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ABSTRACT
Diabetes Mellitus (DM) has been associated with salivary glands dysfunction and disorders. Epidermal Growth
Factor (EGF) is highly important in the process of wound healing in different parts of the body. The aim of the
present study is to investigate the capacity of EGF to reverse the side effects of Streptozotocin (STZ) induced
diabetes in the submandibular salivary glands of adult Albino male rats, through immunohistochemical
localization of cytokeratin in the parenchyma of the glands. Sixty rats were used in this study and were divided
into three equal groups, a control group, an STZ induced group and EGF group where STZ induced rats are
treated with a daily EGF injection of a dose of 10 µg/Kg body weight for two months. The overall expression of
cytokeratin in the submandibular salivary glands of STZ induced rats decreased significantly when compared to
the control group. However, in EGF group, cytokeratin expression levels were restored to values that were nearly
equal to normal levels. Daily intraperitoneal injection of epidermal growth factor in a dose of 10 µg/Kg body
weight for two months, helped reverse the negative side effects of DM in STZ induced rats. However, a small
amount of permanent damage was still evident. Future research will be conducted to confirm the above findings
through immunohistochemical expression of myosin and E-cadherin as well as ultrastructural examination.
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INTRODUCTION
Diabetes mellitus (DM) is one of the oldest
conditions characterized in humans, having been
recognized since antiquity. It is a major health
problem at present. Diabetes was one of the first
diseases described with an Egyptian manuscript
from c. 1500 BCE mentioning "too great emptying
of the urine" [1]. This in turn results in an increase
in blood glucose concentration (hyperglycemia)
that ultimately leads to several acute and chronic
complications including neuropathy, nephropathy,

Diabetes mellitus consists of type 1 (insulindependent) and type 2 (non–insulin-dependent)
varieties. Type 1, previously called juvenile-onset
diabetes, is induced by damage to the insulinproducing cells and is usually diagnosed in
children and young adults, while type 2,
previously called adult-onset diabetes, accounts
for about 90% to 95% of all diagnosed cases of
diabetes and is associated with older age, obesity,
family history of diabetes, impaired glucose
metabolism, and race/ethnicity [3].
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Saliva and salivary glands are considered the
strongest link between oral and systemic health.
Saliva is a fluid lubricates food to assist
deglutition, moistens the buccal mucosa that is
important for speech, provides an aqueous solvent
necessary for taste and also secretes antimicrobial
agents as IgA, lysozymes and Lactoferrin [4].
Saliva contributes significantly to the protective
barrier of oral epithelium through its mechanical
rinsing action and the unique peptides it contains.
Saliva contains several types of antimicrobial
peptides, including defensins, which may have an
important role in innate host defense [5]. The
submandibular salivary gland is one of the major
salivary glands that were considered as a scope to
be studied under the effect of diabetes mellitus. It
is a compound tubulo-alveolar exocrine gland that
produces 60% of the salivary output [6].
Epidermal growth factor (EGF) is a potent growth
factor that plays an important role in promoting
the process of wound healing through stimulating
proliferation and migration of fibroblasts [7]. EGF
is a pivotal factor in the healing cascade, acting on
epithelial cells and fibroblasts and thereby
promoting the restoration of damaged epithelium
[8]. Salivary derived growth factors, including
epidermal growth factor (EGF), are thought to
play a role in helping maintain levels of oral
health, promoting wound healing, and maintaining
mucosal integrity [9].
From the available literature, the relationship
between diabetes mellitus and the salivary gland
dysfunctions was previously studied. Many
reports have been performed on the therapeutic
effect of epidermal growth factor on wound
healing of skin, mucosa and other vital organs
subjected to diabetes [10], while the effect of this
important factor on submandiblular salivary gland
was not previously examined. Therefore our study
aimed to explore the impact of epidermal growth
factor on the structural integrity of submandibular
salivary glands of streptozotocin induced male
albino rats.
Aim of the study
The aim of the present investigation is to find out
whether epidermal growth factor can alleviate the
well documented side effects of streptozotocin
induced diabetes mellitus on the submandibular
salivary gland of adult male Albino rats or not,
through Immunohistochemical localization of the
cytokeratin in the parenchyma of the gland.

