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Introduction: The use of opioids such as morphine has anti-pain effects along with some side
effects on body organs. Opioids such as morphine can be transferred from mother to child through
the placenta and or breastfeeding. This study aimed to assess the effect of morphine on mineral
content and histological changes of incisor teeth of rats born to morphine-addicted mothers.
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Methods: In this experimental animal study, 24 pregnant rats were randomly divided into 6
groups of control, morphine, zinc, vitamin D, morphine plus zinc, and morphine plus vitamin
D. After completion of the breastfeeding period, two babies were randomly selected among
the newborns of each mother rat. Mineral content was analyzed using the Rontec device. The
obtained data were analyzed by Newman-Keuls multiple comparisons test in Prism 5.

Results: Results showed a significant reduction in fluorine content in the experimental groups
compared with the control group (P<0.05). The magnesium content in the experimental groups
was significantly higher than that in the control group (P<0.05). Microscopic assessment of
the slides showed a significantly less enamel maturation in the experimental groups compared
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Highlights

e Morphine use by mothers decreased the fluorine content of tooth structure and retarded the maturity of enamel of
infants.

e Use of morphine has side effect on histological changes of incisor teeth.

e Morphine causes mineral loss and nutritional deficiencies which have a profound adverse effect on tooth structure
and susceptibility to caries.

Plain Language Summary

Opioids to illegal substances is a complex health dilemma, causing a wide range of skeletal and dental complica-
tions, oral infections, and psychological disorders. Opioids such as morphine can be transferred from mother to child
through the placenta and or breastfeeding. Morphine use by mothers decreased the fluorine content of tooth struc-
ture and retarded the maturity of the enamel of infants. Morphine’s unique mechanism of action and its metabolic
pathway suggest its correlation with tooth decay. This study showed that morphine can decrease the concentration
of minerals, and prevent caries. Also, the administration of zinc and vitamin D can increase the absorption of fluo-
rine, magnesium, zinc, iron, and strontium. Dentin thickness is increased with zinc and vitamin D supplementation.

1. Introduction

ddiction to illegal substances is a complex

health dilemma, causing a wide range of

skeletal and dental complications, oral in-

fections, and psychological disorders (Chen

& Lin, 2009). Substance abuse and its re-
lated complications impose a great burden on the indi-
vidual and social health and can decrease work efficiency
and production, increase health care costs, and higher
violence and crime (Nessa, Latif Siddiqui, Hussain, &
Hossain, 2008). Oral health problems are among the
most common general health complications associated
with substance abuse. Substance abuse has direct and in-
direct effects on oral and dental health. Dental problems
can adversely affect the quality of life of drug abusers
(Robinson, Acquah, & Gibson, 2005; Reece 2007). The
use of opioids is associated with a high rate of caries and
periodontal disease, which is significantly higher than
the rate in the general population (Scheutz 1984). Drug
abuse also causes mineral loss and nutritional deficien-
cies such as protein and vitamin A deficiency, which
have a profound adverse effect on tooth structure and
susceptibility to caries (Sebastiani et al., 2018). Navia,
Di Orio, Menaker and Miller (1970) stated that zinc, as
a rare-earth element, can prevent caries progression. Lin
and Leo reported an increased rate of caries following the
reduction in plasma level of zinc in rats under treatment
with contraceptive steroids (Lin, Lin, Tsai, Lin, & Chen,
2011). Zinc deficiency is also related to taste disorders
(Larson, 1964) and parakeratosis of the buccal epitheli-

