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ABSTRACT

The aim:To reveal the effect of pyrophosphates on the tooth germ structure in the mandible of embryos (17th day of pregnancy) gestated by females, kept on a pyrophosphate-

rich diet since 30 days before fertilization to gestation.

Materials and methods: The effect of food supplements was studied in «Overload phosphates model». Experiments were carried out on white nonlinear outbred mice with
mass 25-28q (n=40). The females from the control group were fed with standard rodent food, whereas the experimental females were fed with pyrophosphate-enriched food.
The material for the morphological study were the mandible of 17-day-old mouse embryos (E-17), which were examined under a microscope with subsequent photofixation.
Results: The examination of the mandible of 17-day-old mouse embryos, gestated by females on a pyrophosphate-rich diet, showed morphological changes in tooth germs

at the dental follicle development stage.

Condlusions: The experimentation revealed that the pyrophosphate excessive intake during dental follicle development leads to early dentinogenesis and oppression of

ectodermal structures of tooth germs.
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INTRODUCTION

Diet is an important determinant of offspring health, start-
ing from the conception [1]. Nutritional needs increase
during pregnancy to maintain maternal metabolism and
tissue accretion while supporting foetal growth and de-
velopment [2]. Poor dietary intakes or deficiencies in key
macronutrients and micronutrients can therefore have a
substantial impact on pregnancy outcomes and neonatal
health. Increasing evidence suggests that the effects of foe-
tal nutrition may persist well into adulthood, with possible
intergenerational effects [2].

One of the current health concerns, particularly relevant
to pregnant women, is the addition of preservatives and
dyes to alimentary products [3,4].

Among the stabilizing agents our attention was drawn
to a food supplement encoded E-450 (salts and esters of
pyrophosphoric acid - pyrophosphates).

There are 8 types of pyrophosphates [5,6]:

(i) Disodium diphosphate;

(ii) Trisodium diphosphate;

(iii) Tetrasodium diphosphate;

(iv) Dipotassium diphosphate;

(v) Tetrapotassium diphosphate;

(vi) Dicalcium diphosphate;
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(vii) Calcium dihydrogen diphosphate;

(viii) Dimagnesium diphosphate.

E-450 is widely used in food industry as a preservative,
stabilizer and raising agent in the production of meat prod-
ucts, semi-finished products (sausages, wursts, dumplings,
carbonade, deli meats, dried meat), minced meat, canned
food; cheeses, processed cheeses and some dairy products
(sour cream, condensed milk); canned seafood, jams, lem-
onades, sweets, baking soda [5,6]:

The World Health Organization (WHO) classifies the
inorganic pyrophosphate as a nontoxic physiological
metabolite with a maximum tolerable daily intake value
(MTDI) of 70mg/kg [7].

The Food and Drug Administration (FDA) of the United
States classifies the inorganic pyrophosphate as Generally
Recognized Safe (GRAS), while in Europe it is designated
as food supplement E-450 [8].

Dietary inorganic pyrophosphate is readily absorbed
in humans [9] and its level of oral absorption, observed
with human volunteers, is comparable to absorption from
water [10].

Excess of phosphates impairs the absorption of calcium in
the body, causing calcium-phosphorus imbalance [11, 12],
which can be crucial at the tooth bud mineralization stage.
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The impact of maternal nutrition on the fetal odontogen-
esis has been well studied, but there are no studies dealing
with teeth germination disorders, caused by excessive
pyrophosphate (food supplement E-450) intake.

We failed to find any published data regarding the mor-
phological changes of tooth germs caused by excessive
pyrophosphate intake by a mouse female during pregnancy,
therefore we initiated a study in pursuit of the following:

examining of the impact of excessive E-450 intake on
the structure of the tooth germs in the mandible of mouse
embryos (17th day of pregnancy) gestated by females, kept
on a pyrophosphate rich diet since 30 days before fertil-
ization to gestation.

