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THE PROTECTIVE EFFECT OF LACTOFERRIN ON THE ALVEOLAR
BONE LOSS INDUCED BY CARBAMAZEPINE IN RATS
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ABSTRACT

Introduction: Carbamazepine is one of the widely used anti-epileptic medications associated
with elevated fracture rates. Lactoferrin is a secretory glycoprotein with iron binding capacity and
one of the transferrin family of proteins. It is naturally found in colostrum and milk in the highest
concentrations. It is found to have protective anti-inflammatory, antioxidant, and antimicrobial
actions.

Aim: This study was designed to evaluate the protective influence of lactoferrin on the alveolar
bone damage mediated by carbamazepine in rats.

Materials and Methods: Twenty-four healthy female Wistar albino rats were randomly
distributed into 3 groups, 8 rats each. Group I-control, rats were given a daily dose of saline.
Group II- carbamazepine, rats received carbamazepine 75mg/kg/day orally for 5 weeks. Group III-
carbamazepine and lactoferrin, rats received carbamazepine 75mg/kg/day in addition to lactoferrin
100 mg/kg/day orally for 5 weeks. After euthanasia, the mandibles of all rats were collected and
prepared to be evaluated by light and scanning electron microscopy, histomorphometry, and energy-
dispersive x-ray microanalysis.

Results: The alveolar bone in the carbamazepine group showed marked porosity and
trabecular thinning in comparison to the control and lactoferrin groups demonstrated by both
light and scanning electron microscopy. The bone volume ratio values were significantly higher in
carbamazepine-lactoferrin and control groups than in the carbamazepine group. The percentage of
calcium mineralization detected by Energy Dispersive X-ray spectroscopy in lactoferrin group was
comparable to the control and significantly higher than carbamazepine group.

Conclusions: Lactoferrin supplementation could successfully reduce the porosity provoked by
anti-epileptic medications in the alveolar bone.

KEYWORDS: Lactoferrin, alveolar bone loss, Carbamazepine, antiepileptic drugs
(anticonvulsants), rats.
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INTRODUCTION

Epilepsy is a serious disorder affecting the
brain that may provoke morbidity and premature
mortality due to the associated seizures V. Epilepsy
affects over 50 million people Worldwide @. In most
cases, anti-seizure medications are considered the
first line of treatment to control convulsions. Once
correctly diagnosed, the initiation of drug treatment
is recommended the earliest until long-term seizure
freedom is reported .

Unfortunately, the utilization of antiepileptic
drugs (AEDs) has been correlated with multiple
neuropsychiatric side effects, metabolic and en-
docrinal disturbances, and teratogenicity”. Anti-
convulsant medications have also been proven to
affect bone health leading to secondary osteoporo-
sis through the reduction of bone mineral density
and bone mass"'¥. Elderly patients, children, and
postmenopausal women represent the high-risk
groups®¥. Other risk factors include the duration
and dosage of treatment, polytherapy, sedentary
lifestyle, reduced sun exposure, smoking, and al-
cohol consumption®?®. An increased fracture risk
of 2-6 folds has been reported in epileptic patients
on anti-seizure drug regimens; regardless of the
seizure-related fractures, which account for only
25-43% of cases*?.

Carbamazepine (CBZ) is one of the widely
used anti-epileptic medications associated with
elevated fracture rates®. CBZ is approved by
the United States Food and Drug Administration
(FDA) as a medication for epileptic seizures,
trigeminal neuralgia, and bipolar disorder®. This
drug is classified as one of the hepatic enzymes
(cytochrome P450)
characterized by their potential adverse influence on

inducers group of AEDs

bone even on monotherapy. Other hepatic enzyme
inducers include oxcarbamazepine, valproic acid,
phenytoin, phenobarbital, and primidone ®. This
group of inductor drugs could alter vitamin D
metabolism, suppress calcium intestinal absorption,
and increase the secretion of parathyroid hormone.
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Therefore, these drugs disrupt the extent of bone
mineralization by the mobilization of calcium
from the skeleton to correct hypocalcemia®®.
According to records of previous studies, CBZ
significantly reduces calcium and vitamin D levels
and increases alkaline phosphatase levels (bone
turnover marker), which indicates bone destruction.
CBZ also mediates osteoclastogenesis by elevating
the receptor activator of nuclear factor kappa beta
NF-»f ligand (RANKL) ©. Since the alveolar bone
has a high turnover rate, it could be more severely
affected by CBZ showing a significant reduction in
bone density”. Therefore, measures should be taken
to lessen the risk of fracture in epileptic patients.
Calcium and vitamin D supplementations are
recommended in high-risk individuals in addition to
anti-osteoporotic drugs such as bisphosphonates®.