um in laboratory animals (Navia et al., 1970). Zinc com-
prises a large portion of the enamel and is only supplied
by eating zinc-containing foods (Navia & Jm, 1972).
Brown, Calhoun, Larson and Smith Jr (1979) showed
that severe zinc shortage (<1 ppm) in the nutritional regi-
men of mothers during breastfeeding period increased
the susceptibility of their children’s teeth to caries. In the
past couple of decades, increasing attention has been paid
to micronutrients and their role in human health and dis-
ease prevention. Calcium and vitamin D are among the
most important micronutrients related to general health
and caries prevention. Vitamin D is involved in calcium
uptake and metabolism and has some other tasks in the
human body as well. Calcium plays a role in bone health
and is involved in many critical processes (Man et al.,
2017). Calcium and vitamin D play key roles in the pres-
ervation of tooth structure. Due to their altered physiol-
ogy and absorption of minerals and some pathological
conditions, drug abusers have specific dietary needs. For
instance, they often suffer from calcium and vitamin D
deficiency. Consequently, dental caries is also prevalent
in them. Attempts have been made to improve the nutri-
tional status of drug abusers and they are encouraged to
consume foods rich in vitamin D, calcium and other mi-
cronutrients (Man et al., 2017). Vitamin D deficiency also
impairs the absorption of several minerals and vitamins.
Minerals such as iron, magnesium, zinc, and phosphate
are affected by vitamin D shortage. Drug abusers often
suffer from magnesium deficiency. Vitamin D deficiency
decreases the absorption of magnesium and further ag-
gravates the health status (Lhamo, Chugh, Gautam, &
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Tripathi, 2017). Zinc is an import element for growth
and development and its shortage causes dental caries.
Substance abuse affects dental caries as well. Literature
review yielded no comprehensive study on the simul-
taneous effect of drugs and nutrition on tooth structure.
Considering the role of vitamin D in calcium uptake and
the adverse effect of morphine on this process, this study
aimed to assess the effect of vitamin D supplementation
on mineral composition of teeth.

Although there is some information about the effect of
morphine on oral and dental illnesses, no information is
available on examining these changes separately in males
and females. Considering the increased drug use among
males and females in recent years, especially at the age of
fertility, and lack of adequate and consistent information
about the effect of morphine on dental structure, as well
as its possible effects on newborns of these parents, the
present study examines the effect of oral morphine con-
sumption by pregnant rats on changes in incisors’ min-
eral content, not reported in the available sources, and
improvement of damages by vitamin D treatment.

2. Materials & Methods
2.1. Animals

This experimental animal study was conducted on fe-
male Wistar rats weighing 200-250 g. Each rat was sepa-
rately caged at 22°C-25°C temperature under 12:12 h
light:dark cycle with ad libitum access to food and water
(Nessa et al., 2008; Chen & Lin, 2009). Each rat was
only experimented once. The rats were transferred to the
lab one week earlier to be accommodated to their new
environment. All experiments were performed following
the guidelines of the National Institute of Health Publi-
cation No. 80-23, revised in 1996. The study was also
approved in the Ethics Committee of Shahid Beheshti
University of Medical Sciences, Tehran, Iran.

2.2. Experimental design

A total of 24 pregnant rats were divided into 6 groups
as follows:

1. Control group: This group had no addiction to mor-
phine during pregnancy or breastfeeding and did not
receive zinc supplementation during the breastfeeding
period.

2. Morphine group: This group was addicted to mor-
phine during pregnancy and breastfeeding.
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3. Zinc group: This group had no addiction to morphine
during pregnancy or breastfeeding but received zinc dur-
ing breastfeeding.

4. Morphine-zinc group: This group was addicted to
morphine during pregnancy and breastfeeding and re-
ceived zinc supplementation during pregnancy.

5. Vitamin D group: This group had no addiction to
morphine during pregnancy and breastfeeding and re-
ceived vitamin D supplementation during the breastfeed-
ing period.

6. Morphine-vitamin D group: This group was addicted
to morphine during pregnancy and breastfeeding and re-
ceived vitamin D supplementation during the breastfeed-
ing period.