THE AIM

The aim of this study was to reveal the effect of pyro-
phosphates on the tooth germ structure in the mandible
of embryos (17th day of pregnancy) gestated by females,
kept on a pyrophosphate-rich diet since 30 days before
fertilization to gestation.

MATERIALS AND METHODS

The in vivo study of the E-450 (pyrophosphate) effect was
carried out on «phosphate overload model». We did not
apply any modification to a basic model 2.

The experiments were performed in compliance with
the «Rules and Regulations for Carrying Out Animal
Research Work».

Experiments were carried out on white nonlinear out-
bred mice (total 40 animals, weighing 25-28g), housed in
stainless steel cages under controlled conditions (50-60%
relative humidity, artificial 12-h light-dark cycle). The
mice were kept at 23+1°C with a 12-h light-dark cycle,
light at 7 a.m., and were allowed ad libitum access to tap
water and food.

The room was located in the vivarium of the Bogomoletz
Institute of Physiology NAS of Ukraine.

All mice were separated into 2 groups: control group and
experimental group.

Experimental hyperphosphatemia (2%) was simulated
by adding to the diet food supplement E-450 (sodium
pyrophosphate, chemical formula Na P,O.) for 60 days.

Mice of the experimental group received a diet of vivari-
um with the addition of 2g. sodium pyrophosphate (made
in Israel) per 100 gr. stern.

Mice in the control group received a diet of vivarium
(24% protein, 11% fat, 48% carbohydrates, 5.5% fiber, 6%
vitamin 5.5% ash).

Females in proestrus or estrus phase were kept with the
males in proportion 4:1 30 days later.

The presence of spermatozoa in the vaginal smear was
considered as an indicator of fertilization and first day of
pregnancy.

Pregnant females were kept in cages and fed with stan-
dard food (control group) or pyrophosphate rich food
(experimental group).

Pregnant mice (n=6 per group) were sacrificed by the car-
bon dioxide expose on the 17th day of pregnancy (E-17).

The object of the morphological investigation were the
mandibles of 17-day-old mouse embryos (E-17), when
odontogenesis underwent the stage of the bell (period from
16.5 to 18.5 days of pregnancy) [13].

Experiments were performed in accordance with the
European Community Standards.

The mandibles were fixed by 2% glutaraldehyde in caco-
dylate buffer followed by decalcification, postfixation in 1 %
osmium oxide and embedding in epoxy resin. Semithin
sections were stained with methylene blue and fuchsine
that allowed identification of mesenchymal and epithelial
tissues. Obtained morphological sections had 1,0-1,5 um
in thickness. The images were obtained using Nikon Eclipse
E200 (Fryer Co., Huntley, IL,USA) microscope in combina-
tion with Nikon DS-F11 camera.

To describe micrographs with magnification x10, x20,
x40 we used a schematic representation of successive stages
of differentiation of ameloblast cells (Fig. 1).
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Fig. 1. Schematic repre-
sentation of the sequence
of stages of ameloblast
cells differentiation [14]
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Fig. 2. Morphological study of the tooth germs of a 17-day-old embryo of
control mice, x10, staining with methylene blue: 1-ameloblasts, 2 - enamel,
3 - dentin, 4 - odontoblasts.

Fig. 4. Morphological study of the tooth germs of a 17-day-old embryo
of control mice, x100, staining with methylene blue: 1 - ameloblasts, 2 -
Thomes'processes, 3 - enamel, 4 - dentin, 5 — predentin, 6 - odontoblasts,
7 - enamel-dentin connection.

STATISTICAL ANALYSIS

Statistical analysis of obtained data was performed using
Excel 2000 and Origin 7.0. Probability distribution of mean
(P<0.05) was calculated using Student’s t-test.

RESULTS

Our morphological research of dental germs from embryos
gestated by mice kept on a pyrophosphate-enriched diet
before and during pregnancy showed tooth morphogenesis
disturbances.

The obtained micrographs of the control group showed
the following.