However, the chronic administration of bisphos-
phonates is associated with the possible occurrence
of osteonecrosis of the jaw and atypical femur
fractures ©.

Lactoferrin is a secretory glycoprotein with iron
binding capacity and one of the transferrin family
of proteins. It is naturally found in colostrum and
milk in the highest concentrations, saliva, tears,
bile, gastrointestinal, bronchial,, and nasal secretions
in addition to vaginal mucus, seminal fluids, and
urine"*!V. Lactoferrin is also present in neutrophils’
secondary granules that degranulate its content
in case of inflammation or infection”. In 1939,
lactoferrin was first isolated from bovine milk and
since then it has been studied extensively and shown
many physiological and biological roles"”. Human
and bovine lactoferrin (bLF) have been found to
share a high degree of similarity up to 78%"".

Generally, LF has proved to have protective
anti-inflammatory, antioxidant, and antimicrobial
actions. lactoferrin could boost the immune system,
increase iron absorption and reduce the risk of
infections ° 'Y, Moreover, due to its high affinity
to iron, LF could improve hemoglobin and reduce
the availability of iron for pathogens "?. Lactoferrin
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has also been introduced in several neuropathologic

disorders such as Parkinson’s, Alzheimer’s

disease, and multiple sclerosis; as well as in
cancers like cervical, breast cancer, and leukemia
(D Additionally, recent studies revealed that LF
could fight coronavirus infection by reducing the
proinflammatory mediators and preventing the
cytokine storm . Both the FDA and European Food
Safety Authority have approved the safety of bovine
lactoferrin dietary supplementation. The safety of
recombinant human LF (rhLF, talalactoferin) form
has also been demonstrated by studies, its use was
safe for 15 days. However, further studies were
recommended to test the effective applications of
both bLF and rhLF @2,

The benefits of lactoferrin on bone have been
also reported, LF stimulates bone formation
by promoting
differentiation and inhibiting their apoptosis (* 1%.

It could also suppress bone resorption by increasing

osteoblasts  proliferation and

the expression of osteoprotegerin (OPG) and
inhibiting RANKL"®. It could also prevent bone
damage by suppressing the oxidative stress induced
by the inflammatory state (4.

Since no previous studies in the literature have
searched the role of lactoferrin in preventing the
bone porosity induced by antiseizure medications.
The purpose of the presented experimental work
was to explore the effectiveness of lactoferrin in the
reduction of the loss induced by carbamazepine in
the alveolar bone of rats.

MATERIAL AND METHODS

This experimental protocol was approved by the
Scientific Research Ethics Committee at the Faculty
of Dentistry, Alexandria University (International
No: IORG 0008839) and the procedures conform
to the ARRIVE guidelines “”. The sample size was
estimated to be 24 rats, 8 rats per group assuming
a 95% confidence level and 90% study power. The
required sample size was calculated based on the
Larry Connors method, using the Med Calc statistical
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software ver. 18.11. A previous study carried out by
Guo, et al., 2009, was used to predict the different
measurements in our study “®. The current study
was conducted on Twenty-four healthy Female
adult Wistar albino rats (age +10 weeks, weight
160-180 grams). Animals suffering from any illness
or wounds or that were included in previous studies
or genetically modified were excluded. Animals
were acclimatized for 2 weeks in the animal house
of the Faculty of Medicine, Alexandria University
before starting the experiment. Animals were kept
in polypropylene cages, 4 rats per cage, under
12:12 hours day/night cycles, controlled noise
and humidity and at a temperature (24+2°C) with
free access to water and a standard diet. Rats were
randomly distributed using computer-generated
random lists into 3 groups: Group I- control (n=8),
rats received a daily intragastric administration of
saline. Group II- carbamazepine (CBZ) (n=_8), rats
received carbamazepine (Tegretol 200, Novartis
Pharma, Cairo, Egypt) 75mg/kg/day orally dissolved
in saline for 5 weeks. Group III- carbamazepine
and lactoferrin  (Pravotin  100mg, Hygint
Pharmaceuticals, Alexandria, Egypt) (CBZ+LF)
(n=8), rats received 75mg/kg/day in addition to
lactoferrin 100 mg/kg/day orally for 5 weeks. Doses
of CBZ and LF were identified according to previous
studies"”-??. Daily repetitive doses were introduced
using gastric feeding to reduce pain and distress;
the activity of animals was checked regularly,
mobility and the ability of animals to access food
and water were used as humane endpoints. After 5
weeks all animals were euthanized by an overdose
of intravenous pentobarbital sodium (Nembutal,
Akorn, New York, USA). After death confirmation,
the mandibles were dissected and divided into two
halves.Randomly,samples of one side were prepared
for histological evaluation by light microscopy and
histomorphometry. Samples of the other side were
sectioned buccolingually and prepared for Scanning
electron microscopy and Energy dispersive X-ray
spectroscopy.
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Preparation for histological evaluation