MATERIALS AND METHODS
This project was reviewed and granted ethical
approval by the Suez Canal University Research
Ethics Committee (SUEZ-REC 23/2014).
Sixty adult male Albino rats, three months old
with an average weight of 220 gm were used in
this study. Rats were obtained from Kasr el Aini
animal experimental unit, Faculty of Medicine,
Cairo University. The rats were housed in separate
cages, five rats per cage and kept in an
environment with controlled temperature (25°C),
humidity (45%-75%), and photoperiod (12:12
hour light-dark cycle). The animals were fed
natural diet and supplied drinking water
adlibitum throughout the whole experimental
period. The rats were acclimatized for one week
before the initiation of the experiment.
The animals were divided into three groups as
follows:
• Control group: consisted of 20 rats, and
served as controls.
• Diabetes group: consisted of 20 rats and
subjected to induction of diabetes mellitus using
streptozotocin STZ (Sigma-Aldrich Co).
• Diabetes + Epidermal growth factor (EGF):
consisted of 20 rats those were treated with
streptozotocin as the diabetes group animals.
After verifying their condition of diabetes, they
were subjected to a single daily intraperitoneal
injection of epidermal growth factor (Epidermal
Growth Factor, human -animal component freerecombinant, expressed in E. coli) provided by
Sigma-Aldrich, Inc. in a dose of 10 µg/Kg body
weight for two months.
Diabetes was induced using a
single
intraperitoneal injection of freshly prepared
streptozotocin dissolved in 0.1 M sodium citrate
buffer [11]. Rats were subjected to a 16 hour
fasting period before the STZ injection. To verify
induction of diabetes mellitus, blood samples
were collected from the retro orbital plexus of
veins at the inner canthus of the eye of the animals
of each group to detect the blood sugar level.
Animals were not included in the experiment
unless they demonstrated serum glucose level
greater than 250 mg/dl. Blood glucose level of the
rats was monitored by periodic examination of
blood samples every week, using Glucochek SC. At
the end of the experiment, rats of all groups were
euthanized, and their submandibular salivary
glands were dissected.
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Submandibular salivary glands were processed for
histological examination and stained with
Immuno-peroxidase
staining
for
immunohistochemical localization of cytokeratin
in the glandular tissue using staining reaction
incubated by Anticytokeratin (CK number 5, 6 and
18
Antibody).
For
cytokeratin
immunohistochemical
localization,
negative
controls were prepared by substituting the
primary antibody by a nonspecific serum of the
same dilution as its respective antibody and the
procedures were continued as usual. Five sections
from each submandibular salivary glands stained
with anticytokeratin antibody were selected,
examined with ZEISS Primo Star light microscopy
and photographed by Tucsen IS 1000 10.0MP
Camera in the Oral Biology lab, Faculty of
Dentistry, British University in Egypt.
The staining reaction of the different
immunohistochemical parameters of the different
groups was scored as follows:
(-) negative staining reactivity
(+) weakly positive staining reactivity
(++) moderately positive staining reactivity
(+++) strongly positive staining reactivity

analysis. Images were manually corrected for
brightness and contrast. Colour thresholding was
then performed automatically after which pictures
were converted to RGB stack type. Masking of the
brown cytokeratin, immuno-stain was performed
by red colour where any brown stain of any
intensity was considered positive whereas the
background grey stain was considered negative
(Fig 1). Area fraction was then calculated
automatically representing the area percentage of
immune positive cells to the total area of the
microscopic field.
All data obtained from histomorphometric
analysis was statistically described in terms of
range, mean, standard deviation (SD), and median.
Comparison between groups was done using
Kruskal Wallis analysis of variance (ANOVA) test
with Conover-Inman test for independent samples
as post hoc multiple 2-group comparisons. A p
value less than 0.05 was considered statistically
significant. All statistical analysis was done using
Microsoft Excel 2013 (Microsoft Corporation, NY,
USA) and Statistical Package for the Social
Sciences version 21 (SPSS Inc., Chicago, IL).
RESULTS
Negative control
Sections were taken from the submandibular
salivary glands of rats from the control group and
incubated with non-specific serum and colour
developed by DAB revealed negative staining
reaction of all the elements forming the gland.

