

Sixty Wistar rats were randomly divided into 4 groups: C

(control); Pb (intoxicated with 1000 ppm of lead acetate in

drinking water for 3 months)7; HX (exposed to 18 h/d by

placing the animals into a chamber at 506 mbar for 3 months)8

and PbHX (both treatments simultaneously). EP was induced

in half of the animals of each group under general anaesthesia

with a mixture of 2% xylazine hydrochloride (5 mg/kg; i.p.

König Laboratories) and 5% ketamine hydrochloride (50 mg/

kg; i.p. Holliday-Scott SA) by placing a cotton thread ligature

around the neck of the first lower molars (FLM) during the 14

days previous to the autopsy.9 At the end of the experimental

period, blood samples where obtained by cardiac puncture to

asses hematocrit by micromethod. Pb content in bone ashes

was determined using an atomic absorption spectrophotom-

eter Varian AA 475.

All animals were treated in accordance with the guidelines

and regulations for the use and care of animals of the

University of Buenos Aires Ethic Committee and were carried

out in accordance with the guidelines of the National Institute
of Health (NIH). The use of animal tissues followed an

approved animal use protocol.

2.2. Measurement of proinflammatory and oxidative
stress markers

At the end of the experimental period blood samples were

collected to asses hematocrit by micromethod and lead

content using an atomic absorption spectrophotometer

Varian AA 475. TNFa concentration was determined using a

sandwich ELISA according to the manufacturer’s instructions

(BD Pharmingen, USA).10

Thiobarbituric acid reactive substances (TBA-RS) were

evaluated in gingival tissues and SMG quantifying malondial-

dehyde (MDA) as the product of lipid peroxidation that reacts

with trichloroacetic acid-HCl, yielding a pink-stained TBA-RS

determined in a spectrophotometer (Hitachi U-2001) at

540 nm. TBA-RS were calculated as nanomoles per milli-

gramme of tissue.11

2.3. Radioimmunoassay of PGE2

To evaluate PGE content, submandibular glands were homo-

genised in 1.5 ml ice cold ethanol (100%), centrifuged at

10,000 � g for 15 min at 4 8C, and the supernatant were

collected and evaporated in a Speed-Vac. The residues were

re-suspended with radioimmunoassay buffer and the Sigma

antiserum was used. The PGE content was expressed as pg/mg

of weight tissue.12

2.4. Microscopic examination of periodontal bone loss:
distance method

After autopsy, the hemi-mandibles were resected, defleshed

and stained with 1% aqueous methylene blue to delineate

the cemento-enamel junction (CEJ) and the alveolar crest (AC).
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A stereomicroscope (Stemi DV4 Stereomicroscope, Carl Zeiss

MicroImaging, Göttingen, Germany) and a digital calliper

(Digimess, Geneva, Switzerland) were used to measure three

lingual/palatal and three buccal distances (mesial, central and

distal) from the CEJ to the most apical area of the AC. The sum

of the three distances on each side of each molar was used as a

measure of the alveolar bone loss in millimeters10 (Fig. 3,

Upper).

2.5. Statistic

Statistical analyses were performed by two-way ANOVA

followed by multiple comparison Student–Newman–Keuls

tests (GraphPad Software Inc., San Diego, USA).
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Fig. 2 – Effect of Pb (left), HX (middle) and the combination of bot

SMG (DOWN) from rats with or without bilateral EP. Data are rep

half of the animals of each group). Equal letters indicate no sig

groups was chosen as p < 0.01 determined by two-way ANOVA f

Test.
3. Results

3.1. Hematocrit % and lead content

Significantly high-level lead accumulation was observed

in ashes from bones in Pb (640.53 � 86.32 mg/g) and PbHX

(695 � 63.23 mg/g) groups against control animals (0.98 �
0.35 mg/g) indicating that the administered Pb was deposit-

ed in the skeleton in significant amounts. Exposure of

rats to hypobaric hypoxia produced an expected

significant increase in hematocrit values (C: 43.51 � 3.07%;

Pb: 35.08 � 4.11%; HX: 74.05 � 7.04% and PbHX: 61.37 �
5.91%).
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3.2. Plasmatic TNF alpha content

We observed a significant increased concentration of TNFa in

the group intoxicated with lead ( p < 0.01) against the control

group being the enhancement even greater in the group

exposed to HX. When both treatments were applied simulta-

neously, no significant difference against the control group

was observed. The same response pattern was observed in the

EP groups (Fig. 1).