After euthanasia, a total of 24 mandibular halves
(n=8 per group) were fixed in 10% neutral buffered
formalin solution for 2 days, decalcified, then
dehydrated in ascending concentrations of ethanol,
cleared in xylene, infiltrated then embedded in
paraffin wax blocks. Sections 4-5um thick were cut
and then stained by Hematoxylin and Eosin stain
(H&E) and observed by light microscope (Optika,
B-290 series, Ponteranica, Italy) to examine the bony
structure of the alveolar process. Photomicrographs
X100 and X400 were captured using a digital
camera (Optika, C-B10, Ponteranica, Italy) coupled
to the microscope. The structure of the alveolar
bone was observed to detect histological signs of
bone formation and resorption V.

Histomorphometric analysis

Computer-assisted  histomorphometry  was
performed by a single blinded examiner to measure
the alveolar bone volume per tissue volume (bv/
tv) on photomicrographs X100 of the H&E-stained
sections at standardized depth using software Image
J version 1.53K RRID: SCR_003070 (NIH, USA).
Overall 24 measurements were taken from all
samples, 1 average measure (average of 3 measures
at apical, inter-radicular, and cervical regions) for
each specimen (n=8 per group), and no animals

were excluded (¥,

Energy Dispersive X-ray (EDX) spectroscopy

Energy  Dispersive  X-ray  microanalysis
was employed for the elemental and chemical
characterization of samples (n=8 per group) before
preparation for scanning electron microscopy. The
percentages of calcium (Ca) and phosphorus (P) in

the alveolar bone were measured in all groups ?2.

Preparation for scanning electron microscopy

After dissection, specimens (n=8 per group)
were immediately fixed in 2.5% glutaraldehyde
in 0.1 M phosphate buffer, pH=7.2, sectioned
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buccolingually carefully with fresh sharp blades,
and cleaned under a stereomicroscope. After fixation
and EDX, samples were rinsed in 0.1 M phosphate
buffer three times for 10 minutes and dehydrated
by passing through a succession of 50%, 70%, and
95% ethyl alcohol for 10 minutes each followed by
two changes of absolute alcohol for one hour each.
The specimens were dried afterward by using the
air-drying method in a vacuum desiccator in which
air was evacuated by a rotator pump. The process
was continued till the specimens were completely
dried as evidenced by their color changing to white.
The samples were mounted using silver paint on
the specimen holder and coated with gold using a
sputter coater . Finally, samples were examined
by scanning electron microscope (JEOL, JSM-200
IT, USA) to study the trabecular ultrastructure and
extent of porosity of the alveolar bone®. Scalloping
demarcates areas of resorption, white projections
indicate sites of mineralization; surface smoothness
is a mark of quiescence ¥,

Statistical analysis

Data were analyzed using IBM SPSS software
package version 20.0. (Armonk, NY: IBM Corp).
For continuous data, they were tested for normality
by the Shapiro-Wilk test. Quantitative data were
expressed as range (minimum and maximum), mean,
and standard deviation for normally distributed
quantitative variables. One-way ANOVA test was
used for comparing the three studied groups and
followed by Post Hoc test (Tukey) for pairwise
comparisons. Significance of the obtained results
was judged at the 5% level.

RESULTS

Histological evaluation

Observation of the alveolar bone by light
microscope in the control group revealed normal
architecture from the cervical (Fig. la,b) to the
apical areas (Fig. 2a,b) as well as in the inter-
radicular zone (Fig. 3a,b). A regular bone surface
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lined by a continuous layer of flat to plump

osteoblasts cells was revealed. Dense bone
harboring osteocytes within lacunae of normal size
and distribution. Incremental lines were also noted
indicating active remodeling of bone. In the (CBZ)
group, the alveolar bony structure showed signs of
thinning and resorption illustrated by the irregular
scalloped bone surfaces (Fig. 1c,2c,3c). Widened
and empty osteocytes lacunae were also noticed
(Fig. 1d,2d). Plump osteoblasts were scattered
showing discontinuous arrangement and were
seldomly observed (Fig. 3d). The (CBZ+LF) group
showed an enhanced bony structure, and the surface
showed a more regular outline (Fig. 1e,2e,3e). The
resorption spots were followed by active deposition
of new bone represented by organic matrix (osteoid)
well-demarcated from mature bone by reversal
lines (Fig. 1f,3f). No empty osteocytic lacunae
were also observed, however, lacunar widening was

noticeable (Fig. 2f).