Figure 1: Showing examples of images where cytokeratin
expression was masked by red color and the grey
background was considered negative (a): Control Group,
(b): EGF group.

The intensity of the immunohistochemical
staining results from different groups were
histometrically analyzed using Image J (1.46 a,
NIH, USA) computer system (1.46 a, NIH, USA).
For each selected section, six microscopic fields
were selected and captured at a magnification
200X using a digital video camera mounted on a
light microscope (CX21, Olympus, Japan). Images
were then transferred to the computer system for

Control group
The serous secretory cells showed a moderately
positive staining reaction of the cytoplasm. While
mucous secretory cells represented either
negative or weakly positive staining pattern. All
duct system including the intercalated ducts,
striated ducts, granular convoluted tubules, and
excretory ducts revealed strongly positive staining
reaction. The pattern of the staining represented
as diffuse cytoplasmic staining; as in intercalated,
striated and excretory ducts. While the granular
convoluted tubules showed two patterns of
staining, either diffuse or limited to the granular
components. Moderately to strongly positive
reaction was found in the connective tissue cells
and walls of blood vessels (Fig 2).
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Figure 2: A photomicrograph of a Submandibular salivary
gland from the control group incubated with non-specific
serum and color developed by DAB showing negative
staining reaction of the entire gland component. (Original
magnification x 200)

Diabetes group
There was an overall decrease in the staining
intensity of all the glandular elements. The serous
secretory cells showed a weakly positive
cytoplasmic staining reaction in most of the cases.
The mucous secretory cells demonstrated a
negative staining reaction. The ductal cells in all
duct system showed fainter staining reaction
compared with control group. The intercalated
ducts, striated ducts, granular convoluted tubules,
and excretory ducts revealed weakly to
moderately positive staining pattern. The
connective tissue cells and walls of blood vessels
showed weakly to moderately positive staining
reaction (Fig. 3).

Figure 3: A photomicrograph of a Submandibular salivary
gland from the diabetes group incubated with
anticytokeratin monoclonal antibody CK # 5, 6 and 18 and
color developed by DAB showing weakly positive reaction
of serous acinar cells, and weakly to moderately positive
reaction in the ductal cells. (Original magnification x 200)

Diabetes + Epidermal Growth Factor (EGF)
group
The serous secretory cells showed moderately
positive staining reaction of their cytoplasm.
While mucous secretory cells represented

negative staining pattern. All duct system
including the intercalated ducts, striated ducts,
granular convoluted tubules, and excretory ducts
revealed moderately to strongly positive staining
reaction. The pattern of the staining represented
as diffuse cytoplasmic staining; as in intercalated,
striated and excretory ducts. While the granular
convoluted tubules showed two patterns of
staining, either diffuse or limited to the granular
parts. Moderately to strongly positive reaction
was found in the connective tissue cells and walls
of blood vessels (Fig 4). The scores for staining
reactions and immunohistochemical expression of
cytokeratin in different components of the
submandibular salivary glands in all groups are
summarized in table 1.
Table 1: Illustrates the scores of staining intensity of the
submandibular salivary glands to C=cytokeratin
Group
Control Diabetes
Serous cells
++
+
Mucous cells
-/+
Myoepithelial cells
+
+
Intercalated ducts
+++
+/++
Striated cells
+++
+/++
Granular convoluted tubules
+++
+/++
Excretory ducts
+++
+/++
Connective tissue cells
++/+++
+
Wall of blood vessels
++/+++
+/++
Negative staining reactivity
+ Weakly positive staining reactivity
++ Moderately positive staining reactivity
+++ Strongly positive staining reactivity