3.3. TBA-RS content in gingival tissue (gums) and SMG

In order to explore the effect of treatments on some oral target

tissues before or after periodontitis induction, we first

evaluated an oxidative stress marker that might be modified

in inflammatory processes such as TBA-RS in gingival tissue

and salivary glands. Rats chronically intoxicated with lead

showed significant higher values of TBA-RS content in gums,

but not in SMG. On the contrary, hypoxia significantly

enhanced TBA-RS content in SMG, but not in gums. These

results were independent of the existence or not of EP (Fig. 2).

3.4. PGE2 content in SMG

PGE2 content, measured by RIA, was increased in every

experimental group against its control in rats with and

without EP. The group with lead intoxication under hypoxia

environment showed even higher values (Fig. 3).

3.5. Microscopic examination of periodontal bone loss:
distance method

Regarding alveolar bone loss, we measured the distance in

mm between the enamel-cement junction and the alveolar

crest, in lingual and buccal side of the mandible. In every

experimental group, no significant difference against the

control group was observed in the animals without EP (with
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Fig. 3 – Effect of Pb (left), HX (middle) and the combination of both

without bilateral EP. Data are reported as means W SD (15 rats p

group). Equal letters indicate no significant differences. A signi

determined by two-way ANOVA followed by Student–Newman
the exception of HX animals in the buccal side). We observed

bone loss in the control group with EP, which was increased

not only by lead intoxication (Fig. 4A) but also by exposition to

HX (Fig. 4B) or by means of both treatments applied

simultaneously (Fig. 4C).

3.6. Interradicular bone volume

Interradicular bone volume was measured using Image Pro

Plus software, expressed as % of total bone volume. Significant

bone loss was observed in the control group with EP, being

even higher in those rats with EP exposed to HX and with both

treatments simultaneously. Furthermore, the PbHX rat was

the only group that showed interradicular bone loss when the

experimental periodontitis was not applied (Fig. 5).

4. Discussion

In this paper, we demonstrated that chronic lead intoxication

under normoxic and hypoxic environment modify some

systemic and oral tissues inflammatory parameters, which

could lead to a periodontal disease in individuals living in lead

contaminated high altitude areas. Periodontitis is an infec-

tious disease characterised by inflammation of tooth-support-

ing tissues and by periodontal pocket formation, which results

in alveolar bone resorption and loss of periodontal attachment

tissue with evidence indicating the role of submandibular

glands in the regulation of immune/inflammatory reactions.9

It may be influenced by several environmental factors. Among

these, the effects of Pb or hypobaric hypoxia on oral health are

of particular relevance to understanding the pathogenesis of

periodontitis in populations living and working in areas lead

contaminated at high altitude. It was demonstrated, in a rat

model under hypoxic conditions, that the degree of periodon-

tal lesions and the microbial community in gingival crevicular

fluid were affected by the altitude hypoxia environment.4 Oral
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–Keuls Multiple Comparison Test.



Fig. 4 – Effect of alveolar bone loss after Pb and HX treatments in rats with 14-days experimental periodontitis (EP). Upper:

Distance method: diagram of a section of the lower first molar. Three distances (arrows) were measured from the cement–

enamel-junction (CEJ) to the most apical area of the alveolar crest (AC). Middle: Measurements by distance method showing

lingual and buccal sections of mandible first molars with/without induction of experimental periodontitis (EP) in C, control

rats; Pb, lead-treated rats (A); HX, hypoxic rats (B); PbHX, lead-treated hypoxic rats (C). Lines in each graph show animals

submitted to EP. Data are reported as means W SD (15 rats per group. EP was induced in half of the animals of each group).

Equal letters indicate no significant differences. A significant difference between groups was chosen as p < 0.01 determined

by two-way ANOVA followed by Student–Newman–Keuls Multiple Comparison Test. Down: Photographs of one animal per

group selected randomly. Scale bar 1 mm.
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epidemiologic investigations in China western territory have

showed that the immigrants in the plateau have a higher

morbidity with periodontitis. Moreover, chronic exposure to

lead significantly affects oral health among exposed workers

and strongly correlates with increasing level of blood lead

among them. The most common adverse effects of lead on

dental health of exposed workers were the significant increase

in the prevalence of periodontal diseases, caries, missed and

filled teeth and dental abrasions.3 The deleterious effects on

periodontal and dental tissues, which we recently reported by

means of Pb and HX, aimed us to investigate in the same rat
model, local and systemic inflammatory parameters linked to

periodontal disease in rats with or without experimental

periodontitis (EP). We used the ligature-induced periodontitis

in rats as an experimental model where ligation acts as a

mechanical trauma on the gingival area, reducing tissue

integrity, allowing host–plaque interaction and bacterial

plaque-formation.13

To establish the effect of Pb and HX as risk factors for

periodontitis, we evaluated the production of plasmatic TNFa

because it was demonstrated to be an important mediator in

the pathogenesis of this disease allowing the entrance of



Fig. 5 – Upper: Interradicular bone volume after Pb and HX treatments in rats with 14-days experimental periodontitis (EP) in

