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Abstract

Gestational diabetes is a public health problem associated with the development of birth defects, which encourage
women to consume traditional medicine to improve the sharp rise of blood glucose level and maintain more safe
gestation. The present work assess two main aspects, first the diabetic related retarding growth of inner ear and teeth
formation and the second the role of one of the common traditional herbs during gestation, combined cinnamon-
ginger extract searching for their safety and actual role in diabetic improvement. Twenty pregnant Wistar rats used
and categorized in four groups: control, cinnamon-ginger extract, diabetic and diabetic and cinnamon-ginger mixture
extract. Diabetes was induced at the 5™ day of gestation using streptozotocin (60 mg/kg body weight citrate buffer pH
4.6 plus 100 mg nicotinamide/kg body weight, single dose). At 14" day of gestation, pregnant rats were euthanized
by diethyl ether, sacrificed and their blood was collected and their femoral bone, islet of Langerhans and fetuses
were separated. Decalcified femur, islets of Langerhans and head regions fetuses were fixed in 10% phosphate
buffered formalin pH 7.4 and processed for histological investigation. 5 pm thick serial histological sections were
cut and stained with hematoxylin eosin and immunohistochemically stained with caspase 3. Fetuses of diabetic
mothers exhibited delayment growth of inner ear and mandibular tooth formation. The apparent increase of cell
death in sensory cells lining the semicircular canal of the inner ear and dentine, enamel, stellate reticulum and dental
papilla of teeth were detected post-caspase immunohistochemical staining. These were confirmed by alterations of
glucose level, LDL and triglycerides and deterioration of maternal B cells and femoral epiphyseal cartilage. Daily
oral administration of cinnamon-ginger watery extract (200 mg/kg body weight) from 5" day of gestation till 14" day
improved the biochemical criteria of diabetes plus restoring almost the histological and immunohistochemical picture of
both inner ear and tooth formation. These were explained by improvement of B-cells, maternal epiphysis and marked
improvement of biochemical criteria of diabetes. The authors finally attributed the improvement of cinnamon-mixture
extract to diabetic mother organs and fetal organs to the observed decrease of cell death, improvement of histological
picture and amelioration of assessed biochemical markers. All of these may be some bioactive components of the plant
extract which showed a potent antioxidant activity.

The present study aimed to illustrate the aspects of intrauterine
diabetes on the development of inner ear and mandibular teeth of 14™
day old fetuses and the capacity of improvement cinnamon-ginger
extract supplementation during gestation period.
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Introduction

The Diabetes Mellitus (DM) is widely increased among population
reached up to 382 million in 2014 [1]. International diabetes federation
reported that 592 million (1/10 persons) developed DM by 2035 [2].
Type 2 diabetes impaired the function of B-cells leading to elevated
blood sugar level and facilitated impairment of insulin secretion [3].
The 70% of 400 diabetic patients were found to develop dyslipidemia
associated with cardiovascular disease and increased mortality [4,5].
Gestational diabetes reached an incidence of 16.9%, with average of
~21 million live births in 2013 [6]. Diabetes was found to retard bone
growth and bone wound healing, damage of cartilage bone lining cells
[7-9]. Hyperglycemia was found to inhibit osteoblast differentiation,
impair deposition of osteoplastic calcium and bone growth [10,11].

Methodology
Applied dose of cinnamon and ginger watery extract

A known weight of dried cinnamon (Cinnamomum spp) and ginger
(Zingiber officinale) were mixed thoroughly and freshly extracted
with hot water, filtrate and allow standing at room temperature. Each
pregnant received 0.5 cc containing 200 mg of the extract materials per
kg body weight. Each dose was daily orally administered from 6™ day of
gestation till 14" day of gestation.

In previous works, maternal diabetes has been interfered with birth
growth defects in the experimental animals and interferes with organs
growth defects [12-15]. Yet there is not available work concerned the
influence of diabetes on the development defects of inner ear and tooth
formation during in utero life [16,17].

At the same time, the wide wuse of herbal medicine
during pregnancy is of critical importance. Investigating 9,459 women
from 23 countries revealed that 28.9% of them participating the use of
herbal medicines in pregnancy such as Ginger, cranberry, valerian and
raspberry [18]. Cinnamon and ginger showed anti-diabetic activity and
exerted a potent effect against oxidative stress of diabetes [19-21].
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Induction of diabetes

Experimental type 2 diabetes mellitus was induced in all the rats
by a single intraperitoneal injection of streptozotocin (60 mg/kg)
in citrate buffer (0.05 M) (pH 4.5) and 100 mg/kg ncotinamide [22].
Hyperglycemia was verified by measuring the blood glucose within
240-280 mg/dl were selected for the study.

