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ABSTRACT

Tooth development or odontogenesis is a very complex process involving many
growth factors and transcription factors of genes to ensure an ordered and controlled
development of tooth germs. Increasing use of herbal remedies by mothers during
pregnancy to avoid side effects of medical drugs may cause systemic and local ef-
fects on tooth development. In this study 50 pregnant rats were used, G1 control, GII
eucalyptol oil vapour, GIII aloe vera. Offsprings were sacrificed at 1*'day and 5" day,
the specimens were obtained by serial sagittal sections and stained with (H&E) and
Mercuric Bromophenol Blue (special stain). Administration of these herbal medicine
during pregnancy result in adverse effects on tooth germ development of the offspring,
delay tooth formation, change the thickness of the constituent layers of the teeth and

disturbance and altered minerlization of enamel and dentin layers.

INTRODUCTION

Odontogenesis is a very complex process result from sequential and
reciprocal interactions between the oral epithelium and neural crest-
derived ectomesenchymal cells which promotes cellular differentia-
tion, resulting in histogenesis and organogenesis.!'?! The continuous
epithelial/mesenchymal interaction occurs during tooth development,
making this organ one of the best models for differentiation and is an
excellent subject for evolutionary studies. “'Herbs have been widely
used in pregnancy and post-partum period to reduce the discomfort and
to restore the body condition after delivery. In contrast to prescripted
medications, most herbal products are marketed without going through
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clinical trials to demonstrate either their efficacy
or safety. "The effects of them may be transient,
grave, or fatal. The fetus is in particular risk with
herbs that may be teratogenic, carcinogenic or have
toxic effect. !

Aloe vera and eucalyptol oil are widely used as
a herbal medicine. Aloe vera has been used many
years for its curative and therapeutic properties,
It contains enzymes, vitamins, amino acids, fatty
acids, Anthraquinones, minerals and hormons. 7
Pharmacological actions of aloe vera; Improve
wound healing, Anti-inflammatory  action®
Antioxidant &Anti-diabetic effects®immunomodu-
latory effect,'”it also used in treatment of gingi-
vitis,! ' periodontitis''? beside the improvement of
oral ulcers ! *! and oral lichen "*planus. It was re-
ported that fractions prepared from fresh leaf and
commercial Aloe vera gel extracts contained high
levels of lectin-like substances as anthraquinones
which is ascribed to be cytotoxic for human and ani-
mals. IThere are numerous reports about stimula-
tory and inhibitory effects of Aloe vera lectin-like
substances on cell proliferation reduced growth,
diarrhea, and interference with nutrient absorption
are caused by this class of toxicants. ! Some cyto-
gentic studies showed that AV caused chromosomal
damage which was expressed by mitoitc index and
chromosome aberrations. Many types of structural
rearrangement of chromosomes have been identi-
fied in neoplastic cells, such as deletion duplication,
inversion, insertion and translocation. Such rear-
rangement gives rise to loss, gain and relocation of

genetic material. ['7)

No previous researches evaluated the effect of
aloe vera on tooth germs. Eucalyptol is widely
distributed in plants spices mugwort, sweet basil,
rosemary, sage, cardamom and their essential oils.
181 The main food sources are eucalyptus oil (up to
80% -95% eucalyptol) oil. It is related to the fam-
ily of (2,3,7,8- tetrachlorodibenzo-para-dioxin). ™
Eucalyptol has been used to treat bronchitis, sinus-
itis, chronic rhinitis and also for the treatment of
asthma. " These actions seem to be related to an
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anti-inflammatory action,”!! inhibiting the produc-
tion of tumor necrosis factor alpha. ** The oil also
inhibits the production of cytokines and prostaglan-
dins by stimulated monocytes in vitro, explaining
its bronchodilator effect.?®! (Jehad M and Al-Hijazi
A, 2011) were done the study to evaluate the effect
of the eucalyptol oil vapour on the palate and tooth
germ development of rats embryos for the periods of
(16™ day ,18™ day intrauterine life and one day old
rats). Sagittal sections through the upper and lower
jaws showed thickened of the oral epithelium. Rat
embryo of 18 days intrauterine life subjected to the
vapour synthetic eucalyptol oil as shown horseshoe
—shaped dental arch with presences of primodium
of tooth germ along the arch. Rat embryo of one
day old subjected to the vapour synthetic eucalyptol
oil showed apposition of hard tissue. Odontoblast
cells showed to be not well be polarized and not
well be arranged faced the developing dentin. The
predentin showed to be wide, calcospherite can be
detected. '