2.3. Addiction model

To induce morphine dependency in mother rats, mor-
phine was added to their drinking water for 21 days.
Morphine was added in 0.1, 0.2, and 0.3 mg/mL con-
centrations each for 48 hours (a total of six days); 0.4
mg/mL concentration of morphine was used for the
remaining 15 days until the 21st day. Morphine ad-
ministration was continued with a 0.4-mg dose until
the end of breastfeeding period (which was approxi-
mately three weeks) (Navia & Jm, 1972). To mask the
bitter taste of morphine, 0.3% sucrose was added to
the drinking water of rats. To ensure addiction, one rat
was randomly chosen from each group and received an
injection of 2.5 mg/kg naloxone as a morphine antago-
nist. Witnessing signs and symptoms of withdrawal
confirmed the addiction of rats.

2.4. Treatment for zinc

In zinc and morphine+zinc groups, mother rats received
zinc sulfate supplementation during their breastfeeding
period. The recommended daily dose of zinc was 12 mg/
kg. Since mother rats weighed about 250 g, they had to
receive 3 mg of zinc daily during their breastfeeding pe-
riod. Zinc sulfate capsules contain 50 mg of zinc. Thus,
3 mg of zinc was measured by a digital scale and was
added daily to the drinking water of mother rats and the
process was continued until the end of their breastfeed-
ing period (Friedler & Cicero, 1987).

2.5. Analysis of inorganic elements

After completion of the breastfeeding period (21 days),
two babies were randomly chosen among the newborns
of each mother rat and decapitated. Of all upper and
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lower incisors of infants, one maxillary and one man-
dibular incisor were chosen for the analysis of the min-
eral content. Two adjacent teeth were randomly chosen
for histological assessment and immersed in formalin for
fixation and processing. A total of 48 specimens in the
experimental and 16 in the control group were subjected
to the analysis of mineral content and 16 specimens of
the same teeth of the same animals were subjected to
histological analysis. In mineral content analysis, the
calcium, fluoride, zinc, magnesium, manganese, phos-
phorus, strontium, iron, and chlorine content in teeth
were analyzed by X-ray diffraction spectroscopy in Razi
Metallurgy Research Center and the weight percentage
of these elements was determined using the Rontec ma-
chine (Germany) (Figuresl & 2).

2.6. Histology

For histological assessment, the specimens were fixed
in 10% formalin for 48 hours and were then decalcified
in 10% formic acid for 20 days; 4-u longitudinal serial
sections were made and stained with hematoxylin and
cosin. The slides were then evaluated by a blind oral pa-
thologist using Nikon (E400, Japan) light microscope.
After the preparation of slides, dentin thickness was
measured using [HMM software version 1.1 (SBMU,
Tehran, Iran) at 40X magnification. Degree of enamel
maturation (absence of matrix, presence of one-third of
the matrix, presence of two-thirds of the matrix, pres-
ence of complete matrix) and pulp necrosis were deter-

SEM MAG: G0 x WD 23,61 rmn
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Figure 1. Electron microscopic image of incisor tooth of a rat
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mined under a light microscope (E400, Nikon, Japan) at
40X, 100X, and 200X magnifications.

2.7. Statistical analysis

The obtained data are expressed as Mean+SEM (Stan-
dard Error of Mean). The data were analyzed by com-
mercially available GraphPad Prism® 5.0. To compare
the percentage of mineral, enamel maturation, and dentin
thickness between all groups (vehicle and experimental
groups), tow-way and or one-way Analysis of Variance
(ANOVA) followed by post hoc student’s t-test were
used as needed. P values less than 0.05 (P<0.05) were
considered to be statistically significant.

3. Results

3.1. The effect of zinc and vitamin D nutrition on re-
ducing morphine side effects and mineral elements

Figure 3 shows the weight percentage of calcium in the
teeth of rats born to the morphine group compared with
the control group. The weight percentage of calcium in
the experimental groups was almost equal to that in the
control group with no significant difference. The weight
percentage of calcium in the morphine-vitamin D and
zinc groups were not significantly different from that of
the control group. Figure 3 shows the weight percentage
of phosphorous in the teeth of rats born to the morphine
group compared with the control group. As shown, the
weight percentage of phosphorus in the experimental
groups was almost equal to that of the control group
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Figure 2. Elements present in the structure of incisor tooth of a rat under electron microscopy using X-ray diffraction
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Figure 3. The weight percentage of mineral elements in teeth of rats born to morphine-addicted mothers compared with the
control group