Experimental animal work

Twenty fertile male and virgin female of albino rats (Rattus
norvegicus) (at a ratio of 1 male to 3 females) weighing approximately
200 g body weight, obtained from Hellwan Breeding Farm, Ministry
of Health, Egypt and used for experimentation. They were housed
in good ventilation on a 12 h light and dark cycle. Females were
mated (1 male/3 females) overnight and zero dates of gestation were
determined the next morning by observing the sperm in vaginal
smear. The pregnant were arranged into four groups (n=4 per each),
control, ginger watery extract, diabetes, diabetes and ginger extract.
Experimental work was carried out from 6™ day of gestation till 14%
day of intrauterine growth. Free excess food and water was allowed
ad Libitum. At the end of treatment, they were sacrificed by light
diethyl ether anesthesia and dissected at 16" day prenatal. Blood was
collected, allowed to coagulate and centrifuged. Serum was separated
and kept in deep freezer -20°C. Also, femur and pancreas of mother
and head regions of their 14" day old fetuses were separated and
fixed in 10% phosphate buffered formalin (pH 7.4) and processed
for following investigations.

Biochemical investigations: Serum levels of Total Cholesterol
(TC), Triglycerides (TG) and High Density Lipoproteins (HDL) were
determined [23-25]. In case of Low Density Lipoproteins (LDL), it was
calculated from the total concentrations of cholesterol (TC), HDL-
cholesterol and triglycerides according to Friedewald et al. [26]. The
glucose regularly measured by blood glucometers one touch ultra (Life
Scan Milipitas, CA, USA).

Histological investigation: Fourteen day old fetuses of the studied
groups were separated and immediately fixed in 10% phosphate
buffered formalin (pH 7.4), dehydrated in ascending grades of ethyl
alcohol, cleared in toluene and mounted in molten paraplast at 58-
62°C. Formalin fixed femur bone was subjected for decalcification by
5% EDTA. Serial five um thick histological sections of maternal femur
and islets and inner ear and mandible of the studied embryos were
stained with hematoxylin and eosin and investigated under a bright
field light microscope.

Immunohistochemistry for caspase 3

Deparifinized histological 5 um thick sections of both inner ear
and mandibular teeth of 14" day old fetuses were cut and mounted
onto super frost plus glass slides (Fisher Thermo Scientific, Nepean,
Ontario, Canada). The tissue sections were retained at normal room
temperature and processed for antigen retrieval by digestion in 0.05%
trypsin (pH 7.8) for 15 min at 37°C and incubated with antibodies
against anti-casp 3, dilution 1:100 (ThermoFisher Scientific, Fremont,
CA, USA) for overnight at 4°C. Then treated with a horseradish
peroxidase streptavidin detection system (Dako), followed with DAB
plus Chromagen to detect the immunoactivity by counterstaining with
hematoxylin (Sigma). Sections incubated with 1% non-immune serum
Phosphate Buffer Solution (PBS) solution served as negative controls.
Specimens were observed with a Leica BM-5000 microscope (Leica
Microsystems, Wetzlar, Germany) and photographed.

BC mCGM =D =DCGM

Abbreviations: C: Control; CGM: Cinnamon and Ginger Mixture; D: Diabetes;
DCHM: Diabetes and Cinnamon Ginger Mixture

Each result represent the mean + SD of n=5, *significant at P<0.05.

Figure 1: Chart illustrating serum glucose, LDL, TG, HDL and total cholesterol
levels.

Results
Biochemistry of mothers

From Figure 1, induced diabetes significantly increased serum
triglycerides, LDL, HDL, total cholesterol and glucose level of mothers
at 14™ day of gestation compared to the control. However, daily oral
administrations of watery extract of combined cinnamon and ginger
extract improved the biochemical criteria but were still not matched
with the control levels.

Maternal organs

Islets of langerhans: Control islet illustrated the endocrine part of
the pancreas. The islet take round-shaped structure and unsheathed by
a thin collagenous fibrils and contained masses of polygonal epithelial
cells, faintly stained compared to the exocrine region and infiltrated by
a thin blood capillary. Different types of endocrine secreting cells, are
detected such as a and B cells. B cells occupied the deepest region and
less distinguished from the other types by hematoxylin and eosin stain
(Figure 2A).