EGF
++
+
++/+++
++/+++
++/+++
++/+++
++/+++
++/+++

Figure 4: A photomicrograph of a Submandibular salivary
gland from the rats with diabetes after treatment with EGF
and incubated with anticytokeratin monoclonal antibody
CK # 5, 6 and 18 and color developed by DAB showing
moderately positive reaction of serous acinar cells, and
moderately to strongly positive reaction in the ductal cells.
(Original magnification x 200)

Statistical Results
Histomorphometric analysis of the submandibular
salivary gland of the three groups revealed that
the highest mean area percent occupied by
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cytokeratin immunostaining was recorded in the
control group, whereas the lowest value was
recorded in the Diabetes group. Statistical analysis
of variance (ANOVA test), revealed that the
difference in the mean area percentage of
expression of Cytokeratin immunostaining was
extremely statistically significant (p<0.0001).
A pairwise comparison was held between
cytokeratin mean area expression percentage in
control group and the other experimental groups
using an unpaired (independent) Student’s t-test.
There was a statistically significant decrease in the
cytokeratin expression area percentage in the
diabetes group than the control group (p<0.0001).
While when comparing groups the control and
EGF groups, there was a statistically significant
decrease in the cytokeratin expression area
percentage in the EGF group than the control
group (p< 0.05). Finally, comparing cytokeratin
expression area percentage between diabetes
group and the EGF group, there was an extremely
significant increase in cytokeratin expression area
percentage in the EGF group (p<0.0001).
DISCUSSION
In the present study, salivary glands were the
organ of choice for studying the link between oral
and systematic health. The submandibular
salivary gland (SMG) is one of the major salivary
gland. It produces about 60% of salivary output.
As rats’ submandibular Salivary gland is
structurally and functionally almost similar to
human salivary gland, their use as models in this
study may be applicable to human salivary glands
in physiology and disease.
The aim of this study was to detect the
immunohistochemical
localization
of
the
cytokeratin in the parenchyma of the gland.
Various studies have demonstrated the labelling
of epithelial cytoskeletal proteins of the salivary
gland with the anticytokeratins [12-15].
Cytokeratins (CK) are intermediate filaments
mostly expressed by epithelial cells, which
includes a wide range of proteins, varying in
molecular weight, isoelectric pH values, and
affinity [16]. CK expression varies among different
types of epithelia in their different stages of
development, and they may be used as an
adjunctive tool for epithelial classification and
histological diagnosis [17].