A: Ca; B: p; C: mg; D: Zn; E: fe; F: Sr; G: mn; * P<0.05 level of significance
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Figure 4. The weight percentage of fluorine in teeth of rats born to morphine-addicted mothers compared to the control group
A: F; B: CI; C: Enamel maturation; D: Dentin thickness; *P<0.05 level of significance

with no significant difference. The weight percentage of
phosphorus was not significantly different in the mor-
phine group compared with the control group. Vitamin
D supplementation increased the weight percentage of
phosphorus compared with the morphine group, but this
increase was not statistically significant. An increase in
the weight percentage of magnesium was noted in all
groups compared with the control group but the increase
was not statistically significant. A significant increase in
the weight percentage of magnesium was only noted in
the morphine and vitamin D group compared with the
vitamin D control group. No significant difference was
noted in the weight percentage of zinc between the ex-
perimental and the control groups. It increased slightly
but not significantly in the morphine group. In the zinc
control group (mothers receiving zinc supplementation
during breastfeeding), the weight percentage of zinc
slightly decreased (not significantly). In the morphine-
zinc group, the weight percentage of zinc was slightly
higher than in the zinc group. No significant difference

was noted in the weight percentage of chlorine between
the experimental and the control groups. A slight, insig-
nificant increase was noted in the weight percentage of
zinc in all experimental groups except for the morphine
and zinc plus vitamin D groups. No significant differ-
ence was noted in the weight percentage of manganese
between the experimental and the control groups. In the
healthy group, the administration of vitamin D increased
the weight percentage of manganese while it reduced the
weight percentage of manganese in the morphine group.
No significant difference was noted in the weight per-
centage of manganese between the experimental and the
control groups. However, a slight increase was noted in
all experimental groups compared with the control group
in this respect. Vitamin D and zinc supplementation in-
creased the weight percentage of iron, and the effect of
vitamin D was greater in this respect. No significant
difference between the experimental and the control
groups was noted in the weight percentage of manga-
nese. However, in all experimental groups, the weight
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percentage of strontium increased slightly, but not sig-
nificantly, compared with the control group.

3.2. The effect of zinc and vitamin D nutrition on
reducing morphine side effects and tooth decay

Figure 4 shows that the weight percentage of fluorine
decreased significantly in all experimental groups com-
pared with the control group, but it increased in mor-
phine and zinc and morphine and vitamin D groups com-
pared with the respective control groups. No significant
difference was noted in the weight percentage of chlo-
rine between the experimental and the control groups. A
slight, insignificant increase was noted in the weight per-
centage of zinc in all experimental groups except for the
morphine and zinc plus vitamin D groups. Enamel matu-
ration rate was significantly lower in all experimental
groups compared with the control group. Enamel matu-
ration was significantly lower in the teeth of rats born
to morphine group who received both zinc and vitamin
D supplementation during their breastfeeding compared
with the rats of healthy mothers who only received zinc
supplementation during breastfeeding. However, dentin
thickness in all experimental groups slightly increased
compared with the control group. Vitamin D and zinc
both caused an increase in dentin thickness, and vitamin
D was more effective in this regard.