In diabetic group, the islet cells lacked normal integrity and many
of them are degenerated and appeared foamy-like structure. Vacuoles
of varying sizes were infiltrated extra-cellularly. The outline coat of the
islets become either loosely separated from exocrine pancreatic acinar
cells or thickened. Cinnamon-ginger extract-treatment to diabetic
mother showed restored almost the normal characteristic structure
compared with both diabetic-treatment and control (Figures 2B-2C1).

Femoral epiphyseal cartilage: Control epiphyseal cartilage showed
regular arrangement of cartilage column with vesicular differentiation of
chondrocytes within their lacunae. The matrix is comparatively reduced.
Cinnamon and ginger extract exhibited similar findings as in control.
On the other hand, diabetic-treatment possessed comparative atrophy
of the epiphyseal cartilage associated with marked loss of chondrocytes.
Few numbers of chondrocytes were distributed in haphazard fashion
in widened hyaline stromal. Epiphyseal line is irregularly outlined. In
diabetic mother daily orally administered cinnamon-ginger extract
exhibited amelioration characterized by regeneration of cartilage
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Figure 2: Photomicrographs of histological sections of islets of Langerhans. A: Control showing normal B cells fenestrated by blood vessels. B&B1: Diabetic-
treatment showing atrophied (B) and vacuolated islets, damaged B-cells are foamy appearance. C&C1: Diabetic and cinnamon-ginger mixture-treatment showing
improvement of islet cells. Star illustrated vacuolated islets of diabetic mother, arrow head indicate thickening of islets thin coat.

L

cells which organized in newly formed cartilage column, but less
comparatively decreased from the control (Figures 3A-3D).

Intra-uterine growth of teeth and inner ear of 14" day old
fetuses

Teeth development: The primordial teeth structure is early
differentiated from the neural crest mesenchyma cells and developed
into the early primordial contact with the mandibular formation. In
control and cinnamon-ginger extract treatment, odontogenesis make
their first formation by a thickened band of cells acquiring the dental
papilla which is differentiated into odontoblasts and constructing
the primordial teeth structure. Early dentin formation enhanced the
overlying inner enamel epithelial cells to develop into ameloblasts and
forming the future the enamel matrix. At the peripheral region of the
dentin, the enamel epithelium acquired a cuboidal-shaped structure
and differentiates into inner and outer one. In between both layers
of enamel epithelium, the stellate reticulum are differentiated and are
composed of stellate mesenchyma cells. At the cervical region the root
developed via conjugation between the dentine and the outer and inner
enamel epithelium forming the cervical loop, the hertwig’s epithelial
root sheath. The dental papilla in between the dentine is composed of
ectomesenchymal cells infiltrated by blood capillaries (Figures 4A and
4B).

In fetuses of diabetic mother, there was a detected growth defects
in teeth formation, beside ill-differentiated enamel layers, dentine

and stellate reticulum. The dentine is less dense and infiltrated by
necrotic zones. Hypoplasia and abnormal configuration of the inner
enamel epithelium were observed. Eosinophilia and necrotic patches
were observed on their building epithelium. The stellate reticulum
become swollen and infiltrated by widened vacuoles. The dentine was
comparative less thickened and exhibited damaging of some odentoblast
cells. The dental pulp epithelium showed a widespread of eosinophilic
epithelium manifested cell death (Figures 4C and 4D).

In fetuses of diabetic mothers and supplemented cinnamon and
ginger extract, there was a considerable improvement of the tooth
structure, almost similar to the control. The different tooth layers are
markedly distinguished and normal (Figures 4E and 4F).

Following immunohistochemically stained with caspase 3 revealed
the increased dark-brown staining affinity in dental papillae, dentine ,
inner enamel epithelium and stellate reticular cells of fetuses of diabetic
group compared to the control and other groups. Image analysis of
increased immunostaining active area with caspase 3 was detected in
those of diabetic mothers in comparison with the other groups (Figures
5A-5G).