(105)

Histomorphometric analysis

As shown in Table 1 and Figure 4 the mean bv/
tv in the CBZ group was significantly lower than
both the control and group III (CBZ+LF) (pl, p3
<0.001). No significant difference was shown in the
mean bv/tv between CBZ+LF and the control group
(p2=0.826).

Energy Dispersive X-ray (EDX) spectroscopy

As shown in Table 2 and Figure 5 the mean
percentage of bone calcium in the CBZ group was
significantly lower than both the control and group II1
(CBZ+LF) (pl,p3 <0.001). The mean percentage of
phosphorus was also the lowest in CBZ, however, a
statistically significant difference was only detected
between the CBZ and CBZ+LF group (p3=0.003).
No significant difference was detected between
CBM+LF and the control group concerning the
percentages of calcium and phosphorus (p2=0.496
and 0.061 respectively).

Fig. (1) Light photomicrographs of the alveolar bone at the cervical and middle parts in (a,b) Control group showing a regular bone
surface lined by flat to plump osteoblasts cells (arrows), dense bone with incremental lines (arrowheads), and normal size
and distribution of osteocytes lacunae (c,d) Carbamazepine group showing irregular scalloped bony surfaces (arrows) and
empty osteocytes lacunae (arrowheads) (e.f) Lactoferrin group showing restoration of the surface regularity, organic matrix
(Asterisk) formed adjacent to reversal lines (arrows), and osteocytic lacunae of normal size (arrowheads), AB: Alveolar
bone [a,c,eX100 ; b,d.f X400]
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Fig. (2) Light photomicrographs of the alveolar bone at the apical area in (a,b) Control group showing smooth outline and plump

osteoblasts (arrows) (c,d) Carbamazepine group showing a punched out appearance formed of Howship’s concavities
(black arrows), empty osteocytic lacunae (arrowheads) and multiple reversal lines (white arrows) (e,f) Lactoferrin group
showing a regular bony outline with flat bone lining cells (black arrows), note wide osteocytic lacunae (arrowheads) and

haversian canals of compact bone (white arrows), AB: Alveolar bone [a,c,eX100; b,d.f X400]
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Fig. (3) Light photomicrographs of the alveolar bone at the inter-radicular area in (a,b) Control group showing bone surface with
continuous arrangement of osteoblasts (arrows (c,d) Carbamazepine group showing multiple concavities lined by multiple
osteoblasts (black arrows), note reversal lines (white arrows) (e,f) Lactoferrin group showing layers of osteoid lighter
in color (asterisk) well demarcated from mature bone by deeply stained reversal lines (arrowheads) AB: Alveolar bone
[a,c,eX100; b.d,f X400]
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TABLE (1) Comparison between the three studied groups according to Bone volume per tissue volume (bv/tv)

Control (n =8) CBZ (n=8) CBZALF (n=8) F P
BV/TV
Min. — Max. 0.387 -0.435 0.215-0.368 0.351 -0.454 ) .
24.897" <0.001"
Mean = SD. 0411°+0.019 0.280° + 0.061 0.399* + 0.030

p,<0.001°, p,=0.826 , p,<0.00"*

SD: Standard deviation
F: F for One way ANOVA test, pairwise comparison by Post Hoc Test (Tukey)

p: p value for comparing the three studied groups pl: p value for comparing between Control and CBZ
Pp2: p value for comparing between Control and CBZ+LF p3: p value for comparing between CBZ and CBZ+LF
*: Statistically significant at p < 0.05 Means with Common letters are not significant

TABLE (2) Comparison between the three studied groups according to percentages of calcium and phosphorus

Control (n =8) CBZ (n=8) CBZ+LF (n=8) F P
Calcium
Min. — Max. 23.85 - 49.65 7.39 -23.50 230-41.92
15.759* <0.001%*
Mean + SD. 34.79*+9.17 15.66° £ 5.46 30.68* + 6.37
p,<0 0017, p,=0.496 ,p.=0 001"
Phosphorus
Min. — Max. 491 -16.38 6.07-12.22 13.72 -17.27 ] i
7.262° 0.004"
Mean = SD. 11.20® £ 4.61 9.19*+2.16 1486+ 1.19
p,=0.393 ,p,=0.061 , p,=0.00*
SD: Standard deviation
F: F for One way ANOVA test, pairwise comparison by Post Hoc Test (Tukey)
p: p value for comparing the three studied groups pl: p value for comparing between Control and CBZ
p2: p value for comparing between Control and CBZ+LF p3: p value for comparing between CBZ and CBZ+LF