4. Discussion

The level of fluorine in the addicted group that received
morphine along with zinc and vitamin D increased com-
pared with the morphine-addicted group. In the case of
magnesium, there was a significant increase in the ad-
dicted group treated with vitamin D as compared with the
control group receiving vitamin D. Zinc level increased
in the morphine-addicted mothers’ group. There was a
significant increase in the weight percentage of chlorine
in all groups except for the morphine-addicted mothers’
group that simultaneously received zinc and vitamin D
during lactation. The weight percentage of iron was sig-
nificantly higher in all of these groups than the control
group. In other words, the administration of vitamin D
and zinc can increase the level of iron while vitamin D
is more potent in this regard. The weight percentage of
strontium in all the groups increased insignificantly as
compared with the control group. The degree of enamel
maturity in all groups, whether those who had morphine-
addicted mothers or those who had non-addicted moth-
ers, decreased significantly as compared with the control
group. A significant decrease in the degree of enamel
maturity was observed in the teeth of newborns of mor-
phine-addicted mothers who simultaneously took zinc
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and vitamin D during lactation as compared with that in
newborns of non-addicted mothers who only took zinc
supplement during lactation. There was no significant
change in dentin thickness in any of the groups as com-
pared with the control group (P>0.05). Vitamin D and
zinc both increased dentin thickness in all groups, and
the effect of vitamin D was stronger, but the increase was
not significant for both.

Calcium and phosphorous are the two main constitu-
ents of dental hard tissue. X-ray diffraction for the as-
sessment of change in the weight percentage of calcium
and phosphorous showed that on average 50% of the
minerals in teeth of baby rats were calcium and 30% was
phosphorous. The results showed that the addiction of
mothers to morphine did not cause a significant change
in the weight percentage of calcium and phosphorous.
Receiving zinc supplementation had no significant ef-
fect on the weight percentage of either calcium or phos-
phorous. Our results showed that the weight percentage
of fluorine, which is crucial for caries prevention, was
significantly lower in rats born to morphine-addicted
mothers. The weight percentage of fluorine in zinc and
vitamin D groups was still significantly lower than that
of the control group, showing that zinc and vitamin D
supplementation could not completely compensate for
this shortage (Nadeau et al., 2018).

The weight percentage of strontium, iron, and magne-
sium increased in all experimental groups (morphine-ad-
dicted and healthy mothers) compared with the control
group, but the situation was opposite for fluorine in a
way that all experimental groups showed significantly
lower weight percentage of fluorine compared with the
control group. Regarding chlorine, it may be stated that
zinc and vitamin D supplementation in the healthy group
increased the weight percentage of chlorine, but the mor-
phine group showed a reduction in the weight percentage
of chlorine compared with its respective control group.
The reason may be a low dose of supplements, low con-
centration, or short duration of their administration.

Histological analysis revealed a significantly lower
maturation of enamel in the teeth of rats born to mor-
phine-addicted mothers. An important finding of the
current study was significantly lower enamel maturity
in the teeth of rats born to morphine-addicted mothers
who received zinc supplementation during breastfeed-
ing compared with the rats born to healthy mothers who
received zinc or vitamin D supplementation. In the cur-
rent study, morphine addiction decreased the weight per-
centage of fluorine, which may be attributed to increased
blood acidity (Gupta, 2018; Henkel, Altenburger, Au-
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warter, & Neukamm, 2018) and changes in blood carri-
ers of elements resulting in decreased transportation and
uptake of these elements by the mineral structure of teeth
of rats born to morphine-addicted mothers. A previous
study showed that the risk of osteoporosis was related to
the chronic use of morphine by rats, but treatment with
morphine can also cause osteoporosis (Rashidpour et al.,
2012). They showed that morphine would decrease the
weight percentage of calcium and compromise the tis-
sues mainly composed of calcium (such as teeth). The
inhibitory effect of morphine can be associated with de-
creased activity of osteopontin and osteocalcin (Rashid-
pour et al., 2012). When the process of regeneration is
impaired and the mineral content (especially calcium)
decreases, the activity of osteoblasts decreases as well.

Zinc and vitamin D were used for the treatment of cal-
cium deficiency in this study but did not have a signifi-
cant efficacy to compensate for calcium loss. The reason
may be the dosage or duration of drug intake in which
case changing these factors may reverse reduction in
calcium level. The neutral effect of morphine on some
mineral constituents of teeth is predictable considering
the unique properties of morphine and its mechanism of
action. In the current study, we also assessed the effect
of morphine on teeth histologically and it was found
that dentin thickness decreased due to morphine intake,
which improved by the use of supplements. Sekhavat,
Mousavizadeh, Pakshir and Aslani (2002) evaluated the
histological effects of morphine on teeth and showed that
it affected teeth movement. This justifies the histological
effects of morphine on tooth structure.