Inner ear development: The inner ear develops from pre-placodal
region ectodermal zone around the peripheral region of the neural
tube close to the rhomboencephalon. In both control and cinnamon-
ginger extract-treatment, the inner ear is composed of well-developed
otic capsule located inside the temporal region, on each side of the
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Abbreviations: C: Chondrocyte; CC: Cartilage Column; EL: Epiphyseal Line; St: Stromata

Figure 3: Photomicrographs of longitudinal histological sections of femoral epiphyseal cartilage of mother rats. A: Control showing normal arrangement of epiphyseal
cartilage column. B: Diabetic showing atrophied epiphyseal cartilage and massive degeneration of chondrocytes. C&D: Diabetic and plant extract treatment showing

almost regeneration of cartilage cells and cartilage column.

base region of the skull. The otic capsule exhibited a high degree of
chondrification. It is composed of avascular hyaline cartilaginous
cells embedded in hyaline matrix. The otic capsule surround by
the perichondrial sheath composed of loose connective tissue and
chondroblast progenitor cells. The otic capsule surrounded three well-
defined horizontal ellipsoid-shaped structures, the semicircular canals.
Each one is characterized by the presence of cristae in the ampullary
area (crista ampullaris). The inner side of each of the semicircular canal
is lined with a pseudo-stratified epithelium enclosed in between the
hair-cells and resting on basal lamina (Figures 6A-6B1).

In fetuses of diabetic group, there was a detected gross defects of the
inner ear explained by comparatively atrophy, delayed chondrification
of otic capsule and swollen semicircular canal with ill-defined inner
lining layer. Experimental diabetic group supplemented combined
cinnamon and ginger extract exhibited improvement of the inner ear
organization structure, characterized by a chondrified otic capsule and
well defined semicircular canals (Figures 6C-6D1).

Concerning immunohistochemical staining with cysteine-aspartic
acid protease 3 (caspase 3), there was a detected overexpression of
apoptic marker in the neural epithelial cells lining the semicircular
canal of diabetic group in comparison with control and those of
diabetic mother supplemented cinnamon-ginger mixture extract. The
immunohistochemical reaction was comparatively decreased in the
neural lining cells and their surroundings (Figures E2 and E3).

Image analysis revealed increased regional immunohistochemical
staining activity of caspase 3 in inner ear of fetus of diabetic mother
compared to other groups (Figure 7).

Discussion and Conclusion

The inner ear is a complex sensory organ responsible for balance
and sound detection. It is responsible for the senses of hearing, balance
and detection of acceleration. During the fetal period, the otic capsule
follows an outward-inward developmental pattern with a progressive
thickening of the highly porous external cortex while the inner cortical
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Abbreviations: D: Dental lamina; DP: Dental Papilla; IEE: Inner Enamel Epithelium; MB: Mandibular Bone; OE: Oral Epithelium; OEE: Outer Enamel Epithelium; SR:

Stellate Reticulum

Figure 4: Photomicrographs of sagittal histological sections of mandible region of 14 days old embryo showing developing teeth. A&B: Control showing normal
developing teeth characterized by enamel, dental lamina and dental papillae. C&D: Diabetic-treatment showing retarded teeth formation. E&F: Diabetic and plant extract
treatment showing characteristic teeth structure but less developed compared with the control. Arrow head pointed out to bone marrow formation

Each result represent the mean + SD of n=5, *Significant at P<0.05, ‘P' means plant extract of cinnamon ginger mixture

Figure 5: Photomicrographs of formalin-fixed, paraffin-embedded developing teeth immunohistochemically stained with the antibody of caspase-3. A&B: Control
showing negative staining affinity. C&D: Diabetic-treatment showing increased immunostaining of caspase 3 in the damaged neural epithelium. E&F: Diabetic mother
supplemented cinnamon-ginger mixture extract showing decreased immunostaining activity. G: Chart illustrating significant increase of surface area image analysis in
fetuses of diabetic mother compared to the other groups.
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immunostaining activity, arrow head indicate the intensity immunostaining activity.

Abbreviations: DOTC: Damaged Otic Capsule; DSCC: Damaged Semicircular Canal; NE: Neural Epithelium; NSCC: Normal Semicircular Canal; OTC: Otic Capsule