Any pathological condition or deviation from
normal may affect the distribution of the specific
cellular molecular markers including CK. The
immunohistochemical methods used in detection
of
cytokeratin
filaments
was
the
immunoperoxidase method proved to be more
rapid, highly sensitive and more elaborated than
the ultrastructural detection of cytokeratin
filaments which need to be aggregated in bundles
to be identified by the electron microscope [18].
Combined use of various monoclonal antibodies
(mAbs) may provide useful probe in the detection
of cytokeratin antibodies in all the epithelial
structures of the salivary gland. In the present
study monoclonal antibodies of clone LP34 were
used to react with specific cytokeratin polypeptide
number 5, 6 and 18. In the control group most of
the serous acinar cells as well as ductal cells gave
moderately to strongly positive staining reaction
to anticytokeratin. This is in accordance with a
study that found that the acinar cells showed a
positive reaction with mAbs specific for CKs of
simple epithelia (CK8 & CK18), as well as those
CKs specific for epithelial cells of intercalated,
striated and excretory duct of rat Submandibular
Salivary Glands (CK 7, 8, and 18) [13]. It is also in
agreement with another study which stated that
the normal salivary glands showed immunoexpression according to each individual structure.
In serous acini CK 6 and 19 were eventually
expressed. Intercalated ducts were mainly
positive for CK 6, 7, 18, and 19 and striated ducts
for CK 6, 7, 8, 13, 18, and 19. In excretory ducts
luminal cells were mainly immunopositive for CK
6, 7, 8, 18, and 19, and basal cells for CK14 [12].
The moderate staining reaction of the acinar cells
compared to strong reaction revealed by the duct
cells can be related to the sequence of cytodifferentiation of the ductal cells before the
terminal branches, as the acinar cells is the last to
develop with less cytokeratin formation. This is in
agreement with a number of studies in the
literature on human salivary glands [19-21] as
well as on rats’ salivary glands [22].
The negative or weak staining pattern of mucous
secretory cells found in this study coincides with
another study that stated the reaction in serous
cells was more distinct than that in mucous cells
[13]. This could be explained due to the weak
staining of mucous acinar cells as a consequence
of the mucin present. Another study found that the
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positive cytokeratin reaction was diffuse in the
epithelial structures of the normal salivary glands,
more intensely spread in the ductal luminal cells
and less intense in the basal ductal cells [14]. The
moderate positive staining reaction of the
connective tissue with anticytokeratin antibodies
is due to the staining of macrophages engulfing
epithelial
cells
containing
cytokeratin
polypeptides, and the positive staining of the wall
of blood vessels reported in the present
investigation is due to endothelial lining with its
content of cytokeratin polypeptides [23].
On the other hand, examination of the
submandibular salivary gland of rats with
diabetes,
distorted
glandular
elements
represented a generalized decrease in their
staining reactivity to cytokeratin. The decrease of
cytokeratin
staining
reactivity
in
the
submandibular salivary gland of rats with
diabetes compared to the control group, denotes a
decrease in the cytoplasmic content of
cytokeratins, which play a major role in cell to cell
contact, cell matrix content, anchor the nucleus
within the cell and form the structure of vital cell
organelles as the Golgi apparatus [24]. Therefore,
they are important constituent of epithelial cells,
responsible for keeping the epithelial cellular
junctions, maintaining their tensile strength and
their structural integrity. Any disturbance to
cytokeratins, led to deformity of acinar cells,
defective cellular junctions, as tonofilaments share
in the formation of desmosomal junctions, leading
to wide intercellular junctions, distorted Golgi
complex, thus hindering the final outcome of the
secretory products from condensation, adding
glycogen and the final packing of the secretory
products, resulting in reduction of granular
content, reduction of electron density together
with loss of their characteristic form [25].
Immunohistochemically myoepithelial cells are
found to contain keratin intermediate filaments
and are, therefore, considered to have an
epithelial origin but at the same time they contain
a large number of myofilaments which represent a
massive expression of contractile proteins such as
actin and myosin. The contractile protein myosin
serves as intracellular muscles and is concerned
with maintenance of cell shape, cytoplasmic
movement and cell contractility [26]. The
myoepithelial cells are present in many exocrine
glands, such as the salivary glands, sweat glands
and mammary glands, suggesting a role in the

transport function, contractile mechanism and
mitotic cell division [27].
CONCLUSIONS
Daily intraperitoneal injection of epidermal
growth factor in a dose of 10 µg/Kg body weight
for two months resulted in improvement of the
submandibular salivary glands parenchymal and
stromal elements. This was confirmed by
immunohistochemical localization of cytokeratin.
Recommendations and future research
The overall experience with EGF is very
promising. However, several issues need to be
further clarified before recommending use of EGF
in everyday practice. These include optimal
dosage, route of administration, and costeffectiveness. Further research is being conducted
by our team to investigate the effect of EGF on the
submandibular salivary glands in STZ induced rats
through localization of myosin and E-cadherin.
The
finding
obtained
from
all
immunohistochemical markers will be confirmed
both histologically and ultrastructurally.
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