C, control rats; Pb, lead-treated rats (A), HX, hypoxic rats (B), PbHX, lead-treated hypoxic rats (C). Lines in each graph show

animals submitted to EP. Data are reported as means W SD (15 rats per group). EP was induced in half of the animals of each

group. Equal letters indicate no significant differences. A significant difference between groups was chosen as p < 0.01

determined by two-way ANOVA followed by Student–Newman–Keuls Multiple Comparison Test. Down: Photographs of

transverse slides of the longitudinal sections of the mandibular interradicular bone of one animal per group selected

randomly. Resected hemimandibles stained with H&E were observed under a stereomicroscope (T2.5).
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inflammatory cells into sites of infection, promoting bone

resorption and stimulating eicosanoid release, especially

prostaglandin E2.14 Previously reported studies showed a

release of TNFa in another experimental model of periodonti-

tis induced by exposure to lipopolysaccharide (LPS) from

gingival tissues.10 Surprisingly, we found a lack of response

in rats exposed to Pb and HX, simultaneously. These

findings could be due to a greater activation of the
hypothalamus-pituitary-adrenal axis, with increased levels

of corticosterone which leads to lower values of TNFa.

Periodontitis causes oxidative stress, whose consequences

occur in the oral cavity and in most distant organs.15 Patients

with periodontitis have a significantly higher level of TBA-RS

than healthy people and this suggests that TBA-RS of gingival

tissue are closely associated with periodontal status.16 In this

study we found that rats chronically intoxicated with lead
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showed significant higher values of TBA-RS content in gums.

However, TBA-RS content was significantly higher in SMG only

by means of HX. We hypothesise that these differences

between gums and SMG values could be due to the local

deleterious effect induced by lead intoxication versus the

systemic effect of hypoxia, since gums are daily exposed to

lead acetate in drinking water while SMG are more distant

organs responding to general immunological status. Anyway,

other authors concluded that intermittent hypobaric hypoxia

not produces significant imbalance in redox status, since not

increase oxidative stress assessed by measurements of

plasma TBARS and catalase and superoxide dismutase in

eritrocytes.17

The increase of SMG PGE2 content observed in rats

subjected to EP is consistent with inflammatory states as

those seen in gingival tissues of patients suffering periodontal

disease.18 High levels of PGE2 in the SMG were previously

reported to be associated to periodontitis, and are in

concordance with salivary hipofunction observed in these

conditions which also produce additional deleterious effect

contributing to the progression of the disease.5 Moreover, the

highest levels of PGE2 content observed in the SMG of rats

exposed to lead intoxication and hypoxia environment,

simultaneously, could explain the spontaneous bone loss

observed in these rats, and shows clearly the existence of

crosstalk between oral pathologies and the SMG.

Bone loss was determined by the distance method in spite

of its limitations because it is recommended for short

observation periods (<15 days EP) in relation to the area

method.19 We demonstrated that the hypoxic environment

enhanced alveolar bone loss in the buccal sections in animals

not submitted to EP. As expected, the molars with EP exhibited

significant bone loss which was aggravated by treatments.

These results suggest that the damages found in bone tissue

due to a periodontal disease could be worsening by the effect

of lead intoxication or under hypoxic environment. Moreover,

from the analysis of the histological data it seems that

combined treatments induce interradicular bone loss even in

the absence of periodontitis. We hypothesise that this could be

due to the fact that lead intoxication affects osteoblasts,

osteoclasts and chondrocytes producing osteoporosis and

inhibition of endochondral ossification20,21 and that the metal

has been found inside hydroxyapatite crystals.22 Lead could

also increase the activity of matrix metalloproteinases (MMPs)

by direct or indirect mechanisms under means of ROS

production.23 MMPs are a group of enzymes released from

inflammatory cells recruited by bacterial infection which play

an important role in periodontal disease pathogenesis by

cleaving collagen and other matrix proteins. This higher

activity induced by Pb would explain the mayor tissue

destruction and increased bone loss in the experimental

groups.24 On the other hand, the presence of different kind or

number of bacteria in the altitude environment compared to a

normal one or the greater osteoclastic activity plus the

changes in the quantity and quality of saliva might play a

role in these alterations.4

In conclusion, these results show that lead intoxication

under hypoxic environment enhanced not only alveolar bone

loss but also some systemic and oral tissues inflammatory

parameters, which could aggravate the physiopathological
alterations produced by periodontal disease. Further studies

should be necessary to fully understand the underlying

mechanisms to evaluate the risk of Pb intoxication in our

experimental model.
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