Figure 6: Photomicrographs of sagittal histological sections of inner ear of 14 days embryo. A, A1 & B, B1: Control and cinnamon-ginger mixture extract-treatment
showing normal developing inner ear with outer limiting otic cartilage capsule surrounding the differentiated semicircular canal which appeared lining with stratified
neural epithelial cells. C-C2: Diabetic-treatment showing retarded differentiation of both otic capsule and semicircular canal. D&D1: Diabetic and cinnamon ginger
extract treatment showing developed chondrification of otic capsules and differentiated semicircular canals similar to the control. E-E3: Photomicrographs of formalin-
fixed, paraffin-embedded inner ear immunohistochemically stained with antibody of caspase-3 showing negative staining affinity in control (E) and cinnamon-
ginger extract-treatment (E1). E2: Fetuses of diabetic mother showing increased caspase 3 immunostaining in damaged neural epithelium. E3: Fetuses of diabetic
mother supplemented cinnamon-ginger extract-showing decreased immunohistochemical staining of the epithelium and surrounding cells (E2). Star showing less

4
*
KE]
3
235
% 2
135
1
0.5
0 T T T -—l
c P D D&P
Abbreviations: C: Control; P: Plant Extract (cinnamon and ginger mixture); D:
diabetes; D&P: Diabetes and Plant Extract (cinnamon-ginger mixture)
Each result represent the mean + SD of n=5, *Significant at P<0.05.
Figure 7: Chart illustrating image analysis of caspase-3 immunostaining of
inner ear showing increased expression in diabetic group compared to other
group regard the control.

bone remains thinner. The present findings revealed that 14" day
old fetuses of diabetic mother rats exhibited delayement and atrophy
of the otic capsule of the inner ear associated with disorganized the
semicircular canal and their lining epithelium compared to the control.

Increased apoptic neuronal cells lining the semicircular canal were
explained by overexpression of caspase 3.

The present findings agree with the work of many authors although
all the work done on adult organs. Diabetes induced auditory hair cell
loss, hearing threshold shifts and synaptopathies in human and mice
[27-29]. Tsuda et al. reported reduction of the capillary lumens in the
cochlea stria vascularis associated with wall of blood capillaries and
decreased blood flow to the inner ear [30]. Also, it is reported that
diabetes was associated reduction of type I and type II vestibular hair
cell, in the saccules expressed as arteriole thickening leading to damage
of the vestibular sensory epithelia [31].

Taking in consideration that the semicircular canal is lined with
the sensory neuronal cells. The mechanism of hyperglycemia associated
cell damage was explained by many authors. Dewanjee et al., reported
that hyperglycemia, induced oxidative stress in neurons, resulted from
activated polyol pathway, hexosamine pathway, PKCs signaling, AGEs
pathway and PARP pathway [32].

Also, from the present study, fetuses of diabetic mother exhibited
defects in histogenesis of teeth formation of 14 day-old fetuses
characterized by swollen stellate reticulum infiltrated by widened
vacuoles, damaged odentoblast cells and delayed formation and
deterioration of may patches of enamel body.

The present findings agree with the work of Silva-Sousa et al., in
neonates of diabetic mother rats [33]. The authors reported structural
defects of the enamel characterized by elliptical nuclei of the ameloblasts
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associated with increase of the interstitial area of the stellate reticulum.
It is known that tooth formation is an excellent model of epithelial and
mesenchymal tissues interactions illustrating morphogenesis and cyto-
differentiations.

Hyperglycemia and gestational diabetes have been associated
with increased birth defects and congenital malformations and in
turn reflected on dental enamel growth leading to enamel hypoplasia
in the deciduous teeth of children of diabetic mothers and neonate of
diabetic rats [33-37]. Tooth eruption and mineralization were delayed
in offspring of hyperglycemic women and animal models [38].

On the other hand, fetuses of diabetic mother supplemented
cinnamon and ginger extract resulted in amelioration of the
chondrification of otic capsules and differentiation of the semicircular
canal and its lining sensory cells. At the same time restored the almost
original structure of tooth formation with approximately architecture
picture of the control. Cinnamon and ginger extract improve the B cells
of islet Langerhans which intern restore the almost original glucose
level and improve the increased average of LDL, triglycerides and total
cholesterol. The anti-diabetic potential of cinnamon was attributed to
its rich in procyanidins and catechins and antioxidant activities which
protect pancreatic beta cells from damage and reduce oxidative stress/
inflammation and scavenge free radicals [39,41].

Also, Ginger contained bioactive components such as vallinoids,
viz. gingerol and paradol, shogaols, zingerone and galanals A and
B which improve diabetes in patients and experimental animals as
well as possesses a potent scavenging of free radicals in diabetic rats
[21,42-46].

The author finally concluded that cinnamon and ginger extract is
promising as anti-diabetic and improve the growth of developing body
organs such as inner ear and tooth formation.
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