*: Statistically significant at p <0.05
Means with Common letters are not significant (i.e. Means with Different letters are significant)
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Fig. (4) Bone volume per tissue volume ratio among groups Fig. (5) Percentages of calcium and phosphorus in alveolar

bone among groups
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Scanning electron microscopy trabeculae represented by leaflike structures and
areas of demineralized collagen fibers (Fig.7cd).
The (CBZ+LF) group showed enhanced bony
structure with reduced porosity, generally, the

Examination of the alveolar bone internal
architecture in the control group by scanning

electron microscope revealed thick trabeculae

trabeculae were notably thicker and the marrow
of bone with a smooth surface and normal-sized  .avities were narrower, however, some areas still

marrow cavities (Fig. 6ab). The (CBZ) group showed trabecular thinning (Fig. 8a,b). The bony
revealed marked porosity, widening of marrow surface was generally smooth interrupted by areas
cavities (Fig. 7a,b), and extensive thinning of bone  of irregularities and roughness (Fig. 8c.d).

Fig. (6) Scanning electron photomicrographs of the ultrastructure of bone in the control group (a,b) showing thick trabeculae of
bone with a smooth surface and normal-sized marrow cavities (X300, X2000 respectively)

Fig. (7) Scanning electron pho-
tomicrographs of the
ultrastructure of bone in
the (CBZ) group (a)b)
showing marked poros-
ity, widening of marrow
cavities(X300), (c,d)
showing extensive thin-
ning of bone trabeculae
in a leaflike pattern, note
areas of demineralized
collagen fibers (X2000)
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DISCUSSION

Epilepsy is a common neuropathological disor-
der that recommends the chronic or lifelong usage
of anticonvulsants. One of the most serious adverse
outcomes of the use of anti-seizure medications is
the development of osteoporosis @. Carbamaze-
pine is one of the widely used antiepileptic drugs
recognized to alter bone health ©. Interestingly,
CBZ has been detected in human bone upon most
mortem analysis in a case study accomplished by
Fernandez-Lopez et al.*>, which explains its direct
impact on the skeleton. Lactoferrin is an immuno-
modulator glycoprotein capable of suppressing re-
active oxygen species and reducing inflammation.
Due to its direct effect on cells, lactoferrin has been
introduced in bone regenerative procedures and to
promote bone health 4.

Therefore, the current study was designed to de-
tect the role of lactoferrin in reducing the bone dam-
age induced by the anti-seizure drug carbamazepine
in rats. Animal models were selected in the study
design to eliminate the effects of genetics, lifestyle,

(109)

| Fig. (8) Scanning electron pho-
tomicrographs of the
ultrastructure of bone in
the (CBZ+LF) group (a)
showing enhanced bony
structure with reduced
porosity, the trabeculae
were notably thicker, and
the marrow cavities were
narrower (b) persistent ar-
eas of trabecular thinning
(X300), (c.d)
bony surface interrupted

smooth

by areas of irregularities
and roughness (X2000)

and individual differences in humans ®®. Rats are
the most common animal models for osteoporosis,
moreover, female rats were chosen because the fe-
male sex is considered one of the risk factors for the
occurrence of osteoporosis @.

The current results reflected the resorption of
the alveolar bone upon the administration of the
anticonvulsant drug CBZ for 5 weeks. This bone
loss was manifested on the light microscopic
level by the irregularity of bone surfaces and the
abundance of bone-resorbing cells. In addition to
the marked thickening and porosity revealed by
electron microscopy and the significant reduction
of bone surface area ratio. These findings agreed
with Akhoundi et al.”’, who reported a significant
reduction of alveolar bone density following CBZ
treatment in rats, however no significant change in
osteoclast number was detected. Moreover, Kanda
et al. @” also reported that other hepatic enzymes
inducers like phenytoin significantly reduced bone
formation parameters, bv/tv, trabecular thickness,
and number in proximal tibia metaphysis of mice.
Phenytoin also increased signs of bone formation
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and separation between trabeculae @7. Similarly,
Giiler et al.®® revealed that intrauterine exposure to
CBZ caused a significant dose-dependent reduction
of femoral bone ossification. Histological evaluation
by light microscope also showed smaller and fewer
bony spicules. Scanning electron microscopy also
showed thinning of the mineralized cartilaginous
matrix @,

On the contrary, Diemar et al.*” did not report
any significant changes in the trabecular thickness
and separation or the bv/tv fraction, in the CBZ
group at 60mg/kg, only the compact bone porosity
was increased. However, the same study showed
that Valproic acid (one of the enzymes inducers
group of AEDs) induced a significant reduction in
bv/tv in the femur and tibia ®.