At an increase of x10 in the control group, ameloblasts
formed a uniform layer with clear polarization, on the
apical part of cylindrical cells there were narrowed areas
- Tomes’ processes, key structures responsible for the secre-
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Fig. 3. Morphological study of the tooth germs of a 17-day-old embryo of
control mice, x40, staining with methylene blue: 1-ameloblasts, 2 - Thomes’
processes, 3 - enamel, 4 - dentin, 5 - predentin, 6 - odontoblasts, 7 - pulp,
8 - enamel-dentin connection.

Fig. 5. Micrograph of the dental germ structure of a 17-day-old embryo of
experimental mice (pyrophosphate (E450) rich diet). Magnification: x10;
staining: methylene blue. 1-ameloblasts, 2,4- enamel, 3 — odontoblasts.

tion of the enamel matrix, the presence of which indicates
high differentiation of ameloblasts and corresponds to
secretory stage development of these cells. The functional
activity of the ameloblast layer was reflected by the presence
of a pronounced dark-dark band between the dentin and
ameloblasts, which morphologically corresponds to tooth
enamel (Fig. 2).

With increasing x40 in the control group (Fig.3), ob-
served was the formation of a uniform layer of odonto-
blasts, which took a cylindrical shape, were located in par-
allel and formed processes in the predentin layer. Dentin
and predentin had the form of two tightly connected but
evenly spaced bands, differing in color by about one tone -
predentin lighter, dentin darker. When the predentin layer
reaches a thickness of 40-80 pm, it is pushed to the periph-
ery by the newly formed layers of predentin, in which the
fibers have a different direction - they are located parallel to
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Fig. 6. Micrograph of the dental germ structure of a 17-day-old embryo of
experimental mice (pyrophosphate (E450) rich diet). Magnification: x20;
staining: methylene blue. 1 - dentin, 2 — odontoblasts, 3- outer enamel
epithelium, 4 — enamel, 5 — ameloblasts.

the surface of the papilla. Subsequently, these inner layers
of dentin, rich in tangential fibers, form pulp dentin in
the formed tooth, and the radial fibers lying in the outer
layers of dentin, which was formed first, - mantle dentin.

With increasing x100 in the control group (Fig. 4), the
uniform distribution of dentin and predentin bands on
lighter and darker was observed. There is a higher differ-
entiation of cells of both odontoblasts and ameloblasts.
Ameloblasts have a cylindrical shape with pronounced
thinning in the apical part, the clear location and uniform
distribution of cell layers allow us to conclude about the
high differentiation and sequence of function of all cells.

The following differences are observed in the obtained
micrographs of the experimental group.

With an increase in x10 in the experimental group (Fig.
5), the enamel was expressed in form of uneven barely
noticeable line in a limited area. It was probably resulted
from significant structural alterations in ameloblast layer,
to be more precise - in formation of unevenly ordered layer
composed from unpolarized cells with feebly pronounced
cylindrical shape.

With increasing x20 in the experimental group (Fig. 6)
the outer enamel epithelium was expressed in form of un-
even layers of chaotically distributed cells distinguishable
by their polarization and intensity of staining.

With increasing x40 in the experimental group (Fig. 7)
the line of hard tissues formation contained nonuniform
bands in teeth from experimental group, a phenomenon
that was observed in none of the control samples. The
thinnings on the apical part of ameloblasts were observable
only on the very limited area, determined thinning - Tomnes’
process (Fig 7).

The hypertrophic nucleuses of ameloblasts occupied almost
the entire cytoplasmic space, that indicates decreased cell
differentiation and only the beginning of cell transition from
pre-secretory into secretory phase of differentiation (Fig. 7).

Fig. 7. Micrograph of the dental germ structure of a 17-day-old embryo of
experimental mice (pyrophosphate (E450) rich diet). Magnification: x40;
staining: methylene blue. 1 - dentin, 2 — odontoblasts, 3 — enamel, 4 —
enamel-dentin connection, 5 — Tomes’process, 6 — ameloblasts.