MATERIALS AND METHODS

Materials

1- Eucalyptol oil used in the form of ready-made
preparation commercially known as (Flu-
kaChemika, Sigma-Aldrich).

2- Aloe vera plant: Preparation according to Sasi-
Kurmar, et al, 2013. 24

Methods:

50 albino wistar female rats giving no birth pre-
viously and 20 albino wistar male rats. All animals
were caged, and maintained under relative humidity
55+ 0.5 and thermostatically regulated room tem-
perature at 23+2°C to maintain cage hygiene and
good ventilation. During the experimental period,
the animals were fed solid rat chow and tap water
ad libitum. First, the fertile period of the rats (also
known as estrous cycle) was determined by the
smear was taken from the vagina on a glass slide for
microscopic examination.” Once the fertile period
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(estrus phase) was detected, the rats were isolated
in individual cages; every two female were housed
together with one male for mating during the night
period. In the morning, the first day of pregnancy
was determined by the presence of the vaginal plug.

After this, the pregnant rats were randomly divided
into:

1- Ten pregnant rats were used as a control mother,
which received normal ordinary diet.

2- The other forty pregnant rats were considered
as experimental mothers, which were divided in
two groups:

* 1% group: consisted of twenty pregnant rats which
received Eucalyptol oil inhalation vapour (120 Ml
oil in 250 ml boiling water) ! for half an hour
from one week of gestation till the delivery

e 2mgroup: consisted of the other twenty pregnant
rats that received Aloe vera drink 200mg/kg.
once daily! by intraoral gavage from one week
of gestation till the delivery. The offsprings
which were delivered from the mothers, were
classified as follows:

*  Control group:

Group I (G I); consists of the offsprings which
were delivered from the control mothers.

* Experimental groups:

Group II (G II); consists of ten offsprings which
were delivered from the experimental mothers
which received FEucalyptol oil. Group III (GIII);
consists of ten offsprings which were delivered
from the experimental mothers which received
Aloe vera.

Each group (I, IT and IIT) will be sub-divided into
sub-groups according to the time of  scarification

as follows: 271

¢ Subgroup A (D1); rats which were scarified at
1* day of delivery.

(195)

* Subgroup B (D2); rats which were scarified at
5™ day of delivery.

The heads separated from the body taking sagit-
tal planes in serial 5SMm thick histological section.
The specimens were stained with Hematoxylin and
Eosin stain and special stain (Mercuric Bromophenol
Blue) stain to evaluate the total protein content.