The findings of the present research showed that
lactoferrin counteracted the effect of CBZ through
the preservation of the alveolar bony structure. The
bone surfaces showed signs of new bone formation
by light microscope. Thicker, less porous bone
trabeculae were evident by electron microscopic
examination in addition to a significant increase in
bone volume ratio compared to the untreated (CBZ)
group. The alveolar bone content of calcium and
phosphorus in the CBZ+LF group was significantly
higher than in the CBZ group and values were
comparable to the control group. These findings
agreed with Chen et al.®” who described the role of
bovine lactoferrin gavage for 14 days in improving
the alveolar bone density in molars affected by
periodontitis. The anti-inflammatory action of
LF could be explained by the suppression of pro-
inflammatory mediators IL-1 and TNF-a, and the
initiation of anti-inflammatory cytokines, IL-10 and
IL-4 to restore their normal balance (30). Likewise,
the study of Guo et. al.’® demonstrated that
lactoferrin prevented vertebral and tibial trabecular
bone loss caused by ovariectomy in rats. Moreover,
LF was capable to restore the connectivity of bone
segments and to prevent the reduction of bv/tv,
trabecular thickness, and number in ovariectomized
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rats '®. Cheng et. al.®Dalso revealed that a low daily
dose of LF as 10mg/kg preserved the bone volume/
tissue volume ratio in newly formed bone during the
rapid palatal expansion of the mid-palatal suture.
However,the same investigation did not demonstrate
the inhibition of osteoclastic bone resorption by
LF, furthermore, the osteoclastogenesis process
was not affected @Y. The study of Xiao et al. ¢?
also demonstrated that LF enhanced the migration
and proliferation of osteoblasts cells, which could
stimulate bone formation in the mid-palatal suture
expansion. The levels of bone formation markers
such as osteocalcin, and Collagen type 1 were
distinctly elevated after treatment with LF (100 mg/
kg and 1 g/kg) dose-dependently ©?. Additionally,
Li et. al. ®¥ reported the regeneration of thicker new
bone in the bony gap during distraction osteogenesis
in rabbits’ tibia upon the oral intake of bovine
lactoferrin.

Fan et. al.'® also stated that LF elevated the
femoral bone Ca and P content while preserving the
Ca/P ratio constant in ovariectomized mice as well
as the bv/tv ratio. The in-vitro part of the study per-
formed by Lee et al.*» showed that lactoferrin was
able to improve the osteogenic differentiation po-
tential of the human adipose-derived stem cells with
greater gene expression of osteopontin, osteocalcin,
and Runt-related transcription factor 2 (RUNX2).
In vivo implantation within mouse calvarial defects,
LF demonstrated six times greater new bone forma-
tion than the results of other groups®?.

The antiresorptive effects of LF are due to its
capacity to decrease the expression level of RANKL
and increase that of OPG %3, The osteogenic
effects of lactoferrin could also be explained by
its documented capability to increase alkaline
phosphatase activity (a marker of bone formation),
in a concentration-dependent manner and directly
induce osteoblastic autophagy essential for cellular
homeostasis @

Lactoferrin proved to successfully reduce the
porosity provoked by carbamazepine in the alveolar
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bone of rat models. However, further clinical studies
are recommended to investigate the incorporation
of lactoferrin supplementations in the prevention
of osteoporotic changes mediated by anti-epileptic
medications.

CONCLUSION

We found that CS/nHA scaffolds can act as os-
teoconductive material aiding in bone regeneration.
Moreover, upon application, it might be used to coun-
teract the effect of osteoporosis. Therefore, it might
be helpful for future surgical procedures during dental
implantation in patients with osteoporosis.
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RECOMMENDATIONS

According to the results of the current experiment,
we recommend the following:

1. The use of different intervals to evaluate the role
of CBZ on bone structure.

2. Different doses should be
administered to evaluate its protective role on

of Lactoferrin

bone structure.

3. More studies are recommended to study the
effect CBZ and Lactoferrin on different dental
and paradental tissues.

REFERENCES

1. Thijs RD, Surges R, O’Brien TJ, Sander JW. Epilepsy in
adults. The Lancet 2019;393(10172):689-701.

2. Andersen NB, Jgrgensen NR. Impaired bone health as

a co-morbidity of epilepsy. Best Practice & Research
Clinical Rheumatology 2022:101755.