Unevenly located ameloblasts differed from each other
by phase of their maturation (most of them were on the
early maturation stage). The unpolarized chaotically dis-
tributed cell aggregations were observed, in front of which
the enamel was not disclosed (Fig 5, 6).

Some slight disorientation and disorganization of odon-
toblasts, as like as absolute their absence in some areas of
the organ, was observed at x40. Dentin has the appear-
ance of a light irregular strip without distinctive division
between the predentin and dentin. Since predentin and
dentin could not be distinguished in the preparation, it
is clear that the specimens from the experimental group
underwent some alterations caused by uneven and even
sometimes chaotic arrangement of dentine collagen fibers
and disbalance of process of dentine layer satiation with
organic and inorganic components. The thin layer of dentin
is one more indicator of its reduction; the disorganization
of the odontoblasts layer was also observed (Fig. 7).

DISCUSSION

The experiment focused on the features of morphogenesis
of tooth germs of 17-day-old mouse embryos. In mice of
the experimental group the study revealed changes in the
morphological structure of teeth, caused by the sodium
pyrophosphate (food additive E450) rich diet, including
significant structural changes in the layer of ameloblasts,
uneven layers of chaotically arranged cells of the outer
enamel, nonuniform bands in the line of hard tissues for-
mation. Tomes’ processes were determined in a very limited
area of apical parts of ameloblasts, hypertrophied nuclei of
ameloblasts covered almost the entire cytoplasmic space,
unevenly spaced ameloblasts were mainly at the stage of
early maturation, disorientation and disorganization of
individual odontoblasts. In the experimental group there
were changes caused by uneven and sometimes chaotic
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arrangement of dentin collagen fibers, imbalance in the
saturation of the dentin layer with organic and inorganic
components.

Thus, in all samples of the tooth germs of the experi-
mental group there were significant differences as opposed
to the control ones. This is due to the fact that the most
pronounced effect of food additive E450 (pyrophosphate)
occurs during the follicular development of teeth, which
leads to early dentinogenesis and inhibition of ectodermal
structures of tooth germs.

The researchers [15] conducted the study of the effect of
excessive amounts of pyrophosphates in the diet of preg-
nant mouse females on the expression of BMP2 mRNA and
osteocalcin. It was found that a diet, enriched with sodium
pyrophosphate, does not alter BMP2 gene expression [15].
Given that BMP2 is a key factor of odontoblasts differentia-
tion [16], we can hypothesize that excessive pyrophosphate
in maternal diet would not influence the odontogenesis in
the embryo. However, sodium pyrophosphate rich diet is
likely to increase the expression of osteocalcin [15]. On
the one hand, raised osteocalcin expression seems to be a
positive sign, since osteocalcin ensures the mineralization
of the tooth bud tissues, and that means intensification of
apatite formation in animals with gained expression of
osteocalcin. But on the other hand, the hyperexpression
of osteocalcin could cause the premature tooth mineral-
ization that can disrupt the processes of teeth formation
and odontogenesis all in all.

Studies of pathohistological changes in the tooth germs
of the mandible of 17-day-old mouse embryos allowed to
compare genetic changes [16] with pathomorphological
and to establish the functional significance of changes in
the expression of the studied genes.

Under clinical conditions, this creates a favorable basis
for the development of systemic hypoplasia of the enamel,
and in the long run - focal demineralization of hard tissues
and carious process [17].

CONCLUSIONS

Experiments on the mandible of 17-day-old mouse em-
bryos, influenced by food supplement E-450 (pyrophos-
phate), showed the availability of morphological changes
in teeth buds. In all samples of the experimental group
there were significant structural differences in the forma-
tion of tooth germs as opposed to the samples of the con-
trol group. The study has revealed that food supplement
E-450 (pyrophosphate) can cause early dentinogenesis
and oppression of ectoderm derived structures of teeth
at the stage of their follicular development. In clinical
conditions, it may induce the development of system
enamel hypoplasia, focal demineralization of hard tissues
and hereafter may cause caries.
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