According to previous studies, zinc supplementation
can decrease fluorine in the serum and urine. Although
the amount of sodium fluoride may significantly increase
in hard tissues, this increase is negatively affected by
the presence of zinc. The effect of zinc on fluorine can
be used for the prevention of fluoride toxicity (Gupta,
2018). Lin et al. (2011) evaluated the effect of zinc chlo-
ride on odontogenesis by dental pulp stem cells through
increasing metallothionein. They were the first to show
that zinc chloride can induce differentiation of dental
pulp odontoblasts by increasing the expression of the
metallothionein gene. Thus, zinc can indirectly increase
dentin formation, and this effect may be significant (Lin
et al., 2011). A previous study assessed the relationship
between zinc content of tooth structure and susceptibil-
ity to caries and reported that zinc shortage in the diet
decreases the amount of zinc in the enamel and dentin
structure and increases the susceptibility to caries (Cerk-
lewski, 1981). The current study showed that zinc had
an indirect effect on fluorine such that the weight per-

Basic and Clinical

NEURZSCIENCE

centage of fluorine was significantly lower in rats born to
mothers who received zinc supplementation compared
with the control group. On the other hand, a reduction
in weight percentage of fluorine in the teeth of rats born to
morphine-addicted mothers who received both zinc and vi-
tamin D supplementation during breastfeeding (compared
with the control) highlighted the role of zinc and vitamin
D nutritional supplements. Regarding changes in enamel
maturation of teeth and considering the reduction in enamel
maturation in morphine-addicted mothers, it seems that as
morphine increases blood acidity, it can cause changes in
calcium chelators and other carriers, leading to alterations
in blood concentration and subsequently susceptibility to
tooth calcification. Based on these findings, future studies
should quantify the percentage of minerals in the hard tis-
sue and also measure their serum concentration. The ac-
tivity of major cells in the process of tooth mineralization
such as ameloblasts and odontoblasts is measured by the
expression of their markers. In their study on rats, Aghili et
al. stated that the efficacy of tramadol for orthodontic teeth
movement was dose-dependent (Aghili, Moghadam, Yas-
saei, Meybodi, & Tabatabaei, 2013). Molecules produced
in different tissues, drugs, and foods consumed by the pa-
tient can reach paradental tissues via the blood circulation
and cell interactions. The combined effect of mechanical
forces and one or more of these factors can be encourag-
ing or inhibiting (Aghili et al., 2013). Patients referring to
dentists may use a variety of medications, vitamin supple-
ments, or minerals and these factors can affect the short-
term or long-term treatment outcomes. However, the risk
of significant interactions between the factors affecting
bone formation is very low (Gibson 1996).

Enamel is the most mineralized material in the human
body. It is mainly composed of calcium and phosphate.
Vitamin D increases the uptake of calcium and phosphate,
which can strengthen the teeth. Vitamin D receptor is pres-
ent on immune cells and teeth. Evidence shows that high
levels of vitamin D during pregnancy and lactation can de-
crease the risk of dental caries in children. Fluoride induces
osteoblastic proliferation and bone formation (Sekhavat et
al., 2002). Fluoride reduction compromises bone forma-
tion, its remodeling, and tooth structure. Fluoride ions have
an affinity for hydroxylcalcium crystals, leading to calcifi-
cation of hard tissues, vessel walls, articular capsules, and
ligaments (Gibson 1996). In the current study, no change
was noted in the weight percentage of calcium.

Morphine’s unique mechanism of action and its metabol-
ic pathway suggest its correlation with tooth decay. This
study showed that morphine can decrease the concentration
of minerals, and prevent caries. Also, the administration of
zinc and vitamin D can increase the absorption of fluorine,
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magnesium, zinc, iron, and strontium. Dentin thickness is
increased with zinc and vitamin D supplementation.
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