3. Miziak B, Bfaszczyk B, Chroscifska-Krawczyk M,
Danilkiewicz G, Jagielto-Wéjtowicz E, Czuczwar SJ.
The problem of osteoporosis in epileptic patients taking
antiepileptic drugs. Expert Opinion on Drug Safety
2014;13(7):935-46.

4. Siniscalchi A, Murphy S, Cione E, Piro L, De Sarro G,
Gallelli L. Antiepileptic drugs and bone health: current
concepts. Psychopharmacology Bulletin 2020;50(2):36.

5. Alrashood S. Carbamazepine 2016.



(112)

10.

11.

12.

14.

15.

16.

E.D.J. Vol. 70, No. 1

Zhang X, Zhong R, Chen Q, Li M, Lin W, Cui L. Effect of
carbamazepine on the bone health of people with epilepsy:
a systematic review and meta-analysis. Journal of Interna-
tional Medical Research 2020;48(3):0300060520902608.

Akhoundi MSA, Sheikhzadeh S, Mirhashemi A, Ansari E,
Kheirandish Y, Allaedini M, et al. Decreased bone density
induced by antiepileptic drugs can cause accelerated orth-
odontic tooth movement in male Wistar rats. International
Orthodontics 2018;16(1):73-81.

Lazzari AA, Dussault PM, Thakore-James M, Gagnon
D, Baker E, Davis SA, et al. Prevention of bone loss and
vertebral fractures in patients with chronic epilepsy —anti-
epileptic drug and osteoporosis prevention trial. Epilepsia
2013;54(11):1997-2004.

Cremers S, Drake MT, Ebetino FH, Bilezikian JP, Russell
RGG. Pharmacology of bisphosphonates. British Journal
of Clinical Pharmacology 2019;85(6):1052-62.

Superti F. Lactoferrin from bovine milk: a protective com-
panion for life. Nutrients 2020;12(9):2562.

Rascén-Cruz Q, Espinoza-Sénchez EA, Siqueiros-Cendén
TS, Nakamura-Bencomo SI, Arévalo-Gallegos S, Iglesias-
Figueroa BF. Lactoferrin: A glycoprotein involved in im-
munomodulation, anticancer, and antimicrobial processes.
Molecules 2021:26(1):205.

Sienkiewicz M, Jaskiewicz A, Tarasiuk A, Fichna J. Lac-
toferrin: An overview of its main functions, immuno-
modulatory and antimicrobial role, and clinical signifi-
cance. Critical Reviews in Food Science and Nutrition
2022;62(22):6016-33.

. Campione E, Cosio T, Rosa L, Lanna C, Di Girolamo S,

Gaziano R, et al. Lactoferrin as protective natural barrier
of respiratory and intestinal mucosa against coronavirus
infection and inflammation. International Journal of Mo-
lecular Sciences 2020;21(14):4903.

Trybek G, Jedlifiski M, Jaron A, Preuss O, Mazur M,
Grzywacz A. Impact of lactoferrin on bone regenerative
processes and its possible implementation in oral surgery—
a systematic review of novel studies with metanalysis and
metaregression. BMC Oral Health 2020;20(1):1-12.

Li W, Zhu S, Hu J. Bone regeneration is promoted by
orally administered bovine lactoferrin in a rabbit tibial
distraction osteogenesis model. Clinical Orthopaedics and
Related Research® 2015;473(7):2383-93.

Fan F, Shi P, Liu M, Chen H, Tu M, Lu W, et al. Lactofer-
rin preserves bone homeostasis by regulating the RANKL/
RANK/OPG pathway of osteoimmunology. Food & Func-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hagar Sherif Abdel Fattah and Sara A. Hamza

tion 2018;9(5):2653-60.

Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey
MT, Baker M, et al. The ARRIVE guidelines 2.0: Updated
guidelines for reporting animal research. Journal of Ce-
rebral Blood Flow and Metabolism 2020;40(9):1769-77.

Guo HY, Jiang L, Ibrahim SA, Zhang L, Zhang H, Zhang
M, et al. Orally administered lactoferrin preserves bone
mass and microarchitecture in ovariectomized rats. The
Journal of nutrition 2009;139(5):958-64.

Li Y, Huang J, Wang J, Ma M, Lu Y, Wang R, et al. Lac-
toferrin is a potential activator of the vitamin D recep-
tor in its regulation of osteogenic activities in C57BL/6J
mice and MC3T3-El cells. The Journal of nutrition
2021;151(8):2105-13.