RESULTS

Histological results

The tooth germ of the lower first molar at 1** day
of GI appeared with the normal structure of develop-
ment at the early bell stage, the outer enamel epithe-
lium (OEE) appeared as continuous layer of cuboidal
cells. The inner enamel epithelium (IEE) appeared
as a single layer of tall columnar cells. The stellate
reticulum appeared as several layers of widely scat-
tered star shaped cells with long processes joining
the cells together and they are separated by wide
intercellular spaces. These layers of cells appear
filling in the space between the (OEE) and (IEE).
The stratum intermedium appeared as few layers of
flattened cells, intervened between the inner enamel
epithelium and stellate reticulum. Cervical loop is
appeared in its developmental stage. Thin bone tra-
beculae are deposited in the fundus of bony crypt
and extended to overlie the coronal portion of the
tooth germ Fig(1 A), while in GII appeared in late
bell stage but with variable morphological changes
with separation of ameloblast from the underlying
predentin by the presence of cleft (sub-ameloblastic
cyst), also loss of polarity and there were vacuola-
tion between ameloblast and odtontoblast cells, few
and thin bone trabeculae. Stratum intermedium ap-
peared clearly continuous in some areas and in other
areas they showed reduction in number of cells or
even being missed. The dental papilla revealed in-
creased vascularity Fig (1 B). In GIII appeared in
early bell stage showing delay in the normal devel-
opmental stages than control, all enamel organ cell
layers showing delay in differentiation and organi-
zation there’s dilation of blood vessels in dental pa-
pilla. Very thin loss of normal morphology of bony
trabaculae Fig (1 C). At 5™ day the tooth germ of GI
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appeared in the advanced (late) bell stage. The pre-
dentin, enamel matrix, dentin matrix was deposited
along the crown and extended downward with obvi-
ous areas of enamel minerlization, development of
epithelial root sheath of Hertiwg. Well-developed
bony trabaculae. While in GII The enamel and den-
tin showed massive distortion in formation where
there was uneven thickness of enamel and dentin
layers all over the tooth, beside there was complete
absence in certain areas. Arrest in root develop-
ment. [rregular, thin and scattered bone trabeculae.
Increasing vascularity of dental papilla. In GIII the
enamel matrix show increased thickness with no
evidence of enamel maturation. The odontoblasts
appeared normally arranged in pallisading man-
ner, while in other areas showing thin dentin and
enamel matrix, the odontoblasts revealed also some
disturbance in its normal arrangement with even

Noura Mohammed Bakr, et al.

certain areas of odontoblast degeneration were seen.
There is increased number of blood vessels in dental
papilla, also the dental sac showed very thin bony
trabeculae surrounding the tooth germ Fig(1)

Histochemical result

At 5% day the tooth germ of GI showed Strong
reaction for total protein content in enamel matrix
layer in some areas and moderate reaction in others.
Moderate reaction in dentin layer, weak reaction
in predentin layer. In GII D5 showing strong reac-
tion for total protein content in enamel matrix layer.
Moderate reaction in dentin layer, weak reaction in
predentin layer. In GIII D5 strong reaction for to-
tal protein content in enamel matrix in spotted areas
and less color density in other areas. Mild reaction
in dentin. Week in predentin (fig 3)

Fig(1); A photomicrograph showing GI appeared at normal early bell stage(A) while in GII appeared in late bell stage but with
variable morphological changes(B), in GIII in early bell stage showing delay in the normal developmental stage (C)

(H&E, Orig. Mag x40

Fig(2); A photomicrograph showing GI appeared at normal late bell stage(A) while in GII appeared in late bell stage but with
variable morphological changes(B), in GIII in late bell stage with delay in mineralization)(H&E, Orig. Mag x100
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Fig(3); A photomicrograph showing GI showing strong reaction in enamel matrix in some areas (black arrow), moderate
reaction in others (red arrow) moderate reaction for total protein content in dentin (1). Weak reaction in predentin (green
arrow) (A) while in GII strong reaction for total protein content inenamel matrix. Moderate reaction in dentin. B), in GIII
strong reaction for total protein content in enamel matrix in spotted areas (yellow arrow) and less color density in other
areas (white arrow) . mild reaction in dentin(black arrow). Week in predentin(green arrow) (C) (mercuric bromophenol

blue, Orig. Mag x100)

DISCUSSION

As the dental hard tissues are not replaced once
they have been formed, tooth is considered an in-
formative organ model for studying abnormal min-
eralized tissue formation. Tooth development is ge-
netically controlled but also susceptible to environ-
mental disturbances. The effects not only depend on
the chemical concerned and the dose/concentration
but also the stage of tooth development at the time
of exposure.™ As the eucalyptol belongs to the
family of dioxin (2,3,7,8-tetrachlorodibenzo-para
dioxin) (TCDD).!"™ Eucalyptol oil (as a chemical
agent is ubiquitous environmental contaminants)
has many adverse biological effects. Retardation
in the tooth development suggested arrest of cell
differentiation which may be related to poor in-
teraction between mesenchymal cells and epithe-
lial cells. Dioxin induce developmental defects
that may be irreversible, and they are raising due
to high exposure and possible greater sensitivity to
infants. ™ Vacuolation also appear in some areas
at ameloblast and in odontoblast cells. LevensonG;
1976 suggested that, the vacuolation is responsible
for the occurrence of some disturbance, possibly
metabolic, in newly differentiated odontoblasts.
1391 prolonged exposure to eucalyptol (inhalation);

increases cerebral blood flow correlated with euca-
lyptol concentration in blood, suggesting a vasodi-
lator action. This might explains the dilation of the
blood vessels of dental papilla.l'”!