Zhang R, Yang M, Li Y, Liu H, Ren M, Tao Z-S. Effect
of alendronate on the femoral metaphyseal defect under
carbamazepine in ovariectomized rats. Journal of Ortho-
paedic Surgery and Research 2021;16(1):1-10.

Kumar G. Preparation of Specimens for Histologic Study.
In: Kumar G, (ed). Orban’s Oral Histology & Embryology.
13th ed. India: Elsevier Health Sciences; 2014. 410-6.

Goldstein J, Newbury DE, Echlin P, Joy DC, Romig Jr
AD, Lyman CE, et al. Scanning electron microscopy and
X-ray microanalysis: a text for biologists, materials scien-
tists, and geologists: Springer Science & Business Media;
2012.

Murtey MD, Ramasamy P. Sample Preparations for Scanning
Electron Microscopy-Life Sciences. Modern Electron Mi-
croscopy in Physical and Life Sciences: InTech; 2016.

Helen EG, Winston WW. Methods for Transmission and
Scanning Electron Microscopy of Bone and Cartilage. In:
An YH, Martin KL, (eds). Handbook of Histology Meth-
ods for Bone and Cartilage: Humana Press; 2003.499-501.

Fernandez-Loépez L, Mancini R, Rotolo M-C, Navarro-
Zaragoza J, Herndndez del Rincén J-P, Falcon M. Car-
bamazepine overdose after psychiatric conditions: A case
study for postmortem analysis in human bone. Toxics
2022;10(6):322.

Parveen B, Tiwari AK, Jain M, Pal S, Chattopadhyay N,
Tripathi M, et al. The anti-epileptic drugs valproate, carba-
mazepine and levetiracetam cause bone loss and modulate
Wnt inhibitors in normal and ovariectomised rats. Bone
2018;113:57-67.

Kanda J, Izumo N, Kobayashi Y, Onodera K, Shimakura
T, Yamamoto N, et al. Treatment with antiepileptic agent

perampanel suppresses bone formation and enhances bone



THE PROTECTIVE EFFECT OF LACTOFERRIN ON THE ALVEOLAR BONE LOSS INDUCED BY CARBAMAZEPINE IN RATS

28.

29.

30.

31.

resorption: a bone histomorphometric study in mice. Jour-
nal of Hard Tissue Biology 2017;26(4):405-10.

Giiler H, Esen EE, Balcioglu E, Goktepe O, Yilmaz H, Yay
AH, et al. Bone development in offspring of pregnant rats
treated with carbamazepine: Evaluation by three different
methods. Epilepsia 2022.

Diemar SS, Sejling A-S, Eiken P, Ellegaard M, Ding M, An-
dersen NB, et al. Effects of carbamazepine, eslicarbazepine,
valproic acid and levetiracetam on bone microarchitecture
in rats. Pharmacological Reports 2020;72(5):1323-33.

Chen Y, Zhou T, Zhang H-H, Kang N. Bovine lactofer-
rin inhibits alveolar bone destruction in an orthodontic
rat model with periodontitis. Annals of Anatomy-Anato-
mischer Anzeiger 2021;237:151744.

Cheng Y, Sun J, Zhou Z, Pan J, Zou S, Chen J. Effects of
lactoferrin on bone resorption of midpalatal suture during

32.

33.

34.

35.

(113)

rapid expansion in rats. American Journal of Orthodontics
and Dentofacial Orthopedics 2018;154(1):115-27.

Xiao X, Cheng Y, Huang L, Liu R, Zou S, Chen J. Ga-
vage-administered lactoferrin promotes palatal expansion

stability in a dose-dependent manner. Oral Diseases 2023.

Li W, Zhu S, Hu J. Bone regeneration is promoted by
orally administered bovine lactoferrin in a rabbit tibial
distraction osteogenesis model. Clinical Orthopaedics and
Related Research® 2015;473:2383-93.

Lee J,Lee J, Lee S, Ahmad T, Madhurakkat Perikamana SK,
Kim EM, et al. Bioactive membrane immobilized with lacto-
ferrin for modulation of bone regeneration and inflammation.
Tissue Engineering Part A 2020;26(23-24):1243-58.

Ke D, Wang X, Lin Y, Wei S. Lactoferrin promotes the
autophagy activity during osteoblast formation via BCL2-
Beclinl signaling. Molecular Biology Reports 2022:1-8.



	_Hlk124862775
	_GoBack
	_Hlk124863799