Subameloblastic cysts is caused by detachment
of the ameloblasts from the underlying odontoblast
cells.'3231 The detachment of the ameloblasts from
the underlying surface seen in the present study was
also seen in a study done by Larsson, 1974 where
it was found that using diphosphonates causing
cell disorganization and ultra- structurally there
was fragmentation of the Tomes’ processes of the
ameloblasts. This may be one factor responsible
for the exfoliation of the ameloblasts from the
underlying surface and the formation of cyst like
cavities.** (GIII D1) causing delaying in tooth germ
development compared with control group. This
may be due to the cytotoxic effects of commercially
prepared Aloe vera, this agree with a study done by
Winterset al., 1981 to see the effect of commercially
prepared Aloe vera gel on human normal and
tumor cells in culture, it was suggested that these
commercial preparations contain  substances
introduced during commercial processing which
can alter the levels of lectin-like activities and can

markedly disrupt the in vitro attachment and growth
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of human cells. "> The increase of vascularity and
blood vessels of the dental papilla of tooth germ in
both one and five postnatal days was due to the effect
of aloe vera causing increase and re- establishing of
blood vessels and angiogenesis (formation of new
blood capillaries).®

Some cytogentic studies showed that AV caused
chromosomal damage which was expressed by mi-
totc index and chromosome aberrations. "Many
types of structural rearrangement of chromosomes
have been identified in neoplastic cells, such as de-
letion, duplication, inversion, insertion and translo-
cation. Such rearrangement gives rise to loss, gain
and relocation of genetic material. In addition, nu-
merical aberrations, giving rise to loss or gain of
entire chromosomes, are common **! this may the
cause of the enlargement of tooth germ at 5 day
(GII D5) more than that in control group as that
increase which occur in trisomy 21 causing tongue
enlargement. ! In the aloe vera group at 5 day a
delay in mineralization of enamel was found at the
area of the cusp tip which agree with the finding of
Eisenmann et al 1984, who found that the Ca level
were significantly reduced near the distal ends of
the ameloblast following cobalt or fluoride injection
(both of which temporarily inhibit enamel mineral-
ization as compared with control 3¢,

The histochemical examination showed, there
was a noticeable increase in total protein content
in the enamel matrix in some areas and there was
a decrease in others areas in control group, so the
staining of enamel matrix for total protein content
was not homogenous, Bosky 1996 reported that the
elimination of proteins from the calcified matrix de-
notes that there is an advanced events in mineraliza-
tion. She found that proteins could inhibit de novo
hydroxyapatite precipitation and conversion of cal-
cium phosphate to hydroxyl apatite crystals.*".. In
aloe vera group the spotting found inside enamel
matrix not obvious areas as in control denoting that
delay in mineralization in this group compare to that
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at the control group which agree with the histologi-
cal result of (H & E). The difference in the degree
of protein content in the experimental groups may
be explained by( Robinson,2014) who found that,
the maturation stage of enamel development com-
prises a secondary stage of mineral deposition dur-
ing which apatite crystals, stage grow in width and
thickness to replace fluid which had replaced the
degraded protein matrix.

The time scale for the maturation process is
hugely variable dependent on species, from 2 weeks
to several years. 90-95% of the tissue volume is fi-
nally occupied by apatite crystals. As a result of
changes in the enamel organ and the porosity of
maturing enamel, extraneous materials can enter
the tissue at this stage. Depending on the materi-
als themselves and the duration of exposure, this
can lead to delayed maturation and the eruption of
white opaque dysplastic tissue. Enamel maturation
is not only an important stage with regard to tissue
development but also a very sensitive one in terms
of hypomineralised enamel dysplasias. .
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